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Formation of a-ethylcinnamaldehydes by the reaction
of aromatic aldehydes with n-Bu;N/TiCl,*
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The reaction of various aromatic aldehydes with n-BugN in the presence of TiCl, gave the corresponding a-
ethylcinnamaldehydes in 18-31% vyield; when p-chlorobenzaldehyde was used, p-chlorobenzyl alcohol was also
isolated besides a-ethyl-p-chlorocinnamaldehyde.

Titanum (1V) is usually more stable than titanium in lower oxi- reductive coupling of aldehydes and ketones including diaryl

dation states. Therefore, low valent titanium has the tendencl¢etones tovic-diols 1 and imines tovic-diamines2 (Scheme

to transform to titanium (1V), thus effecting reduction of a vari- 1).° The iminium ion intermediate, which was proposed to be

ety of organic compounds en robt€onsequently, the reverse formed by the oxidation of EX with TiCl, in the reaction,

of this reaction, that is oxidation by titanium (IV) is usually an was more recently shown to condense with diaryl ketones

unfavourable reaction and has been only rarely observed. lander slightly different conditions (adding,Btto a stirred

this regard, the TiGipromoted oxidative couplings of lithium  solution of TiC}, and diaryl ketones) to give 3,3-diarylpropenals

ester enolat@sand their silylated analoguéghenylacetic acid 4 as the condensation products in high yiéfdgnder these

esterd and arylacetic acid amideare noteworthy. These reac- conditions, the reductive coupling of the ketone was not

tions have recently been used for asymmetric synthesis of observed. The products were proposed to arise by the reaction

o’-disubstituted succinic acid derivativés®. Aryl methyl of a-titanated iminium ior8 with the diaryl ketones followed

ketimines have also been reported to undergo oxidative cousy hydrolysis of the iminium group during aqueous workup.

pling with TiCl,/Et,N to 2,5-diaryl pyrrole$. The reaction of some higher tertiary amines suchRgN, n-
Although reduction of TiGlby simple tertiary amines such Bu,N, N-ethyl-, N-n-pentyl-, andN-n-hexyl- piperidines with

as MgN " and E{N 8 was reported about 45 years ago, a mix- TiCl, in the presence of benzophenone also gave the conden-

ture of TiCl, and E{N which had been stirred for 1 hour, has sation products albeit in low yields (18-25%). A curious fea-

only recently been used as a source of low valent titanium foture of these latter reactions is that the acyclic alkyl group of

the amine ends up in the product and 5,5-diphenyl-2,2-

© H o pentadienals such &{Scheme 2) and not the propenakse
. Cl Cl formed as the products if the alkyl group of the amine has four
Et,N—\ TiCl, Etj%J\CH EtzNACHa or more carbons.g in the cases of-Bu;N, N-n-pentyl-, and
CH + 3 N-n-hexyl- piperidines. The formation of these products was
3 iCl TiCl, / Et,N proposed to involveB-elimination of ‘HTICL' from the
Ticl ELN 4 o-titanated iminium ion to give the conjugated iminium ion
2TiCl,<—— TiCl, 3— HTiCl, @ © intermediateb, which underwent retitanation at tizgosition
3 Et;NHCI followed by condensation with benzophenone. The reaction of
>—N >=O higher tertiary amines with aldehydes was, however, not
=N_ ® O ® NTiCI3 investigated. The only reaction in which an aldehyde was used
Et,;NHCI Et,N= 3 was the reaction of benzaldehyde withNETiCl, whereby
[©)] cinnamaldehyde was isolated in low yield along with some
©) © ci Ar polar unidentified products and the unreacted benzaldehyde.
N\ '>—O Ar'>= In this context, we wish to report our observation on the
) reaction ofn-BuyN with aromatic aldehydes in the presence of
l ‘ OTiCl, TiCl,, which in contrast to the reported reactions with diary
e Ti“ ® Ar ketones, yieldedi-ethyl-cinnamaldehydes and not the conju-
N— 00 EL,NZ AP gated dienals.
°
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Thus, when to an equimolar mixture of aromatic aldehydegroduced 2% of the 1,2-diphenyl-1,2-ethanediol besides 26% of
and TiC|, in 1,2-dichloroethane or dichloromethane was addedn-ethylcinnamaldehyde. When the addition was carried out as
to two equivalents af-BugN slowly with stirring at room tem-  reported for reductive couplifigstirring n-Bu,N with TiCl, in
perature and the solution was stirred for 1-10 hours a complek,2-dichloromethane for 1 hour followed by addition of ben-
mixture of products was obtained after work up, which on col-zaldehyde and further stirring at room temperature for 6 hours),
umn chromatography gaven-ethylcinnamaldehydes in reductive coupling to 1,2-diphenyl-1,2-ethanediol was indeed
18-31% yields (Scheme 3). The results are shown in Table 1. lobserved without the formation afethylcinnamaldehyde.
the case of-chlorobenzaldehyde, 19% pfchlorobenzyl alco- The extent of the diol formation depended on how long the
hol was also isolated, which arose probably by reduction of thenixture of TiCl, andn-Bu,N was stirred in the absence of aro-
aldehyde with the low valent titanium formed in the reaction. matic aldehyde. Probably, under our conditions also the mech-

All the compounds were characterised by IR #1dNMR anism of the reaction is similar to that shown in the Scheme 1.
spectroscopy and in the case ckthylcinnamaldehyde, by  The reason why different products were formed under these
comparison with the authentic sample prepared by aldol contwo conditions is not clear. The main difference between the
densation of benzaldehyde wittbutyraldehydé! The geom-  two reaction conditions is that for the reductive coupling,
etry of these compounds was found to be Z udiid\MR ~ TiCl, andn-Bu,N were allowed to react with each other for
spectroscopy. Interestingly, electron-withdrawing groups in thelonger time (one hour) in the absence of the carbonyl com-
aldehyde impede the reaction, though such groups are expectgdund. Probably under these conditions, the higher concentra-
to increase the reactivity of the aldehyde in nucleophilic addi+ion of the low valent titanium produced by the redox reaction,
tions. Thus,p-nitro- and p-chlorobenzaldehyde required 10 made the reductive coupling of the carbonyl compound
hours for the completion of the reaction. compete so effectively with the condensation reaction that the

latter was considerably suppressed. This could probably also
explain why under our conditions some reduction of the alde-
hyde to alcohol and not reductive couplingvio-diol was

CHO —="~CHO observed.
The reaction under nitrogen atmosphere did not help in
TiCl,, n-BusN improving the yield, whereas, the reaction under oxygen
- atmosphere took 12 hours for completion, yielding 18% yield
CICH,CH,CI of a-ethylcinnama}ldehyde ir)dicr?lting that Gan not be used
or CH.CI X to mak_e the reaction catalytic with respect to JiChe reac-
1-102hr2 tion with n-Pr;N also followed the same course to give
7 8 methylcinnamaldehyde whereas the reaction did not occur
within comparable times with B andn-octyl;N under our
X =H, p-Me, m-Me, o-Me, p-NO,, p-Cl conditions and unreacted benzaldehyde was isolated to the

extent of 46% and 44% respectively.

Scheme 3
Experimental
In order to optimise the yields, the reaction was performedVelting points were recorded in a glass capillary with electrical heat-
with different proportions and different modes of mixing of the ing and are uncorrected. The IR spectra were recorded on a Nicolet
reactants and underzl‘and o} atmospheres taking benzalde- 5DX FTIR Spectrometer on samples taken neat or as KBr discs. The

: 14 NMR spectra were recorded on Bruker Spectrospin DX-300MHz
hyde as a test case. The reaction proceeded smoothly and to R spectrometer in CDClwith tetramethylsilane as the internal

1 hour for completion if th_e ratio of benzalde_hyde. I"CI . standard. All the aldehydes and titanium tetrachloride are commer-
n-Bu;N was 1:1:2. The reaction was found to be incomplete ingjally available and were used as received. All the amines are also
comparable amounts of time with lower proportions of JiCl commercially available and were distilled over calcium hydride
and n-Bu,N (benzaldehyde:TiGin-Bu,N=2:1:2). When the  before use. _ _

reaction was carried out with equimolar mixture of benzalde- General procedureTo a solution of 10 mmol of aldehyde in 10 ml
hyde, TiC|, and n-Bu,N, some unreacted benzaldehyde was©f 1.2-dichloroethane (or dichloromethane) was added 1.1 ml (10

. - - mol) of TiCl, and the resulting heterogeneous mixture was stirred
detected by TLC, which disappeared on addition of one morégr 10 minutés at room temperature @5 To this solution was

equivalent on-BuN without causing any improvement in the  agded 4.8 ml (20 mmol) ai-Bu,N slowly drop wise with stirring
yield of the product. When to an equimolar mixture of ben-through a separatory funnel at the same temperature. The addition
zaldehyde and Ti¢ln 1,2-dichloroethane, 4 equivalentsref  required 10 minutes. The solution became homogeneous after the
Bu,N was added, the reaction was over immediately but thexddition pfn-Bu3N. Th.e stirring was continued and.the progress of
yield of the product (26%) did not improve. the reaction was monitored by TLC. After the reaction was complete
Addition of one equivalent of TiGto a stirred solution con- (see Table 1 for time), the solution was diluted with 50 ml of ether,

o . : ashed with 5% 58O, (2 x 20 ml) solution to remove the excess of
taining one equivalent of benzaldehyde and 2 equivalents a},c"3mine, and 16 mi'of brine and dried over anhydroyS®aThe

n-Bu;N also gavea-ethylcinnamaldehyde in 30% yield. organic layer after evaporation gave a crude liquid, which was puri-
Stirring a solution of TiGlandn-BuyN in 1,2-dichloroethane  fied by column chromatography (silica gel, 5% EtOAaihexane)
for 5 minutes followed by the addition of benzaldehyde to get then-ethylcinnamaldehyds.

Table 1 Reaction of aromatic aldehydes with n-BuN,/TiCl,

S. no. Aromatic aldehyde 7 Time/h Yield of a-ethyl cinnamaldehyde 8 (%)
1 Benzaldehyde 1 31

2 p-Tolualdehyde 2 26

3 m-Tolualdehyde 2 262

4 o-Tolualdehyde 2 202

5 p-Nitrobenzaldehyde 10 18

6 p-Chlorobenzaldehyde 10 26b

alsolated as its 2,4-DNP derivative; ®19 % of p-chlorobenzyl alcohol was also isolated.
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In the reaction op-chlorobenzaldehyde with tributylamine, 19% 1491(s), 1180(s)1091(s) 1055(s) cm: H NMR: & 1.13 (t,
of p-chlorobenzyl alcohol was also isolated by column chromatogra-J=7.52Hz, 3H), 2.54(q, J=7.51Hz, 2H), 7.15 (s, 1H)7.43=s, 4H),
phy as a colourless solid besidegthyl{p-chlorocinnamaldehyde. 9.54s, 1H ppm; Analysis: calculated for ,gH,,0Cl: C 67.87, H

) 5.70. Found: C 67.69, H 5.59.
Spectral data afi-ethylcinnamaldehydes (8) compounds (3), (4), (5)

?Bdafg ?Zr;dhtg\tleezr,lgt%I:zn(fé%g:trglc}rgper:ﬁgglsr&drazme) derivatives OfFinancial assistance by the DST, New Delhi is gratefully
(1) (22)-2-ethyl-3-phenylprop-2-erfdl m.p. (2,4-DNP derivative) ~acknowledged.

210°C. IR: v, 1685(s, C=0) 1626(s, C=C) 1597(m), 1584(w), )

1574(m), 1182(5)1057(5) cmt 1H NMR: & 1.15(t, J=7.51Hz, 3H), Received 22 September; accepted 21 October 2000

2.57(q, J=7.52Hz, 2H), 7.21(s, 1H), 7.37-7.56m, 5H), 9.55s, 1H) Paper 00/529

ppm; Analysis: calculated for ,GH,.O,N, (2,4-DNP derivative): C

60.0, H 4.74, N 16.47. Found: C 59.64, H 4.51, N 16.37. Ref
(2) (22)-2-ethyl-3-(4-methylphenyl)prop-2-eFalm.p. (2,4-DNP ererences

derivative) 180C. IR:v__ 1685 (s, C=0), 1626 (s, C=C)592(s) 1 (a) G.M. RobertsorComprehensive Organic Synthesi&M.
1328(s) 1138(s) 1085(”5 cmt IH NMR: & 1.13(t, J=7.45Hz, 3B, Trost, I. Fleming and G. Pattenden (eds.); Pergamon: Oxford,
2.39(s, 3H), 2.56(q, J = 7.49Hz, 2H), 7.14 (s, 1H) 7.18-7.5(m, 1991, 3, 563; (b) J.E. McMurryChem. Rey.1989, 89, 1513;
4H), 9.5(s, 1H ppm; Analysis: calculated for,¢H,.O,N, (2,4-DNP (c) A. Furstner and B. Bogdanovimgew. Chem Int. Ed. Engl.
derivative): C 61.0, H 4.84, N 15.82. Found: C 60.82, H 4.63, N 1996, 35, 2442; (d) D. LenoirSynthesis1989, 883; (e) J. E.
15.71. McMurry Acc. Chem. Resl1974,7, 281; (f) M. Ephritikhine

(3) (22)-2-ethyl-3-(3-methylphenyl)prop-2-enal (2,4-dinitro- Chem. Commun1998, 2549; (g) T.—L. Ho and C.M. Woisyn.
phenyl)hydrazonem.p. 170C. IR:v . 3289(w, sh, N-H)1614 (s, Commun, 1973,3, 237; (h) T-L. Ho and C.M. Won&yn.
C=N), 1592(s) 1514(s) 1330(s) 1309(m) cmt 1H NMR: 8 1.32(t, Commun, 1973,3, 37; (i) S.V. Kuz’'min, M.D. Mizhiritskii and
J=7.45, 3H), 2.4(s, 3H), 2.76(q, J = 7.42Hz, 2H), 6.78(s, 1H), L. M. KoganJ. Org. Chem. USSR989,25, 596.
7.15-7.34(m, 4H), 7.83(s, 1H), 7.99(d, J = 9.60Hz, 1H), 8.34(dd, 2 1. Qjima, S.M. Brandstadter and R.J. Dona@em. Lett 1992,
J=9.56, 2.45Hz, 1H, 9.15(d, J = 2.55Hz, 1H), 11.6 (s, 1H, DO 1591.
exchangeable) ppm; Analysis: calculated fogHGO,N,: C 61.0, H 3 (a) K. Hirai and I. OjimaTetrahedron Lett. 1983, 24, 785;
4.84, N 15.82. Found: C 60.79, H 4.65, N 15.73. (b) S. —I. Inaba and I. Ojimgetrahedron Letf 1977,23, 2009.

(4) (2Z)-2-ethyl-3-(2-methylphenyl)prop-2-enal (2,4-dinitro- 4 (a) V.D. Rao and M. Periasamigtrahedron: Asymmetry2000,
phenyl)hydrazonem.p. 172C. IR:v__ 3279(w, sh, N-H) 1613(s, 11, 1151; (b) Y. Matsumura, M. Nishimura, H. Hiu, M. Watanabe
C=N), 1595(s) 1515(s) 1328(s) 1311(m) 1263(m) 1134(m) and N. KiseJ. Org. Chem 1996,61, 2809.

1084(w) cml; IH NMR: 8 1.24(t, J = 7.44Hz, 3H), 2.3(s, 3H), 2.59 5 (a) N. Kise, K. Kumada, Y. Terao and N. Uedatrahedron
(q,J=7.43Hz, 2H), 6.9(s, 1H), 7.24-7.28m, 4H), 7.9(s, 1H), 7.98 1998, 54, 2697; (b) N. Kise, K. Tokioka, Y. Aoyama and Y.
(d, 3 = 9.57Hz, 1H), 8.34(dd,J = 9.47, 2.48Hz, 1H 9.15 (d,J = Matsumural. Org. Chem 1995,60, 1100.

2.55Hz, 1H), 11.2s, 1H, DO exchangeablE ppm; Analysis: cal- 6 M. Periasamy, G. Srinivas and P. BharathDrg. Chem 1999,
culated for G,H,,O,N,: C 61.0, H 4.84, N 15.82. Found: C 60.80, H 64, 4204.

4.67,N 15.71. 7 M. Antler and A.W. Laubengayek Am. Chem. Sqcl955,77,

(5) (22)-2-ethyl-3-(4-nitrophenyl)prop-2-enain.p. 88-96C. IR: 5250.

Vax 1683(s, C=0), 1624(w, C=C), 1508(s), 1344(s), 1181(m), g W.R. TrostCan. J. Chem 1952,30, 835.

1054(m) cml 'H NMR: & 1.15(t, J=7.53, 3H), 2.54(q, J=7.52Hz, 9 M. Periasamy, G. Srinivas, G.V. Karunakar and P. Bharathi
2H), 7.27(s, 1H), 7.64(d, J = 8.70Hz, 2H), 8.31(d, J = 8.78Hz, 2H, Tetrahedron Lett.1999,40, 7577.

9.6 (s, 1H ppm; Analysis: calculated for @H,,O,N: C 64.38, H 10 P. Bharathi and M. Periasarfyg. Lett, 1999,1, 857.

5.40, N 6.83. Found: C 64.19, H 5.27, N 6.79. 11 Kraft, W.M.J. Am. Chem. Sqcl948,70, 3570.
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derivative) 188C. IR: v . 1678(s, C=0)1624(s, C=C) 1589(s), Chem. Absty.1931,25, 1230.



