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Abstract. Reaction of ~-naphthyl cinnamate with anhydrous aluminum chloride
afforded 9-hydroxyphenalenone_5by a Fries rearrangementfollowed by a dearylative
cyclisation. 9-Hydroxy-3-phenyl-2,3-dihydrophenalen-l-one7 was identified as an
intermediate.
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Introduction

In an earlier paper, we have described (Manimaran et al 1975) the synthesis of
coumarins, thiacoumarins and carlaostyrils 2 by the reaction of anhydrous aluminum
chloride with the cinnamoyl derivatives 1 of phenols, thiophenols and anilines
respectively. In continuation of this work, we have also studied (Manimaran
and Ramakrishnan 1979) the reactions with a-phenylcinnamoyl compounds
1 (R = C~Hs) which yielded 3-phenylcoumarins and related systems 2 (R = CdHs) ;
likewise a-mothylcinnamoyl compounds 1 (R = CH~) afforded 3-methyl derivatives 2 (R = CH3) (Manimaran et al 1979). These reactions are explained
by invoking an intermediate 3,4-dihydroderivative _3, by its independent synthesis
and further conversion to the final product 2 in the oxygen and nitrogen systems.
Thus, in general, the steps involved in the reactions are cyclisation of 1 to 3
followed by dearylation of the C4-aryl group to yield 2.
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Results and discussion

However, the reaction of /?-naphthyl cinnamate 4 with anhydrous aluminum
chloride in chlorobenzene at 95 ~ for 2 hr by a general procedure followed in other
systems, afforded a product identified as the 9-hydroxyphenalenone 5. The
formation of the phenalenone 5 could be rationalised as represented in chart 1.
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Chart 1.
Thus the action of aluminum chloride on fl-naphthyl cinnamate 4 effects a Fries
rearrangement to 6 fr
by cyclisation to the dihydrophenalenone 2 which on
dearylation could result in the product 5.
In order to gain a better understanding of the mechanism of the above reaction,
efforts were made to isolate the possible intermediates 6 and 7. Hence it was
felt that a milder reaction condition would be an ideal approach. Thus, the eater
4 was treated with alv.minum chloride in carbon disulphide medium which afforded
a mixture of the starting ester 4 and the dihydrophenalenone 7. The dihydro
compound 7 on fttrther treatment with aluminum chloride in chlorobenzeno at
95 ~ for 1 hr gave the phenalenone 5, thus establishing 7 as an intermediate in the
above reaction. Since the chalcone 6 was not identified even in the above milder
reaction condition, probably it is very unstable in the presence of aluminum
chloride. Hence a different roy.re was envisaged for the synthesis of the hydroxyehalcone 6.
Treatment of fl-naphthyl methyl ether with cinnamic acid afforded a mixture
of the methoxy-chalcone 8 and the dihydrophenalenone 2, the latter being the
predominant product. Whereas, this reaction has been reported by Koelseh and
Anthes (1941) to give mainly the chalcone 8; in spite of their expectations and
efforts, the dihydro compound 7 could not be obtained.
The methoxy-chalcone 8 on treatment with aluminum chloride in carbon disulphide at room temperature for 4 hr afforded a mixture of the starting material
8 and the dihydrophenalenone 7 whereas, mere increasing of the reaction time
to 10 hr res1:lted in the formation of the phenalenone 5. Thv.s it is seen that the
methoxy-chalcone 8 does give the dihydrophenalenone 7 and ultimately the
phenalenono 5, implying that it is a highly reactive intermediate. Hence it could
be assumed that the hydroxy-chalcone 6 would have also been formed as an intermediate in the reaction of p-naphthyl cinnamate with aluminum chloride yielding
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the hydroxy-phenalenone 5. The Fries rearrangement would be normally
expected to give products with migration of the acyl group to the 1-position of
the naphthyl ring rather than to the 3-position and hence the structure 6 for the
hydroxy-ehalcone.
A parallel example is the formation of phenalenone 9 from 1-cinnamoylnaphthalene (Williams and Schotter 1974). The coumarin structures _A and ]~
were discounted for the product of the reaction of/~-naphthyl cinnamate with
aluminum chloride, on the basis of spectral data and comparison with authontie
samples of A and B (Narasimhan and Mall 1975).
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Tho dihydrophenalenono 7 on treatment with acetic anhydride afforded a
semisolid identified as the acetate of the hydroxy-chalcone 6, resulting from the
rupture of the C3-C3, bond. The mass spectral fragmentation for the dihydroo
phenalenone 7 is depicted in chart 2 and for the a~etate in chart 3.
The NMR spectrum of the dihydrophenalenone 7_ showed a two-line signal for
the -OH proton, which was unaffected by double irradiation techniques at the
other centres; this behaviour is probably due to the two tautomeric forms 7' and
7-" for which examples are known (lackmart and Sternhell 1969); probably the
existence of these tautomeric, hydrogen bonded structures prohibit the easy
formation of the acetate for the hydroxy-compound 7. The C2-C3 protons
were seen as a clear ABX spectra; J~m = 8 Hz, Jr,,,, = 6 Hz, J~t, = 2 Hz. Spin
decoupling techniques simplified the 8-line signal of the methylene proton~ Hx
and HB into a simple AB qo.artet (J = 8 Hz) when irradiated at the region of the
methine proton, whereas the 4-line signal of the methine proton Hx collapsed
into a singlet on irradiation at the methylene region.
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3.. Experimental
Melting points are uncorrected. The IR spectra were recorded on a Beckmann
Model IR-20 spectrometer. NMR spectra were obtained for solutions in
deuteriochioroform with JEOL PS-100 and Varian A-60 spectrometers using
tetramethylsilane as internal standard. Mass spectra were recorded with a
Hitachi Perkin-Elmer RMU-6E mass spectrometer.

3.1

Reaction of fl-naphthyl cinnamate w#h anhydrous aluminum chloride

(a) A mixture of the ester 4 (2 g) and aluminum chloride (5 g) in chlorobenzene
(25 ml) was heated at 95 ~ for 2 hr. The reaction mixture was treated with iced
hydrochloric acid, extracted with chloroform, dried (MgSO4) and. concentrated
and the residue was chromatographed over a silica gel column. On elution with a
mixture (1 : 9) of chloroform and benzene, 9-hydroxy-phenalenone _5 was obtained
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as an yellow solid. (0.42 g, 30yo); m.p. 200-201 ~ lit. (Koelsch artd Anthes
1941) m.p. 201~ v~,~ (KB0 : 1620-30 cm-X; 8 7,0-8.2 (7,H, m, ArH) and
16.25 (1H, s, OH); m/e 196 (M+), 169, 168, 145, 144, 107, 74, 59 and m* 144
(196 ~ 168),
(b) The above reaction was carried out with carbon disulphide (30 ml) as the
solvent, instead of chlorobermene, for 4 hr under reflux. Work-up of the reaction
mixture as above furnished the phenalenone 5 (450 rag, 32%).
(c) The ester 4 (2 g) was stirred at room temperature with aluminum chloride
(5 g) in carbon disulphide for 10 hr. Work-up followed by chromatography
gave the starting ester 4 (900 rag) on elution with benzene. Using a mixture
(1 : 19) of chloroform and benzene as eluant 9-hydroxy-3-phenyl-2,3-dihydrophenalen-l-one 7 (320rag) was obtained; m.p. 113-114 ~ vm~x (KBr) 164050 cm-1; 3 (100 MHz) 2.88 (1H, q, C2-H cis to C,-H, J,,~ = 8 Hz, ]a~ = 2 Hz),
3.08 (1H, q, C2-H transto C3-H, Jg~----g Hz, It,,, , = 6 HZ}, 5.52 (1H, q, Ca-H,
Jtraas ~-6 I-IZ, Jdg = 2 HZ), 7-8 (10H, m, ArH) and 9.46, 9" 54 (1H, 2s, OH)
m/e 274 ( i +, 100%), 246(8), 197(20), 171(28), 170(96), 142(53), 115(20), 114(88),
113(20), 104(24), 103(18), 88(13), 78(15), 77(18). m* 118.6 (170~ 142) and
91.5 (142~ 114) (Found : C, 83.35; H, 5-30. C19H~40~ requires (2, 83.19;
H, 5.149/o).
3.2

Reaction of 9-hydroxy-3-phenyl-2,3-dihydrophenalen-l-one 7

A mixture of the compound 7 (1 g) and aluminum chloride (3 g) in chlorobenzeno
(25 ml) was heated at 95 ~ for 75 min. Work-up and chromatography afforded
9-hydroxy-phenalen-l-one 5 (560 rag, 78%).
3.3 Reaction of fl-naphthyl methyl ether and cinnamic acid
A mixture of cinnamic acid (14 g), fl-naphthyl methyl other (14 g) and phosphorus
pentachlorido (20 g) was heated in dry benzene (100 ml) under boiling condition
for 5 rain, then cooled and treated with aluminum chloride (14 g) which was
added in small portions. The dark-red solution was boiled for 10 rain and then
decomposed with ice and dil. hydrochloric acid. The benzene layer was separated
and the aqueous layer was extracted with other. The combined organic layer
was dr!ed (MgSO4), concentrated and the residue was chromatographed over a
silica gel column. On elution with benzene, the dihydrophenalenone 7 was
isolated (7.9 g, 32%). Elution with a mixture (I : 9) of chloroform and benzetm
afforded 1-cinnamoyl-2-mothoxy-naphthalerar 8_ (4.55g, 18~); m.p. 140-141 ~
(lit. m.p. 141~ v~,~ (KBr) 1660-70cm-1; fi 3.9 (3H, s, OCH0 and 7.2-8.2

03 Iq, m).
3.4 Reaction of 1-cinnamoyl-2-methoxy-naphthalene 8
(a) The cinnamoyl naphthalene 8 (1 g) was stirred in carbon disulphide (30 ml)
with anhydrous aluminum chloride (3 g) for 4 hr at room temperature. Workup of the re~t[on mixture as above and chromatographic separation furnished
9-hydroxy-3-phenyl-2,3-dihydrophenalenone 7 (150mg) in addition to thQ
r~ovored ~ (420 rag).
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(b) A second run of the above reaction wa~ carried out with the reaction time
increased to 10 hr. The reaction mixture was worked up which showed neither
the starting material 8 nor the dihydro compound 7 on TLC; column chromatography of the residue gave 9-hydroxy-phenalen-l-one 5 (450 mg, 66%).
(c) When the above reaction was carried out with tetrachloroetharte as solvent
at 95 ~ for 30 min, phenalenone 5(495 mg, 73%) was obtained after chromatography.
The dihydro-phenalenone was not found iu the reaction mixture unlike the reaction
of phenyl cinnamate with aluminum chloride in tetrachloroethane which resulted
only in the 4-phenyl-3,4-dihydrocoumarin (Christian and Amin 1960).
3.5

Acetylation of 9-hydroxy-3-phenyl-2,3-dihydrophenalenone

7

The dihydrophenalenone 7 (200 mg) was stirred with acetic anhydride (3 ml), in
the presence of few crystals o f para-toluene sulphonic acid, at room temperature
for 10 hr. The TLC showed only the starting material 7. The reaction mixture
was then heated at 95 ~ for 15 hr, till the disappearance of _7 on TLC, poured
over ice and extracted with chloroform. The organic layer was dried (MgSO4) ,
concentrated and the residue chromatographed to isolate 2-acetoxy-l-cinnamoylnaphthalene as a semisolid (230 mg, 100K); vm,x (CHCI3) 1640-50, 1755-65 cm-1;
82.15 (3H, s, CHs) and 7.0-8.2 (13 H, m); m/e 316 (M+, 28%), 274 (100), 246
(11), 197 (73), 171 (8), 170 (90), 105 (71), 71 (36), 69 (34) (Found : C, 79.51;
H, 5.40. C~lH16Oa requires C, 79.73; H, 5.10%).
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