
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

SYNTHESIS OF 5-TRICHLOROMETHYL-1,2,4-THIADIAZOLES BY 1,-3-
DIPOLAR CYCLOADDITION OF NITRILE SULPHIDES TO
TRICHLOROACETONITRILE
Derek J. Greiga; Michael McPhersona; R. Michael Patona; John Crosbyb

a Department of Chemisty, University of Edinburgh, Edinburgh, Scotland b Organics Division, Imperial
Chemical Industries PLC, Manchester, England

To cite this Article Greig, Derek J. , McPherson, Michael , Paton, R. Michael and Crosby, John(1986) 'SYNTHESIS OF 5-
TRICHLOROMETHYL-1,2,4-THIADIAZOLES BY 1,-3-DIPOLAR CYCLOADDITION OF NITRILE SULPHIDES TO
TRICHLOROACETONITRILE', Phosphorus, Sulfur, and Silicon and the Related Elements, 26: 2, 151 — 154
To link to this Article: DOI: 10.1080/03086648608083088
URL: http://dx.doi.org/10.1080/03086648608083088

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/03086648608083088
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphom and Sul/ur. 1986, Vol. 26. pp. 151-154 G 1986 Gordon and Breach, Science Publishers, Inc. 
Printed in the United Kingdom 0308-664X/86/2602-0151 /SlO.CHJ/O 

SYNTHESIS OF 
5-TRICHLOROMETHYL- 1,2,4-THIADIAZOLES 

BY 1,-3-DIPOLAR CYCLOADDITION OF 
NITIULE SULPHIDES TO 

TRICHLOROACETONITRILE 

DEREK J. GREIG, MICHAEL McPHERSON and R MICHAEL PATON* 

Department of Chemisty, University of Edinburgh, West Mains Road 
Edinburgh EH9 3JJ, Scotland 

JOHN CROSBY 

Imperial Chemical Industries PLC, Organics Division, P .  0. Box 42, Blackley. 
Manchester M9 3DA, England 

(Received June 25, 1985; in finalform Augur 13, 1985) 

Nitrile sulphides, generated by thermal decarboxylation of 1,3,4-oxathiazoI-2-ones, undergo 1.3-dipolar 
cycloaddition to trichloroacetonitrile yielding 5-trichloromethyl-l ,2,4-thi~~I~ (45668). The reaction 
of the cycloadducts with secondary amines has also been examined. 

The widespread use of Terrazole (1, R=OEt) as a pesticide has led to extensive 
investigation of the chemistry of 3-trichloromethyl-l,2,4-thi~azoles.' In contrast, 
the 5-trichloromethyl analogues (2) appear to be unknown. We now report that a 
straightforward synthetic route to (2) is provided by the 1,3-dipolar cycloaddition of 
nitrile sulphides (R-N +-S-) to trichloroacetonitrile. 

RESULTS AND DISCUSSION 

The nitrile sulphides (3) were generated by thermal decarboxylation' of 1,3,4- 
oxathiazol-Zones (4), which are readily available from the corresponding carbox- 
amide by treatment with chlorowbonylsulphenyl chloride. 

A solution of the oxathiazolone and trichloroacetonitrile (1 : 10 molar ratio) in dry 
toluene or xylene was heated under reflux for 3 4  days. Removal of the solvent and 
excess dipolarophile afforded a mixture of the 5-trichloromethyl-l,2,4-thiadiazole (2) 
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SCHEME 1 

(45-66%), sulphur, the corresponding nitrile, and traces of unreacted oxathiazolone, 
which were separated by chromatography. The formation of sulphur and nitriles as 
by-products is a common feature of reactions involving nitrile sulphides and has 
been attributed3 to fragmentation of (3) competing with the cycloaddition process 
(Scheme 1). 

The identity of the products follows from their analytical and spectroscopic data. 
Their 13C n.m.r. spectra show characteristic peaks at 172-174 (C-3) and 190-191 
ppm (C-5) for the heterocyclic carbons, and at 88-89 ppm for CCl,. The correspond- 
ing values4 for the ring carbons of the structurally similar 3-aryl-5-ethoxycarbonyl- 
1,2,4thiadiazoles (5) are 173-175 (C-3) and 178-179 ppm (C-5). (2) also shows an 
absorption at 1600 cm-’ (C=N) in the infrared. 

The activating influence of electron-withdrawing substituents attached to the 
nitrile has been established previ~usly.~ The yields of cycloadduct in the present case 
suggest that trichloroacetonitrile is a stronger dipolarophile than aromatic nitriles 
but is weaker than ethyl cyanoformate. A similar trend is evident for the analogous 
reactions with nitrile  oxide^,^ 5-trichloromethyl-l,2,4-oxadiazoles (6) being formed 
in good yield from trichloroacetonitrile. 

Ar Ary>x 
.O 

(5) X-C0,Et (6) X=CCI, 

(8) X-NR, (7) XxNR, 

The trichloromethyl group in (6) can be displaced by nucleophiles; e.g. secondary 
amines yield the diakylamino derivatives (7).6 Similar behaviour for the thiadiazole 
series would give (8). We therefore examined the reaction of the 5-trichloromethyl- 
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(2,8-10) a ; Ar= p-CIC6H, 

d ; Ar= p-MeC,H, 

SCHEME 2 

1,2,4-thiadiazoles with piperidine as a representative secondary amine. Treatment of 
(2d) with excess pipendine in chloroform under reflw followed by chromatography 
on silica yielded a white solid. Its spectroscopic properties, however, were not those 
anticipated for the diakylamino compound (8). The mass spectrum showed a parent 
ion peak at m/z 287, 28 greater than that required for (8, Ar = p-ClC,H,). 
Furthermore, there were extra peaks in the infrared at 1625 cm-' and in the 13C 

n.m.r. spectrum at 157.7 ppm. This data indicated the presence of a carbonyl group 
in addition to the expected aryl, thiadiazole, and piperidine components. The 
identity of the product was confirmed as the amide (W), in which the piperidine and 
thiadiazole are separated by a carbonyl group, by preparation of an authentic 
sample from pipendine and the ethoxycarbonylthiadiazole (5, Ar = p-ClC,H,). (h) 
reacted similarly with piperidine forming (%), and with morpholine to give the 
corresponding morpholinocarbonyltadiamle. 

The formation of (9) is consistent with nucleophilic displacement of chloride ion 
from the uichloromethyl group, followed by hydrolysis during work up of the 
resulting dichloro compound (10) (Scheme 2). 

EXPERIMENTAL 

I I e  analytical methods for monitoring the reactions and the instrumentation used for recording i.r., 'H 
and "C n.m.r., and mass spectra were as previously described? The 5-aryl-1,3,4-oxathiazol-2-ones (4a-d) 
and 5tthoxycarbonyl-3-( p-tolyl)-l,2,4-thiadiazole were prepared by established literature 

Synrhais oj 3-Alyl-5-rnchlor~erhyl-l,Z, Cthi&oles (2). These were prepared by heating under reflux 
a solution of the appropriate oxathiazolone and excess trichloroacetonitrile (1 : 10) in toluene (cu 100OC) 
or xylene (llO-llS°C), as described below for 3-pchlorophenyl-5-trichloromethyl-1,2,6t.  After 
removal of the solvent and excess trichloroacetonitrile by evaporation under reduced pressure, the 
products were separated from sulphur and nitrile by-products and traces of unreacted oxathiazolone by 
chromatography on silica 
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3-( p-Chlorophenyl)-5-~richloromethyl-l, 2 ,  4-thiadiarole (2a). A solution of 5-(p-chlorophenyl)-l.3,4- 
oxathiazol-2-one (5.0 g, 23.4 mmol) and trichloroacetonitrile (34 g, 235 mmol) in toluene (50 ml) was 
heated under reflux for 186 h. Removal of the solvent and excess nitrile left a brown solid which was 
chromatographed on silica (Merck silica gel, 5% deactivated) to yield 3-( p-chlorophenyl)-5-tnchlorc~ 
methyl-1,2,4-thiadiazole (b) (4.33 g, 59%) as a white crystalline solid (from ethanol), m.p. 8687°C. 
(Found: C, 34.3; H. 1.3; N, 8.8. C9H4C14N2S requires C, 34.4; H. 1.3; N, 8.9%); vmax (Nujol) 1600 cm-' 

and 88.0 (CCI,). 

3-Phenyl-5-trichloromethyl-1,2,4-thiodiazole (a). (48%) m.p. 7675°C (from ethanol). (Found: C. 38.6; 
H, 1.8; N, 9.8. C,H,CI,N,S requires C, 38.7; H, 1.8; N, 10.0%); 8, (CDO,, 20 MHz) 190.5 (C-5). 173.9 
(C-3). 131.7 (PhC), 130.8, 128.6, 128.2 (SPhCH), 88.1 (CCI,). 

3-( p-Methoxyphenyl)-5-rrichloromethyl-l. 2.4-thiadiazole (2c). (45%) m.p. 90-91°C. (Found: C, 38.7; H, 
2.3; N, 8.8. C,,H,CI,N,OS requires C, 38.8; H, 2.3; N, 9.0%); 6, (CDCI,. 50 MHz) 190.2 (C-5), 173.7 
(C-3). 161.7 and 124.8 (Arc), 129.9 and 114.0 (4ArcH). 88.5 (CCI,) and 55.1 (OMe). 

3-( p-Tolyl)-5-trichloromefhyl-1,2,4-fhiadiarole (2d). (66%) m.p. 7671°C (from ethanol). (Found: C, 
46.6; H, 2.4; N, 9.4. C,,H,CI,N,S requires C, 46.9; H, 2.4; N. 9.5%); 8, (CDCI,, 20 MHz) 190.3 (C-5), 
174.0 (C-3), 141.1 and 129.2 (Arc), 129.3 and 128.2 (4ArcH). 88.2 (CCI,), and 21.3 (Me). 

Prepurution of 5-( piperidinocarhon,vl)-3-( p-to!vl)-l ,?.  4-fhiudiazole (9d). A solution of 5-ethoxycarhonyl- 
3-p-tolyl-l.2.4-thadiazole (2.0 g, 8.1 mmol) and piperidine (10 ml) in chloroform (30 rnl) was heated 
under reflux for 4.5 h. After removal of the solvent and excess amine by evaporation under reduced 
pressure the residue was recrystallised from ethanol to yeld 5-piperidinocarbonyl-3-( p-tolyl)-1.?.4-thia- 
diazole (W) (2.1 g, 90%) as a white crystalline solid. m.p. 86°C. (Found: C. 62.5; H. 5.9; N. 4.8. 
C,,H,,N,OS requires C. 62.7; H. 6.0: N, 4.6%); vmu (Nujol) 1625 cm-'  (C=O); 6, (CDCI,, 20 MHz) 
185.2 (C-5). 173.0 (C-3). 157.7 (C=O). 140.5 and 129.7 (Arc), 129.2 and 127.9 (4 ArCH), 47.3,44.2. 26.4, 
25.5 and 24.2 (CH,) and 21.2 (Me); m / z  287 (_M+). 203 [(M-C,H,,N)+], 149 (ArCNS'). 117 
(ArCN*). 

Reuction of 3-A~l-5-trichloromethyI-I.2.4-thiadiaroles wirh secondn? amines. A mixture of 3-( p-toly1)- 
5-trichloromethyl-l,2.4-thladiazole (2d) (0.52 g, 1.8 mmol) and piperidine (10 ml) in chloroform (30 ml) 
was heated under reflux for 5 h. Removal of the solvent and excess amine, followed by chromatogrphay 
(silica/petrol-EtOAc. 6 : 1) yielded 5-piperidinocarbonyl-3-(p-tolyl)-l.2.4-thiadiazole (0.33 g, 65%). m.p. 
and mixed m.p. 8546°C. The spectroscopic data for the product were identical to those of the authentic 
sample. 

Similar treatment of (b) with pipendine afforded 3-( p-chlorophenyl)-5-piperidinocarbonyI-I,?,4-thia- 
diazole (!h) (72%). m.p. 103°C (Found: C, 54.4; H, 4.5; N, 13.5. C,,H,,ClN,OS requires C, 54.6; H, 4.6; 
N, 13.6%). The corresponding reaction of (b) with morpholine yielded 3-( p-chlorophenyl)-5-morpholino- 
carbonyl-l,2,4-thiadiazole (27%). m.p. 174175°C (Found: M+, 309.03330. C,,H,,ClN,O,S requires _M, 
309.03385). 

C=N); 6, (CDCI,, 20 MHz) 190.8 (C-5). 172.8 (C-3). 137.1 and 130.2 (4Arc), 129.5 and 128.9 (ArCH), 
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