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Abstract—First two derivatives of 4,9-methanothia[11]annulene, 3,10-di(z-butyl)- and 3,10-dichloro-4,9-methanothia[11]annulenes (4 and
5), were synthesized from the diketosulfide 6. Spectroscopic properties and X-ray crystallographic analyses revealed that 4 exists as an anti-
conformer in respect of stereochemical relationship between the methano bridge and the sulfur atom both in solid state and in solution, while
5 exists as a syn-conformer in similarity to the parent of 4,9-methanothia[11]annulene (3). © 2002 Elsevier Science Ltd. All rights reserved.

Thiaannulenes having medium- to large-sized rings,"?
vinylogs of thiophene, enjoy flexibility with the various
conformations and, thus, the non-planar structure of those
molecules resulted in their atropic nature and labile
chemical behavior."? For example, the thia[ll]anulenes 1
and 2, synthesized by Sondheimer and co-workers, did not
show any ring current effect and the latter underwent facile
electrocyclization of the triene part.® Introduction of a triple
bond* or a bridge with either a methano group® or hetero-
atom® into the annulene framework imposes less mobility
upon the molecule. In 1972, Vogel and co-workers
succeeded in the synthesis of the methano bridged annulene,
4,9-methanothia[11]annulene (3). Although 3 can adopt syn
and anti conformations in respect of stereochemical
relationship between the methano bridge and the sulfur
atom based on inspection of Dreiding models, spectroscopic
data of 3 document that it has the syn conformation and

thereby shows atropic nature.’ In this paper, we describe
the synthesis, spectroscopic properties, and crystallographic
analysis of first derivatives of 3, 3,10-di(¢-butyl)- and 3,10-
dichloro-4,9-methanothia[ 1 1]annulenes (4 and 5), revealing
their conformations both in solution and solid state (Chart 1,
Fig. 1).

1. Results and discussion

1.1. Synthesis and spectroscopic properties of 3,10-di-
(t-butyl)- and 3,10-dichloro-4,9-methanothia[11]-
annulenes (4 and 5)

Synthesis of two 3,10-disubstituted derivatives was
accomplished from the diketosuifide 6’ in a short step,
which is different from the Vogel’s method for the parent

Chart 1.

3:Y=H
2 4:Y=tBu
5:Y=Cl
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1 (Scheme 1). Compound 6 was reacted with an excess of
t-BuMgCl in THF to give the unstable diol. Dehydration of
this diol was examined under various reaction conditions, as
shown in Table 1. Although the reactions with phosphorus
oxychloride in pyridine and the Burgess reagent® as a
dehydration reagent gave 4 in poor yields based on 3, 4
was obtained in a slightly better yield (10%) under the
conditions with thionyl chloride in pyridine. Acidic
dehydration with p-toluenesulfonic acid in benzene gave

3 none of 4. Compound 5 was synthesized directly from 6
p Yy y
Figure 1. The optimized structure (Chem3D output) of 3 at the BLYP/6- W,lth phosphorous - pentachloride. Th?’ . best .yle]d (12%
31G" level of theory. yield) of § was observed under the conditions with an excess
o]
1. -BuMgCl, THF —> H,0 PCl;
4 = s —— 5
2. SOCl,, pyridine CHCIy
10% vield o 12% yield
6
Scheme 1.
Table 1. Results of dehydration of the diol, prepared from 6 and r-butyl- of phosphorous pentachloride under reflux in chloroform for
magnesium chloride, under various reaction conditions 2 h. The reaction conditions for longer reaction period of the
Entry Reagent/solvent Reaction conditions Yield (%) of 4* reaction resulted in desulfurization of 5 (vida infra).
1 POCly/pyridine 60°C/1 h 4 Selected spectrosopic data of 3—5 are shown in Fig. 2. The
g nggggggne ggggﬁ h lé) critical differences between them were shown in the chemi-
2 ‘%urgess /THF 50°C/3 h 3 cal shift value of one f)f the methylene hydrogens and
5 Burgess/PhH 70°C/2 h 7 absorption wavelength in the UV absorption spectrum.
The H, of 4 in the '"H NMR spectrum appears at normal
* The isolated yield based on 6. aliphatic region (6=2.54 ppm), while the H, and H, of 3
609w 6457 5.97 1.22 6.71
H H o 479 H Bu-t 619 H Cl 537
6.54% H 6.69 H 6.83 H
H H H
6.28Y 1.88 2.54 6.57
Hy S Hp——Ho $ Ha S
3 4 5
Bu-t Cl
Amax (cyclohexane) = Amax (hexane) =
o 40 ) 284 (4.43) Amax (hexane) = 248sh (3.79), 242 (4.40), 287 (4.34),

395 (2.63) nm.?

Figure 2. '"H NMR chemical shifts (6 (ppm) in chloroform-d) and UV absorption maxima (log & in parentheses) of 3—5. (a) Taken from Ref. 5.

@’

Figure 3. The ORTEP drawings of one of two independent structures in the crystal of the methanothia[11]annulene 4.
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Figure 4. The crystal packing of the methanothia[l1]annulene 4. A view
from b axis.

and 5 resonate at abnormally low field (6=6.28 and
6.57 ppm, respectively). The latter phenomenon was
reasonably explained by combined effects of the dia-
magnetic anisotropy of the sulfur—carbon bonds and the
field effect and a steric compression of the sulfur atom, as
reported by Vogel.” Thus, the chemical shift value of H,
indicates that this hydrogen atom is distant from the sulfur
atom in the molecular structure of 4, presenting that 4 has a
conformation different from 3 and 5. Although 'H NMR
spectra of 4 and 5 were recorded at a range of temperatures
between —100 and +100°C with either a mixture of
dichloromethane-d, and carbondisulfide, chloroform-d, or
dimethylsulfoxide-ds as solvent, any dynamic behavior,
such as ring flipping and cycloheptatriene—norcaradiene
equilibrium, was not observed. The UV spectrum of 4
with only shoulder absorptions at 248 and 279 nm differs
from those of 3, 5, and the corresponding hydrocarbon,
bicyclo[5.4.1]dodeca-2,5,7,9,11-pentaene (A ,,x=248 and
327 nm), and its long wavelength maximum is rather
close to that (Ap,,=245nm) of 1,6-bis(hydroxymethy)-
1,3,5-cycloheptatriene.” Thus, the triene part of the seven-

Figure 5. The ORTEP drawings in the crystal of the methanothia[l1]annulene 5.

a

Figure 6. The crystal packing of the methanothia[11]annulene 5. A view
from b axis.

membered ring is indicated to be disconnected from the
divinyl sulfide part and the former moiety mainly
contributes the long wavelength absorption. From these
spectroscopic data, it is concluded that in solution 4 exists
entirely as an anti-conformer in which a large torsion angle
through the C2-C3-C4-C5 (or C8-C9-C10-Cl11)
carbons is expected, while 5 as a syn-conformer with its
effective m-conjugation through the pentaene part.

1.2. X-Ray crystal structures of 4 and 5

The molecular structures of 4 and 5 were further elucidated
by X-ray crystallographic analysis. ORTEP drawings and
the crystal packing are shown in Figs. 3—6, respectively.
There are two independent molecules with C; symmetry
in the crystal of 4 with very little differences in the bond
lengths.!® As clearly shown in Fig. 3, 4 has the anti-confor-
mation with the average non-bonded atomic distance of
3.51 A between the sulfur and the CI12 carbon atoms.
Their thiaanulene rings of these two molecules are facing
each other in the opposite direction with the sulfur atoms
inside and the methano bridges outside in the crystal (Fig. 4).
As expected above, average torsion angles for the C2—C3—
C4—-C5 and C7-C8-C9-C10 carbons of the two molecules
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Table 2. Selected bond lengths of the crystal structures of 4 and 5 and
differences thereof

Bond Length (A) in 4° Length (A) in 5 A (5-4)
S1-C2 1.793 1.773(2) —0.020
S1-Cl11 1.780 1.773(2) —0.007
C2-C3 1.327 1.337(3) 0.010
C3-C4 1.480 1.459(3) —-0.021
C4-C5 1.348 1.359(3) 0.011
C5-C6 1.436 1.442(4) 0.006
C6-C7 1.354 1.342(6) -0.012
C7-C8 1.445 1.442(4) —0.003
C8-C9 1.344 1.359(3) 0.015
C9-C10 1.487 1.459(3) —0.028
C10-Cl11 1.335 1.337(3) 0.002
C4-C12 1.502 1.497(3) —0.005
C9-Cl12 1.506 1.497(3) —0.009

? Average values of two independent molecules in the crystal.

are 79.4 and 77.1°, respectively, which are large enough to
disconnect the m-conjugation between the cycloheptatriene
and the divinyl sulfide parts.

The X-ray structure of § shows C,; symmetry and has the syn
confoermation with the non-bonded atomic distance of
3.12 A between the sulfur and the C12 carbon atoms

(Fig. 5). The torsion angle for the C2—C3-C4—C5 carbons
of 5 is 17.9° in contrast to the case of 4. Table 2 shows bond
lengths in the thiaannulene rings of 4 and 5 and differences
in them. The C3-C4 and C9—C10 bonds of 4 are longer than
those of 5, also indicating dissimilarity of p-orbital overlap
at there. From these structural data, it is clearly revealed that
the di(s-butyl) derivative 4 exists as an anti-conformer and
the dichloro derivative 5 exists as a syn-conformer both in
solution and in solid state.

It should also be noted that non-bonded carbon—carbon
distances at the methano-bridges in their crystal structures
of 4 and 5 are 2.84 and 2.85 A long, respectively. Thus, the
C4-C9 interaction is negligible.""

1.3. Density functional calculations of 4 and 5

The density functional calculations at BLYP/6-31G" level
of theory on 4 and 5 support these spectroscopic and X-ray
crystallographic findings. Although a optimized structure of
a syn-conformer and none of an anti-conformer for 3 was
obtained, those of syn- and anti-conformers for 4 and 5 were
obtained (Fig. 7).!> Thus, 3 is suggested to have a single-
well potential in contrast to the inspection by Drieding
models, while 4 and 5 have has a double-well potential.

anti-4

anti-5

Figure 7. Optimized structures (Chem3D output) of syn- and anti-conformers for 4 and 5 at the BLYP/6-31G" level of theory and selected short non-bonded

atomic distances.
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Figure 8. Relative total energies (in kcal mol ") of optimized syn- and anti-
structures for 4, 5, 9, and 10 at the BLYP/6-31G" level of theory.

The anti-conformer of 4 is predicted to be more stable than
the syn-conformer by 5.0kcalmol ', and the anti-
conformer of 5 less stable than the syn-conformer by
4.9 kcal mol ™!, supporting experimental facts. Steric
repulsion between the hydrogen atoms at the 5 and 8 posi-
tions in the syn-conformer and the #-butyl groups accounts
for its instability; the non-bonded atomic distances between
the hydrogens at the 5 and 8 positions and the closest ones of
the #-butyl groups are 1.97 and 1.99 A in the optimized
structure of the syn-conformer. No such short non-bonded
atomic distance less than 2.0 A is observed in the anti-
conformer.

1.4. Desulfurization of 4 and 5

The conformational difference between 4 and 5 is reflected
in their chemical behavior. Although the parent 1 was
reported to undergo desulfurization at 50°C, 4 and 5 were
reluctant to that at the same temperature. Compound S
gradually undergoes desulfurization above 80°C and 4
above 120°C to give the corresponding 2,5-disubstituted
1,6-methano[10]annulenes, 7 and 8, quantitatively. At
120°C in dimethylsulfoxide-dg, half life times of 4 and 5
were measured by NMR analysis to be 3.75 h and 9.2 min,
respectively. As speculated in cases of 3 and thiepins, their

episulfide isomers 9 and 10 are a most probable intermediate
in these sulfur extrusion reactions. In a process of electro-
cyclization forming episufides, distance of the bond-
forming carbon atoms is an important factor to evaluate
prospects of the reaction. However, non-bonded distance
between the C2 and C11 carbon atoms in crystal structures
of 4 (2.84 A) is similar to that (2.85 A) of 5, as unaware of
difference of the reactivity between them. The reluctance of
4 in desulfurization can be attributed to relative instability of
the episulfides, syn-9 and anti-9, to 4, compared with the
case between 5 and 10, based on density functional calcula-
tions at the BLYP/6-31G" level of theory (Fig. 8)," though
calculations of transition states for these possible processes
have not been achieved yet (Scheme 2).

It is worthy to note that this synthetic sequence from these
methanothia[11]annulenes to 7 and 8 provides another route
to 2,5-disubstituted 1,6-methano[10]annulene in addition to
our previous method.’

2. Summary

In conclusion, we have synthesized two derivatives of 3,
3,10-di(z-butyl)- and 3,10-dichloro-4,9-methanothia[11]-
annulene (4 and 5) by a route in a short step from diketo-
sulfide 6. Spectroscopic data and X-ray crystallographic
analysis evidence that the former derivative exists as an
anti-conformer both in solid state and in solution in contrast
to the case of the parent 1 and the latter derivative which
exist as the syn-conformer. The conformational difference
between 4 and 5 is reflected in their desulfurization. The
density functional calculations for both conformers for 4
suggest that the syn-conformer is disfavored because of
the steric repulsion between the hydrogens at the 5 and 8
positions and the #-butyl groups.

3. Experimental
3.1. General

Melting points were measured on a Yanaco MP-3 and are
uncorrected. IR spectra were recorded on a JASCO IR-810
and Perkin—Elmer Spectrum RX I spectrometers. UV
spectra were measured on a Shimadzu UV-1600 spectro-
meter. 'H NMR (400 MHz) and '*C NMR (100 Hz) were
recorded with tetramethylsilane as an internal standard on a
JEOL 400. Mass spectra were measured on JEOL JMS-D-
300 and JEOL GC-Mate mass spectrometers. Column

Y

A (-S)

|- O

Y Y
4 :Y=1tBu 9:Y=tBu 7:Y=tBu
5:Y=Cl 10: Y =CI 8:Y=Cl

Scheme 2.
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chromatography was done with Merck Kieselgel 60 Art
7734. Ethyl ether and THF were purified just before use
by distillation from sodium diphenylketyl under a nitrogen
atmosphere. A solution of z-butylmagnesium chloride in
ether was purchased from Tokyo Kasei Inc. and was titrated
before use. The density functional calculations were done
by using the MULLIKEN (ver. 2.0.0, 1995, IBM Co.) on an
IBM RS/6000-397 computer.

3.1.1. Synthesis of 3,10-di(¢-butyl)-4,9-methanothia[11]-
annulene (4). A solution of 6 (1.00 g, 4.85 mmol) in 30 ml
of THF was added dropwise to a 1.25 M solution of #-butyl-
magnesium chloride in ether (15.5 ml, 19.4 mmol) at room
temperature. After being stirred for 3 h, the reaction mixture
was carefully poured into a saturated ammonium chloride
solution (100 ml) and extracted with ether (50 mlX3). The
combined organic layer was washed with brine, and dried
with anhydrous MgSO,. After evaporation of the solvent,
the residual oil was dissolved in 20 ml of pyridine. To this
solution was added dropwise 1.40 ml of thionyl chloride.
This mixture was heated at 60°C for 0.5 h, and was then
poured into ice-water and extracted with ether (40 mlX3).
The combined organic layer was washed with water and
brine and dried with anhydrous MgSO,. After evaporation
of the solvent, the residue was purified by silica gel chro-
matography to give 160 mg (10% yield) of 4 as faint yellow
needles. Mp=73-75°C. "H NMR (CDCl;) 6=1.22 (s, 18H),
1.88 (d, J=11.2 Hz, 1H), 2.54 (d, J/=11.2 Hz, 1H), 5.97 (m,
2H), 6.19 (s, 2H), 6.69 (m, 2H); *C NMR (CDCl53) §=29.0
(C(CH3);), 38.1 (CHp), 43.8 (C(CH3)3), 1154 (C-2,11),
121.5 (C-6,7), 128.7 (C-5,8), 129.7 (C-4,9), 167.5
(C-3,10). IR (KBr) v (cm ") 3037w, 3006s, 2965s, 2954s,
2903m, 2865m, 1571w, 1520w, 1478m, 1459m, 1425m,
1360m, 1313w, 1236w, 1198w, 1068w, 989w, 857w,
841w, 828m, 741s, 703m; MS (70 eV) m/z (rel. intensity)
286 (M™, 27), 271 (3), 229 (6), 215 (16), 197 (5), 173 (24),
115 (7), 91 (4), 77 (4), 54 (100); UV A« (hexane, nm)
248sh (log €=3.79), 279sh (3.50). Found: C, 79.35; H,
9.16%. Calcd for Ci9Hy6S: C, 79.66; H, 9.15%.

3.1.2. Synthesis of 3,10-dichloro-4,9-methanothia[11]-
annulene (5). To a solution of 6 (0.500 g, 2.43 mmol) in
30 ml of chloroform was added 1.77 g (8.51 mmol) of phos-
phorous chloride. After being refluxed for 2 h, the reaction
mixture was carefully poured into ice-water (80 ml) and
extracted with dichloromethane (30 mIX3). The combined
organic layer was washed with a saturated sodium bicarbo-
nate solution and brine, and dried with anhydrous MgSO,.
After evaporation of the solvent, the residual oil was puri-
fied by silica gel chromatography to give 74 mg (12% yield)
of 5 as orange needles. Mp=124-126°C. "H NMR (CDCly)
6=1.73 (d, J=13.2Hz, 1H), 5.37 (s, 2H), 6.57 (d,
J=13.2 Hz, 1H), 6.73 (m, 2H), 6.83 (m, 2H); °C NMR
(CDCl3) 6=27.6 (CH,), 106.8 (C-2,11), 120.7 (C-4,9),
127.9 (C-5,8), 131.8 (C-6,7), 137.9 (C-3,10). IR (KBr) »
(cm™") 3040m, 3015m, 1528m, 1445s, 1120s, 1063s,
968s, 885s, 800s, 719s; MS (70 eV) m/z (rel. intensity)
246 (M, 9), 244 (M*, 29), 242 (M™, 39), 209 (59), 207
(47), 209 (29), 198 (22), 196 (39), 175 (78), 173 (26), 172
(74), 171 (100), 162 (29), 139 (47), 128 (20), 127 (29), 85
(20), 63 (27); UV=Vis A, (hexane) 242 nm (log £=4.40),
287 (4.34),397 (2.52). Found: C, 54.33; H, 3.42%. Calcd for
C1HsCL,S: C, 54.34; H, 3.32%.

3.1.3. Synthesis of 2,5-di(z-butyl)-1,6-methano[10]annu-
lene (7). A solution of 4 (40.0 mg, 0.14 mmol) in 10 ml of
DMSO was heated at 120°C for 12 h. The reaction mixture
was poured into water (30 ml) and extracted with hexane
(10 m1x3). The combined organic layer was washed with
brine, and dried with anhydrous MgSO,. After evaporation
of the solvent, the residual oil was purified by silica gel
chromatography to give 35 mg (99% yield) of 7 as a pale
yellow oil. "H NMR (CDCl3) 6=—1.00 (d, J=9.6 Hz, 1H),
—0.26 (d, J/=9.6 Hz, 1H), 1.54 (s, 18H), 6.96 (s, 2H), 7.24
(m, 2H), 7.64 (m, 2H); *C NMR (CDCl;) 6=32.9
(C(CH3)3), 37.2 (C(CH3)3), 37.9 (CH,), 117.0 (C-1,6),
123.5 (C-3.4), 1262 (C-89), 126.5 (C-7,10), 150.6
(C-2,5). IR (lig. film) » (cm™') 3030w, 2950s, 2895s,
2865s, 1480m, 1460m, 1395w, 1383w, 1365s, 1300w,
1265w, 1230m, 1200m, 1178w, 1155w, 1115w, 1025w,
933w, 905w, 835m, 818w, 758s, 718s, 665m; MS (70 eV)
m/z (rel. intensity) 254 (M*, 27), 239 (19), 198 (22), 197
(84), 183 (48), 169 (38), 167 (18), 165 (189, 155 (28), 141
(38), 129 (10), 128 (11), 115 (10), 69 (14), 57 (100); UV
Amax (methanol) 260 nm (log e=4.11), 312 (3.30). Found:
m/z 254.2019. Caled for Ci9Hye: M, 254.2032.

3.1.4. Synthesis of 2,5-dichloro-1,6-methano[10]annu-
lene (8). A solution of 5 (30.0 mg, 0.123 mmol) in 10 ml
of toluene was heated at 100°C for 1 h. After evaporation of
the solvent, the residual oil was purified by silica gel chro-
matography to give 25 mg (98% yield) of 8 as a pale yellow
oil. "H NMR (CDCl3) 6=—0.52 (d, J=10.5 Hz, 1H), —0.12
(d, /=10.5 Hz, 1H), 7.09 (s, 2H), 7.35 (m, 2H), 7.75 (m,
2H); *C NMR (CDCl3) 6=33.1 (CH,), 113.2 (C-1,6), 127.1
(C-3,4), 127.9 (C-2,5), 129.0 (C-7,10), 129.3 (C-8,9). IR
(lig. film) v (cm_l) 3010w, 2920s, 1443m, 1380m, 1110s,
980m, 892m, 798w, 752m, 708s; MS (70 eV) m/z (rel. inten-
sity) 214 (M™, 6), 212 (M™, 14), 210 (M™, 21), 177 (100),
176 (14), 175 (32), 149 (16), 148 (16), 139 (51), 87 (12), 70
(11), 63 (14); UV A (methanol) 263 nm (log £=4.31),
324 (3.50). Found: m/z 210.0005. Calcd for C;;Hg Cl,:
M, 210.0002.

3.2. Measurements of a half life time in desulfurization of
4 and 5 by NMR spectroscopy

A solution of the methanothia[11]annulene (ca. 0.1 mmol)
and dichloromethane (ca. 0.05 mmol) as an internal stan-
dard in DMSO-dy; was charged in an NMR tube, which
then was sealed. At a probe temperature of 120°C, the
molecular decay was measured with signals of the z-butyl
group for 4 and one, at 6 1.73 ppm, of the bridging
methylene protons for 5.

3.3. X-Ray structure analysis of the thia[11]annulene 4

Faint yellow prismatic crystals of 4 were obtained by
recrystallization from a mixture of water and methanol.
One of them having approximate dimensions of
0.50X0.50%0.50 mm® was mounted on a glass fiber. All
measurements were made on a Rigaku AFC7R diffract-
ometer with graphite monochromated Mo Ka radiation
and a rotating anode generator. Cell constants and an
orientation matrix for data collection, obtained from a
least-squares refinement using the setting angles of 25 care-
fully centered reflections in the range 22.26<<26<<28.68°,
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Corresponded to a primitive monoclinic cell with dimen-
sions: a=14.448 (3) A, b=12.927 (4) A, c=18.743 (3) A,
B=89.83 (2)°, V=3500 (1) A3, For 7Z=8 and formula
weight=286.47, the calculated density is 1.09 gem™
Based on the systematic absences of AO1: 1##2n, 0kO:
k#2n, the space group was uniquely determined to be
P2,/c (# 14). The data were collected at a temperature of
23°C using the w-26 scan technique to a maximum 26
value of 60.0°. Omega scans of several intense reflections,
made prior to data collection, had an average width at half-
height of 0.26° with a take-off angle of 6.0°. Scans of
(1.5240.30 tan 0)° were made at speed of 32.0° min~' (in
omega). The weak reflections (/<<10.00 (1)) were rescanned
(maximum of 5 scans) and the counts were accumulated to
ensure good counting statistics. Stationary background
counts were recorded on each side of the reflection. The
ratio of peak counting time to background counting time
was 2:1. The diameter of the incident beam collimator
was 0.5 mm and the crystal to detector distance was
235 mm. The computer-controlled slits were set to 3.0 mm
(horizontal) and 3.0 mm (vertical). Of the 11,009 reflections
which were collected, 10,204 were unique (R;,—=0.027). The
intensities of three representative reflections were measured
after every 150 reflections. No decay correction was
applied. The structure was solved by direct methods and
expanded using Fourier techniques. The non-hydrogen
atoms were refined anisotropically. Hydrogen atoms were
included but not refined. The final cycle of full-matrix least-
squares refinement was based on 2502 observed reflections
(I>3.000(I)) and 361 variable parameters and converged
(largest parameter shift was 0.00 times its esd) with
unweighted and weighted agreement factors of: R=0.054,
Rw=0.062, and R1=0.054 for I>3.00(I) data. The standard
deviation of an observation of unit weight was 1.65. The
weighting scheme was based on counting statistics and
included a factor (p=0.031) to downweight the intense
reflections. Plots of > w(|Fo|—|F.|)* versus |F|, reflection
order in data collection, sin 6/A and various classes of
indices showed no unusual trends. The maximum and mini-
mum peaks on the final dlfference Fourier map corre-
sponded to 0.18 and —0.21e" A3, respectively. Tables
of fractional atomic coordinates, thermal parameters, bond
lengths and angles have been deposited at the Cambridge
Crystallographic Data Center, 12 Union Road, Cambridge
CB2 1EZ, UK (CCDC 166383).

3.4. X-Ray structure analysis of the thia[11]annulene 5

An orange prismatic crystals of 5§ with dichloromethane
were obtained by recrystallization from a mixture of hexane
and dichloromethane. One of them having approximate
dimensions of 0.30%0.30X0.50 mm® was mounted on a
glass fiber. All measurements were made on a Rigaku
AFC7R diffractometer with graphite monochromated
Mo Ka radiation and a rotating anode generator. Cell
constants and an orientation matrix for data collection,
obtained from a least-squares refinement using the setting
angles of 25 carefully centered reflections in the range
27.23<26<29.83°, corresponded to a primitive monoclinic
cell with dimensions: a= 4332(2)A b=12. 714(1)A
c=9.518(1) A, B=95.87(2)°, V=521.4(2) A3, For Z=2 and
formula welght 243.15, the calculated density is
1.55gcm °. Based on the systematic absences of 0kO:

k#2n, packing considerations, a statistical analysis of inten-
sity distribution, and the successful solution and refinement
of the structure, the space group was determined to be P2,/m
(#11). The data were collected at a temperature of 23°C
using the w—26 scan technique to a maximum 26 value
of 60.0°. Omega scans of several intense reflections, made
prior to data collection, had an average width at half-height
of 0.26° with a take-off angle of 6.0°. Scans of
(1.78+0.30 tan )° were made at speeds of 32.0° min ™
(in omega). The weak reflections (/<10.00(l)) were
rescanned (maximum of 5 scans) and the counts were
accumulated to ensure good counting statistics. Stationary
background counts were recorded on each side of the reflec-
tion. The ratio of peak counting time to background count-
ing time was 2:1. The diameter of the incident beam
collimator was 0.5 mm and the crystal to detector distance
was 235 mm. The computer-controlled slits were set to
3.0 mm (horizontal) and 4.0 mm (vertical). Of the 1771
reflections which were collected, 1579 were unique
(Rin=0.013). The intensities of three representative reflec-
tions were measured after every 150 reflections. No decay
correction was applied. The structure was solved by direct
methods and expanded using Fourier techniques. The non-
hydrogen atoms were refined anisotropically. Hydrogen
atoms were included but not refined. The final cycle of
full-matrix least-squares refinement was based on 2502
observed reflections (/>3.000(/)) and 361 variable para-
meters and converged (largest parameter shift was 0.00
times its esd) with unweighted and weighted agreement
factors of: R=0.035, Rw=0.042, and R1=0.035 for
I>3.00(I) data. The standard deviation of an observation
of unit weight was 1.34. The weighting scheme was based
on counting statistics and included a factor (p=0.030) to
downweight the intense reflections. Plots of > w(|Fy|—|F¢|)*

various classes of indices showed no unusual trends. The
maximum and minimum peaks on the final dlfference
Fourier map corresponded to 0.24 and —0.30 e A3,

respectively. Tables of fractional atomic coordlnates
thermal parameters, bond lengths and angles have been
deposited at the Cambridge Crystallographic Data Center,
12 Union Road, Cambridge CB2 1EZ, United Kingdom
(CCDC 175924).
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