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Synthesis of 6ar*-Thia-1,2,3,5,6-pentaazapentalenes

Gerrit L'abbé,” Lieve Bastin, Wim Dehaen and Luc Van Meervelt ]
Department of Chemistry, University of Leuven, Celestijnenlaan 200F, 3001 Leuven (Heverlee), Belgium

The title compounds have been obtained from 5-amino-1,2,3-thiadiazole 6 by rr)ethylat.ion and
reaction with arenediazonium tetrafluoroborates; their '*C NMR data and X-ray analysis are discussed
in terms of two non-equivalent resonance contributors T1A and 11B.

The development of 6al*-thiapentalenes started in 1958 when
Bezzi and co-workers ! reported the first X-ray crystal structure
of such a compound and revealed its unusual bonding
properties. In the years following this discovery several
theoretical studies appeared? and a large diversity of thia-
pentalenes have been synthesized for X-ray analysis; these
include molecules of general type 1 having S-S-S, O-S-O and
N-S-N sequences, as well as other combinations of these
atoms.? Nitrogen atoms have also been introduced into the
conjugated framework connecting the X and Y atoms,
culminating in the synthesis of 6a\*-thia-1,2,3,4,6-pentaaza-
pentalenes 2. The 1,2,3,5,6-pentaaza analogues 3 are now
described in this paper.t
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A rational precursor for the title compounds is the 5-
aminothiadiazole 6. We placed a bulky terz-butyl group at the
4-position in order to direct methylation exclusively to the N-2
atom in the next step of the reaction sequence; in its absence
methylation occurs preferentially at N-3.° A convenient method
for obtaining compound 6 is shown in Scheme 1 and starts from
chloropinacolone 4 which is first converted into the thiadiazole
5 by successive treatment with potassium phthalimide, ethyl
carbazate and thionyl chloride (method of Hurd and Mori); ¢
the phthalimido group is then removed by hydrazinolysis.
The alternative possibility for obtaining the amine 6, via the
known’ 5-chlorothiadiazole 7, failed since the 5-chloro atom
was unreactive towards ammonia. Also, the more reactive
methylated derivative 8 could not be transformed into the
corresponding amine (or imine) with ammonia in acetonitrile
since the thione 9a (209, m.p. 112°C) was obtained. The
structure of this unexpected product was unambiguously
established by spectral methods and microanalysis, but the
mechanism of its formation remains obscure.

With the desired 5-aminothiadiazole 6 to hand, its further
conversion into the title thiapentalenes was straightforward
and shown in Scheme 2. Thus, treatment of compound 6 with
Meerwein’s reagent yields the methylated salt 10, which reacts
readily with arenediazonium salts in the presence of pyridine
to furnish the yellow thiapentalenes 11a—c.

These compounds can be described by the dual canonical
forms 11A and 11B, of which 11A contributes most to the real

1 The numbering used here is that of 1,6,6aA*-trithiapentalene in
compliance with common practice.
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Scheme 1 Reagents: i, potassium phthalimide; EtO,C-NHNH,; iii,
SOCl,; iv, N,H,; v, Me;O* BF, ~; vi, NHj; vii, PANH,
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Scheme 2 Reagents: i, Me;O* BF, ~; ii, p-XC¢H,N, * BF, ~
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structure. Indeed, in the '3C NMR spectra (Table 1) the N-
methyl signals are found at § ~38, whereas a methylazo
group has been reported to resonate at 6 57.% Our values are
comparable with those of compounds 9a (5 42) and 9b (¥
44); the latter was prepared from the salt 8 and aniline (yield
98%, m.p. 39 °C). The observed shielding by 4-6 ppm reflects
the thiapentalenic structure of the molecules for which the
three-centre four-electron bonding system is characterized by a
high electron density at the terminal heteroatoms, compensated
by weakening of the o-bonds with sulfur.® This extra electron
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Tablel Selected NMR chemical shifts of the thiapentalenesin CDCl,*
NCH,
Compound NCH,; (YJgoy)? C-3a C-4
11a 391 37.6 146.7 151.7
(140)
11b 3.95 37.85 146.6 152.6
(141)
11c 4.04 38.3 146.4 154.1
(141.5)

“ The substituents resonate at the following positions: Bu': d¢ 29.1 and
35.5; p-MeOCgH,: o 55.5 (OMe), 137.5 (C)), 122.1 (C,), 114.8 (C,)
and 159.2 (C,); p-BrC¢H,: éc 143.6 (C)), 122.2 (C,), 132.6 (C,,) and
120.8 (C,); p-NO,C¢H,: 8 149.4 (C)), 125.3 (C,), 120.6 (C,,) and 145.8
(C,). b J Values are recorded in Hz.

density at N-6 causes a shift of the methyl carbons to higher
field compared with those of compounds 9a and 9b.

N
Nj:fN‘N Nj%/ N
| 1] 1
N

1
N—S8S N N S—
Me/ \Ar Me/ \Ar
A B
11 Ar = CgHaX-p

In order to gain more insight into the structural properties of
these molecules a single crystal X-ray structure analysis of 11b
was carried out and the results are shown in Fig. 1. The
heterobicycle is nearly planar with N(2) deviating most
(0.054 A) from the best plane through the eight atoms. This
allows for electron delocalisation of the conjugated system
embracing the terminal heteroatoms N(1) and N(6) with bond
lengths intermediate between single and double bonds. The
atomic sequence N(1)-S(6a)-N(6) makes an angle of 164° and
consists of a normal N(6)-S(6a) bond'® of 1.76 A and a
stretched N(1)-S(6a) bond of 2.06 A which is considerably
shorter than the corresponding van der Waals distance of
3.35 A. The covalent bond strength can be estimated by using
Huggins’ eqn. (1),'! where Dy is the bond dissociation energy

Dys = 1020% — ) 1))

in kcal mol™, rys is the observed bond distance and rg is the
computed constant energy distance for N-S (2.58 A). The
calculated dissociation energy for N(1)-S(6a) is 11 kcal mol™!
and we conclude that canonical form 11b is a real, but minor,
contributor to the overall structure of the molecule.

Experimental

Typical Procedure: 1-(4-Bromophenyl)-4-tert-butyl-6-methyl-
6a)\*-thia-1,2,3,5,6-pentaazapentalene 11b.—A solution of
ketone 4 (6.8 g, 0.05 mol) and potassium phthalimide (10 g,
0.05 mol) in dimethylformamide (40 cm?) was stirred at room
temperature for 3 h and then poured into water (100 cm?). The
precipitated N-phthalimido-3,3-dimethylbutan-2-one was filt-
ered off, washed with water and dried (13.2 g, 87%), m.p. 101 °C
(from EtOH).

A solution of this compound (12.3 g, 0.05 mol), ethoxy-
carbonylhydrazine (7.8 g, 0.075 mol) and a trace of toluene-p-
sulfonic acid in toluene (100 cm?®) was refluxed for 16 h with
a Dean-Stark water separator. The cooled mixture was then
poured into water and the organic phase was collected, washed
with water, dried (MgSO,) and evaporated under reduced
pressure to give 3,3-dimethyl-1-(N-phthalimido)butan-2-one
ethoxycarbonylhydrazone as a yellow solid (10.5 g, 34%,), m.p.
114 °C.
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Fig. 1 Molecular structure of 11b with selected bond lengths (A)

This compound (16 g, 48 mmol) was added with portions to
ice-cooled thionyl chloride (50 cm?) and the whole was stirred
at room temperature for 30 h. The excess of thionyl chloride was
distilled off and the residue was chromatographed on silica gel
with ethyl acetate-hexane (1:1) as the eluent to give thiadiazole
5(6.4 g,47%), m.p. 171 °C.

A solution of 80% hydrazine hydrate (2.3 g) in ethanol (30
cm?) was added slowly to the thiadiazole 5 (6.4 g, 22 mmol) in
boiling ethanol (150 cm?). After the mixture had cooled, the
precipitate was removed and the filtrate was evaporated. The
residue was chromatographed on silica gel with diethyl ether—
hexane as the eluent to give the 5-aminothiadiazole 6 (2 g, 58%),
m.p. 116 °C (from C¢Hg); v,,.(KBr)/cm™ 3444s, 33165, 3190s,
2970s and 1628s; 6(CDCl;, 400 MHz) 1.48 (9 H, s, Bu') and
5.1 (2 H, br, NH,); 6(CDCl;) 29.5 and 33.3 (Bu'), 151.6 (C-4)
and 159.2 (C-5).

A solution of the thiadiazole 6 (2 g, 13 mmol) and
trimethyloxonium tetrafluoroborate (2 g, 14 mmol) in dry
dichloromethane (40 cm?®) was stirred at room temperature for
1 day after which it was evaporated and the residue crystallized
from ethanol to give the salt 10 (1.12 g, 32%), m.p. 186-190 °C
(Found: C, 32.35; H, 5.3. C,H,,BF NS requires C, 32.45; H,
5.45%); Vmax(KBr)jem™ 3244s and 3052s (NH,); 6,[(CD,),-
SO, 400 MHz] 1.38 (9 H, s, Bu'), 4.09 (3 H, s, NMe) and 8.80
(2 H, br s, NH,); .[(CD;),SO] 27.6 and 33.1 (Bu'), 43.0
(NMe), 148.0 (C-4) and 168.6 (C-5).

Pyridine (5 cm®) was added dropwise to an ice-cooled
solution of the salt 10 (470 mg, 1.8 mmol) and p-bromo-
benzenediazonium tetrafluoroborate (460 mg, 1.8 mmol) in dry
tetrahydrofuran (20 cm?®) and the whole was stirred overnight at
room temperature. The reaction mixture was then poured into
chloroform (100 cm®) and washed with 3 mol dm™3 aqueous
hydrochloric acid (3 x 100 cm®) and water (100 cm?). The
organic phase was dried (MgSQO,) and evaporated and the
residue was chromatographed on silica gel with diethyl ether—
hexane (1:3) as the eluent to give the thiapentalene 11b (340 mg,
53%), m.p. 125 °C (yellow crystals from EtOH) (Found: C, 44.2;
H, 4.5. C,3;H,¢BrN;S requires C, 44.07; H, 4.55%); 5y(CDClj,
400 MHz) 1.66 (9 H, s, Bu‘), 3.95(3H, s, NMe)and 7.56 and 7.70
(4 H, 2d, CzH,); d(CDCl;) see Table 1; m/z 355/353 (M"*,
3%), 185/183 (BrC¢sH,N,*, 100), 157/155 (BrCcH, *, 60), 76
(C6H, ", 19),75(15),61 (10), 57 (Bu*, 33)and 43 (MeN, *, 49).

Note: The thiapentalenes 11a (23%, m.p. 120 °C) and 11c
(72%, m.p. 221 °C) were similarly prepared from the thia-
diazolium salt 10 and p-methoxybenzenediazonium tetrafluoro-
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borate and p-nitrobenzenediazonium tetrafluoroborate,

respectively.

Crystal Structure of Compound 11b.—Crystal data. C,;-
H,¢BrN,S, M = 354.3. Triclinic, a = 8.808(1), & = 9.521(2),
¢ =10.362(2) A, o = 96.93(1), f = 105.77(1), y = 109.75(1)°,
¥ = 765.1(2) A3 (by least squares refinement on diffractometer
angles of 20 automatically centred reflections, 1 = 1.541 78 A),
space group PT (No. 2), Z =2, D, = 1.538 g cm™>. Yellow
blocks from ethanol. Crystal dimensions 0.35 x 0.35 x 0.15
mm?, p(Cu-Ko) = 4918 mm™".

Data collection and processing. Siemens P4-PC diffracto-
meter, w20 mode with o scan width 0.60 deg, w-scan
speed 2-60 deg min™!, graphite-monochromatized Cu-Ka
radiation; 1979 reflections measured (2.0 < 260 < 100.9°,
+h, k, 1), 1576 unique (merging R = 0.0294), giving 1488
observed with F > 4g(F). Three check reflections measured
every 100 reflections showed no significant decrease in intensity.

Siructure analysis and refinement. Direct methods. Full
matrix least-squares on F? with all non-hydrogen atoms
anisotropic, hydrogen atoms with fixed isotropic U 1.2 times
U,, of the parent atom. Final R and wR, values are 0.0532
and 0.1443 for observed reflections. Siemens SHELXTL PLUS
(PC version) 2 program used for structure solution and draw-
ings. SHELXL-93 program ' used for structure refinement.

Acknowledgements

Financial support from the NFWO, the University and the
Ministerie voor Wetenschapsbeleid is gratefully acknowledged.
This work has been accomplished with fellowships from the
IWONL (for L. B.) and the NFWO (for W.D.). L. V. M. is a
Research Associate of the National Fund for Scientific
Research.

2897

References

1 S. Bezzi, M. Mammi and C. Garbuglio, Nature, 1958, 182, 247.

2 R. Gleiter and R. Gygax, Top. Curr. Chem., 1976, 63, 49;
R.Cimiragliaand H.-J. Hofmann, J. Am. Chem. Soc.,1991,113,6449;
K.-J. Lin and Y. Wang, J. Phys. Chem., 1993, 97, 3176.

3 C. T. Pedersen, Sulfur Rep., 1980, 1, 1; N. Lozac’h in Comprehensive
Heterocyclic Chemistry, eds. A. R. Katritzky and C. W. Rees,
Pergamon Press, Oxford, 1984, vol. 6, p. 1049.

4 G. L’abbé, E. Albrecht, J. Feneau-Dupont and J.-P. Declercq,
J. Heterocycl. Chem., 1993, 30, 349.

5 K. Masuda, J. Adachi, H. Nate, H. Takahata and K. Nomura,
J. Chem. Soc., Perkin Trans. 1, 1981, 1591; V. A. Kozinskij,
O.V. Zelenskaja, S. Briickner and L. Malpezzi, J. Heterocycl. Chem.,
1984, 21, 1889; G. L’abbé, P. Delbeke, L. Bastin, W. Dehaen and
S. Toppet, J. Heterocycl. Chem., 1993, 30, 301.

6 C. D. Hurd and R. I. Mori, J. Am. Chem. Soc., 1955, 77, 5359.

7 E. Schaumann, J. Ehlers and H. Mrotzek, Liebigs Ann. Chem., 1979,
1734.

8 Y.M.Wu, L.Y.HoandC. H. Cheng, J. Org. Chem., 1985, 50, 392.

9 J. C. Martin, Science, 1983, 221, 509; B. Fabius, C. Cohen-Addad,
F.K.Larsen,M.S. Lehmann and P. Becker, J. Am. Chem. Soc., 1989,
111, 5728; Y. Wang, S. Y. Wu and A. C. Cheng, Acta Cryst., Ser. B,
1990, 46, 850.

10 S. Auricchio, S. Briickner, L. Malpezzi Giunchi, V. A. Kozinsky and
O. V. Zelenskaja, J. Heterocycl. Chem., 1980,17, 1217.

11 M. L. Huggins, J. Am. Chem. Soc., 1953, 75, 4126.

12 SHELXTL (1990) PC Manual Version 4.1, Siemens Analytical
X-Ray Instruments, Inc., Madison, Wisconsin, USA.

13 G. M. Sheldrick, SHELXL-93, Program for Crystal Structure
Refinement, University of Goéttingen, Germany, 1993.

Paper 4/04990]
Received 15th August 1994
Accepted 30th August 1994



