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Abstract: Treatment of a mixture of a-iodo-y-butyrolactone and
phenylacetylene in water with a catalytic amount of triethylborane
provided the corresponding adduct in good yield via intermolecular
radical addition reaction. The triethylborane-mediated radical reaction
in agueous media could be performed under acidic or basic conditions.

Recently, much attention has been paid to free radical reactions for the
synthesis of organic molecules.! Various organic solvents have been
widely used for the radical reactions. On the other hand, there has been
little investigation of the reaction in agueous solvent.? We have reported
that triethylborane-mediated intramolecular radical cyclization reactions
of alyl iodoacetate providing y-butyrolactone are much more efficient
in water than in organic solvents such as benzene or hexane.3 Here we
report further exploitation of EtsB-induced radical reaction in water for
the intermolecular addition of halogenated compounds to carbon-carbon
multiple bonds as well as the intramolecular cyclization reaction.

Triethylborane (1.0 M methanol solution (1 M =1 mol dm‘:’), 0.1 mL,
0.1 mmol) was added to a mixture of a-iodolactone la (212 mg,
1.0 mmol) and phenylacetylene (0.31 g, 3.0 mmol) in water (9 mL) at

Table 1. Addition of Halogenated Compounds to Alkene®
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25°C under argon atmosphere. The resulting mixture was stirred for :
h and the product was extracted with ethyl acetate (3 x 20 ml). TF
combined organic layers were dried over anhydrousSNa and
concentratedn vacuo. Purification of the residual oil by silica gel
column chromatography gave an add¥fctE/Z = 67/33, 0.29 g) in 94%
yield (Scheme 1). The reaction of trimethylsilylacetylene (5.0 mmol’
with perfluoroalkyl iodide, gFi3l (1.0 mmol) in the presence of a
catalytic amount of BB (0.2 mmol) in water (9 mL) also gave the
corresponding addu@® (E/Z = 61/39) in 58% yield along with 2:1
adduct 4 (21%, single isomer, the stereochemistry could not be

determined.) (Scheme 2).
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We chose three halogenated compounds (1a, 1b, and 1c) and examined
the addition reactions of these compounds to a variety of alkenes.® The
representative results are shown in Table 1. Several comments are worth
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a) Halo compound (1.0 mmol), alkene (5.0 mmol), and Et;B
(1.0 M methanol solution, 0.1 mL, 0.1 mmol) were employed.
b) See ref. 7

noting. (1) These halogenated compounds easily reacted with terminal
alkenes as well as termina akynes to give the corresponding atom
transfer® products in good yields. (2) Internal alkenes were less reactive
compared to terminal alkenesin the addition reaction of the halogenated
compounds and provided the adducts in only moderate yields. For
instance, treatment of (E)-4-octene with 1b or 1c in the presence of

triethylborane gave the corresponding adduct 11 or 14 in 37% or 46%
yield, respectively (Entry 7 and 10). (3) The use of dienes such as dialyl
ether and 2,2-diallyl-1,3-propanediol provided cyclized products 6, 9,
and 13 upon treatment with the halogenated compounds in water in the
presence of a catalytic amount of triethylborane (Entry 2, 5, and 9). (4)
The reactions in water were much more effective compared to the
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reactions without solvent. For instance, treatment of a mixture of
1a (1.0 mmol) and allyl alcohol (5.0 mmol) with Et3B (1.0 M methanol
solution, 0.1 mL, 0.1 mmol) without any solvent provided 5 in only 32%
yield along with recovered 1a (61%) after 3 days at 25°CThe reaction

of la with 2,2-diallyl-1,3-propanediol without solvent was also less

effective than the reaction in water and gave the desired prédoct
only 5% along with a complex mixture containif§ (46%). (5) The

reaction proceeded equally well in agueous methanol. Thus, treatm
of a mixture ofla (1.0 mmol) and phenylacetylene (3.0 mmol) in

aqueous MeOH (MeOH (9 mL) and@® (3 mL)) with E§B (0.1 mmol)
afforded2 in 95% vyield.

OH

It is interesting that this BB-induced radical reaction proceeded in
various acidic and basic aqueous solution. The reaction betweet%)
bromotrichloromethané&b and diallyl ether in 1 M HCl or 1 M NaOH

afforded the addu&in 71% or 59% yield, respectivé)Moreover, the
reaction took place even in concentrated HCI to §ive 38% vyield.

The results indicated that triethylborane was fairly stable in these
aqueous solution and acted as a radical initiator in the presence of a

trace amount of oxygen.
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2 (E/2=67/33): IR (nujol) 1762, 1449, 1154, 1018, 694 cm™%; H

NMR (CDCl3) 6 7.30-7.50 (m, 5H), 6.38 (d, 0.67H), 6.02 (d,
0.33H), 4.45 (ddd, 0.33H), 4.33 (ddd, 1H), 4.09 (ddd, 0.67H), 3.70
(ddd, 0.33H), 3.26 (ddd, 0.67H), 2.77 (m, 0.33H), 2.28 (m,
0.67H), 2.17 (m, 1H)}3C NMR (CDCk) 5 29.0, 29.5, 42.5, 48.1,
66.3, 66.8, 101.1, 110.8, 128.4, 128.5, 128.6 (2C), 128.9, 129.0,
133.1, 136.4, 140.9, 142.2, 176.1, 176.5. Found: C, 45.59; H,
3.62%. Calcd for H4410,: C, 45.88; H, 3.53%.

The reaction of 2-iodopropane with trimethylsilylacetylene gave
an adduct in only 14% yield (E/Z = 94/6) upon treatment with
Et3B in water.

Curran, D. P; Chang, C. -T. Tetrahedron. Lett. 1987, 28, 2477-
2480.

5 (44:56 diastereomer mixture): IR (neat) 3324, 2912, 1753;cm
1H NMR (CDCl3) & 4.74-4.65 (m, 0.44H), 4.46-4.34 (m, 1H),
4.31-4.19 (m, 1.56H), 3.92-3.75 (m, 2H), 2.94-2.71 (m, 1.44H),
2.60-2.42 (m, 1.56H), 2.31-2.21 (m, 0.56H), 2.17-1.81 (m,
2.44H);13C NMR (CDCL) 5 179.4, 178.2, 68.5, 67.8, 66.7, 66.5,
39.6, 39.1, 37.5, 36.8, 36.0 (2C), 29.4, 28.7. Found: C, 30.83; H,
4.08%. Calcd for €H14104: C, 31.13; H, 4.11%.

The reaction proceeded in benzene and gave 5 in 74% yield after
stirring for 30 h. In agueous methanol (MeOH (5 mL) and H,O (5
mL)), 5 was obtained in 85% yield after stirring for 7 h.

Representative experimental procedure: Triethylborane (1.0 M
methanol solution, 0.1 mL, 0.1 mmol) was added to a
heterogeneous solution of 1b (198 mg, 1.0 mmol) and diallyl ether
(0.49 g, 5.0 mmol) in 1 M HCI (10 mL) at 25°C with vigorous
stirring. Extractive work up (ethyl acetate and brine) followed by
purification by silica gel column chromatography g&u®.22 g)

in 71% yield.
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