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ABSTRACT

A synthesis of trithia-[3]-peristylane, C¢HsS3, a novel C3, symmetric thiabowl, from the exotic hydrocarbon bullvalene has been accomplished.
The X-ray crystal structure of this trithiabowl displays an unprecedented supramolecular architecture in the solid state with 12 CH---S interactions
involving all of its six hydrogen atoms and the two lone pairs on each of the three sulfur atoms.

[n]-Peristylanesla—4aare a class of aesthetically pleasing
and topologically novel molecular entities in which the
carbon atoms of an innem[-membered ring clasp the
alternate corners of an outernPmembered ring. Such a

fascinating union generates a range of “bowl!”-shaped mo-

lecular constructs of potenti&l,, symmetry, having [+
1]-number of rings, a fluted rim, and walls composed
exclusively of five-membered ringsWe have recently
conceived a new family of heterocyclic analogueslaf-
4ain which all the methylene groups on the rim of the bowl
are replaced by a heteroaténThe resulting heterobowls
1b,c,d—4b,c,dare endowed with two chemically distinct
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s_urfaces made up of a hydrophobic base and a hydrophilictage heterobowlsb,c,d—4b,c,dare not only expected to
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be more stable than their carba-analogles4a, due to the
elimination of HC—CH torsional strain but also harbor the
potential to exhibit strong attraction for metal ions and small

molecules and can be regarded as a new class of ionophores.

In pursuit of the target structurd®,c,d—4b,c,d, we have
recently accomplished the synthesis of triaza-[3]-peristylane
1c @ tetraoxa-[4]-peristylan@b?° tetrathia-[4]-peristylane
2d.%* and pentaoxa-[5]-peristylar@b 24-3 Oxaperistylanes
2b and 3b have been found to show a very interesting
supramolecular architecture in the solid-state dictated by a



network of CH--O interactiong®“~3 On the other hand,
tetrathia-[4]-peristylan@d has a multicolumnar arrangement Scheme 2
in the solid-state sustained by-& and CH-+S interactiong®

These interesting observations have motivated us to under-

ake the synthesis of other heterobowls, particularly trithia- ochs
[3]-peristylane 1d, to further probe the involvement of OCH,
chalcogen—chalcogen and &5 interactions in these

trithiabowl (trithia-[3]-peristylaneld, GsHsSs, and find that

OCH,

fascinating systems. We report here the first synthesis of HCO g
in the solid state it reveals a unique and novel supramolecular c
architecture in which all of its six hydrogen atoms and three
sulfur atoms participate in CH---S interactions.
Our synthetic approach to trithia-[3]-peristylafid was S S
centered on harnessing the remarkable propensity of Lawes-
son’s reagent [2,4-bis(4-methoxyphenyl)-1,3-dithiaphosphe- s
tane-2,4-disulfide, LR]to effect oxygen-sulfur exchange
in carbonyl group or their synthetically equivalent acetal-
containing substraté> Thus, it was surmised that either aReagents and conditions: (a}®eOH,—78°C; Me;S, —78
all cis-1,2,3-cyclopropane tricarboxaldehysler its ketal6 °C to rt. (b) Amberlyst 15, rt, 12 h, 65%; (c) Lawessons's reagent,
could lead to trithiabowlld through reaction with LR,  PnMe, sonication, rt, 12 h, 25%.
Scheme 1. However, alis-cyclopropane derivativeésor 6

NMR spectrum, the cyclopropane and the rim hydrogens
resonated ab 3.81(s) and 5.46(s), respectively. Similarly,

Scheme 1. Retrosynthetic Approaches toward the 3C NMR signals for the cyclopropane and the rim
Trithia-[3]-peristylane2d carbons were ai 61.2 and 66.0, respectively. It is interesting
cHO HsCO__OCH; to note that the observed chemical shifts in bbthand*3C
s s NMR spectra ofld deviated from the expected range.
— :>H co To probe the electronic structure b, its He(l) photo-
OHC CHO S s OCH, electron (PE) spectrum was recorded, which showed two
OCH; OCHs peaks at lower energy to which we assign three transitions
5 1d 6 (8.1, 8.2, and 9.5 eV) followed by a broad band between

10.1 and 10.4 eV. The first three transitions are assigned to
ionization events from the lone pairs at the sulfur centers on
are unknown and access to them in itself is a challenging the basis of comparison with the PE data for thioefters
proposition. In this context, our attention was drawn to the and 1,3-dithiane® For the detailed assignment we compared
beautiful hydrocarbdhbullvalene? in which the cyclopro-  the recorded ionization energids;) with the orbital energies
pane ring is locked through three cis-disposed vinyl arms derived from SCF calculations [HF/6-311G(d)] (Koopmans’
and could be disengaged through an oxidative maneuver togpproximatiof) based on the optimized}, , B3LYP/6-

give 5 or its equivalent derivative. Consequently, bullvalene 311G(d)] structur®!of 1d as summarized in Table 1. These
75 was subjected to ozonolysis, and further stirring the

reaction mixture with Amberlyst 15 resin furnished the cyclic _

acetal8 in 65% yield possibly through the intermediacy of _ i o
5. Scheme 2. When 8 was treated with LEES under Table 1. Comparison between Recorded Vertical lonization

sonication conditions, trithia-[3]-peristylariel was isolated Energies () and Calculated Orbital Energies

in 25% vyield, Scheme 2Although 1d was realized in low Iy assignment —¢j (HF—-SCF)

yield, it is quite remarkable that all the oxygens8rwere 8.3,84 15¢ 8.99

replaced by three sulfur atoms with concomitant cyclization 9.5 13a; 10.31

in a single-pot reaction. 10.1, 10.4 14e 11.05
TheH and'3C NMR spectra ofld exhibited two signals a All values in eV.

each, as expected for ti&, symmetric structure. In thiH

9y (JS) &/&\1/) Wcu, ;'JJO WU,CCt?]--Yl'leég%hféirolﬂf)l;gttl997|38| 2493. (b) Wu, calculations predict for the highest occupied MOs, five levels
-J.; Wu, C.-Y.J. Org. em ,64, . .
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(5) Wu, C.-Y.; Lin, H.-C.; Wang, Z.; Wu, H.-JI. Org. Chem2001,66, the sulfur centers as shown in Figure 1. The 14e linear
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Figure 2. (a) ORTEP drawing old. Transannular sulfursulfur
distances: 3.034 A. (b) Optimized [B3LYP/6-311G(€)], sym-
metric structure old. Calculated bond lengths (bond lengths from
the crystal structure are given in the bracket);—Cp 1.506 A
(1.505 A), G—C, 1.535 A (1.528 A), G-S 1.851 A (1.822 A).

=80 ¢+ I 15e -
41001 B
13a,

Figure 1. Calculated highest occupied molecular orbitals and their
energies;.

combinations can be described as Walsh-type orbitals
centered at the three-membered ring. The assignment of th
first two peaks to 15e and 138 also in line with the half-
width of the first two peaks (2:1). The energy of HOMO is
of interest with regard to the potential complexation proper-
ties of 1d.

The X-ray dat& on microcrystals ofLd, which belonged
to the R3/cspace group, revealed its neafly, symmetry
and closely resembled its calculated structure, Figure 2. The
packing pattern in trithiabowld reveals a large number of
close intermolecular contacts that are within the range of
van der Waals interactions and &5 hydrogen bonds: 15
Interestingly, there are no short--& contacts in this

(9) Koopmans, TPhysical934,1, 104.

(10) Geometry ofld was fully optimized resulting in &3, symmetry
using the DFT (B3LYP) method applying a 6-311G(d) basis set with the
Gaussian 98 prografd.Frequency calculations were carried out to confirm
the nature of the stationary point, yielding no imaginary frequency for the
minimum.
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(12) Crystal data. Structure was solved by direct methods (SIR92) on
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[S)

structure. Each of the three sulfur atoms presentdris
involved in two different C-H--+S contacts in a bifurcated
manner through its two lone pairs; one of the interactions is
with the C—H of the bottom cyclopropane ring (€H---S
distance 3.092 A, angle 1%4and the other is with the rim
C—H of the bowl (C-H-+-S distance 3.047 A, angle 191
Although, the C-H---S distances are marginally longer
(~0.1 A) than the sum of the van der Waals radii of sulfur
and hydrogen atoms, the linearity of the bond qualifies it to
be a hydrogen bond, albeit a weak (soft) éh&. When
viewed along the diagonal between thendb axes, two
chainlike connectivities between the moleculed df medi-
ated by the two types of €H---S interactions mentioned
above, can be seen (Figure 3). In the sab@lane, a top-

Figure 3. C—H---S interactions viewed along the diagonal between
a andb axes.

R; = 0.0277 for 482F, > 4sig(R,) and 0.0289 for all 495 dataRy =
0.0686, GOF= S = 1.151, Restrained GOF 1.150 for all data.

Crystallographic data have been deposited in the Cambridge Crystallographicto-bottom columnar arrangement of the bowls can also be

Data Center (CCDC-215516).

(13) In the present case, we have used the cutoff limit-8f0 A for
CH---S interactions. However, it has been suggéstidt the cutoff limit
for these distances can be stretched up802 A to qualify for a potential
Rydrogen bond. No S-S contacts were observed within the limit-o8.6
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visualized; however, the moleculesd in the column are

(14) (a) Steiner, TAngew. Chem., Int. EQ002,41, 48. (b) Jeffrey, G.
An Introduction to Hydrogen Bondin@xford University Press: Oxford,
1997.
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not directly connected but held in place through the net- ring and rim hydrogens of the neighboring molecules, when
work of soft C-H---S bonds, Figure 3. In its two- considered in the light of the threefold symmetry axis present
dimensional arrangement, molecules of trithiabéaform in 1d, makes 12 CH---S interactions per molecule, and this

a planar sheet along theaxis, sustained by 3.047 A-type spectacular arrangement is displayed in Figure 6. We like
as well as 3.092 A-type €H--S interactions, Figure 4.

0.4@&/ 1 'i%/
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Figure 4. Planar two-dimensional sheet structure through
C—H-::S (3.047 A, angle 161°, blue; 3.092 A, angle 154°, red)
contacts seen along tloeaxis.

These sheets stack in three dimensions as shown in Figure
5 and are held together by both types of softlG--S Figure 6. All possible C-H---S interactions (12 per molecule) in
. trithia-[3]-peristylaneld.
hydrogen bonds. The involvement of all three sulfur atoms
in bifurcated C—H---S interactions with the cyclopropane
to believe that the packing patternid represents a unique
supramolecular architecture in which all possible modes of
C—H---S interactions per molecule are observed.

In short, we have achieved the first synthesis of trithia-
[3]-peristylaneld. Its optimized and X-ray crystal structure
data reveal its expectdth, symmetry. In the solid statéd
exhibits a unique and beautiful architecture in which all of
its six hydrogens and three sulfur atoms participate through
12 C—H---S interactions.
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Figure 5. Stacking of sheets in three dimensions through soft
C—H-::S (3.047 A, angle 161°, blue; 3.092 A, angle 154°, red)

interactions seen along theaxis. (15) (a) Bondi, AJ. Phys. Chenl964 68, 441. (b) Taylor, R.; Kennard,
0O.J. Am. Chem. S0d.982,104, 5083.
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