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Ene Reaction of Allenyl Sulfides with Aldehydes and Schiff's Bases Catalyzed by Lewis Acids
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Ene reaction proceeds between a-alkylallenyl sulfides and enophiles
such as aldehydes and Schiff's bases in the presence of Lewis acid to afford

various 1,3-dienes.

In recent years, development of synthetic reactions by the use of allene derivatives!) has
been investigated with much interest because of their unique structure. For instance, many
kinds of allenyl metals have been devised for the introduction of allenyl or propargyl groups.2)
Allene itself is, however, not so reactive that the introduction of suitable substituents is generally
required to increase its reactivity. That is, allenyl ether,3) allenyl silane,4) and allenyl
ferrocened) are used in [4+2] and [3+2] cycloaddition reactions.

We have recently found that the Lewis acid-promoted [2+2] cycloaddition reaction excep-
tionally proceeded by employing alkenyl and alkynyl sulfides.®)  Introduction of an alkylthio
group into allene derivatives, therefore, would be expected to increase their reactivity. Accord-
ing to this assumption, 1-benzyl-1-methylthio-1,2-propadiene (1a) was prepared”) and the
reaction with aldehydes was examined in the presence of Lewis acid. When a mixture of 1a and
benzaldehyde was treated with Et2 AICl at -78 °C in dichloromethane, ene reaction8) proceeded to
give 2-methylidene-3-methylthio-1,4-diphenyl-3-buten-1-ol (2a) in 50% yield. The yield of the
enc product 2a depended on the Lewis acid used, and the reaction with BF3<OEty at -78 °C afforded
2a in 83% yield.
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Since a synthetically important 1,3-diene derivative was prepared by the above reaction,
the ene reactions of allenyl sulfides 1 and various aldehydes were examined under the above
reaction conditions. As shown in Table 1, wide generality is observed in this ene reaction with
respect to aldehydes and allenyl sulfides; aldehydes including aliphatic, aromatic, and o,B-unsat-
urated ones are able to be employed as enophiles. Tetra- and trisubstituted 1,3-butadiene

derivatives 2 are prepared in high yields from allenyl sulfides 1la,b. In spite of the instability of
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the dienes bearing no substituent on the terminal positions,?) the reactions of lc also give the
corresponding disubstituted dienes in good yields.

The reactivity of allenyl sulfides 1 as ene components is expectedly so high that the ene
reaction proceeds even at low temperature (-78 °C).10) This high reactivity of 1 is attributable to
the alkylthio substituent, because the enc reaction did not proceed between the alkoxy analogue
of 1a, 1-benzyl-1-methoxy-1,2-propadiene, and benzaldehyde in the presence of BF3+OEt).

The representative experimental procedure is as follows: To a dichloromethane (5 ml)
solution of benzaldehyde (0.40 mmol) and 1a (0.60 mmol) was added a dichloromethane (2 ml)
solution of BF3<OEt2 (0.48 mmol) dropwise at -78 °C. The mixture was stirred at that temperature
for 12 h, and the reaction was quenched with 2 ml of triethylamine and then with pH 7 phosphate
buffer. The crude product was purified by thin layer chromatography (silica gel) to afford the
ene product 2a (0.33 mmol, 83%).

Table 1. The reaction of aldehydes with allenes 1

Ene (R',R?) Ph, H (1a) Me, Me (1b)  H, H (1¢)
Aldehyde (Rs) Yield of the ene product 2/ %, ( cis : trans)
Ph- 83 (>99:1) (2a)2P 75 80
PhCH,CHy- 73 (10:1) 29 88 55
(CHy),CH- 62 (6:1)%9 83 57
cyclo -CgHyy- 67 (6:1)%9 68 61
CHjy(CH,),CH=CH- — 64 —

a) Relative stereochemistry was determined by the observation of NOEs between H2

and HP, HS, and Hd of each isomer.
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b) cis : trans Isomer ratio was determined after separation.
¢) Relative stercochemistry was determined by the comparison of the chemical shifts
and coupling patterns of each isomer with those of each isomer of 2a.

d) cis : trans Isomer ratio was determined by 500 MHz !H-NMR.

Although Schiff's bases are the nitrogen analogues of aldehydes, application of them as
enophiles has been restricted either to the reactions employing reactive N-sulfonylimines

derived from glyoxylate or chloral,!1) or to the intramocular reaction.12)  But the high reactivity
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of allenyl sulfides 1 as enec components suggested the possibility of ene reaction with simple
Schiff's bases.

Treatment of a mixture of N-isopropylidenebenzylamine (3a) and 1a with BF3+-OEt2, in
fact, afforded the corresponding ene product 4a in ca. 20% yield. After screening of Lewis acids,
AlICI3 was found to give the best result. That is, AICl3 (0.52 mmol) was added portionwise at
ambient temperature to a toluene (5 ml) solution of 3a (0.4 mmol) and 1a (0.64 mmol), then the
mixture was stirred for 12 h. The same work-up as in the case of aldehydes gave the ene product
4a in 81% yield.

Various Schiff's bases react with allenyl sulfides la-c in the presence of AICI3 (Table 2).
Not only an aromatic Schiff's base but also aliphatic ones are found to be employed as enophiles.
Ene reaction proceeds even in the case of the Schiff's base 3¢ of a primary aldehyde, which is

unstable in the coexistence of Lewis acid.

PhCH,NH  SMe

AICly ;
1+  R‘CH=NCH,Ph -~ R NP

3 toluene, r.t. 4 R2

Table 2. The reaction of Schiff's bases 3 with allenes 1

Ene (R', R%) Ph, H (1a) Me, Me (1b) H, H (1¢)

Schiff's base (R?) Yield of the ene product 4 /%, ( cis :trans)

(CH,),CH- (3a) 81 (3:1)(4a)? 80 —

CeHs-  (3b) 83 (25:1) 88 53

CH,(CH,);- (3¢) 28 (2:1)® 43 —

a) cis:trans Isomer ratio was determined after separation. Relative stereochemistry
of each isomer was determined by the observation of NOEs, analogously to 2a.
b) Relative stereochemistry was determined by the comparison of the chemical

shifts and coupling patterns of each isomer with those of isomers of 4a.

There are a few examples in which allene derivatives have been used as ene compo-
nents,3¢.f.8) and most of them are intramolecular reactions.8¢.) The present study reveals the
utility of allenes activated by an alkylthio substituent as ene components, and the ene reaction of
the allenyl sulfides 1 with aldehydes and Schiff's bases affords the synthetically useful 1,3-diene

derivatives.13)
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