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REACTION OF PROPARGYL BROMIDE AND TRIMETHYLSILYLPROPARGYL IODIDE WITH
METALLIC TIN, ALUMINUM, AND ALDEHYDES OR KETONES. SELECTIVE SYNTHESIS OF
B-ACETYLENE, B-TRIMETHYLSILYLACETYLENE, AND o-TRIMETHYLSILYLALLENE ALCOHOLS

*
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B-Acetylenic and a-allenic alcohols were synthesized selectively
by the reaction of aldehydes and ketones with organotin compounds
prepared by treatment of propargyl bromide or trimethylsilylpropargyl
iodide with metallic tin and aluminum in a suitable solvent. ‘

Various organometallic compounds have been used to form a C-C bond by the
reaction with aldehydes or ketones. However, in these reactions some
characteristic differences particular to the metals were also found out.

1 that an allylation of aldehydes and ketones to give

For example, we have reported
homoallyl alcohols can be carried out successfully by allyl bromide and metallic

tin in the presence of water, and also an allylation by various allylic bromide is
successful in the presence of water by using metallic tin and aluminum. Also, we

2) Those

have succeeded to extend this finding for intramolecular reactions.
interesting findings characteristic to organotin compounds prompted us to
investigate further on their reactions. Here, we describe a reaction of propargyl
bromide or trimethylsilylpropargyl iodide with metallic tin and aluminum, and
their reactions with aldehydes and ketones.

First, we have found out that diallentin dibromide (2),3) directly prepared
by treatment of propargyl bromide (1) with metallic tin <n the presence of
metallic aZuminum4) in dry tetrahydrofuran (THF), reacts with aldehydes and
ketones to afford B-acetylene alcohols 3 selectively (Table 1). This result is
quite different from that of the reaction of propargyl iodide with aldehyde in

the presence of stannous halide (Snx2) in which a-allene alcohol 4 was reported

-~

to be a major product.s)
1.2 _
Sn + Al r'r?c=0 R°R i"CHz'C=CH
=C- — e =C= —_—
2 HC=C CHzBr (CH2 C CH)ZSnBr2 H 3
pa 2 Rlei-CH=C=CH2
H 4

Second, we have found out that trimethylsilylpropargyl iodide (3) reacts

with metallic tin in the presence of metallic aZuminum4 in the solvent shown in

6)

Table 2 to give bis(trimethylsilylpropargyl)tin diiodide (§) which in turn reacts

with aldehyde to give either a-allenic 7 or B-acetylenic 8§ alcohol. For example,

the reaction in a mixed solvent of acetonitrile (MeCN) and dimethylsulfoxide (DMSO)

gave a-allenic alcohols selectively in good yield. On the other hand, the reaction
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Table 1. Reaction of Aldehyde or Ketone with Diallentin Dibromide to
B-Acetylene Alcohol 3

Aldehyde or Reaction Reaction 3

Ketone methoda) time/h Yieldb)/%
Benzaldehyde A 1.1 94
B 1.0 70%)
n-Heptanal A 1.0 77
B 2.0 68
Crotonaldehyde A 1.0 72
B 1.5 50
Citral A 1. 81
B 1.5 62
Cyclohexanone A 1.1 90
B 1.6 73
2-Octanone A 1.5 91
B 2.0 70
Levulinic acid A 5.0 663

a) Method A; To a suspension of commercial metallic tin (237 mg, 2 mmol; 325 mesh,
99% purity) and aluminum (54 mg, 2 mmol; 200 mesh, 99.5% purity) in dry THF
(2 ml), propargyl bromide (0.36 ml, 4 mmol) was added with vigorous stirring and
the stirring was continued for 1 h at room temperature, and then aldehyde or
ketone (2 mmol) was added to the reaction mixture. After the stirring was
continued as indicated in Table 1, water was added to the reaction mixture.
After usual work up (extraction, concentration), the crude product was purified
by column chromatography on silica gel.
Method B; Diallentin dibromide was prepared similar to that described in Method
A. Aldehyde or ketone (4 mmol) was used.

b) Based on aldehyde or ketone.

c) Mixture of 3 and 4 in the ratio of ca. 3:1 (3:4).

d) 4-Propargyl-4-valerolactone.

in diethylene glycol dimethyl ether (diglyme) gave B-acetylenic alcohols selectively
in a satisfactory yield as shown in Table 2. These reactions seem to be unique in
the following points, 1) the trimethylsilylpropargyltin compound is easily prepared
by using commercial tin and aluminum without any pretreatment for activation of the
metals, and 2) either R-acetylenic or a-allenic alcohol can be selectively prepared
by the choice of the reaction solvent.7)
The following procedure is typical. To a stirred suspension of metallic tin
(1.6 mmol) and aluminum (1.6 mmol) in a mixed solvent (4 ml of MeCN, 0.3 ml of
DMSO) was added 5 (2.1 mmol) at r.t., and the stirring was continued for 1 h.
n-Heptanal (1.0 mmol) was added to the reaction mixture, and the stirring was

continued for additional 1 h at r.t. After usual work up, the crude product was
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purified by column chromatography on silica gel to give pure 7 and §.
H
Sn + Al RCHO R-IH- =C=CH2
TMS-CEC-CH2I —_—— (TMS-C:.--C-CHZ)zSnI2 —_— IMS 7
solvent ~
5 3 H
TMS=trimethylsilyl R-IH-CH2CEC—TMS
8
Table 2. Reaction of Aldehyde with Trimethylsilylpropargyltin Compound 6

Derived from Trimethylsilylpropargyl Iodide, Metallic Tin and Aluminum

Aldehyde 3 Metallic Solvent Product
(mmo1l) (mmol) Sn and Al (ml) Yield/%a)
(mmo1l) vi 8 (2/8)
CHy (CHy) 5CHO MeCN-DMSO
(1.0) (2.1) (1.6) (4.0-0.3) 84 4 (95/5)
MeCN
(1.0) (2.0) (1.3) (3.0) 20 46 (30/70)
diglyme
(1.0) (2.0) (1.5) (5.0) 6 69 (8/92)
PhCHO MeCN-DMSO
(1.0) (2.0) (1.2) (3.0-0.4) 79 9 (90/10)
MeCN
(1.0) (2.0) (1.2) (2.0) 57 12 (83/17)
diglyme
(2.0) (3.0) (2.0) (3.0) 8 61 (11/89)
CH3CH=CHCHO MeCN-DMSO
(2.0) (4.0) (2.0) (3.0-2.0) 55 5 (92/8)
MeCN
(1.0) (2.0) (1.6) (4.0) 8 53 (13/87)
diglyme
(1.2) (2.0) (2.0) (3.0) 6 58 (9/91)
aaP)
HCHO MeCN-DMSO
(1.5) (3.0) (2.0) (4.0-1.0) 79 0 (100/0)
diglyme
(3.0) (1.0) (2.0) (3.0) 50 3 (95/5)

a) After isolation by column chromatography on silica gel based on aldehyde.

b) Formalin (37 wt. % solution in water).
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