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The 14n-electron title compound 7 has been synthesized by
two different ring-closure approaches. Its structure has been
determined by X-ray diffraction to be planar within +0.018
A. The He(l) photoelectron spectrum of the title compound
is assigned by Koopmans' correlation with PM3 eigenvalues
based on the structural data, and by the n-perfluoro effect
observed. The n-system can be rationalized by heteroatom

first-order perturbation, which reduces the cyclic n-delocali-
zation. Replacement of the four fluorine substituents by hy-
drogen affects neither the long-wavelength absorption band
in the UV/Vis spectrum nor the 815N shift in the *N-NMR
spectrum. The synthesis of 20n-electron heterocycles related
to the title compound has been attempted.

Cyclic aryleneazathienes 1 (Scheme 1) contain n-hetero-
cycles composed of one mec bond and chains of N=S=N
and N—S—N subunits, which are planar with appropriate
ring sizes (indices a, b, ¢ and d), and are of interest due to
their varying n-delocalization. Known derivatives comprise
2,1,3-benzothiadiazole 2 with 10 n-electrons!?, 1,3,2,4-
benzodithiadiazine 3%, and 1,3,5,2,4-benzotrithiadiazepine
4 with 14 m-electronst*4 as well as the tetrafluoro deriva-
tives of 2 and 3, namely 5 and 6!>% (Scheme 1). The latter
are useful for the assignment of n-ionizations in the He(I)
photoelectron spectral’ =1 by the well-known perfluoro ef-
fect[8,9.15a].

Of interest are efforts to prepare related heterocycles of
larger size, in particular with 20 m-electrons (8 or 9;
Scheme 2).

In contrast to the planar benzoheterocycles 27 of this
series (Scheme 1), the structure of a derivative containing
an cleven-membered ring (CoN,S;5), with 3N — 6 =3 X 11
— 6 = 27 degrees of freedom, is difficult to predict. Accord-
ing to PM3 calculations (Scheme 2 and Experimental Sec-
tion), a planar structure seems to be a local minimum on
the corresponding hypersurface. However, within a simpli-
fying MO model!!'¥, in which n*-levels would be occupied
in the molecular ground state, some thermodynamic desta-
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bilization might be expected, and, in addition to non-planar
conformations of 8 with limited n-delocalization, the for-
mation of a transannular o(S—N) bond analogous to the
known bicyclic structure of cyclopenta(azathienium)
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Scheme 2
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(SN)FIL might be especially favourable. The approximate
PM3 calculations (Scheme 2) would support these assump-
tions for the structure of 9 with 20 n-electrons (Scheme 2).

In addition to attempts to prepare larger-size benzothia-
azepines (Schemes 3 and 4), the synthesis, molecular struc-
ture and photoelectron spectrum of 6,7.8,9-tetrafluoro-
1,3,5,2,4-benzotrithiadiazepine (7; Scheme 1) is reported
herein.
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Results and Discussion

The condensation of benzene-1,2-disulfenyl dichloride
(10) with (Me;SiN=),S was used to prepare 41> The anal-
ogous condensation with (Me;SiN=S8=N-),S (11) af-
forded 1,3,2-benzodithiazolium chloride 12 and cyclotetra-
(azathiene) (13) (Scheme 3) rather than the expected parent
system of 8. The salt 12 was formed during the synthesis
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of 4, as a byproduct from a reaction of 4 with Me;SiCl
{Scheme 3)41%,

The formation of the benzodithiazolium salt 12 was sup-
pressed on going from 10 to its tetrafluoro derivative 14
(Scheme 4). The reaction of 14 with (Me;SiN=),S yielded
only 7 (Scheme 4) without any evidence for the formation of

Scheme 4

are larger, amounting to 0.132(1) and 0.165(3) Al respec-
tively.

The reproduction of the experimentally determined bond
lengths by PM3-calculated ones is remarkable (Table 1); the
largest deviations result for the S—N bonds.

{(Me38iN=) 28

(Me38iN=58=N-)28 p
11
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the polyfluorinated benzodithiazolium salt 12 (Scheme 3).

In the reaction of 14 with (Me;SiN=S=N-),S, however,
an unstable intermediate was formed, for which the avail-
able data suggest structure 15 and which does not undergo
ring-closure to 8. To form this ring, the planar E,.Z,Z E
configuration of 1113 should be rather favourable, but in
solution presumably a Z,E,Z E configuration of 15, with
distant SCI and NSiMe; groups dominates, analogous to
that determined for the related compounds 16!'4 (Scheme
4).

Formation of 8 might also have been expected from the
reaction of compound 18 (Scheme 4) with SCl,; however,
the smaller ring-size heterocycle 7 turned out to be the
major reaction product.

The structure of 6,7,8 9-tetrafluoro-1,3,5,2,4-benzotrithi-
adiazepine was determined by X-ray diffraction analysis
(Figure 1 and Table 1). The molecule was found to be
planar within £0.018 A, with the largest deviations of N2,
S3 and N4 from the plane of the six-membered ring
amounting to —0.047(9), —0.062(9) and —0.044(9) A (num-
bering cf. Figure 1). In the six-membered heterocyclic de-
rivative 6 the corresponding deviations of S and N centers
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The He(I) photoelectron spectrum of 7 is well-resolved
and even exhibits vibrational fine structures (Figure 2). Its
assignment by Koopmans’ correlation with PM3 eigenval-
ues, calculated on the basis of the structural data (Table
2), seems to be straightforward, and, of the respective m-
molecular orbitals, three show dominant contributions of
the SN-heterocyclic ring (Figure 3). The assignment clearly
suggests that in 7 both the six- and seven-membered rings
form one m-electron system. The first-order perturbation
exerted by the hetero centers according to the respective
nuclear charges, however, restricts the n-electron delocali-
zation around the molecular perimeter to some extent. This
effect!!% is typical for all compounds of type 1 studied to
datel®101,

A detailed analysis of the He(I) PE spectrum of the title
compound reveals interesting facts: The first vertical ioni-
zation energy of 7 is lower than that of 1,2,3,4-tetrafluoro-
benzene at IE} = 9.8 eV!!%], and can be rationalized within
a MO model by the rather large contributions of the sulfur
centers to the molecular orbital nt; (Figure 3). The 0.37 eV
shift of the first band relative to the hydrogen derivative 4
(Table 4) can be considered to be a manifestation of the

16 (z,E,2,E [14])
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Figure 1. Molecular structure of 6,7,8,9-Tetrafluoro-1,3,5,2,4-ben-
zotrithiadiazepine (7))

(2] Selected bond lengths [A] and bond angles [°]: C10~S1 1.737(4),
S1-N2 1.604(4), N2-S3 1.531(5), S3—N4 1.519(5), N4-S5
1.603(5), S5—C11 1.746(5), C11-C10 1.407(6), av. C—F 1.349, av.
C-C 1.382; Cl0—-S1—-N2 115.5(2), S1-N2-83 140.3(3),
N2-S3-N4 120.7(2), S3—N4—-S5 141.1(3), N4—S5-C11 115.3(2),
S$1—-C10—-C11 134.1(3), C10—C11-85 132.9(3).

perfluoro m-effect in this type of heterocycle, since the coef-
ficients of the adjacent carbon centers (Figure 3) are either
zero or rather small (cf. data for compounds 2 and 5 or 3
and 6*719), The vibrational structure of the first band
(Table 2) is possibly due to S—N bond stretching vibrations
corresponding to bands at ¥ = 1260, 1248 and 1175 cm™!
in the IR spectrum of 7.

Table 1. Comparison of selected bond lengths [A] in 1,3,5,2,4-ben-

zotrithiadiazepine (4) and 6,7,8,9-Tetrafluoro-1,3,5,2,4-benzotrithi-

adiazepine (7) from experimental X-ray and calculated PM3 data
(numbering cf. Figure 1)

X-ray structure PM3(C,,)

7 4[4a] 7 4
C10-81 1.742 1.732 1.76 1.75
SI-N2 1.603 1.609 1.66 1.67
N2-83 1.525 1.538 1.60 1.60
C7-C8 1.363 1.396 1.41 1.40
C8-C9 1.353 1.349 1.40 1.37
C9-C10 1.409 1.420 1.43 1.42
C10-C11 1.407 1.387 1.41 1.40

The second vertical ionization of 7 corresponds to the 7,
MO with large contributions from the SV as well as the S
centers (Figures 2 and 3). The band shift relative to the
parent hydrogen derivative 4 amounts to 0.46 ¢V (Table 2).
The vibrational structure of the second band (Table 2) pos-
sibly resembles C=C bond stretching vibrations character-
istic of polyfluorobenzene derivatives, while the IR spec-
trum of 7 exhibits a band of medium intensity at ¥ = 1634
cm~! and very strong one at ¥ = 1513 cm™!. This vi-
brational assignment would support some carbocycle par-
ticipation in the corresponding radical cation state in ac-
cordance with the PM3 molecular orbital n, (Figure 3).

The third and fourth vertical ionization energies of 7,
IE} and IEY, overlap to form a double-intensity band with
a maximum at 10.3 eV and a shoulder at 10.1 eV, and ac-
cording to the assignment (Table 2) represent the n; and oy

Figure 2. He(I) photoelectron spectrum of 6,7,8,9-Tetrafluoro-1,3,5,2,4-benzotrithiadiazepine (7)
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Table 2. Experimental vertical ionization energies 1EY and vibratio-

nal fine structures v, as well as assignment by Koopmans’ correla-

tion with PM3 eigenvalues for tetrafluorobenzotrithiadiazepine 7,

for comparison, the PE-spectroscopic data of the parent com-
pounds 4 are listed

5" (eV) Vem™) HEV) (@)
7 g 7 4 7
8.25 7.88 1200 1070 884 n L.
9.0 8.54 1600 960 T Ty
~10.1(sh) ~9.60 (sh) 1105 = 73
10.3 9.87 1112 o on
112 11.0 11.61 o (o)
11.9 11.4 11.99 = (m)
12.3 12.5 13.12 © (o)
12.88 1120 1355 o (n)
13.06 13.0 (sh) 13.72 =
13.9 14.0 1439 =«

Figure 3. Highest occupied n-MOs of 6,7,8,9-Tetrafluoro-1,3,5,2,4-

benzotrithiadiazepine from PM3 calculations; the numbers denote

the contributions (%) of a given AQ in the respective MO (contri-
butions of less than 4% are neglected)

23 24
5 19
4 10
17
™ 2
5
22 7
6 9
3 T4
§
3 4 4 6 2
4
8
s e

radical cation states. The radical cation state B (*A,) should
possess a large carbocycle component, which correlates
with the benzene =, (e|,) orbital, while the oy one shows
predominant N contributions. Due to the overlapping of
the bands, their shift from 4 to 7, i.e. the perfluoro effect (n
versus 6) loses its diagnostic significance, in contrast to the

Chem. Ber./Recueil 1997, 130, 247—253

situation with the pair of compounds 3 and 6 (Scheme 3)1.

For the other radical cation states of 7, a definite se-
quence is difficult to establish. It is worthwhile to note,
however, that the well-resolved vibrational structure of the
band at 12.88 eV (Table 2) presumably originates from a n-
state, which may correlate to a carbocycle-localized ng MO
(Figure 3): The frequency observed is typical for C—F bond
stretching vibrations, and the IR spectrum of 7 exhibits a
band of medium intensity at v = 1175 and intense bands at
¥ = 1100 and 1018 cm 1. Alternatively, another possibility
would be an assignment to the azathiene chain-localized 75
MO (Figure 3) since the frequency is very similar to that of
the first band in the photoelectron spectrum (Table 2).

Comparison of the UV/Vis spectra of 7 and 4 shows that
the complete replacement of hydrogen in 4 by fluorine has
virtually no effect on the position of the long-wavelength
absorption-band maximum (4: A = 384 nmB; 7: A = 380
nm; Table 3). This indicates that the electronic m-n* tran-
sition responsible for the yellow colour of both 7 and 4
(seel'l and references cited therein) should originate in the
azathiene chain.

Financial support of this work by the Volkswagen-Stiftung
(Grant No. I/68 474), the International Science Foundation (Grant
No. RCW000), the International Science Foundation and Russian
Government (Grant No. RCW300), and the Russian Foundation for
Basic Research (Projects 93-03-04729 and 96-03-33276) is grate-
fully acknowledged.

Experimental Section

The 'H- and "F-NMR spectra were recorded with a Bruker WP-
2008Y spectrometer at frequencies of 200 and 188.28 MHz, re-
spectively, with internal standards TMS and CgFs. The natural-
abundance *N-NMR spectra were recorded with a Bruker AM-
400 spectrometer at a frequency of 40.55 MHz with external stand-
ards NH; (liqu.). The N shifts in 4 and 7 are very similar (4:
§ = 248.8U1 243.2; Table 3). Comparison with data from other
compounds shows a regular increase of the 'SN nuclei magnetic
shielding in compounds 2, 3 and 4" whereas for the fluoro deriva-
tives 5, 6 and 7 this effect is less prominent (ref.['! and Table 3).

Table 3. NMR- and UV/Vis-spectral data of compounds

arE 5 Vs g (0m)
oty BN Pp (log €)
7 24321 304, 2.6 380 (3.64)
14 414, 16.5
15 30.1, 282, 159, 79
18 031 34.0, 107 355 (4.28)

1 Solvents: 'H: CCly; PN: CeHg/CDCl; (3:1); 1F: 7: CgHg/CDCl,
(3:1); 14, 18: CCl,; 15: CDCI?. — B In heptane. — ¥ d, J= 2.1
Hz; for §°N of 2—6, see Ref /1.

The mass spectra were recorded using a Finnigan MAT MS-
8200 spectrometer (EI, 70 eV). The UV/Vis spectra were obtained
with a Specord M40 spectrophotometer and IR spectra were re-
corded with a Specord M80 instrument.

The He(I) photoelectron spectrum was recorded on a Leybold
Heraeus UPG 200 spectrometer equipped with a heated inlet sys-
tem at 70°C and calibrated by the 2P, ionizations of Xe and Ar.
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Table 4. Crystal and refinement data of 6,7,8,9-Tetrafluoro-
1,3,5,2,4-benzotrithiadiazepine (7)

Formula CeF4N,S,

M 272.26

Crystal system monoclinic
Space group Pli/c

a(A) 11.506(2)
b(A) 3.9372(8)
c(A) 19.910 (3)
B(® 96.62(2)
V(A% 895.9(3)

z 4

D, (gem™) 2.018

n (cm‘l) 79.41

F(000) 536

Crystal size (mm) 0.14x03x%x0.5
Scan mode 6-26

0 range (°) 3-60
Measured reflections 1340
Transmission range 0.157-0.416
Final R, wR; (all data) 0.0635, 0.1415
Goodness of fit 1.056

@1 Atomic coordinates, thermal parameters, bond lengths, and
bond angles have been decomposited with the Cambridge Crystal-
lographic Data Centre.

The X-ray structure determination (Table 4} was carried out with
a Syntex P2, diffractometer using Cu-X,, radiation with a graphite
monochromator. A correction for systematic intensity drop as well
as an analytical correction for absorption were made using the
SHELX-76 program. The structure was solved by direct methods
using the SHELX-86 program and refined by the least-squares
method in the full-matrix anisotropic approximation using the
SHELXL-93 program.

The PM3 calculations were performed with full geometry opti-
mization unless otherwise indicated using both the MNDQ-92(!7
as well as the MOPAC (Version 6.0) programs!'®l,

Syntheses were carried out under argon and in absolute solvents
(except for 14). The reagents were added dropwise to the stirred
solutions, and the solvents were distilled off at reduced pressure.
The physical and analytical data for compounds synthesized are
summarized in Tables 3 and 5.

Table 5. Characterization of the compounds

Found (%)
Mp(°C), (Calculated)
Bp (°C/Torr) Formulala] C Cl F N S
7 8990 CeF NS, 26.39 28.00 1018 3541
(26.47 2794 1029 3529)
14 108-109/5 C,CLE,S, 2552 2514 26.78 22,53
(2544 2509 26.86 22.61)
15  85-86 CoH,CIF N, S:Si 745
(decomp.) (7.51)
18(b] 49.50 CHFaN,S,Si; 30,02 16.05 11,77 26.92
(30.13 1590 1172 26.78)

Bl M+, m/z, measured gcalculated): 7, 271.9160 (271.9160); 18,
4779903 (477.9889). — PI H (%); found (calculated): 3.50 (3.77).

252

3,4,3,6-Tetrafluoro-1,2-henzenedisulfeny! Dichloride (14). An ex-
cess of Cl, was passed through a solution of 4.28 g (0.02 mol) of
1,2-benzenedithiole!'! in 50 ml of CCl, at 20°C. The solvent was
evaporated and the residue was distilled in vacuo. Compound 14
was obtained as a red oil (4.70 g, 83%).

6,7,8.9-Tetrafluoro-1,3,5,2,4-benzotrithiadiazepine (T) and 1,2,3,4-
Tetrafluoro-5,6-bis( I-trimethylsilyl-2,4-dithia-1,3-diaza-1,2-buta-
dien-4-yl)benzene (18): (a) Solutions of 2.83 g (0.01 mol) of 14 and
2,06 g (0.01 mol) of (Me;SiN=),812%, each in 35 ml of CH,Cl,,
were slowly mixed by adding them dropwise to 200 ml of CH,Cl,
at 20°C, over a period of 4 h. After a further 2 h, the solvent was
distilled off, the residue was sublimied in vacuo and recrystallized
from hexane. Compound 7 was isolated as transparent, yellow
needles (1.8 g, 66%). — IR (KBr, ¥, cm™'); 1634 m, 1513 vs, 1378
vs, 1365 s, 1318 m, 1260 m, 1248 m, 1175 m, 1100 vs, 1018 vs, 780
s, 645 s, 575 s, 390 m (weak bands have been omitted).

(b) To a solution of 6.18 g (0.03 mol) of (Me;SiN=),S% in 10
ml of CH,Cl, maintained at —50°C, a solution of 0.85 g (0.003
mol) of 14 in 10 ml of CH,Cl, was added over a period of 30 min.
After 1 h, the temperature was raised to 20°C. After 16 h, the
solvent was evaporated, and the residue recrystallized from hexane.
Compound 18 was isolated as orange-yellow crystals (0.98 g, 68%).

(c) Solutions of 0.48 g (0.001 mol) of 18 and 0.1 g (0.001 mol)
of SCl,, each in 25 ml of CH,Cl,, were added simultaneously to 50
ml of CH,Cl; at 20°C, over a period of 2 h. After 4 d, the solvent
was evaporated and the residue was recrystallized from hexane.
Compound 7 was isolated as transparent, yellow needles (0.18 g,
66%).

Reactions of (Me;SIN=S=N—),S (11) with 1,2-Benzenedisul-
fenyl Dichloride (10) and 3,4,5,6-Tetrafluoro-1,2-henzenedisulfenyl
Dichloride (14): (a) Solutions of 1.49 g (0.005 mol) of 1121 and
1.06 g (0.005 mo}) of 10?3, each in 35 ml of CH,Cl,, were added
simultaneously to 200 ml of CH,Cl, at 20°C, over a period of 2.5
h. After a further 2 h, the precipitate was filtered off and recrys-
tallized from MeCN to give 0.68 g (72%) of 1,3,2-benzodithiazol-
ium chloride (12)¥'2. The solvent was then evaporated from the
filtrate and the residue was recrystallized from toluene to yield 0.12
g (26%) of cyclotetra(azathiene) (13){%31,

(b) Solutions of 1.49 g (0.005 mol) of 11121 and 1.42 g (0.005
mol} of 14, each in 35 ml of CH,Cl,, were added simultaneously
to 200 ml of CH,Cl; at 20°C, over a period of 2 h. After 7 d,
the solvent was evaporated and the residue was recrystallized from
hexane/benzene (3:1). Compound 15 was isolated as air-sensitive,
brown crytals (1.59 g, 68%, orange-yellow in transmitted light).
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