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A SIMPLE SYNTHESIS OF o, B—-UNSATURATED ALDEHYDES BY 1,3-CARBONYL
TRANSPOSITION THROUGH ONE CARBON HOMOLOGATION
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Swmmary o, B-Unsaturated aldehydes are conveniently prepared g§rom ketfones through their
B-&eZﬁoxqmethyl derivatives by sodium borohydride reduction gollowed by acid-catalysed
rearrangement of the nesulting diacetal carbinols,

The homologation of carbocyclic1 or aromatic conjugated cyclic and
acyclic2 ketones (é), having an active methylene group, to the o, B-unsaturated
aldehydes (g) has been achievedl'2 through acid-catalysed rearrangement of the
respective 2-(alkylthio)-methylene carbinols (B), derived from the ketones in
several steps. These methods, however, require strong basic reagents for
introduction of the functionalised B-carbon residue into the ketones. We wish
to report here an alternate and simple approach to the transformations of
cyclic and acyclic ketones having the general structure (é) to the respective
o, B-unsaturated aldehydes (L) through the easily accessible B-keto-acetals (D)

3,4

under mild reaction conditions , which appears to offer a considerable promise

as a general synthetic procedure.

0 OH H
1] CHO
X X N
BAH R:\ 1 R‘ﬁ:
\\_/R ~~-R ~“R
(a) : X =H (B) : X = SMe or SBu" (c)
(D) : X = CH(OEt), (E) : X = OEt

As a typical example, conversion of the tetralone (ég)s into the dihydro-
naphthaldehyde (22)6,1 a key intermediate in the synthesis of anthracycline36’7,

via the B-ketoacetal (2@) and the carbinol (3d), is shown here.
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Reagents:
(i) CH(OEt)3, BF3—Et2O, (i—Pr)zN—Et, CH2Cl2
{ii) NaBH4, MeOH
OMe

(iii) ag. BCl (6H)

CHO

OMe
(

IFy

d)

The reaction of the tetralone (1d) with diethoxycarbonium fluoroborate
3-Et,0 and HC(OEt)3
diisopropylethylamine in CH2C12 at -78%°%C (10 min) followed by -20 to ~10°¢ for
2 hr according to Mock and Tsou3, afforded the B-ketoacetal (gg) as a dark red

/ prepared in situ from BF _7 in the presence of N,N-

viscous oil in 95% yield. This relatively unstable intermediate was characte-
rised by the spectral data; IR {(neat) 1660, 1610 cm'l; lH NMR (CC14) § 0.93-1.3
(m,6H), 1.87-3.66 (m,9H), 3.73 (s,6H,2~OCH3), 4.83 (4,1H), 6.46-6.9 (4d,2H,ArH).

Reduction of crude (gg) with an excess of NaBH, in methanol to the carbinol (ég)

followed by decomposition of the reaction mixtére with an excess of ice-cold

ag-HBC1 (6N) followed by stirring at room temperature for 2 hr and purification
of the resulting product (extracted with Etzo) by short-path filtration through
a silica-gel column afforded the known aldehyde (4d), m.p. 50-92% (reportedG’7
m.p. 91-92°C) in 80% yield. Possibly, the acid-catalysed transformation of the
carbinol-acetal (;g) proceeds through the rearrangement of an intermediate such

as (E), similar to the sulphur analogue (g)l'z.

The sequence was demonstrated on several other tetralones (ig;g),inda—

nones (4a-d) and benzosuberone (Z) to the respective a,f-unsaturated aldehydes
(gg;g), (gg;g) and (g) in good to excellent yields (entries 1-8 in Table ). The
ketoacetals (l4a) and (l4b) derived from the respective arylmethyl ketones(13a)
and (13b) gave the E-isomers (15a) and (15b) exclusively,as appeared from the
1y wMr spectra (entries 11 and 12 in Table). The tetrahydro-4-oxo-benzo/ b _/
thiophene (ég) also yielded the previously unknown8 o, B-unsaturated aldehyde

(ié) in excellent yield (entry 10 in the Table).
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Table. Transformations of the ketones to o,f-unsaturated aldehydes.

Entry Starting Ketone B-Ketoacetal? o,P-Unsaturated Yieldb o
Aldehyde (%) P
R H(OEt CH
" OOy
R
R3 3 Ry
Ri () Ry (2) R, (1)
1 2,R =R,=R, =R, =H a,R =R, =R =R, =H 2,R =R,=R,=R, =H 92 0il
= = = = = = = = = - o
2 b,R =R, =R, =H b,R;=R,=R,=H b,R,=R,=R,=H 73 4&:149 c ]
R ,=OMe R,=0Me R,=OMe (lit, "m.p.49 C)
=R.=R, = =R =R = =R =R = - .. 11
3 ¢sR =R=R, =H €sR;=R;=R, =H ©,R =R =R, =H 68 oil (112. b.p.
R2=0Me R2=0Me R2=0Me 125-130"C/2mm Hg
= = = = = = — 0
4 d,R,=R,=H, d,R,=R,=H, d,R,=R.=H, 80 91692 C .
R, =R, =OMe R,=R,=0Me R =R, =OMe (lit m.p.91-92°C)
0O o]
) 7
@:} croet O D-cro
R RZ R2
2 Ry Ry Ry
(& (3) )
5 aR=R,= a,R =R =H 2,R =R,=H 50 0il
= = = = = o
6 b,R =Me,R, b,R;=Me,R,=H b,R,=Me,R,=H 75 80°¢c
= = = = = £ °
7 c,R =OMe,R,=H c,R =OMe,R,=H c,R =0Me R =H 79 98°¢
= - = = = = °
8 g,Rl—H,OR2 OMe d,R =H,R,=0Me d,R =H,R,=0Me 82 64°C
Q  CHOEY, CHO
¢ 8 (¢
7 3
(OEt),CH CH
10 A h ) 7 | 0 81 low melting
' q ) X S solid
(10)° an o ?E! (12)
R
2 COCH,q R, C\H Ry A CHO
R OEt
1 R4 Ry
(13 (14 (12 59-60°C
11 3,R1=0Me,R2=H 3,R1=0Me,R2=H 3,R1=0Me,R2=H 62 (litlzm.p.59°C)
12 b,R;=H,R,=0Me b,R;=H,R,=0Me b,R =H,R,=OMe 67 oil

8Characterised by IR and 1H NMR spectra; inelds refer to the isolated pure compounds fully
characterised by UV,IR, "H NMR (at 200 MHz) and elementaldanalyses; ®We thank Dr.S.Ghosh
and Miss, S, Saha for a generous gift of this compound; This compound is susceptible to
oxidation to the corresponding carboxylic acid in air; ~We thank" Dr.A.De and Mrs,.S.Dutta
for a generous gift of this compound.
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The preliminary results indicated that the sequence of reactions
developed for the aromatic conjugated ketones are also useful for the trans-
formation of cyclohexanone (16) and cyclopentanone (17) to the resvective

o, B~unsaturated aldehydes (gg) and (g;) in ca. 50% overall yvield from the

ketones via the B-ketoacetals (%2)3 and (;2)3.

(16) ,n=2; R=H R CHO

(17),n=1; R=H O

(18) ,n=2; R=CH(OEt), («C ~ (20),n=2
(19),n=1; R=CH(OEt), Ha)n (CHIn {21),n=1

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

The easily accessible B-ketoacetals (Q) are also useful intermediates
for the synthesis of substituted o, B~-unsaturated aldehydes and benzoannelated
derivatives10 through their reactions with organometallic reagents and these

aspects will be reported in due course.
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