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Abstract 5.7.14.16-Tetrasubstituted hexathia [3,3‘metacyclophanes I- 4 (R=H. Me. OMc. Cl) have been 
synthesized by couphng the appropriate dithioresorcmol derivatives with SCI, under high dilution 

conditions. Surprisingly, the reaction of mesitylene-2.4-dithiol with both SCI, and S,CI, gave the isomer 
hexathia [4,2]metacyclophane 5 and the higher homolog heptathia [4.3]metacyclophane 6. The reaction of 
the latter dithiol with CH,Br, afforded the expected 1,3.10.12-tetrathia[3,3]metacyclophane 7. ‘H NMR 
and mass spectra ofcompounds l-7 are discussed. ‘H NMR spectral properties suggest for these compounds 
either .YJW or unri conformations. depending on the nature of the bridges and the substitution pattern of the 
constituent aromatic rings. 

Electron-releasing substltuents conkr high thermal stahlllty to polysulphur hrldgcd metacyclophancs. 

while electron-withdrawing substltuents. such as Cl atoms in 4. strongly promote sulphur extrusion from the 
bridging chains. affording the corresponding octathia 12.2 2.2; mctacyclophane 9 

Interest in the synthesis of polysulphur bridged 
metacyclophanes ’ R has promoted an insight into the 
stereochemistry ofsuch compounds and a comparison 
of their structures and properties with those of 
corresponding metacyclophanes having hydrocarbon 
bridges. 

In this paper we describe the synthesis and spectral 
properties of 1.2.3.10.1 l,lLhexathia[3.3]metacy- 
clophanes I 4, and of 5,7,9.14.16,1 %hexamethyl- 
1.3.10,12-tetrathia[3,3:metacyclophane 7. and show 
the conformational preferences they can arise, due 
either to the nature ofthe bridges or to the substitution 
pattern of the constituent aromatic moieties. In this 
connexion, the anomalous behaviour of mesitylene- 
2,4-dithiol in the coupling reaction with sulphur 
chlorides (SCI, and SzCl,) leading to the formation of 
the unsymmetrical polysulphur bridged metacyclo- 
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phanes 5 and 6.’ has been interpreted in terms of a 
different stereochemistry of hexathia[3,3]meta- 
cyclophanes with respect to structurally related 
[3.3 ]metacyclophanes.Y Jo 

Furthermore. it has been found that electron- 
releasing substituents. such as Me or OMe groups. 
confer high thermal stability to polysulphur bridged 
metacyclophanes on heating in high boiling solvents. 
while electron-withdrawing substitucnts. such as Cl 
atoms in 4, strongly promote sulphur extrusion from 
the bridging chains, affording the corresponding 
octathia [2.2.2.2 jmetacyclophane 9. 

RESCLTS 

S~nthesrs. Hexathia ‘3.3 lmetacyclophancs I 4 were 
prepared accordmg to FehCr’s procedure’ ’ by 
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Table 1. Afillytial rnd physical proprtk md ‘H NMR pruneten (bppm) of harathlr [I3 Jnwa- 
cydophlna 1.4 

. . “i Farrule Sulphur, 5 
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rryst Ilcld, x R Emt -Arll I n-ArM Solbent 

*n1\cnt !YYI Ce I cd Fouod 
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51.28 41.40 3.93 6.74 8.40 
. IdlaNanrl (464.6) 

““=& 

4 202-2Oi 41 
4 

Clll$C14S6 
- 

39.88 39.95 - Q r 
MS* (482.3) 

al Yut rrrordcd hct-awn ad l nlubr I rty problrrw. 

reacting the appqniak dithioresorcinol derivatives 
with SCl, in diethyl cthcr at room tempemturc. using 
the high dilution tcdmiquc The analytical and 
physical prom and ‘HNMR parameters of 
compounds 1-4 are shown in Table 1. lbc yields of 
compounds I-3 varied from 12 to 150/, while the yield 
of compound 4 was 41 ‘J&, 

As already observed in related 2,l l- 
dithir [3.3]mctacyclophancs,Lz it appears that 
dectron-withdrawing substituentn greatly increase 
the yield of the macrocyck formed. presumably due to 
charge-tmnsfcr stabilization of the transition state 
leading to ring closure. 

. 

Treatment ofmesitylene-2,4dithiol with SC’& under 
identical conditions- produced the unsym&trical 
isomer 6.8,10,14,16,18-hexamcthyl-1,23.4,11,12- 
hexathia [4.2]metacyclophane 5 as major product, 
accompanied by minor amounts of the higher homolog 
6,410,15.17,19-hcxamcthyl-1~.4.11,12,13-hcptathia 
[4.3 Jmttacydophanc d Compounds 5 and 6 wcm 
formed in ickntkal yield also using S&l, instead of 
SCl,. Other cydic compounds were not dcteaed in 
either reactions 

Coupling of the dipotassium mesitylme-2& 
dithidate with mcthylenc bromide in boiling tcrt- 
butyl alcohol afforded unri-5,7.9.14.1618-hxa~thyl- 

Table 2 Anllytiul and physical properties, and ‘H NMR pnmcten in CDCI, (6 ppn) olintm-mnuhrly 
methyl substituted polysulphur bridged mdreydophrna 5-7 

w.p. “i Furru lo Sulphur. % 

Cumpuund VIeId, % 
k-H kthylanr Emt -CH 

3 
I n-CM 3 SCM 

3 M 
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IMWl Ca I r-d Faund 

% Zll-213 iC 
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c I Ao% 
44.56 44.66 7.1-I - 2.31 .z!.53 l.ill - -1.12 

(dlumrnul 1429.: I 
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Cl#JJS7 46.31 48.25 7.10 2.78,2.63 2.05 - -0.82 

!460.7\ 
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Fi& 1. Mass spcrrum (7OcV) of coqound 3. 

1,3.10.12-tctrathia[33]mctacyclophanc 7. The 
analytical and physical properties of mctacyclophancs 
5 -7, and their ‘HNMR peramctcrs, compared with 
those of 2.4-bis(methylthio) mcsitykne 8. are 
summarized in Table 2 

Muss sp~crra The khaviour of hmathia[33]mcta- 
cydophancs to electron impact is shown by the 
spectrum relative to compound 3, reported in Fig 1. It 
shows the molecular ion at m/e 464 (base peak) and 
two intense peaks at m/r 432 and 404 resulting from 
the molecular ion by loss of one and two S atoms. 
respectively. A strong mctastablc peak at about ml’r 
345 indicates that the fragment at mie 400 is formed 
directly from the molecular ion. An intense peak at 
m/u 64 (S,) is also present in the spectrum. 
Symmctri=l splitting of the molecule leads to the 
fragment at micr 232 which subsequently loses one and 
two S atoms to generate the fragments at rn.+ 200 and 
168. The loss of a MC group from the fragment at m!e 
168 accounts for the formation of the fragment at m/e 
153. 

The spectra of compounds 2 and 4-6, collcctcd in 
Table 3. confirm this trend In compound 1 instad the 
mctastabk peak corresponding to the transition M’ 
4 (M-S,)’ is absent. suwting for this compound a 
random loss of S atoms. 

The isomer hcxathia [4.2]mctacyclophanc 5 and the 
hcptathia [4.3 ]metacydophanc 6 behave similarly to 
compounds 2 4. although the latter displays a lower 
molecular ion. Compound 7 shows a higher stability to 

electron impact with rapcct to polysulphur bridd 
mctacyclophancs l-6. The molecular ion at m/e 392 is 
the base peak (Table 3), and the in&n= peaks at we 
209 and 195 arc due to both unsymmetrical and 
symmetrical dcavagc of the CH, S bonds, and 
subsequent rearrangement by loss of a H atom, 
respectively. The peaks at mjc 162 and 147 are 
generated from the fragment at m/e 195 by loss of SH 
(mctastablc peak at about m/c 134) and a Me group, 
respectively. The fmgmmt at m/c 64 is absent. 

In order to compare the electron-impact induclbd S 
extrusion from the bridging chains of polysulphur 
mctacyclophanes with their thermal stability, 
compounds 10.6 were heated in high boiling solventa, 
such as o-dichlorobenzcnc and nitrobcnzcnt. 
Compounds 2.3.5 and 6 were recovered unaltcrcd 
even after prolongatcd cbollition whtk compound I 
gave a gummy intractable material, which was not 
further cbamcttri#d On the contrary. compound 4 
undcrwcnt immediately a thermal rearrangement in 
almost quantitative yield to a crystalline product 9 
(Scheme 2). identical in all respects with an authentical 
sample of 4.6,12,14,20.22,28,30-octa- 
chloro-1+2.9.10,17.18,25,26-octathia[2222]metacyd- 
ophane? 

Thcst data indicate that ckctron-rckasing substi- 
tuents. such as Me or OMc groups, confer a high 
thermal stability to polysulphur brid@ mcta- 
cydophaocs, while electron-withdrawing substitucnts, 
such as Cl atom. strongly prnmote S extrusion as it 

A 

-s, 
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Tabk 3. Mass spectra (tocV1 of compounds 1 2 md 4 7 

7 
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(5). 1391il, IJUll~~, l\i!Q~, 131~1(1~. 1'9(4jl, lC6fl7l. lU~@l5l. Y9tib. YjlZfil, VJl+l, 93 

l301. 76f23l. 691661, bhl71. 6JclXI. 

! 
432!5), JJl(8i. 43@(.Xl. 429l2i1, 418tlOOI , 396(g), 366!9I. 36StIC). 3Mt37). 349(9). 332 

(51. 33ltlil. 318!RI, 3l;l7\. N!C(lll. 199fRl. 29BfQ). 28515). 26i(51, 266(7!, 2Jj!lll, 

'll4(26l, *113(611. :l'1fL!S1, lK1Il91, lY3lXl. Iftt461, l6lttili. JfhNll~. 167I9). l5l(llJ, 

ISO(Hl. 149'231, l46tljl. 147112). 135(91. J34(171. ll9(91. lJjf9b. IOStl4). 91(9). i7(9J. 

64191. 

1 46218!, 461[61, 4hOf I;lb, 4IIIb!, 430(1Si, 429122). 4281100). 397f51. 396flUJ. 36ht6). 365 

I;), 364f'lS'. .$lQ'bl, 331~131. .\lk!b). \I:(PI, 303I101, 199(:). 29Rf61. 266(S), 216161. 

llj(l21. 214f36I. Ll3liJI. LlL!;jil, lrY(Z3~. l&J(lO), l&(581, J6Jib71. lbj!lCl. ljlCl2). 

liC(9r. 149(X). l4hll4l. lA7fl61. l35~lC~. 134119). 119113). Ilillll. 105(16L. lC4(5), 91 

(II), 771lCI. h4(24@. 

7 395(51. 394("31. 393tiil. .W!~lC31. 2lJ~ll'. "lcl(il. X9124). 209\;J, 198(6l. l97(231. I96 

(Zj!, 1951311. IAZ!;I, l~l:l31, li7~Jj~. l6;(9I. l64(lrJI, 163(36l, 16~144~. Iblfl?!, l49(15) 

14fi(l;1, 147il91, I35~ttl. 1~4~11~. lJ9IT1, lJif9), ICjl6I, 9lfll1. 

could be expected by the prcsmcr in the mass 
spectrum ofcompound 4 of the fragment at mh 64 (SJ 
asthebasepeak. 

‘HNMR spectra. The spectral parametcrrr of 
hexathia [3.3]metacyclophancs l-4 arc listed in 
Table 1. Solubility problems did not allow us to record 
their spaztra in the same solvent. They show in the 
aromatic region two signals, relative to intra-annular 
and external aryl protons T~K assignment of thcsc 
signals to the respective protons has been established 
by a comparison of their abeorptions with those of 
pertinent protons in structurally related ocydic and 
cydic compoundr. previously investigated.‘*5*” 

It is interesting to note that the intra-annular aryl 
protons of compounds 1 3 resonate at very low field 
(68.26 8.40) with respect to the corresponding 
protons in [3.3]mctacydophane (d 6.58-7.0),9 2.1 I- 
dithia [3.3]metacydophane (66.63)” and 1.3.lO.l2- 
tetrathia [3.3]metacyclophane (6 7.2)” These low 
field absorptions, although partly justified by the 
inductive effect of the trisulphide bridge” strongly 
suggest for hcxathia i3.3 jmctacydophanes the s.w 

conformation, shown in Fig 2. in which the ring 
current shielding effect of the opposite aromatic ring is 
inetfeetivc X-ray analysis of compound 3 confirmed 
the syn geometry adopted by these compounk6 
Furthermorr. a temperature variable *H NMR study 
showed no change in their spectral patterns 

Table 2 shows the spectral purameters of intm- 
annularly methyl substituted polysulphur bridd 
mctacyclophancs S- 7. and of 2,4-bis(methylthio-) 
mesitylenc 8. A pattern of three signals for Me groups 
in ampounds 5 and 6 is consistent with the 
unsymmetrical structures proposed. Considering that 
the deshielding effect of the neighbouring S atoms is 
additive,‘3-z4 the low field signals (li2.71 in S and 278 
in 6) can be assigned to the Me groups adjacent the 
tctrasulphide bridge. and the intermediate signals 
(b 253 in 5 and 2.63 in 6) to the Me groups adjacent the 
disulphik or trisulphide brids respeetivdy. In spite 
of the dexhielding diect of the surrounding S atom& 
the intra-annular Me groups rcsonatc at a higher field 
(6 1.78 in S and 208 in 6) than the omesponding Me 
protons in 8 (d 290). Thissu~ests that these protons 
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Fi& 2 Stereochemistry of polysulphur bridged metacydophatr l-6 

experknu the ring current shielding effect of the 
opposite aromatic ring (ab + 1.12 in 5 and +Q82 in 
6), thrrr indicating for compounds 5 and 6 a stepped 
anti conformation, shown in Fig 2. Moreover. a 
variable temperature study of their spectra showed 
no cbangc in the spectral pattern between - 88’ (C!L) 
and + 186’ (odichlorobenzenc). X-ray analysis of 
compound 
mola&* 

5 confirmed the anti bf this 

Accordingly with the above considerations, the hifi 
field signal-(& 1.62) of intra-annular Me groups in 
compound 7 (At5 + 1.28) is again indicative for a 
stepped anti conformation Moreover. this absorption 
is lower than that of corresponding Me groups in 
S.7.9.14.16,1&hcxamcthyl-2.1 ldithia[I3]metacydo- 
phant (S 1.1 I),” due to the elongation of the bond 
kngth caused by replacing C atoms by $ which makes 
less tiective the ring current shielding d%ct of the 
op@tc aromatic -ring. Therefo~ the shielding 
expericnad by intra-annular Me groups in tbesc 
compounds &es not only for conformational 
assignments. but also as a measure of ring size 

DlSCCSSl~ 

It is well known that [33]mctacyclophanc 1O,9 and 
its sulphur analogs 2.1 ldithia[3.3]mctacydophanc 
11” and 1$.10,12-tctrathia[3.3]mctacydophant 
12.” arc conformationally flexible molceulcs, and that 
the energy barrier required for the conformational 

W: X=Y=CHz; Z=H 

llr X=CH1;Y=S,Z=H 

l21 X=S:Y=CHt; 2 q H 

r--i& 3. Stercucknbtry of [3.3]metxydophrne ring syrtcms 
containiq hydroarbon bridges 

charts is quite low comparcd with the lower 
homologs:” nevertheless, with bulky substituents at 
the 9 and 18 positiofia such a barrier is sufliciently 
large that the syn and ~ti conformers can be isolated 
a?, ,s~pcwlQno cvidcnac for interconversion (Fig. 
3). - - 

In approaching the stereochemistry of hexathia- 
[3.3]metacydophanes, it emerges that their conforma- 
tional prekr#locs arc detcrmincd primarily by the 
nature of the trisulphick bride In fact, a literature 
suWz’*‘6 shows that polysulphur chains in 
polythionic compounds accommodate in such a 
conformation, that the dihedral angles of adjacmt S 
atoms range from 74 to 1 lo”. These values result from 
the repulsion of unshared ekctron pairs of adjacent S 
atoms, which reaches a minimum of energy for 
dihedral an&s dose to 90”. 

X-my analysis of compound 3 is in agreement with 
these considerations, since the C-S-S-S dihedral 
angles are found close to 90”. On the other hand, a 
hypothetic anti conformation for hcxathia ;3.3]mcta- 
cydophanes appears to be unlikely, as from the 
inspection of molaxlar models some different anti 
conformations become apparent by varying the 
C-C-S S dihedral anglca but nont presents all 
C-S-S-S dihairal an@s dose to 90”. 

This interpretation is further substantiated by the 
results of the coupling of mesitylene-24dithiol with 
sulphur chlorides, which produced only the 
unsymmetrical mcwdophanes 5 and 6 and neither 
syn- nor anti-hexathia [3.3]mctacydophanc confor- 
mers were de&ted from this reaction. 

These data demonstrate dramatically the stc- 
nochemical diffirrnocs of hcxathia [ 3.3 Imctacyde 
phanes cornpad with compounds 10-12. Furthcr- 
morr besides confirming the unlikclincss of stabk 
mri-hexathia [3.3:mctacydophanc these lindinps 
show that the syrrhexathia[3.3]metacydophane ring 
closure with bulky substituents at the 9 and 18 
positions is preventaL owing to mutual sterical 
repulsions. Therefore one mi@u predict that in these 
M the reactions evolve towards the formation of 
stcrically more favoured ring systems 

Finally, the interruption of the trisulphick bridw 
by rcplatxment of the central S atoms with mcthylcnc 
bridges restores in [3.3 Jmetacyclophane ring systems 
the expected stereochemistry, as shown by the 
formation of unri-S.7.9.14.16,18-hexamethyl-1.3.10.12- 
tetrathia [3.3]metacyclophanc 7. 

Moterids and andyricd pmmdures. All solvents and 
avrilabk organic mrtcrirls mclc ~mmcrcial pdws 
puritlcd by S~WKW! proasdura. Sulphur chlorides wcrc used 
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without puriliatio’~ Dithioraorcinol,z” 4.~imethyldithio- 
rcsorcind.‘” 4.6dimethoxydithloruorcinol,‘B 4,6-dkhlor+ 
dithloruorcinol,zBand mcsityknc-2.4dithiol’ were preparal 
ting to literature proaduru. Ektttcntal rnllyvr wcrc 
obtained commercially. Mur mr8 yyclc t&n at 7OcV by 
dim inacrtlon into the ion so- of I LKB 9ooos 
instrument ‘HNMR span were recorded on a Varian 
EM- or a Varian A-60 D instrument equipped with a 
variable temprature controller. M.p arc unomrazted. 

Typical pmcednn /iv the sydesb d hexatkia- 
13.3 +rw&@ons 1 4 Equimolu amounts of dithiol and 
SCl, (a01 mole) in dkthyl ether (2SOml) were droppd 
seprrtdy but syneronourly from two dropping funnels into 
dkthyl ctbcr (1.51) during 3-S hr, with vigorous stimng 
undcrh”. When the evolution of HCI was judd complete. 
the mixture was filteral and the solvent ranoved under 
reduced prusurc Extraction and recryntalliition from the 
opportune solvent (Table 1) afforded the desired 
hcnrthia [ 3.3 )mct~yclophanc. 

Ilrocth 4/ mc&yfen-24-&&d witk SCl, and S&l,. 
Maityknt-2.4-dithiol (8.28 8 QO4S mole) and SQ, (4.63 8, 
(LO45 molt) in dkthyl ether (UK) ml) were dropped under the 
above conditions into diethyl cthcr (61.) durin8 6 hr. The 
mhture was stirred overni@L that Altered and the solvent 
removed under ruduccd prusurc The oily tesidue was 
dirolved in knacac and chranrtagnplrsd on neutral 
Plwninr.lrringknaencurndumt,toQivcr~turcdSurd 
6 (ratio 5 to6 co 10: I by ‘H NMR analyak) in a 55”; overall 
yidd. Twier rccryrtrll’ntlon of the m’rture from dioxatlc 
rlforded 6 am ydlow nccdlcr. mp 21 I-21 3”. Further crop of6 
was re#mrrd by comzntntlon of liquor mother. The 
resulting filtrate yu conacntntcd h wcyo. uul rhc residue 
twist rcuystrlliaed from dioaane to give yellow @srns of 6, 
mp I79- 181”. Compounds 5 and 6 were formed in identical 
yield also urine S&l’ instead d SCI’. 

~ti-5.7.9.14.1~1&rx~t~y/-l,~l0,1~rt~~~~’u[3.3]~u- 
qulophanr 7. Mcsitykne-2.4dithiol (l-848, 0.01 mole) and 
KOH(l.12~O.O2mok)inEtOH-BuOH1:Imirturc(lOOml) 
and mtthyknc bromide (1.748 0.01 mole) in BuOH (100ml) 
were droppal simultancoualy into boiliq BuOH (1 I.) during 
3 hr. undavlgorousstirring. When theaddition wascompkte. 
the mixture was rcfluxcd for additional 20 hr. then llltaed. The 
filtrate was conecntruted k muo and the residue 
raxystrllizal from henrmc toyicldcolourlcupnsmrof7,m.p 
269-272 . 

Tkrmal rrmwmgrmcnr r~/ 3. Compound 3 ( lo0 mp) was 
heated in t+dichlor&nzenc (1Oml) under rdlur for 5 min 
After coding the ppr was Altered elf and wubcd with CS,. 
RacIyst8lliz8t.ion from odi&lorobrmrac 8lTOrded light 
ydlow microcrystals of 9 (Klmgj mp 336 33r. 

Ac&w’&d8emeurr-Wcrregrateful to thtCentro Nluamk 
delk Ride (Rome) md to the Ministcro ddlr Pubblia 
btrttzionc for mrtial finanaal of this work. 
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