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Abstract: When treated with strong acids, the g-(2-thiocyanatoethyl)-o- 

phenylenedismines (lg-lv) are cyclized exclusively to 3-(2-sminophen- =- == 
yl)-2-iminothiazolidines ($) while the related tertiary smines (la-lf) == == __ 

gave, under the same conditions, benzothiadiazocines of types (2) or (2). 

Some of the type (5) compounds are highly active antidepressants of low 

toxicity. Thermal reactions of compound (Sk) and its conversion into tri- 

cyclic compounds of types (22) and (24) are also reported. =- 

The hydrogen chloride catalyzed ring closure of the g-methyl compounds 

(la-e) and of the N_-phenyl analogue @) has recently been found to afford -= = 
2-amino-3,1,6-benzothiadiazocine derivatives either as the mono- (z&-cJ) or 

the dihydrochlorides (>_a, g), depending on whether the basicity of N-6 is 

sufficiently reduced by-the substituents R, R4, and R5 or not. 
1 

since com- 

pounds @n-d=) and (Ja-b) had some effects on the central nervous system of -= = 
rodents and their toxicity was low, the synthesis of 6-ssubstituted anal- 

ogues [(z) or (z), R=H] was attempted. The thiocyanates (2~) and (Ah), when 

treated with NC1 gas in methanol-dichloromethane (1:l) solution at-i°C, 

gave products of the expected elemental composition. However, conspicuous 

differences were noticed (i) between the pharmacological properties of com- 

pound (29) and the ring closure product of the thiocyanate ($I_), and (ii) -- 
between the chemical shifts of the S-methylene group and the isothiourea 

moiety of compound (3b) (d 31.0 and 170.6 ppm, respectively) and the cyc- -= 

t Present address: EGIS Pharmacochenical Works, Budapest, Hungary 



2010 G. HORNYAK et ~2. 

R R1 R2 R3 R4 R5 R6 
Ler: Me H H H 

ii: Me H Ii H 

2s: Me H H H 

&g: Me Ii H H 

&g : he Ii H I? 

&g: Yh I~ H H 

&H H H H 

&$H H H H 

&&:H H H H 

lj:H I-i H H == 
L&:H H H H 

&H H H H 

&g:H H H H 
&H B H Ii 

&H H H H 

i=p: H H H Cl 

2s: H H II H 

&s:H H H H 

g: H Xe H H 

&:H H Et H 
lV:H H 
zz= Xt H 

H 

Cl 

F3C 
MeO$ 

LI 

H 

H 

Cl 

Br 

I 

F 

KeO 

F3c 
Ke02C 

Pie 

H 

H 

H 

Cl 

Cl 

Cl 

H H 

H H 

H H 

H H 

Cl H 

H H 

H H 

H H 

H H 

H H 

H H 

H H 

H H 

H H 

H H 

H H 

Cl H 

H Cl 

H Ha 

H Ha 

H Hb 

a rncemic o (&> enantioner 

2: 

The 

R=H, b: kC1, g: R=F3C 

free k~3es are denoted 
3;r primed numbers 

R 

R R4 R5 n 

2_a: Me FTC H 0 

22: Me Me02C H 0 
2s: Pie H Cl 0 
zp: Ph H HO 

&:Ne H H 1 

ii: Ne Cl H 1 

22: H H Hl 

Zd: H Cl K 1 -_= 
, 

d 

R1 R* R3 R4 ,R5 R6 

@:H H H H HH 
ii: H H H Cl H II 

$g: H H H Rr E H 

@:H H H I H Ii 

ii: H H H F H H 

4f: H H H Me0 H H 

ii: H H H P3C H H 

i@:H H H NeO C 2 H H 
$&: W Ii H 3!e H H 
4j: H H Cl H Ii 3 == 
Sk: II H H B Cl H 
$I: H H H H H Cl 

4~: Ke Ii H Cl H Ha 

4;: H Et !i Cl H Ha 

ii: H Et H Cl H Hb 

a 
racemic b Q) enantioner 



tkm~ mctions of 3-(2-amhopbwyl)-2-is 2011 

R1 R2 R3 R4 R5 R6 n X 

$1: H 
& H 
25: H 
0~: H 
5~: H 
& H 
62: H =- 
$4: a Me 

25: a Me 

&:a H 
24:' H 

$E:~ H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

Et 

Et 

Et 

H H H 

H Cl H 
H Cl H 

H Cl H 

H Br H 

H I H 

H F H 

H Me0 H 

H Me0 H 

H F3C H 

H F3C H 

H Me02C H 

H Me H 

Cl H H 
H H Cl 

H H H 

H Cl H 

H Cl H 

H Cl H 

H Cl H 

H Cl H 

a racenic b (H_) enantiomer 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

Cl 

H 

H 

H 

H 

H 

2 Cl 

2 Cl 

2 03kW 

0 - 

2 03SEt 

2 03SEt 

2 03SEt 

2 Cl 

2 03SEt 

2 Cl 

2 03SEt 

2 Cl 

2 Cl 

1 03SEt 

2 Cl 

1 03SEt 

2 Cl 

2 03SEt 

1 Cl 

1 03SEt 

1 03SRt 

lization product of thiocyanate (&@<a 29.4 and 174.8 ppm, respectively) in 

the 13C n.m.r. spectra (both recorded in DMSO-d6). These differences sug- 

geated that ring closure of the thiocyanates (lg) and (lh) may have afforded == == 
isomers of the expected 3,1,6-benzothiadiazocines @, a) rather than the 

benzothiadiazocines themselves. The cyclization product-of thiocyanate <&&) 

was indeed found to be identical with an authentic sample of the 2-imino- 

thiazolidine derivative ($g) obtained, in moderate yield, by acid catal- 

yzed ring closure of the nitro compound ($2) and reduction of the result- 

ing 2-inino-3-(2-nitrophenyl)thiazolidine salt (22). 

Appropriate choice of the reduction method ir the final step of this 

sequence is crucial. Thus, while the p-nitro isomer of compound (22) was 

smoothly reduced catalytically to the corresponding amine, this reduction 

method proved unapplicable in the presence of o-nitro groups. E.g. at- 

tempted catalytic reduction of comoound cab,> led, X& hydroxylkm;ne (2). to 

the formation of the tricyclic compound (2) whose N-N bond could not be 

reductively cleaved in spite of numerous attempts. 
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8 H2tPd-C 

Among the various reducing agents snd.reductj_on methods tested, atan- 

nousohloride wasthe only one with which compound @b) could be reduced, in -= 
moderate yield (40%) to the corresponding amino derivative (22). Thus, 

while the sequence (4) + (2) --) CP) constitutes a structure proving syn- 

thesis of the final products, from a practical point of view the non-struc- 

ture proving sequence (4) + (&I (R=H) + (5) is by far the more favorable. 

The contrasting behaviour, in acid catalyzed ring closure, of the 

N_-substituted (&_a-fl) and the g-unsubstituted thiocyanates (l& may be ra- 

tionalized as shown in Scheme 1 for the parent compounds <&&I and (l&l. 

Both compounds are thought to be initially converted into their dip%on- 

ated dications which should be able to exist in three distinct prototropic 

forms, (9~) being the most stable and most abundant form but (q&l and ($&) 

being theore reactive. Ring closure of the latter two should-lead to The 

3,1,6-benzothiadiazocines (AlO> and iminothiazolidines (&&I, 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 (&A) should be unstable for R=Me, revert to (9~) and fi- -= 
nally be converted,via (qb) and c&P), into the benzothiadlazocine of type - -= 
(2). For the thiazolidine derivative (f&l (R=H), on the other hand, an ad- 

ditional mode of stabilization is available, a. rearrangement by proton- 

ation - deprotonation to afford the type (5) 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 (&I compounds which are 
capable of forming diprotonated dicationa 

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

(&I 

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 screenLng results of compound8 (&) 

and (p&j were encoura&q. Therefore and because no type (g) comnounde had 
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been described previously, a series of type (g) 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 (&-z)was carried out according to the se- 

quence (4) -+ (&) + (5) which, although not structure proving, had been 

shown to-be the more favourable one for the synthesis of compound ($2). 

Most of the key intermediates (4)were obtained from the corresponding 

2-(2-nitranilino)ethanols &) y& the mesylates t&s). Many of the starting 

compounds <&2) 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 (4d, 2, end j) were obtained -t 
e the chlorides t&z), while compound (4f) was obtained from N-(2-bromo- -= 
ethyl)-2-nitraniline (As) (itself prepared by detosylation of its N_-tosyl 

derivative2) by replacement of the bromine atom by a thiocyanato group. 
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Catalytic reduction (H2/Pd-C) of the compounds (4) furnished the crude 

compounds (1) which, without purification, were cyclized to the desired 

compounds (5) by treatment with hydrogen chloride or ethanesulphonic acid. 

Alternatively, compound (Sk) was obtained by hydrogen chloride induced cy- 
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clization of compound (i_g) and reduction of the resulting compound (28) by 

stannous chloride. 

The pKa values (aqueous solution, 25Oc), taken from literature, of 

anilinium, m_-chloro-, @iloro-, m-trifluoromethyl-, 

anilinium ions are 4.57-4.60,3-5 3.52-3.67,4*6 

and q-trifluromethyl- 

4.00-4.15,4t6 3.49r4 and 

2.57,4 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 position, while the para 

opposite is true for the trifluoromethyl group. Therefore, the observation 

that acid catalyzed cyclization of both thiocyanates t&b_) (see above) and 

(4g) affords type <g) iminothiazolidine rather than tyi, (1) or (2) benzo- -- 
thiadiazocine derivatives appears to indicate that the preferred direction 

of cyclization of the thiocysnates (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 elsewhere, 

see also ref. 7) revesled the compounds (5) to possess considerable sntide- 

preseant, 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 @) and ($&) for more de- 

tailed biological studies. 

Meanwhile some reactions of compound <PfS) were also studied. 

When refluxed in anhydrous ethanolic solution, compound ($2) was con- 

verted into the hydrochloride of 2,3-dihydrothiazolo[3,2-aJbenzimidazole 

($I-) whose structure was established by an alternative synthesis starting 

with compound (4l.g) as shown in Chart 1. 

Cl 

‘(r* 0 
2 1. JLq. I?a2S20 4 

NH OH 
2. cs2 

Ph;; DE$'wb 

LJ 

Chart1 

The conversion of compound @b) into @)*HCl may be assumed to take -= 
place according to either of the two pathways g and b shown in Scheme 2. 

The tricyclic salt (_19) is thought to be the cornTon intermediate on both 

pathways. Loss of &%ium chloride and addition of hydrogen chloride would 

then lead to @)*HCl (Path a). Alternatively, the salt could react with a 
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nucleophile NuH present in the reaction mixture (ethanol, trace6 of water) 

to yield the substitution product (12) which then would collapse to the 

final product by 108s of the nucleophile (Path II). The latter path is sub- 

stantiated by the formation of compound (22, Nu = OH) when compound (2:) is 

refluxed for 10 min. with 9696 aqueous acetic acid. While (12, Nu = OH) is 

remarkably stable to refluxing acetic acid, it is converted into (@*HCl 

Cl 

-NuH 

HCl 
- NH@1 

I . 

Scheme 2 

by short refluxing in ethanolic solution a8 well 88, gradually, when it8 

crystals are allowed to stand at ambient temperature. When the free base 

CO~SpOndiIIg to compound (gg) was refluxed for a Short time with acetic 

acid, compound (&I.) was obtained and all our attempt8 to isolate an inter- 

mediate [the free base COrreSpOndin to the Salt (3 Nu=OH)] failed. -=' 
The reaction took a different course when the free base corresponding 

to compound (P2) was refluxed with ethanol or heated with beneylamine, the 

aminobenzimidazole (2X&) being the product in both casea. Formation of this 

product may be rationalized as shown in Scheme 3. The assumed intermediate 

is the free base (z&) corresponding to intermediate (2%) of Scheme 2. While 

in c&z) the protonated amino group is the best leavin&Cgroup among those at- 

tached to the tetrahedral carbon atom, in (;23.> the group attached to this 

carbon atom through 8ulphUr become8 the best leaving group since the amino 

group is not protonated in this case. 
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3 Scheme 

When treated with Cl components (including aromatic aldehydes, cyanogen 

bromide, and triethyl orthoformate) the free base corresponding to compound 

(fjb) gave the tricyclic derivatives (gz) and (g$), respectively. -= 
H 

H Ar 
Cl 

a 
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Q) 
a: X = NH2 , 
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hydrobronide 

When refluxed with 20$ aqueous HCl, compound (zig) gave the monohydro- 

chloride - monohydrate of compound (22). 

Experimental 

M.p.'s are uncorrected. 'H and l3 C n.m.r. spectra were recorded with a 

JEOL FX-100 spectrometer at 100 and 25 MHz, respectively, using TiG' as in- 

ternal reference. 1.r. and mass spectra were obtained with a Spektromom 

2000 (Hungarian Optical Works, Budapest) and a JEOL JIG-C 156-2 spectro- 

meter, respectively. 

The following starting 2-(2-nitranilino)ethanols were known from liter- 

ature: (&zg),a (U!),' (&Ic),l' (&3h),8 (&z&),ll (13J),' (;B),' and (&j&).' --_ --= --_= z_ 
Further type (~2) compounds were obtained by allowing to react l-chloro- 

2-nitrobenzenes with 2-aminoalcohols as described below. 

(+I-2-(&Chl.oro-2-nitranilino)butan-l-01 (&&) 

A mixture of 1,4_dichloro-2-nitrobenzene (38.4 g, 0.2 mol), (+)-2- 

sminobutan-l-01 (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 compound (36 g, 73%). 
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orange-red needles, m.p. 45'C (from ether). Found 

11.55. ClOHl3ClN203 (244.7) requires C, 49.07; H, 

Similarly obtained were the following compounds:* 

C, 49.11; H, 5.32; N, 

5.35; N, 11.44%. 

2-(4-Iodo-2-nitranilino)ethanol (I.$, 66% yield, m.p. llO°C (from 

EtOH); found C, 30.92; H, 2.67; I 41.00; N, 8.82; C8H91N303 (308.1) re- 

quires C, 31.19; H, 2.94; I, 41.19; N, 9.09%; 

2-(4-Fluoro-2-nitranilino)ethsnol @e>, 82% yield, an orange-red =-= 
oil which was converted into its methanesulphonate in crude form; 

2-(4-Trifluoromethvl-2-nitrsnilino)ethanol, (&ag), 95% yield, 

yellow needles, m.p. 78-9'C (from benzene - light petroleum); found N, 

11.35; CgHgF3N203 (250.2) requires N, 11.19%; 

(&)-2-(4-Chloro-2-nitranilino)-l-methylethanol (&), 84% yield, 

orange-red crystalline powder, m.p. 98-100°C (from benzene); found C, 

46.75; H, 4.63; Cl, 15.54; N, 11.83; CgHllClN203 (230.7) requires C, 

46.86; H, 4.80; Cl, 15.37; N, 12.15%i 

CR)-(+)-2-(4-Chloro-2-ni.tranilino)butan-l-01 (&zg), iO% yield, 

orange-red crystalline powder, m.p. 43'C (from ether),[d]20 +24.1 (CHC13 , 

c = 1). 

N-(2-Bromoethyl)-4-methoxy-2-nitraniline (&l6f) --- 
N_-(2-Bromoethyl)-~-tosyl-4-methoxy-2-nitraniline2 

was added in small portions with ice-water cooling and 

ring to cont. H2S04 (100 ml). The solution was allowed 

(100 g, 0.23 mol) 

continuous stir- 

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 Rowder, 

m.p. 53-5'C (from MeOH). Found Br, 29.19; E, 10.21. CgHllBrN203 requires 

Br, 29.05; N, 10.18%. 

2-(2-Nitranilinojethyl methanesulphonates (uarc, &$gri, and l&k-a) --Z-Z e---Z =-==I 
Nethanesulyihonyl chloride (0.12 mol) was added dropwise to pyridine 

solutions (60 ml) of the 2-(2-nitranilino)ethanols (lza-c), (lzg-i), and 1__=== z--z= 
(lzk-o) (0.1 mol) with continuous stirring and ice-water cooling at such a =-=== 
rate that the temperature of the mixtures did not exceed 5'C. The mixtures 

were stirred at ambient temperature until the starting compounds (12) were =- 
used up (t.1.c.) and poured into ice-water (2. 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. 

x In some cases the solvent pyridine was replaced by ethanol or butan-l-01 

and an additional l-l.1 mol-equivalent of the 2-aminoalcohol was used. 



Table 1: 2-(2-Nitranilino)ethyl methsnesulphonates (&A) by methaneaulphon- 

ylation of 2-(2aitranilino)ethanols (&a) 

Yield M.p., Oc Mol. formula Calc./found 

$ (from> (Mol. wt.) C% H$J Cl96 N46 @ 

91 86-7 
(EtOH) 

75 

a 

75 

108-9 
(MeOH) 

68-70 
(EtO&c-l.p.b) 

65 109-11 
(MeOH) 

93 

98 

65-7 
(CH2C12-Et201 

101-2 
(MeOH) 

83 oil' 

65 106-8 
(MeOH) 

63 91-3 
(EtOH) 

60f 92-3 
(MeOH) 

c9yl;;2;$ . 41.53 41.76 4.41 4.65 10.63 10.76 12.54 12.32 

CgH11ClN205S 12.04 9.50 10.88 
(294.8) 12.34 9.30 10.52 

C1oH@;$5S 
. 

C11H14N207S 
l (318.3) 

C10H14N205S 
(274.3) 

C9HllClN205S 

(294.8) 

cgHllClN205s 
(294.8) 

c10H13c~205s 
(308.8) 

CllH15ClN205S 
(322.8) 

8.53 9.76 
8.56 10.21 

43.79 5.14 10.21 11.69 
43.78 5.20 9.88 11.62 

12.04 9.50 10.88 
11.71 9.45 11.00 

9.50 10.88 
9.28 11.19 

11.49 9.07 10.40 
11.52 9.25 10.52 

10.99 8.68 
10.62 8.47 

10.99 8.68 
10.80 8.72 

a The crude product was, without purification, allowed to react with KSCN 

to give the 2-thiocyanatoethyl derivative (4~) in 96s overall yield -- 
b 

Light petroleum ' Chemically pure (t.1.c.) d Racemic 

e (R_) enantiomer fG@$ -62' (c=l, CHC13) 

The non-crystalline products (&$s> and (l_4k) were taken up in CH2C12 , --- 
the aqueous supernatants were separated, and extracted with CH2C12 (2 x 30 

ml). The combined CH2C12 solutions were washed with water, dried (M&04), 

and evaporated to dryness. The crude compound (l&) was allowed to react 

with KSCN without purification while compound ($) was purified by t.1.c. 

(Kieselgel 60 PF254+366; benzene - acetone, 1:l; Rf 0.7). 
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N-(2-Thiocyanatoethyl)-o-nitranilines (4) 

Method A: Mixtures of the 2-(2-nitranilino)ethyl methanesulphonates 

(2) (0.2 mol), KSCN (0.3-0.4 mol) and ethsnol (30-300 ml, depending on 

the solubility of the starting methenesulphonate) [or, in some cases meth- 

anol, 2-propanol, or DMF (40-80 ml), respectively] were reflexed until the 

starting compound (&a) was used up (t.1.c.; S-50 h) and poured into water 

(=a 500 ml). The c-&talline products were filtered off, washed with 

water, dried in air, and recrystaJ_lized to give, 

the substituents R3-R6, 

depending on the nature of 

the yellow to orange-red title compounds. For the 

yields, m.p.'s, and analytical data, see Table 2. 

Method B: SOC12 (30 mmol) was added dropwise to a CHC13 solution (30 

ml) of the 2-(2-nitrenilino)ethanol (&l.J) (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, end taken up in ether. Conventional work-up furnished the 

crude chloride (122) 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 end triturated with water and ether. The ethereal 

solution was dried (MgSO 
4 
) and evaporated to dryness. Work-up of the resi- 

due by chromatography (Kieselgel 60; benzene - methanol, 4:l) gave the 

crude thiocyanate (44) which was further purified by recrystallization. =- 

The thiocyanates (@) and ($a) were similarly obtained except that, 

for the preparation of compound (sd), 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 (&l6f) (5.5 g, 20 --- 
mmol), KSCN (3 g, 30 mmol), and EtOH (50 ml) was reflexed for 8 h with con- 

tinuous stirring and poured into water (200 ml) to obtain the crystalline 

product (44). 
The i.r. spectra of all thiocyanates ($_a-$) exhibited the expected 

bands at ~a. 2150 (ISCN), 1510, and 1350/cm'--(rN02). 

3-(2-Aminophenyl)-2-iminothiazolidine salts (5) 

Method A [by ring closure of N-(2-thiocyanatoethyl)~g-phenylenedi- 

amines with hydrogen chloride]: N_-(2-Thiocyanatoethyl)-o_nitranilines 

(2) (10 mmol) were dissolved, depending on their solubilities, in dioxane 

(30-60 nl), methanol (50-150 ml), or CH2C12 - methanol, 1:l (loo-250 ml) 

and catalytically reduced (lC@ W-C) at room temperature and nOma pres- 

sure. The catalyst was filteredoff 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 ($1 

Methoda Yield M.p., Oc Mol.formula talc/found 

% (from) (Mol. wt.) C$ H$ Cl% N% s$ 

A 

A 

A 

B 

B 

C 

A 

A 

A 

B 

A 

A 

A 

A 

A 

85 112-3 48.42 4.06 
(EtOH) 48.52 4.13 

97 154-5 
(I-PrOH) 

CgH8ClN302S $19; ;.;; 

(257.7) l l 

96b 

38' 30.96 2.31 
30.83 2.03 

log 

89 116-8 
(EtOH) CloH11N303S i;*;; ;*:; 

(253.3) l l 

85 115-7 
(MeOH) C10H8P3N302" (291.3) 

79 102-3 
(MeOH) 

91 123-5 50.62 4.67 
(CH2C12-Et20) 

CloH11N302S 
(237.3) 50.42 4.67 

2lh 
(aqu?MeOH) CgH8Cm302S 

41.94 3.13 

(257.7) 42.30 3.40 

92 115-6 
(EtOH) 

80 92-4 
(EtOH) 

CgHsClN3O2S 
(257.7) 

72 69-70 
(MeOH) CIOHIOCU O2S 

(271.8 s 

84 126-8 
(MeOH) cll%;~:ops 

. 

80k 124-5 
(MeOH) 

CllH#JO2S 
. 

g;;: . 

C 

f 

13.77 
14.09 

12.44 
12.79 

13.77 16.30 12.44 
13.88 16.51 12.87 

13.06 15.46 11.80 
12.96 15.61 11.73 

12.42 14.70 11.22 
12.10 14.53 11.25 

12.42 
12.30 

11.22 
11.32 

18.82 
18.80 

16.30 
16.59 

i:*;: . 

12.44 
12.65 

13.91 10.61 
13.82 10.63 

12,03 
11.90 

17.42 13.29 
17.10 13.80 

16.60 12.67 
16.75 12.62 

14.42 11.01 
14.38 11.46 

14.94 11.40 
14.92 11.36 

17.71 
17.57 

16.41 
16.60 

13.51 
13.33 

Method A: from the methanesulphonates (&4_); Method B: from the chlorides 

(&I.>; Method C: from the bromide (&g=f) 

Overall yield of the two-step sequence &.c --+ &$c --L & 

Br, talc 26.45, found 26.19% 

Continued on followinn oaRe 
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in moat 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- 

SminSS with ethanesulphonic acid]: N_-(2-thiocyanatoethyl)-g- nitranilines 

(4) (10 mm011 were catalytically reduced (l& Pa-C) in CH2C12 (400 ml) or 

MeOH-CH2C12, 1:l - 2:l solutions (80-100 ml) at normal pressure and ambient 

temperature. The catalyst was filtered off and the filtrates were cooled to 

O'C. Et303H (2-3 mol-equivalents) or ethereal solutions of EtS03H were ad- 

ded. The mixtures were stirred for ~a. 15 min at O°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 (113: 

(a> A mixture of compound (2:') [prepared from its hydrochloride (2;) 

as described for the related base @_a'), see below] (2.6 g, 10 mmol), 

SnC12.2 H20 (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 (zk') was used up (about l/2 h). The mixture was 

poured into water (200 ml), the ethanol distilled off at reduced pressure, 

and the aqueous solution made slightly alkaline (pii 9) by adding 10% aque- 

ous NaOti. The resulting product, ($$),was isolated by extraction with 

chloroform (3x50 ml) in the conventional manner and dissolved in methsnolic 

hydrogen chloride. The resulting dihydrochloride t&b) was precipitated by -_= 
adding ether to the solution, and proved identical (i.r., m.p.1 with a 

sample obtained according to Method B. 

(b) Similar treatment of compound (5~') (see below; 1.45 g, 5 mmol) 

in propan-l-01 gave the free base of the-salt ($f&) as a light yc?liOW Oil 

(0.73 g). naaition of ethanesulphonic acid (0.55 g, 5 mm011 to an ethanolic 

Footnotes to Table 2, continued 

a Overall yield of the two-step sequence &2$ d && + 40 
e Non-recrystallized material, purified by chromatography (Kieselgel 60; 
benzene - methanol, 1:l) 

f I, talc 36.34; found 36.10% 

g Overall yield of the two-step sequence &3e + &=a --t ig --- 
h Overall yield of the two-step sequence &za + &zJ + !&j 

i Racemic compound j @) enantiomer 

-249.4 (c=2, CSCl3) 
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il.0 ml) soiul;Fon of the base caused immediate ?re~~p~~a~~on of the crys- 

talline salt Cp&> (1.2 g, 'j&1, m.p. 180-181°C (from Ir!eCN? which proved 

identical tm.P., mixed m.P., i.r.) with a sample obtained according to 

Bethod B. 

All salts (g1 Prepared were colourless crystalLine compounds. 

~-~m~no-3-~2-nitroPhen~r~)th~saolidines <5a'+c*) and the&r hydro- -zz . ..z 
chlorides t&g> 

(a) Dry NC1 gas was introduced into a refluxing ethanolic (50 ml) so- 

lution of com~u~d ($_a) (4.0 g, 18 mmolf for 30 min. The solution was al- 

lowec! to cool and the-crystalline product (3.9 g, 83%) filtered off. Re- 

crystallization from ethanol-ether gave the yellow crystals of comPo~d 

&z& m.3. 286'C fdec.). Found Cl, 13.54; N, 16.23; S, X,04. C9~~oC~~3C2~ 

(259.8) requires Cl, 13.66; Ivl, 16.1'7; Y, 12.34%. 

The free base @'I was obtained in 90$ yield by treating an aqueous 

(30 ml) solution of <he hydroeh~oride (z&l Cl.3 g, 5 mmol) with 40% aqueous 

?ufaOK (pa 9) and recrystallization from BtO~ic - light Petroleum, Yellow 

crystals, m.P. 127'C. 

(b) A mixture of 2-a~~noth~a~o~ine~2 (0.8 g, 8 m?mol.), g-fluoronitro- 

benzene CU.56 g, 4 mmol), and anhydrous I)?!!sO (10 ml) was stirred for 3 h 

at 80oC, and Poured into water (50 ml). The product, compound (2g') (0.4 Q, 

46;6i,was isolated by extraction with CII2C12 (3x20 ml) in a conventional 

manner and Purified by recrystallization from EtOhc - light petroleum; ft 

Proved identical with the sample obtained as described in (a). 
(cl Dry Xl gas was introduced into a refluxine susPension of 4-chlo- 

ro-2-nitro-~-(2-thFoc:ranatoethy~)aniline (412) (5.13 e;, 20 mmol) for 1 h. -- 
l'he mixture remained heterogeneous throughout but its colour changed gradu- 

ally from orange to light yellow. The mixture was allowed to cool and the 

Footnotes to Ti'sble 3 

dz mJE30-a6; 
(3%; ArH's.1. 

3.82t (2Ii; Scrr,), 4.30% (2H; NCH2), 7.02-7.37 fpp~r', m 

122,5&f 170 

d, QKKLd6; 29.4 fSCK2), 58.1 Wx;Z), l.20*39, 122,2d,f 

t3s,f l.3t3*3srf and 143.0di (aromatic C's), 174.8 (isothio- 

urea carbonf 

Free base 

An aqueous solution (4U ml) of comrlound ($61) (1.5 e;, 5 mmol) was made 

sfi@tly alkaline (PH 8-9) by adding 4@; aqueous NaOW. 'L'he free base, 

an oil which gradually crystallized, was isolated by extraction with 

I, cslc 23.52; found 24.07$ 

~I~tip~~citie~ in the off-resonance spectrum 
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resulting compound Qb) (5.5 6, 93%) filtered off, washed with ether, and -= 
recrystallized from EtOH. N.p. 295-6'C (dec). Found Cl, 24.08; N, 13.88; 

S, 10.61. CgligC12N302S (295.0) requires Cl, 24.04; N, 14.24; S, 10.87% 

(d) Similar treatment of 2-nitro-g-(2-thiocyanatoethyl)-4-trifluoro- 

methylaniline (4g) (5 g, 17 mm011 gave the light yellow crystals of con- 

pound (5~) (4.5-g, 8151, m.p. 295'C (dec; from EtOH). Found Cl, 10.98; N, 

12.78; iy 9.57. CloHgC1F3N302S (327.8) requires Cl, 10.83; N, 12.82; 

9, 9.78%. 

(e) TreaiI;ent of 2-aminothiazoline12 with 1-fluoro-2-nitro-4-trifluoro- 

methylbenzene, essentially as described in (b) for the preparation of com- 

pound &_a'), gave compound (5~') (35%; m.p. 153'C). Treatment of the free 

base with methanolic hydrogin chloride gave compound (2s) which proved 

identical (m.p., i.r., t.1.c.) with a sample obtained according to (d). 

Catalytic reduction of compound (zb') -= 

Compound (5b') (1.3 g, 5 mmol) was dissolved in a mixture of methanol -= 
(150 ml) and saturated ethanolic hydrogen chloride (18 ml), and reduced 

(H2/10$ W-C) to give, after conventional. work-up, the colourless crystals 

(1.7 g, 6%) of 7-chloro-1,2-dih:ldro-5H-thiazolo[2,3-~~[1,2,4]benzotri- 

azinium chloride (21, m.p. 226-8'C (from KeOH). Found C, 41.33; H, 3.45; 

N, 15.74; 5, 12.67. CgHgC12N3S (262.2) requires C, 41.22; H, 3.46; K, 

16.03; S, 12.2yk. 

7-Chloro-2,3_dihydrothiazolo[3,2-albenzimidazole (;Il) and its 

hydrochloride 

(i) A mixture of compound ($g) (1 g, 3.3 mmol) and ethanol (30 al) was 

reflexed for 2 h and allowed to cool to give compound (&g)*HCl (0.7 g, ,952o) 

as a colourless crystalline powder, m.p. 144'C (from EtOX). Found C, 44.00; 

H, 3.12; Cl, 29.05; 5, 13.15. CgIi8C12M2d (247.2) requires C, 43.72; Ii, 

3.26; Cl, 28.68; Y, 13.155;. dz 210 (lG-iCljf' , 164 (i\i-IiCl-SC;i2)+' . 

(ii) An aqueous solution (5 mi) of the salt @)*HCl (2 g) was treated 

with 57; aqueous NaOH (5 ml) and the resulting free base (AX&) isolated by 

extraction with CH2C12; colourless crystalline powder, 1.5 g (a%;), m-p. 

109-lll"c. 

(iii) A mixture of compound (g$) (0.9 g, 4 mmol) and 96$ acetic acid 

(15 ml) was refluxed for 2 h end evaporated to dryness. The residue was 

dissolved in CH2C12 (30 ml), the solution washed with 5$ aqueous NaHC03 

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.1.c.) with the sample obtained according to (ii). 
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(iv) (a) A nethanolic (30 ml) solution of compound (&zg)' (5.4 g, 25 

mm011 was warmed to 60°C and added dropwise to an aqueous (100 ml) solu- 

tion of Na2S204 (17.5 g, 100 mm011 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 4% aqueous NaOH. When the mixture was sllowed to 

cool, the colourless crystals (4.2 g, 9%) of 2-(2-amino-4-chloroanilino)- 

ethanol, m.p. 123-5'C (from benzene) were deposited. Found C, 51.43; H, 

5.82; Cl, 18.69; N, 14.97. C8H11ClN20 (186.6) requires C, 51.48; H, 5.94; 

Cl, 19.00; N, 15.0196. 

(b) A mixture of the above product (1.8 g, 10 mnol), CS2 (2 ml, 

46 mmol), and ethanol (10 ml) was refluxed for 3 h and evaporated to dry- 

ness to give 5-chloro-l-(2-hydroxyethyl)benzimidazoline-2-thione (22) 

(1.2 g, 54%) as a colourless crystalline powder, n.p. 147-8'C (from water). 

Found N, 11.85; Y, 13.98. CgRgClN20S (228.5) requires N, 12.25; S, 14.0%. 

(c) A solution of diethyl azodicarboxylate (3 g, 16 mmol) in 

'IXF (10 ml) wae added at ambient temperature with continuous stirring drop- 

wise to a mixture of compound t&Y&> (2.5 g, 11 mm011 Ph3P (4.3 g, 16 mmol), 

and THF (40 ml). The mixture was stirred for 60 h at ambient temperature 

and evaporated to dryness to give a brown oil which gradunlly crystallized. 

This was worked up by t.1.c. (Kieselgel PF254+366; cyclohexane - EtOAc, 

2:3) to give conpound t&g) (0.6 g, 217;; Rf 0.3) which proved identical 

(m.p., i.r., t.1.c.) with the sample obtained according to (ii). 

(v) An ethanolic (30 ml) solution of compound (22, Nu=OH) (see below) 

(1 g, 3.8 h?101) was refluxed for 2 h and allowed to cool. The resulting 

colourless crystals (0.8 g, 935) of compound (&I,)-HCl proved identical 

(m.p., i.r.1 with the sample obtained according to (il. 

7-Chloro-9a-h?rdroxg-2,3,9,9a-tetrahydrothiazolol3,2-a]bsnzinldazolium 

chloride (22, Nu=OH) 

A solution of compound (2:) (1 g, 3.3 mm011 in 96% acetic acid (20 ml) 

was refluxed for l/2 h and allowed to cool to give the colourless crystals 

(0.6 g, 6%) of the title compound which were filtered off and washed with 

ether; m.p. 230°C (from EtOH-Et20). Pound C, 40.98; H, 4.01; Cl, 27.23; 

N, 10.39; Y, 11.70. CgHloC12N2W (265.2) requires C, 40.76; II, 3.80; Cl, 

26.74; N, 10.56; Y, 12.0%;;. Ymax (mr) 3420 (OH), 2500 cm-l (N+H2). 

2-Amino-5-chl.oro-l-(2-mercaptoethyl)benzimidxzole (22) end its hgdro- 

chloride 

(i) An anhydrous ethanolic (20 ml) solution of connound (2;) (1.1 g, 

5 mmol), was refluxed for 18 h and evaporated to dryness to give a gradual- 

ly crystallizing oil. Recrystallization from e%hanol furnished the title 
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compound (0.6 g, 53%) as a colourless crystdlline powder, m.p. 248~got. 
Found Cl, 15.46; N, 18.23; 3, 14.31. CgHloC1N3S (227.7) requires Cl, 15.57; 
N, 18.45; S, 14.08. urn (KBr) 3430 (NH), 1650 cm" (C=N). EL/g 227 CM+'), 
180 [(M-CH2SH)+j, 167 E-CH,CH,S)+']. 

(ii) An identical (m.p., i.r.1 product (0.4 g, 35%) was obtained when 

compound ($4) (1.1 g, 5 mm011 was stirred for 2 h at 80°C with benzylamine 

(2 ml) and the mixture worked up as described in (il. 

(iii) A mixture of compound (242) (see below) (1.1 g, 4.2 mm011 and 

20% aqueous HCl (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 @)*HCl (0.8 g, 67%) as a colurless 

crystalline powder, m.p. 124'C (methanol-ether). Found C, 38.33; H, 4.81; 

Cl, 24.83; N, 14.94; S, 10.97. CgH13C12N30S (282.5) requires C, 38.30; 

H, 4.64; Cl, 25.12; N, 14.89; S, 11.36%. d, (DMSO-d6) 2.88q (2H; SCH2), 

3.12t (SH), 4.31t (2H; NCH2), 7.2-7.6m (3H; ArH's). d/z 227 [(M-HC1-H20)*J, 

210 [(M-HC~-H,O-N$)+*], 167 [(M-HC~-H,O-CH,CH,S)+'~. 

(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 91, neutralizing with acetic acid, and ex- 

tracting the base with CHC13 (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.1 with a sample obtained as described 

in (iI. 

5-Aryl-t3-chloro-l,2,5,6-tetrahydrothiazolo[3,2-a]C1,3,5]benzo- 

triazepines (122, ;I 

(i) A mixture of compound (gf&d=) (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 ~a. l/4 of 

its original volume afforded the 5-phenyl derivative (zz,a> (0.65 g, 41%) 

as a colourless crystalline powder which was filtered off, washed with 

ether and recrystallized from eth.anol; m.p. 180-2'C. Found C, 60.60; H, 

4.50; Cl, 10.73; N, 13.52; 9, 10.23. C16H14ClN3S (315.8) requires C, 6fi85; 

H, 4.47; Cl, 11.22; N, 13.30; Y, 10.13%. ymax (KEr) 3150 (NH), 1620 cm 

(C=N). 6,, (IXGSO-d6) 2.5t (2H; SCH2), 3.15t (2H; NCH2), 6.0s (lH, CYPh), 

7.0-7.711 (811; ArH's). 

210 [(M-CH2CH2-Ph)+]. 

g/g 315 (M+'), 314 [(M-H,'], 254 [(M-CH2CH2SH)+'], 

(ii) A mixture of compound (82) (1.1 g, 5 mmol), anhydrous ethanol 

(30 mi), 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 C;zp) (0.8 g, 46%) as a light yellow crystalline powder, m.p. 

141-2°C. Found C, 58.88; H, 4.96; Cl, 10.38; N, 11.88; S, 9.42. 

C17H16ClN30" (345.8) requires C, 59.03; H, 4.66; Cl, 10.25; N, 12.15; 8, 

9.25%. Ymax (KBr) 3190 (NH), 1620 cm" t&N). 

5-tinino-8-cNoro-1,2-dih~~drothiazolo[3,2-~[1,3,5]benzotriazepinium 

bromide (242) 

A mixture of compound (22) (1.1 g, 5 mmol), cyan&en bromide (0.72 g, 

6.8 mmol),and anhydrous ethanol (30 ml) was refluxed for l/2 h ana evapor- 

ated to dryness. The resulting oil crystallized gradually; recrystalliz- 

ation from EtOH-Et 0 gave the title compound as a colourless crystalline 

powder, m.p. 
G 

282-3 C. Found C, 36.21; H, 3.25; N, 17.23. C10H10BrClN4S 

(333.7) requires C, 35.99; H, 3.02; N, 16.79%. Ymax (KBr) 3080 (vN+H3), 

1650 cm" td N+H3). 

8-Chloro-1,2-dihydrothiazolo[3,2-a]b, 3,5]benzotriazepine (248) 

A mixture of comnouna (54) (1.1 g, 5 mmol), triethyl orthoformate (5 

ml), and acetic acid (40 ml) was reflexed for 3 h and concentrated to ~a. 

l/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; Y, 13.51. CloH8ClN3S (237.6) requires C, 50.53; H, 

3.39; Cl, 14.92; N, 17.68; Y, 13.46%. 

(KBr) 1620 cm-' 

[(M -'!~~CH2)'], 209 [(IX - 

(C=N). Jg 237 (PI+'), 236 [(M-H)+], 210 

CH,CH,)+']. 
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