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Abstract: Upon acetylation, (2-phenyl )dihydrobenzopyrone- and
2'-hydroxychalcone thiosemicarbazones (lc, 2c, 3c, and 7c) form

2,2-disubstituted 5-acetamido-3-acetyl-2,3-dihydro-1,3,4-thiadia-
zoles (11, 21, 41, and 81) 1nstead of the diacetylthiosemi-
carbazones (2e, 8e) claimed 1n the literature Similarly, the
reactions of the aromatic ketone thiosemicarbazones 9c, 10c¢ and
11d result i1n the formation of thiadiazolines (91, 101, and 11k,

respectively), flavone thiosemicarbazone (6c), however, 1s
degraded to flavone diacetylhydrazone (6g) under the same
conditions The synthesuis of the flavanone sprro-1,3,4-

-oxadiazoline 2h 1s also described

INTRODUCTION

It 1s known that acetylation of aliphatic or aromatic aldehyde
thiosemicarbazones affords 2-substituted 5-acetamido-3-acetyl-2,3-
-dihydro-1,3,4-thiadiazoles! -3 (and the application of chiral synthons
allows the synthesis also of the C-2 epimers with high optical rotation
values®: %), The thiosemicarbazones of aliphatic and alkyl-aryl ketones
undergo an analogous reaction?:’.

The presence of an sp?’ hybridized carbon neighbouring the carbonyl
group lowers the rate of formation of the thiosemicarbazones, and may also
influence the direction of the transformation of the latter under
acylating conditions. The present paper deals with the synthesis of the
thiosemicarbazones of diversely substituted flavonoid compounds bearing
carbon atoms of various oxidation state, and also with the examination of
their transformation under acylating conditions.
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RESULTS AND DISCUSSION

The reaction of 4-chromanone thiosemicarbazone (1le¢) with acetic
anhydraide in pyridine gave spiro[5-acetamido~3-acetyl-2,3-dihydro-
~1,3,4-thiadiazole-2,4’-chroman] (1i) as the major product, accompanied by
minor quantities of the corresponding 5-diacetylamino derivative 1j. The
spiro-structure of these compounds was clearly proved by the S-CRR’-NAcC
signal 1n the !3C-NMR spectrum of 1i at & = 75.64 ppm, and by the
indentical mass spectrometric fragmentation pattern of both compounds (1i
and 1j) with m/e 179 and 178, respectively, characteraistic of
spiro-thiazirine fragments?®:'’. For comparative studies 4-chromone (5a) was
not suitable, since under the conditions of the thiosemicarbazone-
-formation reaction 1t was reported? to be transformed, with ring
cleavage, into 3-(2-hydroxyphenyl)-1-thiocarbamoyl-5-thiosemicarbazido-
-2-pyrazoline in an atypical reaction favoured by the known tendency for
chromylium salt-formation.

Treatment of the flavanone thiosemicarbazone 2¢, and of the
structurally 1someric 2‘/-hydroxychalcone thiosemicarbazone (7¢) with
acetic anhydride 1n pyridine gave 2,2-disubstituted-1,3,4-thiadiazoline
derivatives (2i and 8i). The spiro[5-acetamido-3-acetyl-2,3-dihydro-
-1,3,4-thiadiazole-2,4’-flavan] structure of 2i was assigned by comparison
with the above mass- and !'3®C-NMR spectral criteria of the chroman analogue
1i [m/e 255 (thiazirine + 1), 3 = 76.99 (spiro carbon); see Tables 1 and
2]}. The considerably different chemical shift (A8 = 0.88 ppm) of the H-3
and H-3’ protons of the flavan ring in 1i may be attributed to the
selective steric shielding effect of the endocyclic acetamido group. The
thiadiazoline structure 8% of the product obtained upon acetylation of 7¢
was proved by the data: m/e 280 (N-acetylthiaziridine derivative - OAc)
and the &§ = 79.36 ppm (S-CRR‘-NAc) chemical shift value in the !3C-NMR
spectrum. Thus, the earlier reports® in the 1literature, claiming the
formation of diacetyl-thiosemicarbazones 2e and 8e upon acetylation of the
thiosemicarbazones 2c and 7c¢, must be considered erroneous.

Although thioacylhydrazones possess greater tendency for ring-clo-

sures: 17,

as compared to the corresponding oxygen analogues, because of
the higher nucleophilic character of the sulphur atom, we expected that
the acylhydrazones of flavonoids would transform into spiro-oxadiazoline
derivatives (e.g. 2h) under acylating conditions (in hot acetic anhydride,
or more conveniently!®'!!, with Ac,0/2nCl, near room temperature).
Treatment of flavanone acetylhydrazone (2f) or the diacetylhydrazone 2g
with Ac,0/ZnCl,; resulted, indeed, 1in spiro(3-acetyl-5-methyl-2,3-dihydro-

-1,3,4-oxadiazole-2,4’~flavan] (2h). The spiro-oxadiazoline structure of
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2h was unequivocally proved by the !3C-NMR data (see Table 2), including
the 3 = 95.95 ppm (spiro-carbon) chemical shift. Moreover, differenti-
ation!?2:13 from the 1isomeric diacetylhydrazone structure could be made
according to the & = 11.51 ppm [0O-C(CH3)=N-] signal appearing at
significantly higher field than the acetyl-methyl signal of the isomeric
diacetylhydrazone (5 = 22.33 ppm). In accordance with the spiro-3-acetyl-
oxadiazoline structure 2h a significant difference (1.16 ppm) between the
1H-NMR chemical shift values of the H-3 and H-3’ protons was observed
samilarly to the thiadiazoline derivative 2i (see above). Based on the
elemental analysis data and m.p. the product proved to be identical with
the material previously prepared'* by the acetylation of flavanone
hydrazone (2b) with acetic anhydride "under more drastic conditions
(140°C)" and mistakenly claimed to be "the diacetyl deraivative of the
flavanone hydrazone" (2g).

Acetylation of trans-3-hydroxyflavanone thiosemlicarbazone (trans-3c),
containing asymmetric carbon neighbouring the prochiral reaction centre,
gave two optically inactive products with identical elemental composition.
Based on the !3C-NMR spectral data [5 = 78.98 and 81.36 ppm, respectively,
(spiro-carbon)] both products have the spiro{5~acetamido-3-acetyl-2,3-
-dihydro-1,3,4~-thiadiazole-2,4’~-trans-3’-acetoxyflavan] structure (4i 1

and 4i :11), differing from each other only in the configuration of the
spirocarbon. This was clearly supported by the !H-NMR spectra (see
Table 2), showing different chemical shift for one of the three acetyl

groups and for the H-2 and H-3 protons of the flavan rings.

Flavone thiosemicarbazone (6c) reacted 1n a way completely different
from the previously discussed transformations of the dihydrobenzopyran-
-type (1-3) or chalcone (7a) thiosemicarbazones. Thus, treatment of 6c
wlth acetic anhydride in pyridine afforded a product which did not contain
sulphur, : e flavone diacetylhydrazone (6g). This was rather surprising
since, to our knowledge, the known degradation®'!°-!7 of semicarbazones
into (di)acetylhydrazones has not been observed with thiosemicarbazones.
On the bases of spectral data [vm.x(KBr) 1707 and 1686 cm~! (NAc;);
5 = 2.50 ppm (s, 6H, 2CH3;-CO), and the single peak for the two CH;-CO at
§ = 25.82 ppm, as well as, m/e = 321 (M* + 1); see Table 1 and 2],
elemental analyses, m.p. and tlc Ry data, the product (6g) was found to be
i1dentical with an authentic sample!® of flavone diacetylhydrazone. Since
under the given acetylating conditions each of the 2-benzylideneindanone
and 9-fluorenone thiosemicarbazones, as well as benzophenone 4-phenyl-
thiosemicarbazone (9c¢c, 10c¢c and 11d, respectively), carrying a similar sp?
carbon i1n the neighbourhood of the hydrazone function, transform into the
corresponding 2,3-dihydro-1,3,4~-thiadiazole deraivative (9i, 10i and 11k),
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the conversion of flavone thiosemicarbazone (6¢) into flavone diacetyl-
hydrazone (6g) may be facilitated by the formation of an intermediate
flavylium salt. Such an effect of the flavone ring, resulting in different
reactivity, was also indicated by the observation that flavone
diacetylhydrazone (6g) - in contrast to the corresponding 2,3-dihydro
analogue 2g - could not be converted into the respective oxadiazoline
isomer 6h with the Ac,0/2nCl, reagent. Even under forcing conditions and
after prolonged reaction time, the unchanged starting 6qg was almost
quantitatively recovered (see Table 1).

EXPERIMENTAL

Concerning the starting materials, acetylating reagents, reaction
conditions, and processing of the reaction mixtures, as well as yields and
m.p. data (solvents for recrystallisation) see Table 1.

General methods of preparation

(A) The reaction mixture was poured onto 1ce and water.

(B) The reaction mixture was cooled. The crystals which separated
were collected by suction, triturated with anhydrous ethanol-heptane
1:2, then with water, and dried.

(c) The reaction mixture was concentrated under reduced pressure
(< 48°C , bath ).

(D) The crystalline residue was triturated with 80% ethanol to give the
crude product.

(E) The crystalline residue was triturated with anhydrous ethanol and
heptane. The crude product was extracted with hot chlorofoxm. The
solution was concentrated. )

(F) The residue was traiturated with ice-water.

(G) A chloroform solution of the crude product was treated with
fuller’s earth and charcoal, then concentrated.

(H) The product was purified by column chromatography on silica gel.

(I) The product was crystallised from the solvent indicated.

4-Chromanone thiosemicarbazone (1¢): A mixture of 4-chromanone (1.;
11.0 g, 74.0 mmol, Aldrich), thiosemicarbazide (13.2 g, 145 nnol)¢
anhydrous ethanol (600 mL), and conc. HCl (3 mL} was boiled for 22 hr,
then cooled to give crude (15.9 g, 97%, m.p. 208°C) or recrystallised 1ic
(15.28 g, 93.3%), m.p. 215-216°C (from EtOH). Tlc (8:2 CHCl;-EtOAc),
Ry 0.47, (95:5 CHCl;-MeOH) Ry 0.74. IR (KBr): 3435, 3235, 3160, 2988,
2884, 1605, 1515, 1507 cm !. 4nal. Caled for C;oH;;N30S: C, 54.28;
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H, 5.01; N, 18.99; S, 14.49. Found: C, 54.41; H, 5.18; N, 18.88; S, 14.50.

trans-3-Hydroxyflavanone thiosemicarbazone (3¢c): A mixture of
trans-3~hydroxyflavanone (3a?3, 3,604 g, 15 mmol), thiosemicarbazide
(1.641 g, 18 mmol), anhydrous ethanol (140 mL), and conc. HCl (0.6 mnL,
7 mmol) was boiled for 6 hr, then concentrated. The residue was triturated
with water (~100 mL) to give crude (4.156 g, 88.4%) or recrystallised
3¢ (3.387 g, 72.1%), n.p. 198-199°C (from chloroform-ethanol).
Tlc (3:1 benzene-ethyl acetate) Ry 0.45. IR (KBr):3225, 1560, 1478, 1472,
1456, 1440 cm~!. Anal. Calcd for C;¢H;sN3;0,S: C, 61.32; H, 4.82; N, 13.41;
S, 10.23. Found: C, 61.57; H, 5.02; N, 13.29; S, 10.53.

2-Benzylidene-1-1ndanone thiosemicarbazone (9¢e): A mixture of
2-benzylidene-l-indanone (9a2!:22, 3,304 g, 15 mmol), thiosemicarbazide
(2.734 g, 30 mmol), anhydrous ethanol (150 mL), and conc. HCl (0.6 mL) was
boiled for 5 hr, then cooled to give crude (4.212 g, $5.7%, m.p. 213°C) or
recrystallised 9¢ (3.618 g, 82.2%), m.p. 219°C (dec., from ethanol). Tlc
(CHCl3) Rf 0.22. IR (KBr): 3340, 3232, 3144, 1635, 1600, 1570%, 1481,
1453 cm~l. MS mfe: 293 (M?!), 275, 260, 233, 218 (100%). Anal. Calcd for
C;7H;sN38: C, 69.59; H, 5.15; N, 14.32; S, 10.93. Found: C, 69.81;
H, 5.35; N, 14.42; S, 10.98.

9-Fluorenone thiosemicarbazone (10c): A mixture of 9-fluorenone
(10a, 3.678 g, 98% puraity, 20 mmol), thiosemicarbazide (2.111 g, 98%
purity, 22.7 mmol), and acetic acid (96%, 10 mL) was boiled for 2 hr, then
cooled. The product separated was filtered off and washed successively
with 50% acetic acid, water, and hexane to give crude 10c (4.860 g, 96%),
m.p. 217°C (dec.). Recrystallisation of the crude product (1.755 g) from
2-methoxyethanol (35 mL) upon addition of water (10 mL) afforded pure 10c¢
(1.537 g, yield 84%), m.p. 214°C (dec.). Tlc (2:1 PhH-EtOAc) Ry 0.68.
Anal. Calcd for CH,.H;;N3S: C, 66.37; H, 4.38; N, 16.59; S, 12.66. Found:
C, 66.92; H, 4.60; N, 16.56; S, 12.80.

Benzophenone 4-phenylthiosemicarbazone (114d): A mixture of
benzophenone hydrazone (11b, 7.850 g, 40 mmol), phenyl isothiocyanate
(5.795 g, 42 mmol, purity 98%), and ethyl acetate (12 mL) was boiled for
9 hr, then cooled and diluted gradually with hexane (60 mL) to give crude
(13.261 g, 100%) or recrystallised (9.849 g, 74.3%) 114, m.p. 154°C (from
isopropanol). Tlc (CHCli): Ry 0.50. Anal. Calcd for C,o0H17Na3S: C, 72.47;
H, 5.17; N, 12.68; S, 9.68. Found: C, 72.68; H, 5.24; N, 12.64; S, 9.74.
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