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Abstract-The Ctaisen rea~~gement of ?-~innamyl noreugenin (2) yields 4’,5’ - dihydro - 5 - hydroxy - 23 - 
dimethyl - 5’ - phenyl - furo (2’3: 7.8) chromone (6) as established by its NMR spectrum, whereas that of 
7cinnamyloxyflavone (Mb) and 5 - hydroxy - 7 - cinnamyloxy - 2 - methylisoflavone (lob) afford the corresponding 
furo derivatives (12n and 12b respectively). All these rearrangements are symmetry-allowed but are accompanied by 
further reactions of thermal cyclisation via 3-membered cyclic intermediate (5) and/or dehydrogenation. 

The natural occurrence of simple cinnamyl phenols (also 
tailed benzyl styrenes),’ 3,3 - diphenyl - 1 - propenes and 
related neoflavonoids’ such as dalbergiquinols, dalbergi- 
quinones, 2,3 - dihydro - 2 - phenyl - 3 - methyl 
benzofurans and quinomethides’” prompted us to study 
the Claisen rearrangement of cinnamyl ethers of typical 
benzo - y - pyrones so that it could be a method 
alternative to the direct ~inn~ylation method’ for the 
prep~ation of such cinnamylated derivatives. In the 
course of this study, some products have been obtained 
which contain further variants of the cinnamyl unit. 

The Claisen rearrangement of 7-cinnamyl ethers of 
noreugenin6 (l), 7-hydroxyflavone’ (90) and 
5,7 - dihydroxy - 2 - methyl - isoflavone’ (9b) has now 
been studied. These cinnamy1 ethers were prepared 

by the reaction of the co~espondi~ hydroxy ~om~und 
with one mole of cinnamyl bromide in the presence of 
potassium carbonate and acetone and their identity has 
been established by their NMR spectra. Thus there are 
resonance signals of a methylenoxy group at 6 co. 4.70 as 
a doublet (J 5.5 Hz), two oletinic protons of the cinnamyl 
residue as a multiplet centered at S ca. 6.45 and a phenyl 
group at 6 cu. 7.35 besides those shown by the starting 
molecule (Experimental). 

The Claisen rearrangement of 7 - 0 - cinnamyl 
noreugenin9 (2). 5 - Hydroxy - 7 ” cinnamyloxy - 2 - 
methylchromone (2) when heated in uacuo at 240-60” for 
5 hr, gave a mixture of products among which only one 
crystalline product (A) could be isolated by pu~fication 
through column chromato~aphy. This product shows 
positive ferric reaction and is insoluble in aqueous sodium 
carbonate. Its elemental analysis showed it to be isomeric 
with the starting molecule. Since its complete acetylation 
and methylation gave only a monoacetate (NMR: 6 2.29, 
s, 3H, OCOCH,) and a monomethyl ether (NMR: 6 3.95, 
s, 3H, OCl&) respectively, 7-hydroxy1 is obviously 
engaged. NMR spectra of the product A, its acetate and 
methyl ether indicated further the presence of a 
condensed 2 - phenyl - 3 - methyl - 2,3 - dihydrofuro unit 
besides one aromatic proton, one Me group in the 2 
position and one olefinic hydrogen in the 3 position. Thus 
there are resonance signals of two protons as two 
doublets (J 7 Hz) at S cu. 3-65 and 5.35 and a phenyl group 
as a singlet at S cu. 740. The orientation of the 
dihydrofuro ring is established as an angular one because 
the signal of an aromatic proton at S 6.32 in the hydroxy 
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compound (A) and 6 6.38 in its methyl ether undergo a 
down~eld shift to S 6.62 in the acetate. Hence the 
structure of the Claisen rearrangement product (A) is 4’,5 
- dihydro - 5 - hydroxy -, 24’ - dimethyl - 5’ - phenyl - 
furo(2.3’: 7,8)chromone (6) and consequently its acetate 
is 7 and its methyl ether 8. The stereochemistry of the 
dihydrofuro moiety could not be decided on the basis of 
vicinal coupling constants of two oletinic protons which is 
shown to be almost the same for both the cis- and 
frafls-isomers.‘” 

The formation of the product (6) can be explained as 
follows: In the first step normal Claisen rearrangement 
product namely 5,7 - dihydroxy - 2 - methyl - 8 - (1 - 
phenylallyl) - chromone (4) is formed which undergoes 
further thermal re~rangement via the cyclic intermediate 
(5) to give the final product (6). 

The Ctaisen reurrffngement of II-cinnamyioxyflavone 
(l&a). ‘I-Cinnamyloxytlavone (lOa) when heated in aacuo 
at 2l30-300” for 6 hr, also gave one crystalline product 
purified by column chromatography. As it formed neither 
acetate nor methyl ether, the OH group was considered to 
be blocked. Its NMR spectrum suggests that it has a 
condensed methyl and phenyl substituted furano unit and 
this unit is angularly orientated. Thus it shows resonance 
signals of Me group attached to an ethylenic bond at 6 
246 (s, 3H), one phenyl group at S 7.14 as a singlet, one 
proton in the 3 position as a singlet at S 6.41, one 
o&o-coupled aromatic proton in the 5 position as a 
doublet at 6 7.74 (J 9 Hz) and one phenyl group and one 
aromatic proton in the 6 position as a multiplet centered at 
6 6.88. The product A could therefore be either 4” - 
methyl - 5” - phenyl - (12a) or 4” - phenyl - 5” - methyl - 
(13a) furo - (2”,3”:7,8)flavone. The former (l&t) is more 
likely than the latter (13a) in analogy with the product 
obtained in the Claisen rearrangement product of 5 - 
hydroxy - 7 - ~inn~yloxy - 2 - methylchromone (2). The 
mechanism of the formation of the product (Ita) can be 
explained in the same way through dihydrofuro derivative 
(11s) as given above in the latter case. The final 
dehydrogenation step seems to be facile in this case. 

The Claisen rearrangement of 5 - hydroxy - 7 - 
cinnamytoxy - 2 - metlryl - iso&uone (lob). The Claisen 
r~~gement product of the cinnamyl ether (lob) shows 
ferric reaction and is insoluble in sodium carbonate 
solution. Hence S-OH is free and 7-OH is blocked. The 
complete methylation with MeGSO in the presence of 
KL’03 and acetone yielded only a monomethyl ether 
(NMR: S 4.00 s, 3H, OCI$) showing negative ferric 
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Me 6: R=H 
‘I: R=Ac 
8: R=Me 

reaction. The NMR spectrum of the compound also 
shows the presence of a condensed methyl and phenyl 
substituted furano unit. Thus it shows resonance signals 
of a Me group attached to an ethylenic bond at 6 2.49, a 
singlet of a Me group in the 2 position at S 2.09, a singlet 
of an aromatic proton in the Cposition at 6 692 and a 
multiplet of two phenyls centered at 6 7.50. Thus the 
structure of the product could be either 2,4”dimethyl-5”- 
phenyl (12b) or 2.5” - dimethyl - 4” - phenyl - (13b)furo 
(2”,3”:7,8)isoflavone analogous to the above experiment. 

From the above experiments, it may be concluded that 
the Claisen rearrangement of 7 - cinnamyloxybenxo - y - 
pyrone derivatives takes place in the normal way, but the 
rearrangement products undergo cyclisation presumably 
via cyclopropane intermediates to give dihydrofurano 
derivatives. In the case of chromone (2) the dihyd- 
rofurano derivative is stable but in other cases it 
undergoes further dehydrogenation to give furo deriva- 
tives. Earlier in literature, the Claisen rearrangement of 

Ph 

a: R,=Ph; &=R,=H 
b: R, = Me, R, = Ph. R, = OH 
c: R, = Me. R, = Ph. R, = OMa 
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cinnamyl ethers of simple phenols like resorcinol and 
pyrogallol derivatives was found to give only acylic 
normal products, viz. cinnamyl phenols and o - (1 - 
phenylallyl)phenols.” But tocyl cinnamyl ether’* was 
found to give two isomer& o&to cinnamyl phenols which 
are symme~-forbidden. The fo~ation of these dihydro 
and furo products in the present experiments is interest- 
ing, because two natural products obtusafuran” and 
melanoxin” have such a condensed dihydrofuro system. 

After writin? this paper, we came across the paper of 
S&mid et al.’ in which 2 - (1’ - arylaIlyl)phenols (14) 
formed by the thermal Claisen re~ngement of 3’ - (aryl 
substi~ted) - ally1 phenyl ethers in PhNEt, at IS?, are 
reported to Iead predominantly to trans - 2 - aryl - 3 - 
methyl coumarans (15) when heated in PhNEt* at 225”. 
This supports our observations. 

OH 
II 

Y 
Rt 

14 
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Unless otherwise stated, m.ps are uncorrected: IR spectra were 
measured on a Perkin-Elmer infracord machine using KBr disc; 
NMR spectra were recorded on a 60 MHz spectrophotomctcr in 
CLXB, using M&i as nn internal standard and chemical shifts are 
expressed in 6 values; II&t petroleum had boiing range W, 
silica gel was used for column chromatography and TLC; solvent 
systems for TLC are: (A) EtOAc:benzene (1: 19), (II) 
EtOAc:benzenc (1:9), (C) EtOAc:benzene (I :4), (D) 
MeOH:benx.ene (1:4); R, values are those taken on TLC. 

5 - Hydmy - 7 - cinnamyloxy - 2 - methylchromone (2). To a 
soln of l‘(3 g) in dry acetone f 150 ml) was added cinnamyl bromide 
(4.2 ml) and anhyd K&O, (15 g) and the mixture was rcfluxed on a 
water b&b for 1Ohr. The solvent was removed under reduced 
pressure and the residue treated with water. The solid was 
collected, dried and crystallised from benzene-light petroleum 
mixture when 2 was obtained as pale yellow crystals (1.4g); m-p. 
121-Z; violet ferric reaction; J?, 0.54 (Solvent B); NMR: 2.35 (s, 
3H, oleflnic C& in the 2 position), 4.75 (d, J 5.5 Hz, 2H,-O-Cl&), 
6.00 (s, IH. ok&tic H in the position 3), 6.36 (s, lH, aromatic H in 
the position 6), 6*36-&58 (m, W, Ar-CH=C&), 6.65 (d, J 1 Hz, 
IH, aromatic H in the position 8) and 7.35 ppm (d, J I.5 Hz, 5H, 
C&l,) (Found: C, 73.7; H, 5.2. CLpH160. requires: C, 74-O; H, 
52%). 

The ffaisen rearrangement of 5 - hydtvxy 7 - cinnnmyloxy - 2 - 
m~hy~ch~mone 

Fo~ut~~ of Q,s’ - dihyd~ - 5 - hydroxy - 2.4’ - dim~hyl - 5 - 
phylum (2’3’: 7,8) chromone, (6). Compound 2 (I g) was heated 
in uacuo at 24&X@ for 5 hr. The product was examined by TLC 
(solvent B) which showed only one major compound. It was 
purified by column chromatography. Elution with benzene-light 
petroleum (I: I) gave II fraction which crystallised from 
benzene-light petroleum mixture and gave 6 as lit-yellow 
needles (25Omg), m.p. 161-62”, green ferric reaction; R, 055 
(solvent B); v,. 1660 and 162Ocm-’ (C=CC=G); NMR: I.57 
(d, J 7 Hz, 3H, aliphatic CX, in the 4’-position), 2.35 (s, 3H, okllaic 
CE, in the 2 position), 3.62 (m, IH, ArCu in the 4’ position), 5.32 
(d, J 7 Hz, IH, GCH in the 5’ position), 6.00 (s, lH, okfinic H in 
the position 3), 6.32 (s, IH, aromatic H in the position 6) and 
7.38 ppm (s. IIH, C&) (Found: C, 73.8; H, 5.0. C&.0. requires: 
C, 74.0 and H 52%). 

The diwctate prepared by the AC&-NaOAc method crystal- 
lised from benzene-light petroleum mixture as colourkss prisms; 
m.p. 135-36”; R, 0.35 (solvent C); NMR: l&l (d, J 7Hz, 3H, 
aliphatic Cl& in 4’ position), 2.29 (s, 3H. OCCIC~,) 2.42 (8, 3H, 
okfinic Cl& in the 2 position), 3.74 (m, IH, ArCH in the 4’ 
position), 5.42 (d, J 7 Hz, IH CXY in the 5’ position), 6.08 (s, IH, 
olefink H in the 3 position), 662 (s, lH, aromatic H in the position 
6), and 7.42 ppm (s, SH, C&l,) (Found: C, 71.9; H, 5.4. CZ,H,sO, 
requires: C, 72.0; H 5.1%). 

4’,S - Dihydm - 5 - methoxy - 2,V - dimethyl - 5’ - phcnylfuro 
(2’,3’: 7,8) - chromolrc (8). Compound 6 (IWmg) was refluxed with 
Me,!SO, (0.035 ml), anhyd acetone (3Oml) and ignited K2C0, 
(5OOmg) until negative ferric reaction was obtained (IS hr). 
Acetone was removed under reduced pressure and water added to 
the residue. The solid was collected and crystallixed from 
benzene-liit petroleum mixture when 8 was obtained as 
colourless needles (8Omg); m.p. M-570; R, 0.60 (solvent D); 
negative ferric reaction; NMR: 1.56 (d, J 7 Hz, 3H, aliphatic Cl& 

‘Me 

1s 

R, and Rt are H, OMe or Me 

in 4’ position), 2~24 (s, 3H, olefinic C!& in 2 position), 3.62 (m, IH, 
Ar-Clj in 4’ position), 3.95 (s, 3H, aromatic DC&), 5.32 (d, J 7 Hz, 
lH, -O-CH in 5’ position), 5.96 (s, IH, olefinic H in 3 position), 
6.39 (s, lH, aromatic H in position 6) and 7.32ppm (s, 5H, C&l,) 
(Found: C. 74.3: H. 5.2. C,H,.O. reauires: C. 74.5: H 55%). 

7-C~~~~y~oxy~~.~~e (I@. An’ acetone &In of 7- 
hydroxylkvone’ @a) (38) was refluxed with cinnamyl bromide 
(2.5 ml) in the presence of anhyd K&O, for IO hr. The product 
was crystaked from benzene when 7~innamyloxyflavonc (lOa) 
was obtained as colourless crystals (I.6 g); m.p. 182-83’; R, 0.30 
(solvent B); NMR: 4.69(d, J 5 Hz, ZH, O-C&-), 6.25-6.55 (m, 2H. 
Ar-C&C&), 6.65 fs, IH, oleflnic hydrogen in the position 3), 
6.&7*01 (m, 2H, aromatic H in the 6 and 8 ~sitions), 7.28 (s, SH, 
Cd&), 7.34-7.45 (m, 3H, aromatic H in the 3’,4* and 5’ positions), 
7.70-7-88 (m, ZH, aromatic H in the 2’ and 6’ oositions) and 
8.08 ppm (d, J 10 Hz, aromatic H in the 5 position) (Foudd: C, 
81.4; H, 5.4. CuH,,O, requires: C, 81,3; H, 5~1%). 

Tke Ckistn rearrangement of 7-c~namyloxy~ff~ne (108) 
Fo~ation of 4” - rn~hy~ - 5” - phenyl (It) or 4” - phenyl 5” - 

methyl (131) fum (2”,3’: 7,8)&uone. 7 - Cin~ylox~vone was 
heated in uacuo at 28&3OU’ for 6 hr. The product on examination 
with TLC (solvent B) appeared to be mixture but containing only 
one major compound. It was therefore purified by column 
chromatography. Elution with benzene-light petroleum (I : I)gave 
a fraction which crystal&d from EtOAc-Wt oetroleum mixture 
giving 12a or 13a~flavone as coIourless &dies (225mg); m.p, 
21%200; R, 0.37 (solvent 8); Y,, 1640 cm-’ (C-0); NNR: 2.46 (s, 
3H, olefinic C& in the 4‘ position), 6.41 (s, IH. olefinic H in the 3 
position), 7.14 (s, SH, GH,), 688-7.14 (m, 6H, aromatic H in the 6 
position and of C&l,) and 7.74 ppm (d, J 9 Hz, IH, aromatic H in 
the 5 position) (Found: C, 81.7; H, 4.8. C&.0, requires: C, 81.8: 
H, 4.5%). 

5 - Hydmxy - 7 - cinnamyioxy - 2 - methyfiso&uone (IOb). 
Compound 9b’ (3 g) was heated with cinnamyl bromide (2.2 ml) in 
the presence of anhyd KEOS (IS g) and anhyd acetone for 10 hr. 
The product was crystallised from benxene-light petroleum 
mixture when 18b wasobtained as colourless needles (I:3 8), m.p. 
163-W; R, 0.71 (Solvent A); violet ferric reaction; NMR: 2.24 (s, 
3H, olefinic Cl& in the 2 position), 4.75 (d, J 5 Hz, ZH, O-Cl&), 
6.40-658 (m, 2H, Ar-Cl+C&), 6.68 (s, 1H. aromatic H in the 
position 8) 694 (s, lH, aromatic H in the position 6) and 
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7.2&7.51 ppm (m, IOH, 2 C&J,) (Found: C, 778; H, 5.2. &H,O. Acknowledgemmr-Authors thank the C.S.I.R. India for grants 
requires: C: 78.1; H. 5.2%). and Dr. Nitya Nand for NMR spectra at C.D.R.I. Lucknow. 

The Claistn rearrangement of 5 - hydroxy - 7 - cinnamyloxy - 2 - 
methyl - isojfauone (lob) 

Formation of 2,4” - dimerhyl - 5” - phenyl (12b) or 2,5” - 
dimethyl - 4” - phenyl - (13h)furo (2”,3’: 7,8)isofiwne Compound 
fob (I g) was heated in uacuo at 280-300” for 6hr. The product 
was purified by column chromatography. Elution with 
benzene-light petroleum mixture (4:6) gave a fraction which 
crystallized from benzene-light petroleum mixture to give (12b) or 
(13b) as pale yellow crystals (I50 mg); m.p. 2065”; R, 0.62 
(solvent A): green ferric reaction: Y,, 1660, l62Ocm-’ 

I I 
()C=C-C=O); NMR: 2.49 (s, 3H, olefinic CH, in the 4”position). 

2.09 (s, 3H, olefinic CH, in the 2 position), 692 (s, IH. aromatic H 
in the wsition 6) and 7.39-7.52 onm (m. IOH, 2&H,-) (Found: C. 
78.1; H, 5.0. CI,HIIO. requires:‘C. 78.5; H, 4.7%i 

hfethylation ojtheproduct (12b or 13b). The above product 12b 
or 13h (IOOmg) was refluxed with MelSO. (0.032 ml) in the 
presence of anhyd K,CO, (0.5 g) and acetone (40 ml) until ferric 
reaction was negative (12 hr). The product was crystallised from 
MeOH when the methyl ether (12c or 13c) was obtained as 
colourless needles (85mg); m.p. 189-w; R, 0.62 (solvent D); 
negative ferric reaction; Y,.. 1660, 1650 cm-’ (C=O); NMR: 2.49 
(s. 3H. olefinic CH, in 4” w&ion). I.% (s. 3H. olefinic CH, in the 2 
position), 488 (s, -3,. GCH,), 698 (s; IH, aromatic H in the 6 
position), 7.38-7.51 ppm (m, IOH, 2C&-) (Found: C, 78.4; H, 5.8. 
C,H,O, requires: C. 78.4; H, 5.5%). 

ItBSXENCEs 

‘M. Gregson, K. Kurosava, W. D. Ollis, D. T. Redman, R. J. 
Roberts and 1. 0. Sutherland, Chem. Commun. 1399 (1968). 

v. R. Seshadri, Phyrochemisfry 11, 881 (lw2). 
‘M. Grenson. W. D. Ollis. D. T. Redman and 1. 0. Sutherland. 
Chem. ?ommun. 1395 (1968). 

‘L. Jurd., K. Stevens and G. Manners, Phytochemistry 11, 3287 
(1972). 

‘A. C. Jain and R. K. Gupta, Tetrahedron 31, 511 (1975). 
‘K. C. Gulati, S. R. Seth and K. Venkaturaman. 1. Chem. Sot. 
1765 (1934). 

‘R. Robinson and K. Venkataraman, Ibid. 2344 (1926). 
*W. Baker and R. Robinson, Ibid. 127, 1973 (1925). 
‘A. C. Jain and R. K. Gupta, Chemistry titersJapan 1353 (1974). 
“‘M. Gregson, W. D. Ollis, B. T. Redman and 1. 0. Sutherland, 

Chem. Commun. 1394 (1968). 
“M. F. Barnes, W. D. Ollis. 1. 0. Sutherland, 0. R. Gottlieb and 

M. T. Magalhaes, Tetrahedron 23, 2707 (1%5). 
“K. M. Baggaley, S. G. Brooks, J. Green and B. T. Redman, 

Chem. Common. 6 (1970). 
“hf. Gregson, W. D. Ollis, B. T. Redman and 1. 0. Sutherland, 

Ibid. 1394 (1968). 
“Robinson and K. Venkataraman, 1. Chem. Sot. 2344 (1926). 
“E. Schmid, G. Frater and H. J. Hansen and H. Schmid, He/c. 

Chim. Acta 55, 1625 (1972). 


