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77. Synthesis and Some Reactions
of 2,4,6-Cycloheptatrienethione?)

by Harry A.Dugger? and André S. Dreiding

Organisch-Chemisches Institut der Universitdt Ziirich, Ramistrasse 76, 8001 Zirich

(12. XII. 75)

Summary. The synthesis of 2,4,6-cycloheptatrienethione (1) was accomplished by reaction
of tropone and phosphorus pentasulfide. Although 1 proved to be extremely unstable in con-
centrated solution, its UV. spectrum was measured, the ¢-values being determined indirectly by
hydrolysis to tropone. The proof of structure rests on analytical data, conversion to tropone oxime
on reaction with hydroxylamine and reaction with the sodium salt of malonitrile to give 2-amino-
3-cyano-3aH-cycloheptafbjthiophene (4) which rearranged on chromatography to give what is
probably the corresponding 8 H-compound (5). On dissolving 1 in 959, sulfuric acid, a large hypso-
chromic shift in the UV. spectrum was observed, which may be due to the mercaptotropylium ion.

1)  These results were presented at the 155th American Chemical Society Meeting.

2) National Institutes of Health Postdoctoral Fellow 1962-1964. Present address is Drug
Metabolism Section, Sandoz Pharmaceuticals, Sandoz, Inc., East Hanover, New Jersey
07936 USA.
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Recent publications on the cycloaddition of cycloheptatrienethione (1) (tropo-
thione) with dienophiles [1], its reaction with dichloroketene and with tetracyano-
ethylene [2], its reaction with diazomethane [3] and a study of the electronic structure
of 1 [4] have prompted this report on work carried out some time ago on the synthesis
and some reactions of 1.

S 0

1 2

Prior to the start of this study, only one other attempt to synthesize 1 had been
reported wherein Nozoe ef al. [5] on heating tropone (2) with phosphorus pentasulfide,
obtained a brown oil which solidified on standing. Subsequently, Kitahara et al. [6]
reported the synthesis of 1 by reaction of chlorotropylium chloride with hydrogen
sulfide. The product was a red oil with UV. absorption maxima at A = 220, 252 and
380 nm (no solvent mentioned). They also noted that 1 could be prepared by reaction
of 2 with hydrogen sulfide in the presence of hydrochloric acid. The only other seven-
membered ring thiones that were known prior to this study were 2-aminotropothione
[7] and 2-hydroxytropothione [8] which as analogues of tropolone, are considerably
more stable than 1.

We first attempted3) the synthesis of 1 by the disproportionation of ditropyl
sulfide catalysed by tropylium ion in a reaction analogous to that reported to give
tropone and cycloheptatriene from ditropyl ether [9]. The failure of this reaction
prompted the synthesis of 1 by an alternative pathway and the study of its properties
to see if product instability could account for the failure to isolate 1. Several general
methods reported for the preparation of aromatic and aliphatic thiones were tried but
the one method which proved successful was a modification of the reaction of 2 with
phosphorus pentasulfide reported by Nozoe et al. [5]. Although most ketones require
high temperatures and solvents such as pyridine for conversion to the thione, an
immediate coloration was observed on mixing tropone and phosphorus pentasulfide
at room temperature using toluene as a moderating solvent. This high reactivity of
tropone toward phosphorus pentasulfide is undoubtedly due to its dipolar character.
After standing several hours at room temperature, the color darkened and measure-
ment of the UV, spectrum of the liquid phase showed that the maximum at 310 nm
due to the tropone had been replaced by a new maximum at 378 nm. When the
intensity at 378 nm reached a maximum, the reaction was halted. Washing the toluene
solution with water followed by chromatography over silica to remove unreacted
PS5 and any polymeric material gave a toluene solution which by TLC. analysis
contained only one substance, 1. (Alternatively, carbon tetrachloride could be used
to elute the product). This substance proved to be extremely reactive, giving a
reddish brown solid on concentration of its solutions. The products of the decomposi-
tion are unknown; they are at least partly insoluble in common solvents and those
that do dissolve do not show a characteristic UV. spectrum. Attempts to isolate 1

3)  Work carried out by W. Renold.
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either by distillation at high vacuum in the cold or by crystallization of tetrafluoro-
borate or perchlorate salts failed. However, elemental analysis of the brown solid
resulting on removal of the solvent showed that C, H and S were present but no
phosphorus. A UV. spectrum of the residue indicated that it contained no more than
129, of 1. This analysis, coupled with the conversion to tropone oxime (with evolution
of hydrogen sulfide) by treatment with hydroxylamine in pyridine/ethanol, supported
the assignment of structure 1 to the substance in solution. The clean reaction of 1 to
tropone oxime contrasts with that of tropone which on reaction with hydroxylamine
gives, in addition to the oxime, 2-amino-tropone [5].

Once it became apparent that the isolation of 1 was not probable, an attempt
was made to obtain the pertinent UV. spectra and the tH-NMR. spectrum. The UV.
spectrum of 1 was measured in a number of solvents; the results are in the Table.
There is a small bathochromic shift on increasing the polarity of the solvent which is
characteristic of m—n transitions. These results are in good agreement with the UV.
spectrum first reported by Kitahara [6] (noted above) but does not agree with the
spectrum published recently by Machiguihi [4]. The latter spectrum in methanol
contains an additional maximum at A = 316 nm which may in fact be due to the
presence of some tropone in the sample. The absorption maximum for tropone in
ethanol is 310 nm. The large hypsochromic shift of 20 nm on changing the solvent
to 959%, sulfuric acid could be explained by postulating the appearance of a mer-
captotropylium ion. This assignment appears reasonable from a comparison of the
long wavelength UV. bands of the four ions summarized in Scheme 7. The overall
shift due to substituting sulfur for oxygen or ethyl for hydrogen in every case was
of the same order of magnitude and in the same direction. The differences may be due
in part to a difference in the solvents used.

Table. UV. Spectrum of 2,4,6-Cycloheptatvienethione (1)

Solvent a) First Maximum eb) Second Maximum e
Amax (nm) Amax (nm)
Ethanol 380 16,900 sh 250-260
Toluene 378 15,400 -
Carbon
Tetrachloride 376 16,100 sh 258
959, Sulfuric Acid 360 18,300 256 17,900

a) Solutions in various solvents were prepared by diluting 0.8 ml of a CCls stock solution with
the indicated solvents.

b)  Values are determined by conversion of tropothione to tropone and comparison of the values
before and after: 1009, conversion is assumed.

The e-values for the UV. maxima of tropothione (1) were determined indirectly by
hydrolysis to tropone (2), a common reaction of thiones which can be catalysed by base
or acid [11]. In this case both acid and base catalysis were tried but the data from
acid catalysis are considered more reliable as tropone is less stable in base than in
acid. The e-values calculated assuming 1009, conversion to tropone are given in the
Table. If the conversion of 1 into 2 were not 100%,, the e-values given would be too
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Scheme 1. Comparison of the longest wavelength maximum of hydvoxy, mercaplo, ethoxy and
ethylmercapto tropylium ions

OH SH
Solvent: sulfuric acid Solvent : sulfuric acid
Amax = 305 nm Ahmax = 55 um Amax = 360
& = 9,550 [9] Ae = 8,750 £ = 18,300
Aldmax | = 5nm Admax | = 21 nm
Ae = 700 A = 510
OCHZCH3 scHch5
Solvent: acetonitrile Solvent: acetonitrile
3 — 310 nm Admax = 66 nm 2 — 318
max — e “max —-
& = 10,250 [10] Ae = 17,540 & = 17,790 [10]

large but the yields of 1 calculated using these e-values, which in these preparations
was 26-45%,, would be larger.

The shift in the UV. maximum and the increase in ¢-value on going from tropone
to tropothione, AAmax = 70 nm, de = 8,950 (ethanol) (see Scheme 2), is of the same

Scheme 2. UV. absorptions

0 S
A Apax = 70 nm
Ae = 8,950
Amax (ethanol) = 310 380 nm
e = 7,950 16,900
0 S
OH OH
A Amax = 46 nm
A e = 6,500
Amax (Cyclohexane) = 374 420 nm
& = 5,500 12,000
0 S
NH, NH,
A Amax = 53 nm
Ae = 5,550
Amax (cyclohexane 448 nm
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order as going from 2-aminotropone to 2-aminotropothione, Adpmax = 53 nm, Ade =
5,500 (cyclohexane) [7], or in going from tropolone to 2-hydroxytropothione, Admax =
46 nm, Ae = 6,600 (cyclohexane) [8]. One would not expect the correlation to be
exact since there is undoubtedly a change in the internal hydrogen bonding in the
above structures on replacing an oxygen with sulfur. Again in all three cases the shift
is in the same direction and of approximately the same order of magnitude.

Attempts to measure the IH-NMR. spectrum of distilled tropothione failed due
to decomposition. However, dilute solutions gave a satisfactory spectrum at 100 MHz;
the more concentrated solutions required for a 60 MHz spectrum showed several
additional multiplets probably due to polymers. The low field doublet at 7.71 ppm
(J = 10.7) was assigned to those protons on carbon atoms adjacent to the thione
group. The other two multiplets at 6.4-6.6 and at 6.6-6.8 ppm were assigned to the
remaining four ring protons. Although these values must be regarded with caution
since the substance was never isolated, they support the conclusion of Machiguchi
et al. [4] based on a molecular orbital calculation that tropothione shows polyolefinic
character and that dipolar contributions to the overall resonance structure similar to
those proposed for tropone [12] are small. Under similar conditions tropone gives
a single broad signal in the 1H-NMR. spectrum at 7.20 ppm.

An experiment was tried to synthesize a known derivative, 8,8-dicyanoheptaful-
vene, and at the same time to demonstrate again the elimination of sulfide which
was already observed in the reactions of 1 with acid or base to give 2 and with hy-
droxylamine to give tropone oxime. This reaction is conceptually similar to the
reaction of ethoxytropylium fluoroborate with the sodium salt of malonitrile to give
dicyanoheptafulvene [13]. In fact, theinitial attack of the malonitrile anion on 1 was at
the 2-position followed by cyclization to give 2-amino-3-cyano-3a H-cycloheptalé]-
thiophene in 739, yield based on the calculated amount of 1 present. The structure
of 4 is supported by elemental analysis for CipHgN2S, molecular weight, its IR.

S
S

" 3—NH
' Y

Ne* CH(CN),
) B CN
3a

1 4

(A=4.60u, CN; 2 = 296, 3.04, 3.13 y, NH;) and its 1H-NMR. spectrum (a 1 proton
double triplet at 6 = 3.45 with J = 4.5 and 2.2 for H-C(3a), a 1 proton doublet of
doublet at é = 5.07 with J = 4.5 and 9.0 for H-C(4), two 2-proton multiplets in the
5.9-6.6 region for H-C(5) to H-C(8), and a broad signal near d = 6.5, which is
removed on adding acid, for NH,. 4 rearranged by slow chromatography on silica gel

HH S
S NH, NH,
— -
CN K CN
H
6
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to a single compound which is 5 or 6. The 8 H-isomer (5} was considered the more
probable structure since it is the product of a single 1,5-hydrogen shift from 4 and
since no driving force for a second 1,5-shift to give 6 is evident, the aromatization of
the thiophene ring already having occurred in the first shift to give 5.

The assignment of structure 5 or 6 was based on analysis for C1gHgN2S, molecular
weight and the spectral data as follows: Characteristic IR. bands (A= 4.55 u, CN; 2.90,
2.98 and 3.15 4 NHp) are in good agreement with those reported [14] for 2-amino-3-
cyano-4-phenyl-thiophene. The UV. spectrum exhibits a single broad absorption at
338 nm, ¢ = 10,400, which represents a bathochromic shift of about 70 nm when
compared with strongest bands of 4. The IH-NMR. spectrum lends itself to a first
order analysis (interpreted on structure 5): Aside from the é = 6.4-6.8 broad signal
for NHsp and the = 2.95 doublet (] = 6.8) for the H-C(8)’s, four signals in the vinyl-
proton region are seen; d = 6.66 as d xd (J = 11.3 and ~1) is attributed to H-C(4},
0=06230as dxdxd (J =113, 5.8 and ~1) to H-C(5), § = 6.03 as d xd (J = 10.0
and 5.8) to H-C(6) and = 5.41 as d x¢x¢ (J = 10.0, 6.8 and ~1) to H-C(7).

The reaction of tropone with malonitrile in the presence of base has been reported
to give Z-amino-1,3-dicyanoazulene, obviously a very complex reaction involving
cyclization and dehydrogenation [15]. The reaction pathway is not clear, but it is
possible that the oxaazulene corresponding to 4 is an intermediate which after oxida-
tion reacts with additional malonitrile to give the observed product, inasmuch that
at Jeast one oxa-azulene, 2-amino-3-aminocarbonyl-1-oxa-azulene has been found to
undergo such a reaction with excess cyanoacetamide to give Z-amino-1,3-bis(amino-
carbonyl)-azulene [16].

Experimental Part

1. General. - Melting points were taken using a heated oil apparatus and were not corrected.
The IR. spectra were measured on a Perkin-Elmer 21 spectrometer. They are recorded as follows:
IR. (support) : frequency in g, intensity as w = weak, m = medium and s = strong. The clectronic
spectra were measured on a Beckman D.U. spectrometer. They are recorded as follows: UV.
(solvent): maxima and inflections in nm (extinction &). The proton resonance spectra were
measured on a Varian A-60 or HA-100 instrument. They are rccorded as follows: 1H-NMR.
(frequency and solvent): chemical shifts in ppm on the d-scale (TMS internal = 0)/multiplicity
with s = singlet, d = doublet, ¢ = triplet and m = multiplet, splitting J in Hz, relative integra-
tion (interpretation). Abreviations: RV. = Rotatory evaporator.

2. Preparation of Tropothione. 0.588 g (5.55 mmol) of tropone (2) was added in one
portion to a rapidly stirring suspension of 2.471 g (11.1 mmol) of phosphorus pentasulfide in
400 ml of dry toluene under a nitrogen atmosphere. After 6 h, water was added and the toluene
layer was separated and dried over anhydrous sodium sulfate. TLC. showed that only one sub-
stance (1), which was capable of migration, was present. This red toluene solution was concentrated
to about 20 ml in a RV. at reduced pressure and at a temperature never surpassing 40°. The
tropothione contained in the solution was freed from impurities present and from the toluenc by
chromatography on a column of 30 g silica gel, using carbon tetrachloride as the eluting solvent.
The spectroscopically determined yield4) of tropothione (1) in solution is 226 mg or 339%,.

A solution containing 27.8 mg of tropothione, was concentrated to dryness in RV. and then
kept for an additional hour under 10~2 Torr. The residue was analysed immediately, the weighing
being done in the open air.

CsHgS Calc. C689 H35.0 PO0.0% S263 Found C66.2 H58 P0.0% S209

4) The calculation of this weight is based on an g-value for tropothione at 380 nm of 16,800.
This value was derived in an indirect manner as will be described below.
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A part of this analytical sample, weighing 0.500 mg, dissolved partially in 25 ml of methanol.
The UV. spectrum of this sample showed that 1 had decomposed to the extent of at least 889%,.

UV. Spectrum. Aliquot portions of the carbon tetrachloride solution described above were each
diluted in the cold to a total volume of 25 ml with ethanol, toluene, carbon tetrachloride and
concentrated sulfuric acid$), and their UV. absorption curves were measured immediately. The
observed results are shown in the Table. The e3¢ value was determined in the ethanolic solutions by
conversion to tropone on a micro scale in the following way: to an ethanolic solution prepared by
dilution of a carbon tetrachloride solution (obtained by chromatography) was added a catalytic
amount of 60% HClO4-solution and the conversion to tropone was followed spectroscopically
until the maximum at 380 nm had disappeared and the new one at 310 nm did not increase any
more. Authentic tropone, b.p. 120-121°/20 Torr, under identical conditions had &30 = 7,950.
Assuming a 1009, conversion to tropone the ¢-value for tropothione was calculated. Duplicate
determinations gave an average e-value for the absorption maximum of tropothione in ethanol
at 380 nm of 16,800. The ¢-values for the other solutions were calculated accordingly.

Attempts to Distill Tropothione. A concentrated CCly solution containing 70 mg tropothione was
evaporated to dryness in a Kugelrohr and the residue was distilled at 10~2 Torr. At 40-50° 6 mg
of viscous red oil were collected and shown to contain tropothione by TLC. and its UV. spectrum
(sample did not completely dissolve in ethanol Amax = 378, ¢ = 6,550). The black residue from the
distillation weighed 0.063 g. The possibility that 1 decomposed during the interval between
removal of the last of the solvent and the beginning of the distillation was checked using a second
solution containing 50 mg of 1. After degassing, the solution was concentrated to about 0.2 ml
on a distillation bridge using a liquid air trap and warming the arm containing 1 with a 15°
water bath. After freezing in liquid air, closing the arm containing 1, exchanging the trap for an
NMR. tube, evacuating the system to 106 Torr for 1 h, and opening the arm containing 1 to the
system again, an attempt was made to distill 1 along with the remaining CCly into the NMR.-tube
by freezing the tube in liquid air and warming the arm containing 1 to 40° on a water bath. Since
after 1 h the intensity of the color of the CCly solution in the NMR. tube indicated little 1 had
distilled, the temperature was raised to 60° for 1 h and finally to 80° for 1 h. The UV. spectrum
showed that only 0.04 mg of 1 had distilled.

1H-NMR. (100 MHz, CCly): 7.71/d, J = 10.7, 2H (H—C(2), H—C(7)); 6.8-6.6 and 6.6-6.4/2m,
4H (H—C(3)), H—C(6)), H—C(4), H—C(5)). This spectrum was measured after concentration of a
carbon tetrachloride solution which was obtained by chromatography as described above. In
addition to the above signals, there was an additional signal at 6.43 ppm due to an impurity in
the carbon tetrachloride which is most probably tetrachloroethylene. If a toluene solution, also
purified by chromatography, was concentrated almost to dryness and the residue quickly taken
up in carbon tetrachloride, the same spectrum was obtained at 60 MHz except that the signal at
6.43 ppm had been replaced by the two signals characteristic of toluene at 2.32 and 7.17 ppm.
In addition, there were other low intensity multiplets at higher fields which are probably due to
polymeric decomposition produects.

3. Reaction of Tropothione. With Hydvoxylamine Hydrochlovide. A solution of 1.5 mmol of
tropothione, 269, yield determined spectroscopically, was prepared as described above using
0.611 g (5.76 mmol) of tropone and 1.684 g (7.6 mmol) of phosphorus pentasulfide. The volume of
the carbon tetrachloride solution obtained after chromatography was reduced in a RV. at reduced
pressure to a volume of about 20 ml. This was added to a boiling solution of 0.153 g (2.2 mmol) of
hydroxylamine hydrochloride in 10 ml of ethanol/pyridine 1:1. The solution was maintained at
the boiling point for 2 h during which hydrogen sulfide was evolved as shown by a positive test
using moist lead acetate paper. Addition of water, extraction with ether, drying the ether layer
and, after removal of the solvent, chromatography of the residue on silica gel using ether as the
eluting solvent gave pure tropone oxime which was precipitated from a concentrated ether solution
as its hydrochloride, m.p. 146-147°, reported 146-147°, weight 111 mg., 489, yield. Mixed m.p.
showed it to be identical with an authentic sample. No 2-aminotropone or 2-aminotropothione
was isolated.

5 The tropothione dissolved in the sulfuric acid and the carbon tetrachloride separated as a
layer on the top.
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2-Amino-3-cyano-3a H-cyclohepta[blthiophene (4). A solution of 2.96 mmol of tropothione,
429, vield, were prepared as described above from 0.746 g (7.05 mmol) of tropone and 2.982 g
(13.4 mmol) of phosphorus pentasulfide. The carbon tetrachloride solution from chromatography,
3.4551, was cvaporated on a RV. at reduced pressure to a volume of about 20 ml. This was added
quickly to 5 ml of an ethanolic solution of the sodium salt of malonitrile prepared from 0.122 g
(5.3 mmol) of sodium and 0.38 g (5.7 mmol) of malonitrile. The reddish color of tropothione
disappeared immmediately on addition. There was a transient light green color and then the solution
slowly became orange. After 24 h, pouring the mixture into water, extracting with ether and
purifying by chromatography on silica gel using ether as the eluting solvent gave 4 slightly
contaminated by 5 (or 6), weight 0.405 g (2.15 mmol), 739, yield. Compound 4, m.p. 142.5-144°
with decomposition, was obtained pure on crystallization from ether. UV. (ethanol): max 215
3.8-4.0. -1H-NMR. (100 MHz, CCly): 6.6-6.3/m, 2H and 6.3-5.9/m, 2H (H-—C(5), H—C(6), H—C(7),
H—C(8)); 6.5/br. covered, 2H (2H—N); 5.07/d xd, Jsa,a = 4.5, Ja,5 = 9.0, 1H (H-—-C(4})}; 3.45/
dxt, Jaa,a = 4.5, J3a,5 = J3a,8 = 2.2, 1 (H—-C(3a)).
CioHgNzS  Cale. €639 H43 N149 S$17.19%
(188) Found ,, 63.8 ,, 44 , 147 , 17.09%

2-Awmino-3-cyano-SH(or 4H)-cyclohepta[blthiophene (5 or 6). 5 (or 6) was prepared by slow
chromatography of 4 on silica gel using 5%, ether in 30-60° petroleumn ether as the eluting solvent.
Decolorization with a minimum amount of activated charcoal®) and crystallization from hexane/
ether gave pure 5 (or 6), m.p. 176-177.5° (dec.). — UV. (ethanol} : min 266 (2,000) max 338 (10,400).—
IR. (KBr): 2.90s; 2.98s; 3.15s; 4.55. — 1IH-NMR. (100 MHz, CCly; Numbering according to
structure 5): 6.8-6.4/broad, 2H (2H—N); 6.66/dxd, | = 11.3 and ~1, 1H (H—C{4)); 6.30/
dxdxd, ] =113, 5.8 and ~1, 1H (H—C(5)); 6.03/dxd, J] = 10.0 and 5.8, 1H (H—C(6));
541/dxtxt, J =10.0, 6.8 and ~1, 1H (H—C(7)); 2.95/d, J = 6.8, 2H (2H—C(8)).
Ci1oHgN2S Cale. C63.9 H43 N149 S17.19%
(188) Found ,,63.7 ,, 45 ,, 150 ,,16.99%

Mol. wt. (osmometric in 2-propanol): 183.
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