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Abstract: When treated with strong acids, the E—(2—thiocyanatoethy1)-g—
phenylenediamines (lg-ly) are cyclized exclusively to 3-(2-aminophen-
yl)-2-iminothiazolidines (§) while the related tertiary amines (la-1f)
gave, under the same conditions, benzothiadiazocines of types (2) or (27.
Some of the type (g) compounds are highly active antidepressants of low
toxicity. Thermal reactions of compound (gg) and its conversion into tri-
cyclic compounds of types (23) and (24) are also reported.

The hydrogen chloride catalyzed ring closure of the N-methyl compounds
(la-e) and of the N-phenyl analogue (1f) has recently been found to afford
2-amino-3,1,6-~benzothiadiazocine derivatives either as the mono- (2a-d) or
the dihydrochlorides (3a, b), depending on whether the basicity of N-6 is
gufficiently reduced b§—th; substituents R, R4, and R5 or not.l Since com-
pounds (2a-d) and (3a-b) had some effects on the central nervous system of
rodents and their toxicity was low, the synthesis of 6-unsubstituted anal-
ogues [(g) or (3), R=H] was attempted. The thiocyanates (lg) and (1h), when
treated with HCl gas in methanol-dichloromethane (1:1) solution at 0°C,
gave products of the expected elemental cormposition. However, conspicuous
difrferences were noticed (i) between the pharmacological properties of com-
pound (3a) and the ring closure product of the thiocyanate (lg), and (ii)
between the chemical shifts of the S-methylene group and the‘zsothiourea
moiety of compound (3b) (§ 31.0 and 170.6 ppm, respectively) and the cyc-
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lization product of thiocyanate (lh)(é 29.4 and 174.8 ppm, respectively) in
the 3¢ n.m.r. spectra (both recorded in DMSO—d6). These differences sug-
gested that ring closure of the thiocyanates (1g) and (lh) may have afforded
isomers of the expected 3,1, 6-benzothiadiazocines (ég,-é) rather than the
benzothiadiazocines themselves. The cyclization product of thiocyanate (1h)
was indeed found to be identical with an authentic sample of the 2-imino-
thiazolidine derivative (6b) obtained, in moderate yield, by acid catal-
yzed ring closure of the nitro compound (gg) and reduction of the result-
ing 2-imino-3-(2-nitrophenyl)thiazolidine salt (5b).

Appropriate choice of the reduction method ir the final step of this
sequence is crucial. Thus, while the p-nitro isomer of compound (5a) was
smoothly reduced catalytically to the—corresponding amine, this r;auction
method proved unapplicable in the presence of o-nitro groups. E.g. at-
tempted catalytic reduction of comnound (5b) led, via hydroxylamine (7), to
the formation of the tricyeclic compound (g) whose N-N bond could not be
reductively cleaved in spite of numerous attenmpts.
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Anong the various reducing agents and reduction methods tested, stan-
nous chloride was the only one with which compound (5b) could be reduced, in
moderate yield (40%) to the corresponding amino derivative (gb). Thus,
while the sequence (4) — (3) —> (6) constitutes a structure proving syn-
thesis of the final products, from a practical point of view the non-struc-
ture proving sequence (4) —> (1) (R=H) —» (6) is by far the more favorable.

The contrasting behaviour, in acid catalyzed ring closure, of the
N-substituted (la-f) and the N-unsubstituted thiocyanates (1g-h) may be ra-
tionalized as shown in Scheme 1 for the parent compounds (;gj and (1g).
Both compounds are thought to be initially converted into their dip;;ton-
ated dications which should be able to exist in three distinct prototropic
forms, (Ja) being the most stable and most abundant form but (9b) and (9¢)
being the more reactive. Ring closure of the latter two should lead to the
3,1,6-benzothiadiazocines (1Q0) and iminothiazolidines (11), respectively,
both for R=Me and R=H, the closure of the five-membered ring being faster
in both cases. Due to the presence of the quaternary cationic nitrogen, the
resulting compound (11l) should be unstable for R=Me, revert to (9c) and fi-
nally be converted,via (9b) and (10), into the benzothiadiazocine of type
(3). For the thiazolidine derivative (11) (R=H), on the other hand, an ad-
ditional mode of stabilization is available, viz. rearrangement by proton-
ation - deprotonation to afford the type (6) product. Since this proto-
tropic rearrangement may be assumed to be rapid, no benzothiadiazocine for-
mation takes place in this case. In the presence of electron withdrawing
groups W attached to the benzene ring of the starting compound the basicity
of one or the other amino group may be reduced to such an extent that di-
cation formation becomes prohibited.In this case a monocation is formed
whose reactive tautomeric form (12) then undergoes ring closure to afford
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Scheme 1. (a) Acid catalyzed ring closure of type (1) compounds which are

capable of forming diprotonated dications

(b) Reactive tautomer of the monoprotonated cation of type (1)
compounds which, due to the presence of an electron withdrawing group ~

W, fail to form diprotonated dications

ultimately a benzothiadiazocine or a thiazolidine dervative, again depend-

ing on whether R=Me or R=H.

The preliminary pharmacological screening results of compounds (gg)
and (6b) were encouraging. Therefore and because no type (§) compounds had

2013
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been described previously, a series of type (£) compounds was synthesised
in which (i) various substituents were attached to various positions of
the benzene ring, (ii) in some cases simple alkyl groups were introduced
into the thiazolidine ring in positions 4 or 5, and (iii) ethanesulphonic
acid was used rather than hydrogen chloride for salt formation. The syn-
thesis of all these compounds (6c-t)was carried out according to the se-
quence (4) — (1) ~> (€) which, although not structure proving, had been
shown to be the more favourable one for the synthesis of compound (gg).
Most of the key intermediates (é)were obtained from the corresponding
2-(2-nitranilino)ethanols (13) via the mesylates (14). Many of the starting
compounds (13) were known and even commercially available; the new com-
pounds (;2) were obtained by allowing to react the appropriate 2-chloro-
nitrobenzenes with 2-aminoalcohols. Compounds (44, e, and ;) were obtained
via the chlorides (15), while compound (4f) was obtained from N-(2-bromo-
ethyl)-2—n1traniline (16£) (itself prepared by detosylation of its N-tosyl
derivative ) by replacement of the bromine atom by a thiocyanato group.
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2 Racemic (R) enantiomer
Catalytic reduction (H,/Pa-C) of the compounds (4) furnished the crude
compounds (1) which, without purification, were cyclized to the desired
compounds (6) by treatment with hydrogen chloride or ethanesulphonic acid.
Alternatively, compound (gg) was obtained by hydrogen chloride induced cy-
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clization of compound (4g) and reduction of the resulting compound (5¢) by
gtannous chloride.

The pK, values (aquecus sclution, 25°C), taken from

-

literature.
erature,

nf
anilinium, m-chloro-, B—chloro-, m-trifluoromethyl-, and p-trifluromethyl—
aniliniun ions are 4.57-4. 60,775 3.52-3.67,4®  4.00-4.15,%'® 3.49,% an
2.57, respectively; i.e. the basicity of aniline (and, presumably, its
nucleophilicity as well) are reduced by introduction of chlorine into the
meta position to a greater extent than into the para position, while the
opposite is true for the trifluoromethyl group. Therefore, the observation
that acid catalyzed cyclization of both thiocyanates (4b) (see above) and
(4g) affords type (6) iminothiazolidine rather than type (2) or (3) bvenzo-
thiadiazocine derivatives appears to indicate that the preferred direction
of cyclization of the thiocyanates (4) does not depend on the electronic
nature of the substituents R4. The same is, presumably, true also for sub-
stituents at other positions of the benzene ring.

The pharmacological studies (whose results will be published elsewhers,
see also ref. 7) revealed the compounds (6) to possess considerable antide-
pressant, antiparkinson, anticonvulsant, and spasmolytic activities coupled
with low toxicity and, in some cases, moderate analgetic activity. Encour-
aged by these results, we have selected compounds (6b) and (6c) for more de-
tailed biological studies.

Meanwhile some reactions of compound (gg) were also studied.

When refluxed in anhydrous ethanolic solution, compound (£b) was con-
verted into the hydrochloride of 2,3—dihydrothiazolo[3,2—§]benzimidazole
(;Q) whose structure was established by an alternative synthesis starting
with compound (13b) as shown in Chart 1.

Cl ) 1. Aq. Na,s, o Cl Ph. P, DEAD
2. C8, :
NH

OH

(23p) Qp °” (28)
Chart 1

The conversion of compound (6b) into (18)-HCl may be assumed to take
place according to either of the two pathways a and b shown in 3cheme 2.
The tricyclic salt (;9) is thought to be the common intermediate on both
pathways. Loss of ammgnium chloride and addition of hydrogen chloride would
then lead to (18)-HCl (Path a). Alternatively, the salt could react with a
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nucleophile NuH present in the reaction mixture (ethanol, traces of water)
to yield the substitution product (20) which then would collapse to the
final product by loss of the nucleophile (Path b). The latter path is sub-
stantiated by the formation of compound (20, Nu = OH) when compound (6b) is
refluxed for 10 min. with 96% aqueous acetic acid. While (gg, Nu = OHT_is
remarkably stable to refluxing acetic acid, it is converted into (18)-HC1

ct ' c ’?N,“
~TmrT N
2 01© c16 0© A
(gg)
0 H; »
MW
ci
g )LN N +NuH ” "NHS
N \j
)
(20) (;g)
'N“Hl l- NH,C1
HC1 6 4
Scheme 2 (18) -HC1 <~ a8

by short refluxing in ethanolic solution as well as, gradually, when its
crystals are allowed to stand at ambient temperature. When the free base
corresponding to compound (6b) wag refluxed for a short time with acetic
acid, compound (18) was obtained and all our attempts to isolate an inter-
mediate [ﬁhe free base corresponding to the salt (gg NuFOH)] failed.

The reaction took a different course when the free base corresponding
to compound (6b) was refluxed with ethanol or heated with benzylamine, the
aminobenzimidazole (22) being the product in both cases. Formation of this
product may be rationalized as shown in Scheme 3. The assumed intermediate
is the free base (21) corresponding to intermediate (13) of Scheme 2. While
in (;g) the protonated amino group is the best leavinggroup among those at-
tached to the tetrahedral carbon atom, in (21) the group attached to this
carbon atom through sulphur becomes the best leaving group since the amino
group is not protonated in this case.
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When treated with Cl components (including aromatic aldehydes, cyanogen
bromide, and triethyl orthoformate) the free base corresponding to compound
(6b) gave the tricyclic derivatives (23) and (24), respectively.

l N l v
RO ROW,

k/s K/S

(23) (24)
a: Ar = ?h a: X = NH2 » hydrobromide
b: Ar = 6H40Me b: X = H

When refluxed with 20% agueous HCl, compound (24b) gave the monohydro-
chloride - monohydrate of compound (22).

Experimental

M.p.’s are uncorrected. lH and 130 n.m.r. spectra were recorded with a

JEOL FX-100 spectrometer at 100 and 25 MHz, respectively, using TMS as in-
ternal reference. I.r. and mass spectra were obtained with a Spektromom
2000 (Hungarian Optical Works, Budapest) and a JEOL JN3-C 156-2 spectro-
meter, respectively.

The following starting 2-(2-nitranilino)ethanols were known from liter-
ature: (23a8),% (130),% (132),%° Ww),® 30),*t (13,7 @3K),? ana (132).9
Further type (13) compounds were obtained by allowzﬁé to rea;t l-chloro-
2-nitrobenzenes with 2-aminoalcohols as described below.

(#)-2-(4~Chloro-2-nitranilino)butan-1-ol (13n)

A mixture of 1,4-dichloro-2-nitrobenzene (38.4 g, 0.2 mol), (+)-2-
aninobutan-l-ol (20 ml, 0.22 mol), and pyridine (100 ml) was refluxed for
5 h and evaporated to dryness at reduced pressure. The oily residue, when
triturated with water, gave the crystalline title comwound (36 g, 73%),
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orange-red needles, m.p. 45°C (from ether). Found ¢, 49.11; H, 5.32; N,
11.55. Cj4H) zCIN,05 (244.7) requires C, 49.07; H. 5.35; N, 11.44%.
Similarly obtained were the following compounds.
2-(4-Iodo~2-nitranilino)ethanol (134), 66% yield, m.p. 110°¢ (from
EtOH) ; found C, 30.92; H, 2.67; I 41.00; N, 8.82; CgH gIN 303 (308.1) re-
qulres ¢, 31.19; H, 2.94; I, 41.19; N, 9.09%;
2-(4~Fluoro-2-nitranilino)ethanol (;gg), 82% yield, an orange-red
0il vwhich was converted into its methanesulphonate in crude form;
2-(4-Tri fluoromethyl-2-nitranilino)ethanol, (13g), 95% yield,
yellow needles, m.p. 78-9°C (from benzene - light petroleum); found N,
11.35; CgligF4N,0 (250.2) requires N, 11.19%;
(£)-2-(4-Chloro-2-nitranilino)~l-methylethanol (13m), 84% yield,
orange-red crystalline powder, m.p. 98-100°C (from benzene); found C,
46.75; H, 4.63; C1, 15.54; N, 11.83; CgHy 5 C1N 04 (230.7) requires C,
46.86; H, 4.80; Cl, 15.37; N, 12.15%;
®)- (il:2_L&:Qbl9z2:gzglizéaillgglbgiégzizg_ (139), 80% yield,
orange-red crystalline powder, m.p. 43°C (from ether) G£]20 +24.1 (CHCl3 ,
=1).

N-(2-Bromoethyl)-4-methoxy-2-nitraniline (16f)

N~ (2-Bromoethyl)—N—tosyl—4-methoxy-z—nitraniline2 (100 g, 0.23 mol)
was added in small portions with ice-water cooling and continuous stir-
ring to conc. H,80, (100 ml). The solution was allowed to stand for 24 h
at room temperature and poured onto ice (300 g). The product was filtered
off, thoroughly washed with water, dried in air, and recrystallized from
MeOH to give the title compound (62 g, 97%) as a red crystalline powder,
m.p. 53-5°C (from MeOH). Found Br, 29.19; N, 10.21. CnglBrN203 requires
Br, 29.05; N, 10.18%.

2- @-Nitranilino)ethyl methanesulphonates (l4a-c, 14g-i, and l4k-e)

Methanesulvhonyl chloride (0.12 mol) was added dropwise to pyridine
solutions (60 ml) of the 2- (2—n1tran111no)e+hanols (}3a-c), (13g-i), end

rate that the temperature of the mixtures did not exceed 5°C. The mixtures
were stirred at ambient temperature until the starting compounds (;2) were
used up (t.l.c.) and poured into ice-water (ca. 300 ml). The resulting
crystalline products were filtered off, washed with water, dried in air,
and recrystallized to give, depending on the nature of the substituents
R3—R6, yellow to brownish-red products. For the yields, m.p.’s, and anal-
ytical data, see Table 1.

® In some cases the solvent pyridine was replaced by ethanol or butan-l-ol
and an additional 1-1.1 mol-equivalent of the 2-aminoalcohol was used.
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Table 1: 2-(2-Nitranilino)ethyl methanesulphonates (14) by methanesulphon-

ylation of 2-(2-nitranilino)ethanols (13)

Yield M.p., °C Mol. formula Calc./found
% (from) (Mol. wt.) C% HE C1% N% S%

l4a 91 8617 Colly N,058  41.53 4.65 10.76 12.32

(BtOH) (260.3) 41,76 4.41 10.63 12.54
14p 75 108-9 CgHy C1N,0cS 12.04 9.50 10.88
=== (MeOH) 7 (294.8)’ 12.34 9.30 10.52
e
14g 75 68-T70 Cy AHy FoN 0.8 8.53 9.76
=== (Et0ac-1.p.%) 10412725 8.56 10.21
14h 65 109-11 C,,H, ,N,0,8 41,50 4,43 8.80 10.07
=== (MeOH) ,11(§§8?3§ 41.80 4.61 8.91 10.24
141 93 65-7 c N,0-.8 43.79 5.14 10.21 11.69
== (CH,C1,-E+,0) 1°?§$4f3§ 43.78 5.20 9.88 11.62
14k 98 101-2 C.H, ,CIN,,0.8 12.04 9.50 10.88
=== (MeOH) 9 %§94.§)5 11.71 9.45 11.00
14l 83 0i1® CoHy 101N, 0.8 9.50 10.88
T E %%94.§)5 9.28 11.19

a
14m* 65 106-8 C, ~H, .C1N,0.8 11.49 9.07 10.40
=== (MeOH) 10 %gos.§>5 11.52 9.25 10.52
a
14n® 63 91-3 Cq,H, CIN.,0.S 10.99 8.68
=== (B+00) 11 %222'3)5 10.62 8.47
£

140° 60 92-3 Cy1H, cCIN,,0.8 10.99 8.68
i (MeOH) 11 %222'5)5 10.80 8.72

8 Phe crude product was, without purification, allowed to react with KSON
to give the 2-thiocyanatoethyl derivative (ég) in 96% overall yield

P Light petroleum © Chemically pure (t.l.c.)

€ (R) enantiomer T [o]D, -62° (e=1, CHC1,)
20

3

d Racemic

The non-crystalline products (l4c) and (;gé) were taken up in CH,C1, ,
the aqueous supernatants were separated, and extracted with CH2012 (2 x 3
ml). The combined CH2C12 golutions were washed with
and evaporated to dryness. The crude compound (l4c)
with KSCN without purification while compound (14£)
(Kieselgel 60 PFyc443663 Penzene - acetone, 1:1; R,

water, dried (MgSO4),
was allowed to react

was purified by t.l.c.

0.7).

2019
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N-{2-Thiocyanatoethyl)-o-nitranilines (4)

Method A: Mixtures of the 2-(2-nitranilino)ethyl methenesulphonates
(14) (0.2 mol), KSCN (0.3-0.4 mol) and ethanol (30-300 ml, depending on
the solubility of the starting methanesulphonate) [or, in some cases meth-
anol, 2-propasnol, or DMF (40-80 ml), respectively] were refluxed until the
starting compound (14) was used up (t.l.c.; 8-50 h) and poured into water
(ca. 500 ml). The crystalline products were filtered off, washed with
water, dried in air, and recrystallized to give, depending on the nature of
the substituents R3-R6, the yellow to orange-red title compounds. For the
yields, m.p.’s, and analytical data, see Table 2.

Method B: 30012 (30 mmol) was added dropwise to a CHCl3 solution (30
ml) of the 2-(2-nitranilino)ethanol (13j) (10 mmol). The mixture was kept
for 1 h at ambient temperature, refluxed for 6 h, and evaporated to dryness
at reduced pressure. The residue was triturated*with dil. aqu. ammonia un-
til neutral, and taeken up in ether. Conventional work-up furnished the
crude chloride (15j) which was refluxed with a solution of KSCN (25 mmol)
in acetonitrile (20 ml) for 50 h with continuous stirring. The mixture was
evaporated to dryness and triturated with water and ether. The ethereal
solution was dried (MgSO4) and evaporated to dryness. Work-~up of the resi-
due by chromatography (Kieselgel 60; benzene - methanol, 4:1) gave the
crude thiocyanate (ij) which was further purified by recrystallization.

The thiocyanates (44) and (4e) were similarly obtained except that,
for the preparation of compound (44), benzene was used as the solvent in the
first and ethanol in the second step. For yields, m.p.’s, and analytical
data, see Table 2.

Method C: A mixture of the bromoethyl derivative (16f) (5.5 g, 20
mmol), KSCN (3 g, 30 mmol), and EtOH (50 ml) was refluxed for 8 h with con-
tinuous stirring and poured into water (200 ml) to obtain the crystalline
product (4f).

The i.r. spectra of all thiocyanates (gg-g) exhibited the expected

bands at ca. 2150 (¥SCN), 1510, and 1350/cm  (»NO,).
3-(2-Aminophenyl)-2-iminothiazolidine salts (§)

Method A [by ring closure of N-(2-thiocyanatoethyl)-o-phenylenedi-
amines with hydrogen chloride]: N-(2~Thiocyanatoethyl)-o-nitranilines
(4) (10 mmol) were dissolved, depending on their solubilities, in dioxane
(30-60 nl), methanol (50-150 ml), or CH,Cl, - methanol, 1:1 (100-250 ml)
and catalytically reduced (10% Pd-C) at room temperature and normal pres-
sure. The catalyst was filtered off and the filtrates were saturated with
dry HCl gas at O°C, and evaporated to dryness at reduced pressure to give,
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Table 2: N-(2-Thiocyanatoethyl)-o-nitranilines (4)

Method® Yield M.p., °C  Mol.formula Calc/found
% (from) (Mol. wt.) C% H Cl% N% St
4a A 85 112-3 CqHgN50,8  48.42 4.06 18.82 14.3%6
== (EtOH) (233239 48.52 4.13 18.80 14.56
4b A 97 154-5 CqHgClN,0,8 41.94 3.12 13.77 16.30 12.44
= (1-PrOH) (357.7) 42.13 3,07 13.94 16.59 12.65
de A 96°  134-5 = CgHgBrN,0,5 © 13,91 10.61
= (1i-PrOH) (302.2) 13.82 10.63
4d B 38d 115° CoHgIN;0,8  30.96 2.31 £ 12,03
== (39471) 20.83 2.03 11.90
4e B 108 110 CoHgFN 50,8 17.42 13.29
== (aqu. EtOH) (24122) 17.10 13.80
4f c 89 116-8  CynH..N.0.S 47.41 4.38 16.60 12.67
== (E+OH) 1?2%% 2)3 47.51 4.10 16.75 12.62
4g A 85 115-7 €y gHgFN,0,8 14.42 11.01
== (MeOH) 10(293‘%) 14.38 11.46
4n A 79 102-3  C..H,,N,0,S 46.97 3.94 14.94 11.40
== (reol) oLt 34 4672 424 14.92 11.36
41 A 91 123-5 clOH11N3o 50,62 4.67 17.71 13.51
41 B 21h 70 09H801N3023 41.94 3.13 16.41
== (aqu. MeOH) 7 5., 7y 42.30 3.40 16.60
4k A 92  115-6 CgHgCLN;0,8 1%.77 16.30 12.44
== (EtOH) (257.7) 14.09 16.32 12.79
42 A 80 92-4 Cglig C1N 50,8 13.77 16.%0 12.44
(EtOH) (257.7) 13.88 16.51 12.87
amt A 72 69-70 H, nC1N -0 13.06 15.46 11.80
== (NeOH) 10(%21 8? 28 12.96 15.61 11.73
i
4n A 84  126-8 C1N,0.S 12.42 14,70 11.22
== (MeOH) 11(%55 8? 2 12.10 14.53 11.25
4ed 4 80¥  124-5 C1 1 Hy H01N50,5 12.42 14.70 11.22
== (MeOH) (285.8) 12.30 14.61 11.32

& Method A: from the methanesulphonates (;g); Method B: from the chlorides
(15); Method C: from the bromide (16£)
Overall yield of the two-step sequence l3c —» l4c —> 4c
¢ Br, calc 26.45, found 26.19%
Continued on following page
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in most cases, oily products which crystallized when triturated with small
amounts of the appropriate solvents (EtOH, acetone, or EtOAc). For the
yields, m.p.’s, and analytical data, see Table 3.

Method B [by ring closure of N-(2-thiocyanatoethyl)-o-phenylenedi-
amines with ethanesulphonic acid]: N-(2-thiocyanatoethyl)-o- nitranilines
(4) (10 mmol) were catalytically reduced (10% Pd-C) in CH,Cl, (400 ml) or
MeOH-CH,C1l,, 1:1 - 2:1 solutions (80-100 ml) at normal pressure and ambient
temperature. The catalyst was filtered off and the filtrates were cooled to
0%. EtSOBH (2-3 mol-equivalents) or ethereal solutions of EtSO3H were ad-
ded. The mixtures were stirred for ca. 15 min at 0°C and evaporated to
dryness at reduced pressure to give the desired products in most cases di-
rectly in crystalline form. In those cases where oily products were ini-
tially formed crystallization was induced by trituration with small
amounts of acetone. For the yields, m.p.’s, and analytical data see Table 3.

Method C [by reduction of 2~imino-3-(2-nitrophenyl)thiazolidine
salts (5)]:

(a) A mixture of compound (5b’) [ prepared from its hydrochloride (5p)
as described for the related base (5a’), see below] (2.6 g, 10 mmol),
SnCl,-2 H,0 (11.3 g, 50 mmol), and ethanol (120 ml) was stirred at 70°C
under nitrogen or argon until, as indicated by the colour change of the
mixture, the starting (5b’) was used up (about 1/2 h). The mixture was
poured into water (200 ml), the ethanol distilled off at reduced pressure,
and the aqueous solution made slightly alkaline (pH 9) by adding 10% aque-
ous NaOH. The resulting product, (gg),was isolated by extraction with
chloroform (3x50 ml) in the conventional manner and dissolved in methanolic
hydrogen chloride. The resulting dihydrochloride (gg) was precipitated by
adding ether to the solution, and proved identical (i.r., m.p.) with a
sample obtained according to Method B.

(b) Similar treatment of compound (5¢’) (see below; 1.45 g, 5 mmol)
in propan-l1-0l gave the free base of the salt (gg) as a light yellow oil
(0.73 g). addition of ethanesulphonic acid (0.55 g, 5 mmol) to an ethanolic

Footnotes to Table 2, continued

4 overall yield of the two-step sequence 13d —» 154 —> 4d

€ Non-recrystallized material, purified by chromatography (Kieselgel 60;
benzene - methanol, 1:1)

T 1, calc 36.34; found 36.10%

& Overall yield of the two-step sequence 1l3e —» loe — 4e¢
h Overall yield of the two-step sequence 13] —> 153 —> 4]
1 Racemic compound 3 (R) enantiomer

k[o]5, -249.4 (c=2, CHCly)
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(10 ml) solution of the base caused immediate precipitation of the crys-
talline salt (k) (1.2 g, 50%), m.p. 180-181°C (from MeCN) which proved
identical (m.p., mixed m.p., i.r.) with a sample obtained according to
Yiethod B.
All salts (§) prepared were colourless crystalline compounds.
2-Inino-3-(2-nitrophenyl)thiazolidines (5a’-5¢’) and their hydro-
chlorides (5a-¢)

(a) Dry HCl gas was intrcduced into a refluxing ethanolic (50 ml) so-
lution of compound (4a) (4.0 g, 18 mmol) for 30 min. The solution was al~
lowed to cool and the crystalline product (3.9 g, B83%) filtered off. Re-
crystallization from ethanol-ether gave the yellow crystals of compound
(52), m.o. 286°C (dec.). Found Cl, 13.54; N, 16.23; S, 12.04. CgH,CIN;0,8
(259.8) requires C1, 13.66; N, 16.17; 8, 12.34%.

The free base (5a’) was obtained in 90% yield by treating an aqueous
(30 ml) solution of the hydrochloride (5a) (1.3 g, 5 mmol) with 40% agueous
NaOH (pd 9) and recrystalilzatlon from BEtOsc - light petroleum. Yellow
crystals, m.p. 127%.

{(b) A nixture of 2-aminothiazoline™“ (0.8 g, 8 mmol), g-fluoronitro-
benzene (U.56 g, 4 mmol), and anhydrous DMSO (10 ml) was stirred for 3 h
at 80°c, and poured into water (50 ml). The product, compound (gg’) (0.4 g,
485}, was isolated by extraction with CE,CL, {3x20 ml) in a conventional
nanner and purified by recrystallization from EtOAc - light petroleum; it
proved identical with the sample obtained as described in (a).

(¢) Dry HCL gas was introduced into a refluxing susvension of 4-chlo-
ro~2-nitro-N-(2~thiccyanatoethyllaniline (4b) (5.15 g, 20 mnol) for 1 h.
The mixture remained heterogeneous throughout but its colour changed gradu-
ally from orange to light vellow. The mixture was allowed to cool and the

12

Footnotes to Table 3

6 (DMSO-dg) 3.82% (2H; SCHy), 4.30% (eH; NCH,), 7.02-7,37 gpm, m o

(?m, ArH? s) 6 (Dx 50@6/ 29 4 (sc“a), 58.1 (I\LHQ), 120.3s," 122,24,

122, Sd,f 130, 35, 138, BS,f and 14%.04% (aromatic C's), 174.8 (isothio-

urea carboon)

Free base

¢ an aqueous solution (40 ml) of commound (gb) (1.5 g, 5 mmol) was made
slightly alkaline (pH 8-9) by adding 405 aqueous NaOH. The free base,
an oil which gradually crystallized, was isolated by extraction with
Cﬁgclg

41,7 cale 23.52; found 24.07% e[d] D, ~3.7 (e=l, meomw)
Multiplicities in the off-resonance spectrunm
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resulting compound (5b) (5.5 g, 93%) filtered off, washed with ether, and
recrystallized from EtOH. M.p. 295-6°C (dec). Found Cl, 24.08; N, 13.88;
S, 10.61. CgligCl, N50,8 (295.0) requires Cl, 24.04; N, 14.24; S, 10.87%

(d) similar treatment of 2-nitro-N-(2-thiocyanatoethyl)-4-trifluoro-
methylaniline (4g) (5 g, 17 mmol) gave the light yellow crystals of com-
pound (5¢) (4.5 g, 81%), m.p. 295°C (dec; from EtOH). Found Cl, 10.98; N,
12.78; S8, 9.57. Cy gHgCLF5N50,5 (327.8) requires €1, 10.83; N, 12.82;

3, 9.78%.

{e) Treatment of 2-aminothiazoline™ with 1-fluoro-2-nitro-4-trifluoro~
methylbenzene,,l3 essentially as described in (v) for the preparation of com-
pound (5a’), gave compound (5¢’) (35%; m.p. 153°C). Treatment of the free
base with methanolic hydrogen chloride gave compound (5¢) which proved
identical (m.p., i.r., t.l.c.) with a sample obtained according to (d).

Catalytic reduction of compound (5b’)

12

Compound (5p') (1.3 g, 5 mmol) was dissolved in a mixture of methanol
(150 ml) and saturated ethanolic hydrogen chloride (18 ml), and reduced
(H,/10% Pd-C) to give, after conventional work-up, the colourless crystals
(1 7 &, 65%) of 7-chloro-l,2-dihydro-5H-thiazolo[2,3-c](1,2,4] benzotri-
azinium chloride (8), m.p. 226-8°C (from MeOH). Found C, 41.33; H, 3.45;
N, 15.74; 8, 12.67. CgHoC1 N558 (262.2) requires C, 41.22; H, 3.46; N,
16.03; 8, 12.23%%.

7-Chloro-2,3—dihydrothiazolo[3,2-a]benzimidazole (;g) and its
hydrochloride

(1) A nmixture of compound (6b) (1 g, 3.3 mmol) and ethanol (30 ml) was
refluxed for 2 h and allowed to cool to give compound (18)-HCl (0.7 g, 85%)
as a colourless crystalline powder, m.p. 144°C (from EtOH). Found C, 44.00;
H, 3.12; C1, 29.05; S, 13.15. N GPLPE (247.2) reguires C, 4%.72; &,
3.26; Cl, 28.68; 3, 13.15%. m/z 210 (h-HCL)"" , 164 (N-HC1-5CH,)"" .

(11) An aqueous solution (5 ml) of the salt (18)-HCL (2 g) was treated
with 5% aqueous NaOH (5 ml) and the resulting free base (18) isolated by
extraction with CH2012; colourless crystalline powder, 1.5 g (8%3), m.p.
109-111°C.

(1ii) A mixture of compound (6d) (0.9 g, 4 mmol) and 96% acetic acid
(15 ml) was refluxed for 2 h and evaporated to dryness. The residue was
dissolved in CH2012 (30 ml), the solution washed with 5% aqueous NaHCO3
and water, dried, and evaporated to dryness to give an oil which was crys-
tallized from a small amount of ethanol. The product (0.4 g, 48%) proved
identical (m.p., i.r., t.l.c.) with the sample obtained according to (ii).
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(iv) (a) A methanolic (30 ml) solution of compound (;22)9 (5.4 g, 25
mmol) was warmed to 60°C and added dropwise to an aqueous (100 ml) solu-
tion of N328204 (17.5 g, 100 mmol) preheated to 60°C. The mixture was
stirred for an additional 5 min at this temperature and made slightly al-
kaline (pH 8) by adding 40% aqueous NaOH. When the mixture was allowed to
cool, the colourless crystals (4.2 g, 93%) of 2-(2-amino-4-chlorcanilino)-
ethanol, m.p. 123-5°C (from benzene) were deposited. Found C, 51.43; H,
5.82; C1, 18.69; N, 14.97. C C1N,0 (186.6) requires C, 51.48; H, 5.94;
Cl, 19.00; N, 15.01%.

(b) A mixture of the above product (1.8 g, 10 mmol), CS, (2 ml,

46 mmol), and ethanol (10 ml) was refluxed for % h and evaporated to dry-
ness to give 5-chloro-l-(2-hydroxyethyl)benzimidazoline-2-thione (17)
(1.2 g, 54%) as a colourless crystalline powder, m.p. 147-8°C (from water).
Found N, 11.85; S, 13.98. C9H901N208 (228.5) requires N, 12.25; S, 14.00%.

(e¢) 4 solution of diethyl azodicarboxylate (3 g, 16 mmol) in
THF (10 ml) was added at ambient temperature with continuous stirring drop-
wise to a mixture of compound (17) (2.5 g, 11 mmol) PhP (4.3 g, 16 mmol),
and THF (40 ml). The mixture was stirred for 60 h at ambient temperature
and evaporated to dryness %o give a brown oil which gradually crystallized.

st11

This was worked up by t.l.c. (Kieselgel PF254+366; cyclohexane - EtOAc,
2:3) to give compound (18) (0.6 g, 21%; Rp 0.3) which proved identical
(m.p., i.r., t.l.c.) with the sample obtained according %o (ii).

(v) 4n ethanolic (30 ml) solution of compound (20, Nu=OH) (see below)
(1 g, 3.8 mmol) was refluxed for 2 h and allowed to cool. The resulting
colourless crystals (0.8 g, 93%) of compound (18)-HC1 proved identical
(m.p., i.r.) with the sample obtained according to (i).

7—Chloro—9a—hydroxy—2,3,9,9a—tetrahydrothiazolo[3,2-aJbenzimidazolium
chloride (20, Nu=OH)

A solution of compound (6b) (1 g, 3.3 mmol) in 96% acetic acid (20 ml)
was refluxed for 1/2 h and allowed to cool to give the colourless crystals
(0.6 g, 68%) of the title compound which were filtered off and washed with
ether; m.p. 230°C (from EtOH-E$,0). Found C, 40.98; H, 4.01; Cl, 27.23;

N, 10.39; 3, 11.70. C9H10012N203 (265.2) requires C, 40.76; H, 3.80; C1,
26.74; N, 10.56; 8, 12.0%. ¥ (K3r) 3420 (OH), 2500 em™L (N+H2).

2-4Amino-5-chloro-l-(2-mercaptoethyl)benzimidazole (22) and its hydro-
chloride

(1) An anhydrous ethanolic (20 ml) solution of comvound (64) (1.1 g,
5 mmol), was refluxed for 18 h and evaporated to dryness to give a gradual-
ly crystallizing oil. Recrystallization from ethanol furnished the title
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compound (0.6 g, 53%) as a colourless crystalline powder, m.p. 248-9°C.

Found C1, 15.46; N, 18.23; S, 14.31. CngOClN S (227.7) requires Cl, 15.57;
N, 18.45; 8, 14.08. ¥ __ (KBr) 3430 (NH), 1650 cm -1 (¢=N). m/z 227 Wt*)
180 [(va-CHZSH)+] , 167 [e&-CHZCHZS)‘“ 7.

(11) An identical (m.p., i.r.) product (0.4 g, 35%) was obtained when
compound (64) (1.1 g, 5 mmol) was stirred for 2 h at 80°C with benzylamine
(2 ml) and the mixture worked up as described in (i).

(111) A mixture of compound (24b) (see below) (1.1 g, 4.2 mmol) and
20% aqueous HC1 (20 ml) was refluxed for 18 h (during which period a clear
solution was gradually formed), treated with Norite, and allowed to cool.
The resulting crystals were filtered off and washed with dioxan and ether
to obtain the monohydrate of compound (22).HC1 (0.8 g, 67%) as a colurless
crystalline powder, m.p. 124% (methanol-ether). Found C, 38.33; H, 4.81;
Cl, 24.83; N, 14.94; S, 10.97. Cq 130121\1 0S8 (282.5) requires C, 38.30;

H, 4.64; C1, 25.12; N, 14.89; 8, 11.36%. &, (DMSO-d.) 2.88q (2H; SCH,),
3.12% (SH), 4.31%t (2H; NCH,), 7.2-7.6m (3H ArH’s). Jz 227 [(M-tiCl-Hzo)*']
210 [(M-HC1~H,0-NH, )*'] 167 [(M-HC1-1,0-CH,CH,3) "]

(iv) The free base was liberated from this product by treating an
aqueous (40 ml) solution of the salt (2.8 g, 10 mmol) with 10% aqueous
NaOH until slightly alkaline (pH 9), neutralizing with acetic acid, and ex-
tracting the base with CHCl3 (3x15 ml). The semicrystalline crude product
was recrystallized from ethanol to give the pure base (1.7 g, 75%) which
proved identical [m.p. (248-9°C), i.r.] with a sample obtained as described
in (i),

S-Aryl—s-chloro—l,2,5,6—tetrahydrothiazolo[3.2—a][l,3,§]benzo-

triazepines (23a, b)

(1) A mixture of compound (gd4) (1.1 g, 5 mmol), freshly distilled
benzaldehyde (0.6 ml, 5.5 mmol), anhydrous ethanol (30 ml) and acetic acid
(2.5 ml) was refluxed for 8 h. Concentration of the mixture to ca. 1/4 of
its original volume afforded the 5-phenyl derivative (23a) (0.65 g, 41%)
as a colourless crystalline powder which was filtered off, washed with
ether and recrystallized from ethanol; m.vp. 180-2°C. Found C, 60.60; H,
4.50; C1, 10.73; N, 13.52; S8, 10.23. 016H14ClN 3 (315.8) requires C, 60i85;
H, 4.47; C1, 11.22; N, 13.30; 8, 10.13%%. v (KBr) 3150 (NH), 1620 em”
(C=N). 6 (DMbO-d6) 2.5t (2H; SLH ), 3.15% (2H; NCH2), 6.0s (1H, CgPh),
7.0-7. 7m (8P ArH’s). n/z 315 (M’“), 514 [(w-m*], 258 [(1-cHoH30) 7],
210 [(M—CI{20H2-Ph)+] .

- 7y

(ii) A mixture of compound (64) (1.1 g, 5 mmol), anhydrous ethanol
(30 m1), 4-methoxybenzaldehyde (3 ml), and boron trifluoride diethylether-
ate (0.2 ml) was refluxed for 6 h and evaporated to dryness. The crystal-
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line residue was recrystallized from EtOH to obtain the 5-(4-methoxyphenyl)
derivative (23b) (0.8 g, 46%) as a light yellow crystalline powder, m.p.
141-2°C. Found c, 58.88; H, 4.96; C1, 10.38; N, 11.88; S, 9.42.

Cy7H| cCLN503 (345.8) requires C, 59.03; H, 4.66; C1, 10.25; N, 12.15; 3,
9.25%. ¥, (KBr) 3190 (NH), 1620 em™> (C=N).

5-amino-8-chloro-1,2-dihydrothiazolo[3,2-a][1,3,5] benzotriazepinium
bromide (24a)

A mixture of compound (6d) (1.1 g, 5 mmol), cyanogen bromide (0.72 g,
6.8 mmol), and anhydrous ethanol (30 ml) was refluxed for 1/2 h and evapor-
ated to dryness. The resulting cil crystallized gradually; recrystalliz-
ation from EtOH-Et,0 gave the title compound as a colourless crystalline
powder, m.p. 282-3"C. Found C, 36.21; H, 3.25; N, 17.23. C 0Hl BrClN4S
(333.7) requlres ¢, 35.99; H, 3.02; N, 16.7%. v (KBr) 3080 wy* Hy),
1650 em™t (& N* Hy).

8-Chloro-1,2-dihydrothiazolo[3,2-a] [1,3,5]venzotriazepine (24p)

A mixture of comnound (6d) (1.1 g, 5 mmol), triethyl orthoformate (5
ml), and acetic acid (40 ml) was refluxed for 3 h and concentrated to ca.
1/4 of its original volume. The resulting crystals were filtered off and
washed with ether to obtain the title compound (0.65 g, 55%) as a colour-
less crystalline powder, m.p. 298-9°C (from DMF). Found C, 50.40; H, 3.27;
Cl, 14.53; N, 17.47; 8, 13.51. CyoHgCIN,S (237.6) requires C, 50.53; H,
3.39; C1, 14.92; N, 17.68; S, 13.46%.

Vpax (KBr) 1620 en™b (=), m/z 237 @*"), 236 [(-m)'], 210
[ - on=cr)*], 209 [ - cH,cH*"].

Acknowledgements: The authors thank Dr. I. Balogh-Ba+ta and Dr. G.
Téth, and staffs for the microanalyses and the n.m.r. spectra, respective-
ly, Dr. A. Gergely, Dr. J. Brlik, and MNrs. E. Bihdtsi (née Karsai) for
the mass, Dr. K. Xiss (née Erds) and staff for the i.r. spectra, and EGIS
Pharmaceutical Works, Budapest, Hungary, for financial assistance.

References

L F. Bertha, Gy. Hornyédk, K. Zauer, A. Feller, K. Lenmpert, E. Pjeczka,
and G, Téth, Tetrahedron 1985, ié, 2855

2 F. Bertha, Gy. Hornydk, K. Zauer, K. Lempert, E. Pjeczka, and G. Téth,

Tetrahedron 1983, 39, 1212
3 N. F. Hall, and M. R. Sprinkle, J. Am. Chem, Soc. 1932, 54, 3460




2030 G. HORNYAK et al.

4 5. D. Roberts, K. L. Webb, and E. A. Mc Elhill, J. Am. Chem. Soc, 1950
12, 408

> R. Pollet, Ind. Chim. Belge, Science 1967, 32, 32
6

7

N. P. Hall, J. Am. Chem. Soc. 1930, 32, 5115

{a) BGIS Pharmaceutical Works, Budanest, Hungary, Hungarian Patent HU
191.408

(b) I. Gyertysn, L. Pet8cz, I. Gacsdlyi, and Gy. Hornydk,"Psychopharma-
cological Bffects of an Iminothiazolidine Derivative (EGyT-4201)";
Poster presented at the X th International Symposium on Medicinal
Cheristry, Budapest, Hungary, 16th August 1988

G. Doleschall, Gy. Hornydk, B. Agai, Gy. Simig, J. Fetter, and K.
Lempert, Tetrahedron 1976, 32, 57

9 Ch. B. Kremer and A. Bendich, J. Am. Chem. Soc. 1939, 61, 2658
10

11

P, Clarke and A, Moorhouse, J. Chem. Soc. 1963, 4763

7. Matsuhara and K. Shirakawa, J. Pharm. Soc. Japan 1943, g;, 3703
Chem. abstr. 1951, 45, 2876

G. W. Raiziss and L. W. Clemence, J. Am, Chem. Soc. 1941, 63, 3113

12

13 G. C. Finger and C. W. Kruse, J. am. Chem. Soc. 1965, 87, 6034



