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Abstruct - [ntaamofecubur coupling reaclions of Bis( 3-bromomethyé-
phenyllmethone on bisl 3-mencaptomelhybphenyl methone failed to yiefd
the staained thia[3.1)- and dithial4$.1]metacyclophanes nespectively.
Two prepiowsly unknown medium-sized cyclophanes, namely o dithia-

[3.7. 3. 7lmetacyclophane and a tetrathialé.7.4.7|metacyclophane,

have Been solated and chonoclenized., Vaniafle tempernaitune VIR
studies have nevealed that Qoth these metacyclophanes have a very

héigh degree of confoamational moflfity.

Thiacyelophanes have commonly been used as precursors to novel conjugated arcmatic
systems.1 However, the stereochemiéal and conformational aspects of many of these
thiacyclophanes have also been well-studied and proven tc be of special interest3.2
As far as the [m.n]metacyclophanes {m=n or m#n) are concerned, the lowest members
known are the [2.2]metacyclophane [ 3 and [3.1]metacyclophane 2 “. The former, 1,

5,6 the

is conformationally very rigid and exists in an anti-stepped conformation;
latter, 2, though having the same total number of methylene units in the two bridges

as [, is conformationally mobile with an obssrved AGZ = 70 kJ m01-1 for the eonfor-
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formational inversicn process.4 We believed that the thia[3.1]metacyclophane, 3, due
to the longer C-5~C bond and the lower bending energy of a C-S-C bridge, would also be
synthetlically accessible and provide more conformational flexibility compared to é.
In addition, 2 would be a pobential precurser to the highly strained [2.1]metacyclo-
phane i via, for example, sulfone pyrolysis.7’8
The fact that the sodium sulfide coupling of benzylic bromides has successfully led

to the preparations of several thiacyclophane59-11

had prompted us to investigats a
similar coupling using the dibromide Z as a possible route to the thia[ 3,1]meta-
cyclophane 2 .

13 to the

The preparation12 of the dicarboxyliec acid 2, which had been converted
diol 2 , was reported by Schopff12 in 1894. Conversicn of g to the dibromide Z was
then readily achieved by treatment of g with phosphorus tribromide. The dibromide
7, mp 60-62°C, % was obtained in a 63% yield. The H-NMR spectrum of 7 expectedly
showed the ceniral methylene and the -CEZBr protons at §3.95 and §4.45 respectively.
The structure of [ was further confirmed by a molecular ion at m/z 352 (G7SH1479Br2)
with the 1:2:1 isotope pattern expected for a dibromide,

With the desired precurscor now at hand, it was thought that the thiacyclophane g
could be obtained from the intramolecular coupling of the dibromide Z. Although the
sodium sulfide coupling under high dilution conditions has been used successfully in

9-11

the preparatiocn of thizeyclophanes, the result from our attempt in the coupling of
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the dibromide Z under similar conditions was rather unexpected.

Chromatography of the crude product obtained from the coupling reaction isolated a
pure fraction {one spot en TLC) of colorless crystals, ap 188-190°C, Its 1H-NMR
spectrum indicated the two types of characteristic signals: two singlets at 63,40 and
§3,90 in the ratioc of 2:1 for the Ardﬂz—s and ArGHEAr methylene protons respectively,
These data would only be consistent with a thiacyclophane g undergeing rapid confor-
mational changes. However, the mass spectrum of the sample obtained confirmed that
it was in fact the dimer dithia[3.1.3.1]metacyclophane g with a molecular ion at
m/z 452, Another attempt of the coupling reaction under further dilution still
afforded a similar yield of 2. Chromatographic and mass spectral studies provided
ne further indication of the presence of 2 in the reaction product,

From the 1

H-NMR data mentioned earlier, the dithiacyclophane 2 is undoubtedly
conformationally mobile at reoom temperature., This is not unexpected since a tetra-
methyl derivative, Zé, is known to behave similarl;y‘.15 1t is, however, believed that
the equilibrium involves conformers of 2 with the Hx protons prejecting toward the
benzene cavities as evident by the slightly shielded HX—signal at §6.93 (a value
comparable to those reported for other medium-sized metacyclophanesﬂé) in the 1H—NMR
spectrum of 9 (Figure 1). By analogy to the tetramethyl derivative 72, the confor-
mational behavior of which has been established (Zég o igg ),15 the dithia[3.1.3.1]-
metacyclophane § igs also expected to undergo the fluxional process Ya z 26  with
twa of the HK protons located in the shielding cones of the two benzene rings leading
to a slightly shielded averaged chemical shif't as mentioned. An attempt was also made
to study the conformational equilibrium in g at low temperatures using variable 1H-

NMR spectroscopy. Although peak broadening was clearly observed for the -CH.S- and

2
Ar-Cﬂg-Ar probons (ses Figure 1), complete coalescence of the peaks was not observed
even at -100°C indicating a very high degree of conformational mobllity. These results
have in fact indicated that the steric effect of the oatho-methyl groups in 2 has in

fact significantly increased the confermational barrier in the dithia[3.1.3.1]metacyclo—

phane systems to allow studles of the novel fluxional behavior f2a I [24 reported

*

_ -1
Gloz = 39 K mol™')

earlier15 (ccalescence temperature = -70%: &

The failure to induce intramolecular coupling of 7, coupled with the isolation of
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FIGURE 1. Variable temperature 1H-NMR spectra [CDCZLB/GDECI2 {1:1); 90 MHz)]
of the dithia[3.1.3.‘1]metacyclopha.ne 9.

2 resulted from the intermolecular cocupling of Z, would suggest that the formation of
the thia [ 3.1]metacyclophane J was discouraged due to possibly the angle/steric strains
which would be induced in the system. Although [3.1]metacyclophane £ had been synthe-
sised, the reaction and conditions employed were of entirely different nature. It was
thought that addition of another sulfur atom in the bridge such as in the dithis[4.7]-
metacyclophane 70 would make the intramolecular ccupling more favorable. A nethod'
is alse known for the possible conversion of dithiacyclophane (such as lf__)) to a thia-
cyclophane (such as 3) via desulfurization using tris(diethylamino)phosphine, (EtZN)BP'
An sttempt was thus made to investigate the oxidative coupling of the dithiol é a8 a
potential route to the dithiacyclophane LQ .

Treatment of the dibromide Z with two equivalentes of thiourea in refluxing tetrahydro-
furan gave a quantitative yield of the intermediate bis(thiouronium) salt which after
hydrelysis in asqueous potassium hydroxide solution afforded the dithiol § as a color-
less liquid. Besides an observed molecular ion at n/z 260 in its mass spectrum, the
structure of 5 was evident from its 1H--NMH spectrum. The doublet {typical coupling

constant J = 8,0 Hz) for the -GIiES- protons at 63.80 and the triplet (J = 8.0 Hz) fer
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the -8H protons at §1.80 were characteristic of a benzylic thiol.

in intramolecular oxidative coupling of dithiols to medium-sized cyciic disulfides

by titrimetry was recently reported18 by Musksr. A similar coupling of ﬁ was thus
attenpted as a possible route to ZQ. Separate sclutions of the dithiel § and iodine
were added simultanecusly using a sgyringe pump at a very low rate. The original pro-
cedure called for a rate of addition governed by the disappearance of the iodine cclor.
However, the iodine color was not discharged completely after the addition in our
attenpt and thus the mixture was allowed to stir for 15 h before work-up. The cruds
product oblained from the reaction was chromatographed on silica gel with dichloro-
methane/hexane (1:1) as eluent to afford a white solid {one spot on TLC). Its 1H--NMR
spectrum, however, showed the presence of a small amount of undesired impurities.
Recrystallization from cyclohexane gave a sample of colorless crystals, np 204-206C,
Its 4'H-I‘]MR spectrum indicated the expected singlets at 63,90 and 63,20 for the

ArCH Ar and -cgzs- protons respectively conslstent with a conformationally mobile

2
dithiacyclophane ZQ. However, the mass spectrum of the sample gave a strong molecular
ion at m/z 516 indicating the structure of -the dimeric tetrathia[4.1.A.1]metacyclophane
;z. We believe that similar reason, namely possible gtrain induction in the system§,
had discouraged the intramolecular coupling of 5. The oxidative coupling in our
attempt might also be too slow, under the conditions employed, to afford the monomer

10 (thus formation of the dimer {1 was favored) as evident by the siow discharge of
the icdine color during the reaction,

Results from studies using variable Lemperature 1H‘NMR sepctroscopy indicated no
significant peak broadening of the -cgzs- and ArCﬂzAr proton signals even at -s0%.
This isnot unexpected since addition of sulfur atom{s) to bridging chain(s) (compare

? and 77) is known to increase the conformational mobility of a cyclophane signifi-

§Although [A.T]metacyclophane is known.8 it was synthesized from a larger dithia[6.1]-
metacyclophane via ring contraction. The conformational energy barrier in [4.1]meta-
cyclophane was also found to be unexpectedly high compared to that of [3.1]metacyclo-

phane g.
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cantly.2 The TH-NMR spectrum of ?7 at room temperature, however, still showed a

slightly shielded singlet for the Hx protons at $6,88, a value comparable to that of

the dithia[3.1.3.1]metacyclophane §. A possibility is that the tetrathial 4.1.4.1]-
metacyclophane Zg, although having a much lower conformational energy barrier, exhibits
& similar fluxional behavior as its dithia-analog 9 ( fa T 98,

The conversion of [7 te ¢ was next investigated. Desulfurization was readily

achieved with tris(dieth;,rlamino)phosphine19 to afford a 56% yield of the dithia-

[3.1.3.1]netacyclophane £, This result suggests that the synthetic route via thia-

cyclophanes — -CHESSCHQ- . 'GHZSCH.E- - -CHZCHE- — 1is still a potentially very

useful sequence for the preparation of strained cyclophanes (2.4, ﬁ from ZQ as the

latter becomes available) via ring contraction as shown,

EXPERIMENTAL

Melting points were determined on a Sybron/Thermolyne MP12615 melting point apparatus

TH-NMR spectra were determined in CDCL, on a Perkin Elmer R32

3
(90 MHz) spectromster. The low-temperature 1H—NMR studies were carried out using CDGlB/

and are uncorrected, The

Gchl2 (1:1) as solvent. 411 chemical shifts are reporied in ppm downfield from ietra-

methylsilane as internal standard. The IR spectra were recorded on a Perkin Elmer 1310
spectrophotometer [strong (s) and medium (m) bands are given]. Mass spectra were deter-
mined on a VG Micromass 7035 mass spectrometer at 70 eV using slectron impact., Miecro-
analyses were performed by the Microanalytical Laboratory of the Department of Chemistry,

National University of Singapore.

Bis( 3-bromomethylpheny b lmethane Z.

A solution of phosphorus tribromide (3.6 mL; 39 mmol} in dry benzene (20 mL) was added
slowly to a vigorously stirred sclution of the alcoheol gi3(6.63 g; 29 mmol) in bengene
{80 mL) at room temperature under nitrogen. After 2 h, the wmixture was washed succes-
sively with water, agqueous NaHCO3 and saturated NaCl solutions. The crude product was
chromatographed on silica gel with cyclohexane as the eluent to yield colorless crystals
of the dibromide 7% (6,53 g 63%), mp 60-62%., 'H-NMR 67.60-6,95 (m, BH, ArH), 4.5
(s, 4, -CEBr), 3.95 (s, 2H, ArCH Ar); IR (XBr) 1490(m), 1440(n), 1250(m), 1210(s),
790(m}, 700(s), 680(s) em”'; WS at m/z (relative intensity) 352 (M+‘, 19, correct

igotope pattern), 273 (100), 178 (35), 97 (48). HRMS caled for C15H14793r2, 351,9462;
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found, 351.9461.

Sodiun sulfide coupling of Lisf 3-Lromomethylphenyl )methane g + lsolation of 2,78~
dithial3.7, 3.7 \metacyclophane 9.

1

The dibromide 7 (704 mg; 2 mmol) was dissolved in degassed benzene (30 mL), Sodium
sulfide nonahydrate (506 mg; 2 mmol) was dissclved in distilled water (10 ml) and was
then diluted to 30 mlL with degassed absolute alcohcl, The dibromide and sodium sulfide
solutions were then added simultaneously from syringes using a syringe pump at a rate
of 0.15 nL min '. The resultant mixture was then allowed to stir for an additional
15 h after the addition. The bulk of the solvent was then evaporated and water and
dichloromethane were added. The crude product mixture obtained after usual work-up
was chromatographed on silica gel using dichloromethane/hexane (3:7) as eluent. The
dithiacyclophane 2 was lsolated as colorless crystals {0.25 g; 55%), mp 188—19000.
"H-WR 67.40-7.05 (m, 128, AtH), 6.93 (s, 4H, ATH ), 3.90 (s, H, ATCHAAT), 3.45 (s,
8H, -ngs-}; IR (KBr) 2920{m), 1610(s}, 1590(s), 1490(s), 1450{s}, 1250(m), 1230(s),
1170(m}, 1160(m), 1095(m}, 108C(m), 900{m), 880(m}, 820(m), 800{s), 76C(s), 740(s),
715(s) em *; M8 at m/z (relative intensity) 452 (M+', 83), 387 (83), 226 (100).

Anal, Caled. for GBOH2SS2: G, 79.60; H, 6.23. Found: C, 79,41: H, 6,50,

Bisl 3-mencaptomethybphenyl Imethone §.

A mixture of the dibromide 7 (2,07 g; 6 mmel), thiourez (0.90 g; 12 mmol) and tetra-
hydrofuran (100 mlL) was heated at reflux for 3 h. After cooling to room temperature,
the bulk of the solvent was removed under reduced presgure, The dithiouronium salt
was then stirred at reflux with KOH (9.83 g; 175 mmol) in water (50 mL) for 4 h. The
reaction mixture was cooled and conc. HESOA/Hzo {1:1; 30 mL) was added to it slowly.
The preoduct was then extracted with ether. The organic layer was washed with water,
dried and evaporated to give an o0il, Filtration through silica gel pave the thiol §
(1.19 g; 78%) as a colorless liquid. H-NMR §7.50-6.80 {m, SH, ArH), 3.95 (s, 7H,
ArC,Ar}, 3.80 (d, 4, J = 8.0 Hz, -CHSH), .80 (t, 2, J = 8.C Hz , -8H); IR (neat)
1600(m), 1480{m}, 1430(m}, 1300{m), 700(s) em *; M5 at m/z (relative intensity)

260 (M, 15), 227 (70), 226(50), 193 (100), 178 (70), 165 {50), 135 (30). HRMS caled
for 075H1652' 260,0693; found, 260.0092.

Oxidative coupling of Lisl I-mercaplomelhybphenylimethane é : isolation of 2,3,79,20-
tetrathial 4.1.4.1 metacyclophane 17,
Triethylamine {0.54 g; 5.30 mmol) dissolved in chloroform {150 mlL) was placed in a

500-nL round-bottom flask and stirred at room temperature under nitrogen., Solutions
of the dithiol § (0,67 g5 2.60 mmol) in chloroform (100 mL) and iodine {0.66 g; 2.60
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mmol) in chloroform (100 ml) were added simultaneously to the stirred solution of

Et3N at a rate of 0.3 oL min~ ! using a syringe pump. The reaction mixture was stirred
for an additional 15 h after the addition and washed successively with saturated aquecus
solution of sodium thiosulfate until the coler of the solution appeared only pale
yellewish. It was then further washed with 0.1N HCLl and water. The organic layer was
dried with anhydrous sodium sulfate and evaporated to give a yellow solid. BRecrystal-
lization from cyclohexane gave colorless crystals of the tetrathiacyclophane 7 (0.40
g; 60%), mp 204-206°C. H-NMR 67.20-6.90 (m, 124, ATH), 6.88 (s, M, Arﬂx), 3.90 (s,
m,Aﬂ@er 3,20 (s, 81, 4§§—h IR (KBr) 1605(s}, 1590(s), 1090(s}, 900{m), 890
{(m), 810(s), 800(s), 760({s), 7i0(s), 640(m) em }; M3 at m/z (relative intensity)

516 (M'*, 60), 451 (100), 418 (20), 385 (24), 266 (28), 179 (85), 178 {85), 105 (55},
104 {(43). HRMS caled for CBOHZSSA' 516.1074; found, 516.1074.

Desubfunization of 2,3,719,20-tetaathial$, 1.4, 1 metacyclophane 11,

A solution of the cyclophane I7 (103 mg; 0.2 mmol) and tris(diethylamino)phosphine *?
{99 mg; 0.4 mmol) in benzene (50 mL} was heated at reflux for L h., The solution was
washed with water, dried and evaporated under reduced pressure. The residue was
chromatographed on silica gel using diehloromethane/hexane (3:7) as eluent to yield
colorless crystals of dithiacyclophane Z (51 mg; 56%), identical (mp, H-NMR, IR, MS)

to the previocusly cbtained sample.
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