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Slrmnmary ; Thermal reactions of 1,4,7,lO-tetraarylcyclododeca-1.2,3,7,8,9-hexaenes la and lb with elemental 
sulfur were examined, and found to give novel transammlar bridged pentasulfides 2a and 2b. while cyclopente- 
nethiones 3a and 3b were obtained by the sulfurization of la and 1 b in the presence of l.S-diaxabicyclo- 
[5.4.0]undec-7-ene. 

Apart from the industrial process of rubber vulcanixation,3 one can see a number of sulfurixation reac- 
tions of some reactive oleflns using a variety of allotropes of sulfur resulting in facile formation of interesting cy- 
clic polysulfides.4 We have also described thermal sulfurixation of 1,2,3-butatrienes with elemental sulfur, and 
found that 1,1.4,4-tetraaryl-substituted ones gave 6,7-bis(alkylidene)-1.2,3,4,5-pentathiepas selectively 5 while 
l.l-di-t-butyl-4.4-diphenyl-1.2.3-butatriene afforded an interesting bicyclic polysulfide. 1,2_dithiolo-1.2-dithiole 
derivative.6 _ 
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Here, we have extended the study on sulfurixation of cummulenic carbon-carbon double bond to cyclic 
biscummulenes leading to a novel transannular bridging reaction. When 1.4.7.10~tetraphenylcyclododeca- 
1.2,3.7,8,9-hexaene7 (la; Ar = Ph. 460 mg. 1 mmol) was treated with an excess amount of sulfur (320 mg, 10 
mmol as Ss) in 20 ml of DMF at 120 - 130 ‘C for 10 h, a new type of cyclic polysulfide 2a (150 mg, 24%) was 
obtained in a pale yellow crystalline form after the separation of excess sulfur followed by exhaustive chromato- 
graphic purification (HPLC and TLC). Sulfurization of cyclododecahexaene lb* (Ar =p-tolyl) also readiiy un- 
derwent to give a similar bridged cyclopolysulfide 2b in 24% yield. 
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The structures of these newly obtained cyclic polysulfides 2a and 2b were satisfactorily confirmed by 
‘H-NMR, 13C-NMR, and mass spectroscopic data together with elemental analysisP Final molecular structure 
of 2a was determined by X-ray crystallographic analysis as shown in Figure l(a) ,lO in which the cycloocta- 

triene ring was fixed in a q-i-boat form. 
On the other hand, the sulfurization of hexaenes 1 a and 1 b in the presence of an equimolar amount of 

DBU (1.8diaxabicyclo[5.4.O]undec-Fene) in DMF at 120 ‘C resulted in the formation of quite different prod- 

ucts, i.e. cyclopentenethione derivatives 3a and 3 b in 22 and 27% yields, respectively. l1 

The characteristic electronic spectra and low field 13C-NMR signals of 3a [ Lmax = 599 nm, 8 = 248.05 

ppm] and 3b [ Amax = 579 nm, I = 248.65 ppml are considered to be associated with their conjugated thiocarbo- 

nyl unit. The final structure of 3b was also determined by X-ray crystallographic analysis as shown in Figure 
l(b).lO 

I 
tb) 

Figure 1. Molecular structure of sulfurization products of cyclododecahexaenes 1; 
(a) ORTEP drawing of pentasulfide 2a and (b) ORTEP drawing of cyclopentenethione 3b 

The formation mechanism of 2 from 1 can be rationalized by the initial attack of the activated sulfur radi- 
cal to the cummulenic sp carbon of 1 followed by transammlar bridging of the resulting radical reaction centers to 
another cummulenic unit as illustrated in Scheme I. Subsequent dehydorgenation by the excess sulfur radicals 

might result in the fmal armatization step leading to the new benzene ring formation. Meanwhile, the cyclopente- 

nethione formation from 1 by Sa/DBU seems to include some ionic sulfur species as shown below. It is also 

worthy of note that the treatment of once isolated pentasulftie 2 b with DBU under similar reaction conditions did 
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not afford any thiocarbonyl compound but an ullllsupl Wed dithiolane 4b12 wss isolated ia 62% yield. 

qQ*f$$ ;* 
Ar 

In addition, the pyrolysis of the newly obtained bridged pntasulfide 2a at 450 ‘C under Ns flow was 
found to give a novel 1,4,5,8-tetraphenylbiphenylene 5a in 3 1% yield, 14 

$@jr& +$j &iAr=phenyl 31% 

Since there have been no reports on the functionalixation of the hexaene la except for its complexation 
with metal carbonyls.14 the novel sulfurixation reaction of la and 1 b thus described is of great interest from a 

viewpoint of showing a new reactivity and potential synthetic utility of this unique cyclic biscummulene skeleton. 
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lb wasprepared as yellow crystals (mp. 240-242 ‘C!) from 4’-methylacetophenone by an analogous method 
for la. 
2a; pale yellow crystals, mp+240-242 ‘C; ‘H-NMR(CDCls) 8 2.67(dd. .Z = 16 Hz, 2H), 3+6(dd, .Z = 16 Hz, 
2H). 7.21-7.63(m, 22H); C-NMR(CDC13) 8 33.89(t), 127.73(d), 127.89(d). 128.14(d), 128.44(d), 
12859(d), 128.81(d), 13059(d), 133.45(s), 136.05(s), 138:67(s), 141.07(s), 141.08(s). 1-41.20(s); MS, 
m/z 618(M+, 48%), 554(26), 522(100), 490(87), 458(22); E. A., found c; 69.67, H; 4.22, s; 25.5696, calcd 
for C&H&, C; 69.86, H; 4.23, S; 25.90%. 2b; pale yellow crystals, mp. 255-257 ‘C, ‘H-NMR(Cy313) 
8 2.36(s. 6H), 2.40(s. 6H), 2.62(dd, J = 15 Hz, 2H). 3.12(dd, J = 15 Hz, 2H). 7.09-7.53(m. 18H); C- 
NMR(CDC13) 8 21.28(q), 21.36(q), 33.90(t). 128.27(d), 128.71(d), 128.82(d). 129.24(d), 130.49(d), 
133.14(s), 136.02(s), 137.33(s). 137.60(s), 138.24(s), 13827(s), 138.39(s). 140.92(s); MS, m/z 674(M+, 
12%). 610(4), 578(56). 546(100), 514(S); E. A., found C, 70.39, H; 5.06, S; 23.42%. calcd for C40H34S5, 
C; 70.22, H; 5.05, S; 23.74%. 

lO.Crystal and experimental data for 2a; CseHseSs. MW 618.9, triclinic, space group Pl. a = 9.551(4), b = 
111.678(5). c = 15.630(5) A. p = 77.62(3) ‘, V = 1557(l) A’, DC = 1.32 g/cm3L @lo-Ko) 5.97 cm- , z = 2, 
R = 0.057 (R, = 0.059). 
(1). c = 

3b; C&&S, MW 546.78, triclinic. space*roup Pl, a = l&L013(l)I b = 16.696 
9.300(l) A, B = 98.94(l) l , V = 1513.2 A3, Dc = 1.20 g/cm , u(Mo-Ko) = 1.30 cm , z = 2, R = 

0.054 (Rw = 0.057). Data collection was performed by CAD4 (Enraf-Nonius) diffractometer with graphite- 
monochromated MO-Ka radiation. The structure was solved by MULTAN 78 using 3912 reflections for 2a 
and 1971 reflections for 3b, and the program system SDP-package and UNZCS IZZ was used for calculation. 
As for 2a. 21 H atoms were found in D-fourier method and 5 H atoms were located by calculation. Refme- 
ment: full matrix least squares (Anisotropic thermal parameters for the non-hydrogen atoms, isotropic ones for 
the hydrogen atoms). Atomic co-ordiantes. bond lengths and angles, and thermal parameters for 2a and 3 b 
have been deposited at Cambridge X-ray Crystallographic Data Centre. 

11. 3a; green oil; ‘H-NMR(CDCls) 6 2.28(m. lH), 2.61(m, 2H), 3.36(m, lH), 6.82-7.79(m, 22H); 13C-NMR 
(CDC13) 8 37.05(t), 40.18(t). 86.53(s), 126.33(d), 126.78(d), 127.04(d), 127.07(d). 127.12(d), 127.35(d), 
128.11(d), 128.13(d), 128.15(d), 128.23(d), 128.64(d), 128.87(d), 132.32(d), 134.52(s), 134.61(s), 
137.07(s), 137.54(s), 139.60(s), 140.06(s), 140.35(s), 140.61(s), 141.51(s), 147.24(s), 248.05(s);MS, m/z 
490(M+, 100%); HRMS, m/z 490.1755 calcd for C&-I&J 490.1755; UV(CHaCl2) A,, 599(&4), 399 
(2700) nm. 3b; blue crystals, mp. 254-256 ‘C; ‘H-NMR(CDCls) 8 2.17(s,3H). 2.20(s, 3H). 2.26(m, lH), 
2.34(s, 3H), 2.39(s, 3H), 2.57(m. 2H), 3.33(m, 1H). 6.31-7.66(m. 18H); 13C-NMR(CDCls) 8 = 20.86(q), 
21.03(q), 21.07(q), 21.36(q). 36.93(t). 40.03(t). 86.07(s). 126.19(d), 126.25(d). 127.52(d), 128.12(d). 
128.65(d). 128.77(d). 128.83(d). 128.97(d). 129.30(d). 132.23(d). 134.22(s), 134.28(s), 134.96(s), 
136.16(s), 136.65(s), 136.75(s), 137.03(s), 137.08(s). 137.23(s), 138.58(s). 139.66(s), 140.12(s), 
140.43(s). 147.33(s), 248.65(s); MS, m/z 546(M+, 100%); HRMS.‘m/z 546,236O calcd for C&s& 
546.2380; UV(CH$&) 1-x 579@=51), 389(730) nm. 

12. The formation mechanism of 4b has not been certainly elucidated. The structure of 4b was determined by 
the X-ray crystallographic analysis, the details of which have also been deposited at Cambridge X-ray Crystal- 
lographic Data Centre, along with satisfactory spectroscopic data. 

13.5a; colorless crystals, mp.>300 ‘C, ‘H-NMR(CDCls) 8 6.86-7.1O(m. 24H); 13C-NMR(CDC1s) 6 126.92(d), 
127.43(d), 127.45(d), 129.82(d), 131.35(s), 137.73(s). 148.09(s); MS, m/z 456(M+, 100%); HRMS. m/z 
456.1867 calcd for t&H24 456.1877. 
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