HETEROCYCLES, Val 20, No 12, 1983

A BTUDY OF THE MICHAEL REACTION OF 2'-HYDROXYCHALCONES AND A FACILE
FORMATION OF 4H-PYRAK DERIVATIVES

Amolak Chand Jain®, Prabhat Arya and Miss Anita Sharma

Department of Chemlstry, Universlty of Delhi, Delhi-110 007, India

Abstract - 2'-Hydroxychaleones (8a) and (,%b) when sublected to the
Michael reactlon with acetyl acetone in the presence of ethanolle
piperidine gave the 4H-pyran derlvatives (9a) and (gb) besides the
cyclohexenone derlivatives (Ea & Ba) and (‘]\.pb & E.b) respectively.
However, ie yielded under the same condltlons only the 4H-pyran
derivative (gc) together with some 5,7-dimethoxyflavanone (Ec). Thus
4H-pyrans have, for the first time, been characterised during Mlchael
condensatlon of chalcones having no electron withdrawing group in the
o -position. Ethyl acetoacetate glves only cyclchexenone derivatives.

Chalcones {either completely unsubstituted or substituted only In the styryl
part) are lmmrn to underge the Michael reactlon with many nucleophiles but the
adduct is rarely :Lsolablel"l. Among further changes which the adduct unsually
undergoes 1z the formation of 3,5-diphenylecyclohex-2-en-l-one derivatives

(5 and 3)3'5’6'7 as shown in scheme 1.

This further change with acetylacetone (Ea) and ethyl acetoacetate (Eb) seemed
to us quite reasonable as thermodynamically controlled producte. But the
possibility of an alternative cyclisation of 3 as (4) to give 4B-pyrans (6) as
kinetically controlled products was also visuallsed by us. The fallure to get
€ earlier may be because chromatography was not used to purify the products and
NMR speetra also were not used for identification purposes. We now report here
the results of our detailed studies on the Mlchael condensation of several

2' -hydroxychalcones with acetylacetone and ethyl acetoacetate.

Michael condensation of 2'-hydroxychalcones with acetylacetone

The Michsel condensation of 2'-hydroxy-4'-methoxychalcone® (8a) with acetyl-
acetone In refluxing ethenclic piperidine gove » product (M) which proved to be
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a complex mixture on TLG. But when directly refluxed with ag. ethanolic KOH,
only one product was isolated which was ldentified az 3-(2-hydroxy-4-methoxy-
phenyl)-5-phenylcyclohex-2-sn-1-one (:I;}a)as follows, Thus, IR spectrum indicat-
ed a conjugated ecarbonyl group at +) max 1650 cn'lg the NMR Spectrumg showed two
doublets of two protons each, one at 2.80 (J=10Hz) due to ~CH, adjacent to the
carbonyl group and the other at 3,00 (J=11Hz) due to an allylic group, Further,
the benzylic methine group resonated as a multiplet centered at 3.40 and olefinic
proton as a singlet at 6.48. Tinally MS (see¢ experimental) showing both the
molecular lon peak and the base lon peak at m/z 294 could be explained.

In another experiment, the product (M) was separated by colurmm chromatography
yielding three different products., The firat product was identified as 3-acetyl-
2-.methyl-4-phenyl-6-{2-hydroxy~4-methoxyphenyl) -4i-pyran (?_?) on the basis of
spectral data, Thus, IR indicated the presence of a conjugated carbonyl group
at -Qm 1620 cn'l, and MR showed three singlets at 1.84, 2.24 and 3.75 due to
one olefinic methyl-, one acetyl- and one methoxy- group, respectively, besides
two doublets of one proton each for 4H of the pyran ring 4,20 (J=7Hz) and 3.11
(J=7Hz) and the signals of the iIntact benzene rings of the starting material,.

The second product was assigned the structure of 6-acetyl-3-(2-hydroxy-4-methoxy-
rhenyl) -5-phenyleyclohex-2-en-1-one (}33) which is in dypamic equilibrium as
shown in scheme 2, Thus, IR spectrum displayed one broad and intemse band

1

between 1550 and 1705 cm — due to chelation and conjugation and in the NMR

spectrum, the signals fo' ¢yclohexenone ring protons are broad,

Thms, the Michael addition of acetylacetone to 2'-hydroxy-4'-methoxychaleone
(f_,a) resulted in the formatlon of 4H-pyran Qerivative (g}) and two cyclchexenone
derivatives (];9 and 1ﬂ.}a). Purther, it was noted that both 4H-pyran derivative
(ga) and 6~acetylcyclohexenone derivative (1',0*) vhen refluxed either pure or
together with aqueous alecholic potash yielded the same deacetylated cyclohexen-
one derivative {1.}:). It indicated that 4H-pyran ring is unstable in aqueocus
alkali and urdergoes recyclisation to give the stable cyclohexenone ring. A
parallel serlies of experiments with 2'-nvdrm4,4'-dimethoxychalconalo (EP)
gave exactly the same results as in the above case. However, 2'-hydroxy-4',6'-
dinethor:ychaleonall (,\3,"") behaved differently. Here, a mixture of only 3-acetyl-
2-methyl-4-phenyl-6-(2-hydroxy-4,6-dimethoryphenyl) -4H.pyran (9¢) and 5,7-
di.methox.yrlamrancol.la]“l (Ifc) formed, It is interesting to note that mo cyclohexe-
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nons derivative formed in thls mixture and the 4H-pyran derivative was ia larger

¥lelds than with other chalcones (Ea) and (Eb). Obvliously, 4H-pyran derivative
(gc) is more stable than other pyrans (ga‘& 9b). However, treatment of (gc)
with hot aqueous alkall afforded again thermodymamically stable e¢yclohexenons
derivative (}Vlc). This shows that 4H-pyran derivative can become a major produet
of the Michael condensatlon of chalcones with acetylacetone In favoursble cases.
A perusal of literature on the synthesls of 4H-pyran derivatives revealed that
these have also been prepared earlier by the Michael reaction using such mucleo-
philes as malononitrile and ethyl cyancacetate, but the aryl styryl ketene (}43)
must possess an electron withdrawing group like COCH,, COOBt or CN in the o -
positionla. Thus, when (:53) was condensed with (14) 2-amlno-4H-pyran derlvative
(16) was cbtained in good yield by Seto et a1.}*"1? put the echalkone (13)
having o -position free gave only the cyancketone (’:I\.JS). In our case, 4H-pyrans
are formed even when .. ~position is free and a milder nucleophilic reagent 1like
acetylacetone 1s used,

Michael condensation of 2'-hydroxychalcones with ethyl acetoacetate

The chalecne (ga) when refluxed with ethanolic piperldine afforded only ohe
product viz, 6-carbethoxy-3-{2-hydroxy-4-methoxyphenyl)-5-phenyleyclohax-2-en-1-
one (£0d) which on subsequent heating with ag. potash yielded the decarbethoxy
derivative (}Ila), 1dentical with the cme des¢ribed above, In the case of 2'-
hydroxy-4',6'-dimethoxychalcons (8¢}, the product was a mixture from which oaly
5,7-dimethoxyflavanone (12¢) could be obtained pure. The remaining mixture (P)
after alkaline treatment gave the same cyelohexenone derlvative (Lle) as obtained
with acetylacetone, Thus, with elhyl acetoacetate, the 4H-pyran derivatives are
" elther too labile to he 1solated or not formed in the raaction.
EXPERIMENTAL
Unless stated otherwlse, mp's are uncorrected and ln degree centigrade; light
petroleum had boiling range 60-80°c; sllica gel was used for colamn chromatoegra-
phy and TLC; solvent systems for TLC weres (A) benzene:EtOAc (4:1); (B) benzene:
Et0Ac (3t1); Ry values refer to TIC; uv data were recorded on a Perkin-Elmer
Model 554 spectrophotometer in MeOH and figures within brackets refer to log €
values; IR spectra were measured on a Perkin-Elmer Infracord spectrophotometer
using KBr disc; lg.NMR spectra were recorded on a Perkin Elmer R-32 (90MHz)
spectrometer using ¢DCl, for 9a, b and Je, M30-d, for 10a, ]_.gb and 104 and
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Table 1: Experimental data for new compounds

Compound® mp ¢ TLC Mol.formila Requires Found P\U\' IR .
Rr ¢ H %c H %c g max in nm D max (cm )
(Bolvent) (log € )
Oa 145~6 0.4 (A) 21 20 74,98 5,99 74,67 6,40 208(4.43), 3500,1620,1590
== 274{4,21)
gb 107-8 0,39 (A) 22 22 72,11 6,05 72.40 6,00 212(4.69), 3500,1620,1590
-~ 272(4,45)
=11 135-86 0,39 (A) 2524 22 72,11 5,05 72,40 6,40 206&4.63), 3500,1680,1590
-~ 286(4,45)
10a 189-9 0.56 (B} 21 20 74.98 5.99 75.20 6,30 202(4,49), 3350,1705,1560
~ 340(4,26)
10b 171-2 0,63 (B} 22 22 72.11. €.05 71.8¢ 5,80 £202(4.82), 3370,1705,1570
-~ 334(4,.20)
11a 195-6 0.5 (B) 19 18 77.63 6,16 77.80 6,30 202(4.41), 3500,1650,1610
-~ 330(4,04)
0.5 B) 20 20 74,086 6,22 73.60 8,80 202(4,53) 3500,1650,1610
}}P 192-3 ( 330(4.20)a ’ )
1le 174-5 0.52 (B) 20 20 74,05 6,22 74.50 6,50 %8%%3%%)’ 3200,1620,1590

* All the compounds were crystalllsed from ethanol,
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CDCl; + TPA for lla, 1lb and lle; Me,53 ( § = 0) and coupling constants are
glven in Hz, All data on nev compounds are given in Tables 1-3.
Condensation of 2!'.-hydroxy-4'-metharychalecene (Ba) vith acetylacetone

To a solution of (ga)a (2.54 g3 10 mM) in EtOH (20 21) was added acetylacetens
(3,0 g; 30 mM) and piperidine (0.1 ml). The reaction mixture was reflured for
3 h ard then evaporated to dryness. TILC Jndlicated the resulting oll (M) as a
mixture of four compounds whlch was worked up In two ways. In the first method,
the oll (M) was dlssolved in EtOH (25 ml) and then refluxed with KOR (1.68 g/10
wl, 30 M) for 3 h, It was dlluted and acidified with 411 HC1l. The light brown
product was found to be 3-(2-hydroxry-4-methoxyphenyl)-5-phenylcyclohex-2-en-1-
one (1la); ms: m/z (%) 294 (100.0), 276(13.5), 266(9.5), 251(9.6), 203(40,0),
190(18.0), 163(15,3), 162(94.8), 161(9.6), 147(40.9), 137(25.9), 131(18.9),
103(12.8), 91(23.4), 77(17.0) and 51(2.4).

In the second experiment, the oll (M) was chromatographed on sllica gel. On
sucecessive elutlion with (1) light petroleum (11) light petroleum:benzene (1:l}
and (111) 1ight petroleumsbenzene (1:2), three fractions A, B and ¢ were
obtained,

Pragtion A - crystallized from Et0H to yleld the starting chalcone (Ba) as
yellow needles (550 mg), mp 108% (11t.% mp 105%).

Fraction B - yielded 3-acetyl-2-methyl-4.phenyl-6-(2-hydroxy-4-methoxyphenyl) -
4H.pyran (ga) as a white s0lid {500 mg) showing brown ferrdo reaction.

To a aolution of 9a {336 mg, 1 mM) in Et0H (5 ml) was added agq KOH (168 mg/l ml,
3 mM). The mixture was refluxed for 3 h, It was cooled, diluted and then
acidified with dil HC1l, The s0lid separated was washed thoroughly with water and
crystallised from EtOH to give (;‘.‘la) (130 mg), mp and mmp 195-196°c; it showed a
superimposable IR spectrum with the ome obtalned above,

Fraction G was an olly liquid and found to be a mixrture by TLC. It was agaln
separated by column chromatography. On successive elution with (1) light
petroleum-benzene (112) and (il) bengene only, two fractions €, and C, vere
obtalned,

Eraction G, vielded S-acetyl-3-(2-hydroxy-4-methoxyphenyl) -5-phenyl-cyelohex-2-
en-l-one (.19a) as a bright yellow s01id (600 mg).

A solution of (10a) (336 mg, 1 mM) in EtOH (5 ml) vas refluxed with aq KOH (168
mg/l m1, 3 mM) for 3 h, After the usual work-up, as in the previous case, the
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s011d obtained was identified as 1la (135 mg), mp and mmp 195-196°C; and IR
spectrum was superimposable with the ohe obtalned above.

Fraction C, gave (1la) (400 mg).

Condensation of 2'-hydroxy-4,4'-dimethoxychalcone (8b) with acetylacetone

A solution of 8b (2.84 g, 10 mM) in EtOH (20 ml) was refluxed vith acetylacetone
(3.0 g, 30 mM) and piperidine (0.1 ml) for 3 h. The product {P) was worked up
in tvo ways as 1n the case of (Ba). In the first experiment, its BtOH solution
(25 ml) was reflured with aq KOH (1.68 g/10 ml, 30 mM) for 2 h, The 1ight bdrowm
product was ldentified as 3-(2-hydroxy-4-methoxyphenyl)-5-(4-methoxyphenyl) -
cyclohex-2-en~1-ote (11b); ms: m/z(¥): 324(91.8), 203(41.8), 190(48,9), 161(30.2),
147(35.6), 137(33.3), 135(20.0), 134(78.5), 121(37.5), 119(21.9), 91(23.6),
44(17.6) and 43(55.5),

In another experiment, the product (P) was chromatographed,

Fraction A - crystallised from EtOH to yleld (sb) as yellow needles (600 mg),

mp 115-116%¢ (11t.1° wp 113.114%).

Fraction B - ylelded 3-acetyl-2-methyl.4-(4-methoxyphenyl)-6-(2-hydroxy-4-metho-
xyphenyl) ~4H-pyran (9b) as a white solid (520 mg), brown ferric reaction.

A solution of (9b) (366 mg, 1 mM) in EtOH (5 m1) and aq KOH (168 mg, 1 ml, 3 mM)
was refluzed for 3 h and the product found to be 11b (140 mg).

Eragtion ¢ found to be a mixture by TLC, was rechromatographed.

Eraction G, yielded 6-acetyl-3-(2-hydroxy-4-methoxyphenyl)-6-(4-methoxyphenyl) -
cyclohex-2-en-1-one (10b) as a light yellow solid (700 mg).

A solution of (10b) (366 mg, 1 ™M) in EYH (5 ml) and aq KOH (168 mg/1 ml, 3 mM)
was refluxed for 3 h when the product was found to be (150 mg),

Eractiop ¢, gave 11b (325 mg).

Condensation of 2'.hydroxy-4',6'-dimethoxychalcone (8c¢) with acetylacetone

A mlxture of 2'-hydroxy-4',6'-dimethoxychalconen (8e) (2.84 g, 10 mM) in Et0E
acetylacetone (3,0 g, 30 mM) and piperidine (0.1 ml} was refluxed for 3 h The
product was separated by column chromst ography.

Fraction 4 - crystallised from BtOH to yleld (Ec) as yellow needles (625 mg),
mp 92-93% (11t mp 91-92°C),

Fragtiop 2 - ylelded 3-acetyl-2-methyl-4-phenyl-6-(2-hydroxy-4,6-dimethoxy-
phenyl) —4H-pyran (gc) as a white solld (80O mg)., A solution of ('g::) (366 mg,
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1 mM) in EtOH (5 ml) and aq EOH (168 mg/1 ml, 3 mM) was refluxed for 3 h. The
light-brown product was identified as 3-(2-hydroxy-4,6-dimethoxyphenyl)-5-
phenylclohex-2-en-1-ohe (1lc) (140 mg).

Fraction ¢ - crystallised from ELOH to yleld 5,7-dimethoxyflavencne (12e¢) (500
mg), mp 138-139°¢ (11t.2% mp 140%). "
Condensation of 2!-hydroxy-4'-methoxychalcone (Ea) with ethyl acetoacetate

A solution of (8a) (2.54 g, 10 eM) in EtOH (20 ml) was refluxed with ethyl
acetoacetate (2,6 g, 20 mM) and piperidine (0.1 ml) for 2 h, The mixture was
cooled and diluted with H,0. The separated solid cerystallised from EtOH to glve
6 -carbethoxy-3-{2-hydroxy -4-methoxyphenyl) -5 ~phenyleyclohex-2-en-l-one (:rl.\pd)

(1.6 g), wp 171-172°; R, 0.39, solvent system (B); “H-NMR (DMSO-dg): 0.94(3H, t,
-0CH,CEy), 2.87(2H, 4, J=10Hz, C4-H), 3.4-3.6(1H, m, Cg-H), 3.68(3H, s, -0CH,),
3.86(2H, g, -0CH,CH,), 3.96(1H, d, J=12Hz, Cg-H}, 6.36(1H, s, Cy-H), 6.46(2H,

m, Cg gi-H), 7.25(1H, 4, J=10fz, Cgy-H) and 7.28(5H, s, -CgHg).

A solution of (]{.‘E)d) (366 mg, 1 mM) in BtOH (5 ml) was refluxed with ag KOH
(168 mg/1 m1, 3 m¥) for 3 h when (1la) (140 mg) was cbtaimed,

Condenisation of 2'-hydroxy—4',6'-dimethoxychaleons (8c) with ethyl acetoacetate

To a solution of (8c} (2,84 g, 1C m¥) in Et0H (20 wl) was added ethyl aceto-
acetate (2,6 g, 20 mM) and piperidine (0.1 ml), The reaction mixture was
refluxed for 3 h, cooled and then evaporated to dryness. TLC indicated the
resulting ol as a mixture of compounds, It was chromatographed with (1) light
petroleum, {i1) light petroleum - benzene, (11i) benzene only to give three
fractiona A, B & C,

Praction A - crystallised from EtOH to yleld (8¢c) as yellow erystals (600 mg),
mp 92-03% (11t.11 wp 01-02%).

Fraction B - erystallised from EtOH to give 5,7-dimethoxyflavanone (f]\.JEc} {400
mg), mp 138-139°¢ (11t.1% mp 140°0).

Fractlon ¢ - was an olly mixture which could not be separated further., It was
directly hydrolysed by KOH (1.68 g/10 ml, 30 mM) when 1llec was obtained,
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