Tetrahedron Vol 36. pp 3095 to 3100
¢ Pergamon Press Ltd  19%0

Printed 1n Great Britain

SYNTHESES AND PROPERTIES OF SOME
POLYSULPHUR BRIDGED METACYCLOPHANES

F. BOTTINO and S. PAPPALARDO*

Istituto Dipartimentale di Chimica e Chimica Industriale dell’ Universita di Catania, Viale A. Doria 8,95125
Catama, ltaly

(Received in UK 30 January 1980)

Abstract - 5.7.14.16-Tetrasubstituted hexathia [3.3 'metacyclophancs 1- 4 (R=H. Me, OMe, Cl) have been
synthesized by coupling the appropriate dithioresorcinol derivatives with SCl, under high dilution
conditions. Surprisingly, the reaction of mesitylene-2,4-dithiol with both SCl, and S,Cl, gave the 1somer
hexathia (4.2 Jmetacyclophane § and the higher homolog heptathia [4.3 Imetacyclophane 6. The reaction of
the latter dithiol with CH,Br, afforded the expected 1.3,10,12-tetrathia (3.3 Jmetacyclophane 7. '"H NMR
and mass spectra of compounds 1-7 are discussed. 'H NMR spectral properties suggest for these compounds
cither syn or anti conformations, depending on the nature of the bridges and the substitution pattern of the
constituent aromatic rings.

Electron-releasing substituents confer high thermal stability to polysulphur bridged metacyclophanes.
while electron-withdrawing substituents, such as Cl atoms in 4, strongly promote sulphur extrusion from the
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bridging chains. affording the corresponding octathia 2.2 2.2 metacyclophane 9

Interest in the synthesis of polysulphur bridged
metacyclophanes' ® has promoted an insight into the
stereochemistry of such 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 1.2.3,10,11,12-hexathia[3.3 Jmetacy-
clophanes 1 4, and of 5,79,14,16,18-hexamethyl-
1,3,10,12-tetrathia [3.3 metacyclophane 7. and show
the conformational preferences they can arise, due
either to the nature of the bridges or to the substitution
pattern of the constituent aromatic moteties. In this
connexion, the anomalous behaviour of mesitylene-
2,4-dithiol in the coupling reaction with sulphur
chlorides (SCl, and S,Cl,) leading to the formation of

phanes § and 6.° has been interpreted in terms of a
different stereochemistry of hexathia[3.3 Jmeta-
cyclophanes with respect to structurally related
(3.3 Imetacyclophanes.® ¢

Furthermore, it has becn 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 substituents. such as Cl
atoms in 4, strongly promote sulphur extrusion from
the bridging chains, affording the corresponding
octathia[2.2.2.2 jmetacyclophane 9.

RESULTS
Syntheses, Hexathia 3.3 Imetacyclophanes 1 4 were

the unsymmetrical polysulphur bridged metacyclo- prepared according to Fehér's procedure’! by
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Table 1. Analytical and physical properties, and 'HNMR parameters (6 ppm) of hexathia[3.3]meta-
cyclophanes 1 - 4
M.p. "v Formula Sulphur, %
Compound [ cryst ] Yield, % Eat=ArH In-ArM Solvent
nolvont (M) Caled Found
1 115-116 15 < a"gS6
§5.83 55.72 - 7.16 8.37 cs,
lltZOI 334.4) 2
2 154-136 12 ¢, K. S
= 1671676 48,01 47.05 2.49  7.15 8.26 nei
{benzene) (400.86) 3
k] 208-210 13 ¢ ,H .08
~ 167167476 41 28 41.30 3.9  6.74 8.40 DM30
(diovane) (464.6) -
3 202-203 41 T M0
~ 1347476 4980 39.05 - a . -
1es,? (482.3)

o) Not recorded hecause of aolubility problems.

reacting the appropriate dithioresorcinol derivatives
with SCl, in diethyl cther at room temperature, using
the high dilution technique. The analytical and
physical propertics, and '"H NMR parameters of
compounds 1-4 are shown in Table 1. The yields of
compounds 1 -3 varied from 12 to 15%;, while the yield
of compound 4 was 419,

As already observed in related 211-
dithia[3.3 Jmetacyclophanes,’? it appears that
clectron-withdrawing substituents greatly increase
the yield of the macrocyclc formed. presumably due to
charge-transfer stabilization of the transition state
leading 10 ring closurc.

Treatment of mesitylene-2,4-dithiol with SCl, under
identical conditions produced the unsymmetrical
isomer 6.8,10,14,16,18-hexamethyl-1,2.34,11,12-
hexathia [4.2 metacyclophane § as major product,
accompanied by minor amounts of the higher homolog
6,8,10,15.17,19-hexamethyl-1,2,3,4.11,12,13-heptathia
[4.3 Jmetacyclophane 6. Compounds § and 6 were
formed in identical yield also using S,Cl, instead of
SCl,. Other cyclic compounds were not detected in
cither reactions.

Coupling of the dipotassium mesitylene-24-
dithiolate with methylene bromide in boiling tert-
butyl alcohol afforded anti-5,7.9.14,16,18-hexamethyl-

Table2Z Analytical and physical properties, and 'H NMR parameters in CDCl, (6 ppm) of intra-annularly

methy! substituted polysulphur bridged metacyclophanes 5-7

M.p. v Foraula Sulphur, % b
Compound £ cryst _l Yield, % Ar=H Methylene Elt-CHJ In--.ll3 S\.HJ 44
nalvenr. 1MW) Caled Found
5 -3 et T NS,
= 14.56 33.66 7.1 - 2.71.2.53 1.78 - <1.12
{divnane} 1428.7)
» 179-151 LI
= -~ 48.71 48,25  7.10 - 2.78,2.63 2,08 - -0.82
{dionanel 1460,7)
h 169-272 18 ('_QH,"SJ
~ =T 32.66 132.74 7.Ch 4.13 2.51 1.62 - *1.28
Ibrazene ) (392.0)
S - - - - - 7.04 - 2.54 .90 2.2 -
o) Ry 1l'l NMR analynis of the minture; b)Y 48 indicaten the shiclding caperienced by intre-ennuler methyl groups,

vamputrd by differcnce of rheor ahrarption with that of corcesponding sethyl group in 2, 4-bin(methylthiv'tmens -

tylene '_t.
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Fig. 1. Mass spectrum (70eV) of compound 3.

1,3.10.12-tetrathia[3.3 Jmetacyclophane 7. The
analytical and physical properties of metacyclophanes
5 -7, and their 'H NMR parameters, compared with
those of 24-bis(methylthio) mesitylene 8. are
summarized in Table 2.

Mass spectra, The behaviour of hexathia[3.3 Jmeta-
cyclophanes 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/e 432 and 400, resulting from
the molecular ion by loss of one and two S atoms,
respectively. A strong metastable peak at about m/e
345 indicates that the fragment at m/e 400 is formed
directly from the molecular ion. An intense peak at
mfe 64 (S,) is also present in thc spectrum.
Symmetrical splitting of the molecule leads to the
fragment at m/e 232, which subsequently loses one and
two S atoms to generate the fragments at m‘e 200 and
168. The loss of a Me group from the fragment at m‘e
168 accounts for the formation of the fragment at m/je
153.

The spectra of compounds 2 and 4-6, collected in
Table 3. confirm this trend. In compound 1 instead the
metastable peak corresponding to the transition M~
~ (M-S,)* is absent, suggesting for this compound a
random loss of S atoms.

The isomer hexathia [4.2 Jmctacyclophane 5 and the
heptathia[4.3 imetacyclophane 6 behave similarly to
compounds 2 4, although the latter displays a lower
molecularion. Compound 7 shows a higher stability to

clectron impact with respect to polysulphur bridged
metacyclophanes 1-6. The molecular ion at m/e 392 is
the base peak (Tablc 3), and the intensc peaks at m/e
209 and 195 are due to both unsymmetrical and
symmetrical cleavage of the CH, S bonds, and
subsequent rearrangement by loss of a H atom,
respectively. The peaks at mie 162 and 147 are
generated from the fragment at m/e 195 by loss of SH
(metastablc peak at about m/e 134) and a Me group,
respectively. The fragment at m/e 64 is absent.

In order to compare the electron-impact induced S
extrusion from the bridging chains of polysulphur
metacyclophanes with their thermal stability,
compounds 1-6 were heated in high boiling solvents,
such as o-dichlorobenzene and nitrobenzene.
Compounds 2, 3, S and 6 were recovered unaltered
even after prolongated ebollition. while compound |
gavc a gummy intractable material, which was not
further characterized. On the contrary, compound 4
underwent immediately a thcrmal rearrangement in
almost quantitative yield to a crystalline product 9
(Scheme 2), identical in all respects with an authentical
sample of 4,6,12,14,20.22,28,30-0cta-
chloro-1,2,9,10,17.18,25,26-octathia[2.2,2.2 Jmetacycl-
ophane.'-®

These data indicate that electron-releasing substi-
tuents, such as Me or OMc groups, confer a high
thermal stability to polysulphur bridged meta-
cyclophanes, while electron-withdrawing substituents,
such as Cl atom, strongly promote S extrusion, as it
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Table 3. Mass spectra (70cV) of compounds 1 2and 4 7

Compound

m'e {rel. intennity)

na

336025), 3450191, 34401000, 314060, 313040, 20270, 280090, 250141, 2407), 245(400, ¥k,
7011), 210013, 18308), 1720110, 17108, 14207, 1300160, 13903), 108(23), 962k, Q5(R,
70050, 69101, 641230,

404150, 403(7), J02(31), 01124}, JOCL100), J700101, ¥69(9), IABII8), JIR(7H, 7191, 136

(421, 3JC4(t2y, 272824, 2710180,
169(33), 16R(631, 167196,
(62), 7702, AQ(21),

13705,

(T 3

240070, 2391100, 20205), 2010109, 20043610,

1360209,

1991406), 170(23),

135064, 1340327, 124713, 120122, 1210180, 91

ARGI16Y, 485(8), 4540330, 4828, JR109), 4BC(52), 434(7), 432120, 3511%), 350035, 448

(23), 422(5), 4200181, 418(32), 160210, I5309), 353(7), 3521310, 3510140, 3301083, 491,

3480630, 24150, 220,
230071,
176037V, 1750380, 1730000, 17387y,
(5), 13915, 13801, 1379,
(301, 760231, 69661, 66I7),

131190,
641100,

tan

120010, 319461, 318(23Y, U770, 3160281, 2420100, 24108, 20015
2127V, 2122, 209(Gy, 2080261, 207(28r, 2006031, 20351035,
166(7), 164(11)Y,
1294471,

18¢t 3y,
163(8, 161015,
1061171,

178120, 1776,
437, 140, 3¢
1030150, 99(71, 970261, 931%, 93

432015), 431(BY, 4300300, 4290250, 42811000, 196(8), I66(9), I65(1C), 364(37), 349(9), 332

(51, 331017y, NBAY, 747, 3co(11), 299(R), 298(9), 285(5), 267(5), 266(7), 215011),
2140260, 213(61), 2020280, 1K30191, 18302, 1R2e460, 181¢61, 18O(11), 167(9), 151(11),

150(H),
6419).

149723), 1380120, 147412,

135(91,

134017, 119(9), 115(9), 105(14), 91(9), 77(9),

6 26208, 461(6), 4800220, S1(6Y, 300267, 420122), 428(100), 197(5), 396(18), 366(6), 365

I7Y, 363028Y, 339061, INNN131, NS6Y, UT(R), 302010), 200(7), 20R(61, 266(5), 216(6),
2150120, 060, 2130740, 120350, 1A, 1830190, 182(38), 1511020, 167018, 151012),

150(9Y, 149(27), 14514,
(1Y), 77010), 64(24:,

1470161,

(230, 195131, 18247), 181013,

135010,

133019), 119019), 115011), 1050160, 1C4(5), 91

7 A95(8Y, 3940200, 39312351, Q02(10Q), 21411Y, 210030, 209024, 20817), 198(61, 197(23), 196
1770150, 165(9), 164018, 163(361, 162144),

161012), 149(165)

148017), 147019, 135701, 130113, 11907, 11560), 105160, 910110,

could be expected by the presence in the mass
spectrum of compound 4 of the fragment at m/e 64 (S,)
as the base peak.

'HNMR spectra. The spectral parameters of
hexathia [3.3 Jmetacyclophancs 1-4 arc listed in
Table 1. Solubility problems did not allow us to record
their spectra in the same solvent. They show in the
aromatic region two signals, relative to intra-annular
and external aryl protons. The assignment of thesc
signals to the respective protons has been established
by a comparison of their absorptions with those of
pertinent protons in structurally related acyclic and
cyclic compounds, previously investigated.*-**

It is intcresting to note that the intra-annular aryl
protons of compounds 1 3 resonate at very low ficld
(68.26- 8.40) with respect to the corresponding
protons in [3.3Jmetacyclophane (66.58-7.0),° 2,11-
dithia {3.3 Jmetacyclophane (56.63)'* and 1,3.10,12-
tetrathia[3.3Jmetacyclophane (57.2).2° These low
field absorptions, although partly justified by the
inductive effect of the trisulphide bridges.?® strongly
suggest for hexathia{3.3jmetacyclophanes the syn

conformation, shown in Fig. 2, in which the ring
current shielding effect of the opposite aromatic ring is
ineffective. X-ray analysis of compound 3 confirmed
the syn geometry adopted by these compounds.®
Furthermore, a temperature variable 'HNMR study
showed no change in their spectral patterns.

Table 2 shows the spectral parameters of intra-
annularly methyl substituted polysulphur bridged
metacyclophunes 5-7. and of 24-bis(methylthio-)
mesitylene 8. A pattern of threc signals for Me groups
in compounds 5 and 6 is consistent with the
unsymmetrical structures proposed. Considering that
the deshielding effect of the neighbouring S atoms is
additive,23-2* the low field signals (62.71 in $ and 2.78
in 6) can be assigned to the Mc groups adjacent the
tetrasulphide bridge, and the intermediate signals
(62.53in Sand 2.63in 6) to the Me groups adjacent the
disulphide or trisulphide bridge. respectively. In spite
of the deshielding cffect of the surrounding S atoms,
the intra-annular Mc¢ groups resonatc at a higher ficld
(61.78 in 5 and 2.08 in 6) than the corresponding Me
protons in 8 (42.90). Thissuggests that these protons
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Fig 2. Stercochemistry of polysulphur bridged metacyclophancs 1-6.

experience the ring current shiclding effect of the
opposite aromatic ring (Ad + 1.12in S and +0.82 in
6). thus indicating for compounds 5 and 6 a stepped
anti conformation, shown in Fig 2. Morcover, a
variable temperature study of their spectra showed
no change in the spectral pattern between — 88° (CS,)
and +186° (o-dichlorobenzene). X-ray analysis of
compound 5 confirmed the anti geometry of this
molecule.®

Accordingly with the above considerations, the high
field signal (61.62) of intra-annular Me groups in
compound 7 (Aé + 1.28) is again indicative for a
stepped anti conformation. Moreover, this absorption
is lower than that of corresponding Me groups in
5,79,14,16.18-hexamethyl-2,11-dithia[3.3 Jmetacyclo-
phane (§1.11),'” due to the elongation of the bond
length caused by replacing C atoms by S, which makes
less effective the ring current shielding cffect of the
opposite aromatic ring Therefore, the shielding
experienced by intra-annular Me groups in these
compounds serves not only for conformational
assignments, but also as a measure of ring size.

DISCUSSION

It is well known that [3.3 Jmetacyclophane 10,° and
its sulphur analogs 2.11-dithia[3.3 Jmetacyclophane
11'* and 1,3.10,12-tetrathia (3.3 Jmetacyclophanc
12,2° are conformationally flexible molecules, and that
the energy barrier required for the conformational

&
% =
3> <
10t X=Y=CH,; Z=H

111 X=CH;:¥Y=S.2=H
121 X=S:Y=CHy; Z=H

Fig 3. Sterecochemistry of [3.3 Jmetacyclophane ring systems
containing hydrocarbon bridges.

change is quite low compared with thc lower
homologs:'? nevertheless, with bulky substituents at
the 9 and 18 positions, such a barrier is sufficiently
large that the syn and anti conformers can be isolated
and show no evidence for interconversion (Fig.
3).“.!1.14-!9

In approaching the stereochemistry of hexathia-
[3.3 )Jmetacyclophanes, it emerges that their conforma-
tional preferences are determincd primarily by the
nature of the trisulphide bridges. In fact, a literature
survey?**¢ shows that polysulphur chains in
polythionic compounds accommodatc in such a
conformation, that the dihedral angles of adjacent S
atoms range from 74 to 110°. These values result from
the repulsion of unshared elcctron pairs of adjacent S
atoms, which reaches a minimum of energy for
dihedral angles close to 90°.

X-ray 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 hexathia, 3.3 jmeta-
cyclophanes appears to be unlikely, as from the
inspection of molecular models some different anti
conformations become apparent by varying the
C-C-S S dihedral angles, but none presents all
C-S-§- S dihedral angles close to 90°.

This interpretation is further substantiated by the
results of the coupling of mesitylene-2.4-dithiol with
sulphur chlorides, which produced only the
unsymmetrical metacyclophanes 5 and 6, and neither
syn- nor anti-hexathia[3.3)metacyclophane confor-
mers were detected from this reaction,

These data demonstrate dramatically the ste-
reochemical differences of hcxathia[3.3 'metacyclo-
phanes compared with compounds 10 -12. Further-
more. besides confirming the unlikeliness of stable
anti-hexathia [3.3 metacyclophancs, these findings
show that the syn-hexathia[3.3 Jmetacyclophane ring
closure with bulky substituents at the 9 and 18
positions is prevented. owing to mutual sterical
repulsions. Thercfore one might predict that in these
cases the reactions evolve towards the formation of
sterically more favoured ring systems.

Finally, the interruption of the trisulphide bridges
by replacement of the central S atoms with methylene
bridges restores in [3.3 Jmetacyclophane ring systems
the expected stereochemistry, as shown by the
formation of anti-5,7.9,14,16,18-hexamethyl-1.3,10.12-
tetrathia[3.3 Jmetacyclophanc 7,

EXPERIMENTAL

Materials and analytical procedures. All solvents and
available organic maicrials were commercial products
purified by standard procedures. Sulphur chlorides were used
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without purification. Dithioresorcinol,?® 4,6-dimethyldithio-
resorcinol,** 4,6-dimethoxy-dithioresorcinol,2® 4,6-dichloro-
dithioresorcinol,2® and mesitylene-2,4-dithiol* were prepared
according to literature procedures. Elemental analyses were
obtained commercially. Mass spectra were taken at 70cV by
direct insertion into the ion source of a LKB 9000S
instrument. 'HNMR spectra were recorded on a Varian
EM 360 or a Varian A-60 D instrument equipped with a
variable temperature controller. M.p. are uncorrected.

Typical procedure for the synthesis of hexathia-
“3.3metacyclophanes1 4. Equimolar amounts of dithiol and
SC1, (0.01 mole) in dicthyl ether (250ml) were dropped
separately but syncronously from two dropping funnels into
diethyl cther (1.51) during 3-5hr, with vigorous stirnng
under N;. When the evolution of HC| was judged complete,
the mixture was filtered and the solvent removed under
reduced pressure. Extraction and recrystallization from the
opportune solvent (Table 1) afforded the desired
hexathia[3.3 Imctacyclophane.

Reaction of mesitylene-24-dithiol with SCl, and S,Cl,.
Mesitylene-2.4-dithiol (8.28 g. 0.045 mole) and SCl, (4.63 g,
0.045 mole) in diethyl ether (500 ml) were dropped under the
above conditions into diethyl ether (61.) during 6hr. The
mixture was stirred overnight, then filtered and the solvent
removed under reduced pressure. The oily residue was
dissolved in benzene and chromatographed on neutral
alumina, using benzene as an eluent, to give a mixture of S and
6 (ratio 510 6 ca 10:1 by 'H NMR analysis) in 2 55°,, overall
yicld. Twice recrystallization of the mixture from dioxane
afforded 6, as yellow needles, m.p. 211-213°. Further crop of 6
was recovered by concentration of liquor mother. The
resulting filtrate was concentrated in vacuo, and the residue
twice recrystallized from dioxane to give yellow prisms of 6,
m.p. 179-181°. Compounds 5 and 6 were formed in identical
yield also using S,Cl, instead of SCl,.

anti-5,19,14,16,18-examethyi-1,3,10,1 24etratiia[ 3.3 | meta-
cyclophane 7. Mesitylene-24-dithiol (1.84g, 0.01 mole) and
KOH(1.125.0.02mole)in EtOH-BuOH 1:1 mixture (100 ml)
and methylene bromide (1.74g, 0.01 mole) in BuOH (100 ml)
were dropped simultaneously into boiling BuOH (1 1.) during
J hr. under vigorous stirring. When the addition wascomplete.
the mixture was refluxed for additional 20 hr, then filtered. The
filtrate was concentruted in rvacwo and the residue
recrystallized from benzene to yield colourless prisms of 7, m.p.
269-272 .

Thermal rearrangement of 3. Compound 3 (100 mg) was
heated in o-dichlorobenzene (10 ml) under reflux for Smin
After cooling, the ppt was filtered off and washed with CS,.
Recrysullization from o-dichlorobenzene afforded light
yellow microcrystals of 9 (80mg). m.p. 336 338°.
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