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Alntraet: The facile synthesis of 4 and (*)-6 was carried ont v/a a Diels-Alder type [2+4] 
cycloaddition reaction of oligometic dien 8 with styrene or t-stilbene, respectively, as a dienophile by 
a thermal reaction and/or photoreaction. (±)-6 c~stalllzed as a racemic compound ctrmposed of 
(2R,3R) and (2S,3S)enantiomers. Copyright © 1996 Elsevier Science Ltd 

BEDT-TIT I is the most widely used eieetron-donor rnoleeuie for the synthesis of  new organic metals and 

superconductors. 1 It can be synthesized by several methods, one of  which is by self-coupling reaction of 2,3- 

d,~aydro-l,3~io[4,5-e][1,4]dithiin-6-thione 2 or 6-one 3. To strengthen the interactions between the anions 

and the cations in radical salts of  1, continuous efforts have been devoted to synthesize many derivatives of 1 

and its precursors containing various peripheral groups. ]'tl As an example of the modification of  2, an unsym- 

metrically substituted compound containing a phenyl group was reported, 2 and which was made by the well- 

known salt-elhT~h~ttion method using moisture sensitive Na2dmit (dmit2": 4,5-dimereapto-l,3-dithiole-2-thione) 

and (±)- 1,2-dibromoethyibenzene. This method has also been used to prepare derivatives of 2 which contain 

mono- or di-substituents on the ethylene moiety such as -CH3, 3 -COOCH3, 4 and -Ph. 2' 5-7 We use, however, 

a completely different synthetic pathway for 4 and 6: a Diels-Alder type [2+4] cycloaddition of  oligomeric dien, 

oligo(1,3-dithiol-2A,5-trithione) 8, with reactive dienophiles such as styrene and t-stilbene. This method is 

known to be an efficient synthetic pathway for new 
S S S S 3 xc S z 

y ~ s / ~ S  
1 

S 3 X = Y = H , Z = O  
S 4 X = H , Y = P h ,  Z = S  

~ S ' ~ S  § X = H, Y = Ph, Z = O 
6 X = Y = P h ,  Z = S  

9 7 X = Y = P h ,  Z = O  

nmlfisulf~ precursors and a number of  reports have 

recently appeared concerning derivatives of 2 and 

their corresponding self-coupled products which 

were prepared from dienophiles such as TTF s'9, 

dimetbyl a c e ~ x y l a t e  l° and 1,4-dioxene. tt 

Here, we report the faerie syntheses of eyeloadduets 

(4 and 6) and their oxo-compounds (5 and 7) along 

with the x-ray structure of  4 and 6. 

Ofigomeric dien 8 was readily prepared by iodine oxidation of  [(n-C4I-lg)aN]2[Zn(dmit)2] at room 

t ~ .  8'12 8 is believed to generate an active monomer by thermal depolymerization.(Seheme 1) Reaction 

7603 



7604 

of 8 with styrene or t-stilbene was also readily achieved by direct thermal reaction (refluxing) in benzene for 2h. 

After recrystaUization from CH2Ci2/CH3OH (l :l), products 4 and 6 were isolated as shiny yellow and orange 

crystals of  plate form, respectively. They were identified by high- / low-resolution electron impact mass spectra 

(HR-/LR-EIMS) and x-ray crystal structure analysis as well as other spectroscopic methods, t3-14 4 could also 

be synthesized by photoreaction: Exposure of  a benzene solution of 8 with excess styrene to UV fight (254nm) 

affords 4 in very low yield (5% and 9% atter 3h and 5h's exposure, respectively). It was confirmed by FT-IR and 

UV spectroscopic measurements that this product was identical with the compound made by the direct thermal 

method. As far as we are aware, it is the first cycloadduct synthesized by a photoreaction of 8. This reaction 

opens up new possibilities of  preparing various derivatives of  4 hearing functional groups on the phenyl 

substituent. 

s.-t.s 
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Scheme 1 

8 10 

Treatment of  8 with t-stilbene gives more interesting results on the stereospecific synthesis of  (±)-6: 

Depending on the orientation of approach of  $ to planar t-stilbene (exo and endo approaches), two distinct 

products denoted as (2R,3R)-6 and (2S,3S)-6 could be expected with equal probability. 15 Actually, we obtained 

the racemie compound (±)-6 in which equal amounts of  enantiomers, (2R,3R)-6 and (2S,3S)-6, crystallized 

together in a crystaL The packing diagram of the racemic compound (±)-6 determined by x-ray analysis is shown 

in Fig. 1-b and compared with that of 4 (Fig. l-a)) 6 As shown in Fig.l-a, all the 2,3-dihydro- 1,3-dithiolo[4,5-e] 

[ 1,4]dithiin-6-thione moieties in 4 lie on the same plane and show a heM-to-tail overlap with the neighboring 

molecule. As for (±)-6 in Fig. l-b, however, it has a completely different crystal packing from 4. One (2S,3S) 

enamiomer is coupled and overlaps with a neighbor (2R,3R) and is mutually perpendicular to the other neighbor 

(2R,3R), and vice versa. It is comparable to the recent report 6 where only the (2R,3R) enantiomer of  6 was 

synthesized by a salt-elho;,~lon method. Reactions of  this type could provide a facile way to preparing various 

derivatives of 2 with a remarkable control of  stereospecificity. 

When 6 was refluxed with DDQ in benzene for 2 hours with the objective of  preparing a totally unsaturated 

compound 9, we observed no reaction to occur. 
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This Diels-Alder type eycloaddition is considered to be revers~le because in the low-resolution mass 

spectra of 4 ~ 7, the maximum peak(100%) appears at m/z = 180 (6 and 7) and at m/z = 104 (4 and 5) which can 

be a ~ e d  to t-stilbene (exact mass: 180.09) and styrene (exact mass: 104.06), respectively, produced by the 

reverse reaction. A similar reverse reaction was observed in the ease of the reaction of TTF. s The oxo- 

compounds 517 and 7 Is were prepared according to the standard procedure 2 using Hg(OAe)2 in CHC13. 

Reactions of  6 or 7 with PR 3 (R = OEt, OPh, Ph) in benzene, toluene or xylene afford stilbene and 

unidentified low-molecular weight solid (probably the decomposition products) instead of the self-coupled 

product 11. However, the reaction of 7 in neat refluxing P(OEt)3 unexpectedly yields the TTF-derivative 1010'19. 

Other methods to the self-coupled product 11 are currently under investigation. 
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a _  

Z ]5 NOHI P 2 { I ) / C  NO.14 -13 

Fig.l. Crystal packing diagrams of(a) 4 and (b) (+)-6. 
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13. 2,3-dihydro-2-phenyl-l,3-dithiolo[4,5-e][1,4]dithiin-6-thione 4: yield 57%; rap. 146 ~ 148°C; 
In NMR (250MHz, CDCI3) 5 7.4(5H, In), 4.7(1H, In), 3.55(2H, m); ~3c NMR(62.9MHz, CDCI3) 8 
208.210, 137.603, 129.314, 129.143, 127.618, 124.990, 121.784, 48.362, 35.725; FT-IR(KBr, em "l) 

1063(C--S); UV(CH3CN, nm) 216(st), 278(w), 410(m); HR-EIMS eale. for C11H8S 5 299.9230, found 

299.9251; LR-EIMS (m/z, %) 300(M +, 100) 196(M+-CsH$, 51),104(M+-C3S5, 100). 

14. (+)-2,3-da"aydro-2,3-diphenyl-l,3-dithiolo[4,5-e][l,4]dithiin-~thione (+)-6: yield 48%; mp. >180°C(dec.); 

~H NMR (250MI-Iz, CDCI3) 5 7.2(10H, m) 4.85(2H, m); 13C NMR(62.9MHz, CDCI3) 5 208.568, 

135.916, 128.906, 128.712, 128.302, 125.920, 54.480; FT-IR(KBr, em "1) 1069(C=S); UV(CH3CN , nm) 

218(st) 276(w) 408(m); HR-EIMS eale. for CI7H!2S5 375.9543 found 375.9550; LR-EIMS (m/z, %) 

376(M +, 18) 180(M+-C3S5, I00). 
15. Morrison, ILT.; Boyd, R.N. Organic Chemistry, 6th ed.; Prentice Hall: Englewood Cliffs, NJ, 1992. 

16. Crystal data for 4: C i IHsSs, FW = 300.47, monoelinic, space group P2(1)/e (No.14); a = 7.358(2)A, 

b = 6.845(3)A, e = 25.060(7)A, 13 = 91.78(2) °, V = 1261.5(7)A 3, Z = 4, De= 1.582g/cm 3. 

Full matrix least-squares refinement yields the final R value of 0.0739 (wR = 0.1874) for 1292 

independent reflections [3.26°~ 20 ~ 49.9 °, I ) 2o(1)]. 

Crystal data for (+)-6:C34H24S10 , FW = 753.13, triclinie, space group PI (No.2); a = 11.694(3)A, 
b = 12.117(3)A, e = 14.688(3)A, a = 113.12(2) °, 13 = 102.23(2) °, V = 107.02(2) °, V = 1699.1(7)A 3, 

Z = 2, D e = 1.472g/em 3. Full matrix least-squares refinement yields the final R value of 0.0664 

(wR = 0.1696) for 5963 independent reflections [3.24°~ 20 ~ 50.02 °, I ) 2o(I)]. 

The crystal structures were determined by the direct method using SHELXS-86 and SHELXL-93, 
and measured on an Enraf-Nonius CAD-4 d ~ o m e t e r  at 293(2)K using graphite-monochromated 

molybdenum radiation (~. = 0.71073A) and ~o-20 scan mode. Atomic coordinates and e.s.d.'s have been 

deposited at the Cambridge Crystallographic Data Center. 

17. 2,3-dilaydro-2-phenyl-l,3-dithioio[4,5-e][1,4]dithiin-6-one 5: yield 51%; rap. 104 ~ I05°C 

IH NMR(250 MHz, CDCI3) 8 7.5(5H, m) 4.75(1H, In) 3.6(2H, m); 13C NMR(62.9MHz, CDCI3) 8 

138.106, 129.237, 129,016, 127.578, 115.205, 112.192, 49.759, 37.043; FT-IR(KBr, em "~) 1624(C=O); 

UV(CH3CN , urn) 218(st) 294(w); HR-EIMS talc. for CI1HsOS 4 283.9458 found 283.9500; 

LR-EIMS (m/z, %) 284(M +, 46) 104(M+-C3Ss, 100). 

18. 2,3-dihydro-2,3-diphenyl-l,3-dithiolo[4,5-e][1,4]ditlffin-6-one 7: yield 85%; nap. >lg0°C(dee.); 

IH NMR(250 MHz, CDCI3) 8 7.2(10H, m) 4.8(2H, m); 13C NMR(62.9MHz, CDCI3) 8 136.399, 

128.821,128.578, 128.232, 116.398, 56.012; FT-IR(KBr, cm "1) 1632(C--O); UV(CH3CN, nm) 224(st) 
294(w); HR-EIMS calc. for CI7HI2OS 4 359.9771 found 359.9764; LR-EIMS (m/z, %) 360(M +, 24) 

180(M+-C3OS4, 100). 
19. Tetrathioethoxytetrathiafulvalene 10 : yield 35%; IH NMR(250 MHz, CDCI3) ~ 2.9(8H, qr) 

1.35(12H, t); HR-EIMS tale. for C14H20S 8 443.9331 found 443.9337; LR-EIMS (m/z, %) 444(M +, 100) 

415(M+-C2Hs, 18) 382(M+-SC2Hs, 36). 
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