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The use of organoboranes as organometallic reagents in organic synthesis is constantly increasing
[1]. The trialkylcarbinols were obtained previously from CO and certain trialkylboranes at 500-900 atm
in aqueous medium [2], or directly from olefins at atmospheric pressure in diglyme medium by succes-
sively running the reactions of hydroborination, carbonylation in the presence of ethylene glycol, and oxi-
dation without isolating the intermediate products [3]. We ran the reaction of CO with the tricyclohexyl-
borane that was isolated after hydroborination at atmospheric pressure [4].

In the present paper we studied the reaction of CO with some other trialkylboranes: the tri-n-propyl-,
tri~n-hexyl-, tri-n~heptyl-, and tricyclopentylboranes, at atmospheric pressure and 100° in diglyme
medium, in the presence of excess ethylene glycol, The experiments were run by two methods: with the
isolation of the carbonylation products from the reaction mixture (Table 1), and without their isolation and
subsequent oxidation with alkaline H,0, solution (Table 2). The isolation of the carbonylation products made
it possible to obtain the cyclic esters of ethylene glycol and the corresponding trialkylcarbinylboric acids
in 60~-67% yields. From tripropylborane, besides the glycol ester of tri-n-propylcarbinylboric acid, the
cyclic trimer of the anhydride of this acid was obtained in 19% yield. The obtained esters were oxidized
in quantitative yield to the trialkylcarbinols. The carbonylation of the trialkylboranes and subsequent oxida-
tion with alkaline H,0, solution, without isolating the carbonylation products, gave the trialkylcarbinols,
which had one more carbon atom than the starting organoborane, in 65-74% yields.

The change in the direction of the reaction when small amounts of sodium metal are added to the re-
action medium deserves attention: the carbonylation of tri-n-propylborane after oxidation gave di~n-propyl-
carbinol in 39% yield; this is similar to the situation where dicyclohexylcarbinol was obtained from tri-
cyclohexylborane when sodium was added [4]. We will mention that the reaction of CO with trialkylboranes
in diglyme medium, in the absence of ethylene glycol, usually gave highly polymeric products.

A stepwise scheme for the reaction of CO with trialkylboranes was proposed previously [2, 3], and
was cited in [4]. The important steps of the reaction are intramolecular rearrangements, with the suc-

- +
cessive migration from tlie boron atom to the carbon atom in the adduct RyB: CO, formed from CO and
the organoborane, of one, two, and three alkyl groups. It was found [2, 3] that the number of alkyl groups,
migrating from the boron atom to the carbon atom, is determined by the reaction conditions, and especially
by the temperature, pressure, and nature of the reaction medium. When the reaction is run in diglyme or
THF at 45°, in the presence of NaBH, or LiBH,, only one alkyl group migrates, which makes it possible to
synthesize either primary alcohols or aldehydes. Two alkyl groups migrate in water —diglyme medium at
ordinary pressure (synthesis of either secondary alcohols or ketones); three alkyl groups migrate in ague-
ous medium at 500~900 atm and 150° (synthesis of tertiary alcohols). The data obtained by us show that the
addition of small amounts of Na to the reaction medium makes it possible to stop the process at the step
of the migration of two alkyl groups, with the formation, after oxidation, of secondary alcohols instead of
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tertiary alcohols. Under the adopted conditions, contrary to the data given in [2, 3], additional heating

of the reaction mixture at 150° is not required for migration of all three alkyl groups (without adding the
Na). Migration of the three alkyl groups occurs even during the reaction process when the reaction is run
in diglyme medium at 100-110° and, after oxidation, the tertiary alcohols are obtained.

EXPERIMENTAL METHOD

The starting trialkylboranes were synthesized as described in [7], by the passage of diborane into an
ether solution of the olefin, The mixture of isomeric trialkylboranes obtained in the hydroborination of the
olefins was carbonylated by the passage of a CO stream for 5-6 h at atmospheric pressure and 100° in the
presence of 1.5~3 mole of ethylene glycol per mole of trialkylborane and 100-400 ml of diglyme. This
method of running the reaction differed from that cited in [4] in that, on conclusion of reaction at 100°,
the mixture was not heated at 150-160° (see above). In the experiments, given in Table 1, after carbonyla-
tion the reaction product was isolated by the addition of 600 ml of water and 20 ml of hydrochloric acid,
with cooling in ice water. The method for the oxidation of the carbonylation products with alkaline H,O,
solution is given in [4]. In the experiments with added Na the reaction components were loaded in the fol-
lowing order: diglyme, 1 g Na, and ethylene glycol, The stirred mixture was heated at 100° until the so-
dium glycolate was formed. Then the organoborane was added and the CO stream was passed through. At
the end of CO absorption the carbonylation product was oxidized with H,0,.

Di-n-propylearbinol was formed when the reaction with tri-n-propylborane was run in the presence
of Na, which was isolated by fractional distillation through a column with an efficiency of 90 theoretical
plates (see Table 2),

The synthesized aliphatic tertiary alcohols, which were obtained by starting with a mixture of iso-
meric trialkylboranes, evidently also represent a mixture of tertiary alcohols, which contain isomeric
aliphatic radicals. We were able to obtain tri-n-propylcarbinol and di-n-propylcarbinol in a fairly pure
state by fractional distillation (see Table 2). Tri-n-hexylcarbinol and tri-n-heptylcarbinol are solids.
Several recrystallizations from various solvents (hexane, benzene, ethanol) failed to change the melting
point, which indicates that they are quite pure, The molecular weights, determined by the mass spectro-
scopy method, as well as the elemental analyses of the obtained products, are given in Tables 1 and 2.

CONCLUSIONS

1. Cyclic glycol esters of trialkylcarbinylboric acids were synthesized from trialkylboranes and
carbon monoxide in 60-70% yield, while tertiary alcohols were obtained by their oxidation.

2. The addition of small amounts of sodium metal changed the direction of the reaction, which made
it possible to obtain secondary alcohols.
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