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Abstract - The isomeriec 5,16~ and 7,16-difluore-2,11;20-crithial3.3.3]-
(1,3,5)cyclophanes were obtained 1in good yields from a single coupling
reaction. Their Structureswere readily characterized by 1H nmr studies.
Comparison of the 19F nme data helps to suggesc a possible ring staggered

conformation for the reported 9,IB-difluoru-Z,11-dithia[3.3]metacyclophane.

The unique properties of [2.2]paracyclophane L reported by Crarn1 have undoubtedly led to the
studies of a series of cyclophanes with the two benzene rings held face-to-face rigidly by
multiple bridges.2 The ultimate climax was represented by the synthesis of superphane 3.3
Crystallographic data have shown that the aromatic rings of superphame 2 are planar.a However,
the benzene rings in [2.2]paracyclophane 1 are not flat with the C-1 and C-&4 ring atoms tiited
out of the C=2, -3, C-5, C=6 plane.5 On the other hand, [2.2.2](1,3,5)cyc10phaneghas the
benzencld rings distorted Iinto boat 5hapes.6 The synthetic precursor of 3 h;as the rtrithiacycle-
phane i,T which was shown to have parallel benzenoid ringss presumably due to the longer bridges.
We are however interested in studying the effect of pelar ring substitution on the geometry of
some of these cyclophanes and wish to repert the synthesis and structural studies of the difluo-

rotrithiacyclophanes 5 and § using nmr spectroscopy.

I qu
$ | 2~ CHa

X
|
e LU= <;§YY P

XY

|eo

| L

(LS

—2043—




The coupling of 2,4,6-tris{(bromomethyl)-1-fluorobenzene and 1-fluoro~2,4,6-tris{mercapto=-
methyl)benzene readily afforded the isomeric trithiacyclophanes 5 (25%) and 6 (36%). Separationm -
of the two isomers proved to be difficult. Repeated chromatography yvielded only a pure sample of
2. Both iscmers could however be characterized by their respective nmr spectral dataz. The cyclo-
phane 3 was expected to be the minor isomer considering only the unfavorable dipole-dipole
interaction between the parallel polarized carbon-fluorine bonds. However, if couplings of two
aryl rings have the same probabilities, 6 should be formed twice of 5, since twe types of
approach are possible for 6, while only one for 3. Our resules (Ezé = 5:7) thus show that the
ease of formation of the triply bridged trithiacyclophanes 5 and § was not governed solely by the

resulting dipole-dipole interaction in the former.

The 11-1 umr spectrum of 5 is simple (Figure 1la).  The aromatic protons were observed as a broad
deublet at §7.11 (J = 6.4 Hz) arising from the meta F-H coupling. The meta H-H coupling is
presumably small and not resolved thus resulting in the bread sigrals. Three different types of
methylene protons were clearly observed. We have assigned the singlet at §3.82 for the H, pro-
tons. This 1is consistent with the chemical shift observed at §3.83 for the singlet corves—
ponding to the methylene protens of E.T The umsymmetrical AR quartet (Ga = 4.31, Gb = 3.40;5. J =
15.3 Hz) would correspond to the Ha and Hb protons respectively. The latter, which experience a
small but unresolved long range coupling with the Eluorine, appeared as a broader doublet. The
reportad”  AB quartet of the methylene protons in 7 at Sa 4.33 and 6b 3.39 (J = 13 Hz) agree
surprisingly well with the data obtained for 5 described above.

The 1H nmr spectrum of the trithiacyclophane 6 is comparatively more complicated (Figure 1b).
Although the sample of _E?_ still contained about 15% of 2, the signals due to the latter could be

readily differentiated and would not interfere with the assigmments of the spectrum of 6.

Transannular long range F-H coupling has been observed in some closely-stacked cyclophanes. The
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‘methyl protoms in 8, for example, were observed as a sharp doublet (J=2.5 Hz) due to the
coupling with the fluorine on the opposite 1‘1‘.1’11_?,.10 In addition the close preximity of the methyl
protons parallel to the electronegative fluorine has apparently caused a small down-field shiftlo
of the methyl protons in 8 (& 2.42) compared with those in 8 {6 2.14).

The aromacic protens in 2 were observed as a breoad doublet and a slightly more resclved double
doublet. We have assigned the broad doublet {(J = 7.1 Hz) to the Hy protens which experience a
large meta F-H coupling but a small, unresolved meta H-H coupling. The meta H-H coupling for the
Hx protons would also be expected to be unresolved. However, being held parallel to the fluo-
rines on the opposite benzene rings, the Hx protons are shifted slightly to lower field as
deseribed for 8. The larger coupling (J = 7.0 Hz) is the HX—F coupling on the same ring; the
slightly resolved, small coupling (J = 2.4 Hz} might in fact be due to tramsamnular Hx—F coupling
similar to that menticned earlier for 8. The assignments for the methylene protcns seemed to be
more complex. The rather broad singlet at & 3.78 was assigned to the Ha’ Ha.-protons which,
although in principle should be magnetically slightly different, were not affected significantly
in any way by the fluorines and were unresolved. Their chemical shift agrees well with that of
the equivalent K protons of 5 (83.82). The other methylene protons of 6 are expected to appear
as two sets of AB quartets. The two rather broad doublets ( §3.54, 3.51; J = 15 Hz, 14 Hz) would

correspond to the H _, H_,-protons which are adjacent to the fluorines and thus experience a small

b b

long-range coupling and result in the broadening of the peaks. The sharp 'triplet® observed 1is
likely due to the overlap of the two corresponding doublets ( §4.22, 64.06; J = 14 Hz, 15 Hz)
assigned to the Hc,HC,—protons.

We have also attempted to correlate the chemical shifts observed for 7, 5 and § ac -125 ppm, -128

ppm and ~122 ppm respectively (relative to CFC13). With the two benzene rings closely stacked in
7

all three cyclophanes, the only difference is that the two fluorines in f and 5 are held in the
syn-positions - an unfavorable orientation with strong dipole~dipole interaction - and the two
fluorines in 6, although not entirely anti, are well staggered and would experience no signifi-

cant dipole effect, The chemical shifts of the fluorines in 5 and E are 6 ppm apart and this

difference is believed to be mainly due to the effect from the proximity of the two fluorimes in
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the forme;. With the 4,4'-positions in:Z not locked, the two benzene rings could twist in the
oppesite directions slightly., This would to a certain extent stagger the two fluorines te reduce
the dipole-dipole interaction and result in an intermediate effect between the locked arrange-
ments in 3 and §. An Intermediate chemical shift for the fluorines in 7 would thus be expected,

which agrees with the data observed.
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FIGURE 1. 1H nmr spectra (90 MHz, CDCl3) of (a) trithiacyclophane J5;

(b) trithiacyclophane § (*signals due to trithiacyclophane 5)
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