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Synthesis of «-Unsaturated Aldehydes by 1,3-Carbonyl
Transposition through One Carbon Homologation. Part 2!
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The easily accessible 2-(diethoxymethyl)-6-methoxy-1-tetralone (1) on condensa-
tion with methylmagnesium iodide and benzylmagnesium chloride followed by treatment
with BF,.Et,O affords 6-methoxy-1-methyl-3,4-dihydro-2-naphthaldehyde (2) and
1-benzyl-6-methoxy-3,4-dihydro-2-naphthaldehyde (3), respectively. The carbinols
derived from the reaction of 2-(diethoxymethyl)-1-indanones (4a-4c) with methyllithium
undergo smooth transformations to the respective 3-methyl-1H-indene-2-aldehydes
(5a-5¢). endo-2-(p-Methoxyphenyl)-5-methylbicyclo]3.2.1Joctan-6-en-7-aldehyde (14)
has been prepared from endo-2-(p-methoxyphenyl)-5-methylbicyclo[3.2.1]octan-6-one
(12) through the respective diethoxymethyl derivative (12) by sodium borohydride reduc-
tion followed by acid-catalysed rearrangement of the resulting diacetal carbinol.

ARIOUS forms of transposition of carbonyl

groups, important from a synthetic organic
chemist’s view point, are 1,2-carbonyl trans-
position®, 1,3-carbonyl transposition®-® and 14-
carbonyl transposition?. The synthetic operations
requiring 1.3-carbonyl transposition with one carbon
homologation for the generation of «, f-unsaturated
aldehydes are also important. The earlier methods,
of which the most common one involves the
homologation of carbocyclic or aromatic conjugated
cyclic and acyclic ketones with a general structure
(A) having an active methylene group, to the «, g-
unsaturated aldehydes (C) has been achieved®—12
through acid-catalysed rearrangement of the res-
pective 2-(alkylthio)methylene carbinols (B), derived
from the ketones in several steps, however, strong
basic reagents are required for introduction of the
functionalised p-carbon residue into the ketones.
The other common method, i.. Vilsmeier
reaction?®, also has certain limitations. In a recent
paper* we have reported an alternate and simple
approach to the transformations of cyclic and
acyclic ketones having the general structure (A) to
the respective «,f-unsaturated aldehydes (C) through
the easily accessible p-keto acetals (D) under mild
reaction conditions?*.
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In continuation to this work, the introduction of
an alkyl-substituent at the site of the ketone group
in B-ketoacetals has been examined. Thus, the crude
carbinol resulting from condensation of g-diethoxy-
methyl ketone (1) with methylmagnesium iodide in
ether followed by treatment with BF;.Et,O affords

the unsaturated aldehyde 2 in 60% yield. Repeating
the reaction of 1 with benzylmagnesium chloride
leads to the known?® aldehyde 3 in good yield.
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Scheme 1 : Reagents: i, O,H,CH,MgCl, Et,0, -5-0°;
ii, BFy-Et,0, CH,Cl,; iii, MeMgl, Et,0,
~5-0°; iv, BF, - Et,0, OH,Cl,.

In the l-indanone series the crude carbinols
arising from condensation of the p-ketoacetals
(4a-dc) with methyllithium in ether at — 78°, followed
by treatment with aqueous acid afford the A-methyl
unsaturated aldehydes (5a-5¢).
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Scheme 2

With the successful development of the facile
synthesis of «, f-unsaturated aldehydes from
aromatic conjugated ketones, the method has been
extended to alicyclic ketones. The known g-keto-
acetals 8 and 9, prepared according to Mock and
Tsoul* from the respective ketones 6 and 7, on
reduction with sodium borohydride and subsequent
acidic treatment produced the unstable unsaturated
aldehydes 10 and 11in ca. 50% yields, (characterised
by spectral data).
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Scheme 3. Reagents : i, OH(OEt),, BF, — Et,0, (i— Pr),NEt,
CH,Cl,, -78 to -10°; ii, NaBH,—MeOH ;
iii, aq. HOI (6 N).

This two-step sequence has also been shown to
be quite efficient with the bridged ketone (12)*5,
which leads to the respective «f-unsaturated
aldehyde (14) through the respective p-ketoacetal
(13), in good yield.
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Scheme 4. Reagenta ' i, CH(OEt),, BF, - Et,0, (i - Pr),NEt,
CH,Ol,, —78 to —10°; 1i, NaBH, - MeOH ;
iil, p-TsOH, C,H,.

The simplicity and mild reaction conditions of
the present method, and the ease with which it can
be applied to the preparation of unsubstituted and
p-substituted «,B-unsaturated aldehydes by one
carbon homologation with 1,3-carbonyl transposition
suggests that it will be the method of choice for
such synthetic operation.

Experimental

Ir spectra were recorded on a Perkin-Elmer, PE
298 spectrometer. Unless otherwise stated the *H
nmr spectra were recorded at 200 MHz on a Varian
XL-200 FT spectrometer in CDCl, solutions with
tetramethylsilane as internal standard. Petroleum
and light petroleum refer to the fractions of b.p.
60-80° and 40-60°, respectively.

2-( Diethoxymethyl )-6-methoxy-1-tetralone (1) : A
solution of freshly distilled boron triflnoride etherate
(1.84 ml, 15 mmol) in dichloromethane was added
dropwise to freshly distilled triethyl orthoformate
(2.0 ml, 12 mmol) with stirring at —30°. The
mixture was then warmed to 0° and allowed to stand
at the temperature for 15 min. It was then cooled
to —78° and a solution of 6-methoxy-1-tetralone
(1.05 g, 6 mmol) was added dropwise followed by
addition of N,N-diisopropylethylamine (4.8 ml,
18 mmol) over a period of 10 min. The mixture was
then stirred at —10 to —20° for 2 h and then added
to a saturated solution of sodium bicarbonate
(50 ml).  After usual work-up, followed by evapora-
tion of solvent left the diethoxyl methyl ketone (1)
as a deep red thick liquid (1.5 g, 90%) ; Vs (neat)
1660and 1 610 cm=*; § (CCl,) 0.93-1.37 (6H, m,
OCH,CH,), 2.0-24 (1H, m, COCH), 2.41-3.27 (4H,
m), 3339 (4H, m, OCH,CH,), 3.8 (3H, s,
ArOCH,), 5.03 (1H, d, COCHCH(OE),), 6.46-6.83
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(2H, m, ArH) and 7.83 (1H, d, J 9 Hz, ArH). This
was used for the subsequent reactions without
further purification.

2-(Diethoxymethyl)-4-methoxy-1-indanone (4a* : It
was obtained in 83% yield starting from 4-methoxy-
indan-1-one in the same way as above ; Vma. (n€aL)
1700 and 1610 cm-t; 3 (CCl,) 0.83-1.47 (6H, m,
2x OCH,CH,), 2.7-3.26 (3H, m), 3.3-3.8 (4H, m,
2x OCH,CH,), 3.83 (3H, s, ArOCH,), 4.83 (1H, d,
J 4 Hz, COCHCH(OEt),), 6.7-7.33 (3H, m, ArH).

2-(Diethoxymethyl)-4-methyl-1-indanone (4b) : It
was prepared in 80% yield from 4-methyl indan-1-
one as in the aforementioned way; va.. (neat)
1700 and 1600cm-t; 3 (Ccl,) 0.#-1.43 (6H, m,
2x OCH,CH,), 2 33 (3H, s, ArCH,), 2.67-3.9 (7H,
m), 4.83 (IH, d, J 4 Hz, COCHCH(OEt),) and 6.93-
7.5 (34, m, ArH).

2-(Diethoxymethyl )-5-methoxy-1-indanone  (4c) :
It was obtained in 95% yield starting from 5-
methoxyindan-l-one ; v,,, (neat) 1700 and
1610cm=t; 8 (CCl,) 0.83-147 (6H, m, 2x OCH,
CH,), 2.77-3.7 (TH, m), 3.87 (3H, s, ArOCH,),
4.83 (1H, d, J 4 Hz, COCHCH(OEt),), 6.7-6.96
(2H, m, ArH) and 7.43-7.67 (1H, m, ArH).

7-( Diethoxymethyl! )-endo-2-( p-methoxyphenyl )-5-
methylbicyclo[3.2.1octan 6-one (13) : It was obta-
ined in 85% yield starting from the bridged ketone
(12)25 ; Ypax (neat) 1735 and 1605 cm=t; 6 0.98
(3H, t, J 8 Hz, OCH,CH,), 1.04 (3H, s, CH,), 1.08
(3H, t, J8 Hz, OCH,CH,), 1.54-1.78 (3H, m), 2.0
(1H, m), 2.22-2.44 (2H, m), 2.82-3.0 (3H, m), 3.5-3.74
(4H, m, 2xOCH,CH,), 3.80 (3H, s, ArOCH,),
4.62 (1H, d, J 4 Hz, COCHCH(OEt),), 6.9 (2H, d,
J 8 Hz, ArH), 7.28 (2H, d, J 8 Hz, ArH).

6 - Methoxy - I-methyl-3,4-dihydro-2-naphthal dehyde
(2) : To a stirred solution of the acetal (1; 556
mg, 2 mmol) in ether (10 ml) kept at 0 to —5°
was added a solution of methylmagnesium iodide in
ether (prepared from 750 mg Mg, 1 ml Mel, and
25 ml ether) dropwise with stirring under nitrogen.
The reaction mixture was stirred at that tempera-
ture for 2 h, followed by 2 h at room temperature
and then left overnight. Finally, the reaction
mixture was refluxed for 2 h, cooled and decomposed
with ice-cold saturated NH,Cl solution. The ether
layer was separated and the aqueous layer was
extracted with ether (3x20 ml). The combined
organic layer was washed with 5% Na,S,0, solution
(2x15 ml) followed by brine and then dried.
Removal of solvent left crude carbinol as a red
viscous liquid, which was taken in dry CH,Cl,
(6 ml) and treated with freshly distilled boron
trifluoride etherate (0.2 ml) with stirring under N,
at —5 to 0°. The stirring was continued for an
additional 1 h in the cold, followed by 1 h at room
temperature and then worked-up in the usual way.
Removal of solvent left a red mass which on chro-
matography over silica gel (7 g) and elution with
benzene-petroleum (1:9) fuinished aldehyde (2)
(240 mg, 60%), m.p. 62° (light petroleum) (Found :
C, 7148 ; H, 7.04, C,,H,,0, requires: C, 77.20;
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H, 6.98%) ; Amex 244 (4.11) and 340 nm (log ¢ 4.40) ;
vmax (KBr) 2920, 1640, 1600, 1560, 1425,1 300
and 1280 cm=1; 8 2.5 (3H, s, CH,), 2.5-2.54 (2H,
m), 2.7-2.74 (2H, m), 3.84 (3H, s, ArOCH,), 6.75-
6.8 (2H, m, ArH), 7.48 (IH, d, J 8 Hz, ArH) and
10.3 (1H, s, CHO).

1-Benzyl-6-methoxy-3,4-dihydro-2- naphthaldehyde
(3) - Toacold (—5to0°) stirred solution of the
acetal (1 ;500 mg, 1.8 mmol) in ether (15 ml) was
added a solution of benzylmagnesium chloride
prepared from magnesium (400 mg), benzyl chloride
(1.0 g, 8 mmol) in ether (30 ml) under N,. The
reaction mixture was stirred at the same temperature
for 2 h followed by 12 h at room temperature. It
was decomposed with ice-cold aqueous ammonium
chloride solution and extracted with ether (3x 50
ml), washed with brine and dried (Na,SO,).
Removal of the solvent afforded an oil, which was
taken in dry methylene chloride (7 ml) and stirred
with boron trifluoride etherate (0.1 ml) under
N, for 0.5 h. It was decomposed with 5% aqueous
sodium bicarbonate solution (50 ml), extracted with
methylene chloride (3x 30 ml), washed with brine
and dried (Na,SO,). Removal of solvent afforded
a gummy mass, which on chromatography over
silica gel (7 g) and elution with benzene-petroleum
(1:9) afforded the aldehyde (3) (325 mg, 69%),
m.p. 116° (light petroleum) (lit.2® 116-117°) ; Auax
203.75°(4.87), 245.4 (4.0) and 343.6 nm (log € 4.17) ;
Vmax (KBr) 1675, 1640 and 1605 cm~*; & 2.66
(2H, m), 2.80 (2H, m), 3.80 (3H, s, ArOCH,), 4.4
(2H, s, ArCH,), 6.66-6.8 (2H, m, ArH) ; 7.26 (5H,
brs, ArH), 7.4 (1H, d, J 8 Hz, ArH) and 10.15 (1H,
s, CHO).

7 - Methoxy- 3-methyl-1 H-indene-2-aldehyde (5a) :
Methyllithium (6.5 ml of 1.2 M solution in ether,
8 mmol) was added dropwise to a stirred solution
of the acetal (4a ; 500 mg, 2 mmol) in ether (10 ml)
at —78°. The reaction mixture was stirred at
that temperature for 3 h and then left overnight.
Next day ice-cold 6 N HCl solution (30 ml) was
added to the reaction mixture and stirred for 2 h.
It was extracted with ether (3x30 ml) washed
with 5% Na,S,0,; solution, brine and dried
(NagSO,). Removal of solvent afforded the crude
aldehyde, which was chromatographed over silica
gel (5g) to give in the benzene-petroleum (1:9)
elutes the aldehyde (5a) (260 mg, 70}), m.p. 128-
129° (light petroleum) (Found : C, 76.50 ; H, 6.50.
C,H,50, requires: C, 76.57; H, 6.43%); Amux
245 (3.90) and 310 nm (log € 4.10) ; vms: (KBr)
2900, 2 820, 1 645, 1 620, 1 575, 1 480, | 440, 1 400,
1 385 and 1 345 cm~*; 8 2.54 (3H,t, J0.01 Hz,
CH,), 3.58 (2H, J0.01 Hz, ArCH,), 3.905 (3H, s,
ArOCH,), 6.92 (1H, d,J 8 Hz, ArH), 7.22 (1H, d,
J 8 Hz, ArH), 7.37 (1H, t, J 8 Hz, ArH), 10.20 (IH,
s, CHO).

3,7-Dimethyl-1H-indene-2-aldehyde (5b) : To a
stirred solution of the acetal (4b ; 470 mg, 2 mmol)
in ether (10 ml) at —78° was added a solution of
methyllithium (6.5 ml, 1.2 M solution in ether,
8 mmol) under N, and stirred at that temperature

for 3 h and left overnight. It was then decomposed
with ice-cold 6 N HCl solution and stirred for an
additional 2 h. Usual work-up, followed by removal
of the solvent gave a solid product, which was
purified by chromatography over silica gel (5 g) and
elution with petroleum. Crystallisation of the solid
from light petroleum gave the pure aldehyde (5h)
(215 mg, 63%), m.p. 118° (Found: C,83.92; H,
6.87. C,;H,,0 requires: C, 83.69; H, 7.02%) ;
Amax 236 (3.69) and 310 nm (log € 4.07), vy, (KBr)
1645,1600 15/5, 1440, 1430, 1385 and 1 350
cm™!; § 2.39 (3H, s, ArCH,), 2.56 (3H, t, 0.0l
Hz, CH,), 3.53 (2H, ugq, J 0.0l Hz, ArCHy,), 7.29-
7.36 (2H, m, ArH), 7.43 (1H, d, J 8 Hz, ArH) and
10.23 (1H, s, CHO).

6 - Methoxy - 3-methyl-1H-indene-2-aldehyde (Sc) :
Methyllithium (6.5 ml of 1.2 M in ether, 8 mmol)
was added dropwise to a cold (—78°) magnetically
stirred solution of the acetal (4c ; 500 mg, 2 mmol)
in ether (10 ml). The reaction was carried out as
above. Usual work-up afforded a solid product
which was chromatographed over silica gel (5 g).
The elutes with benzene-petroleum (1 : 9) afforded
5¢ which was crystallised from light petroleum (270
mg, 72%), m.p. 126-127° (Found : C, 76.41 ; H, 6.53.
C,;3H,50; requires: C, 76.57 ; H, 6.43%) ; Amax
246 (3.93) and 336 nm (log € 4.30) ; Ypsx (KBI)
2970, 1 640, 1 635 (Fermi band), 1 600, 1 570, 1480,
1430 and 1390 cm~*; & 2.51 (3H, t, J 1.01 Hz,
CH,), 3.58 (2H, uq, J 0.01 Hz, ArCH,), 3.86 (3H,
s, ArOCH,;), 6.82 (1H, m, ArH), 7.04 (1H, brs,
ArH), 7.45 (1H, d, J 8 Hz, ArH) and 10.1 (1H,s,
CHO).

Cyclohexene-2-aldehyde (10) : To a well stirred
solution of the acetal (8)** (282 mg, 1.5 mmol) in
methanol (5 ml) was added sodium borohydride
(200 mg, 5.4 mmol) and the mixture was stirred for
12 h. The reaction mixture was decomposed with
ice-cold 6 N HCl (50 ml), stirred for 1.5 h and
worked-up in the usual way. Removal of solvent
afforded a colourless liquid (10)® (85 mg, 50%) ;
Vmax (neat) 1695 and 1650 cm=1; §1.16-2.4 (8H,
m), 6.86 (1H, m, olefinic H) and 9.44 (1H, s, CHO).

Cyclopentene-2-aldehyde (11) : The acetal (9)14
was converted to the respective aldehyde (11)17
in the usual way as above, but was found to contain
some polymeric product as revealed by *H nmr,
8 1.48-2.0 (6H, m), 6.92 (lH, brs, olefinic H),
9.82 (1H, s, CHO) and other high field protons.

endo-2-(p-Methoxyphenyl )-5-methylbicyclo[3.2.1]-
octan-6-en-7-aldehyde (14) : To a well stirred solu-
tion of the acetal (13; 175 mg, 0.51 mmol) in
methanol (5 ml) was added excess sodium borohy-
dride (68 mg, 1.8 mmol) and stirred for 3 h. The
reaction mixture was decomposed with ice-cold 2 N
HCl (25 ml) and extracted with ether (3x 30 ml),
washed with brine and dried (Na,SO,). Removal
of solvent afforded a liquid which was azeotropi-
cally refluxed with p-toluenesulphonic acid (50 mg)
and benzene (50 ml) for 3 h under N,. The reaction
mixture was washed with 5% aqueous sodium
bicarbonate solution, brine and dried (NaySO,).
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Removal of solvent afforded a gummy mass, which
on chromatography over silica gel (3 g) and elution
with benzene-petroleum (1 : 9) afforded the desired
aldehyde (14) (80 mg, 62%), which solidified on
standing in refrigerator, m.p. 82-84° (light petroleum)
(Found : C, 79.33; H, 7.66. C,,H,,0, requires C,
79.65 ; H, 7.86%). Apax 202 (4.09) and 226 nm (log
¢ 4.15) ; vpax (KBr) 2950,1675, 1610, 1510 and
1460 cm=*; 8 1.15 (3H, s, CHy), 1.36-2.07 (6H, m),
2.75 (1H, m), 3.07 (1H, m), 3.70 (3H, s, ArOCH,),
6.6-6.72 (3H, m, ArH, with olefinic H), 6.90 (1H, d,
J 8 Hz, ArH) and 9.47 (1H, s, CHO).

Acknowledgement
Financial support from the Department of

Science and Technology, New Delhi, is gratefully
acknowledged.

References

1. R.Dascupra and U. R, GuATAK, Teirahedron Lett., 1985,
26, 1581.

886

2
3.
4.
5.
6.
7
8.
9.
10.

11.
12,

13.
14,
15.
16.

V. V. KEaNE, V. 8BiNcH, A, MarTIN and D. L. DovLR,
Tetrahedron, 1983, 39, 345, and references therein.

D. A. Evans and G. 0. ANDREWS, Acc. Chem, Res., 1974,
7, 147, and references therein.

W.g. DaUBEN and D, H. Mice~o, J. Org. Chem., 1977,

, 682,

T, NAKAI, T. MiMmURA and T. KUROKAWA, Telrahedron
Lgtt., 1978, 2895.

B. M. Trost and J. L. 8PaNTON, J. Am. Chem. Soe., 1975,
97, 4018.

T. NARAI, B, WaDa and;M. ORKAWARA, Telrahedron Lett.,
1975, 1581,

R. E. IRELAND:and"J. A. MARSHALL, J. Org. Ohem., 1963,
27, 1620.

B. AK1vAMA, 8. NagaTsUj1 and T, HAMAMURA, Teira-
hedron Lett., 1979, 2809,

J'!gé MAgnsnu.:, and P. 0. JoENSON, J. Org. Chem., 1970,

, 192,

T, NisgH10 and Y. OMOT'E, Chem. Leit., 1979, 365.

B. MyrBoH, H. ILA and H. JUNJAPPA, J. Org. Chem.,
1983, 48, 5327,

M. P. ReppY and G. 8. KrRisHNA Rao, J. Org. Chem.,
1981, 46, 6371, and references therein.

W'srfih'l Mock and H. R.Tsou,J. Org. Chem., 1981, 46,

U. R. GEATAR, 8. K. Aram, P. 0. CHAKRABORTI and
B. C. RaNU, J. Chem. Soc., Perkin Trans. 1, 1976, 1669.

G. RoussgaUu, P. L PRrRcCHEC and J. M. CoNIa,
Synthesis, 1978, 67.

17. V. REUTRAKUIL and W. KANGHAR, Tetrahedron Lell.,

1977, 1377.



