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Abstract—Birch reductions of 4,6-dimethoxy-1-naphthylalkyl ketones 1 provided in fair to good yields the
demethoxylated products, 6-methoxy-1-naphthylalkyl ketones 2(a-g), not easily accessible by other procedures.
Autooxidation of these ketones in basic medium afforded the diketones 6(a—c), the acid 2h, and interestingly the phenol
5. Extension of this reduction to the related tricyclic ketone 8 afforded 9a, 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-1-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-dimethoxy-1-naphthylalkyl ketones
1. Compounds 1f’ and 1a* 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 chioride afforded,
besides the normal product 1la, 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
72.4-2.5 (J = 3Hz), 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-1-methylnaphthalene undergoes formylation®
at C-5; and bromination of 3 is reported’ to give 4,8-
dibromo-derivative. All other naphthylalkyl ketones 1(b-
e) and 1g 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 1-naphthylalky!
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(a—g), and the autooxidation
products such as 2h®, 6(a—c) and interestingly the phenol
5.7 The results under different experimental conditions
are summarised in Table 1.

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 Et,0 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 isopropy! 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 1b
and 1c 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
tlc. The neutral material obtained through reduction of le
was directly oxidised with alkaline hydrogen peroxide to
furnish, besides the ketone 2e a ca. 1:1 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 1b 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 1b and 1c (entries 3 and 7 of Table
1) provided, besides the phenol S, two crystalline
phenolic ketones of higher polarity in small amounts, and
these have been tentatively assigned as 2J 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 2J 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
the formation of the above phenols occurs by an eli-
mination or a reduction process.

It is interesting to note that 24-dimethoxyaceto-
phenone on reduction by the typical procedure
(Experimental) behaved like simple acylbenzenes,” as the
major product isolated, among other unidentified
products,'® 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 naphthylmethy! ketone
1a 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 73.34 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

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

cyclisation of 7, may be ascribed'® to the presence of
the 6-OMe group which will have little influence on the
8-position but will slightly activate the 2-position in 7.

Sodium-liquid ammonia reduction of 8 by the typical
procedure reported earlier for 1¢ (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.

Extension of sodium-liquid ammonia reductions to 4-
methoxy-1-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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BEntry Ketone g.atom of Na Co-solvent Time for removal Pmducts‘(,‘i)

per mole of ammonia 2 5 6t
1 la 10 THF 4 hr, 2a(53, 2n(2) (13) -
o 10 THF 4 hr, 2b(14), 20(44.7) (6) 6a(3.4)
3 1b 10 THF 1.5 hr. 2n(55), 2n(3.4), 23(6) (6)
4 le 10 THF 4 hr, 2c(12), 2h(29) trace® 6b°(7)
5 Ic 5 THF 0.5 hr. 2¢(60), 2k(6.3) 1.5 -
6 1c 10 THF 1.5 hr. 2c47), 2h(25) trace® 6b°(18)
7 1c 10 Bt 0 4 hr. 2¢(68), 2n(4.5), 2k(4.5) (9.6) -
8 14 10 THF 4 br, 24(70), 2n(6.4) trace® -
of  1e 10 THF 4 hr. 26(13), 2h(24) (13.1) 6cd(12)
Pri0oH( 24)
1o 1f 10 THF a hr. 2£(25), 2n(21) - -
11 lg 10 THF 4 hr. 2n(52) (3)
12 1g 10 THF 1.5 hr. 2g(38), 2h(31) (3) -
135 e 10 B 4 hr. 2e(5), 2h(28), PHCOoH(28) (12) sc?(11)

®roducts 0 far 1:olated and characterised. bThe percentages of the diketones 6 were determined from

the acid Q obtained through alkaline Hp, oxidation of the total neutral prodact. CTrace amount was
characterl sed through comparative tlc. 'Oxidation of tpis Aiketone with alkaline Hg0 o gave 2h and benzoic
acid (1:1). ®"his Alketone was 1solated in pure form., 'This experiment afforded the amide 21 in small amount.
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In one experiment, use of excess ammonium chloride
{3.3g in place of usual 0.5g) in the reduction of 1b
afforded mainly a neutral material, and the phenolic
ketone 2J in very low yield. The non-homogeneous
character of the above neutral product (Experimental)
discouraged us from further investigations.

Mechanism for demethoxylation of 1 and autooxida-
tion of 2. The reductive removal of C-4 OMe group in
ketones 1 leading to the desired products 2(a~g) probably
proceeds through the pathways depicted in Scheme-1.
11-Oxoequilenin derivatives are reduced' to a,8-un-

O*C/R
+ le
QG ORE.~
MeO
OMe
L
OQC/R
0 —
MeO
2(a-q)

saturated carbonyl compounds under the present con-
ditions. Though we could not isolate or detect any a,8-
unsaturated ketone of the type 13, the possibility of its
formation and subsequent aromatisation during work-up
{Scheme-2) to the desired products 2(a-g) cannot be
ruled out. The isolation of 12 through reduction of 11
possibly supports this pathway.

Autooxidation of ketones in basic media rapidly forms
a-hydroperoxy ketones'® 14 which were sometimes
isolated and identified. The a-fission of 14 10 form acid
has been rationalised by some authors'’ through

'o\C,:R ’0\6/9
OMe o OMe

\C/ \C/
3
( ! ROH
H -
COMG OMe

Scheme 1.
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dioxetane mechanism as shown below. The high strain
energy'® (~ 26 Kcal/mole) of 1,2-dioxetane,

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-

H—O—? o0 ; koxide-catalysed decomposition of several o-hydro-
?-ﬁ) peroxy ketones proved that the a-cleavage reaction
R,- ﬁ _ﬁ:_ = R._ﬁ_$_R, = R,_ﬁ:_ﬁ;_k, proceeds predominantly via an acyclic carbonyl addition
intermediate. There are other instances also where acy-
O R, O R, 20 R: clic mechanism was shown'® to be the main pathway for
the a-cleavage reaction. It is also known that if the
14 a-hydroperoxy ketone 14 bears an «-H atom, base-
catalysed elimination may lead to a-diketone® which in
some cases has been isolated. The formation of autoox-
RZ\ idation products such as 2h, 2i and 6(a-c) in the present
—> R,-CO0°+ C=0 case may therefore be best rationalised by the pathways
Rs 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 HiSO4 bath. UV spectra were
measured for solns in EtOH with a Unicam SPS500 spectropho-
tometer, IR spectra for solns in CHCl; with a Perkin-Elmer 337
instrument, and NMR spectra for solns in CDCls (until otherwise
stated) with a Varian T-60 spectrometer (TMS as internal stan-
dard). For gic, a Hewlett-Packard 5730 gas chromatograph, with
flame ionisation detector was used. Extracts were dried over
Na:S0s, and light petroleum refers to the fraction of b.p. 60-80°.

Preparation of dimethoxynaphthyl ketones 1(a-g)

Friedel-Crafts reaction of 1,7-dimethoxynaphthalene 3 with
acetyl chloride. formation of 4.6-dimethoxy-1-naphthylmethyl
ketone 1a, and 5-acetyl-4,6-dimethoxy-1-naphthylmethyl ketone
4. To an ice-cooled and stirred soln of 3 (8 g) and AcCl (5g) in
PhNO: (50 ml) was added anhyd AICI; (6.5 g) in small portions
during 30 min. The mixture was left at r.t. for 16 hr, then poured
on ice; the PANO. was removed by steam distillation, and the
product was taken up in benzene (500 ml). 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. 178-184°/0.1 mm (7.4 g. 75%) and (ii) b.p. 190-
220° (2g, 17%), m.p. 140-142°. The first fraction on keeping
solidified to give 1a, m.p. 86-88° (MeOH) (lit.* m.p. 88%); vmax
1659cm ' (C=0); Ams. 249 (€15.850), 312 (4677) and 341nm
(3715); 71.1(1H, d, J =9 Hz), 2.22(1H, d, J =9 Hz), 2.48(1H, d,
J =3 Hz), 2.82(1H. m), 3.33(1H, d, ] =9 Hz), 6.00(3H, s), 6.10(3H,
s) and 7.33(3H, s); 2.4-dinitrophenyi-hydrazone had m.p. 235-237°
(CHCl:--MeOH) (Found: C. 58.17: H, 4.29; N, 13.52. C20H sN4Os
requires: C, 58.54; H, 4.42. N, 13.65%).

The above higher boiling fraction (ii) on crystallisation
afforded an analytical sample of 4 (1.7g, 15%), m.p. 143-144°
(MeOH); #ma 1706 (C=0) and 1665cm™' (C=0); 71.03(1H. d,
J=9Hz), 2.17(1H. d. ) = 8 Hz), 2.67(1H. d, J = 9 Hz), 3.30(1H, d.
I =8Hz), 6.10(6H, s). 7.33(3H, s) and 7.47(3H. s) (Found: C,
70.48; H, 6.02. C1eH 1604 requires: C, 70.58; H, 5.92%). Mono-24-
dinitrophenylhydrazone had m.p. 217-218° (CHCl,-MeOH)
(Found: C, 58.28; H, 4.22. CyHxNO; requires: C, 58.41; H,
4.42%).

4.6-Dimethoxy-1-naphthylethyl ketone 1b. Friedel-Crafts react-
ion of 3 (8g) with propionyl chloride (5.5g) as above afforded
initially 1b as yellow oil (7.8 g, 75%). b.p. 190-195°/0.4 mm, m.p.
120-125°. An analytical sample of 1b had m.p. 126-127° (MeOH):
vma 1667cm ' (C=0): 71.27(1H, d, J=9Hz), 2.28(1H, d. J =
9 Hz). 2.48(1H. d, J =3 Hz). 2.70-2.90(1H, m), 3.32(1H. d. J =
8 Hz). 6.00(3H. s), 6.12(3H. s), 7.01(2H, q. } = 7 Hz) and 8.77(3H,
t, J=7Hz) (Found: C, 73.51: H. 6.52. C,<Hs0: requires: C,
73.75; H. 6.60%). 2.4-Dinitrophenylhydrazone of 1b had m.p.
149-50° (CHCl:-MeOH) (Found: C, 59.01; H, 5.03. C2iH20N4Os
requires: C. 59.43: H, 7.75%).

4.6-Dimethoxy-1-naphthyl-n-propyl ketone lc. Reaction of 3
(8 g) with n-butyryl chloride (7 g) afforded 1c (7.4 g, 68%), b.p.
187°/0.1 mm: m.p. 85-87°. Analytical sample of 1c. obtained as
reedles, had m.p. 86-87° (acetone); vn., 1662cm™ (C=0);
71.27(1H. d. J=9Hz), 2.24(1H. d. J=8Hz), 245(1H. d. J =
3Hz), 2.70-2.9%1H. m), 3.30(1H, d, J=8Hz), 5.953H. s),
6.103H, s), 7.05(2H, t, J =7 Hz), 8.18(2H. m) and 9.003H, t,
J =7Hz) (Found: C, 74.14; H, 6.91. C\«Hs0; requires: C, 74.40;
H. 7.02%). 2,4-Dinitropheny'hydrazone of 1c had m.p. 165-166°
{ethyl acetate) (Found: C. 60.56: H. 4.96; N, 12.76. C2:H22N4O¢
requires: C, 60.27; H, 5.06; N, 12.78%).

*This amount was insufficient to destroy NH3 completely.
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4,6-Dimethoxy-1-naphthyl-isopropyl ketone 1d. Reaction of 3
(8 g) with isobutyryl chloride (6.4 g) as before, and extraction of
the product with ether (3 x 100 ml) afforded 1d (8.9 g, 81%), b.p.
180°/0.1 mm; m.p. 73-74° (E1,0-light petroleum, b.p. 40-60°); vpax
1664cm ' (C=0); 71.41 (1h, d. J =9 Hz), 2.28(1H, d. J = 8 Hz),
2.40(1H, d. J=3Hz), 2.66-2.88(1H. m), 3.26(1H, d. J = 8 H2).
5.98(3H, s), 6.08(3H, s). 6.23-6.68(1H, m) and 8.77(6H, d, J =
7Hz) (Found: C, 74.12; H, 6.81. C16H;:0; requires: C, 74.40; H,
7.02%).

4,6-Dimethoxy-1-naphthylbenzyl ketone 1e. Freidel-Crafts reac-
tion of 3 (9 g) with phenyl acetyl chloride (10 g) furnished directly
le (12 g, 82%), m.p. 111-112° (MeOH); vm.x 1664cm '; 71.23(1H,
d, J=9Hz), 2.15(1H, d, J =8 Hz), 2.52(1H, d, J =3 H,), 2.712-2.8
(SH, m), 2.95(1H, m), 3.33(1H. d. J = 8 H2), 5.72(2H, s). 6.00(3H,
s) and 6.12(3H, s) (Found: C. 78.46; H, 6.12. C20H O requires:
C, 78.41; H, 5.92%). 2,4-Dinitrophenylhydrazone of le had m.p.
205-206° (CHCl,-MeOH) (Found: C. 64.31: H, 4.71. C2sH::N.Os
requires: C, 64.19; H, 4.56%).

y-(4,6- Dimethoxy-1-naphthoyl)butyric acid 1g. To an ice-cooled
and stirred mixture of 3 (17.8 g) and glutaric anhydride (12.2g) in
sym-tetrachloroethane (106 ml} was added anhyd AICl, (28¢) in
small portions during 30 min. After stirring for 5-6hr in an
ice-bath, the mixture was left in the refrigerator for 16hr,
Decomposition of the mixture with ice and HCl (60 ml) and
subsequent steam distillation provided an acid. This acid was
purified by dissolving in aq NaCO; and then treating the soln
with animal charcoal. Usual work-up then afforded the acid 1g
(26 g, 90%) m.p. 188~192°. A part was recrystallised to give an
analytical sample of 1g, m.p. 194-195° (acetone-light petroleum);
vmac 1688 and 1662cm '; 1(DMSO-de) 1.25(1H, d, J =9.5Hz),
2.00(1H, d, J =8 Hz), 2.44(IH, d, ] = 2.5Hz), 2.73(1H, dd, J =3
and 9.5Hz), 3.02(1H, d, J=8Hz), 5.93(3H, s). 6.103H, s).
6.91(2H. t, ) = 6.8 Hz) and 7.65-8.21(4H, m) (Found: C, 67.06; H,
5.91. Ci7H 1505 requires: C, 67.54; H, 6.00%).

General reduction procedure, and isolation of the products. To
an efficiently stirred mixture of undistilled liquid ammonia
(500 ml), and a soln of 1c¢ (1g) in THF (50 ml) and abs EtOH
(11.6 ml). was added Na metal (1g) in small pieces within 2-
3min. After the disappearance of the blue colour (1 min). am-
monium chloride (0.5 g)* was added all at a time. Ammonia was
then evaporated during 4hr, 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 (2x25ml), washed with water, dried. and evaporated to
furnish a neutral fraction which was separated by chromatog-
raphy over silica gel to furnish 2¢ and 6b. The combined alkaline
soln was acidified and the liberated acidic materials were extrac-
ted with ether (3 x50 ml). Usual separation with NaHCO- aq
provided an acid and a phenolic fraction. Chromatrography of
each fraction over silica gel afforded the acid 2h and the phenol §
(trace amount).

Properties of the reduction and autooxidation products

B-(6-Methoxy-1-naphthoyl) propionic acid 2. This acid was
crystallised to afford an analytical sample of 21,
m.p. 151-152° (acetone-light petroleum); vm. 1714 and
1683 cm’ '; (DMSO-de) 1.65(1H. d. J = 9.6 Hz). 1.95-2.89(5H. m),
6.12(3H, 5). 6 70(2H, t. J = 6 Hz), 7.34(2H. t, J = 6Hz) (Found: C.
69.64; H, 5.41. C<H 1404 requires: C, 69.76: H, 5.46%).

y-(6-Methoxy-1-naphthoyl)butyric acid 2g. An analytical sam-
ple of 2g had m.p. 117-118° (Et:O-light petroleum); vm, 1710 and
1686cm '; 71.33-1.732QH. m), 2.03-3.004H. m). 6.103H. s).
6.90(2H, t, J =7 Hz) and 7.33-8.23(4H. m) (Found: C, 70.67; H,
6.10. C1sH 1604 requires: C, 70.58; H, 5.92%).

6-Methoxy-1-acetvinaphthalene 2a. An analytical sample of 2a
had m.p. 63-64° (Et:0-light petroleum) (lit.”' m.p. 64-65°): vmis
1678 cm ' (C=0); Amax 241(e 22,910) and 304 nm (5012), 71.30(1H.
d. J=9.2Hz), 1.99-2.84(5H. m). 6.08(3H. s) and 7.32(3H. %)
(Found: C, 77.83: H. 6.21. CixH120: requires: C, 77.98; H.
6.04%); 2.4-dinitrophenylhydrazone had m.p. 248° (CH,Cly)
(Found: C, 59.92: H, 4.26; N. 14.81. C,osHisN4Os requires: C.
60.00: H. 4.24; N. 14.73%)
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6-Methoxy-1-naphthol 5. An analytical sample of 5 had m.p.
and mixed m.p. 83-85°(Et;O-light petroleum) (lit.” m.p. 85%); Vmax
3575cm™"; Amax 243 (€ 26,300) and 205 nm (3162); A mact 259(e
31,620), 321(8913) and 344 nm (9550); +1.90(1H, d, J = 10Hz),
2.70-2.90(5H, m), 3.23-3.37(1H, m) and 6.07(3H, s); m/e 174(M").

6-Methoxy-1-naphthoic acid 2h. The analytical sample had
m.p. and m.m.p. 178-180° (Et:0-light petroleum) (lit.* m.p. 180°);
vmax (KBr) 1699 cm™' (acid C=0); Amax 227 (€ 52,480) and 278 nm
(5248); 7(DMSO-ds), 1.24(1H, d, J = 9.6 Hz), 1.95-2.88(SH, m) and
6.123H, s). m/e 202(M") (Found: C, 70.80; H. 5.30. Ci2H 003
requires: C, 71.28; H, 4.98%).

6-Methoxy-1-naphthylethyl ketone 2b. This ketone was isolated
as pale yellow oil, b.p. 80°/0.1 mm; vmax 1675 em’! (C=0);
71.38(1H, d, ] =9 Hz), 2.20-2.97(SH. m), 6.15(3H, s), 7.00(2H, g,
J=7Hz) and 8.77 (3H, t, J=7Hz) (Found: C, 7821; H,
6.30. C,,H,,0, requires: C, 78.48; H, 6.59%). 2,4-Dinitrophenyl-
hydrazone of 2b had m.p. 174-175° (CHCl;-MeOH) (Found: C,
60.62; H, 4.74. C2oH3sN,Os requires: C. 60.91; H, 4.60%).

4-Hydroxy-6-methoxy-1-naphthylethyl ketone 2J. This phenol
was isolated in very poor yield (entry 3, Table 1) from the
phenolic fraction after chromatography over silica gel (70 times)
and elution of the chromatogram with Et;O-light petroleum
(20:30). It had m.p. 128-132° (Et.O-light petroleum; vmax 3592
(OH) and 1682 cm ' (C=0); mfe 230(M "), 201(M'-Et, base peak)
and 173(M"-COEU).

6-Methoxy-1-naphthyl-isopropy! ketone 2d. The crude neutral
product was distilled to afford pure 2d, b.p. 140° (bath)/0.] mm;
vmae 1680 (C=O)em s 7(CCl) L75(1H, d. J=9Hz), 224
2.99(5H, m), 6.18(3H, s), 6.58(1H, m) and 8.92(6H, d, J =7Hz)
(Found: C, 78.92. H, 7.06. CisH\sO: requires: C, 78.90; H,
1.34%).

6-Methoxy-1-naphthylbenzyl ketone 2e. The neutral material
(0.56 8), vinax 1711 (m) and 1678 cm ' (s), obtained from reduction
of the dimethoxy ketone le (1.3 g) was oxidised in methanolic
soln with 15% H20: and 5% aq NaOH. The neutral product
(0.37 g) isolated from this oxidation was chromatographed over
silica gel (12g), and elution with EtO-light petroleum (5:95)
afforded the desired ketone 2e (0.15g), m.p. 117° (Et20-light
petroleum); vma 1673cm 'y r1SI(IH, d, J=9Hz); 2.12-
2.90(10H, complex m), 5.69(2H, s) and 6.133H, s) (Found: C,
82.59; H, 6.03. C\¢H \+0: requires: C, 82.58; H, 5.84%).

Elution with ether gave a small amount of solid, characterised
as  6-methoxy-l-naphthylamide 2i. m.p. 198° (Et;O-light
petroleum); vu.y 3530, 3415 and 1670 cm™' (C=0); 71.81(1H, d,
J =10 Hz), 2.07-2.60(3H. m), 2.67(1H, d, J = 3 Hz), 2.81(1H, dd,
J =13 and 10Hz), 6.11(3H, s) and 6.48(2H. s); mfe 201(M", base
peak). 185(M*-NH:) and 157(M " -CONH,).

6-Methoxy-1-naphthyl-n-propyl ketone 2, and 4-hydroxy-6-
methoxy-1-naphthyl-n-propyl ketone 2k. Na-liquid ammonia
reduction of lc (entry S, Table 1) afforded 2¢c, b.p. 160°/0.1 mm;
vme« 1678cm 't 71.58(1H, d, J=8Hz), 220-2.705H, m),
6.153H. s), 7.07Q2H, t. J =7 Hz). 8.23(2H. m) and 9.023H, t,
J=7Hz) (Found: C, 78.88: H, 7.04. C <Hs0: requires: C, 78.92;
H, 7.06%). 2.4 dinitrophenylhydrazone of 2¢ separated from
MeOH and had m.p. 138° (Found: C, 61.63: H, 5.03. C21H20N4Os
requires: C. 61.76; H, 4.94%).

The phenolic part was chromatographed over silica gel (30
times). Elution of the chromatogram with Et:0-light petroleum
(2:98) gave 5, and further elution with the same solvent mixture
(10:90); provided 2k, m.p. 110° (Et2O-light petroleum); vm.x 3598
and 1680cm '; 1.85(1H, d, J = 9 Hz), 2.70-3.12(SH, m), 6.153H,
s). 7.08(2H. t. J =7Hz). 8.23(2H, m) and 9.02(3H. t. J = 7 Hz);
mle 244(M*), 201(M*-C,H,, base peak) and 173(M"-COC;H,)
(Found: C, 73.61; H. 6.30. Ci<H,,O: requires: C. 73.75; H,
6.60%).

4-(6-Methoxy-1-naphthyl)-34-dioxobutane 6b. The neutral
fraction, vm. 1711 and 1667 cm ™', obtained from the reduction of
Ic, (entry 6, Table 1) 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
to be a 27:73 mixture (retention times 27.13 and 34 min) of the
monoketone 2¢, and the diketone 6b respectively. Separation of
this mixture by chromatography on thick layer plate (coated with
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silica gel of thickness 2 mm, and using a *:1 mixture of cyclo-
hexane-ethylacetate as the eluting solvent) furnished 6b as glass,
7L.14(1H, d, J=9Hz), 2.1-2.95H, complex m), 6.15(3H, s),
7.06(2H, q, ] =7.5Hz) and 8.78(3H, t, ] =7 Hz); mle 242(M"),
185(M*-COET, base peak) and 157(M'-COCOE).

Sodium-liquid ammonia reduction of 24-dimethoxyaceto-
phenone; formation of 2,4-dimethoxy ethylbenzene. Reduction of
2.4-dimethoxyacetophenone (0.5g) by the general procedure
afforded a neutral fraction characterised as 2,4-dimethoxyethy!-
benzene (0.25 g). b.p. 95° (bath)/0.2 mm; vem.. 1610cm '; 7(CCls)
3.13(1H, d, J = 8 Hz), 3.70-3.86(2H, m), 6.23(3H, s), 6.30(3H. s),
7.51(2H, q, J =7.5Hz) and 8.903H. t, J=7.5Hz) (Found: C.
71.90; H, 8.67. CigH20: requires: C, 72.26; H, 8.49%).

2'.5-Dimethoxy-6:7-benzindan-1-one 8. A magnetically stirred
mixture of la (6g), paraformaldehyde (3.6g) and N-methyl-
anilinium trifluoroacetate'' (TAMA) (7.5g) in dry dioxan (20 ml)
was refluxed under N: for 6 hr. The mixture was cooled and
paraformaldehyde (1.8 g), TAMA (3.8 g) and dioxan (10 ml) were
again added. The resulting mixture was further refluxed for 4 hr,
then diluted with water (500 ml), and the product was extracted
with ether (2x 100 ml). The aq layer was then treated with
AcONa, and the resulting soln was further extracted with ether
(2% 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 (80 g) to furnish 7 as waxy solid
(3.8g, 60%), m.p. 57-59°; v, 1661 and 1623 cm™". 7+ 142(1H, d,
I=10Hz), 2.18(1H, d, J =9.5Hz), 2.43(1H, d, J =3 Hz), 2.67-
3.01(2H, m), 3.26(1H, d, J =8.5Hz), 3.72(1H, dd, J=2.5 and
17.5 Hz), 4.08(1H, dd, J = 2.5 and 10 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 (1.35 g),
m.p. 165-166°. Recrystallisation provided an analytical sample of
8(1.15g, 57%), m.p. 171° (E,0-light petroleum); w,,,
1675cm™"; 70.93(1H, d. ] =9 Hz). 2.51(1H, d, J = 3Hz), 2.73(1H.
dd, J =3 and 9 Hz), 3.34(1H. s), 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.
CisH 1401 requires: C, 74.36; H, 5.82%).

Sodium-liquid ammonia reduction of the indanone derivative
8; formation of the demethoxylated ketone %a, the phenol 9b, and
the coumarin derivative 10. Na-liquid ammonia reduction of 8
(1.128) (cf entry 4, Table 1) afforded a neutral product (0.6 g)
Chromatography over silica gel (25g), and elution with ether-
light petroleum (1:1) furnished 2'-methoxy-6:7-benzindan-1-one
9a (0.47 g, 47%), m.p. 149-150° (Et,0-light petroleum) (tit." m.p.
154-155°), vmax 1682cm™"; 70.93(1H, d, J=9Hz), 2.15(1H, d,
J=8.5Hz), 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. C,4H,20; requires: C,
79.23; H, 5.70%). 24-Dinitrophenylhydrazone of 9a separated
from MeOH and had m.p. 286° (d) (CHCh-benzene) (lit."* m.p.
286-288°) (Found: C, 61.06; H, 4.36. C20H«N4Os requires: C,
61.22; H, 4.11%).

The phenolic part (270 mg) was directly crystallised to afford
2'-methoxy-5-hydroxy-6:7-benzindan-1-one 9b (165mg, 16%),
m.p. 229° (acetone-light petroleum); wvm.. 3580, 1695 and
1630cm '; special features of 'H NMR are (DMSO-ds)-
0.95(broad s, OH), 0.88(d, J = 9 Hz, C+~H) and 6.14(s, OMe); m/e
228(M", base peak), 200(M " - 28), 185(M* —43) and 157(M™~ - 71)
(Found: C, 73.74; H, 5.36. C\4H20; 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 (10 g), and elution
with Et;0-light petroleum (1:9) gave a crystalline material which
was recrystallised to furnish 2'-methoxy-3,4-dihydro-7:8-benz-
coumarine 10 (15 mg); m.p. 97-98% wmax 1762 and 1630cm ™ ';
71.906(1H, d, J =9 Hz), 2.55(1H, d, J =8 Hz), 2.90-2.76(3H, m).
6.103H, s) and 7.22-6.67(4H, complex m), m/e 228(M*, base
peak), 20(M™-C0), 186(M*~CH:CO) and 158(M" - 70).

Sodium-liquid ammonia reduction of 4-methoxy-1-naphthyl-
benzyl ketone 11 under two solvent conditions. Compound 11 was
prepared in 60% yield through Friedel-Crafts reaction, and had
m.p. 83-84° (MeOH) (lit.” m.p. 84°).

(a) Na-liquid ammonia reduction of 11 (1.2g) using THF as



3660

co-solvent (see entry 2, Table 1) afforded a neutral (0.3g),
phenolic (0.27 g} and an acidic fraction (0.60 g).

The above neutral fraction (0.3g) on oxidation with alkaline
H:0: 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 (3:1) afforded a-naphthyl-
amide (12 mg), m.p. 200° (reported m.p. 201°), vmax 3525, 3405 and
1675cm ' (CONHy).

Phenolic part was distilled to furnish a-naphthol (88 mg, 13%),
m.p. and m.m.p. 95-96°,

The acidic fraction (0.6 g) on distillation afforded benzoic acid
(0.25 . 47%). b.p. 60°(bath)/1 mm.

(b) Similar reduction of 11 (1.2g) in Et;O by the condition
mentioned in entry 7 (Table 1) furnished mostly a neutral product
as foamy solid (1.06 g). Alkaline H»O: oxidation of this material
provided benzoic acid (6%) and a nevtral fraction (1 g). Careful
distillation of this material gave 3,4-dihydro-1-naphthylbenzyl
ketone 12 (0.4 g, 37%), b.p. 140°(bath)/0.005 mm, m.p. 76° (Et.0-
light petroleum): vmsx 1660cm™'; 72.90-2.48(9H, complex m),
3.05(1H, t. J=5Hz), 5.96(2H, s) and 7.75-7.20(4H, m); m/e
248(M”) and 157(M*-CH,Ph) (Found: C, 87.14; H, 6.42. C\sH\sO
requires: C, 87.06; H, 6.49%); and a higher boiling material which

could not be characterised.

Sodium-liquid ammonia reduction of 4,6-dimethoxy-1-naph-
thylethy! ketone 1b in presence of excess ammonium chloride.
Reduction of 1b (1g), but using excess NH.Cl (3.3 g in place of
0.5g), afforded a neutral material (0.86g); wmax 1710 and
1675cm™", a phenolic product (72mg), and an acid (10 mg).
Oxidation of the neutral product (0.86g) with alkaline H,0: as
before furnished a neutral fraction (0.3 g), b.p. 100°(bath)/0.2 mm,
max 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. 174-175°
of the ketone 2b.

The above crude acidic material (0.4g), obtained after H.O;
oxidation, was chromatographed over silica gel (50 times) and
elution with ether-light petroleum (1:1) furnished a solid acid
(0.28g. 33%), m.p. 170-190°, pmsx 170Scm™' probably as a mix-
ture of 2h, and the corresponding 3,4-dihydroderivative. Separa-
tion of this mixture so far failed.

Chromatography of the above phenolic fraction (72 mg) over
silica gel afforded 4-hydroxy-6-methoxy-1- naphthylelhyl ketone 2j
(45 mg, 4.8%). m.p. 130-132°; ymax 3590 and 1680 cm™".
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