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In addition to the anticipated 3-(2-benzothiazolylthiomethylene)phthalide
four more compounds resulted from the reaction of 2-benzothiazolyl-
thioethanoic acid with phthalic anhydride under conditions of Gabriel modifi-
cation of Perkin synthesis. These four compounds were identified as (Z,Z)-,
(E,Z)-3,3’'-thio-bis(methylenephthalide), 1-(2-benzothiazolyloxy)-1-inden-3-
-one, and dibenzothiazolyl disulfide. The starting compounds did not react in
the presence of acetic anhydride, since 2-benzothiazolylthioethanoic acid was
preferentially acetylated to yield 4-methylthiazo[2,3-b]benzothiazolium 5-car-
boxylate by an intramolecular condensation.

2-BeH30THa30IWITHOITAHOBasA KUCIIOTA ¢ TaneBbIM aHTHIPHIOM B yCllO-
Busax ['abpuanesoit Mogudukanuu cuHTe3a [lepkuHa aeT KpoMe 0XHUAaEMOro
3-(2-6eH30THA30MMITHOMETIHIIEH )(PTANHAA ellle YeThIPe COEfUHEHNUS, He OTBe-
qarouue 06bIYHOMY IPOTEKAHUIO abJOJLHON KOHAeHCAlMU. BLUTH BhIfeeHb!
Z,Z- v E,Z-n3oMepsl 3,3'-THo-6uc(MeTHneHdTanuna), 1-(2-6eH30THa3011I-
OKCH)-1-HHEH-3-0H 1 gubeH30THa30MMIAKCYIb(UI. B mpUCyTCTBUM yKCYCHO-
ro aHTHAPHA UCXONHbIE COeMHEHHUS He pearupyroT Mexay co60i, MOCKONBKY
2-6eH30THA30MWITHOITAHOBAs KMCIOTA NPEANOYTHTENbHO NOABepraeTcs ale-
THIUPOBaHHMIO M B pe3ylbTaTe BHYTPEHHEH KOHOEHCAlMM faeT 4-MeTHITHa-
30[2,3-b]6eH30THa30MHIA-5-Kap6OKCHaT.

This paper is a continuation of our study [1—4] on aldol condensation with
heterocyclic acids as e.g. 2-furylethanoic, 2-thienylethanoic, 3-indolylethanoic,
and 4-cumarinylethanoic acids. These, similarly as arylthioethanoic acid [5]
afforded the corresponding 3-substituted phthalides by aldol condensation.

2-Benzothiazolylthioethanoic acid (I, Scheme 1) was found to react atypically
with phthalic anhydride (II) under conditions of Gabriel modification of Perkin
synthesis. Totally five products were isolated from the feaction medium of which
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only (Z)-3-(2-benzothiazolylthiomethylene)phthalide (III) corresponded to
a normal course of aldol synthesis. The remaining products were identified as
(Z,Z)- and (E,Z)-3,3'-thio-di(methylenephthalides) (IV) and (V), respectively,
1-(2-benzothiazolyloxy)-1-inden-3-one ( VI) and dibenzothiazolyl disulfide (VII).
Tarry products present in the mixture complicate the isolation of the above-men-
tioned products. We assumed, therefore, that formation of the unwanted by-prod-
ucts might be due to the high temperature (180—200 °C) causing also decomposi-
tion of 2-benzothiazolylethanoic acid. Some dehydration reagents, as e.g. acetic
anhydride make it possible to lower the reaction temperature, nonetheless,
2-benzothiazolylethanoic acid preferentially reacts with this anhydride to give the
darkblue 4-methylthiazo[2,3-b]benzothiazolium 5-carboxylate by an intramolecu-
lar condensation. This reaction is quite fast and exothermic.

IIT was oxidized at 25°C with an equimolecular amount of H,0, to the
substituted sulfoxide VIII and with an excess of H,O, at 60 °C to the substituted
sulfone IX. The degree of oxidation of the bridgehead sulfur can be seen in the IR
spectrum by the wavenumber shift towards higher values. Thus, 1771 cm™},
1784 cm™', and 1790 cm™ were the respective v values found for compounds III,
VIII and IX, evidencing the influence of the electron-accepting group on the
position of the phthalide absorption band.

Compounds IV and V were proved isomeric by reaction with ethanol in the
presence of H,SO, as a catalyst, both giving ethyl 2,2’-thio-di(acetylbenzoate) (X).

3,3'-Thio-di(methylenephthalide) can exist in three isomeric forms as (Z,Z2)-,
(E,Z)-, and (E,E)-. Two of them, the (Z,Z)- (IV) and (E,Z)- (V) were isolated
from the reaction mixture .and their constitution was deduced from 'H NMR
spectra. Singlet for hydrogens of methine groups of compound IV appeared at
6 =7.23 ppm (2H) corresponding to a (Z,Z)- arrangement, compound V had two
singlets at 6 =7.17 ppm (1H) and 6 =7.22 ppm (1H) indicative of an (E,Z)-
arrangement. Models of 3,3'-thio-di(methylenephthalide) showed that the
(Z,Z)-isomer of IV can occupy a plane structure in two conformations, compound
(E,Z)- V in one conformation, whilst the (E,E)- isomer cannot occupy a plane
structure without being strained. Compound IV absorbed in the higher wavelength
region of the electronic spectrum (A, = 378.5 nm, log (¢/(m? mol™')) = 5.59)
than compound V (A, = 374.5 nm, log (¢/(m> mol™')) = 5.52), and also the
intensity of the former was higher ; the (E,E)- isomer was not succeeded to isolate.

Oxidation of phthalides IV and V with an equimolecular amount of H,O, at
25°C led to (Z,Z)- (XI) and (E,Z)- (XII) 3,3'-sulfinyldi(methyl-
enephthalides).

Structure of 1-(2-benzothiazolyloxy)-1-inden-3-one (VI) was adduced from
spectral data (IR, '"H NMR, and mass spectrometric), by formation of a derivative
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2-BENZOTHIAZOLYLTHIOETHANOIC ACID

with benzylamine and by considering the presumed reaction mechanism. We found
that compound VI is identical with the product of phthalide III rearrangement in
alkoxide medium [6,7]. Rearrangement of arylmethylenephthalides to
1-aryl-1-inden-3-ones has not been described as yet. We suppose that compound
VI was formed in the reaction medium from compound III via an alkaline catalysis
as shown in Scheme 2.

The starting compounds were also reacted without any catalyst at 200 °C. The
only product isolated was VII, in addition to the reactants and brown tarry
products.

Experimental
The IR spectra were measured in mineral oil suspension with a Specord 75 IR (Zeiss,
Jena) spectrophotometer in the 400—4000 cm™' v range. The 'H NMR spectra of com-
pounds IV and V were recorded in DMSO at 70 °C with a Jeol FX-100 apparatus operating
at 99.54 MHz, the remaining compounds were run with Tesla BS 487 A (80 MHz)
instrument as saturated dimethyl sulfoxide solutions. The mass spectrum was measured with
an AEI-MS 902 S spectrometer (Manchester) at 170 °C and 70 eV.

Reaction of phthalic anhydride (II) with 2-benzothiazolylthioethanoic acid (I)

Fused II (29 g; 0.2 mol), I (22 g; 0.1 mol), fused potassium acetate (2.5 g) and pyridine
(0.08 mol) were heated at 185—195 °C for 3 h with stirring and recovering the reaction
water. When no more water separated, the hot mixture was poured into water (800 cm?),
free acids were neutralized with NaHCO;, and the undissolved portion was filtered off and
washed with water. The dried product was stirred with ethanol (50 cm’), the undissolved
portion was filtered off after 30 min, the filtrate was purified with charcoal, concentrated to
one third of its original volume and the product VII was filtered off. Yield = 2.5 g (15 %),
m.p. = 181—182 °C. For C,sH;sN,S, (M. =332) wi(calc.): 50.56 % C,2.24 % H,8.42 % N,
38.56 % S; wi(found): 50.24 % C, 2.45 % H, 8.40 % N, 38.22 % S.

Portion, which was insoluble in ethanol at room temperature was refluxed in ethanol
(50 cm®) for 30 min, hot-filtered, the filtrate was purified with charcoal, concentrated to one
half and the white crystalline precipitate III was filtered off. Yield = 3 g (10 %),
m.p.=174 °C. For C;sHyO,NS, (M,=311) wi(calc.): 61.71 % C, 291 % H, 4.49 % N,
20.59 % S; wi(found): 61.75 % C, 2.94 % H, 4.49 % N, 20.39 % S. IR spectrum ; v/cm™":
1771 (v(CO)), 1628 (v(C=C)), 972 (v(C—0—C)), 1443 (3(CH)). 'H NMR spectrum;
6/ppm: 7.00—7.62 (m).

The precipitate, which was insoluble in hot ethanol was refluxed in acetic acid (70 cm?),
filtered while hot and cooled. The yellow precipitate separated V was crystallized from
acetic acid. Yield = 1.5g (5 %), m.p. = 306 °C. For C;sH,00.S (M,=322) wi(calc.):
67.07 % C, 3.12% H, 9.94 % S; wi(found): 67.29% C, 3.13% H, 9.73% S. IR
spectrum; v/cm™': 1757, 1720 sh, 1787 sh (v(CO)), 1440 (v(CH).com), 960 (v(C—O—C)).
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'H NMR spectrum ; 8/ppm: 7.17 (s, 1H), 7.22 (s, 1H), 7.64—8.21 (m, 8H). UV spectrum;
Amx/nm (log (¢/(m® mol™))): 374.5 (5.52).

The filtrate concentrated to 2/3 of its original volume afforded after cooling approximate-
ly 0.5 g of the former substance. Further concentration to 1/4 of the original volume
furnished 1 g (7 %) of the yellow substance VI, m.p. = 359—360 °C. For C,sH;O,NS
(M, =279) wi(calc.): 68.80 % C, 3.24 % H, 5.01 % N, 11.47 % S; wi(found): 68.73 % C,
3.18% H,5.02 % N, 11.66 % S. IR spectrum; v/cm™: 1628, 1625 sh (v(CO)), 1510, 1584
(v(C=C)). 'H NMR spectrum ; §/ppm: 7.27 (s, 1H), 7.06—8.02 (m, 8H). Mass spectrum;
m/z: 279 (M**),251, 235,223,190, 146,138, 126,121,111, 108, 105, 81, 77,76, 69, 44.

The acetic acid insoluble precipitate was crystallized from dimethyl sulfoxide to give
yellow crystals IV. Yield = 2.5 g (8 %), m.p. = 311—312 °C. For C;sH,00.S (M,=322)
wi(calc.): 67.07 % C, 3.12 % H, 9.94 % S; wi(found): 67.11 % C, 3.11 % H,9.97 % S. IR
spectrum ; v/em™': 1750, 1772 sh, 1715 sh (v(CO)), 1628 (v(C=C)), 1445 (8(CH)urom), 975
(v(C—0—C)). 'H NMR spectrum; 6/ppm: 7.24 (s, 2H), 7.56—7.97 (m, 8H). UV spec-
trum; An../nm, (log (¢/(m? mol™"))): 378.5 (5.59).

3-(2-Benzothiazolylsulfinylmethylene )phthalide (VIII)

30 % Hydrogen peroxide (12 mmol) was added to III (10 mmol) dissolved in acetic acid
(20 cm®) at room temperature with stirring. After 3 h stirring the mixture was left to stand
for 24 h, diluted with ice-cold water (50 cm®) and the precipitate was filtered off and
crystallized from ethanol. Yield=2.7g (81 %), m.p.=222—224°C. For C,:H,O:NS,
(M, =327) wy(calc.): 58.69 % C, 2.77 % H, 4.28 % N, 19.59 % S; wi(found): 58.88 % C,
2.74 % H, 438 % N, 19.38% S. IR spectrum; v/cm™': 1784 (v(CO)), 1638, 1490
(v(C=0Q)), 966, 1060 (v(C—O—C)).

3-(2-Benzothiazolylsulfonylmethylene )phthalide (IX)

The title compound was prepared from 21 mmol H,O, at 60 °C by the same procedure as
given for VIII. Yield=2.4 g (70 %), m.p.=211 °C. For C;;HsO;NS; (M, =343) wi(calc.):
5597 % C,2.64 % H, 4.08 % N, 18.71 % S; wi(found): 55.68 % C,2.39 % H, 4.24 % N,
18.54 % S. IR spectrum; v/cm™': 1790 (v(CO)), 1652, 1490 (v(C=C)).

Diethyl 2,2'-thio-di(acetylbenzoate) (X)

IV or V (5 mmol) was refluxed in ethanol (30 cm®) for 10 h with H,SO, (2 mmol). The
insoluble portion was filtered off, the filtrate was concentrated to 1/3 of its volume, diluted
with water (40 cm®), neutralized with NaHCO; and extracted into ether. The ethereal extract
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was dried and the solvent removed under diminished pressure afforded the product as
colourless oil. Yield = 1g (48 %), n(D, 20°C)=1.5778. For C»H»0.S (M.=414)
wi(calc.):63.75 % C, 5.34 %H, 7.73 % S ; wi(found): 63.61 % C, 5.48 % H, 7.75 % S. IR
spectrum; v/cm™': 1742, 1754 sh (v(CO)), 1480 (V(C=C)uwom), 1096 (v(C—O—C)).
'"HNMR spectrum; &/ppm: 0.87—1.25 (m, 6H), 3.87 (s, 4H), 4.05—4.37 (q, 4H),
7.37—7.95 (m, 8H).

(Z,Z)-3,3’-Sulfinyl-di(methylenephthalide) (XI)

3,3'-Thio-di(methylenephthalide) (IV) (5 mmol) was stirred with H,O, (5 mmol) and
acetic acid (20 cm®) at 25 °C till it dissolved. Water (50 cm®) was added and the precipitate
was crystallized from acetic acid. Yield=1.2 g, (74 %), m.p.=254—255 °C. For C,;sH,00sS
(M, =338) wi(calc.): 63.90 % C, 2.97 % H, 9.48 % S; wi(found): 64.18 % C, 2.82 % H,
9.43 % S. IR spectrum; v/cm™': 1784 (v(CO)), 1628, 1650 sh (v(C=C)), 1115, 970
(v(C—0—C)). 'H NMR spectrum; 6/ppm: 7.28 (s, 2H), 7.62—8.25 (m, 8H).

(E,Z)-3,3’-Sulfinyl-di(methylenephthalide) (XII)

The same procedure as given for XI was applied for preparation of the (E,Z)- isomer
from V. For C;sH;005S (M, =338) wi(calc.): 63.90 % C, 2.97 % H, 9.48 % S; wi(found):
63.78 % C, 2.83 % H, 9.65 % S. M.p.=188—191 °C.

3,3’-Sulfonyl-di(methylenephthalide) (XIII)

Compound V (5§ mmol) was oxidized with H,O, (10 mmol) at 90 °C in the same way as
described with XII. For C;sH;006S (M, =354) wi(calc.): 61.01 % C, 2.82 % H,9.03 % S;
wi(found): 61.28 % C, 2.58 % H, 9.03 % S. IR spectrum; v/cm™': 1795, 1814 sh (v(CO)),
1622, 1476 (v(C=C)).

3-Benzylimino-1-(2-benzothiazoloxy)-1-indene (XIV)

VI (5 mmol) and benzylamine (6 mmol) were heated in xylene (30 cm?®) at 110 °Cfor 3 h,
the unreacted benzylamine and xylene were distilled off, the residue was diluted with ether
(10 cm®), the precipitate was filtered off and crystallized from benzene. Yield=1.4g
(=80 %), m.p.=214—216°C. For CnH.N,0S (M,=368) wicalc.): 74.95% C,
437 % H,7.59 % N, 8.69 % S; wi(found): 75.18 % C,4.21 % H, 7.85 % N, 8.34 % S.IR
spectrum; ¥/cm™: 1610 (v(C=N)), 1506, 1515 (v(C=C)), 1439, 1363.
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