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ABSTRACT: Trifluoroacetic acid catalysed reaction of 2-methoxyphenyldiazomethylketone (4a),
2-acetoxyphenyldiszomethylketone (4b) and 3-(2-anisyl)-*-diazo-2-propanone (11) leads to

the formation of coumaranone (6) and 3-chromanone (12), while 4-(2-anisyl)-o-diazo~2-butanone
(16) affords benz{b}1-oxepan-3-one (17) and S5-methoxy-2-tetralone (18) in moderate yield.
The photochemical decomposition of the said diazoketones (4a, 11 and 16) gave products depend-
ing on the length of the side chain present in the substrates.

The decomposition of «-diazocarbonyl compounds in the presence of copper-bronze catalyst,
as first demonstrated by Stork et al in the early sixties, has received wide attention for
the last two decades and several elegant methodologies2—7 involving acid, heat, light and
transition metal complexes as catalyst have been developed in recent years for the synthesis
of complex carbocyclic and heterocyclic compounds. In connection with our interest for the
synthesis of naturally occurring compoundss_lo and photochemical stmli.es11 on heterocyeclic
systems, we wish to report here the acid-catalysed and photochemical decomposition of some
2-substituted aryldiazoketones (4,11 and 16).

Although there are some earlier reports1 217

of the synthesis of coumaranone (_§_) and 3-
chromanone (1_2_), in the present study we have chosen trifluoroacetic acid (TPA), which has
not been used so far, for the acid-catalysed decomposition of 4,11 and 16, whereby we could
igolate 6,12 and benzo[b}1—oxepan-3—-one (1_7) in good yield. It is to be mentioned here that
we did not isolate any hydroxymethylketone, as reported earlier16, because of the poor nucleo-
philicity of the trifluoroacetate anion. Moreover, the acid catalysis of 16 also afforded for
the first time 5-methoxy-2-tetralone (18) in moderate yield (Scheme-1). It is significant to
note that this is the first report of the synthesis of 17 through acid catalysed reaction of
16, in contrast to Scheffer's observation1 6, where only a fluoroketone was isolated with
boron-trifluoride etherate as catalyst. The results of these studies have been assembled in
Table-1.

Ve next endeavoured to investigate the photochemical behaviour of 4,11 and 16, as the
same has not been reported so far. While the photolysis of 4a in the presence of dry benzene
under nitrogen atmosphere neatly afforded coumaranone (Q in reasonable yield (Table-1) at
different wavelengths (Scheme-1), 2-acetoxyphenyldiazomethylketone (_4_b) failed to yield 6
and instead, some polymeric material was obtained. The latier observation may be attributed
to the poor nucleophilicity of the acetoxy group under irradiative condition, while the same
substrate (ib) gave a very good yield of 6 (Table-1) in the presence of TFA, possibly through
a facile deacetylation initiated by the trifluoroacetate anion in the intermediate reaction
step (Scheme-2).

Encouraged by this observation, we carried out the photolysis of 11 in benzene using a
low pressure mercury lamp (16W,> 90% 254 nm, Applied Photophysics Ltd., England) and surpri-
singly, could isolate only 4-methoxy-2-indanone (1_2) alongwith a small amount of the lkmown
acit‘l‘| 8(_1_4) . The ssme result was also obtained by irradiating 11 at 365-366 nm. The formation
of 13 could be visualised through a preferential Ar‘—Z participation (Scheme-2) over the
neighbouring methoxy group on the ketocarbenoid species (Q, n=1), followed by a rearrange—
ment of the intermediate spiro-dienone (_2_1_); but in the presence of acid, 11 generates the
highly reactive carbocation which triggers off a spontaneous participation by the ortho-
methoxy group. The reaction clearly proceeds through a delicate balance between the partici-
pation of the methoxy group and the aromatic ring under two different conditions of
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experiment, thereby providiug a method for the preparation of oxms~ketone (]3) and indanone
(13) through the same intermediate. The isolation of & small amount of 14 may be explained
by & photo-Arndt~Eistert type of reaction. Table~!1 collectively presents an overview of
these experiments.

Unfortunately, the reaction of 16 under photolytic conditions failed to afford 17 or
18; instead, the higber homologous acid, 4-{2-anisyl)-butyrie acid‘g{ﬁ} was isolated. The
apparent failure of this reaction may be attributed to the greater degree of fresdom(enirepy
factor) of the diazocarbonyl functionality in 16, which renders aryl or methoxy participstion
on 20{n=2)(Scheme-2) & less favourable process. On the other hend, the ketocarbocation pro-
duced from 16 by TPA leads to a facile participation (thermodynamic control) of the methoxy
group and aromatic ring to furnish 17 and 18 in reasonable yisld.

It is also of paramount importance to observe the behaviour of 4a under photochemical
condition, the structural features of which compel the mebthoxy group to participate on tihe
ketocarbenoid species (_22, n=0) to generate the five-membered ring in preference to the aryl
participation.

Pinally, we have alsc elaborated the conversion of § to benzofuran (8) with a viev to

synthesising some naturally occurring 2-substituted benzofurans.
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Thus, we conclude that the acid catalysis of 4,11 and 16 offers a good method for the
synthesie of the corresponding oxa-ketonmes, whereas the photolysis of the same substrates
affords neatly 6 (from 4a) and 13 (from 11).

EXPERIMENTAL

The melting points, recorded in a K6Tler block or boiling points (bath temperature) are
uncorvected. The IR spectra were obtazined in a Perkin-Elmer 297 Infrared spectrophotometer
and 1H NMR spectra, unless otherwise stated, in a Varian XL 200 MHz spectrometer in CD013
with TMS as internal standard. The solvent abbreviations are: A - Acetone; B - Benzene;
C -~ Chloroform; E ~ Ether; P* - Light Petrol (40—600) ond P - Petroleum ether {60-80°) with
the subseripts referring to the proportions of the sclvent used for chromstography. The yield
denotes the combined amounts of crystallised or sublimed materiasl obtained after chromato-
graphy .

2-Methoxybenzaldehyde (2) : To s mechanically atirred solution of salicylaldehyde (1)
(25,0 g; 200 mmol) in sodium hydroxide (92 ml; 8.5%) was added alternately dimetbyl sulphate
(DMS) (16 ml) keeping the temperature at 40—450, followed by addition of sodium hydroxide
sclution (46 ml; 8.5%) and DMS (11 ml). The solution was cooled and worked up in the usual
way to yield 2-methoxybenzaldehyde (22.3 g; 80%), bp.240°/30 mm Hg.

IR (Neat) : §_ . 1690, 1600, 1485, 1245, 1025 and 760 cu .

2~Methoxybenzoic acid (3): 2-Methoxybenzaldehyde (2) (17.6 g; 130 mmol) and dil -HNO
{200 ml) was heated on & steam-bath for 2 hr with occasional stirring. The reaction mixture
was then poured in ice~cold water to obiain 2-methoxybenzoic acid (14.2 g; 72%4) which was
crystallised to yield pure 3, mp.101° (B~P) (1it.°C mp.99-101%).

2-Methoxyphenyldiszomethylketone {4a): To = suspension of 3 (5.4 g; 36 mmol} in dry
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TABLE~13: RESULTS OF ACID CATALYSED AND PHOTOCHEMICAL REACTION OF DIAZOKETONES(4,11 AND 16)
-} . ¥ e —

Sub- R Product| MP.(Solvent) 11
st‘:'a'te IR(em” ); H NMR(S) Reagent Yield BP./mm Hg IR(cm ' ); H NMR(8)

ng{%) Eluent

4a 2110,1640; 3.83(3H,s), TRA 6 100°%({4-F") 1725; 4.62(2H,s),7.12
{170 g; 6.16(1H,s),6.66-7.86 600(80} (1it.12 mp. (28,m),7.60(2H,m)

6 mmol), (4H,m) 101-101,5°)
PoBy

(1.0 g3 B /CH, s 100°{a-F*)
6 mmol) tev/10.0 b 00T FgB,

(1.5 g3 hd /CeH, 6 100°(A-F")
mnol) s00¥/4.5 n 140012) P8,

4b 2120,1740,1600; 2.28 TFA 13 100°(A-F")
(150 g; (3H,s),5.56(1H,s), 400(61) PgB,

4 mmol) 6.83-7.56(4H,m)

11 2120,1640; 3.64{2H,s), TPA 12 P4 B, 1730; 3.60(2H,s),4.38
(170 g; 3.84(3,s),5.16(18,s}, 530( 68) (28, 5}, 6.80-7 .80{4H,m)
5 mmol) 6.86-7.00{2H,n),

7.14-7.32(2H,m)
(1.9 g; S /CAH, 13 83°/0.5 1735; 3.66(2H,s),3.72
10 mmol) 16¥/10.0 b 180(12) {sublimed) (2H4,s),3.82(%, s,
* PoB, +P B, 6.93-7.26{3H,m)
14 160-180°/0.6 17105 2.60-3.00({4H,u},
60(3) (sublimed) 3.80(3H, 8) , 6.90-7 .22
84°%( A-P*) (4H,m)
(1it.18 0p.92°)
BB, oP B,

(1.2 g3 hv /CH, 13 P,B,
6 mmol) 400V/9.5 h 400(40)

14 ?.B,

30(3)

16 2120,1640; 2.30-3.03 TFA 17 PgB, 1725; 2.88-3.20(4H,m},
(128 g3 (4H,m),3.76(3H,s), 270(27) 4.52(2H,s),7.04=T .34
6 mmol) 4.96(1H,8),6.53-7.20 (48,m)

(4H,3) 18 P8, 17205 2.88-3.40(4H,m),
140(13) 3.70{2H, ) ,3.84(34, s},
6.92( 38 ,m)
(2.2 g3 S /G H, 19 140°/1.0 17103 1.70-2.80( 6H,m),
10 mmol) 16¥/9.5 h | 0(9) (sublimed) 3.73(3H,s8),6.50-7.16
/9 (1it.19 mp. (48, m)
39-39.59)
P B +P B,
(1.4 g; hd /CH 19 P,B +P By
7 mmol) 130(10)

400¥/3.5 h
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benzene (30 ml) was added thionyl chloride (6.0 g; 50 mmol) at room temperature and the mix-
ture was stirred for 1 hr, followed by heating under reflux for another hour. The excess
reagent and the solvent vas stripped off in vacuo. The acid chloeride in dry benzene (30 ml)
was added dropwise to a well-stirred ethereal diazomethane solution at 0° and stirring was
continued for 2 hr. Excess solvent and diazomethane was distilled off in yacuo to afford 4a
as a brown oil (5.3 g; 87%), purified further over neutral alumina (BDH).
2-Acetoxyphenyldiazomethylketone (4b): Acetylsalicylic acid (3) (5.4 g; 30 mmol) was
used in the same way as above to yield 4b (6.02 g; 98%), which vas crystallised to afford 4b
as shining yellow crystals, mp.78°(a-P*) +(4b was previously reported as an oil‘ 2) .
1-Cyano-(2-methoxy)-benzylalcohol (9): 2-Methoxybenzaldehyde (2} (22.3 g; 160 mmol) vas

taken and the standard procedurez1 followed, whereby 9 was obtained as colourless crystals
(19.7 g; 75%), ap.73°(A-P') (1it.2" mp.73-74%).

IR(KBr): S pax 3370-3420(b), 2250, 1595, 1460, 1250, 1020, 900 and 750 cm".

YH NMR (60 MHz,Hitachi R 600): § 3.47 (VH,d,J=10.0 Hz), 3.97(3H,s), 5.60(1H,d,J=10.0 Hz),

6.90-7.60(4H,m) .

2-Methoxyphenylacetic acid (10): The cyanohydrin (9)(14.0 g; 90 mmol) was converted to
the desired acid (10) by the known procedure21 and the product obtained (10.2 g; 72%) was
crystallised to yield pure 10 as granular crystals, mp.l 220(A—P)(1it.21 mp.122—124°) .

IR(KBr) : S max 2850-3000(b), 1695, 1600, 15%0, 1230, 1020, 930 and 755 cm".

H NMR(60 MHz,Varian EM 360): 6§ 3.60(2H,s),3.80(3H,s),6.67-7.00(2H,m),7.03-7.30(2H,m).

3-(2-Anigyl)-odiazo-2-propanone (11): 2-Methoxyphenylacetic acid (10)(5.8 g; 40 mmol)
was converted, by the procedure described earlier,to 3-(2-anisyl)-o-diazo-2-propanone (11)
as a red oil (5.84 g; 88%) which was purified over neutral alumina (BDH).

2-Methoxycinnamic acid (12): Standard p:r:oceclurez2 was followed to convert 2-methoxybenz-
aldehyde (2)(10.0 g; 70 mmol) to crude 15 (10.0 g; 77%), which was crystallised to yield pure
15, mpa 84°(A—P)(1it.18 mp.186°) as colourless, shining, granular crystals.

IR(KBr): ¥ max 2800-3100(b), 1670, 1620, 1420, 1245, 1020, 930 and 750 cm_1 .

"H ¥MR(100 MHz,Zeol FX): § 3.84(3H,s), 6.56(1H,d,J=16.0 Hz), 6.94(2H,d,J=8.0 Hz), 7.02
(2H,4,3=8.0 Hz), 8.12(1H,4,J=16.0 Hz).
3-(2-Anisyl)~-propancic acid (14): To a stirred solution of 2-methoxycinnamic acid (15)
(9.0 g; 50 mmol) in sodium hydroxide (50 ml; 10%), sodium amalgam (prepared from sodium, 5 g
and mercury, 130 g) was added in small portions., The mixture was stirred for 3 hr and allowed
to stand overnight. The mercury was filtered off and theé reaction mixture, after usual work-
up, afforded 14 (9.0 g; 99%), crystallised further to give the desired acid (14) as colour-
less granular crystals, mp.82°(C-—P')(11‘.1:.18 mp.92°) .
]m(lmr)s Smax 2800~3100(b), 1700, 1490, 1435, 1240, 1110, 1030 and 760 cm'1.
H NMR(100 MHz,Zeol FX): § 2.66{2H,ddd,Jy=10.0 Hz, J,=6.0 Hz, J3=2.0 Hz), 2.96(2H,ddd,
J1=10.0 Hz, J,=6.0 Hz, J4=2.0 Hz), 3.76(3H,s), 6.80(1H,4d,
J=8.0 Hz),7.14(2H,dd,J;=8.0 Bz, J,=3.0 Hz),6.90(1H,d,J=8.0 Hz).
4-(2-Anisyl)-ct-diazo-2-butanone (16): The acid (14)(5.0 g; 30 mmol) ves used according
to the method described above to afford the diazoketone (16)(5.32 g; 94%) and purified by
chromatography over neutral alumina (BDH).
IFA Cyclisations A solution of 4 in dry dichloromethane (5 ml) was added dropwise to a

well-stirred and well-cocoled TPA (-150) under nitrogen atmosphere. The solution was stirred

for 30 min and the solvent and excess TFA were stripped off in vacuo. The residue was purifi-
ed by chromatography over silica gel (60-120 mesh,BDH) and the results have been given in
Table-1.

Similar experiments were performed with 11 and 16 under the same conditions. However,17
and 18, obtained from the TFA catalysed reaction of 16,migrated in P931 mixture and were
further purified over basic alumina(BDH) to yield pure 17 end 18 in P9535, P931 , P75325,
P6SB35 mixtures and P1B1 N PZBS mixtures respectively.

Photochemical Reaction of 4a,11 and 16 : The compound 4a wes taken in dry benzene( 350 ml)

and subjected to UV radiation in a quartz vessel (immersion type) using a low pressure mercury
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lamp (16W) under an atmosphere of nitrogen for 10 hr (monitored by TLC). After the reaction
vas complete, the solvent was removed in vacuo and the residual mass subjected to chromato-
graphy over silica gel (60-120 mesh, BDH) .
The diazoketones (_1__1_ and 16) too were analogously photolysed and the entire results have
been assembled in Table-1.
The same procedure was repeated with a medium pressure mercury lamp (400V, Ay, . 365-
366 nm) and the observations have been recorded (Table-1).
3-Hydroxy-~2,3-dihydrobenzofuran (7): To a well-stirred solution of coumaranone(§)(1.92 g;
10 mmol) in AR methanol (45 ml,Merck), sodium borobydride (6.2 g; 160 mmol,Merck) wvas added
pinch by pinch at 0° for a period of 1 hr. The reaction mixture was worked up in the usual
way to obtain 7 as an oil (1.4 g; 72%).
IR(Neat) s S max 3300-3400(b), 1610, 1600, 1480, 1320, 1230, 1075, 1015 and 755 cm.l.
H NMR(100 MHz,Zeol FX): § 2.26(1H,envelope bs),4.38(2H,dd,Jy=8.0 Hz,Jp=4.0 Hz),5.28
(14,d4d,J4=8.0 Hz,J,=4.0 Hz),6.84(24,m),7.22(1H,4d,J,=8.0 Hz,
Jp=4.0 Hz),7.40(1H,dd,J1=8.0 Hz,J,=4.0 Hz).
Benzofuran (8): A mixture of 7 (1.40 g; 10 mmol) and fused potassium bisulphate (2.0 g;

Johnson and Co) was slowly and carefully sublimed under reduced pressure to obtain bemzofuran
(800 mg; 67%) at 65°/10-15 mm Hg.
IR(Neat) 5, 1535, 1450, 1250, 1030, 860 and 745 el
H NMR(100 MHz,Zeol FX): § 6.68(1H,dd,J;=4.0 Hz,J,=1.0 Hz),7.08-7.40(4H,s),7.52(1H,4d,
J=4.0 Hz).
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