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1-Adamantyl fed-butyl ketone hydrazone reacts with di- 
sulfur dichloride in dichloromethane to give 5-( l-ada- 
mantyl)-5-fert-butyltetrathiolane. 

The chemistry of cyclic polysulfides, RR'CS,, has drawn much 
attention because of their structures and reactivities. In addition, 
they have recently been detected in the sulfur metabolite of 
hyperthermophilic archaea, 1 sediments collected from hydro- 
thermal fields in the Gulf of California2 and from an inshore 
industrial site in the Great Lakes,3 and some kinds of 
pyrolysates.4 Of the cyclic polysulfides with n from 2 to 34,5-9 
tetrathiolane (n  = 4)t and trithietane (n  = 3) are the only two 
missing links since we recently succeeded in the synthesis and 
structure analysis of dithiirane (n = 2).10 This is in contrast with 
the Group 14 elements heavier than carbon, where the 
tetrathiametallolanes (ArAr'MS4; M = Si, Ge, Sn) are the most 
stable forms of ArAr'MS,." Here we report on the first 
isolation of a crystalline tetrathiolane by reaction of a sterically 
congested hydrazone with S2C12,6c7$ which was discovered 
during the course of our work on the chemistry of dithiiranes. 

1 2 3 
Scheme 1 Reagent and conditions: i, S2C12 (1.4 equiv.), CH2CI2, -78 "C 
and then room temp. 

Fig. 1 ORTEP drawing (50% ellipsoids) of 2. Selected bond lengths (A), 
bond angles (") and torsion angles ("): C(1)-S(l) 1.884(3), S(l)-S(2) 

C(l)-C(2) 1.605(4), C(l)-C(6) 1.604(4); S(l)-C(l)-S(4) 108.4(2), C(1)- 
2.042(2), S(2)-S(3) 2.052(2), S(3)-S(4) 2.048(2), S(4)-C( 1) 1.875(3), 

S( 1)-S(2) 102.6( l), S( l)-S(2)-S(3) 93.9(1), S(2)-S(3)-S(4) 94.1( l),  S(3)- 
S(4)-C( 1) 102.8( l), C(2)-C(l)-C(6) 120.3(3), S(4)-C( l)-C(6) 103.6(2), 
S( l)-C(l)-C(2) 102.7(2); C( 1)4( 1)-S(2)-S(3) 49.4( l), S( l)-S(2)-S(3)- 
S(4) 57.3( l),  S(2)-S(3)-S(4)-C( 1) 48.7( 1). 

To a solution of 1 -adamantyl tert-butyl ketone hydrazone 1 l 2  

in dichloromethane was added a solution of 1.4 equiv. of S2C12 
in dichloromethane at -78 "C. After being stirred for 1 h at this 
temperature, the mixture was gradually warmed to room 
temperature. Aqueous workup followed by chromatographic 
purification (silica gel) gave 5-( 1 -adamantyl)-5-tert-butyl- 
tetrathiolane 2 in 5.5% yield and 1-adamantyl tert-butyl 
thioketone 3 as the main product (46%). When a larger excess 
of S2C12 was used (2.5 equiv.), 1 -adamantyl-tert-butyldi- 
chloromethane was obtained in 16% yield along with 3 
(16%). 

The tetrathiolane 2 is a yellow, crystalline material melting at 
110 "C with decomposition to thione 3. The structure of 2 was 
elucidated from its spectroscopic data and elemental analysis5 
and finally confirmed by X-ray single-crystal structure analy- 
sis.1 In the 1H NMR spectrum, the tert-butyl protons and the 
methylene protons at the 2-position of the 1-adamantyl group 
appear as broad singlets, indicating that the free rotation of tert- 
butyl and 1-adamantyl groups in 2 is disturbed due to steric 
hindrance among the two bulky alkyl groups and the sulfur 
atoms. In the crystal, the tetrathiolane 2 takes a half chair 
conformation and the steric hindrance causes lengthening of 
bonds around C(l) and widening of the angle C(2)-C(l)-C(6) 
(Fig. 1). It is significant to note that the torsion angles C(1)- 
S( 1)-S(2)-S( 3), S( 1)-S(2)-S( 3)-S(4) and S( 2)-S( 3)-S(4)- 
C( 1)  are 49.4, 57.3 and 48.7", respectively, where deviations 
from the C-S-S-C 90" torsion angle in the most stable 
conformation of disulfides13 reach to 32.741.3". These values 
are considerably larger than those for the torsion angles at S-S 
bonds in pentathiane (1 8.0-20.2"),5h hexathiepane 
(0.9-1 9.2"),5h heptathiocane (0.1-7.7 O)7c and octathionane 

Desulfuration of the tetrathiolane 2 with an equimolar 
amount of PPh3 in benzene at room temperature gave a I : 2.5 
mixture of thione 3 and tetrathiolane 2, where neither the 
corresponding trithietane nor dithiirane was detected. 

(1.2-25.6").' 

Footnotes 
t Detection of the parent tetrathiolane by GC-MS analysis has been 
reported, see refs. 2 and 4(c). 
$ The reaction of hydrazones with S2C12 giving thiones (Okazaki reaction) 
was originally run in the presence of an amine to trap the hydrogen chloride 
generated, where thiocarbonyl S-sulfides and dithiiranes were proposed as 
precursors for the thiones.6c In the expectation of the isolation of dithiiranes 
by the Okazaki reaction, we carried out the reaction in the absence of amines 
since we now know that dithiiranes in our hands are unstable to basic 
materials.loh 
5 Selected data for 2: (Found: C, 54.36; H, 7.33; C15H24S4 requires C, 
54.17; H, 7.27%). 'H NMR (CDC13,400 MHz) 6 1.40 (br s, 9 H, But), 1.63 
(br s, 6 H), 2.00 (br s, 3 H), 2.14 (br s, 6 H). 13C NMR (CDC13, 100.6 MHz) 
6 29.3, 32.7, 36.5, 43.7, 45.5, 47.7, 115.4 (S-C-S). MS (EI): mlz 332 
(M+). 
fl Crystal data for 2: C15H24S4, yellow columns, 0.36 x 0.22 x 0.24 mm, 
monoclinic, space group P2Jn (no.14), a = 13.740(2), h = 18.049(3), 
c = 6.480(1) A, /3 = 93.25(2)", U = 1604.3(5) A3, D, = 1.38 g ~ m - ~ ,  
Z = 4, F(000) = 711, p(Cu-Ka) = 52.320 cm-1. Mac Science MXC3K 
diffractometer with graphite-monochromated Cu-Ka radiation 
(A = 1.54178), 01-28 scan method in the range 3 < 20 < 140", 3745 
reflections measured, 3030 unique reflections. The structure was solved by 
direct methods using SIR92 in the CRYSTAN GM program system and 
refined by a full-matrix least-squares method using 2820 reflections [ I  2 
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20(1)] for 268 parameters. The final R, R, { w = l /[o2(F0) + 0.002 1 FO I *I 1 
and S values are 0.0500, 0.0721 and 2.4969, respectively. Atomic 
coordinates, bond lengths and angles, and thermal parameters have been 
deposited at the Cambridge Crystallographic Centre (CCDC). See Informa- 
tion for Authors, Issue No. l. Any request to the CCDC for this material 
should quote the full literature citation and the reference number 
182f270. 
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