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Abstract—3-Aryloxy-1,2,5-thiadiazoles were synthesized by the Ullmann reaction either from 3-chloro-1,2,5-
thiadiazoles and phenols having donor substituents or from 3-hydroxy-1,2,5-thiadiazoles and chlorobenzenes
containing acceptor substituents.

Substituted 1,2,5-thiadiazoles are known to exhibit Our attempts to obtain aryloxy-substituted 1,2,5-
a wide spectrum of biological activity [1]. In addition thiadiazoles from phenols and 3-chloro-4-morpholino-
to pronounced herbicide activity, 1,2,5-thiadiazolel,2,5-thiadiazole I{l ) under the conditions reported
derivatives were found to be efficient muscarinein [5] for the synthesis of analogous alkyloxy deriva-
receptor agonists [2], as well as inhibitors of HIV-1tives ¢-BuOK/A-BuOH, 100C) were unsuccessful.
replication [3]. For example, 1-(1,1-dimethylethyl- In all cases 3-hydroxy-4-morpholino-1,2,5-thiadiazole
amino)-3-(4-morpholino-1,2,5-thiadiazol-3-yloxy)-2- (IV) was isolated. A general method for preparation
propanol (Timolol) is one of the most important of diaryl ethers is based on the Ullmann reaction
medicines for treatment of glaucoma [4, 5]. Theof phenoxides with aryl halides in the presence of
review articles on the chemistry of 1,2,5-thiadiazolea catalyst [8]. By reaction of chlorothiadiazolesnd
[6] dealt mainly with the methods of building up the Il with potassium phenoxide under severe conditions
1,2,5-thiadiazole ring, whereas its chemical modifica{130-190°C, 2-10 h, no solvent) we succeeded in
tions were covered to a lesser extent. However, thigbtaining 3-phenoxy- and 3,4-diphenoxy-1,2,5-thiadi-
problem often arises while creating screening dataazolesV andVI in satisfactory yields (Scheme 2).
bases and libraries.

The present communication reports on the synthesis Scheme 2.
of a series of 3-aryloxy-1,2,5-thiadiazoles most of PhOK. Cu
which contain a morpholino group in the 4-position of XHCI 130-170°C Y Orh
the heteroring. The starting compounds were 3-chloro- 1\'1\8/1|\1 - 1\'1\5/1|\1

and 3,4-dichloro-1,2,5-thiadiazolels and 1l. They
were obtained by chlorination of a mixture of sulfur(l) LI v, VI
chloride and ethylenediamine dihydrochloride with
chlorine in the presence of FeChls catalyst [7]
(Scheme 1). 3-Chloro-4-morpholino-1,2,5-thiadiazole
(1) was prepared from dichloro derivativié by
the procedure described in [5].

I, X=H; I, X=Cl, V, Y =H; VI, Y = OPh.

With 3-chloro-4-morpholino-1,2,5-thiadiazol&()
as an example, we performed the Ullmann reaction
with a series of substituted phenols and isolated a set
of 3-aryloxy-4-morpholino-1,2,5-thiadiazol&dl —-XV

Scheme 1. (Scheme 3). The reaction conditions and the yields
H,NCH,CH,NH,-2HCl + S,Cl, and properties of compounds-XV are collected in
Table 1. It should be emphasized that the conditions
Cl cl Cl given therein were not optimized (all products were
_ G Tl | [+ || synthesized under standard conditions). Moreover, the
M Mg yields refer to the isolated productse., they also
I II reflect the efficiency of purification procedure (e.g.,

1070-4280/01/3709-1330$25.02001 MAIK “Nauka/Interperiodica



SYNTHESIS OF ARYLOXY-SUBSTITUTED 1,2,5-THIADIAZOLES

1331

Table 1. Reaction conditions and yields, physical properties, #1NMR spectral parameters of thiadiazoMsX VI

Comp. Reaction ConOIItIOnSYieId, bp, °C 20 mp, °C IH NMR spectrunf
no. temp..°C |time. h % | (p, mm) D (solvent) 8, ppm @, Hz)
\% 130 10 54 128-130 | 1.5915 - 7.34 brs (5H, Hiom, 7.95 s (1H, 4-H
(10) in Ht)
VI 170 2 55 - - 106-107 [7.18 br.s (10H, H.,)
(80% EtOH)
VI 180-190 2 53 132-134 | 1.5944 - 3.32-3.50 m (4H, CHNCH,), 3.59-3.75 m
(0.005) (4H, CH,OCH,), 7.06 br.s (5H, H)
VI 180-190 2 56 128-129 | 1.5870 - 216 s (3H, CH), 3.40-3.60 m (4H,
(0.005) CH,NCH,), 3.69-3.83 m (4H, CHO-
CH,), 7.06 br.s (4H, Hm
IX 180-190 2 53 150-152 - 107-108 212 s (6H, 2CH), 3.513.63 m (4H,
(0.005) (80% EtOH) | CH,NCH,), 3.69-3.82 m (4H, CHO-
CH,), 6.91 br.s (3H, Hn
X 170-180 2 56 140-142 | 1.5862 3.29 d (2H, CH, allyl, 7.0), 3.453.56 m
(0.003) (4H, CH,NCH,), 3.63-3.76 m (4H,
CH,OCH,), 4.755.05 m (2H, CH,
allyl), 5.50-6.30 m (1H, CH, allyl),
7.10 brs (4H, Hn)
Xl 170-180 2 53 155-160 | 1.5920 3.35-3.49 m (4H, CBNCH,), 3.60-3.73 m
(0.008) (4H, CH,0CH,), 3.70 's (3H, OCH),
6.46-7.16 m (4H, H,on)
XIl 180-190 2 50 83-84 3.43-3.56 m (4H, CBHNCH,), 3.70-3.83 m
(90% EtOH)| (4H, CH,OCH,), 6.83-7.52 m (4H,
Haron’)
Xl 180-190 2 80 67-68 2.36 s (3H, CH), 3.42-3.60 m (4H, CHN-
(80% EtOH)| CH), 3.673.85 m (4H, CHOCH,),
7.01 s (4H, Hyom
XV 170-180 2 63 155-160 5253 3.40-3.56 m (4H, CBHNCH,), 3.66-3.83 m
(0.015) (100% EtOH)| (4H, CH,OCH,), 3.83 s (3H, OCH),
6.627.07 m (4H, H,on)
XV 180-190 2 53 140-143 69-70 3.38-3.52 m (4H, CHNCH,), 3.65-3.80 m
(0.02) (100% EtOH)| (4H, CH,OCH,), 6.927.38 m (4H,
Haron’)
XVI 150 20 52 145-146 3.50-3.65 m (4H, CBHNCH,), 3.76-3.92 m
(80% EtOH)| (4H, CH,OCH,), 7.358.38 m (4H,
Haron’)
XVII 150 20 53 145-150 87-88 3.50-3.65 m (4H, CBHNCH,), 3.76-3.92 m
(0.004) (80% EtOH)| (4H, CH,OCH,), 7.428.26 m (3H,
Haron’)

2 The 'H NMR spectra of compound¥Il -XV were recorded in CGl and of V, VI, XVI, and XVII, in CDCl,.

the ease of crystallization). Nevertheless we can speassential. Phenols with strongly acceptor substituents,
about a weak effect of the steric factor on the reactiosuch as N@ and CF groups, failed to react with
course.ortho-Substituted phenols do not fall out of compoundlll despite wide variation of the reaction
the general series, and even 2,6-dimethylphenol turnembnditions. Therefore, the corresponding 1,2,5-thiadi-
out to be an effective reagent. By contrast, electroniazolyl ethers were synthesized by the reverse mode of
effect of the substituent in the benzene ring waghe Ullmann reaction, i.e., 3-hydroxy-4-morpholino-

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 37 No. 9 2001



1332 STRUNSKAYA et al.

Scheme 3.

Cu, 175-190°C

N\S/N \@

VII-XV

VIl, R =H; VIl , R =2-Me; IX, R = 2,6-Mg; X, R =

2-allyl; XI, R = 3-OMe; Xl , R = 3-Br; XIll , R = 4-Me;

XIV, R = 4-OMe; XV, R = 4-Br.

1,2,5-thiadiazole sodium salM) was used as nucleo-
phile while the substrate was an appropriately subst

tuted phenyl chloride (Scheme 4).

Scheme 4.

NaH/DMF

0
RCH,C, Cu /ﬁ
DMF, 150°C k/NWO

XVI, XVII

XVI, R = 4-NQ; XVII, R = 4-CK-2-NO,.

The IR spectra of compoundg-XVIl contained
the following absorption bands;, cnmt: 1050-1130
(C-0), 1456-1500 (Ht), 14561600 (Ar).

3-Chloro- and 3,4-dichloro-1,2,5-thiadiazoles |
and Il. Sulfur(l) chloride, 165 ml (1.8 mol), was
added to 450 ml of DMF and 1 g of iron powder, and
the mixture was saturated with chlorine at°€0
Ethylenediamine dihydrochloride, 134 g (1 mol),
was added to the mixture at 300°C, and 830 ¢
(11.7 mol) of chlorine was passed through the mixture
at 5759°C. The mixture was cooled to 20 and
600 ml of water was added. The products were
separated by azeotropic distillation with water at
75-110°C, the distillate was treated with methylene
chloride, and the extract was washed with water, dried
over NaSQ,, and evaporated. The residue was
separated by fractional distillation through a column
to isolate 5 g of 3-chloro-1,2,5-thiadiazoléd)(
bp 123-124C, n¥’ 1.5379 (published data: bp 122
f9], nZ° 1.5379 [10]), and 115.7 g (74%) of 3,4-di-
chloro-1,2,5-thiadiazole (), bp 156-158°C, nZ°
1.5620 (published data [9]: bp 185).

4-Morpholino-3-phenoxy-1,2,5-thiadiazole (VII).
Potassium phenoxide was prepared from 1.18 g
(12.6 mmol) of phenol and 0.65 g (11.6 mmol) of
powdered KOH in 25 ml of toluene with removal of
water by azeotropic distillation through a De&tark
trap. Copper powder, 0.02 g (0.3 mmol), and thiadi-
azolelll , 2 g (9.7 mmol), were added to the resulting
potassium phenoxide, and the mixture was heated
for 2 h at 186190°C. The mixture was diluted with
20 ml of water and extracted with ether. The extract
was washed with 10% solutions of NaOH and
NaHCO; and with water to neutral reaction, dried
over NaSQ,, and evaporated. The viscous residue
was distilled under reduced pressure.

3-Aryloxy-4-morpholino-1,2,5-thiadiazoles V,

Thus the Ullmann reaction provides an efficientVl, and VIII -XV were synthesized by a similar

procedure for preparation of aryloxy-substitutedProcedure. In the synthesis of compowid a double
1,2,5-thiadiazoles. Here, the heterocyclic componer@mount of potassium phenoxide was used. The reac-
should be used as the corresponding halogen deriviion conditions and yields, physical constants, and
tive in reactions with phenols or as hydroxy derivative H and “C NMR spectra of the products are given
in reactions with aryl halides having electron-acceptoin Tables 1 and 2.
groups. 4-Morpholino-3-(4-nitrophenoxy)-1,2,5-thiadi-
azole (XVI). A solution of 1.12 g (6 mmol) of thiadi-
azole IV in 4 ml of DMF was added dropwise to
a suspension of 0.15 g (6 mmol) of sodium hydride
The IR spectra were recorded on a UR-20 spedn 2 ml of DMF, stirred in an inert atmosphere. The
trometer in mineral oil (or in film for liquid samples). mixture was heated for 0.5 h at 7&0°C, 0.04 g
The NMR spectra were obtained on Varian T-60(0.6 mmol) of copper powder and 0.95 g (6 mmol)
(*H, 60 MHz) and Bruker MSL-400 spectrometersof 4-nitrochlorobenzene were added, and the mixture
(**C, 100.6 MHz) using CDGland CC}, as solvents was stirred for 20 h at 153C. The solvent was dis-
and TMS as internal reference. tilled off under reduced pressure, 50 ml of water was

EXPERIMENTAL
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Table 2. 13C NMR spectra of thiadiazoley—XVII 2

Comp. 3 Ar
0. H,CN | H,CO cs ct C(R)
HC RC oC
Y, 164.07, 139.46 119.91, 125.47, 129.77 154.56
VI 151.08 120.10, 125.74, 129.87 154.53
VI 48.61 | 66.68 | 152.21, 151.11 120.51, 125.63, 129.96 154.90
Wi 48.46 | 66.54 | 152.31, 150.45 16.60 |121.10, 125.87, 127.34, 131.55 129.55 | 153.27
IX 48.61 | 66.66 | 152.05, 149.86| 16.94 [126.17, 129.25 130.30 | 152.11
X 48.67 | 66.75 | 152.53, 150.70| 34.99, |121.58, 126.16, 128.02, 131.08 131.61 | 153.10
116.65,
136.30
Xl 48.62 | 66.62 | 151.93, 151.14] 55.54 [106.67, 111.40, 112.49, 130.18 155.84,
161.25
XIl 48.69 | 66.67 | 151.46, 151.02 119.12, 124.00, 128.86, 130.92 123.17 | 155.34
Xl 48.62 | 66.72 | 152.55, 150.96] 21.26 |120.38, 130.42 135.03 | 152.77
XIV 48.62 | 66.66 | 152.86, 150.75| 55.66 |114.92, 121.64 148.43,
157.47
XV 48.67 | 66.65 | 151.66, 150.96 122.24, 133.04 118.68 | 153.84
XVI 48.30 | 66.50 | 151.06, 150.32 120.24, 125.74 145.02 | 158.90
XVII 48.34 | 66.53 | 150.34, 150.13| 124.08 |123.76, 124.80, 131.45 128.97,| 149.56
141.53

2 The *®C NMR spectra of compound¥Il -XV were recorded in CGl and of V, VI, XVI, and XVII , in CDCL,

Table 3. Elemental analyses of thiadiazolés-XViIl

Found, % Calculated, %
Comp.
no. Formula
C H N C H N

\Y 53.64 3.28 15.82 CgHgN,OS 53.93 3.37 15.73
Vi 62.02 3.54 10.30 Ci4H10N505S 62.22 3.70 10.37
VI 54.61 4.83 16.01 C1oH13N305S 54.75 494 15.97
VI 56.39 5.34 14.99 C;3H15N305S 65.31 5.41 15.16
IX 58.16 5.82 14.38 Ci4H; N3OS 57.73 5.84 14.43
X 59.55 5.72 13.90 Cy5H;7/N3O,S 59.40 5.61 13.86
XI 53.18 5.21 14.23 C;3H15N305S 53.24 5.12 14.33
Xl 42.27 3.41 12.12 C;H;1,BrN3O,S 42.11 3.51 12.28
Xl 56.42 5.14 15.50 C;3H15N305S 56.31 5.41 16.16
XV 53.18 5.29 15.08 C;3H15N305S 53.24 5.12 14.33
XV 42.18 3.48 12.24 C;H;1,BrN3O,S 42.11 3.51 12.28
XVI 76.82 3.62 18.23 CioH1oN,O4S 76.75 3.89 18.18
XVII 41.57 3.08 14.63 Cy3H11F3N4O4S 41.49 2.92 14.89

added to the residue, and the mixture was treated with 4-Morpholino-3-(2-nitro-4-trifluoromethylphen-
methylene chloride. The combined organic extractexy)-1,2,5-thiadiazole (XVII) was synthesized by
were washed with 10% solutions of NaOH anda similar procedure. The reaction conditions and the
NaHCQO,; and with water to neutral reaction, dried overproperties of compoun&XVIl are given in Tables 1
Na,SO,, and evaporated. The residue was purifiecand 2. Table 3 contains the analytical data for the
by recrystallization from EtOHH,O (4:1). newly synthesized compounds.
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