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Abstract - Reaction of the readily prepared bis(chlorothio)nitronium 

tetrachloroaluminate (4) with electron-rich arylacetylenes in dichloromethane at 

room temperature leads to a cycloaddition reaction resulting in 4-aryl-1,3,2- 

dithiazolium salts (5) which when treated in situ with base afford 5-aryl-1,3,2- 

dithiazole-6thiones (6). The scope of this reaction with other alkenes and 

alkynes is described. No reaction was observed with the electron-deficient 4- 

nitrophenylacetylene. The conjugated thione (17) was also formed in the reaction 

of an old specimen of salt (4) with phenylacetylene. Treatment of salt (4) with 

1.2-dichloroethylene followed by aniline gave a minor amount of the novel dimer 

(20). The reaction of acetophenone oxime with disulfur dichloride provides a 

route to the salt (26) which on treatment with water or aniline affords 4-phenyl- 

1,2,3-dithiazol-5-one (23) and 4-phenyl-5-phenylimino-1.2.3-dithiazole (27) 

respectively. 14N Nmr studies are shown to be useful in distinguishing between 

1.2.3- and 1,3,2-dithiazoles. X-Ray crystal structures are presented for 

compounds (17,20,27), and 5-anilino- 1.3.2-dithiazole4thione (18). 

t Dedicated with admiration and affection to Alan Katritzky on the occasion of 

his 65th birthday 
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Introduction 

In view of the problems encountered in the synthesis of 1,3,2-dithiazoles described in Part 18 of this series,' 

syntheses based on cycloaddition reactions of reagents containing the SNS unit with C-C multiple bonds were 

investigated. Interest was stimulated in this approach by the high yielding route to l,3,2-dithiazolium salts (1) 

provided by rreatment of [S2NI[AsF6] (2) with alkynes in liquid S e . 2  

The somewhat hazardous nature of the preparation of [S2NI[AsF6] 23 and the low solubility of the more readily 

prepared [S2N][SbC1614 provided a stimulus for alternative reagents. bis(Ch1orothio)nitronium salts, 

[N(SCI)z]+, were considered attractive candidates. The hexafluoroarsenate salt (3) has been prepared by 

chlorination of (S2N)(AsF6) 25 but this has the problem mentioned above. Therefore our work centred on the 

much more readily accessible [N(SC1)2][AIC14] 4, which is prepared in high yield (80%) by treatment of 

(NSC1)36 with aluminium trichloride (3 eq.) in thionyl chloride, followed by addition of sulphur dichloride (3 

w.).' 

Results a n d  Discussion 

S-Ary[-1,3,2-dithiazole-4-thiones (6) 

Initially we chose to investigate reactions of the salt (4) with arylacetylenes since the probable products were salts 

of the type 5 and, as a result of our previous work? the presence of an active hydrogen on the ring in these salts 

would be expected to favour base-induced formation of 5-aryl-1.3.2-dithiazole-4-thiones (6). several of which 
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had already been r e p ~ r t e d . ~ . ~  Initially an excess of the acetylene was used because addition of chlorine to the 

acetylene was considered to be a possibility. 

Encouragingly, treatment of [N(SC~)ZI[AICI~I 4 with phenylacetylene (2.5 eq.) in dichloromethane at room 

temperature, followed by addition of excess of sulphur (in an attempt to increase the yield of the thione forming 

reaction) and Hunig's hase gave the purple 5-phenyl-1,3,2-dithiazole-&hione (7) (27%) (yield calculated on the 

basis of one molecule of salt giving one molecule of thione). This product was identical with that previously 

prepared by the reaction of S4N3C1 with a phenylacetylide; the best yield of thione (7) (25%) had been obtained 

by the treatment of sodium phenylacetylide with S4N3CI in liquid ammonia.9 

Similar treatment of [N(SCl)z][AICl~] 4 with 3-methoxyphenylacetylene10 (3.1 eq.) and 3.4- 

dimetho~yphenylacet~lene'~ (2.5 eq.), followed by addition of excess of sulphur and Hunig's hase gave 5-(3- 

methoxypheny1)-l.3,2-dithiazole-4-thione (8) (20%) and 5-(3,4-dimethoxyphenyl)-1,3,2-dithiazole-4-thione 

(9) (18%) respectively. These were identical with samples previously prepared by the treatment of the 

comsponding lithium arylacetylide with S&CI in THF at -78T in yields of 2% and 4% re~pectively.~ 

On funher investigation it was found that addition of sulphur did not increase the yield of the thione and also that 

the use of one equivalent of alkyne gave similar yields of thiones to those obtained with an excess of alkyne. 

Thus reaction of salt (4) in dichloromethane with phenylacetylene (1 eq.) at room temperature, followed by 

treatment with triethylamine (3 eq.), afforded the thione (7) in 64% yield (on the basis of two molecules of salt 

affording one molecule of thione). Similar treatment of salt (4) with 3,4-dimethoxyphenylacetylene (1 eq.), 

followed by addition of triethylamine (3 eq.), afforded the thione (9) in 56% yield. In larger scale reactions 

chlorine was seen to be evolved after addition of the acetylene. 

These results were valuable to us, since the yields of the arylthiones were of the same order as those for 1.3.2- 

dithiazolium chloride (10). which on treatment with base gave 1.3.2-dithiazole-4-thione (11);' thus the 
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cycloaddition reaction ofthe alkynes with [N(SCI)2l[AlC~] 4 is an efficient process, and the comparable yields 

of thione from one equivalent of alkyne pointed towards an equimolar reaction with evolution of chlorine. 

However 4-nitrophenylacetylenel' did not react with [N(SC1)2][AICl4] 4 in dichloromethane at room 

temperature, and on addition of base none of the analogous thione was observed. 

Whilst this investigation was underway, Passmore and co-workers12 published work showing that 

bis(chlorothio)nitronium hexailuomarsenate [N(SCI)Z][ASF~] 3 underwent symmetry allowed cycloaddition with 

some alkynes in liquid sulphur dioxide; with acetylene and methylacetylene the corresponding 1.3.2-dithiazolium 

salts were formed in quantitative yield, although there was no reaction with hexafluorohut-2-yne or acetonitrile. 

The cycloaddition was thought to proceed via an intermediate cation of type 12 which then loses chlorine to give 

the aromatised product; ow results are entirely consistent with these. 

Thus with electron-rich alkynes, [N(SC1)21[AlCbI 4 reacted to give the thiones (6). presumably by way of the 

intermediates (12) and (5). Treatment of salt (4) with phenylacetylene, followed by aniline and, subsequently, 

hiethylamine, gave only thione (7) and none of the known imine (13).9This imine would have been expected if 

the intermediate (5) had undergone in situ chlorination and then reacted with aniline, similar to the reaction of 

4,5-dichloro-1.2.3-dithiazolium chloride (14) with aniline to give the imine (15).'3 

PhwNPh CIMC' 

s+ s 
N' CI- +SXS,N S' 

phNwc' 
S, N 
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Scope ofrhe reaction 

To improve the yield of thiones (6). attempts were made to prepare the halogenated intermediate salts of type 16 

(which on treatment with hydrogen sulphide would be expected to afford the thione (7)) by the use of 

halogenated alkyne equivalents . Treatment of [N(SCI)~I[AlC141 4 with 0,B-dibromostyrenel4 (2 eq.) (a 1- 

bromo-2-phenylacetylene equivalent) in dichloromethane led to a dark-brown reaction mixture, which on addition 

of aniline gave none of the imine (13). On treatment of [N(SCI)~I[AIC14] 4 with 6-bromostyrene (mixed 

isomers) (2 eq.) in dichloromethane, the mixture turned a deep-red colour but no products could be isolated. A 

similar result was obtained with I-bromo-2-phenylacetylenel5 and phenylvinyl sulphoxide (a phenylacetylene 

equivalent). These results showed the salt (4) to be generally unreactive towards electron-poor alkenes and 

alkynes, which was in agreement with its lack of reaction with 4-nitrophenylacetylene. There was also no 

reaction of the salt (4) with the electron-deficient alkynes methyl and ethyl propiolate in dichloromethane. Thus 

[N(SC1)2J[AIC4] 4 and [N(SC1)2][AsF6] 3 are less reactive than [S2w[AsF6] 2 which does react with electron- 

poor alkynes, such as hexafluorobnt-2-yne.2 It is believed that the higher reactivity of S2N+ relative to N(SC1)2+ 

is likely to arise in part from the smaller energy differences between its LUMO and the HOMO'S of the alkenes 

and akynes.12 

As an alternative to introducing functionality in the starting akyne or alkene, in sifu chlorination of the 

heterocyclic ring was attempted. Treatment of [N(SC1)2][AICL+] 4 with phenylacetylene (1 eq.), followed by N- 

chlorosuccinimide (5 eq.) to yield an intermediate of type 16, followed by aniline (3 eq.) and finally Hiinig's 

base, did indeed give the imine (13) in reasonable yield (38%). An attempt was made to isolate pure Cphenyl- 

1.3.2-dithiazolium chloride. by treatment of the solid obtained from reaction of phenylacetylene and salt (4), with 

THF, which coordinates with aluminium trichloride more strongly than a chloride ion,I6 but this proved 

unsuccessful. 

An unexpected result occurred on repetition of the reaction of phenylacetylene (1.1 eq.) with an old specimen of 

the salt (4) which had been stored in a refrigerator under argon for four months. This led to the expected thione 

(7) (21%), together with a new compound (17) which was burgundy coloured in dichloromethane solution. 

Elemental analysis gave results consistent with the molecular formula C16HllNS3 and mass spectral analysis 

showed a peak at 313 corresponding to the molecular ion and a large fragmentation peak at 267 for the loss of 

NS (characteristic of 1.3.2-djthjazoles). The I3C nmr spectrum showed four resonances (187.5, 174.2. 171.5 

and 143.1) in addition to those of two phenyl rings. Finally the structure was proved by X-ray crys~allographic 

analysis to be 17. The 1,3,2-dithiazole ring is seen to be quite unsymmetrical and the system is extensively 
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delocalised. For comparison the X-ray crystallographic results for 5-anilino-1,3,2-dithiazole-4-thione (18)' are 

presented. 

The mechanism of formation of 17 is as yet unknown. Treatment of 17 with lead tetraacetate in dichloromethane 

at O°C led to destruction of the starting material and none of the corresponding keto derivative was isolated. The 

comsponding reactions with 3-methoxyphenylacetylene and 3.4-dimethoxyphenylacetylene gave none of the 

products analogous to 17. 

PhN 2 clJsiN - 

+ s+ 
s,N~s s, GS 2x- 

N 
20 21 

Attempts were made to prepare a clean specimen of the desired 4.5-dichloro-1.3.2-dithiazolium chloride (19) 

using reactions of [N(SC1)2][AIC141 4. Because of the hazards associated with dichloroacetylene, 

trichloroethylene was used as an equivalent, but unfortunately this failed to react with [N(SC1)2][AICb] 4 at 

room temperature. Treatment of salt (4) with 1,2-dichlorcethylene (mixed isomers, 10 eq.) in dichlommethane at 

room temperature for 90 h, followed by addition of aniline (6 eq.) and then Hiinig's base (3 eq.) gave a small 

amount (6%) of a blue compound. On mass spectral analysis this showed a strong peak at 386 and strong 

fragmentation peaks corresponding to the loss of NS and PhN, X-ray crystallographic analysis showed its 

structure to be 20. This provides an example of cycloaddition of salt (4) with an elecmn-poor alkene; although 

the mechanism is unclear, an intermediate of type 21 could he envisaged. 

Treatment of [N(SC1)21[AICb] 4 with an excess of acetonilrile (10 eq.) in dichloromethane at mom temperature 

gave no reaction; this is in contrast with the =action of [SzN][AsF6] 2 with acetonitrile to afford 5-methyl- 

1,3,2,4-dithiadiazolium hexafluo~oarsenate.~ 



HETEROCYCLES. Vol. 37, No. 3,1994 1833 

5-Phenyl-1,3,2-dithiazole-4-rhione (7) 

Some chemistry of 5-phenyl-1.3.2-dithiazole-4-thione (7) has already been published9 and in the preceding 

reactions of the parent 1.3.2-dithiazole-4-thione (11) are described. The availability of the thione (7) with the C- 

5 position blocked by a phenyl group provides an opportunity to study reactions of the thiocarhonyl group in this 

system without the side reactions which result from the C-5 hydrogen in thione (11). We hoped to convert the 

phenylthione (7) into salt (16) since treatment of the latter with nucleophiles should provide couplmg reactions, 

ultimately required for polymer formation. Treatment of thione (7) with sulphuryl chloride in dichloromethane, 

followed by aniline (1 eq.) and then Hiinig's base gave the imine (13) in 21% yield. Treatment of 7 with 

sulphuryl chloride (1 eq.) and then with sodium nitrate (2 eq.) gave the light sensitive 5-phenyl-1.3.2-dithiazol- 

4-one (22) in good yield (61%). This reaction is presumably also going through 16, with chloride displacement 

by the nitrate ion (cf: ref. 13). A large scale repetition of the previously reported9 treatment of thione (7) with 

lead tetraacetate (1.5 eq.) in dichloromethane at -20°C gave 5-phenyl-1.3.2-dithiazol-4-one (22) in 94% yield. 

Exposure of a solution of 22  in tetrachloromethane to laboratoly light caused the previously reported 

photoisomerisation to the 1.2.3-isomer (23) in 40% yield; this is thought lo prweed via the hicyclic intermediate 

(24), and it also gave 3.5-diphenyl-1,2,4-thiadiazole (16%), presumably formed from benzonitrile sulfide (25). 

The ir spectra of the 1,2,3- (23) and the 1,3,2-isomers (22) in chloroform show strong absorption peaks for the 

carbonyl groups at 1671 and 1629 cm-1 respectively. Similar comparison of the uv spectra show the 1,2,3- 

isomer (23) to have a long wavelength absorption at 365nm compared to that of the 1,3,2-isomer at 429nm. 
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4-Phenyl-1,2,3-dithiazol-5-one (23) 

To prepare larger quantities of 4-phenyl-1,2,3-dithiazole derivatives an alternative synthesis was developed. The 

reaction of acetophenone oxime with an excess of disulphur dichloride, and then reaction of the solid formed 

with water, gave 4-phenyl-l,2,3-dithiazol-5-one (23) in 33% overall yield, presumably via the intermediate salt 

(26). Analogous treatment of the solid intermediate with aniline gave the imine (27) in 24% overall yield. The 

imine (27) is a bright yellow crystalline solid, the uv spectrum of which shows a long wavelength absorption at 

386nm; this is in contrast to the 1,3,2-isomer (13) which is a purple oil with a long wavelength absorption in the 

uv spectrum at 509nm. A similar difference had been observed between the two isomeric bicyclic imines (28) 

and (29).9 

Treatment of 4-phenyl-1,2,3-dithiazol-5-one (23) with thionyl chloride or phosphorus pentachloride in refluxing 

dicbloromethane and subsequent treatment of the resulting solid with aniline gave none of the imino compound 

(27), bur only recovered starting material. Reaction of 4-phenyl-1,2,3-dithiazol-5-one (23) with Lawesson's 

reagent17 (2 eq.) in toluene at 80°C led to destruction of the staning material, and gave none of the corresponding 

thione. 

X-Ray Studies 

The molecular structure of 17 is shown in Figure 1. The dithiazole ring and atom chain extending to C(13) is 

essentially planar, there being only a ca. 4' dihedral angle between the dithiazole and the aromatic LC@)-C(13)I 

rings. The aromatic ring atfached to C(4) is rotated by c a  50' out of the plane of the heterocyclic ring. 

The pattern of bonding in the dithiazole ring is markedly different from that observed in 18 (see below). There is 

noticeable bond ordering with both the N(2)-S(3) (1.581(3).&) and S(3)-C(4) (1.678(2).&) displaying appreciable 
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double hond character. There is a comcomitant increase in both the S(1)-N(2) (1.674(2)& and S(1)-C(5) 

(1.755(2)& bonds. There is a pattern of delocalisation that extends from N(2) via C(4), C(5) to S(7) hut 

noticeably not to C(8) [the C(7)-C(8) hond is quite long (1.489(3)&]. There is a short non-bonded S-S contact 

of 2.661(3)A between S(l) and S(7) which is accompanied by an enlargement of the sp2 angle geometry at C(6) 

[C(5)-C(6)-C(7) angle 124.1(2)0]. It is interesting to note that an essentially linear relationship exists between 

N(2), S(1) and S(7) (angle 179.5(1)0). The molecules stack in the lattice with the planar portions [S(l)-C(13)I 

partially overlapping with a mean interplanar separation of ca. 3.5A. The out of plane aromatic substituent 

[C(14)-C(19)] is involved in rr-rr interaction with i u  symmetry related neighbour (interplanar separation 3.47A, 

centroid-cenuoid distance 3.98A). 

Figure 1 Structure of 17 

Table 1 Selected bond lengths (A) and angles ( O )  for 17 with esds in 

parentheses 
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Compound (18) crystallises with two crystallographically independent molecules in the asymmemic unit. The 

two molecules have essentially identical conformations with a maximum deviation from the least squares fit of c a  

0.15A [for N(6)I. Figure 2 illustrates one of the molecules. In both molecules the dithiawle ring is rotated byca. 

32' from the plane of the benzene ring. This rotation is achieved via torsional rotations about the C(5)-N(6) and 

N(6)-C(7) bonds of 0.6 and 32.5" in one molecule and 9.0 and 26.4' in the other. 

The bond lengths in the dithiazole ring indicate a marked degree of bond delocalisation. The two S-N bonds are 

of equal length (mean value 1.627A) and the two C-S bonds are also of equal length (mean value 1.699A). The 

pattern of delocalisation extends to the exocyclic-N, N(6), the C(5)-N(6) bond displaying partial double hond 

character. The exocyclic C-S hond also displays partial multiple bond character. 

There is a noticeable enlargement of the C(5)-N(6)-C(7) angle (1299 from normal sp2 geometry which probably 

results from the steric interaction between S(1) and the ortho-proton attached to C(8) of the benzene ring. There 

is an associated short non-bonded contact of 2S8A between this proton and S(1). 

The molecules are linked in chains via the weak N-H-N hydrogen bonds (3.14 and 3.23A for each independent 

molecule) between the exocyclic-N in one molecule and the heterocyclic N, N(2), of another. There are 

accompanying short non-bonded S-S contacts (3.42 and 3.44A) between the exocyclic S, S(4). and the 

heterocyclic S. S(1) (Figure 3). 

Figure 2 Structure of one of the pair of crystallographically 
independent molecules of 18 

Figure 3 Part of one of the hydrogen-bonded chains of 
molecules in the crystal of 18 
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0 
Table 2 Selected bond lengths (A) and angles ( ) for 18 with eede in 

perentheeee 

X-Ray crystallographic analysis of 20 confirms the molecule to have the dimeric structure predicted. The 

structure has crystallographic Ci symmetry about the centre of the two dithiazole rings (Figure 4). The molecule 

as a whole is essentially planar there being only a ca. 5O twist of the phenyl rings relative to the plane of the 

dithiazoles. The pattern of bonding in the dithiazole ring is again distinctive, differing from that observed in 17 

and 18. The fully delocalised arrangement observed in 18 is almost retained with the exception S(1)-C(5) 

(1.763(3)A, cf. a mean value of 1.699(6)A in 18). This loss of double bond character for S(1)-C(5) is 

accompanied by a very marked shortening and pronounced double bond character for C(5)-N(6) (1.289(4)A cf. a 

mean value of 1.336A in 18). The planar geometry of the structure gives rise to noticeably short intramolecular 

contacts between both S(1) and the ortho-hydrogen attached to C(8) (2.40A) and between N(6a) and S(3a) 

(2.608(5)&; an essentially linear relationship exists for N(2)-S(3)-N(6a) (176.8'). The molecules pack to form 

overlapping parallel sheets with a mean intersheet separation of 3.39A. N(2) and S(3) of the dithiazole ring 

within one sheet are positioned almost directly above their counterparts in adjacent sheets, with resulting short 

non-bonded S..-N and N-S contacts of 3 . 6 4  (Figure 5). 
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Table 3 Selected bond lengths ( A )  and angles (O) for 20 with eeds in 

parentheses 

Figure 4 Structure of 20 

Figure 5 Pespective view of part of the stacked sheets of molecules 
in the crystals of 24J showing the S-N contacts 

Compound (27) crystallises with three crystallographically independent molecules in the asymmetric unit. The 

conformations of the molecules are essentially the same, there being only minor differences in the dihedral angles 

between the dithiazole ring and the two aromatic rings. The bond lengths and angles are, within statistical 
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significance, identical for the three molecules (Figure 6). The S-S bond distance [2.062(2)-2.066(2)A] is 

comparable with that observed in related systems13.1s.19 and the S-N bond (1.637(3)-1.642(3)@ is essentially 

the same as  that observed (1.630A).18 The most noticeable difference compared with the related 1,2,3-dithiazole 

(30)lX is a lengthening of the ring C-S bond (1.785(3)-1.792(3)A cf. 1.736A in 30) and a shortening of the 

exocyclic C-N bond (C(5)-N(6) 1.259(4)-1.273(4)?+ cf: 1.299A in 30). In 30 the longer exocyclic C-N bond 

distance is a consequence of delocalisation that extends from the dithiazole ring to the thiadiazole, whereas in 27 

there is a pronounced pattern of bond ordering. In all three molecules the anilino-ring [(C(7)-C(12)I is oriented 

essentially orthogonal to the dithiazole ring (dihedral angles 78-84") whilst the Cphenyl ring is almost coplanar 

(dihedral angles 4-15'), Accompanying this latter ring arrangement is a short contact between the hydrogen on the 

ortho-C, C(14), and the anilino-N, N(6). The C-N distances are in the range 2.92-2.95A and the associated 

H.-N distances are in the range 2.22-2.31A indicating a significant C-H.-N interaction, this is probably the 

determining factor for the coplanarity of the aromatic and dithiazole rings. Each of the three independent 

molecules pack in the crystal to form individual parallel stacks that extend in the crysrallographic a direction, the 

ammatic ring of one molecule overlying the dithiazole ring of another with interplanar separations that range 

between 3.4-3.5A There are additional inter-stack interactions, these being of two discrete types. The first of 

these are S-N and N-S as illustrated in Figure 7, the S-N distances being 3.32A. The other short contact is 

between one of the S atoms in the molecules of one stack and both S atoms in another (Figure 8); the S-S 

contacts are between 3.53 and 3.55A. 

Figure 6 Suucture of one of the crystallographically independent 
molecules of 27 
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0 
Table 4 Selected bond lengths (A) and angles ( ) for 17 with eede i n  

parentheses 

Figure 7 The stacking of molecules of 27 in the crystal showing 
the inter-stack S-N contacts 
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Figure 8 2 7  The Chevron-like pattern of adjacent stacks of molecules of 
showing inter-stack S . 4  contacts 
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Table 5 Details of the data collections* and refinements for compounds(l7,18,20 and 27) 

a Two crystallographically independent molecules 

b The compound has crystallographic Ci symmeuy 

c Three crystallographically independent molecules 

t Data for compounds(l8, 20, and 27) measured on a Siemens P4lPC diffractometer with graphite 

monochromated Mo-Ka radiation (L0.71073A). Data for compound(l7)measured on Siemens P3lPC 

diffractometer with graphite monochromated Cu-Ka radiation (k1.54178A). Details in common; W scans, mom 

temperature, weighting scheme X - ' = K ~ @ ) ~  
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I4N Nmr Studies 

A svuctural problem associated with the study of organic compounds rich in sulfur and nitrogen is that product 

characterisation has been largely dependent on the use of X-ray crystallography. Other methods of 

characterisation are important as alternatives and complements to this, and one obvious approach is the use of 

1 4 ~  nmr spectroscopy.20 The use of the qnad~polar  1 4 ~  nucleus (I=l, 99.6% abundant) in nmr experiments 

due to fast relaxation results in broad resonances and loss of coupling information [compared to the l5N nucleus 

(I=1I2, 0.36%)], but allows rapid accumulation and high signal to noise spectra. Important information can be 

gleaned from the chemical shifts in ' 4 ~  nmr because although the resonances are broad they are small in 

comparison to the chemical shift range. Patterns have emerged from the study of chemical shift ranges in 

sulphur-nitrogen compounds and it has been found that the degree of saturation has a large effect on chemical 

shifts. Characteristic regions are observed; singly bonded sulphur-nitrogen compounds. such as S7NH resonate 

at around 0 ppm; in conuast triply bonded NSF has 6 576ppm. In sulphurdiimides the formal N=S double bonds 

show signals in the range 250-400 ppm. One interesting observation is that for the 'pseudo-aromatic' compounds 

such as (NSC1)3 chemical shifts (90-140ppm) intermediate between those of singly and doubly bonded species 

are seen.21 

With this in mind we have applied this technique to dithiazoles and similar compounds, especially for the 

comparison of 1.3.2- and 1,2,3-dithiazoles. Distinguishing the isomers was given added importance by the 

photoisomerisation of 5-phenyl-1,3,2-dithiazol-4-one(22)to 4-phenyl-1,2,3-dithiazol-5-one(23).Our results are 

shown in Table 6. 

One of the most striking results was the large difference in chemical shift between the isomeric 

phenyldithiazolones(22)(6 255ppm) and(23)(6 332ppm); this may possibly he explained by the greater 

contribution of the mesoionic form 31 to 22 compared to 32 where a lesser contribution to 2 3  would be 

expected due to the weaker x overlap across the two adjacent sulphur atoms. The more symmetrical nature of the 
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Table 6 '4N N m  dam of dithiazoles 

Compound 

R = SMe, X= S 

- 
Solvent Chemical Shif~ 

8 ( P P ~ )  

hemical shifts are relative to anhydrous ammonia at O°C I 
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nitrogen enviroment in dithiazolone (22) led to a narrower line-width. These results can he compared with 4- 

phenyl-l,3,2-oxathiazol-5-one (34)Zz where the contribution of the mesoionic form (33) is less than for the 

above. 

There is also a noticeable downfield shift of 25ppm for 5-phenyl-1,3,2-dithiazole-4-thione (7) compared to 5- 

phenyl-1,3,2-dithiazol-4-one (22), whilst there is little difference in chemical shifts between the 5-chloro-1.2.3- 

dithiazol-4-one (35)l3, 5-chloro-l,2,3-dithiazole-4-thione (%)I3 and the 1.2,3-dithiazole (37).23 

Comparison of the 1,3,2-dithiazolethionesl show a chemical shift range between 276 and 314ppm. with 

electron-releasing substituents in the 5-position being reflected by more upfield signals. The parent 1,3,2- 

dithiazolethione (11) shows a more downfield signal compared to the other dithiawlethiones. The result obtained 

for 1,3,2-dithiazolium chloride (10) in deuterium oxide shows a chemical shift in the expected regionz4 and the 

high symmetry of the salt is reflected in the narrow line-width. 

EXPERIMENTAL 

For general points see earlier parts of the series. Light petroleum refers to the fraction, bp 40-60°C unless 

otherwise stated. In reactions involving the formation of thiones yields are calculated on the basis of two 

molecules of salt giving one molecule of thione, unless a sulphur source was present. 14N Nmr experiments give 

N chemical shifts relative to anhydrous liquid ammonia at O°C (6 0). positive values corresponding to downfield 

shifts. Nitromethane (6 380.2) was used as an external reference. Normally 100-300 mg of sample was required 

and 10 mm nmr tubes were employed. A peak at 309 ppm, attributed to dissolved nitrogen was sometimes 

observed. 

5-Phenyl-1,3,2-dithiazole-4-thione(7),[N(SCl)][AIC~] 4 (0.589 g, 1.85 mmol) and phenylacetylene (0.215 ml, 

1.96 mmol) in dichloromethane (20 ml) were stirred under argon at room temperature; the mixture turned hlack 

and evolution of gases was observed. After stirring for 3 h, triethylamine (0.775 ml, 5.58 mmol) was added to 

the reaction mixture (white fumes evolved) which was protected from light and stimd for a further 2 b. Dry flash 

column chromatography (3040% CH2ClzAight petroleum) followed by flash column chromatography (30.80% 

CHzClzllight petroleum) gave 5-phenyl-1,3,2-dithiazole-4-thione (7) (0.126 mg, 64%) as hlack needle-lie 

lustrous crystals, mp 99-10l°C (lit.? 99-101°C); 6N(18.MMHz, C D C ~ ~ ) / ( V ~ / Z ( H ~ ) )  290 (460). 
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5-(3-Meihoxyphenyl)-1,3,2-dithiazole-4-tione (8). [N(SCI)2][AICI4] 4 (0.337 g, 1.06 mmol) and 3- 

methoxyphenylacetylene (0.436 g, 3.30 mmol) in dichloromethane (30 ml) were stirred under argon at room 

temperature; the mixture turned hlack and evolution of gases was observed). After stirring for 15 h. Hiinig's base 

(0.410 ml, 2.35 mmol) and sulphur (0.173 g, 5.40 mmol) in dichloromethane (5 ml) were added to the reaction 

mixture (white fumes evolved) which was protected from light and stirred for a further 2 h. Dry flash column 

chromatography (20-508 CHzCIzflight petroleum) followed by flash column chromatography (20-50% 

CH~Cl2llight petroleum) gave 5-(3-methoxypheny1)-1,3,2-diihiazole-4-f o n  (8) (52 mg, 20%) as hlack 

lustrous crystals. mp 1 0 9 T  (lit.,8 108-109°C). 

5-(3,4-Dimethoxyphenyl)-1,3,2-dithiazole-4-ihione(9. [N(SCl)zI[AIC141 4 (0.375g , 1.18 mmol) and 3,4- 

dimethoxyphenylacetylene (0.208 g, 1.24 mmol) in dichloromethane (15 ml) were stirred under argon at room 

temperature (reaction turned hlack and evolution of gas (Cl2) was observed). After stirring for 2 h, triethylamine 

(0.495 ml, 3.55 mmol) was added to the reaction mixture (white fumes evolved) which was protected from light 

and stirred for a further 2 h. Dry flash column chromatography (20-50% CH2C12night petroleum) followed by 

flash column chromatography (20-50% CH2C12night petroleum) gave 5-(3,4-dimethoxyphenyl)-1,3,2- 

dithiazole-4-thione (9) (90 mg, 56%) as hlack lustrous crystals. mp 144-145°C (lit.,8 146-147'C); 

6~(18.06MHz, CDC13)1(vln(Hz)) 285 (785). 

4-Phenyl-5-phenylthiocarbonylmethylene-l,3,2-dithiole (17). [N(SCI)~][AICI4] 4 (2.80 g, 8.80 mmol) in 

dichloromethane (100 ml) was slowly treated with phenylacetylene (1.07 ml, 9.74 mmol) in dichloromethane (20 

ml). The reaction immediately turned red-black. After stirring for 3 h, triethylamine (3.75 ml, 0.0269 mol) was 

added to the reaction mixture (white fumes evolved) which was protected from light and stirred for a further 14 

h. Dry flash column chromatography (30.80% CH2C121light petroleum) followed by flash column 

chromatography (30-80% CH2C12flight petroleum) gave 5-phenyl-1.3.2-dithiazole4thione (7) (0.191 g, 21%) 

identical to a previous sample and 4-phenyl-5-phenylthiocarbonylmeihylene-l,3,2-dithiazole(17)(0.166 g, 12%) 

as hlack needle-lie lustrous crystals, mp 154-155'C; Anal. Calcd for C16HllNS3 : C, 61.3, H, 3.5; N. 

4.5.Found: C, 61.35; H. 3.3; N, 4.3. vm,(CHCI3)lcm-1 1 6 0 1 ~ .  1472% 1447111, 138.5111, 1096w and 651s; 

&,,(EtOH)lnm(~) 539 (3.60), 414 (3.76). 355 (3.74) and 252 (4.47); aH(270 MHz, CDC13) 8.17 (IH, s), 

7.85-7.79 (2H, m, Ar-H), 7.68-7.59 (5H, m, Ar-H) and 7.40-7.35 (3H. m, Ar-H); 6 ~ ( 6 2 . 9  MHz, CDC13) 

187.5, 174.2, 171.5, 143.1, 131.1, 129.9, 129.4, 129.3, 128.6, 128.3, 127.9 and 117.1; mlz(210°C) 313 
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(M+, lo%), 294 (42), 269 (21), 268 (100), 267 (M+-NS, 371, 234 (20), 135 (11). 121 (PhCS+, 46), 77 (Ph, 

26). 64 (31) and 46 (22). 

4-Phenyl-5-N-phenylimino-1,3,2-dirhiazole (13). (i) [N(SCI)z1[AIC14] 4 (0.118 g, 0.372 mmol) and 

phenylacetylene (43 ul, 0.393 mmol) in dichloromethane (20 ml) were stirred under argon at room temperature; 

the mixture turned black). After stirring for 3.5 h, N-chlorosuccinimide (0.249 g, 1.86 mmol) was added slowly 

and the reaction was stirred for a further 10 h (yellow-orange reaction). Aniline (0.105 ml, 1.15 mmol) was 

added to the reaction which immediately turned a red-purple colour and was stirred for an additional 1 h. Dry 

flash column chromatography (50% CHzC12/light petroleum) followed by flash column chromatography (20- 

50% CHzClzIlight petroleum) gave 4-phenyl-5-N-phenylimino-1.3.2-dithiazole (13)9 (38 mg, 38%) as a violel 

oil; (Found: M+, 270.0285, C14HloNzS2 requires M. 270.0285); ~,,,,,(CCl~)/cm-~ 3 0 6 5 ~ .  1 5 9 6 ~ .  1543s. 

1486111, 1447w, 936w and 694111; hma,(EtOH)lnm(&) 509 (3.091, 305 (3.98) and 253 (4.03); 6 ~ ( 2 5 0  MHz, 

CDC13) 8.04-8.03 (ZH, m, Ar-H), 7.56-7.41 (6H, m, Ar-H) and 7.17-7.11 (2H. m, Ar-H); mlz(lOO°C) 270 

(M+, 22%). 224 (M+-NS, 7). 121 (PhCS+, 100). 77 (Ph, 13) and 51 (7). 

(ii) 5-Phenyl-1.3.2-dithiazole-4-thione (7) (0.129 g, 0.611 mmol) was titrated with sulphuryl chloride in 

dichloromethane until the purple colour was dissipated and an orange solid formed. The reaction was stirred for 2 

h and then the volatiles were removed in vacuo. On addition of dichloromethane followed by aniline, the mixture 

turned a maroon colour and was stirred for a further 5 h. Flash column chromatography (25.50% CHzCldlight 

petroleum) gave 4-phenyl-5-N-phenylimino-1.3.2-dithiazole (13) (21%) identical with a previously prepared 

sample. 

bis(4-Phenylimino-l,3,2-dithiaz-5-y1) (20). 1,2-Dichloroethylene (mixed isomers, 0.512 ml, 4.16 mmol) was 

added to a suspension of [N(SCl)zl[AICl4] 4 (132 mg, 0.416 mmol) in dichloromethane (10 ml) under N2 at 

room temperature. The reaction was stirred for 90 h then aniline (0.228 ml, 2.50 mmol) was added and after 

further stirring for 2 h, Hiinig's base (0.220 ml. 1.26 mmol) was added. Flash column chromatography (10% 

CH2CIznight petroleum) gave bis(4-phenylirnino-l,3,2-diihiaz-5-y1) (20) (4.5 mg, 6%) as a blue solid; mlz 

(220°C) 386 (M+, 58%), 340 (M+-NS, loo), 237 (75), 191 (56). 159 (44). 88 (97). 77 (Ph, 69) and 51 (35). 

5-Phenyl-1,3,2-dithiazol-4-one (22). (i) 5-Phenyl-1,3,2-dithiazole-4-thione (7) (1.03 g, 4.85 mmol) in 

dichloromethane (50 ml) was added to a solution of lead tetraacetate (3.28 g, 7.40 mmol) in dichloromethane 
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(100 ml) protected from light at -20°C over 25 min. The purple colour of the thione was dissipated giving a bright 

yellow mixture which was purified by dry flash column chromatography (30-80% CH2C121light petroleum) 

affording 5-phenyl-1.3.2-dithiazol-4-one (2219 (0.891 g, 94%) as a yellow-orange solid, mp 68-70°C; 

8~(18.06~(18.06MHz, CDCl3)1(~~/2(Hz)) 255 (320). 

(ii) 5-Phenyl-1.3.2-dithiazole-4-thione (7) (46 mg, 0.218 mmol) in dichloromethane (15 ml) under N2 and 

protected from light was titrated with sulphuryl chloride in dichloromethane until the purple colour was dissipated 

yielding a yellow-orange reaction mixture which was stirred for 1 h. The volatiles were removed in vacuo. 

Dichloromethane (10 ml) was added along with sodium nitrate. (37 mg, 0.435 mmol) and the reaction was stirred 

under N2 protected from light for 20 h. The reaction mixture was adsorbed onto silica and the yellow compound 

was purified by dry flash column chromatography (30-80% CH2C12night petroleum) affording 5-phenyl-1.3.2- 

dithiazol-cone 22 (26 mg, 61%), identical to that prepared previously. 

4-Phenyl-1,2,3-dithiazol-5-one (23). (i) A solution of 5-phenyl-1,3,2-dithiazol-4-one (22) (0.891 g, 4.56 

mmol) in tetrachloromethane (350 ml) under N2 was exposed to laboratory light until all the starting material had 

been consumed. The solvent was removed in vacuo. Flash column chromatography (25% CH2C12Ilight 

petroleum) gave 4-phenyl-1,2,3-dithiazol-5-one (23)9 (0.360 g, 40%) as a yellow crystalline solid, mp 49-50°C: 

(Found: M+, 194.9813, CgHsNOS2 requires M, 194.9813); v,,(CHCI3)/cm-1 1671s (C=O), 1445w, 1 2 6 3 ~ .  

702m and 6 9 k ,  &,,,(EtOH)lnm(~) 365 (4.01) and 249 (3.90); 6H(270 MHz, CDC13) 8.16-8.12 (2H, m, Ar- 

H) and 7.52-7.47 (3H, m, Ar-H); FjC(62.9 MHz, CDC13) 189.9 (C=O), 154.8, 130.8, 128.5 and 127.9; 

6~(18.06MHz. CDCl3)/(vi/~(Hz)) 332 (490); m/z(240°C) 195 (M+, 18%). 167 (M+-CO, 3 3 ,  103 (29), 77 (Ph, 

13), 76 (18). 64 (S2, 100) and 51 (12) and 3.5-diphenyl-1.2.4-thiadiazole (86 mg, 16%) as a colourless solid, 

mp 89-90°C (lit.,25 88-90°C). 

(ii) Acetophenone oxime (3.27 g, 0.0242 mol) was slowly added to a cooled solution of disulphur dichloride 

(25 ml, 0.3 mol) in dichloromethane (40 ml) and the mixture was stirred for 36 h. The mixture was poured onto 

ice-water (caution: slowly), filtered and the mixture was extracted (CHzC12). the organic phase dried 

(MgSO4) and the solvent removed in vacuo. Flash column chromatography (25% CHzC12Ilight petroleum) and 

recrystallisation (15%CH2C12/light petroleum) gave 4-phenyl-1,2,3-dithiazol-5-one (23) (1.56g. 33%) identical 

with a previous sample. 
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4-Phenyl-5-phenylimino-1,2,3-dithiazole (27). Acetophenone oxime (3.69 g, 0.0273 mol) was slowly added to 

a cooled solution of disulphur dichloride (30 ml, 0.37 mol) in dichloromethane (30 ml) and the mixture was 

stirred for 6 days. Light petroleum (30 ml) was added and the solid formed was filtered off, washed (50% 

CH2C12Aight petroleum) and dried to give crude 5-chloro-4-phenyl-l.2,3-dithiazolium chloride(26)(6.77 g). 

Crude 5-chlom-4-phenyl-1,2,3-dithiazolium chloride (26) (0.664 g, 2.65 mmol) and aniline (0.970 ml, 10.64 

mmol) in dichloromethane (50 ml) were stirred under N2 for 0.5 h. Triethylamine (1.48 ml, 10.62 mmol) was 

added, the yellow reaction mixture turned brown, and was stirred for a further 2 h. Dry flash column 

chromatography (25% Et20Aight petroleum), flash column chromatography (25.33% Et20night petroleum) and 

then recrystallisation (50% Et201 light petroleum) gave 4-phenyl-5-N-phenylimino-1,2,3-dithiazole (27) (175 

mg, 24%) as a golden-yellow crystalline solid, mp 75.5-76S°C: Anal.Calcd for C ~ ~ H I O N Z S ~ : C ,  62.2, H, 3.7; 

N, 10.4. Found: C, 61.8; H, 3.4: N, lO.O.(Found:M+, 270.0285, calculated M, 270.0285); v,,(CHCI3)/cm-1 

1587m, 1481s. 1443111, 12801x1. 1217w, 1185w, 1 1 6 7 ~ .  1071m. 1024w, 9 0 6 ~ .  851m. 841111. 770111, 760111, 

689s, 668111 and 632s; L,,,a,(EtOH)/nm(e) 386 (3.85), 266 (3.91) and 216 (3.90); aH(250 MHz, CDC13) 8.24- 

8.20 (lH, m, Ar-H) and 7.51-7.15 (9H. m, Ar-H); ac(62.9 MHz, CDCI3) 165.4, 159.2, 153.2, 132.7, 130.4, 

129.9, 129.1, 128.2, 125.7 and 119.0; m/z(120°C) 270 (M+, 68%). 167 (loo), 135 (14). 103 (46). 77(Ph, 25), 

76 (13), 64 (84) and 51 (18). 

Details of the X-ray data collection and refinements are given in Table 5. AU four structures were solved by direct 

methods and the non hydrogen atoms refined anisotropically. The position of all the hydrogen atoms were 

located from AF maps. Their positions were optimised, assigned isotropic thermal parameters U(H) = 

1.2Ueq(C), (N) and allowed to ride on their parent atoms. For compound (17) a numerical absorption 

correction(face indexed crystal) was applied. Refinements were by full-matrix least-squares using the SHELXTL 

PC program.26 Additional information available from the Cambridge Crystallographic Data Centre comprises 

atomic co-ordinates, thermal parameters and the remaining bond lengths and angles. 
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