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The preparations and importance of 3-substituted,
4-hydroxy-2H-1-benzopyran-2-ones, also referred to as
coumarins and related materials, are well documented [1];
however, there are fewer reports for the preparation and
overall potential of 3-substituted, 4-hydroxy-2H-1-ben-
zothiopyran-2-ones [2], also referred to as thiocoumarins.
One reaction that has received considerable early and
ongoing attention has been the condensation/cyclization
of phenols or thiophenols with malonates or related mate-
rials. Another reaction related to this report is the
intramolecular Claisen cyclization of select acylated sali-
cylic acid esters [3]. Within the past decade or so, several
new methods have been reported for the preparation of
substituted 4-hydroxycoumarins, which is indicative of
the continued interest in these compounds [4].

A major pharmaceutical and pharmacological interest in
coumarins has been their anticoagulant [1-5] and vitamin
K-like activity [6], in addition to other biological activity
[71, and their use in other syntheses {8]. Many of these
compounds are those where there is an alkyl or aryl sub-
stituent in the 3-position, and an OH or ether linkage in the
4-position. Several of these agents [9], with this particular
substitution pattern, available for therapeutic purposes at
an earlier time, currently includes coumadin and some-
times dicumarol. The potential for new compounds with
this substitution pattern is the central point of this study.

The preliminary results presented indicate direct and
regioselective syntheses of various coumarins and thio-
coumarins. This initial study has focused on the prepara-
tion of 4-hydroxy-3-methylcoumarins (Scheme 1), and
3-alkyl-4-hydroxythiocoumarins (Scheme 2). In each
instance an enolate/carbanion type intermediate of a car-
boxylic acid ester has undergone a Claisen-type condensa-
tion with another anion-type substrate of either a salicy-
late, or a thiosalicylate ester.

Specifically, ethyl propionate 1 was monolithiated with
excess lithium diisopropylamide, and condensed with either
lithiated methyl salicylate, lithiated methyl S-bromosalicy-
late, or lithiated methyl 5-chlorosalicylate to give lithiated
intermediates 2 that were cyclized with aqueous acid to
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4-hydroxy-3-methylcoumarins 3 (94% yield), 4 (52%
yield), and 5 (40% yield). (Scheme 1) Coumarin 3 is known
and coumarins 4 and 5 are new, and they were characterized
by absorption spectra, with support from C and H combus-
tion analysis. Also, carboxylic acid ethyl esters 6, propi-
onate, butyrate, valerate, or hydrocinnamate were mono-
lithiated with excess lithium diisopropylamide, condensed
with lithiated methyl thiosalicylate to lithiated intermediates
7 that were acid cyclized to thiocoumarins 8 (27% yield), 9
(68% vyield), 10 (50% yield), and 11 (30% yield), respec-
tively. Thiocoumarins 8-10 are known; but the melting
points obtained in this study differed by 5° or more with the
melting points reported for the same materials. (Scheme 2)
The characterization data obtained for coumarins 3-5 is
straightforward, and similar data obtained for thio-
coumarins 8-11 is presented with additional commentary.
We observed the differences between melting points
obtained for 8-10 and those reported [2a] for these com-
pounds, and we also noted some greater differences in
melting points reported for the dithio-coumarin analogs of
dicumarol [9g] (305° [2j] and 322° [2f]). While the data
may suggest different polymorphic crystalline forms, this
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does indicate the desirability for X-ray crystallographic
analyses [10], which are already in progress. The proton
magnetic resonance spectra are consistent with the assigned
structures, and comprehensive studies will also include
supplementary spectral information. Another concern was
with the infrared carbonyl absorption of the thiolactone for
thiocoumarins 8-11. The limited literature reports [2n,0]
indicate such absorptions are found from 1620-1640 cm-l,
and those observed in 8-11 were displayed as clearly dis-
cemible shoulders, 1630-1633 cm-1, associated with a dom-
inant aromatic absorption at approximately 1600 cm-1.

One of the principal advantages of these regioselective
preparations has been the relative ease in purification of
products, which are solids, and they are readily crystal-
lized/recrystallized from routine solvents. The yields of
compounds reported here ranged from 27-94%, which
indicates that this may not necessarily represent the opti-
mum conditions for the preparation of an individual com-
pound, or a well developed general procedure. At this
point in the study, it is relatively easy to obtain multi-
gram quantities of the pure products to ensure that enough
material is available for characterization and subsequent
biological testing [11]. In addition, the products are pre-
pared from readily available starting materials, and a pre-
liminary experimental procedure is straightforward so that
someone not necessarily familiar with strong-base proce-
dures can be successful with the reactions.

Initially, we were somewhat surprised to observe how
readily some of these carbanion/enolate multiple anion-
type systems condensed with lithiated methyl salicylates
and lithiated methyl thiosalicylate and other reagents
where the electrophilic center (atom) was in a position for
diminished reactivity, due to the location of an anion-type
nucleophilic group in a resonance position. A longer con-
densation time appeared to be the major requirement for a
successful reaction [12].
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Even though there has been extensive research con-
ducted [1,3-6] on the preparation and biological activity
of 3-substituted, 4-hydroxycoumarins, we anticipate that
many new members of this series will also be prepared.
Most of the targeted compounds will have pendant
groups in a variety of positions exerting inductive and
resonance effects on the products, and they may be diffi-
cult to prepare, or inaccessible by traditional procedures.
The limited biological screening [2] of 3-substituted,
4-hydroxythiocoumarins has indicated anticoagulant
properties, and some of them may be comparable to their
oxygen analogs. In addition to a developed syntheses
and testing of substituted coumarins and thiocoumarins,
absorption and mass spectral studies are also in progress.

EXPERIMENTAL

Melting points were obtained with a Mel-Temp melting point
apparatus in open capillary tubes and are uncorrected. Fourier
Transform infrared spectra were obtained on a Nicolet Impact
410 or Mattson Polaris FI-IR. Proton magnetic resonance were
obtained with a Varian Associates 360L Nuclear Magnetic
Resonance Spectrometer, and chemical shifts are recorded in &
ppm downfield from an internal tetramethylsilane standard [13].
Since 4-OH absorptions were not always clearly distinguishable,
integration ratios of aromatic hydrogens with other hydrogens
are not included. Combustion analyses were performed by
Quantitative Technologies, Inc., P.O. Box 470, Salem Industrial
Park, Bldg. 5, Whitehouse, NJ 08888.

General Procedure for the Preparation of Coumarins 3-§ and
Thiocoumarins 8-11.

In a typical reaction, 0.032 mole of lithium diisopropy-
lamide in 35-40 ml anhydrous tetrahydrofuran was treated
with 0.010 mole of ester in 25-30 ml tetrahydrofuran at
0°/nitrogen for 30-45 minutes. The methyl salicylates or
methyl thiosalicylate (0.011 mole), dissolved in 30-35 m}
tetrahydrofuran, were added and condensed with the enolate-
carbanion type system for 2-2.25 hours, which was followed
by addition of 100 ml of 3N hydrochloric acid. The stirred
two-phase system was heated under reflux for approximately
15 minutes for cyclizations to coumarins 3-5 and approxi-
mately 5 minutes for cyclizations to thiocoumarins 8-11. The
work-up consisted of pouring the mixture into ice water,
adding ether (100 ml), neutralizing the mixture with solid
sodium bicarbonate, extracting the organic portion with ether
(2 x 50 ml), combining organic phases, evaporation, and crys-
tallization/recrystallization. Each of the compounds listed
below was recrystallized from ethanol/water.

4-Hydroxy-3-methyl-2H-1-benzopyran-2-one 3.

This compound was obtained in 94% yield, mp 226-229° (lit
[14a,b] mp 225-227° and 230°); ir (paraffin oil/potassium bro-
mide): 3161/3167 (OH), 1666/1668 (C=0) cm-!; 1H nmr
(deuteriochloroform/DMSO-dg): & 2.17 (s, CHj) and 7.05-8.28
(m, ArH and 4-OH).

6-Bromo-4-hydroxy-3-methyl-2H-1-benzopyran-2-one 4.
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This compound was obtained in 52% yield, mp 255-258°; ir
(paraffin oil/potassium bromide): 3147/3150 (OH), 1672 shoul-
der/1716 and 1687 (C=0) cm'!; 'H nmr (deuterio-
chloroform/DMSO-dg): & 2.17 (s, CH;) and 7.23-8.83 (mn, ArH
and 4-OH)].

Anal. Calcd. for CygH;BrO3: C, 47.09; H, 2.77. Found: C,
47.21; H, 2.98.

6-Chloro-4-hydroxy-3-methyl-2H-1-benzopyran-2-one 5.

This compound was obtained in 40% yield, mp 241-244°; ir
(paraffin oil/potassium bromide): 3145 shoulder/3182 (OH),
1678/1693 and 1678 (C=0) cm’l; 'H nmr (DMSO-dg): § 2.08
(s, CH3) and 7.32-8.88 (m, ArH and 4-OH)].

Anal. Caled. for C,oH,ClO5: C, 57.03; H, 3.35. Found: C,
56.80; H, 3.44.

4-Hydroxy-3-methyl-2H-1-benzothiopyran-2-one 8.

This compound was prepared in 27% yield, mp 225-228° (lit
[2a] mp 220°); ir (potassium bromide): ca. 3280 broad (OH),
1633 shoulder (C=0) and 1595 (ArH) cm-!; 1H nmr (DMSO-dg):
82.17 (s, CHj3), 7.87-8.17, and 8.63-9.05 (m, ArH and 4-OH)].

Anal. Calcd. for C;gHgO,S: C, 62.48; H, 4.19. Found: C,
62.25; H, 4.35.

3-Ethyl-4-hydroxy-2H-1-benzothiopyran-2-one 9.

This compound was prepared in 68% yield, mp 138-140° (lit
[2a] mp 133°); ir (potassium bromide): ca. 3280 broad (OH),
1633 shoulder (C=0), and 1601 (ArH) cm'!; 1H nmr (deuterio-
chloroform/DMSO-dg): & 1.10 (t, 3H, CH;), 2.76 (q, 2H,
-CH,-), 7.38-7.68, and 8.55-8.93 (m, ArH and 4-OH).

Anal. Calcd. for C; H;(0,S: C, 64.05; H, 4.89. Found: C,
64.08; H, 5.01.

4-Hydroxy-3-propyl-2H-1-benzothiopyran-2-one 10.

This compound was prepared in 50% yield, mp 164-166° (lit
[2a] mp 172°); ir (potassium bromide): ca. 3300 broad (OH),
1630 shoulder (C=0), and 1601 (ArH) cm'!; 'H nmr (deuterio-
chloroform/DMSO-dg): 8 1.02 (t, 3H, CH3-), 2.42-3.08 (m, 2H,
-CH,-), 3.38 (t, 2H, -CHj,-), 7.62-7.92 and 8.43-8.80 (m, ArH
and 4-OH).

Anal. Calcd. for Cy,H,,0,8: C, 65.43; H, 5.49. Found: C,
65.14; H, 5.75.

4-Hydroxy-3-phenylmethyl-2H-1-benzothiopyran-2-one 11.

This compound was prepared in 30% yield, mp 167-170°; ir
(potassium bromide): ca. 3300 broad (OH), 1633 shoulder
(C=0), and 1604 (ArH) cm!l; 'H nmr (deuteriochloroform): &
4.22 (s, -CH,-) and 6.98-7.97 (m, ArH and 4-OH).

Anal. Caled. for C14H;,0,S: C, 71.62; H, 4.51. Found: C,
71.39; H, 4.45.
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