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Abstract-Birch reductions of 4,6dimethoxy-I-naphthylalkyl ketones 1 provided in fair to good yields the 
demethoxylated products, 6-methoxy-l-naphthylalkyl ketones 2&g), not easily accessible by other procedures. 
Autooxidation of these ketones in basic medium afforded the diketones 6&e), the acid 241, and interestingly the phenol 
5. Extension of this reduction to the related tricyclic ketone 8 afforded 921. the phenolic ketone 9b; and significantly the 
dihydrocoumarin derivative 10 as a result of autooxidation of 9a. The mechanisms for demethoxylation and 
autooxidation have been discussed. 

IN CONNECTION with other problems, we were interested 
in a practical method for demethoxylation of easily 

accessible 4,6-dimethoxy-1-naphthylalkyl ketones 1 to 

more useful 6-methoxy-l-naphthylalkyl ketones 2(a-g), 

not easily available by other procedures. It has been 
reported’ that during metal-ammonia reduction, a p-acyl 

group labilises a p-OMe group to hydrogenolysis, but this 

aspect of the problem has not been thoroughly in- 
vestigated for useful preparative purposes. 

We now report the results of our study on metal- 
ammonia reduction of the above naphthyl ketones 1 for 

the preparation of the demethoxylated ketones 2(a-g). 
The autooxidation of 2(a-g) in basic medium gave inter- 
esting results. and this will also be discussed. Similar 

reduction (see later) of the related monocyclic and tri- 

cyclic ketones are also the subject matter of the present 
paper. 

Preparation of 4,6-dimethoxv-I-naphthylalkyl ketones 

1. Compounds If3 and la4 were prepared according to 

the literature from 1,7-dimethoxynaphthalene 3. Friedel- 
Crafts acetylation of 3 following the reperted“ procedure 

but using slight excess of acetyl chloride afforded, 

besides the normal product la, a diacetyl compound in 
low yield, and this has been assigned as 4 from its 

‘H-NMR spectrum. The C-5 aromatic hydrogen doublet at 
~2.4-2.5 (J = 3 Hz). shown by all dimethoxy ketones 1. is 

missing in the diacetyl derivative 4. Furthermore this 
assignment 4 is supported by the observation that 4,6- 

dimethoxy-I-methylnaphthalene undergoes formylation’ 
at C-5; and bromination of 3 is reported’ to give 4,8- 

dibromo-derivative. All other naphthylalkyl ketones l(b- 

e) and lg were prepared in excellent yields through 
Friedel-Crafts acylation of 3 with the appropriate acid 

chlorides or acid anhydride (Experimental). 
Sodium-liquid ammonia reduction of I-naphthylalkyl 

ketones 1. Results and Discussions. An efficiently stirred 
solution of each ketone in tetrahydrofuran and undis- 
tilled liquid ammonia was reduced with sodium metal 
using ethanol as the proton source. After the disap- 
pearance of the blue colour, some ammonium chloride, 
not sufficient to destroy amide ion completely, was ad- 
ded. Evaporation of ammonia and removal of tetra- 
hydrofuran gave a residue which was treated with water. 
Usual processing (see Experimental) of the resulting 

alkaline mixture (pH 10-12) afforded the desired de- 

methoxylated ketones 2(w), and the autooxidation 

products such as 2h6, 6(a-e) and interestingly the phenol 

5.’ The results under different experimental conditions 

are summarised in Table I. 
Examination of Table 1 reveals that the formation of 

autooxidation products in alkaline solution is favoured 

by using excess sodium metal, and by long exposure of 

the homogeneous alkaline solution (when THF is used as 

the co-solvent) to atmospheric oxygen. In the two phase 
system (when Et20 is used as the co-solvent), the desired 

reduction product, being in ether solution is probably 
protected from atmospheric oxidation; and this accounts 

for the high yield of the desired ketone lc (compare 

entries 4 and 7). The formation of the carbanion, an 
intermediate for autooxidation of the isopropyl ketone 

2d. is not favoured due to its tertiary character, and this 
probably rationalises the excellent yield of the desired 

ketone 2d even under conditions (entry 8) favourable for 

oxidative degradation. In the case of the benzyl ketone 
2e, the ease of formation of the benzyl carbanion 

explains the isolation of all sorts of autooxidation 

products even when ether is used as the co-solvent 
(entries 9 and 13). The presence of diketones 6(a-b) in 

the neutral fractions obtained from the reductions of lb 
and lc was revealed in the ir spectra of the crude neutral 
materials. In one case, the diketone 6b was isolated in 

the pure state through laborious column and preparative 

tic. The neutral material obtained through reduction of le 
was directly oxidised with alkaline hydrogen peroxide to 

furnish, besides the ketone 2e a ca. I:1 mixture of the 
acid 2h and benzoic acid. The isolation of the acid amide 
2i in trace amount from the neutral parts after reductions 
of lb and le probably reflects the nucleophilic addition 

of NH*:-’ to a-hydroperoxy ketones (Scheme-3). Careful 

chromatography of the phenolic fractions obtained 
through reductions of lb and lc (entries 3 and 7 of Table 
I) provided, besides the phenol 5, two crystalline 
phenolic ketones of higher polarity in small amounts. and 
these have been tentatively assigned as 25 and 2k from 

their ir, ‘H-NMR and mass spectra. The position of the 
signal for C-6 OMe group at 76.1, as observed for all the 
dimethoxy ketones 1, remains unaltered in these phenolic 
ketones: and this tempted us to assign the phenolic 
ketones as 25 and 2k. Demethylation of phenolic ethers 
by metal in liquid ammonia or by amide ion is well- 
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known,” but it is difficult at this stage to suggest whether cyclisation of 7, may be ascribed” to the presence of 
the formation of the above phenols occurs by an eli- the 6-OMe group which will have little influence on the 
mination or a reduction process. 8-position but will slightly activate the 2-position in 7. 

It is interesting to note that 2,4-dimethoxyaceto- 
phenone on reduction by the typical procedure 
(Experimental) behaved like simple acylbenzenes? as the 
major product isolated, among other unidentified 
products, “t was 2,4-dimethoxyethylbenzene as a result 
of hydrogenolysis of the CO group. 

In order to study the behaviour of the related tricyclic 
ketone 8 in metal-ammonia reduction, 8 was synthesised 
in 35% overall yield starting from naphthylmethyl ketone 
la as shown in Fig. 2. Refluxing a mixture of N-methyl- 
anilinium trifluoroacetate” (TAMA), paraformaldehyde 
and the ketone la in anhydrous dioxan afforded a 
product which was purified by passing its benzene solu- 
tion through alumina. The vinyl ketone 7, thus obtained 
as a waxy-solid, showed characteristic ‘H-NMR spec- 
trum. Acid-catalysed cyclisation’* of 7 provided a 
homogeneous product, and this was characterised as the 
benzindanone derivative 8 through its spectral charac- 
teristics. The special features of its ‘H-NMR spectrum 
are the singlet at 13.34 and a doublet at 70.93 assignable 
for C-4 and C-4’ aromatic proton respectively. The non- 
formation of the perinaphthanone, a possibility through 

Sodium-liquid ammonia reduction of 8 by the typical 

procedure reported earlier for Ic (Experimental), fur- 
nished in respectable yield the demethoxylated product 
9a, previously prepared” through an unambiguous route. 
Processing of the alkaline solution afforded a crystalline 
phenol and a lactonic product. This phenol has been 
tentatively assigned as 9b, and this is supported from the 
position of the ‘H-NMR signal at 76.14 for the C-2’OMe, 
and this is identical with that of the same OMe group in 8 
or 9a. The IR and mass spectra of the phenol are also in 
agreement with the proposed structure 9b. The crystal- 
line lactonic product, isolated in small amount, has been 
assigned as the coumarin derivative 10 from its spectral 
behaviour (Experimental). No carboxylic acid could be 
isolated in the pure state in this reaction. The formation 
of the products 9(a-b) and 10 through reduction of 8 may 
be rationalised by the general mechanism suggested 
below. 

tUnder selected conditions, metal-ammonia-alcohol reduction 
of acetophenone proceeds also by nuclear reduction (see Ref. 10). 

Extension of sodium-liquid ammonia reductions to 6 
methoxy-I-naphthylbenzyl ketone 11 under two different 
solvent conditions gave somewhat different results. Use 
of THF as the co-solvent afforded mainly the oxidation 
products (Experimental), whereas use of ether permitted 
us to isolate for the first time in moderate yield a 
dihydronaphthalene derivative characterised as 12 from 
its mass and ‘H-NMR spectra. 
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(3.3g in place of usual OSg) in the reduction of lb 
a~orded mainly a neutral material, and the phenolic 
ketone 25 in very low yield. The non-homogeneous 
character of the above neutral product (Experimental) 
discouraged us from further investigations. 

Mechanism for demethoxylution of 1 and autooxida- 
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and especially the formation of the amide 2i in two cases 
mentioned reduces the importance of dioxetane 
mechanism in the present case. Recent studies’* on al- 
koxide-catalysed decomposition of several a-hydro- 
peroxy ketones proved that the a-cleavage reaction 
proceeds predominantly via an acyclic carbonyl addition 
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clic mechanism was shownI to be the main pathway for 
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a-hydroperoxy ketone 14 bears an a-H atom, base- 
catalysed elimination may lead to a-diketone” which in 
some cases has been isolated. The formation of autoox- 
idation products such as 2h, 2i and 6(a-c) in the present 
case may therefore be best rationalised by the pathways 
A and B shown in Scheme-3. 
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The isolation of phenol 5 in low yield in most of the 

cases (Table 1) probably reflects an intermolecular 

pathway involving the anion of a-hydroperoxy ketones 

15 and ketones 2 as shown in Scheme-4. It may be 

mentioned that this is probably the first report of phenol 
formation through autooxidation of arylalkyl ketones. 

EXPERIMENTAL 

M.ps were determined on a HzSOI bath. UV spectra were 

measured for solns in EtOH with a Unicam SPSOO spectrophe 

tometer. IR spectra for solns in CHCh with a Perkin-Elmer 337 

instrument. and NMR spectra for solns in CDCI, (until otherwise 

stated) with a Varian T-60 spectrometer (TMS as internal stan- 

dard). For glc. a Hewlett-Packard 5730 gas chromatograph, with 

flame ionisation detector was used. Extracts were dried over 

KaJSO1. and light petroleum refers 10 the fraction of b.p. 60-80”. 

Preparation of dimethoxpnaphthpl kefones I(a-g) 

Friedel-Crafts reaction oj I ,7-dimethoxynophthalene 3 with 

acefpl chloride; formation of 4.6-dimefhoxy-I-naphthylmethyf 

kerone la. and S-ocefyI_4,&dimethoxy-I-naphthylmethyl ketone 

4. To an ice-cooled and stirred soln of 3 (8 g) and AcCl (5 g) in 

PhNO? (50ml) was added anhyd AICI, (6.5g) in small portions 

during 30 min. The mixture was left at r.1. for 16 hr. then poured 

on ice; the PhNO: was removed by steam distillation, and the 

product was taken up in benzene (SOOml). The solvent was 

washed with 4% NaOH aq. and then with water. Evaporation of 
the dry solvent gave a residue which was distilled to furnish two 

fractions: (i) b.p. l78-184’/0.1 mm (7.4g. 75%) and (ii) b.p. 1% 

220” (2g. 17%). m.p. 140-142”. The first fraction on keeping 

solidified 10 give la, m.p. 86-88” (MeOH) (lit.’ m.p. 88’); vrnrl 

1659cm ’ (C=O); A,,, 249 (~15.850). 312 (4677) and 34lnm 

(3715); rl.l(lH, d, J=9Hz), 2.22(lH. d, J=9Hz), 2.48(1H, d, 
J = 3Hz),2.82(lH. m). 3.33(lH.d. J =9Hz),6.00(3H, s),6.l0(3H, 
0 and 7.33(3H. s); 2.4-dinirrophenyl-hydrazone had m.p. 235-237” 

(CHCII-MeOH) (Found: C. 58.17; H. 4.29; N. 13.52. CZ~HICN~O~ 

requires: C. 58.54; H, 4.42; N. 13.65%). 

The above higher boiling fraction (ii) on crystallisation 

afforded an analytical sample of 4 (l.7g, 15%). m.p. 143-W” 

(MeOH); I’,“.,. 1706 (C=O) and 1665cm- (C=O); 7l.O3(IH. d. 

J=9Hz).2.17(1H,d.J=8Hz),2.67(1H.d,J=9Hz),3.30(1H,d. 

J = 8 Hz). 6.10(6H, s). 7.33(3H. s) and 7.47(3H. s) (Found: C. 

70.48; H, 6.02. CW,HW,O~ requires: C. 70.58; H, 5.92%). Mono-2.4- 

dinifrophenylhydrarone had m.p. 217-218” (CHCWeOH) 
(Found: C, 58.28; H, 4.22. CUHmN,O, requires: C. 58.41; H, 
4.42%). 

4,6-Dimethoxy-I-naphfhylethyl ketone lb. Friedel-Crafts react- 

ion of 3 (8g) with propionyl chloride (5.5g) as above afforded 

initially lb as yellow oil (7.8g. 75%). b.p. IW195”/0.4mm, m.p. 

12O-125’. An analytical hampIe of lb had m.p. 126127” (MeOH): 

ilrnnr I667cm ’ (C=O): ;1.27(lH. d, J = 9Hz). !.28(lH, d. J = 

9Hz). 2.48(lH. d. J = 3Hz). 2.70-2.9O(lH. m). 3.32(lH. d. J = 

8 Hz). 6.00(3H. s). 6.12(3H. s). 7.01(2H, q. J = 7 Hz) and 8.77(3H. 

t. J 7 7 Hz) (Found: C. 73.51: H. 6.52. CIGHWO? requires: C, 

73.75; H. 6.60%). 2.4-Dinifrophenylhydrazone of lb ‘had m.p. 

149-50’ (CHCIj-MeOH) (Found: C. 59.01; H, 5.03. CZIHZON~O~ 

requires: C. 29.43: H, 7.75%). 

4.6-Dimefhoxy-I-naphfhyl-n-propyl ketone lc. Reaction of 3 

(8g) with n-butyryl chloride (7g) afforded Ic (7.4g. 68%), b.p. 

IS?/O.l mm: m.p. 85-87”. Analytical sample of le. obtained as 

FeedIes. had m.n. 8687” iacetone): Y,. 1662cm-’ (C=O): 
;1.27(1& d. J =bHz). ?.24(IH. d. J =8Hz). 2.45(IH. d. J = 

3 Hz), 2.70-2.90(lH. m), 3.3OtlH. d, J = 8Hz). 599(3H. s). 

6.10(3H, s). 7.05(2H, I. J = 7Hz), 8.18(28. m) and 9.00(3H. 1, 
J = 7 Hz) (Found: C, 74.14; H. 6.91. CI~HIWOI requires: C, 74.40; 

H. 7.02%). 2.4-Dinitroohenv!hvdrazone of lc had m.p. 165-166 

(ethyl acetate) (Found: C. bo.:(6: H. 4.96; N, 12.76. &?HxNIOL 

require\: C. 60.27: H, 5.06; N, 12.78%). 

*This amount was insuficient 10 destroy NH; completely. 

4.6-Dimefhoxy-I-naphfhyl-isopropyl ketone Id. Reaction of 3 

(8g) with isobutyryl chloride (6.4~) as before, and extraction of 

the product with ether (3 x 100 ml) afforded Id (8.9~. 810/c), b.p. 
18o”lO.l mm; m.p. 73-74” (Et,O-light petroleum, b.p. 40&Y); Y,,, 
1664cm ’ (C=O); ~I.41 (Ih. d. J=9Hz). 2.28(lH, d. J=8Hz), 

2.4O(IH, d. J=3Hz). 2.662.88(lH. m). 3.26(lH, d. J=8Hz). 

5.98(3H, s). 6.08(3H, s). 6.23-6.68(IH, m) and 8.77(6H. d. J = 

7 Hz) (Found: C, 74.12; H. 6.81. CW,HI~O, requires: C, 74.40; H. 
7.02%). 

4,6-Dimethoxy-I-naphthylbenzyl ketone le. Freidel-Crafts reac- 

lion of 3 (9 g) wirh phenyl acetyl chloride (IO g) furnished directly 

le (12~. 82%). m.p. III-IIZ”(MeOH): Ye.%, 1664cm ‘: ~l.?3(lH. 

d, J =?Hz), 2.IS(‘IH, d, J = 8Hz). Z.j2(lti, d, J = 3 H,). 2.72-2.8 

(SH, m), 2.95(18, m), 3.33(lH. d. J = 8Hz). 5.72(2H. s). 6.00(3H, 

s) and 6.12(38. s) (Found: C. 78.46; H, 6.12. CXHI~OI requires: 

C, 78.41; H, 5.92%). 2,4-Dinitrophenylhydrazone of le had m.p. 

205-206” (CHCII-MeOH) (Found: C. 64.31: H, 4.71. C:,,H::N,Oh 

requires: C, 64.19; H, 4.56%). 

y-(4,6-Dimethoxy-I-naphthoyl)buryric acid lg. To an ice-cooled 
and stirred mixture of 3 (17.8 g) and glutaric anhydride (I2.2g) in 

sym-tetrachloroethane (106 ml) was added anhyd AK& (28 g) in 
small portions during 30 min. After stirring for 5-6 hr in an 

ice-bath. the mixture was left in the refrigerator for I6 hr. 

Decomposition of the mixture with ice and HCI (6Oml) and 

subsequent steam distillation provided an acid. This acid was 

purified by dissolving in aq NazCO? and then treating the soln 

with animal charcoal. Usual work-up then afforded the acid lg 

(26g, 90%) m.p. 188-192’. A part was recrystallised 10 give an 

analytical sample of lg* m.p. 194-195” (acetone-light petroleum): 

vrn.,< 1688 and 1662cm ‘: r(DMSO-db) l.!S(IH. d, J = 9.5 Hz). 

2.OO(lH, d, J = 8 Hz), 2.44(lH, d, J = 2.5 Hz), 2.73(lH, dd. J = 3 
and 9.5Hz). 3.02(1H. d. J = 8 Hz). 5.93(3H. sj. 6.100H. s). 
6.9l(?H. 1, J = 6.8 Hz) and 7.65-8.2liiH, mj (F&d: C. h7.06; H; 

5.91. CITHWO~ requires: C. 67.54; H. 6.00%). 

General reduction procedure. and isolation of fhe producls. To 

an efficiently stirred mixture of undistilled liquid ammonia 

(500 ml), and a soln of Ic (I g) in THF (50 ml) and abs EtOH 

(I 1.6ml). was added Na metal (I g) in small pieces within 2- 

3 min. After the disappearance of the blue colour (I min). am- 

monium chloride (0.5 g)* was added all at a lime. Ammonia was 

then evaporated during 4 hr, and THF was removed under 

reduced pressure. The residue was treated with water. and the 

resulting alkaline mixture (pH 10-12) was extracted with ether 
(3 x 100 ml). The combined solvent was extracted with 5% NaOH 

aq (2 x 25 ml), washed with water. dried, and evaporated lo 

furnish a neutral fraction which was separated by chroma(og- 

raphy over silica gel to furnish 2e and 6b. The combined alkaline 
soln was acidified and the liberated acidic materials were extrac- 

fed with ether (3 x 50 ml). Usual separation with NaHCOl aq 

provided an acid and a phenolic fraction. Chromatrography of 

each fraction over silica gel afforded the acid 2h and the phenol 5 

(trace amount). 

Properties of fhe reduction and uutooxidution products 

P-(6-Mefhoxy-l-naphfh~~~l) propionic ucid 21. This acid was 

crystallised 10 afford an analytical sample of 21, 

m.p. 151-152’ (acetone-light petroleum); Y,,,.%, 1714 and 

1683cm. ‘: r(DMSO-do) 1.65(lH. d. J = 9.6Hz). l.95-?.89(5H. m). 
6.12(3H. s). 6 70(2H. 1. J = 6 Hz). 7.34(2H. t. J = 6Hz) (Found: C. 

69.64: H. 5.41. CI%HWO~ reauires: C. 69 76: H. 5.46%). 
y-(6-Methoxy-I-nuphfhoyi)butyric acid 2g. An analytical sam- 

ple of 2g had m.p. 117-l 18” (EW-light petroleum): tfrnr, 1710 and 

1686cm ‘: rl.33-1.73(2H. m), 2.03-3.W4H. m). 6.10(3H. s). 

6.90(28, 1. J = 7 Hz) and 7.33-8.23(4H. m) (Found: C, 70.67; H, 
6.10. ClhHlhOl requires: C. 70.58; H. 5.92%). 

6-Mefho.r).-I-ucetylnuphfhalene 2a. An analytical sample of 2a 
had m.p. 63-64” (Et+&light petroleum) (lit.” m.p. 64-65”): vrnJI 

1678 cm ’ (C=O): A,,, 24l(c 22.9lO)and 304nm (5012). 71.30(IH. 

d. J = 9.2 Hz). 1.99-?.84(5H. m). 6.08(3H. s) and 7.32(3H. 5) 
(Found: C, 77.83: ,H. 6.21. CIIHI:O: requires: C, 77.98; H. 

6.04%); 2.4-dinifrophenylhydrurone had m.p. 248” (CHKM 
(Found: C. 59.92: H, 4.26: N. 14.81. CIPHION~OI requires: C. 

60.00: H. 4.24: N. 14.73%) 
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6-Methoxy-I-nophfhol 5. An analytical sample7 of 5 had m.p. 

and mixed m.p. 83-85”(Et~O-light petroleum) (ht. rn.pNtJ>; vrnal 

3515 cm-‘: Am,, 243 (e 26,300) and 205nm (3162); AmaX 259(e 

31.620). 321(8913) and 344nm (9550); TI.~O(IH. d, J= IOHz), 

2.W290(5H, m), 3.23-3.37(lH. m) and 6.07(32(, s); m/e 174&f’). 

6-Merhoxy-I-nophfhoic acid 2h. The analytical sample had 

m.p. and m..m.p. l78-180” (EtXLlight petroleum) (lit.” m.p. 180”); 

vrnal (KBr) 1699 cm-’ (acid C=D): A,,, 227 (e 52.480) and 278 nm 

(5248); r(DMSOd+,). 1.24(IH, d,J = 9.6 Hz),.l.95-2X8(58, m) and 

6.12(3H. s): m/e 202(!vf’) (Found: C. 70.80; H. 5.30. CIZHWOI 

requires: C, 71.28; H, 4.98%). 

6-Methoxy-I-nuphthylerhgl ketone 2b. This ketone was isolated 

as pale yellow oil, b.p. 80”/0.1 mm; vrnal 1675 cm-’ (C=O); 

~l.S8(lH. d, J = 9Hz), 2.20-2.97(5H. m). 6.15(3H. s), l.O0(2H, q, 

J=lHz) and 8.77 (3H, I, J=lHz) (Found: C, 78.21; H, 

6.30. CllHr402 requires: C, 78.48; H, 6.5%). 2,6Dinifropheny/- 

hydrazone of jb had m.p. 174-175” (CHCI,-MeOH) (Found: C, 

60.62: H. 4.74. C,H,,N,O, reauires: C. 60.91: H. 4.60%). 
_” .” - , 

4-Hydroxy-6-methoxy-I-nophthylethyl ketone 2.J. This phenol 

was isolated in very poor yield (entry 3. Table I) from the 

phenolic fraction after chromatography over silica gel (70 times) 

and elution of the chromatogram with E@-light petroleum 

(20:X?). It had m.p. 128-132” (EtG-light petroleum; -Y,,,.~ 3592 

(OH) and 1682cm ’ (C=O); m/e 230(M’). 20l(M’-Et, base peak) 

and 173(M’-COEI). 

~Methoxy-I-naphfhyl-isopropyl ketone M. The crude neutral 

product was distilled to afford pure zd, b.p. 140“ (bafh)/O.I mm; 

vmar 1680 (C=O)cm ‘; ~(CClrj 1.7S(lH, d, J =9Hz), 2.24- 

2.99(5H. m). 6.I8(3H, s), 6.58(lH. m) and 8.92(68. d, J =lHz) 

(Found: C, 78.92: H. 7.06. CI~HW,O? requires: C, 78.90; H. 

7.34%). 
6-hfethoxy-I-nophdylbenzy! ketone h. The neutral material 

(0.56 g). urnal. Ill I (m) and 1678 cm ’ (s). obtained from reduction 

of the dimethoxy ketone lo (1.3 g) was oxidised in methanolic 

soln with 15% H202 and 5% aq NaOH. The neutral product 

(0.37 gj isolated from this oxidation was chromatographed over 

silica gel (I2 gj. and elulion with Ef?O-light petroleum (5:95) 

afforded the desired ketone 2e (0.15g). m.p. Ill” (EtWight 

petroleum); rtmar 1673cm ‘; ~l.Sl(lH, d, J=9Hz); 2.12- 

2.9O(lOH, complex m), 5.69(2H, s) and 6.13(3H, s) (Found: C, 

82.59; H, 6.03. CIVHI~O: requires: C. 82.58; H, 5.84%). 

Elution with ether gave a small amount of solid, characterised 

as 6-methoxy-I-nophthylomide 2i. m.p. 198” (Et&light 

petroleum): vlnd, 3530, 3415 and 1670cm- (C=O); 71.81(IH, d, 

J = IO Hz), 2.07-260(3H. m), 2.67(18, d, J = 3 Hz), 2.8l(lH, dd. 

J = 3 and IO Hz), 6. I l(3H. s) and 6.48(2H. s); m/e 20l(M’, base 

oeak). I85(M’-NH:) and ISl(M~-CONH~). 

6-Methoxy-I-naphlhyl-n-propyl ketone-‘k, ond Chydroxyd- 

mefhoxy-I-naphrhyl-n-propyl kerone 2k. Na-liquid ammonia 

reduction of lc (entry 5. Table I) afforded 2~. b.p. lW/O.l mm; 

vrnar 1678cm ‘: rl.58(lH. d. J = 8Hz). 2.20-2.70(5H. m), 

6.15(3H. s). 7.07(2H. t. J = 7 Hz). 8.23(2H. m) and 9.02(3H. t, 

J = 7 Hz) (Found: C, 78.88: H. 7.04. C1&,02 requires: C, 78.92; 

H. 7.06%); 2.4 dinitrophen~lh~drazone of Zc separated from 

MeOH and had m.p. 138” (Found: C, 61.63: H. 5.03. GIHxN~O~ 

requires: C. 61.76; H. 4.94%). 

The phenolic part was chromatographed over silica gel (30 

times). Elution of the chromatogram with EfG-light petroleum 

(2:98) gave 5. and further elution with the same solvenl mixture 

(lO:W: orovided 2k. m.o. I IO’ (EtG-light oetroleum): Y,,,~~ 3598 

and 168dcm ‘; rl.85(IH: d, J = 9 Hz). 2~10-‘3.12(SH, m), 6.15(3H, 

s). 7.08(2H. I. J = 7 Hz). 8.23(2H. m) and 9.02(3H. I. J = 7 Hz); 

m/e 244(M+), ZOI(M+-C,H,, base peak) and 173(M*-COC1H,) 
(Found: C. 73.61: H. 6.30. CI~HW,OI requires: C. 73.75; H, 
6&O?&). 

4-(6-Mefhoxy-I-naphfhyl)-3.4-dioxobutone 6b. The neutral 
fraction. vrnnr 1711 and lti7cm-‘, obtained from the reduction of 

Ic. (entry 6, Table I) on twice chromatography over silica gel 

afforded a mixture of two products (tic). Gas chromatography of 
this mixture (3% SE 52 column, temp. 195”) indicated the product 

IO be a 27:73 mixture (retention times 27.13 and 34min) of the 

monoketone 2e. and the diketone 6b respectively. Separation of 
this mixture by chromatography on thick layer plate (coaled with 

silica gel of thickness 2 mm, and using a : : I mixture of cyclo- 

hexane-ethylacetate as the eluting solvent) furnished 6b as glass, 
~l.l4(lH, d, J =9Hz). 2.L2.9(58, complex m), 6.15(3H, s), 

l.O6(2H, q, J = 7.5 Hz) and 8.78(3H, 1, J = 7 Hz): m/e 242(M), 

185(M’-COEt, base peak) and 157(M’-CDCOEt). 

Sodium-liquid ammonia reduction of 2,4-dimerhoxyacero- 

phenone; formarion of 2,4-dimerhoxy ethylbenzene. Reduction of 

2.4-dimethoxyacerophenone (05 g) by the general procedure 

afforded a neutral fraction characterised as 2,4-dimerhoxyethvl- 

benzene (0.25 g). b.p. 95” (bath)/0.2 mm; v,,,~, 1610cm ‘; &Xf.,) 

3.13(1H, d, J =8 Hz), 3.70-3.86(28. m). 6.23(38. s). 6.30(3H. s). 

7.51(2H. q. J = 7.5 Hz) and 8.90(3H. i, J = 7.5 Hz) (Found:. d: 

71.90; H, 8.67. CIUHIZOI requires: C. 72.26; H. 8.49%). 

2’,5-Dimefhoxyd:l-benzindan-l-one 8. A magnetically stirred 

mixture of la (6g). paraformaldehyde (3.6g) and N-methyl- 

anilinium trifluoroacetate” (TAMA) (7.5 g) in dry dioxan (20 ml) 

was refluxed under N> for 6 hr. The mixture was cooled and 

paraformaldehyde (I .8 g), TAM A (3.8 gj and dioxan (IO ml) were 

again added. The resulting mixture was further retluxed for 4 hr. 

then diluted with water (500 ml). and the product was extracted 

with ether (2 x l00ml). The aq layer was then treated with 
AcONa, and the resulting soln was further extracted with ether 

(2 x 100 ml). Usual processing of the combined extract gave a 

gummy material. A benzene soln of this material was passed 

through a column of alumina (8Og) to furnish 7 as waxy solid 

(3.8g, 60%), m.p. 57-59”; v,,, 1661 and 1623cm.‘. r 1.42(1H, d. 
J= IOHz). 2.18(lH, d, J=9.5Hz), 2.43(lH, d, J=3Hz), 2.67- 

3.01(2H, m), 3.26(lH, d, J = 8.5 Hz), 3.72(lH, dd, J = 2.5 and 

17.5 Hz), 4.08(lH, dd. J = 2.5 and IO Hz). 5.98(3H, s) and 6.08(3H, 
s). 

The ketone 7 (2g) was cyclised according to the reported 
procedure” to furnish the desired indanone derivative 8 (I .35 g), 

m.p. 165-166”. Recrystallisation provided an analytical sample of 

8(1.15g, 57%). mp. 171” (&O-light petroleum); Y,, 

1675 cm-‘: 70.93(lH, d. J = 9 Hz). 2.5l(lH, d, J = 3 Hz), 2.73(121. 

dd, J = 3 and 9Hz), 3.34(18. sj, 5.97(3H. s). 6.08 (3h, s). 6.80- 

7.02(2H, m) and 7.20-7.41(2H. m) (Found: C. 74.35: H, 5.85. 

CrrHrrOl requires: C, 74.36; H, 5.82%). 
Sodium-liquid ammonia reduction of the indanone derioatiue 

8; formation of the demethoxylored ketone 9a, the phenol 9b, ond 

the coumarin dericatiue IO. Na-liquid ammonia reduction of 8 

(l.IZg) (cf entry 4, Table I) afforded a neutral product (0.6g) 

Chromatography over silica gel (25gj. and elution with ether- 

light petroleum (I : I) furnished 2’-mefhoxy-6:7-benzindan-l-one 

9a (0.47g, 47%). m.p. 149-150” (Et&light petroleum) (lit.14 m.p. 

154-155”) vrn.% 1682cm-‘; :0.93(lH, d, J =9Hz), ?.IS(lH, d, 
J = 8.5 Hz), 2.67-2.83(3H, m), 6.10(3H, s). 6.80-7.02(2H, m) and 

7.20-7.41(2H, m) (Found: C, 79.12; H. 5.78. CI~HI:OZ requires: C. 

79.23; H, 5.70%). 2,4-Dinifrophenylhydrozone of 9a separated 

from MeOH and had m.p. 286” (d) (CHCh-benzene) (lit.” m.p. 

286288”) (Found: C, 61.06; H, 4.36. CmHrhN10< requires: C, 

61.22; H, 4.1 I%). 

The phenolic part (270mg) was directly crystallised to afford 

2’-methoxy-5-hydroxy-6:7-benzindon-l-one 9b (I65 mg, 16%), 

m.p. 229’ (acetone-light petroleum); v,,,.~ 3580, 1695 and 

1630cm ‘; special features of ‘H NMR are T(DMSO-dr)- 

0.95(broad s. OH). 0.88(d. J = 9 Hz. L-H) and 6.14(s. OMe): m/e 

228(M-, base peak), 2OO(M’ - 28) 18S(M’- 43) and ;57(M’- 71) 

(Found: C, 73.74; H. 5.36. CI~HIZO~ requires: C, 73.67: H. 

5.30%). 

The bicarbonate soluble portion was a gummy product (0.25 g). 

Chromatography of this material over silica gel (IO g), and elution 

with EtGlight petroleum (I : 9) gave a crystalline material which 
was recrystallised to furnish 2’-mefhoxy-3.4dihvdro-7:8-benz- 

coumorine 10 (ISmg); m.p. 97-98”; Y,;, 1762 and 1630cm ‘; 

TI.WXIH, d, J = 9Hz). Z.SS(IH. d. J = 8 Hz). 2.90-2.76(3H. m). 

6.WJH. s) and 7.22-6.67(4H, complex m);“m/e 228(M’, base 

peak), 200(M--CO), 186(M’-CHzCO) and I58(M’ -70). 

Sodium-liquid ammonia reduction of 4-methoxy-l-naphthyl- 
benzyl ketone 11 under IWO solvenf condifions. Compound 11 was 

prepared in 60% yield through Friedel-Crafts reaction. and had 
m.p. 83-84” (MeOH) (lit.2’ m.p. 84”). 

(a) Na-liquid ammonia reduction of 11 (3.2~) using THF as 
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co-solvent (see entry 2, Table I) afforded a neutral (0.3g). 
phenolic (0.27g) and an acidic fraction (0.60~). 

The abobe neutral fraction (0.3~) on oxidation with alkaline 
Hz02 in MeOH gave benzoic acid (40 mg), and a gummy neutral 
material (0.15 g) which on chromatography over silica gel (6 g) and 
elution with ether-light petroleum (3: I) afforded a-naphthyl- 
amide (I2 mg), m.p. 200” (reported m.p. 201”). vrnal 3525,340s and 
1675 cm ’ (CONHI). 

Phenolic part was distilled 10 furnish a-nophthol (88 mg, 130/c), 
m.p. and m.m.p. 95-96’. 

The acidic fraction (0.6g) on distillation afforded benzoic acid 
(0.25 g. 47%). b.p. 60”(bath)/l mm. 

(b) Similar reduction of 11 (1.2g) in Et20 by the condition 
mentioned in entry 7 (Table I) furnished mostly a neutral product 
as foamy solid (1.06g). Alkaline Hz02 oxidation of this material 
provided benzoic acid (6%) and a neutral fraction (I g). Careful 
distillation of this material gave 3,4dihydro-I-naphthylbenzyl 
ketone 12 (0.4 g, 37%). b.p. 140”(bath)/0.005 mm, m.p. 76” (Et&- 
light petroleum): “mar 166Ocm.‘; r2.90-2.48(9H, complex m), 
3.05(lH. t. J =5 Hz), 5.96(2H, s) and 7.75-7.20(4H, m): m/e 
248(M-) and I57(M’-CH2Ph) (Found: C, 87.14; H, 6.42. CIRHI~O 
requires: C, 87.06; H, 6.4%); and a higher boiling material which 
could not be characterised. 

Sodium-liquid ammonia reduction of 4,6-dimelhoxy-l-naph- 
thylethyl ketone lb in presence of excess ammonium chloride. 
Reduction of lb (I g), but using excess NH&l (3.3 g in place of 
0.5g), afforded a neutral material (O&g); pmrr 1710 and 
1675 cm-‘, a phenolic product (72mg), and an acid (IOmg). 
Oxidation of the neutral product (0.86g) with alkaline Hz02 as 
before furnished a neutral fraction (0.3 g), b.p. 100”(balh)/0.2 mm, 
vrnrl 1680cm-‘; and an acidic material (0.4g). Attempted pre- 
paration of DNP derivative of the above neutral fraction gave a 
gummy derivative. Repeated crystallisations of this derivative 
finally provided a small amount of pure 2,4-DNP, m.p. 174175 
of the ketone 2b. 

The above crude acidic material (0.4g). obtained after Hz02 
oxidation. was chromatographed over silica gel (50 times) and 
elution with ether-light petroleum (I : I) furnished a solid acid 
(0.28g. 33%), m.p. l70-l90’, vmar 1705cm- probably as a mix- 
ture of fh. and the corresponding 3.4dihydroderivative. Separa- 
tion of this mixture so far failed. 

Chromatography of the above phenolic fraction (72mg) over 
silica gel afforded 4-hydroxyb-methoxy-I-naphthylefhyl ketone 23 
(45 mg. 4.8%). m.p. 130-132”; vrnli 3590 and 1680cm^ 
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