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Abstract: The synthesis, X-ray crystal structure aad some reactions of 1,2-dithiole-3-thione derivative 8 are sported. The 
structure of thione 8 is chamcterised by a remarkable three-dimensional network of close, non-bonded, S---S interactions. 
Compound 8 is efficiently converted into the 1.2-dithiolium catioa salt 11 by sequential reaction with mta-chlomperox~wic 
acid and sodium iodide. Cation salt 11 reacts with aqueous ammonia in the presence of iodine to afford isothkole derivative 18 
in high yield: tbe mechanism proposed for this reaction proceeds via 1.23dithiazine derivative 17. The solution elccmxhemisay 
of the title thione, and related compounds, has been studied by cyclic vokimmeay. 

Steimecke and coworkers have reported the remarkable reaction of carbon disulfide with sodium metal 
in DMF to yield the dithiolate salt 1, which is conveniently isolated and stored as the zincate salt 2.1 

Compound 1 readily forms the di(thioester) 3, from which it can be regenerated under basic conditions. 
Dithiolate 1 has been ‘capped’ with a range of difunctional electrophiles, eg. reaction with dibromoethane 
yields derivative 4, thus providing key intermediates in the synthesis of substituted tetrathiafulvalene (‘ITF) 
derivatives which are components of organic metals and organic superconductors.2-6 Notably, BEDT-TI’F 5 

is prepared via 1 as precursor.3 Reactions of 1 have also been used to synthesise macrocyclic structures.7J 
It has been shown that the 13-dithiole-Zthione derivative 1 is converted into the 1,2-dithiole-3-thione isomer 
6 upon refluxing in DMF.9 The structure of nickelate salt 7a, which was obtained from dithiolate 6, was 

proved by X-ray analysis.9 
In contrast to the 1,3dithiole system 1, ~8 the chemistry of the 1,2-dithiole isomer 6 is virtually 

unexplored, notably a few reactions of compounds 8 and 9, obtained therefrom, have been reported.lo,ll In 
this paper we describe the X-ray crystal structure of compound 8, and new reactions of this compound which 
yield the bicyclic 12dithiolium cation salt 11 and the novel isothiazole derivative 18. 

RESULTS AND DISCUSSION 

Preparation of Compound 8. Several approaches to the 1,2-dithiole-3-thione derivative 8 have been explored 
with the aim of finding the most expedient route. When zincate salt 2 was heated at 13tPC in DMF for 4 h, 
followed by addition of dibromoethane, the only isolated product was the 1,3dithiole derivative 4, suggesting 
that isomerisation of zincate salt 2 to salt 7b did not occur under the conditions which isomerised the disodium 
salt 1 into salt 6.9 Likewise, product 8 was not obtained when disodium salt 1 was formed in situ from 
di(thioester) 3.3 and the mixture then refluxed in DMF for 4 h. followed by addition of dibromoethane; only 
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low yields of the 2-thione isomer 4 were obtained. Diit thermal isomerisation of 2-thione 4 into 3-thione 8 
did not occur: refluzing thione 4 in DMF resulted in progressive destruction of the compound, although 
isomerisation is mported to occur under photochemical conditions.t* We therefore resorted to using zincate 

salt 7b, which was obtained in 62% yield from 1, as the precursor to 8. Alkylation of zincate salt 7b with 

dibmmoethane in refluxing acetonitrile afforded compound 8 in 69% yield. 
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X-Ray Crystal Structure Analysis of I,&Dithiole-3-thione Derivative 8. The X-ray crystal structure of 
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compound 8 was obtained for two reasons. Firstly, attention is currently focussed on organosulfur 
heterocycles which form intermolecular S---S networks in the solid state,t3-15 and compound 8, with several 
peripheral sulfur atoms, was seen as a prime candidate in this respect. The study of non-bonded close contacts 
between chalcogen atoms is crucial to the development of electron donors which form organic metals. 16J7 
SecondIy, a comparison of the molecular dimensions in the neutral compound 8 with those of the related 

anionic nickelate salt 7a.9 cationic 1,2-dithiolium salt 9,t* and related 13-dithiole structures. eg. 10.19 

would provide new information on the electron distribution in 1,Zdithiole systems in general. 
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Needle-shaped crystals of compound 8 were obtained from chloroform solution. X-ray analysis 

showed there are two symmetry independent molecules in the structum of compound 8 (molecules 8A and 

8B). The atom numbering scheme is shown in Figure 1, and the bond lengths and angles are presented in 
Table 1. The 1,2&.hiole ring in both molecules 8A and 8B is essentially planar: the maximum deviations 

from a least squares plane defined by the 1.2dithiole ring atoms are 0.04 and 0.01 A, respectively. Both 

molecules 8A and 8B have very similar bond lengths and angles, except for the dithioethylene bridge, the 
carbon atoms of which, in molecule B, show large displacement factors, which explains the apparent 
shortening of the C(3’)-C(4) bond [1.375(10) A. c,f. C(3)-C(4) = lSll(8) A]. Similar features in 
dithioethylene bridges of related structures have been reported previously.1720 The conjugated C=C and C=S 

bonds within structure 8 are all significantly longer [C(5)-C(2) = 1.369(6), C(S)-C(2) = 1.375(7), C(l)- 
S(1) = 1.662(6) and C(l)-S(l) = 1.659(7) A] than the non-conjugated C=C and C=S bonds of the related 

l,Zdithiol-Zthione structure 10 [which are 1.352(4) and 1.647(3), respectively119 implying that there is 

intramolecular x-electron delocalisation in the a&unsaturated thione portion of compound 8. The S-S bond 
lengths of compound 8 [2.047(4) and 2.049(4) A, for molecules A and B, respectively] are very similar to 

those observed in 1.2~dithiolium cation salt 9 (2.024 A)t* and other 1,2dithiolium cation salts21 and are 
entirely consistent with that expected for a sulfur-sulfur single bond. 

B 

Figure 1. X-ray crystal structure of compound 
8 showing the atom numbering scheme. 

Figure 2. X-ray crystal structure of 8 viewed down 
the a axis. Irnermolecular S--S distances (A) are as 
follows: a, 3.786; b, 3.447; c, 3.506, d, 3.668; e, 
3.385: f, 3.827; g, 3.357; h. 3.766. Additional unique 
contacts (not shown) are: S(l)--S(5’) 3.71% 
S(l’)--S(3) 3.725; S(l’)--S(4) 3.731. 
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A comparison of the bond lengths of structure 8 with those reported for the dithioiate ligand in 
nickelate salt 7ao reveals significant differences only in the C=C and C-S lengths; the Ca lengths are closely 

comparable in both structures. The C-S bond lengths in salt 7a are shortened, relative to 8, to 1.68-1.73 A, 
by coordination to the nickel atom, and the GC bond distance is lengthened to 1.42 A.9 which is consistent 
with more extended rt+ectron delocalisation in the bis(dithiolate) structure 7a. 

The structure of compound 8 reveals several intermolecular S---S contact distances that are 

significantly shorter than the accepted Van der Waals distance of 3.7-3.8 A.** The shortest non-bonded 
contact is 3.357 A. between S(1) and S(3’). The close S---S interactions in structure 8 are identified in Figure 
2 (only the unique contacts ate indicated). Compound 8 is, therefore, a good example of a growing family of 

organosulfur heterocycles which have solid state structures that are character&d by a three-dimensional 
network of non-bonded S---S interactions.13-15 

Preparation and Reactions of I ,2-Dithioliwn Cation Salt 11. We wanted to obtain the 1 ,Zdithiolium cation 
salt 11, which is unsubstituted at C(3). with a view to preparing Wittig and Wittig-Homer reagents therefrom, 
which, by analogy with the isomeric 13dithiole derivatives reported recently.23.24 should be versatile 
reagents. A very inefficient, multi-step route to cation 11 from thione 8, which proceeded via compounds 12 

and 13, has been reported recently by Papavassiliou and coworkers. 11~5 We have reinvestigated this route. 
Compound 8 was S-methylated with iodomethane, using the literature procedure,ll to afford 1,Zdithiolium 
cation salt 12 (82% yield). However, in our hands, numerous attempts to reduce salt 12 with sodium 
borohydride did not provide compound 13; a complex, multi-component mixture (TLC and NMR evidence), 
probably containing ring-opened products, was obtained and could not be purified using the reported 

proccdure.1 1 Notably. we did not observe the protons of the dithioethylene group, which should resonate at 6 

3.4-3.2 ppm, suggesting that major degradation of the heterocyclic system had occurred. Therefore, we 
explored an alternative approach to cation 11, and have developed a straightforward route from thione 8. 
Reaction of compound 8 with meta-chloroperoxybenzoic acid yielded the crude hydrogensulfate salt of 11, 

which upon addition to aqueous sodium iodide 26~7 furnished the desired compound 11, as the iodide salt, in 
34% yield. Salt 11, which is highly insoluble in water and in common organic solvents, is stable when stored 
under ambient conditions, whereas the isomeric 1,3dithiolium cation requires storage at c0oC.a 

The reactions of phosphorus and nitrogen nucleophiles towards compound 11 have been examined. 
Addition of either triphenylphosphine or trimethylphosphite to a suspension of cation 11 in acetonitrile at 

2ooC (which are standard conditions for the 1,3dithiolium isomer)*3,u gave intractable product mixtures, 

with no evidence for the formation of the desired phosphonium salt or phosphonate ester, respectively. 
Likewise, the reaction of hydrazine hydrate with cation 11 failed to give an isolable product, despite literature 

precedents for other 1,2dithiolium cations.*(j 
Conversely, the reaction of cation 11 with an excess of aqueous ammonia in the presence Of iodine, at 

room temperature in acetonitrile, cleanly furnished the novel isothiazole derivative 18 in 84% yield. It is 
notable that salt 11 is insoluble in acetonitrile prior to the addition of iodine, whereupon rapid dissolution 
takes place. This is a particularly interesting reaction which we believe proceeds via the intermediacy of L2,3- 
dithiazine derivative 17 (Scheme 1). Initial reaction at C(3) of cation 11 would yield an electron-deficient 
nitrogen species 14, which could lose iodide ion with S-N bond formation, to give cationic intermediate 15. 
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Deprotonation of 15 could then yield the 8-n electron 1,2,fdithiazine system 17. which would be unstable to 
loss of sulfur with formation of the observed isothiazole 18. It is also conceivable that thiaziridine system 16 

is involved as an intermediate. Previous workers have obtained isothiazole products from reactions of 
monocyclic 1,2dithiolium cations with ammonia: however, as iodine was not present, a completely different 
mechanism was proposed for the reaction, involving initial cleavage of the disulfide bond by the amine.28 We 
favour a mechanism for the ammonia / iodine reaction via the 1,2,3dithiazine system 17 (Scheme 1) in the 

light of our recent work on the ring expansion of 1,3-dithiolium cation salts, which occurs under identical 
conditions, to yield related 1,4,2_dithiazine derivatives (X-ray proof of structure).*9 1,2,3-Dithiazine 

derivatives are very ran~-,~+~~ and although we have been unable to isolate intermediate 17, we have isolated 

and character&d analogues of 17 possessing the 1.23~dithiazine structure (NMR and MS evidence) from 
reactions of other 1,2dithiolium cations with the iodine/ammonia system under identical conditions.3* 

+ 
SMe 

s S H SMe 

6- (P s 
I s,s 7+ I- tF I 8 

s s 
12 13 

11 

Scheme 1 

H 

15 17 

16 

Electrochemical Studies. The redox properties of the neutral and cationic 1.2~dithiole derivatives 8 and 12 

have been studied by cyclic voltammetry in dichloromethane solution and the data compared with 1 ,fdithiole 
analogues. Compound 8 shows a broad. poorly-defined irreversible oxidation wave at Eox = 1.3V, whereas 
isomer 4 shows a well-defined oxidation peak at E ox = 1.25V (c$ BEDT-TTF 5 is considerably easier to 
oxidise. undergoing two reversible single-electron oxidations at El tf2 = 0.59 and E2tn = 0.99V).*o The 

instability of the cation radical of compound 8 is possibly the result of ring opening due to cleavage of the S-S 
bond. Cation 12 is harder to reduce than the isomeric 2-methylthio-1.3-dithiolium system: the former 
compound undergoes a quasi-reversible reduction at E md = -0.38V, while the latter compound is reduced 
irreversibly at -0.26V. Isothiazole derivative 18 is significantly harder to oxidise to the radical cation than 
compound 8 (an irreversible wave is seen for 18 at EOx = 1.6V) which reflects the stability of the 6-z electron 
isothiazole ring. 
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Cation salt 12 reacted with two equivalents of 7,7,8,8-tetracyano-p-quinodimethane (TCNQ) in 
acetonitrile to yieid a salt of stoichiometry lZ(TCNQ)z in 32% yield. The salt is an organic semiconductor 

(au = 2 x 10-3 Scm-1, two-probe, compressed pellet measurement) and contains the TCNQ anion radical as 
judged by IR spectroscopy [v (CN) = 2186 cm-l which is diagnostic of anionic TCNQl.33 

EXPERIMENTAL 

General. Details of equipment and general procedures used in this work have been reported recently.34 
Electrochemical studies were performed using a BAS 100 Electrochemical Analyser. Data were recorded 
versus Ag/AgCl, Pt button working electrode, pt wire counter electrode, scan rate 100 mVs-I, 5 x 104 mol 

dm-3 compound, 0.1 mol dm-3 BwN+PF6- in dry dichloromethane at 2ooC under argon. 

3-Thio-5,6-dihydro-l,2-dithiolo[4,5-b][1,4]dithiin 8. To a stirred mixture of sodium (11.5 g, 0.5 mol) 
(which was conveniently cut into small pieces using a cheese grater)35 in carbon disulfiie (135 mL, 2.2 mol) 

at OOC, dimethylformamide (150 mL, 1.9 mol) was added dropwise with stirring over 15 min. The mixture 

was allowed to warm to 200C and stirred for a further 115 h under nitrogen. A small amount of residual 

sodium was then removed by filtration through a glass wool plug. Excess carbon disulfide was removed by 
distillation and the remaining mixture was then heated at 130-14OY for 2 h. The mixture was cooled and 
methanol (200 mL) then water (250 mL) were added with stirring. A solution of zinc chloride (10.0 g, 0.07 
mol) in ammonia solution (33%. 250 mL) and methanol (250 mL) was then added to the reaction mixture with 

stirring. A solution of tetraethylammonium bromide (26.5 g, 0.13 mol) in water (125 mL) was then added 
dropwise with stirring over 10 min. This caused the crude zincate salt 7b to precipitate as a dark oil which 
was separated and allowed to solidify. It was then purified by stirring in ether (1 L) overnight whereupon it 

broke up into a fine brown precipitate. This precipitate was filtered off and washed consecutively with water 
(1 L), propan-2-01 (200 mL) and ether (300 mL). Drying in vacua yielded zincate salt 7b9 as a brown powder 
(27.7 g. 62%) from which thione 8 was prepared as follows. Zincate salt 7b (8.7 g, 12.1 mmol) was 
dissolved in dry acetonitrile (100 mL) and dibromoethane (4.1 mL, 48 mmol) was added. The mixture was 

refluxed under nitrogen for 22 h. Solvent was then removed in vacua and the residue chromatographed on a 

short silica column eluting all coloured material with dichloromethane. ha vacua removal of solvent gave the 
crude thione 8. This product was purified by column chromatography on silica with dichloromethane : 
cyclohexane (1:2 v/v) as eluent. The fastest running yellow elution band was collected and identified as the 

isomeric thione 4 (~5% yield) by comparison with authentic material.3 The major orange elution band was 
then collected and evaporated to yield analytically pure thione 8 as a ruddy crystalline solid (3.75 g, 69%) 
m.pt. K&1270(3 (litlo 1260C). Recrystallisation was achieved from chloroform. 
S,6-Dihydro-I,2-dithiolo[4,S-b][l,4]dithiin-3-ium iodide 11. Thione 8 (0.5 g, 2.2 mmol) was dissolved in 

acetone (150 mL) and cooled to O’C. A solution of m-chloroperoxybenzoic acid (50%, 2.3 g. 6.7 mmol) in 
acetone (20 mL) was added dropwise with stirring over 2 min. Stirring at 0°C was maintained for 0.5 h 
whence the precipitate which formed was filtered off and washed with ether (3 x 30 mL). After drying in 

vacua the crude product was converted directly into iodide salt 11 as follows. The solid was dissolved in 
water (100 mL), the solution was filtered and the filtrate added with stirring to sodium iodide (1.7 g, 11 
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mmol) in water (20 mL). The resulting precipitate was filtered off and washed with acetone (2 x 30 mL) and 
then with ether (3 x 30 mL). Drying in vucuo yielded salt 11 (0.24 g. 34%) as an orange solid, m.p. 181- 
184’C (Found: C, 18.82; H, 1.54. CgH5S4I requires C. 18.75; H. 1.57%); vntax(KBr)/cm-l 3045.2945, 
1405, 1335, 1280, 1175, 1020 and 865; &(250 MHz; DMSO) 10.1 (1H. broad s) and 3.55-3.27 (4I-L m). 

5,6-Dihydro-I,2-thiazolo[4,5-b][l,Q]dithiin 18. To a stirred solution of salt 11 (240 mg, 0.75 mmol) and 
iodine (190 mg, 1.5 mmol) in acetonitrile (100 mL) was added ammonia solution (33%,0.44 mL, 7.5 mmol). 

Stirring was continued for 3 h at 20°C after which time water (200 mL) was added. The solution was extracted 

with dichloromethane (3 x 60 mL), the organic layers combined and washed with water (200 mL). After 
drying (MgS04) and Ntering, the solvent was removed in vucuo and the residue chromatographed on a silica 
column eluting with dichloromethane:cyclohexane (1: 1 v/v). In vacua evaporation of solvent afforded 
isotbiaxole 18 (110 mg, 84%) as an orange crystalline solid, m.p. 4446°C [Found: C, 34.18; H, 2.79; N, 

7.31%; m/z (EI) 174.95676. CgHgNS3 requires C, 34.26; H, 2.88; N, 7.99%; m/z 174.958461; 
v,,&KBr)/cm-12920,1415,1365,1285,1180,855,770 and 485; ha,, (hexane:dichloromethane l:l)/nm 

226, 250, 258 and 310; 8~ (250 MHz. CDC13) 8.07 (lH, s) and 3.30 (4H, AA’BB’); 8~ (250 MHz, 
CDC13) 155.2, 146.2, 120.5,28.4 and 26.0; m/z (EI) 175, (CI) 176. 

TCNQ Salt of Cation 12. A mixture of the iodide salt of cation 12 (50 mg, 0.14 mmol) and 7,7,8,8- 
tetracyano-pquinodimethane (58 mg, 0.28 mmol) were dissolved in boiling acetonitrile (15 mL). The solution 
was cooled to room temperature to give a precipitate of salt 12-(TCNQ2 as a black powder (28 mg, 32%). 
(Found: C, 55.31; H, 2.26; N, 17.75. C3oHt5NaS5 requires C, 55.57; H, 2.33; N, 17.36%); vmax (KBr) 
2186 cm-l; the remainder of the spectrum comprises a series of broad bands, typical of an organic conductor. 

X-Ray Ctystal Structure Analysis of Compound 8. Crystal data: C5H4S5, monoclinic space group P 21/a, a 

= 8.205(l), b = 17.610(4), c = 12.086(l) A, 8 = 108.36(1)0, U = 1657.41 A3.Z = 8, F(OO0) = 912, Mo- 

Ku radiation, h = 0.71069 A. The structure was solved by direct methods (SHELXS 86)36 and refined by 

least-squares analysis37 (anisotropic for non-hydrogens) to R = 0.046 for 2479 observed (F, > 3oF,) 

reflections from 4106 unique data. The data were collected on an Enraf-Nonius FAST area detector 
diffractometer positioned at the window of a rotating anode generator. Bond lengths and bond angles ate given 
in Table 1. Full details of data collection and refinement, atomic coordinates, bond lengths, bond angles and 
thermal parameters have been deposited at the Cambridge Crystallographic Data Centre. 



8150 M. R. BRYCE et al. 

Table 1. Bond Lengths (A) and Angles (0) for Compound 8. 

Molecule 8A Molecule 8B 

C(l)-S(l) 
S(3)-S(2) 
C(l)-S(2) 
C(2)-S(3) 
C(2)-S(4) 
C(3)-S(4) 
C(4)-S(5) 

C(5)-S(5) 
C(5)-C(1) 
C(5)-C(2) 

C(4)-C(3) 

C(l)-S(2)-S(3) 
C(2)-S(3)-S(2) 
C(3)-S(4)-C(2) 
C(5)-S(S)-C(4) 
S(2)-C( 1)-S(l) 
C(5)-C( 1)-S(l) 

C(5)-C(l)-S(2) 

S(4)-C(2)-S(3) 

C(5)-C(2)-S(3) 
C!(5)-C(2)-S(4) 
C(4)-C(3)-S(4) 
C(3)-C(4)-S(5) 

C(l)-C(5)-S(5) 
C(2)-C(5)-S(5) 
C(2)-C(5)-C( 1) 

1.662(6) 

2.047(4) 

1.7310) 
1.736(6) 
1.728(6) 
1.824(7) 
1.786(7) 
1.753(6) 
1.423(7) 

1.369(6) 
1.511(8) 

97.0(3) 
94.1(3) 
100.9(3) 

102.9(3) 
119.1(4) 

126.9(4) 
114.0(4) 

113.1(3) 
117.6(4) 
129.3(4) 
113.5(4) 

114.7(4) 
115.6(4) 
127.1(4) 
117.3(5) 

C(l’)-S(I) 

S(3’)-S(2’) 
C(l’)-S(2’) 

C(2’)-S(3) 
C(2’)-S(4) 
C(3’)-S(4) 
C(4)-S(5) 

C(5’)-S(5’) 
-C(5’)-C(1’) 

C(5)-C(2’) 
C(4)-C(3’) 

C(l’)-S(2’)-S(3’) 
C(2’)-S(3)-S(2’) 
C(3’)-S(4)-C(2’) 

C(5)-S(J’)-C(4’) 
S(2’)-C( l’)-S( 1’) 

C(S)-C(l’)-S(1’) 
C(5)-C( l’)-S(2’) 

S(4)-C(2)-S(3) 
C(S)-C(2’)-S(3’) 
C(5)-C(2)-S(4) 
C(4)-C(3)-S(4’) 

C(3)-C(4)-S(5) 
C( l’)-C(5)-S(5’) 
C(2)-C(5)-S(J) 
C(2’)-C(5)-C( 1’) 

Acknowledgements. We thank SERC for funding this work. 

REFERENCES AND NOTES 

1.659(7) 

2.049(4) 
1.731(7) 

1.731(6) 
1.738(6) 
1.779(9) 
1.794(9) 

1.748(6) 
1.433(7) 

1.375(7) 
1.375(10) 

97.5(3) 
93.9(3) 
100.8(4) 
102.4(4) 
119.9(4) 

126.4(5) 
113.7(4) 

113.2(4) 
118.1(4) 
128.7(5) 
120.8(7) 
120.3(7) 

116.0(4) 
127.2(4) 
116.8(5) 

1. Steimecke, G.; Sieler, H-J.; Kirmse. R.; Hoyer, E. Phosphorus and Su@r 1979, 7, 49-55. 

2. Krief, A. Tetrahedron 1986,42, 1209-1252. 

3. Varma, K.S.; Bury, A.; Harris, N.J.; Underhill, A.E. Synthesis 1987, 837-838 

4. Nigrey, P.J. J. Org. Chem. 198853, 201-203. 



Studies on the 1.2~dithiole-3-thione system 8151 

5. 

6. 

7. 

8. 

9. 

10. 
11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 
19. 

20. 

21. 

22. 

23. 
24. 

25. 

26. 
27. 

28. 

29. 

Papavassiliou, G.C.; Kakoussis, V.C.; Lagouvanios, D.J.; MOUSSES, G.A. Mol. Cvst. Liq. 

Cryst. 1990,181, 171-184. 
Bryce, M.R.; Marshallsay, G.J. Tetrahedron Left. 1991,32,6033-6066. 

Rijhrich, J.; Wolf, P.; Enkelmann, V.; Mullen, K. Angew. Chem. Int. Ed. En@. 1988,27, 

1377-1379. 
Becher, J.; Hansen, T.K.; Malhotra, N.; Bojesen, G.; Bowadt. S.; Vanna, KS.; Girtnay. B.; 
Kilbum, J.D.; Underhill, A.E. J. Chem. Sot., Perkin Trans. I 1990, 175-177. 
Steimecke, G.; Sieler, H-J.; Kirmse. R.; Dietzsch, W.; Hoyer, E. Phosphorus and Sulfur 1982.12, 

237-247. 

Papavassiliou, G.C. Chem. Ser. 1985,25, 167-171. 
Papavassiliou, G.C.; Zambounis, J.S.; Yiannopoulos, S.Y. Chem. Ser. 1987.27, 261-264. 

Khodorkovskii, V.Y.; Katsen, J.; Neiland, 0. Khim. Geterotsikl. Soedin, 1986, II, 1568 (Chem. 
Abs., 1987,107, 134272b). 

Lu. F.L.; Kershavarz-K,M.; Srdanov, G.; Jacobsen, R.H.; Wudl, F. J. Org. Chem. 1989,54, 
2165-2169. 

Gloss, F.; Srdanov, G.; Wudl, F. J. Chem. Sot., Chem. Commun. 1989, 1716-1717. 

Bryce, M.R.; Cooke, G.; Dhindsa. A.S.; Ando, D.J.; Hursthouse, M.B. Tetrahedron Left. 1992.33, 

1783-1786. 

Boyce, M.R. Chem. Sot. Rev. 1991,20, 355-390. 

Williams, J.M.; Schultz, A.J.; Geiser, U.; Carlson, K.D.; Kini, A.M.; Wang, H.H.; Kwok, W-K.; 
Whangbo, M-H.; Schirber, J.E. Science 1991,252, 1501-1508. 

Kiel, G.; Reuter. U.; Gattow, G. Chem. Ber. 1974,107, 2569-2577. 

Simonsen, 0.; Vartna, KS.; Clark, A.; Underhill, A.E. Acta Cryst. 1990, C46, 804-807. 

Moore, A.J.; Bryce, M.R.; Ando, D.J.; Hursthouse, M.B. J. Chem. Sot., Chem. Commun. 
1991, 320-321. 
Mathieu, F. Acra Cryst. 1986, C42, 1169-l 172. 

Nyburg, SC.; Faerman, C.H. Acra Cryst. 1985, B41,274-279. 

Moore, A.J.; Bryce, M.R. Synthesis, 1991, 26-28. 

Hansen, T.K.; Lakshtnikanthatn, M.V.; Cava, M.P.; Metzger, R.M.; Becher, J. J. Org. Chem., 1991, 

56, 2720-2722. 

Reference 11 claims that the conversion of compound 12 to 11 (as the tetrafhroroborate salt) 
proceeds in 10% yield. However, based upon the weights of starting materials and product given in the 

experimental of that paper, the yield is only 5.4%. 
Klingsberg, E. J. Amer. Chem. Sot. 1961,83,2934-2937. 

For a review of the synthesis of 1.2~dithiolium cations see: Lozac’h, N.; Stavaux, M. Adv. 

Heterocycl. Chem. 1980.27, 151-198. 

Olofson, R.A.; Landesberg, J.M.; Berry, R.O.; Leaver, D.; Robertson, W.A.H.; McKinnon, 
D.M. Tetrahedron 1966.22, 2 119-2 134. 
Bryce, M.R.; Davison, G.R.; Howard, J.A.K.; Batsanov. A.S. J. Chem. Sot., Chem. Commun. 

1992, 478-480. 



8152 M. R. BRYCE et al. 

30. Moody, C.J. in Comprehensive Heterocyclic Chem. Vo1.3; Katriuky, A.R.; Rees, C.W. Bds.; 
Pergamon: Oxford, 1984, 1039- 1086. 

31. Chauhan, M.S.; McKinnon, D.M. Canad. J. Chem. 1976.54,3879-3883. 

32. Davison, G.R.; Bryce, M.R. unpublished results. 

33. Chappell, J.S.; Bloch, A.N.; Bryden, W.A.; Maxfield. M.; Poehler, T.O.; Cowan, D.O. J. Amer. 

Chem. Sot. 1981,103, 2442-2443. 

34. Moore, A.J.; Bryce, M.R. J. Chem. Sot., Perkin Trans. I, 1991, 157-168. 
35. We are indebted to Dr T.K. Hansen (University of Odense) for bringing this method to our attention. 

36. Sheldrick, G.M. SHELX 86, University of Gottingen, 1986. 
37. Sheldrick, G.M. SHELX 76, University of Cambridge, 1976. 


