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2H-Benzopyrans (2H-chromenes) are an important class of heterocyclic compounds
which occur in many biological active products,’ useful as antihypertensive,? hypoglycemic,
cardio-protective agents,>* and as insecticides.’> Some of their derivatives are utilized in the
synthesis of new macrocyclic ligands® and others have shown photochromic properties.” These
interesting properties of 2H-chromenes led us to investigate a simple and efficient synthesis with
the goal of obtaining more potent pharmacologically active compounds. Various methods are
known to obtain 2H-chromene derivatives.®'® We now report a new and rapid method to obtain
some 2H-chromene derivatives by the Knoevenagel reaction!® employing cold and very dilute
conditions.

Salicylaldehydes 1 and 2 4-pentanedione reacted to produce initially 3-(2-hydroxyben-
zylidene)-pentane-2 4-diones 2 which underwent deprotonation by piperidine followed by attack
of the phenoxide ion on the carbonyl group of 2 to produce 1-(2-hydroxy-2-methyl-2H-

chromene-3-yl)-1-ethanone derivatives 3 (Schemel ).

Me
. ‘ e CHO (MCCO)ZCH2 q d\KCOMe A i\:(j\)%q
! ] o ¢ COM ! H
Zon Base, -15 ZNoH Z 0" T0

1 2 3 Me

a)R=H; b)R=3-OMe; ¢)R=4-OMe; d)R=5-OMe; e)R=6-OMe; f)R=3-OH; g)R=35-OH;
h) R =5-Br; i) R =5-NO;

Scheme 1

Although 3 is a cyclic hemiacetal and could be in equilibrium with 2, equilibrium is
essentially inhibited since spectroscopic evidence reveals the existence of hydrogen bonding that
stabilizes structure 3 thus preventing interconversion to 2. Crystals of 3 may be stored for a long
time without any ring opening or any other changes. Different bases such as NHEt, (pK, 11.5),
NEt, (pK, 10.70), piperidine (pK, 11.21) and pyridine (pK, 5.23)*° were used. The best results
were achieved with piperidine. When the base was used in equimolar amounts, yields were
improved, most probably as a result of the dilute conditions.

The effect of solvents was also examined. The results were poor using ether (bp. 35°C),
tetrahydrofuran (bp. 66°C) and 1.4-dioxane (bp. 101°C), probably due to the interaction of
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oxygen atoms with these solvents and the phenolic hydrogen in compounds (2a-i) which inhib-
ited intramolecular cyclization and formation of products (3a-i). Although the results were
similar with benzene (bp. 80°C), toluene (bp. 110°C) and dichloromethane (bp. 44°C), dichloro-
methane was deemed the most suitable solvent. Removal of the solvent (dichloromethane) under
reduced pressure without any heat, followed by washing the residues with solvents such as n-
pentane or n-hexane several times and recrystallization from cyclohexane and drying under
reduced pressure, is the optimized procedure.

This reaction is sensitive to heat; for example, if the reaction mixture was warmed up to
10°C, during the addition of base, the yield decreased to 70% and flash chromatography in the
cold (ice bath) was required to separate 3a from 2a.

Structures 3 were assigned on the basis of their elemental analysis, IR, 'H NMR, 13C
NMR and mass spectral data. The mass spectra of these compounds (3a-i) displayed molecular
ion peaks at appropriate m/z values. Initial fragmentation involved the loss of the chromene side-
chains (CH,, OH, H,0, CH,CO, R) and scission of the ring. Moreover, fragments 77 (C H,*) and
43 (CH,CO*) were the most intense fragments; for example, fragment 43 in 3g is 100%. The
mass spectrum of 3f was different, the molecular ion peak (M*) had the maximum intensity
(100%) and M*-1 appeared with the intensity (49%}, probably due to interaction of the OH on C;
and the oxygen atom in the chromene ring, which stabilized the molecular ion peak more than in
the other compounds (Scheme 2). In compound 3g, such an interaction was not possible and the
molecular ion peak did not appear with high intensity.

HO

Scheme 2

The '"H NMR spectrum of 3a showed two single sharp lines for the methyl groups (&
1.86, 2.44). Structure 2 would be expected to show more closely spaced signals for two CH,CO
groups, The DNMR data for the rotational energy barrier of the carbon-carbon double bond in 3-
(4-(dimethylamino)benzylidenepentane-2 4-dione) has already been reported.?! The two methyls
of the CH,CO groups converged to one signal at above 180°C. The '"H NMR spectrum of 3a also
showed a broad singlet for the OH proton at 8 5.35 and a multiplet for the phenyl protons as well
as a sharp singlet for the olefinic proton at 8 7.45 (see Experimental Section).

The '"H NMR spectra of 3b-i were similar to that of 3a, except for the signals of the R
groups (OCH,, OH) and for the changes in the multiplicity of signals of aromatic hydrogens
resulting from the presence of the R groups (OCH,, OH, Br, NO,). The '"H NMR spectrum of 3f
displayed two broad peaks for O-H (8 5.25, 5.36) as a result of O-H -- O interaction (discussed
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above). In 3g, the O-H protons appeared at (8 2.57, 4.77). The '3C NMR spectrum of 3a
displayed resonances in agreement with structure 3a, two different methyl groups at (8 26.55,
27.61) and a signal at 98.78 for the C, between two oxygen atoms. The partial assignments of
these resonances are given in the Experimental Section. The 3C NMR spectral data for
compounds 3b-i confirm the proposed structures.

The IR spectra of compounds 3a-i showed O-H absorptions (3330-3465 cm'), and did
not change upon dilution with CCl,, which is evidence for intramolecular hydrogen bonding; for
compounds 3f, 3g there were other O-H absorptions (3200, 3151 cm). The IR spectra of
compounds 3a-i, displayed carbonyl absorptions (1625-1666 cm™!) which was low for C=0
groups as a result of intramolecular O-H bonding, there were also three sharp C-O absorptions
for 3a, h, i and four in compounds 3b-g.

Although the conditions reported here are similar to the Knoevenagel reaction, the
reported procedure is not the same. It is a new modification of Knoevenagel reaction. In addition,
the newly produced chromene derivatives (3a-i) have interesting structures (stable hemiacetals).
The hemiacetal structures of 3a-i are stabilized by intramolecular H-bonding so they can be
isolated as pure compounds and their crystals can be stored for a long time without any changes.
The procedure described here represents a simple and efficient entry into the synthesis of new
2H-chromene derivatives with potential biological activities. Further investigations of the present

method are currently in progress to establish its scope and utility.
EXPERIMENTAL SECTION

Chemicals and solvents were obtained from Merck (Germany) and Fluka (Switzerland) and were
used without further purification. Column chromatography was performed on silica gel (0.015-
0.04 mm, mesh-size) and TLC on precoated plastic sheets (25DC,, ,,,) respectively. Melting
points were measured on a Gallenkamp melting point apparatus and are not corrected. Elemental
analysis for C, H and N were performed using a Heraeus-CHN-O-rapid analyzer IR spectra were
measured on a Shimadzu FT-IR-4300 spectrophotometer as KBr discs. 'H and’*CNMR spectra
were recorded on a Bruker 500 MHz spectrometer in CDCl, and DMSO- d, solutions and chem-
ical shifts were recorded in ? units by using SiMe, as internal standard. Mass spectra were
acquired on a Finnegan-MAT 8430 spectrometer at an ionization potential of 70ev.

1-(2-Hydroxy-2-methyl-2H-chromene-3-yl)-1-ethanone (3a). Typical Procedure.- To a
stirred (magnetic stirrer) mixture of 2-hydroxybenzaldehyde (0.610g, Smmol) and 2.4-pentane-
dione (0.52 g, 5 mmol) in dichloromethane (500 mL) at —15°C was added piperidine (0.49 g,
Smmol). The solution stirred for 2 h and then was allowed to stand in the refrigerator for two
days. The solvent was removed under reduced pressure without heat, then was allowed to stand
in the refrigerator overnight. The orange residue was purified by washing several times with n-
hexane and dried. The product (0.826 g, 81%) was obtained as yellow crystals, mp, 135-136°C.
The same procedure was used to prepare 3b-i.
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Cmpd Yields mp. Color Elemental Analysis (Found) Formula (M.W.)
(%) (°C) Cc H N

3a 81 135-136 Yellow 70.57(70.53) 5.92(593) ---- C,,H,,0,(204.22)
3b 85 168-169 Pale yellow 66.66(66.63) 6.02(6.01) - C;H,,0,(234.25)
3¢ 78 159-161 Orange 66.66(66.58) 6.02(599) ---- C,;H,,0,(234.25)
id 84 167-169 Yellow 66.66(66.60) 602(597) -—- CH,,0,(234.25)
3e 74 168-170 White 66.66(66.63) 6.02(6.00) ---- C,H,,0,(234.25)
3 76 164-165 Orange 65.64(6445) 545(548) - C,,H,,0,(220.22)
3g 79 165-166 Yellow 6545(6445) 549(5.50) ---- C,,H,,0,(220.22)
3h 85 100-102 Pale yellow 5091¢.5098) 392(390) ---- CH ,BrO,(283.12)
3i 61 171-173 Reddish orange 57.83(57.82) 445(446) 5.62(5.66) C H NO,(249.22)

Table 2. Spectroscopic Data of 3a-i

Cmpd "HNMR 3C NMR MS
(5:ppm) (O:ppm) (m/z Fragment)

3a  1.86,2.44(2s,6H,2CH,) 26.55,27 61(2CH,) 204(M* 33)
5.35(brs,1 H,OH proton) 98.78(C-OH) 189(M*-CH,,100)

3b

3c

6.9-7.38(m 4H,Ar protons)
745 (s,1H olefinic proton)

1.93,2.45(2s 6H.2CH,)
3.87(1s,3H,0CH,)
4.5(brs,1H,OH proton)
6.83-7.39(m,3H,Ar protons)
74 (s.1H olefinic proton

1.78.2.43(2s,6H,2CH,)
3.81(1s,3H,0CH;)

4 .5(brs,1H,OH proton)
6.49-661,
7.08-7.28(2m,3H,Ar protons)
7.37 (s,1H olefinic praton)

1.732.35(2s 6H,2CH,)
3.66(1s,3H,0CH,)
4.67(brs ,1H,OH proton)
6.66-6.8 (m,3H,Ar protons)
7.29 (s,1H olefinic proton )

116.71,118,86,121.59
132.79,132.2, 128.96 (Ar carbons)
135.03(**CH=C), 153.02 (*C-C=0)

198.07(C=0)
27.29.28.48(2CH,)

56.91(0CH,)
99.95('*C-OH)

115.09,120.01,121.47

122.06,138.2,162.08(Ar carbons)

135.54(3CH=C)

152.04(1C-C=0), 198.34(C=0)

26.69,28.35(2CH,)
56.05(0CH,)
102.04('*C-OH)

109.72,112.70,120.17
121.26,130.74,164.63 (Ar carbons)

136.01(*CH=C)

155.51(BC-C=0), 198.34(C=0)

27.01,27.94(2CH,)
56.26(0CH,)
99.16(*C-OH)

112.92,118.14,119.69
119.96,134.23, 147.64 (Ar carbons)

135.43("*CH=C)

154.67(3C-C=0), 198.61(C=0)
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187(M*-OH,73)
171(M*-CH, H,0 48)
161(M*-CH,CO43)

234(M*,17)
219(M*-CH,,100)
217(M*-OH 41)
203(M*-OCH,, 25)
201(M*-CH, H,0,50)

191(M*-CH,C0 49)

234(M*23)
219(M*-CH,,100)
217(M*-OH 52)
203(M*-OCH, 29)
201(M*-CH, H,0,58)
191(M*-CH,CO,53)

234(M* 28)
219(M*-CH, 69)
217(M*-OH.,100)
203(M*-OCH, 40)
201(M*-CH, H,0,31)
191(M*-CH,CO 49)
77(ph* 55)
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Cmpd 'H NMR BC NMR MS
(8:ppm) (8:ppm) (i/z Fragment)
3e 1.77247(2s,6H,2CH,) 26.94,28.20(2CH,) 234(M*,14)
3.89(1s,3H,0CH,) 56.41(0CH,) 219(M*-CH,,100)
4.96(brs,1H,OH proton) 99.56(*C-OH) 217(M*-OH 32)
6.41-6.621 107.74,109.74,110.19 203(M*-OCH, 20)
7.16-7.37(2m3H.Ar protons) 130.93,131.58,157.58 (Ar carbons) ~ 201(M*-CH,.H,0.43)
7.61 (s,1H olefinic proton) 134.19('3CH=C) 191(M*-CH,COA47)

3f  1.95245(2s,6H,2CH,)
5.25-5.36(2brs, OH proton)
6.76-7.42(m,3H,Ar protons)
7.55 (s,1H olefinic proton)

3g 1.612.37(2s,6H2CH,)
2.57.4.77(2brs, OH proton)
6.62-7.32(m,3H,Ar protons)
7.71 (s,1H plefinic proton)

3h  1.8272.45(2s,6H2CH,)
4.1(brs,1H,OH)
6.77-7.35(m,3H,Ar proton)
7.48 (s,1H olefinic proton)

3i 1.942.5(2s,6H2CH,)
5.5(brs,OH)
6.95-73
8.1-8.21(2m,3H,Ar protons)
7.45 (s,1H olefinic proton)

154.59(1*C-C=0)
199.26(C=0)

26.71,28 83(2 CH,)

99 42(**C-OH)
118.29,119.02,119.58
120.61,133.81,140.64(Ar carbons)
134.186("*CH=C)

144.96 (1*C-C=0)

196.10(C=0)

25.49.26.62(2CH,)

96.95(*C-OH)
113.42,116.33,118.91
119.15,133.98,145 48 (Ar carbons)
133.75('3CH=C)

150.83 (13)C-C=0)

195.78(C=0)

27.20,28 48(2CH,)

99.69('*C-OH)
114.30,119.30,121.20

131.64, 134.68,136.05 (Ar carbons)

133.92("*CH=C)
154.14 (3C-C=0)
198.62(C=0)

27.17,27.55(2CH,)
101.78(*3C-OH)
117.25,119.20,124.52
127.22,132.13,141.52 (Ar carbons)
135.82('3CH=C)

155.52(3C-C=0)

196.50(C=0)

43(CH3CO*, 88)

220(M*, 100)
219(M*-H49)
205(M"*-CH, 95)
203(M*-OH,56)
187(M*-CH,, H,0,80)

220(M*,12)
205(M*-CH, 58)
203(M*-OH, 18)
187(M*-CH, H,0,32)
177(M*-CH,CO,19)
43 (CH,C0,100)

282,284(M*, M, 2 38, 40)
267, 269(M*-CH, 23.24)
249,251(M*-CH,0H 24,26)
126,128(M*-Br,CH,CO,
CH,OH,100,96)

249(M*,13)
234(M*-CH,,100)
216(M*- CH,H,0,52)
206(M*- CH,CO , 39)
203(M*-NO,, 20)
160(M*-NO,, CH,CO 32)
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The chemistry of organoselenium compounds has been of growing interest because of
the many synthetic applications of these compounds.! For example, selenoformates are used for
the synthesis of y- and 8-lactones through the intramolecular addition of alkoxycarbonyl radicals
onto carbon-carbon multiple bonds.? Over the last three decades, many investigators have
described important chemical transformations that were efficiently achieved using organosele-
nium reagents. Although numerous reports on the synthesis of organoselenium compounds have
already been published,’* most of them with the exception of three recent reports,’ usually
require the handling of unstable reagents, strongly acidic or basic reaction conditions, and two-
step procedures. Hence, the development of a one-step synthetic method using stable reagents
under neutral conditions would be useful. Among the methods for the introduction of selenium
moiety into organic molecules, the use of selenide anions is especially convenient and common.
In general, the methods for the preparation of selenide anions include reductive cleavage of the
Se-Se bond by various reducing agents such as NaBH, * LiAlH,,” Na/NH, * Bu,SnH/? Smi,10
reaction of Grignard reagents with selenium,!! and of selenols with sodium hydride or even with
aqueous sodium hydroxide under certain conditions.'?

Much attention has been paid to organometallic reactions in agqueous media in recent
years.!> The aqueous medium offers a powerful tool for minimizing waste production and
harmful organic solvent dispersal.'* Some particular properties of water make this solvent very
attractive (i.c. non-toxicity, non-inflammability, high heat capacity, possibility of controlling pH
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