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Abstract-Thermal rearrangement of diethylamino-5-(m-methoxyphenoxy)-pent-2-yne (3) gives 
I-(rr-me@toxyphenoxy)-pent-3,4-diene (14) in about 8% yield. Hydration of the latter yields l-(m- 
methoxyphenoxy)-pentan-4-one (6). which has been synthesised by an unambiguous route. A mechan- 
ism of formation of the allene (14) from the amine (3) has been suggested. 

We have recently reported’ the synthesis of trione 
(l), an intermediate in the synthesis of 6-oxa- 
oestrone derivative (2) according to Scheme 1. 

When the above reactions were carried out with 
the crude acetylene amine (3), as expected, ketol 
(5) and trione (1) were formed. However, when the 
distilled amine (3) (b.p. 190“/2 mm) was used, 
unexpectedly the major product obtained was not 
the ketol (5) or trione (1) but another ketone, to 
which structure 6 has been assigned on the basis 
of the data mentioned below. 

Elemental analysis and mass spectrometry 
(M+) corroborated the molecular formula C,,H,,O,. 
The presence of m-methoxyphenoxy moiety was 
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tThe mass spectral fragments envisaged in this paper 
have been supported by the occurrence of metastable 
peaks. 
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indicated by UV absorption maxima at 222 (E 
5,700), 274 (1,970) and 280 nm (1,800). The 
compound exhibits b.ands in the IR spectrum 
(neat) at 1709 (sat. C=O) and 1597 cm-l (arom- 
atic C=C). The NMR signals were assigned as 
follows: 1.82-2-15 (m, 2H, CH,), 2.08 (s, 3H, 
COCH,), 2.4-2.7 (m, 2H, CH,CO), 3.72 (s, 3H, 
OMe), 3.88 (t, J = 6Hz, 2H, 0-CH,), 6.25-6-S 
(m, 3H, aromatic protons) and 6.9-7.2 (m, lH, 
aromatic proton). The ion structurest (7-11) 
assigned to the major fragments m/e 150, 124, 95, 
94 and 85 respectively lent further support to the 
structure. 
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Structure of the ketone (6) was further con- 
firmed by its conversion to the acid (13) via iodo- 
form reaction. This acid was alternatively2 syn- 
thesised as shown in Scheme 2. 

MeoQ;) - Meo$y- 
12 

COOH 

SCHEME 2 

Finally, the structure of the ketone (6) was 
established by an unambiguous synthesis involving 
the condensation of m-methoxyphenol with 
ethylene ketal of 1 -bromopentan-Cone in presence 
of sodium hydroxide. 

Initial experiments on the synthesis of the ketol 
(5) or trione (1) showed that the ketone (6) is not 
formed during the condensation stage (Step 2 in 
Scheme 1) but during the hydration step (Step 1 in 
Scheme l), as the methyl ketone (6) could be 
isolated after hydration of the distilled amine (3). 

A careful analysis of the TLC of the distilled 
amine (3) showed the presence in minor amounts 
of a new compound which could be separated by 
column chromatography. This compound has been 
assigned the allene structure (14) on the basis of 
elemental analysis and spectral characteristics 
The presence of m-(methoxyphenoxy) moiety was 
inferred by UV absorption maxima at 222 (E 
7,900), 274 (2,330) and 280 nm (2,160). In the IR 
spectrum, it showed the characteristic allene 

absorption at 1960 cm-‘. The olefinic protons of 
the allene double bonds appeared as a perturbed 
quintet at 468 (J = 3 Hz, 2H) and a quintet at 
5.19 (J = 6 Hz, 1H). The ions (m/e) 175, 162, 124, 
and 95, corresponding to the fragments (15, 16, 
8 and 9) support this structure. The yield of allene 
(14) could be improved by refluxing the amine 
(3) in tetralin for 24 hr under an atmosphere of 
nitrogen. 

15 16 

On hydration, the allene (14) gave the ketone 
(a), whereas the distilled acetylene amine (3) 
devoid of this allene (14) did not give the ketone 
(6). 

The presence of the hetero 0 atom in the 
acetylene amine (3) does not seem to be essential 
for its conversion to 14, as allene (14a) is formed 
even from acetylene amine (3a) under the condi- 
tions of formation of 14 from 3. The structure of 
this allene (14a) was again clearly proved by its 
spectral data. The NMR spectrum indicated allene 
protons at 4.67 (pert. q, J = 3 Hz, 2H) and J-12 
(q, J = 6 Hz, lH), while the mass spectral ions 
(m/e) 173, 160, 134 and 121 corresponding 
fragments (17-m) supported this structure. 
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This thermal rearrangement is not base catalysed 
as the amine (3) remained unchanged on treatment 
with sodium ethoxide or sodamide. 

On the basis of the above evidences, it is very 
clear that the methyl ketone (6) is formed from 
the allene (14), which in turn is generated by a 
thermal rearrangement of the amine (3) depicted 
below. 
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M&-X’ H 

3: x=0 
3~: X = CHI 

Similar type of thermal rearrangement of acetyl- 
enes involving 6-membered transition state has 
been reported.+‘O 

EXPERIMJNTAL 

M.ps (hot stage) and b.ps reported herein are un- 
corrected. UV (EtOH soln) spectra were measured on a 
Unicam SPlOOA spectrophotometer. IR spectra were 
measured on a Perkin-Elmer model 137B and Carl Zeiss 
URlO spectrophotometers. NMR spectra were taken in 
CCL on a Varian HA 100 spectrometer (unless other- 
wise mentioned) using TMS as internal standard and all 
chemical shifts are reported in 8 values. Neutral ahunina 
and silica gel were used for column chromatography and 
TLC respectively. Solvent extracts were dried over 
NaBSO,. 

Zsolarion of5-(m-methoxyphenoxy)-pentan-2-one (6) in 
the preparation of I-(2,5-diketo-1-methylcyclopentyl)-5- 
(m-methoxyphenoxy)-pentan-3-one (1). Distilled 3 (4 g)’ 
was kept with mercuric sulphate (0.22 g) in water (12.6 
ml) containing cone H,SO, (O-63 ml) at 75” for 3 hr under 
Nr. The cooled so111 was basified with 3N NaOH, ex- 
tracted with ether and washed with 5% NaOHaq. Re- 
moval of solvent in Vacua gave the product (2.34g) 
suspected to be 4. This crude product (1.4 g) and 2- 
methylcyclopentan-1,3-dione (1.4 g) in dry MeOH 
(5.6 ml) were refluxed for 10 hr. Most of the MeOH was 
removed in uacuo. The residue was extracted with 
benzene and the soln was washed with NaHCO,aq, 
3N HCI, dil NaOHaq and water. The crude material, 
after the removal of benzene, showed in TLC three spots 
of R, values 0.18, 0.26 and O-8 (5: 1 benzene-EtOkc). 
Preparative TLC of the crude uroduct led to three frac- 
tions, the ketol 5 (O-015 g), the hione 1 (0.005 g) and the 
ketone 6 (0.12 g. R, 0.8), b.p. 115-120”/2 mm (bath temp). 
(Found: C. 69.25: H, 764. C,,H,.O, requires: C, 69.21: 
I-I, 7.74%). 

._ ._ _ _ 

2-Cyano-4-(m-methoxyphenoxy)-ethyl butyrate (12). 
Ethyl cyanoacetate (5.65 g) in toluene (10 ml) was added 
dropwise to NaOEt (from 1.15g Na in 3 ml super dry 
EtOH) in toluene (20 ml). After stirring for 2 hr, a soln 
of 2-(m-methoxyphenoxy)-ethyl bromide (23.1 g) in 
toluene (20 ml) was added and the mixture refluxed for 
24 hr. The mixture was extracted with ether and washed 
with water several times. Solvents were removed in 
uacuo and the residue distilled to yield the ester (3.62 g, 
27*5%), b.p. 160”/5*7 X 10e4mm; (Found: C, 63.86; 
H, 6.46, N, 5.78. C,,H,,NO, requires: C, 63.87; H, 
6.46; N, 5.32%); IR e;:’ 1600 (aromatic C=C), 1735 
(ester C=O) and 2260 cm-’ (C=N). 

*NMR was taken in CDCI, on a varian A60 spectro- 
meter. 

t NMR data for similar type of allenes (XCH&H,- 
CH=C=CHJ are known in literature.13~14 

MeOmX’ 

14: x=0 
14a: X= CH, 

4-(m-Methoxyphenoxy)-butyric acid (13). The cyano- 
ester 12 (1 g) was refluxed with 20% HClaq (60 ml) for 
20 hr and the excess HCl was removed in uacuo. Residue 
was taken up in ether, washed with water and extracted 
with 5% NaHCO,aq. The bicarbonate washings were 
acidified and extracted with ether. Solvent was removed, 
the residue was crystallized from light petrol (40-60’) 
to give the acid (0.29 g, 35%); m.p. 69-70” (lit.’ 7027 1”); 
(Found: C, 62.59; H,-6.63. C,,H,O, requires: C, 62.86; 
H, 6.67%): IR &:Y 1590 (C=C), 1720 (acid C=O) and 
3i60cm-i’(acid”GH); NMR* 118-2-8 (m, 4H), 3.78 (s, 
OCHs), 4.02 (t, J = 6 Hz, 2H, -OCH,), 6.38-6.65 (m. 
3H, aromatic protons), 7-7-4 (m, lH, aromatic proton) 
and 9.38 (s, lH, OH). 

5-(m-Methoxyphenoxy)-pentan-2-one (6). A mixture of 
9% ethanolic NaOH (2 ml) and m-methoxyphenol(O.54 
g) were refluxed for 15 min. The ethylene ketai of I- 
bromopentan-4-one” (1 g) was added during 14 hr in six 
portions. The mixture was refluxed for 18 hr and alcohol 
was removed. The residue was treated with dil HCl and 
the mixture extracted with ether. The ether extract was 
successively washed with water, 5% NaOHaq and water. 
Ether was removed and the residue (0.54 a) was purified 
by preparative TLC to give 6 (0.15 g, 16%); b.p. 128- 
130”/3 mm (bath temu). UV. IR and NMR were identical 
with.6 isolated in the &t reaction. 

Zodoform reaction of 5-(m-methoxyphenoxyj-pentan-2- 
one. To a homogeneous soln of 6 (O-25 g) in a mixture of 
water and dioxane (5 ml) was added dropwise 5% 
NaOHaq followed by KI-I, reagent (prepared by dis- 
solvina 5 a KI and 2.5 a I, in 25 ml water) until a definite 
dark cilo;r of iodine p&&ted. The mixture was allowed 
to stand for a few min and then warmed for 15 min, when 
more of iodoform separated. Excess of I2 was removed 
by adding more of NaOHaq with shaking. The soin was 
extractedwith chloroform and washed with 5% NaOHaq. 
The alkali extract was acidified after adding NaHSO, 
and extracted with ether. The residue obtained after 
removing ether (O-18 g, 71%) was treated with norite and 
crystallised from light petrol (40-609, m.p. 69-70”. 

I-(m-Methoxyphenoxy)enta-3,4-diene (14). A soln 
of 3 (1 g) in tetralin (6 ml) was refluxed under N2 (bath 
temp 2700) for 24 hr. Tetralin was distilled off in uacuo 
and the residue was purified by short path distillation. 
The distilled material showed a weak allene absorp- 
tion in the IR spectrum (1960 cm-l). This material 
on purification by column chromatography followed 
by short path distillation gave 14 (59 mg); b.p. 75”/2 
mm (bath temp); (Found: C, 75.88; H, 7.59. C,,H,,O, 
requires: C, 75.76; H. 7.43%); IR v”;g 1960 (C=C=C) 
and 1610cm-1 (aromatic C=C); NMRt 2.26-2-6 (sym- 
metric m, 2H, CI-&-CH), 3.72 (s, 3H, OMe), 3.9 (t, J = 
6 Hz, 2H, OCHr), 6.2-6.5 (m, 3H, aromatic) and 
68-7.28 (m, lH, aromatic). 

1-(m-Methoxyphenyl)-hexa-4,5-diene (14a). A soln of 
3a” (1 g) in tetrahn (6 ml) was refluxed under NI (bath 
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temp 2709 for 24 hr. After the usual work up, the pure 
14s (5Omg), b.p. 65”/2mm was obtained. (Found: C, 
82.88; H, 8.49. C,,H,,O requires: C, 82.94; H, 857%); 
IR ~“g,:: 1960 (C=C=C) and 1619cm-’ (aromatic 
C=C), uv A,, 222 (E lO,OOO), 272 (2,820) and 279 nm 
(2,630), NMR 15-2.3 (complex m, 4H, 2CH,), 2.63 
(t, J = 7.2 Hz, 2H, benzylic protons), 3.78 (s, 3H, OCH,), 
6.68-6.87 (m, 3H, aromatic protons) and 7.08-7.38 (m, 
1 H, aromatic proton). 
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