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- 2'-Rldror~chalcones (%a) and (8b) when subjected t o  the 
.-2 

Michael reaction vl th acetyl acetone in the presence of ethanolic 

piperidine gave the 48-pyran derivatives (%a) and (>b) besides the 

cyclohexenone derivatives (?a 8 g a l  and (ZOb & l l b )  respectivelj.  ,.., 
Aovever, 80 yielded under t he  same conditions onw the 4H-p~ran - 
derivative ( 9 4  together v l th  soae 6,7-dinetho~yflavanone ( 2 ~ ) .  Thus 

w 

4B-pyrans have, for  the f i r s t  time, been characterised during Michael 

condeneation of chalcones having no electron vlthdraving group in  the 

d -position. EtWl acetoacetate gives only cyclohaenone derivatives. 

Chalcones (either completely unsubstituted or  mbstituted only in the s t y w l  

part) a re  eovn to  undergo the Michael reaction with many nucleophiles but the 

adduct i s  rarely imlablel4.  Among further changes which the adduct t ~ w s l l ~  

undergoes i s  the formation of 3,5~iph~l~cloh~-2-en-l-one derivatives 

(5 - a n d ~ ) ~ r ~ * ~ * '  as  shown in scheme 1. 

This fmther change v l th  acetylaoetone (3) and ethyl acetoacetate (Eb) seemed 

t o  us  quite reasonable a s  thermodynamicalV controlled products. Sut the 

possibi l i ty of an alternative cyclisation of _3 as  (3) t o  give 48-pyrans (5) as  

kinetically controlled products ves also visualised by us. The f a i l a r e  t o  get 

6 ea r l i e r  may be because chromatography vas not used to p u r w  the products and 

spectra also vere not used for  ident i f ica t im purposes. We now report here 

the resu l t s  of our detailed studies on the Michael condensation of several 

2'-Wdroqchalcones vlth acetylacetone and ethyl  acetoacetate. 

Michael condensation of 2' -hydrozychalcones with acetglaeetone 

8 The Michael condensation of 2'-hJ4roxy-4'-methorgchalcon. (%a) v l th  acetyl- 

acetone in refluxing ethmolic plperidine @.are a prodnot IM) which proved t o  he 
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a complex mlxture on TLC. But when direct ly reflared v l th  aq. ethanollc ROE, 

Only one product was isolated vhlcb vas identified as  3-(2-hydrmy4-methmy- 

phe~1)-5-phe~lcgclohex-2-an-l-one (1la)as follows. Thus, I R  spectrum ludicat- - 
9 ed a conjugated carbowl group a t  3 1650 em-'; the NMR spectrum showed tvo 

doublets of tvo protons each, one a t  2.80 (J=108z) due t o  -C% adjacent to the 

carbonyl group and the other a t  3.00 (J=11Az) due to an a l l y l i c  group. Further, 

the benzylic methine group resonated a s  a multlplet centered a t  3.40 and olefinic 

proton a s  a singlet a t  6.48. Finally MS (see experimental) shoving both the 

molecular ion peak and the base ion peak a t  m/z 294 could be explained. 

In another experiment, the product (MI was separated by column chromatography 

yielding three different products. Iha f i r s t  proQlct a s  identified a s  3-aceel-  

2-methyl-4-phewl4-(2-Wdrorp4~ethmrJpl-4H-pyran (9a) on the basis of 
w 

spectral data. Ihus, I R  indicated the presence of a conjugated carbonyl group 

a t  3 ,  1620 Ern-', and tiMR shoved three singlets a t  1.84, 2.24 and 3-76 h e  to 

one oleflnlc methyl-, one acetpl- and one methay- group, respectively, besides 

tvo doublets of one proton each f a  4H of the pyran r ing 4.h) (J=7&) and 3.11 

(J=7&) and the signals of the intact  benzene r h g s  of the s tsr t lng material. 

'the second product a s  assigned the struoture of 6-acetp1-3-(2-Wdr~4-methoay- 

phenyl)5-ph~lcyclohex-2-en-l-one (10a) vhlch I s  in dynamic equilibriua a s  - 
shovn ln scheme 2. Thus, I R  spectrum displayed one broad and intsnse band 

between L5JO and 1705 om-' due to chelation and conjugation and in the NMR 

spectrum, the signals for  gclohexenone r i n g  protans a re  broad. 

Thus, the Mlchael additioa of acetylacetone t o  2'-hydrozy4'sethorpJlslcone 

(&a) resulted i n  the formation of 48-pyran derivative (%a) and tvo cyclohexenone 

derivatives (10a and 2.). Further, it a s  noted that  both 48-pyran derivative - 
(9a) and 6-acetplcyclohexenone derivative (10a) when reflaxed ei ther  pure or - - 
together with aqueoue alcoholic potash yielded the same deaceelated cyclohexen- 

one derivative (?a). It indicated tha t  4H-pyran ring l a  unstable i n  aqueous 

a lka l i  and undergoes reeyclisation to give the stable eyclohexenone ring. A 

para l le l  ser ies  of experiments with 2*-hy&cory-4,41-dimetharychalcone10 (3) 
gave exactly the same resul ts  as  ln the above case. iiovever, 2 ' -hydroq4' ,6 ' -  

~ e t h a ~ c h a l c o n e ~ ~  (so) behaved differently. Here, a mixture of only 3 -ace t~ l -  

2-methYl4-ph~lb-(2-hJ&my4,6-dbetha~~phenpl-4FLpyran (2c) and 5.7- 

dlmethoqflavanone14 ( E c )  formed. It i s  interestlug ta note that  no cyclohexe- 



none derivative formed i n  t h i s  and the 48-pyran derivative vas in larger 

yields than with other chalcones (3) and (gb). Obviously, 4H-pyran derivative 

(9c) is more stable than other pyrans (9a.b 9b). Bowever, treataent of (2) - .., - 
vith hot aqueous alkal i  afforded again thermodynamically stable cyclohexenone 

derivative (I+). Thls ahovs tha t  48-pyran derivative can become a major product 

of the Mlchael condensation of chalcones with acetylacetone in favourable cases. 

A perusal of l i te ra ture  on the mynthesis of 4H-pyran derivatives revealed that  

these have also been prepared ea r l i e r  W the Michael reaction using such mcleo- 

philes a s  malononitrile and ethyl cyanoacetata, but the a ry l  s tyryl  ketone (13) - 
must possess an electron vlthdraving group l i k e  COG%, COOBt or  CIi in the d - 
position13. Thus, when (F) was condensed v l th  (14) 2-amino4E-pyran derivative 

(16) was obtained in gwd yield by Soto e t  a1.14-17, but the chalkone (13) - 
having d -position f r ee  gave only the cyanoketone (15). I n  our case, 48-pyrans 

are formed even when $ -position is f ree  and a milder nucleaphilic reagent l l ke  

acetylacetone i s  used. 

Michael condensation of 2 ' -h~dro~~aha lcones  v l th  ethyl acetoacetate 

The chalcone (3) when refluxed with ethenollc piperidine afforded only one 

product v i z .  6-carbethaxy3-(2-hy~o1~4-neth~h~njl)b-phenplcycloh~1-2-en-l- 

one (10d) which on subsequent heating with aq. potash yielded the decarbethoxy - 
derivative ( l l a ) ,  identical  w i t h  the one described above. I n  the case of 2'- - 
@&mry4',b1-dimethaxychalwne ( 8 ~ ) .  t he  product was a .Ixtnre from vhich onU - 
5,7-dimethcuyflavanone ( g c )  could be obtained pare. The remaining mixture (P) 

after alkaline treatment gave the same cyclohexenone derivative ( g c )  a s  obtained 

with acetylacetone. Thus, with ethyl acetoacetate, the 4H-pyran derivatives are 

either too l ab i l e  t o  be isolated o r  not formed in the reaction. 

EXPBRIWAL 

Unless stated othervise, mp's are uncorrected and in degree centigrade; l ight  

petrolam had boiling range 60-80•‹c; s i l ica  ge l  was used for  c o l ~  chromatagra- 

phy and TLC; solvent systems for TLC were: (A) benzene:BtOAc (4x1); (B) benzene: 

BMAc (381); Rf values refer  to TLC; uv data were recorded on a Perkin-Elmer 

Model 554 spectrophotoneter in MeOE and figures within braakets.rafer t o  lo6 E 

values; I R  spectra were measured on a Perkin-Elmer Infraeord spectropbotometer 

using KBr dim; $-I(MR spectra were recorded on a Perkin Elmr R-32 (90MBx) 

spectrometer using cDc13 for  9a, j?b and 9, IUSO-d6 for  %a, F b  and E d  and 



Table 1: Experimental data for new compounds 

Compound* mp O c  TLC Mol.formula Requires Found W IR 

Rf C E O  %C H %C E max in am 3 max (an-I) 
(Solvent) (log E 

0.4 (A) 

0.39 (A) 

0.39 (A) 

0.55 (8) 

0.53 (B) 

0.5 (B) 

0.5 (B) 

0.52 (B) 
A m * ", 
5 

r A11 the compounds vere crystalllsed from ethanol. 2 
I .z: 
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given In Ba. A l l  data on new conpmnds are given in Tables 14. 

Condensation of 2'-4dros-4*-n.thu4chalcon. (&a) with acetylacetone 

8 To a solution of (!a) (2.64 g; 10 do in  BWB (20 ml) mas added aoetylawtone 

(3.0 g; 30 mbl) end plperidine (0.1 ml). The reaction mktnre was refluxed for  

3 h and then evaporated t o  dryness. TLC indlmted the resulting o i l  (MI a s  a 

mixture of four compounds vhloh mas worked up in  two mays. I n  the f i r s t  method, 

the o i l  (M) mas dissolved i n  BWH (25 m l )  and then refluxed v l th  KOH (1.68 J l O  

m1 ,  30 mM) for 3 h. It was diluted and acidified with d l1  EC1. The l i g h t  b r m  

product was found t o  be 3-(2-hydrmy-4-aetho*yphenyl) -5-phenylwclohar-2-en-l- 

one ( I l a ) ;  - msc d z  (5)  294 (100.0). 276(13.5), 26W.S). 251(9.6), 203(40.0), 

160(18.0), 163(15.3), 162(94.8), 161(9.6), 147(40.9), 137(25.9), 131(18.9), 

103(13.8), Bl(23.4). n(17.0) a d  Sl(9.4). 

I n  the second ezperlment, the o i l  (HI mas chromatographed on s i l ica  gel. On 

mccessive elution with (1) l ight  petroleum (11) light petrolenatbenzene (1x1) 

and (111) l i gh t  petrolsrurbeaaene (1~2). three fractions A, 'B and C were 

obtained. 

- crystallized from BtOA t o  yield the starting chalcone (&a) a s  

yellow needles (550 mg), mp 1 0 8 ~ ~  ( l i t .8  mp 105%). 

- yielded 3 - s c e t p l - 2 ~ e ~ 1 4 - p h e n y l d - ( 2 - ~ & o q 4 ~ e t h 5 ~ p h e ~ l )  - 
4E-pyran (%a) a s  a wttite solld (LWO w )  showlng brown i e r r i o  reactIOU. 

To a solution of %a (336 mg, 1 nH) in EWE (5  m l )  mas added aq KOH (168 w/l m l ,  

3 mH). Th!, mixture was refluxed for 3 h. I t  mas cooled, diluted and then 

acidified w i t h  d i l  HC1. The solld separated vaa mashed thorough4 v i th  water and 

orystallised from BMH t o  give (9) (130 mg), 6p and mp  l 9 ~ - 1 9 6 ~ ~ ;  it shoved a 

mperiruposable I R  spectrum with the oee obtain& above. 

Bas t ion  G was an oily liquid and found t o  be a laixeure by TLC. It  mas again 

separated by column chromatography. On snccessive elution with (1) l i g h t  

petroleum-benzene (112) and (11) benzene only, twa fractions C1 and C2 were 

obtained. 

yielded 6-ace~l3-(2-hp&~4-metheo~ph~1)-5-phrmyl-oycloh~-2- 

en-bone (?a) a s  a bright yellow solid (600 ag). 

A solution of (10a) (336 mg, 1 aM) in BWH ( 5  ml) mas refluxed with aq KOH (168 
w 

m J 1  al, 3 mM) for  3 h. After the usual wrk-up, a s  in the previous ease, the 



solid obtained was identified a s  (135 mg) , mp and .mp 195-19boc; and I R  

SpectI'um was superlmposable v i th  the one obtained above. 

gave (%a) (400 mg). 

Condensation of 2'-4&~4.4'-dlmethoxyoha1cone (8b) vitb acetylacetone - 
A solution of Eb (2.84 g, 10 &) in EtOH (20 ml) was reflured w l t h  aoetylacetane 

(3.0 g, 30 mM) and piperidine (0.1 ml) for  3 h. Rle product (P) was worked up 

in tw ways as  i n  the case of (?a). I n  the f i r s t  experiment, i t s  EtOB solntion 

(25 m l )  was reflured ritb a•÷ KOH (1.68 d l 0  m l .  30 &) for 3 h. •÷'he l i gh t  b r m  

prohct  was identified as  3-(2-4&corp4-mtb~hsnpl)5-(4-msth~heqpl)- 

cyclaha-2-en-1-one ( u b ) ;  - ms: ./a(%): 324C91.8). 203(41.8), 1~0(48.9), 161(~).2), 

147(35.6), 137(33.3), 135(20.0), 1W78.5). 121(37.5), 119(21.9), Dl(23.61, 

44(17.6) and 43(55.5). 

In another experiment, the product (PI was chromatoyaphed. 

Fraction A - cwsta l l l sed  from BtOH t o  yield (zb) a s  yellow needles (600 mg), 

rp 115-116•‹~ ( l i t .1•‹  mp ~ 3 - l l 4 ~ ~ ) .  

Ilraetlon - yielded 3-acety1-2-met~14-(4~eth~h~l)-6-(2-W&corp4-metho- 

x ~ ~ h 6 u y l ) - 4 H - p ~ a n  (9-b) a s  a vhite  solid (520 mg), brown f e r r i c  reaction. 

A solution of (9b) (366 mg, 1 aM) in EWE (5 m l )  and aq KOR (168 mg, 1 m l ,  3 EM) 

was reflnxed f o r  3 h and the product found to be u b  (140 mg). - 
Praetion found t o  be a mixture by TLC, was rechromatographed. 

h c t l o n  El yielded 6-ace~l-3-(2-4&corp4~ethmheny1)5-(4~eth~henyl)- 

~Ycloherr-2-en-1-one (3S)b) a s  a l ight  yellov solid (700 mg). 

A solution of (lob) (366 mg, 1 EM) in BtOH (5 ml) and aq KOH (168 Wl m l ,  3 d4) - 
was reflared for  3 h when the prodoct was found to be (I60 mg). 

gave g b  (326 mg). 

Condensation of 2' -hy&cny4' ,6' -dlmthoxychalcone (80) with acetglacetone - 
A mlxtrrre of 2'-hy&cny4',6'-dimethoxychal-en (Cc) (2.84 g, 10 EM) in EtOR 

acetylacetone (3.0 g, 30 mM) and piperidlne (0.1 m l )  .vas refluxed for 3 h. The 

product vas separated by column chromatography. 

Prastion - crystallised from B M H  to yield (8c) a s  yellow needles (625 mg), 
w 

mp 92-93'~ (lit.'' mp 9 1 - ~ Z ~ C ) .  

,&action 9 - yielded 3-acetyl-2-nethyl-4-pheoyl-6-(2-hy&oxg-4,6-dinethmry- 

phenyl)-4H-pyran (9c) a s  a white solid (800 mg). A solutlon of (9e) (366 ag, - w 
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1 d4) ln EtOH (5 ml) and aq KOH (168 mg/l m l ,  3 rnW was reflnxed for  3 h. The 

light-brown prodnct was identif ied a s  3 - ( 2 - t U & o r p 4 , 6 - d i m e t h ~ ~ 1 ) 5 -  

phenylclohex-2-en-1-one (klc) (140 mg) . 
praction C - crystallised from gU)E t o  yield 5.7-dimethwflavanone ( 1 2 ~ )  (500 

M 

mg), mp 1 3 8 - 1 3 ~ ~ ~  (lit .12 mp 1 4 0 ~ ~ ) .  

Condensation of 2'-hydrrnry-4'-metho1ychal~)ne (8a) vith ethyl acetoacetate .., 
A solution of (ga) (2.54 g, 10 aM) ln EMA (20 m1) was refluxed wlth ethyl 

acetoacetate (2.6 g, 20 e.) and p iper idhe  (0.1 m l )  for 3 h. The mixture was 

cooled and diluted wlth H20. The separated solid crystallised from EtOH to give 

6-carbethoxy-3-(2-hydroxy4-methoxYphenyl5-phenylcyclohex-2-~-l-one (Vd) 

(1.6 g), mp 171-172•‹~; R~ 0.39, solvent system (B); 'X-IIMR ( ( ~ ~ 0 4 ~ ) :  0.94(3HI t, 

-OcEZCB3), 2.87(2BI d, J=lOHz, C4-H), 3.43.6(lE, m ,  C5-E), 3.68(3H, s, -OCH3), 

3.86(2H, q ,  -OC&CA~), 3.96(lE, d, J=12&, C6-E), 6.36(1H, s, C2-A), 6.46(2H, 

m, c3, -HI, 7.25(1E, d, J=lOHz, c6, -HI and 7.28(5B, s, -C6H5). 

A solution of Clod) (366 mg, 1 mM) in EWH ( 5  ml) was refluxed wlth aq KOH 
,-, 

(168 mg/l m l ,  3 mEI) for 3 h when ( F a )  (140 mg) was obtained. 

Condensation of 2'-Wdrm4'.6'-dimethoxychalcone (8c) with ethyl acetoaceta2 - 
To a solution of (5c) (2.84 g,  10 d9 i n  BMH (20 m l )  was added ethyl aceto- 

acetate (2.6 g, 20 mM) and piperidine (0.1 ml). The reaction mLrture was 

refluxed for  3 h, cooled and then evaporated ta dryness. TLC indicated the 

resulting o i l  a s  a mixture of compounds. It was chromatographed v i th  (1) l i gh t  

petroleum, (11) l ight  petroleum - benzae, (111) benzene only t o  give three 

iractiona A ,  B & C. 

Fraction A - crystal l ised from BMK t o  yield ($) a s  yellow crystals  (600 mg), 

mp 92-93•‹~ (lit.'' mp 91-92'~). 

b c t i o I I  B - crystal l ised from B M H  t o  give 5,7-dinethoryflavanone ( z c )  (400 

mg), mp 1 3 ~ - 1 3 9 ~ ~  mp 140•‹c). 

Praetlpa_(l - was an oi ly mhture which oould not be separated fwrther. I t  was 

dkec t ly  hpdrolysed by KOA (1.68 g/10 m l ,  30 mM) when l l o  was obtained. ., 
ACKNOWLELCBMBNTS 

The authors thank the UOC, Bev Delhl and CSIR, Iier Delhi for the award of JFS 

t o  PA and AS respectively. 



RgPBRELTCBS AND NOT= 

B.D.Bargmann, D.Gisburg and R.Papp0, 'The Hichael Reaction', in '&. 
&a&&&q', Vol.10, 1959~ ed. by R.~daPs, pub. by John Wlley & Sons Inc. 

Rev Pork (179555). 

A.Smmnm, M.I.B.Sellm and H.B.Abdel-Ealim, Bgppt J. -., l972, l.5, 23. 

A.Sammour, H.1.B.Selim and A.M.Btable, U., 1972, 15, 531. 

A.Sammour, A.F.?ahmy, S.~bdel-Rehaan, Y.Whnookh and W.S.Abde1-Hoe., 

[TAR J. Cbg.m., 1971, k4. 581. 

A.Scholtz, -., 1916, 2 . .  647. 

A.Samour, U.T.El-Ziaaity and A.Abdel Maksoud, OAR J. Chgp., 1969, 12, 481. 

G.Aziz, M.H.Nossier, B.L.Doss and S.?.Salim, Indian J. Chm., 1976, 14B, .." 
499. 

8.Faillvlez and S.von Kostanecki, h., 1899, F, 311. 

J,, In IR spectra represent ware number and chemical sh i f t s  represent 

4 values in ppm. 

J-Bergellini and M.?ilkelsteie, Oaazetta, 19l2, % ( t i ) ,  417. 

V.B.Mahesh and T.R.Sesha&l, -fk Indust. Res. In%, 1954, 1_3B, 835. 

J.Shinoda, L Pbarm. Soc. J w ,  1928, 58, 214. 

M.Quinterio, C.Swane and J.L,Soto, -, W 7 ,  1835. 

M.puinterlo, C.Swane and J.L,Soto, J.. , 1978, 1_5, 57. 

M.Quintari0, C.Seoane and J.L,Soto, s., 1978, 74, 678. 

H.Quinta10, C.Seaane and J.L.Soto, w-., 1979, 3, 6-59. 

Received, 1st March, 1983 


