J. Org. Chem. 1993, 58, 2517-2522 2517

A Simple and Highly Stereoselective Route to E-a,8-Unsaturated
Aldehydes

Moncef Bellassoued® and Assieh Majidi

Université Pierre et Marie Curie, Laboratoire de Synthése Organométallique,
CNRS UA 408, 4, Place Jussieu, 75252 Paris Cedex 05, France

Received November 3, 1992

Zinc bromide mediated reaction of a,a-bis(trimethylsilyl)-tert-butylacetaldimine (3) with a wide
range of aldehydes takes place under mild conditions and affords the corresponding a,3-unsaturated
aldehydesin good yields and with very high E stereoselectivity (>98%). This procedure issuccessfully
applied to the preparation of intermediates for retinoid and natural product synthesis.

Introduction and Background

Homologation of an aldehyde into an a,8-unsaturated
aldehyde with the introduction of two additional carbon
atoms in the resulting chain is an important reaction in
organic synthesis, especially in the area of natural prod-
ucts.! A number of reagents and processes are currently
available for effecting such chain extensions. These
include (1) aldol condensation and its variations,? (2) Wittig
reaction® or one of its variants,* (3) Lewis acid catalyzed
acetal-vinyl ether condensation,’ (4) acetylide®? or vinyl
metallic® addition followed by carbinol rearrangement,
and (5) Peterson olefination by means of monosilylated
reagents.®1 These techniques possess variable degrees
of utility but in all of them «,8-unsaturated aldehydes
having the E configuration are obtained. However, small
quantities of the Z isomer usually contaminate the main
product.

The goal of our program has been to develop a new
approach to retinoid synthesis using organosilicon deriv-
atives. In preliminary workl! we proposed a new method
for the preparation of E-a,8-unsaturated aldehydes by
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two-carbon elongation. In this paper we generalize the
method and show that this new route offers special
advantages including very high stereoselectivity in favor
of the E isomer, high efficiency, procedural simplicity,
and mildness of reaction conditions.

Results and Discussion

Preparation of a,a-Disilylated Aldimine 3. Depro-
tonation of N-tert-butylacetaldimine (1) by an equivalent
of LDA at —60 °C followed by trimethylsilyl chloride
trapping affords monosilylated aldimine 2 which is then
subjected to a similar treatment to give a,a-bis(trimeth-
ylsilyl)-tert-butylacetaldimine (3) in:61%, overall yield
(procedure A). However, a one-step.préparation of 3
turned out to be more advantageous: 84% yield (procedure
B). ‘The 'H NMR spectrum of 3 excludes an enamine
structure (Scheme I).

Reaction with Aldehydes. Condensatxon of 3 with a
variety of aromatic, vinylic, and ‘aliphatic aldehydes
provides the expected «,8-enals as illustrated in Scheme
II.

Nucleophilic addition of 3 to benzaldehyde in the
presence of catalytic amounts of ZnBr; (10% ) in anhydrous
THF and at room temperature affords cinnamaldehyde
in86% yield (Table I, entrya). Nosignals—characteristic
of the Z isomer—were present in the 1H NMR spectrum
of the crude product indicating the complete E stereo-
selection of the reaction. The tetrabutylammonium
fluoride (TBAF) catalyzed reaction leads to an equimo-
lecular mixture of E and Z isomers. Preliminary results!!
showed that the choice of Lewis acid was important in
stereochemical outcomes and yields. On the basis of these
results, ZnBr; was selected as the representative catalyst
and employed throughout our work. All reactions are
carried out in anhydrous tetrahydrofuran as solvent.

© 1993 American Chemical Society
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Table I. Synthesis of Unsaturated Aldehydes Using Reagent 3

entry starting carbonyl compound reactn time (h) unsaturated aldehydes 5 yield (%)® refs

a CsHsCHO 2 CuH /\/CHO 86 15a
L
b 4-MeCgH,CHO 4 ‘-M“:;H.NCHO 83 16
c 4-MeOCgH,CHO 6 ‘_MM‘HNCHO 90 16
d 4-Me;NCgH,CHO 7(3)b . MQNC.HNCHO 57 (94)° 15b
e 4-NO,CgH,CHO 2.5(24)¢ N 030.H4/§/CH° 96 (65)° 17
f 2-Me;sSiOCsH,CHO 3 Z-HOC.H./\/CHO 98b 18
Q\cm Q\é\cm
h Cetls /\/CHO 3 CeHs WCHO 92 20
i CeHs WCHO 4 CoHs /m/cm 84 21
j CHT O 4 CHIRITRNA O 8 22
b b

k 4-M02NC.HNCH° 2 bMOgNC.HMCHO 65 23
1 /\/CHO 3 /\/\,CHO 63 15¢
m A 45 AN 82 12
n AR 4.5 ARNACH 80 12

o 3
P
’ /k/\/ ?
A CHO

q t-BuCHO 3

r C5H110H0 6

8 ‘C7H150H0 45

t - ] 6
D oo

u (o] 4

N CHO
/k/\/\/ . “
VNN cHo

¢Bu NCHO 66 25
PN 65 2
CHyy /VCHO 60 25

f I 85 27
o)</\/CHO

CHO 97 28
I

Q Q

¢ Isolated yield. ® One equivalent of ZnBr; was used. ¢ No catalyst was employed.

As can be seen from the data (Table I), the sense of
stereoselectivity does not change with 4- and 2-substituted
aromatic aldehydes; different groups of steric-and elec-
tronic nature are used as substituents (entries b-f).
Homologation of unsaturated aromatic aldehydes into
their vinylogues is achieved efficiently (entries h-k); no
double-bond migration nor any conjugate addition takes
place. We thus managed the construction of two, three,
and four (a retinal analogue) contiguous E double bonds
(entries h—j) from cinnamaldehyde. The high E stereo-
selectivity of each addition is confirmed by the '<H NMR
spectrum of the crude product.

To determine the scope and limitations of our method,
the reaction has also been performed on a number of
aliphatic unsaturated (entries 1-p) and saturated aldehydes
(entries q-t). Several trends may be pointed out in

examining theseresults: this class of aldehydes undergoes
neat condensation with 3 under mild conditions in good
yields; a bulky substituent adjacent to the carbonyl
function does not seem to affect the reaction pathway
(entry q); conjugated aldehydes (entries I-p) exhibit high
levels of regio- and stereoselectivity. This methodology
is successfully applied to the synthesis of 2,4,6,8-decatet-
raenal (entry n), an intermediate in the total synthesis of
fuligorubin A.12

We next investigated the action of 3 on a number of
ketones. The Lewis acid mediated reaction of 3 with
enolizable ketones affords, in all cases, the corresponding
trimethylsilyl enol ether. Treatment with TBAF gives,

(12) Ley, 8. V.; Smith, S. C.; Woodward, P. R. Tetrahedron 1992, 48,
1145,
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after hydrolysis, the starting ketone. Only benzophenone
reacts with 3, in the presence of catalyticamounts of TBAF
in anhydrous THF, providing the desired «,8-enal 5u
(entry u) with a 97% yield. Nevertheless, 4 h, of which
2 at reflux, are required for the complete conversion.

Reaction Mechanism. Inspiteof the fact thatreaction
mechanism is not clear at present, we presume that the
reaction is initiated by ZnBr; complexation of C=0 and
subsequent reaction of 3 with the carbonyl compound to
give the corresponding silyl zinc chelate'I. Further
Peterson-type elimination of II affords aldimine 4 with
regeneration of the catalyst. Mild acidic hydrolysis of 4
gives exclusively the E-a,8-unsaturated aldehyde 5 (Scheme
III).

Concerning the stereoselection of the reaction, in all
cases only E isomers are observed. Ourattemptstoisolate
the intermediate II, in order to study the correlation
between the elimination mechanism and the product
stereochemistry, have failed. However, the imines 4 have
been isolated and characterized by 1H NMR.

Extension to Other a,a-Disilylated Imines. With
the aim of extending our methodology to other disilylated
imines, we next examined the behavior of «,a-bis(trim-
ethylsilyl)-tert-butylpropionaldimine .(8) and o,a-bis-
(trimethylsilyl)-tert-butyl ketimine 11 with benzaldehyde.
The deprotonation of N-tert-butylpropionaldimine (7) and
the interception of the intermediate by Me;SiCl gives 8
in 87% yield (procedure B).

The reaction between 8 and benzaldehyde in the
presence of ZnBr; (10%) at room temperature gives a
mixture of E and Z a-methyl o,8-enals 9 in 78% yield
(Scheme IV). Under these conditions, the major product
is the E isomer (E/Z = 87/13). However, this ratio can be
inverted under TBAF catalysis (E/Z = 26/74).

Finally, in connection with an approach to the synthesis
of a,8-unsaturated ketones, we tested the potential of 11,
as a methyl ketone aldol equivalent. For this purpose, 11
is prepared by proton extraction and ClSiMe; trapping of
acetone tert-butylimine 10 in 39% yield (procedure B)
and then TBAF (5%) catalyzed condensation with ben-
zaldehyde at room temperature. As expected, the cor-
responding a,8-unsaturated methyl ketone 12 is obtained
in 70% yield as a mixture of E and Z isomers in a 80/20

o]
NtBu H F
NtBU 1. Ce 5 CHO-TBAI

Ve_ Si
)k Procedurs B .35'\* 2.ZnCly- H,0 F)K
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H
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ratio, respectively (Scheme V). This work is now in
progress and will be published in a future paper.

Conclusion

From the results reported here, it is clear that a,a-
disilylated tert-butylacetaldimine 3 is a versatile reagent
for the two-carbon homologation of aldehydes into the
corresponding a,8-enals. The simplicity of the procedure,
the mildness of the reaction conditions, and the very high
stereoselectivity obtained make this newroute a promising
methodology. Furthermore, thismethod avoids the strong
basic conditions associated with the Wittig-type reactions
and thus can be applied to base-sensitive aldehydes. The
mechanism of this reaction is not yet clear but the
presumed intermediate—a-silyl 8-siloxy tert-butyl imine
11—could play a key role in the formation of the E carbon-
carbon double bond.

Experimental Section

Reactions requiring anhydrous conditions are performed in
flame-dried glassware under a nitrogen atmosphere. Unless
otherwise noted, commercially available compounds are used in
this work without further purification. Trimethylchlorosilane
is distilled over magnesium. Diisopropylamine is distilled from
CaH; and stored over molecular sieves. Tetrahydrofuran and
diethyl ether are distilled over sodium and benzophenone. LDA
is prepared in situ from diisopropylamine and n-butyllithium
(1.6 M solution in hexane) at -20 °C. Tetrabutylammonium
fluoride (1.0 M solution in THF) is purchased from Aldrich.

Proton nuclear magnetic resonance spectra are recorded at 60
MHz (Perkin Elmer R12), 200 MHz (Bruker AC 200), or 500
MHz (Bruker AM 500). All chemical shifts are reported as &
values (ppm) relative to internal tetramethylsilane. Infrared
spectra are recorded on a Philips PU 9706 spectrophotometer.
Melting points are determined on a Biichi 535 instrument and
are uncorrected. Flash column chromatography was done on
Merck grade 60 silica gel (230-400 mesh) with a mixture of
cyclohexane/acetone as eluant. Some imines are isolated and
purified by a simple workup. 2-(2-Methyl-2-dioxolanyl)acetal-
dehyde, the starting material for 5t, is prepared according to the
described method.!3

(13) Kelly, T. R.; Anathasubramanian, A.; Borah, K.; Gillard, J. W.;
Goerner, R. N, Jr; King, P. F,; Lyding, J. M.; Tsang, W.-G.; Vaya, J.
Tetrahedron 1984, 40, 4569.
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Preparation of Zinc Bromide. ZnBr,is prepared by heating
ground zinc (3.6 g, 55 mmol) and 1,2-dibromoethane (9.5 g, 50
mmol) in THF (100 mL) for 16 h at reflux. The resulting solution
is allowed to cool slowly to room temperature. The remaining
excess zinc is removed by filtration. Complete evaporation of
thesolvent under high vacuum gives pure ZnBr; as a white powder.

N-tert-Butyl Imines 1, 7, and 10. The starting imines are
easily prepared from the corresponding carbonyl compounds and
tert-butylamine in pentane.’4 N-tert-Butylacetaldimine (1): bp
25-28°C (95 mmHg). N-tert-Butylpropionaldimine (7): bp 47—
49°C (95 mmHg). N-tert-Butyl ketimine (10): bp 45-47 °C (80
mmHg).

Preparation of a,a-Bis(trimethylsilyl)-tert-butylace-
taldimine (3). Procedure A. a-(Trimethylsilyl)-tert-bu-
tylacetaldimine (2). A solution of N-tert-butylacetaldimine
(1) (4.95 g, 50 mmol) in THF (5 mL) was added dropwise to a
stirred mixture of LDA (50 mmol) in THF (30 mL) at —60 °C.
After the solution was stirred for 20 h at this temperature,
chlorotrimethylsilane (6.5 mL,50 mmol) was added tothe reaction
mixture. The resulting solution was stirred for another 2 h at
-60 °C and was gradually warmed to room temperature over 1
h. The mixture was filtered through a pad of Celite. Thesolvent
was removed and the product was distilled: bp 51-52 °C (12
mmHg); yield 6.92 g (81%); 'H NMR (60 MHz, CCly) & 0.04 (s,
9 H, SiMe,), 1.06 (s, 9 H, tBu), 1.74 (d, 2 H, J = 8.0 Hz, CH,),
753 (t, 1 H, J = 8.0 Hz, CH=N). Anal. Calcd for CoH,;NSi:
C,63.21; H, 12.38; N, 8.19. Found: C, 63.17; H, 12.33; N, 8.186.

To a cooled (-60 °C) solution of LDA (50 mmol) in THF (30
mL) was added a solution of 2 (8.55 g, 50 mmol) in THF (5 mL).
The resulting mixture was stirred at 60 °C for 5 h and then
quenched by addition of chlorotrimethylsilane (6.5 mL, 50 mmol).
After being stirred at the same temperature for 45 min, the
solution was gradually warmed to room temperature and filtered
through a pad of Celite. The solvent was removed under reduced
pressure and the residue was distilled: bp: 93-94 °C (12 mmHg);
yield 9.10 g (75%); '"H NMR (60 MHz, CCly) 6 0.02 (s, 18 H, 2
SiMey), 1.12 (s, 9 H, tBu), 1.56 (d, 1 H, J = 10.0 Hz, CH), 7.47
(d, 1 H, J =100 HZ, CH=N) Anal. Caled for C12H29NSi21 C,
59.31; H, 12.03; N, 5.76. Found: C, 59.27; 11.98; N, 5.74.

Procedure B. 3 can also be prepared directly from 1. Toa
stirred solution of LDA (100 mmol) in anhydrous THF (50 mL)
was added 1 (4.95 g, 50 mmol) dropwise at —60 °C. The mixture
was stirred at this temperature for 18 h. Trimethylchlorosilane
was added in two portions: the first portion of TMSCI (6.5 mL,
50 mmol) was added at —60 °C and the solution was stirred for
5 h at this temperature; the second portion (6.5 mL, 50 mmol)
was added and the solution was stirred for 45 min. Slow warming
to room temperature of the resulting mixture was followed by
filtration through a pad of Celite and evaporation of solvents at
reduced pressure. The distillation of the remaining oil gave 3:
yield 10.21 g (84%).

a,a-Bis(trimethylsilyl)-tert-butylpropionaldimine (8). 8
was prepared according to procedure B. The detailed procedure
is given above. Only the quantities of reactants, the volumes of
THF, reaction times, and temperatures are presented. To a
solution of LDA (100 mmol) in THF (50 mL) at —60 °C was

(14) Prepared as described by Campbell, K. N.; Sommers, A. H.;
Campbell, B. K. J. Am. Chem. Soc. 1944, 66, 82.

(15) The Aldrich Library of NMR Spectra; Aldrich Chemical Co.:
Milwaukee, W1, 1974; (a) Vol. II, p 101D; (b) Vol. II, p 1034; (¢) Vol. I,
p 362D.25.

(16) Grupton, J. T.; Norman, B.; Wysong, E. Synth. Commun. 1985,
15, 1305.

(17) Olstein, R.; Stephenson, E. F. M. Aust. J. Chem. 1979, 32, 1595.

(18) Medyantseva, E. A.; Babeshko, 0. M.; Minkin, V.1. Zh. Org. Khim.
1976, 12, 837.

(19) DeShong, P.; Leginus, J. M. J. Org. Chem. 1984, 49, 3421.
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2983,
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1990, 55, 5312.
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(23) Spangler, C. W.; Mc Coy, R. K. Synth. Commun. 1988, 18, 51.

(24) Lhoste, P.; Moreau, M.; Dreux, J. Tetrahedron 1984, 40, 1551,

(25) Duhamel, L.; Valnot, J.-Y. C. R. Acad. Sci. Paris, Ser. C. 1978,
286, 47.
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added 7 (5.65 g, 50 mmol) dropwise, with stirring for 18 h at ~60
°C; TMSCI (6.5 mL, 50 mmol) was added at 60 °C, with stirring
for 5 h; and TMSCI (6.5 mL, 50 mmol) was added at the same
temperature, with stirring for 45 min. 8: bp 105-106 °C (13
mmHg); yield 11.17 g (87%); 'H NMR (60 MHz, CCl,) 4 0.02 (s,
18 H, 2 SiMe;), 1.13 (8, 9 H, tBu), 1.23 (s, 3 H, CHy), 7.67 (s, 1
H, CH=N). Anal. Caled for C;sH; NSi,: C,60.75; H, 12.16; N,
5.45. Found: C, 60.71; H, 12.10; N, 5.43.
a,a-Bis(trimethylsilyl)-tert-butyl Ketimine 11. 11 was
prepared in one step according to procedure B. To a solution of
LDA (100 mmol) in THF (50 mL) at —60 °C was added 10 (5.65
g, 50 mmol) dropwise, with stirring at —60 °C for 18 h; TMSCI
(6.5 mL, 50 mmol) was added at —60 °C, with stirring for 4 h; and
TMSCI (6.5 mL, 50 mmol) was added at —60 °C, with stirring for
45 min. 11: bp 105-106 °C (13 mmHg); yield 5.01 g (39%); 'H
NMR (60 MHz, CCLy) 4 0.04 (s, 18 H, 2 SiMe3), 1.21 (s, 10 H, tBu
and CH), 1.85 (s, 3 H, CH;). Anal. Caled for C;sH;;NSiy: C,
60.75; H, 12.16; N, 5.45. Found: C, 60.64; H, 12.13; N, 5.46.

Preparation of Aldehydes 5a—t. General Procedure. A
detailed procedure for the reaction of 3 with aldehydes is given
below. All reactions are conducted in a similar manner, unless
otherwise specified. Reaction times and yields are reported in
Table I. Physical, spectral, and analytical data follow.

To a solution of the corresponding aldehyde (10 mmol) and
ZnBr; (1 mmol) in THF (10 mL) was added a solution of 3 (11
mmol) in THF (5 mL) dropwise at room temperature. After
being stirred at the same temperature, the resulting mixture was
hydrolyzed by addition of an aqueous solution of ZnCl, (2 g in
20 mL of water) and ether (25 mL), and the solution was stirred
for 1 hatroom temperature. The precipitate was filtered through
a pad of Celite. The aqueous layer was extracted with ether (2
X 25 mL), and the combined organic extracts were washed with
water (10 mL) and dried over MgSO,. The solvent was removed
in vacuo. The reaction crude was purified by flash chromatog-
raphy (silica gel, cyclohexane/acetone) to give the corresponding
products 5a-t.

Cinnamaldehyde (5a): 'H NMR (200 MHz, CDCl,) 4 6.65
(dd, 1 H, J = 16.0, 8,0 Hz, =CHCO0), 7.40 (d, 1 H, J = 16.0 Hz,
PhCH=), 7.35-7.52 (m, 5 H, Ar), 9.64 (d, 1 H, J = 8.0 Hz, CHO);
IR (KBr) 1685 (C=0). Anal. Caled for CoHgO: C, 81.89; H,
6.11. Found: C, 81.58; H, 6.13.

(Z)-3-Phenyl-2-propenal. A mixture of benzaldehyde (1.06
g, 10 mmol) and 3 (2.67 g, 11 mmol) in THF (10 mL) was added
dropwise to TBAF (0.5 mL, 0.5 mmol) in THF (5 mL). The
reaction is exothermic; the temperature was maintained at 20—
25 °C with a water bath. After 30 min of stirring at room
temperature, the mixture was hydrolyzed at 10 °C with an aqueous
solution of ZnCl; (2 g in 15 mL of water) and ether (20 mL). The
resulting solution was stirred for another 30 min at 10 °C. The
precipitate was filtered on a pad of Celite. The agqueous layer
was extracted with ether (2 X 25 mL). The combined organic
layers were washed with a solution of H,SO, (0.5 g in 15 mL of
water) and then with water (2 X 25 mL). Thesolvent was removed
invacuo. The crude product was subjected to 'H NMR analysis;
an equimolecular mixture of E and Z isomers of 3-phenyl-2-
propenal was formed in 88 % yield: *H NMR?® (200 MHz, CDCls)
56.20 (dd, 1 H, J = 11.6, 8.3 Hz, =CHCO), 7.50 (m, 6 H, Ar and
PhCH=), 9.94 (d, 1 H, J = 8.1 Hz, CHO).

4-Methylcinnamaldehyde (5b): mp = 40.2 °C; 'H NMR
(200 MHz, CDCl;) 6 2.39 (s, 3 H, Me), 6.67 (dd, 1 H, J = 16.0,
8.0 Hz, =CHCO0), 7.23 (d,2 H, J = 8.0 Hz, Ar), 744 d, 1 H, J
= 16.0 Hz, PhnCH=), 7.46 (d, 2 H, J = 8.0 Hz, Ar), 9.67 (d, 1 H,
J = 8.0 Hz, CHO); IR (KBr) 1690 (C=0). Anal. Calecd for
Ci10H100: C, 82.26; H, 6.90. Found: C, 81.97; H, 6.93.

4-Methoxycinnamaldehyde (5¢): mp = 58.8 °C; 'H NMR
(200 MHz, CDCl,) § 3.84 (s, 3 H, OMe), 6.58 (dd, 1 H, J = 18.0,
7.5 Hz, =CHCO), 6.93 (m, 2 H, Ar), 7.40 (d, 1 H, J = 16.0 Hz,
PhCH=), 7.50 (m, 2 H, Ar), 9.63 (d, 1 H, J = 7.5 Hz, CHO); IR
(KBr) 1690 (C==0). Anal. Caled for C;0H002 C,74.14; H, 6.22.
Found: C, 73.96; H, 6.21.

4-(Dimethylamino)cinnamaldehyde (5d): mp = 134.7 °C;
H NMR (200 MHz, CDCl,) 6 3.02 (s, 6 H, 2 Me), 6.52 (dd, 1 H,
J = 15.6, 7.9 Hz, =CHCO), 6.66 (m, 2 H, Ar),7.35d,1H,J =
15.6 Hz, PhCH=), 7.40-7.48 (m, 2 H, Ar),9.56 (d,1 H,J = 7.9
Hz, CHO); IR (KBr) 1688 (C=0). Anal. Caled for C;;H;;ON:
C, 75.49; H, 7.49; N, 8.00. Found: C, 75.53; H, 7.52; N, 7.98.



E-a,8-Unsaturated Aldehydes

4-Nitrocinnamaldehyde (5e¢): mp =142.0°C;'H NMR (200
MHz, acetone-dg) §6.95 (dd, 1 H,J = 16.1, 7.5 Hz,=CHCO0), 7.83
(d, 1 H, J =16.1 Hz, PhCH=), 8.02 (m, 2 H, Ar), 8.31 (m, 2 H,
Ar),9.79 , 1 H,J = 7.5 Hz, CHO); IR (KBr) 1695 (C=0). Anal.
Calced for CoH-NOs: C, 61.07; H, 3.99; N, 7.91. Found: C, 61.00;
H, 3.97; N, 7.88.

2-Hydroxycinnamaldehyde (5f). The OH group was pro-
tected in this reaction with TMSCI. The 2-siloxy benzaldehyde
was readily prepared by heating at reflux (using a water bath)
a solution of salicylaldehyde (10 g, 82 mmol) and chlorotrime-
thylsilane (12 mL, 90 mmol) in anhydrous ether (90 mL). Pyridine
(6.5g,82 mmol) was added dropwise to thissolution. The mixture
was heated for 5 h. After the solution was gradually cooled to
room temperature, the solution was filtered through a pad of
Celite, the solvent was removed under reduced pressure, and the
residue was distilled; bp 85-89 °C (5 mmHg). 5f: mp = 122.0
°C; 'H NMR (200 MHz, acetone-dg) 6 6.83 (dd,1 H,J = 16.1,7.8
Hz, =CHCO), 6.86 (td, 1 H J = 8.0, 1.0 Hz, H-5 Ar), 7.10 (dd,
1H,J=8.0,1.0Hz H-3 Ar), 7.25 (td, 1 H, J = 8.0, 1.7 Hz, H-4
Ar),7.62(dd,1H,J ="7.8,2.0 Hz, H-6 Ar), 7.86 (d, 1 H, J = 16.1
Hz, PhCH==), 9.50 (d, 1 H, J = 7.8 Hz, CHO), 9.40 (br, D;O
exchangeable, OH); IR (KBr) 1685 (C=0). Anal. Calcd for
CoHgO0,: C, 73.03; H, 5.45. Found: C, 73.23; H, 5.47.

2-Furyl-8-acrolein (5g): mp = 49 °C; 'H NMR (200 MHz,
acetone-dg) 6 6.48 (dd, 1 H, J = 15.6, 8.0 Hz, =CHCO), 6.65 (dd,
1H,J=3.5,18Hz, H-4 Ar), 7.00 (d, 1 H, J = 3.5 Hz, H-3 Ar),
7.49 (d, 1 H, J = 15.7 Hz, ArCH=), 7.79 (m, 1 H, H-5 Ar), 9.66
(d, 1 H, J =8.0 Hz, CHO); IR (KBr) 1687 (C=0). Anal. Calcd
for C;HgOx C, 68.91; H, 4.96. Found: C, 68.71; H, 4.95.

(E,E)-5-Phenyl-2,4-pentadienal (5h). The corresponding
imine has been isolated and characterized: 'H NMR (200 MHz,
CDCly) 6 1.21 (s, 9 H, tBu), 6.46 (dd, 1 H, J = 15.1, 8.7 Hz, H-2),
6.68 (d, 1 H, J = 15.8 Hz, H-5), 6.72 (dd, 1 H, J = 15.0, 9.5 Hz,
H-3),6.89(dd,1H,J = 15.6,9.5 Hz, H-4), 7.19~7.44 (m, 5 H, Ar),
793 (d, 1 H, J = 8.7 Hz, H-1). Anal. Caled for C;sHsN: C,
84.58; H, 8.99; N, 6.58. Found: C, 84.51; H, 8.98; N, 6.57.

5h: mp = 39.0 °C; 'H NMR (500 MHz, CDCl,) 6 6.23 (dd, 1
H, J = 16.0, 8.0 Hz, H-2),6.96 (dd, 1 H, J = 16.1, 7.8 Hz, H-4),
6.98 (d, 1 H,J = 16.1 Hz, H-5), 7.21 (dd, 1 H, J = 16.0, 7.8 Hz,
H-3), 7.32-7.50 (m, 5 H, Ar), 9.57 (d, 1 H, J = 8.0 Hz, H-1); IR
(KBr) 1690 (C=0). Anal. Calcd for C;;H;00: C, 83.61; H, 6.38.
Found: C, 83.45; H, 6.35.

(E,E,E)-7-Phenyl-2,4,6-heptatrienal (5i). Flash column
chromatography was done with a mixture of cyclohexane/CH,-
Cl; as eluant. 5i: mp = 113.6 °C; 'H NMR (500 MHz, CDCl)
55.80 (dd, 1 H, J = 16.0, 8.0 Hz, H-2), 6.53 (dd, 1 H, J = 14.6,
12.0 Hz, H-4), 6.79 (d, 1 H, J = 15.3 Hz, H-7),6.81 (dd,1 H, J
=14.6,10.9 Hz, H-5), 6.87 (dd, 1 H, J = 15.3, 10.9 Hz, H-6), 7.15
(dd, 1 H, J = 16.0, 12.0 Hz, H-3), 7.28-7.48 (m, 5 H, Ar), 9.57
d, 1H, J = 8.0 Hz, CHO); IR (KBr) 1685. Anal. Calcd for
C1sH1:0: C, 84.85; H, 6.57. Found: C, 84.86; H, 6.55.

(E,E,E,E)-9-Phenyl-2,4,6,8-nonatetraenal (§j): mp = 140.0
°C; 'H NMR (500 MHz, DMSO-ds) 6 6.20 (dd, 1 H,J = 15.1, 8.0
Hz, H-2), 6.59 (dd, 1 H, J = 14.6, 11.2 Hz, H-6), 6.64 (dd, 1 H,
J = 14.8, 11.3 Hz, H-4), 6.78 (dd, 1 H, J = 14.6, 11.0 Hz, H-7),
6.81(d, 1 H,J = 15.6 Hz, H-9), 6.95 (dd, 1 H, J = 14.7, 11.2 Hz,
H-5),7.09 (dd, 1 H, J = 15.5,11.0 Hz, H-8), 7.27 (t,1 H,J = 7.3
Hz, Ar),7.36 (t,2H,J = 7.8 Hz, Ar),7.40 (dd, 1 H,J = 15.1,11.3
Hz, H-3), 7.52 (d, 2 H, J = 7.4 Hz, Ar), 9.54 (d, 1 H, J = 8.1 Hz,
CHO); IR (KBr) 1680 (C=0). Anal. Caled forC;:H;40: C,85.79;
H, 6.72. Found: C, 85.65; H, 6.69.

(E,E)-5-(4-(Dimethylamino)phenyl)-2,4-pentadienal
(5k): mp =137.5°C; '"H NMR (200 MHz, CDCl) § 3.02 (s, 6 H,
2 Me), 6.17 (dd, 1 H, J = 15.0, 8.1 Hz, H-2),6.67 (d,2 H, J = 8.9
Hz, Ar), 6.80 (dd, 1 H, J = 15.3, 10.3 Hz, H-4),6.96 (d,1 H, J
= 15.3 Hz, H-5), 7.25 (dd, 1 H, J = 15.0, 10.3 Hz, H-3), 7.40 (d,
2H,J =89 Hz, Ar), 9.55 (d, 1 H, J = 8.1 Hz, CHO); IR (KBr)
1684 (C=0). Anal. Calcd for C,3H;;NO: C, 77.68; H, 7.52; N,
6.97. Found: C, 77.61; H, 7.50; N, 7.00.

(E,E)-2,4-Hexadienal (51). The corresponding imine was
isolated and characterized: 'H NMR (200 MHz, CDCly) 6 1.14
(s, 9 H, tBu), 1.74 (d, 3 H, J = 9.0 Hz, Me), 5.84 (m, 1 H, H-5),
6.12 (dd, 1 H, J = 15.2, 10.5 Hz, H-4), 6.18 (dd, 1 H, J = 15.2,
9.0 Hz, H-2), 6.50 (dd, 1 H, J = 15.2, 10.3 Hz, H-3),7.79 (d, 1 H,
J = 89 Hz, H-1). Anal. Caled for C;oH/N: C, 79.54; H, 11.35;
N, 9.28. Found: C, 79.60; H, 11.40; N, 9.30.
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51: 'H NMR (200 MHz, CDCl;) 61.88 (d, 3 H, J = 4.6 Hz, Me),
6.04 (dd, 1 H, J = 15.0, 8.0 Hz, H-2), 6.42 (m, 2 H, H-4 and H-5),
7.22 (m,1H,H-3),9.54 (d,1 H,J =8.0 Hz, CHO); IR (KBr) 1682.
Anal. Caled for CgHO: C, 75.06; H, 8.40. Found: C, 75.23; H,
8.39.

(E,E,E)-2,4,6-Octatrienal (5m): mp=57.0°C;'HNMR (500
MHz, CDCl3) 6§ 1.77 (d, 3 H, J = 7.5 Hz, Me), 5.95 (m, 1 H, H-7),
6.04 (dd, 1 H,J = 15.0, 7.5 Hz, H-2),6.12 (m, 1 H, J = 15.0, 10.0
Hz, H-6), 6.24 (dd, 1 H, J = 15.0, 11.2 Hz, H-4), 6.57 (dd, 1 H,
J = 15.0, 11.2 Hz, H-5), 7.04 (dd, 1 H, J = 15.0, 11.2 Hz, H-3),
946 (d,1 H, J = 7.5 Hz, CHO); IR (KBr) 1680 (C==0). Anal.
Caled for CsH0O: C, 78.75; H, 8.26. Found: C, 78.60; H, 8.27.

(E,E,E,E)-2,4,6,8-Decatetraenal (5n): mp = 105.8 °C; 'H
NMR (500 MHz, DMSO-dg) 6 1.78 (d, 3 H, J = 7.5 Hz, Me), 5.95
(m, 1 H, H-9), 6.14 (dd, 1 H, J = 15.0, 7.5 Hz, H-2), 6.21 (m, 1
H,J = 15.0, 10.0 Hz, H-8), 6.31 (dd, 1 H, J = 15.0, 11.2 Hz, H-6),
6.54 (dd, 1 H, J = 15.0, 10.0 Hz, H-7), 6.55 (dd, 1 H, J = 15.0,
11.2 Hz, H-4), 6.84 (dd, 1 H, J = 15.0, 11.2 Hz, H-5), 7.35 (dd,
1H,J=15.0,11.2 Hz, H-3),9.51 (d, 1 H, J = 7.5 Hz, CHO); IR
(KBr) 1680 (C=0). Anal. Calcd for C;oH;;0: C, 81.15; H, 8.17.
Found: C, 80.99; H, 8.18.

(E,E)-5-Methyl-2,4-hexadienal (50). The corresponding
imine has been isolated and characterized: 'H NMR (200 MHz,
CDCly) 6 1.14 (s, 9 H, tBu), 1.76 (s, 6 H, 2 Me), 592 (d, 1 H, J
= 11.2 Hz, H-4), 6.18 (dd, 1 H, J = 15.1, 9.0 Hz, H-2), 6.76 (dd,
1H,J=15.1,11.2 Hz, H-3), 7.85 (d, 1 H, J = 9.0 Hz, H-1). Anal.
Caled for CyHigN: C, 80.07; H, 11.61; N, 8.49. Found: C, 80.23;
H, 11.65; N, 8.51.

50: 'H NMR (200 MHz, CDCly) 6 1.87 (s, 6 H, 2 Me), 5.98 (dd,
1H,J=15.0,8.1 Hz, H-2),6.08 (d,1 H,J = 12.0 Hz, H-4), 7.32
dd, 1H, J =15.0,12.0 Hz, H-3), 9.50 (dd, 1 H, J = 8.1, 1.3 Hz,
CHO); IR (KBr) 1684 (C=0). Anal. Calcd for C;H,0: C,76.43;
H, 9.16. Found: C, 76.51; H, 9.19.

(E,E,E)-7-Methyl-2,4,6-octatrienal (5p): 'H NMR (200
MHz, CDCl;) 8 1.79 (s, 6 H, 2 Me), 5.92 (d, 1 H, J = 11.0, H-6),
6.04 (dd,1H,J = 15.1,8.0 Hz, H-2),6.25 (dd, 1 H,J = 14.6,11.2
Hz, H-4), 6.84 (dd, 1 H, J = 14.6, 11.0 Hz, H-5), 7.12 (dd, 1 H,
J=15.1,11.2 Hz, H-3),9.46 (d, 1 H, J = 8.0 Hz, CHO); IR (KBr)
1680 (C=0). Anal. Calecd for CoH;0: C, 79.48; H, 8.89.
Found: C, 79.41; H, 8.85.

(E)-4,4-Dimethyl-2-pentenal (5q). The corresponding imine
has beenisolated and characterized: 'H NMR (200 MHz, CDCl;)
60.99 (s,9 H, tBu), 1.12 (s, 9 H, tBu), 6.09 (m, 2 H, H-2 and H-3),
7.76 (m,1H, H-1). Anal. Caled for C;;Hs:N: C, 79.11; H, 12.68;
N, 8.39. Found: C, 78.97; H, 12.64; N, 8.36.

5q: 'H NMR (200 MHz, CDCl;) 6 1.10 (s, 9 H, tBu), 6.01 (dd,
1H,J=15.8,7.8 Hz,=CHCQ0),6.78 (d, 1 H, J = 15.8 Hz, CH=),
9.48 (d, 1 H, J = 7.8 Hz, CHO); IR (XBr) 1690 (C=0). Anal.
Caled for C;H1,0: C, 75.06; H, 10.80. Found: C, 75.35; H, 10.76.

(E)-2-Octenal (5r). Column flash chromatography was done
using a mixture of cyclohexane/CH;Cl; as eluant. 5r; 'H NMR
(200 MHz, CDCl3) 6 1.32 (m, 11 H, CsH;y), 6.08 (ddt, 1 H, J =
14.1,8.0,2.0 Hz,=CHCO0), 6.87 (td, 1 H, J = 14.1,7.0 Hz, CH=),
9.48 (d, 1 H, J = 8.0 Hz, CHO); IR (KBr) 1687 (C=0). Anal.
Caled for CsH,40: C, 76.25; H, 11.20. Found: C,76.49; H, 11.15.

(E)-2-Decenal (5s). Column flash chromatography was done
using cyclohexane/CHyCl; as eluant. 5s: 'H NMR (200 MHz,
CDCly) 6 1.21 (m, 15 H, C;H5), 6.06 (ddt, 1 H, J = 16.0, 8.0, 2.0
Hz, =CHCO), 6.81 (td, 1 H, J = 16.0, 8.0 Hz, CH=), 9.42 (d, 1
H,J = 8.0 Hz, CHO); IR (KBr) 1690. Anal. Caled for C;oH:O:
C, 77.99; H, 11.78. Found: C, 77.73; H, 11.74.

(E)-4-(2-Methyl-2-dioxolanyl)-2-butenal (5t): 'H NMR
(200 MHz, CDCl,) 6 1.28 (s, 3 H, Me), 2.61 (dd, 2 H, J/ = 8.1, 2.0
Hz, H-4), 3.90 (s, 4 H, OCH,CH,0), 6.09 (ddt, 1 H,J = 15.9, 7.9,
2.0 Hz, H-2), 6.78 (td, 1 H, J = 15.9, 7.9 Hz, H-3), 9.44 (d, 1 H,
J = 8.0 Hz, CHO); IR (KBr) 1695 (C=0). Anal. Calcd for
CeH,204: C, 61.59; H, 7.75. Found: 61.44; H, 7.78.

3,3-Diphenyl-2-propenal (5u). A solution of benzophenone
(10 mmol) and 3 (11.0 mmol) in THF (5 mL) was added dropwise
to TBAF (1 mL, 10 mmol) in THF (10 mL) at room temperature.
The resulting mixture was stirred for 2 h at room temperature
and then for 2 h at reflux. Hydrolysis was carried out at room
temperature with an aqueous solution of ZnCl; (2 g in 20 mL of
water) and ether (25 mL) and the mixture was then stirred for
1 h at the same temperature. The precipitate was filtered on a
pad of Celite. The aqueous phase was extracted with ether (2
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X 25 mL), and the combined organic layers were washed with
water (10 mL) and dried over MgSO,. Purification of the reaction
crude was done with a mixture of cyclohexane/acetone. 5u; ‘H
NMR (200 MHz, CDCl;)? § 6.61 (d, 1 H, J = 8.0 Hz, =CHCO),
7.32~7.48 (m, 10 H, Ar), 9.54 (d, 1 HJ = 8.0 Hz CHO); IR (KBr)
1680 (C==0). Anal. Caled for C;;H;0: C, 86.61; H, 5.82.
Found: C, 86.58; H, 5.80.

a-Methylcinnamaldehyde (9). To a mixture of benzalde-
hyde (1.06 g, 10 mmol) and ZnBr; (0.22 g, 11 mmol) in THF (10
mL) was added 8 (2.83 g, 11 mmol) in THF (5 mL), and the
mixture was then stirred for 2 h at room temperature. The
reaction was hydrolyzed by addition of ZnCl, (3 g in 20 mL of
water) and ether (30 mL). The solution was stirred for 18 h. The
precipitate was filtered through a pad of Celite, the water layer
was extracted with ether (2 X 25 mL), the combined extracts
were washed with water (10 mL) and dried over MgS0,, and the
solvent was removed in vacuo. The crude oil was subjected to
'H NMR analysis; a mixture of E and Z isomers of 9 (E/Z =
87/13) was formed in 78 % yield. Column flash chromatography
cyclohexane/acetone gave a pure mixture of isomers. Anal. Caled
for C1oH100: C, 82.26; H, 6.90. Found: C, 82.15; H, 6.87.

(E)-a-Methylcinnamaldehyde: 'H NMR¥® (200 MHz, CDCl,)
62.06(d,3H,J=13Hz CH;),7.24(d, 1 H,J = 1.3 Hz, CH=),
7.40-7.51 (m, 5 H, Ar), 9.57 (s, 1 H, CHO).

Bellassoued and Majidi

(Z)-a-Methylcinnamaldehyde: 'H NMR¥ (200 MHz, CDCl,)
§1.94(d,3H,J =1.5 Hz, CH3), 7.30-7.48 (m, 6 H, Ar and CH=),
9.87 (s, 1 H, CHO).

4-Phenyl-3-buten-2-one (12). A mixture of 11 (2.83 g, 11
mmol) and benzaldehyde (1.06 g, 10 mmol) in THF (10 mL) was
added dropwise at 0 °C to a solution of TBAF (0.5 mL, 0.5 mmol)
in THF (5 mL). The resulting mixture was stirred for 2h at 3
°C before being hydrolyzed by a solution of ZnCl; (2 g in 20 mL
of water) and ether (25 mL) for 1 h at room temperature. The
water layer was extracted with ether (2 X 25 mL), and the organic
layer was washed with water (10 mL), dried over MgSQ,, and
concentrated. The crude product was subjected to '1H NMR
analysis; a mixture of E and Z isomers of 12 (E/Z = 80/20) was
formed in 70% yield. Flash chromatography of the crude afforded
a pure mixture of the corresponding isomers. Anal. Caled for
CioH100: C, 82.26; H, 6.90. Found: C, 82.19; H, 6.97.

(E)-4-Phenyl-3-buten-2-one: 'H NMR* (200 MHz, CDCl;)
6 2.37 (s, 3 H, CHy), 6.70 (d, 1 H, J = 16.3 Hz, =CHCO), 7.42
d, 1 H, J = 16.3 Hz, PhnCH=), 7.36-7.54 (m, 5 H, Ar).

(Z)-4-Phenyl-3-buten-2-one: 'H NMR? (200 MHz, CDCly)
6 2.15 (s, 3 H, CHy), 6.30 (d, 1 H, J = 12.7 Hz, =CHCO), 7.02
d, 1 H, J = 12.7 Hz, PhCH=), 7.40-7.89 (m, 5 H, Ar).
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