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An efficient preparation of stereospecific p-hydroxy nitriles
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Abstract—The cyanide-ring opening of thionocarbonates with NaCN in DMF and TBACN in THF is described. This reaction
occurred regioselectively to afford B-hydroxy nitrile with preserved stereochemistry of the hydroxy group in high yield.
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The ring opening of thionocarbonates by azides and thi-
ols has been described in the literature.! Recently, we
have also reported various applications of thionocar-
bonates. We have used them to construct the cyclopen-
tane ring system in the synthesis of isoprostanes by a
radical approach.? In addition, we have used them to
prepare terminal olefins,? iodohydrins,* and epoxides.*
These methods were successfully utilized in the prepara-
tion of key synthons for the total synthesis of iPF,,-IV
and iP,,-V.>> We were interested in finding out if we
could use the thionocarbonate ring system to build a
carbon—carbon bond and, in particular, a one-carbon
extension. We are reporting here on a high-yield facile
conversion of vic-diols to B-hydroxynitriles via the inter-
mediacy of the thionocarbonate derivative.

B-Hydroxynitriles have been prepared from wvic-diols
through the 1,2-epoxide via a ring-opening reaction
using various cyanide reagents.®!! In most cases, these
methodologies require the presence of a cation or Lewis
acid to facilitate the cleavage of epoxide.”-%!! One of the
most commonly used intermediates for the epoxide form-
ation is a primary tosylate derived from a vicinal
diol.*!271# The preparation of the primary tosylate is of-
ten accompanied by the formation of the secondary tos-
ylate to a greater or lesser extent, and purification can be
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sometimes tedious. In addition, if some of the minor sec-
ondary tosylate escapes purification, partial racemiza-
tion of the epoxide will occur. The use of the
thionocarbonate derivative obviates this potential
problem.3#

The methodology described here is short and operation-
ally very simple. The one-carbon homologation/exten-
sion procedure is described in Scheme 1. A typical
procedure for the NaCN/DMF is as follows. To a solu-
tion of thionocarbonate (0.092mmol) in commercial
anhydrous DMF (1.2mL) was added 20equiv of NaCN.
The reaction mixture was stirred at room temperature
for 3—-12h, quenched with water and extracted with ethyl
ether. The solvent was removed under reduced pressure
and the residue purified by flash chromatography. Table
1 shows the different examples we have selected to illus-
trate this conversion.

We found that tetrabutylammoniumcyanide (TBACN)
in THF is an equivalent substitute for the NaCN/
DMF procedure. The reaction times are shorter and
the yields are comparable. A representative procedure
is as follows. The thionocarbonate in dry THF was trea-
ted with 3equiv of commercial TBACN (in entries 7 and
8, 10equiv were used) and stirred at room temperature
for 45min to 5h, the THF evaporated, the residue trea-
ted with water and extracted with ethyl acetate. The sol-
vent was removed under reduced pressure and the
residue purified by flash chromatography. The results
of this conversion are summarized in Table 1.
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Scheme 1. Representative preparation of B-hydroxy nitriles from thionocarbonates.
Table 1. Nucleophilic ring-opening of thionocarbonates by NaCN and TBACN
Entry Thionocarbonate® Product® Reaction time Yield (%)
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#The thionocarbonates in entries 1, 3, 5, 6, and 8 were prepared as described by us previously.“‘3 The thionocarbonates in entries 2, 4, and 7 were

prepared similarly from vicinal diols.
®Yields and reactions times from the TBACN/THF procedure.

¢ All products are new. Selected NMR data are reported in the reference section.

16-18

4 Combined yield. The isolated yield of 8 and 20 are 82% and 12%, respectively.
¢ Combined yield. The ratio of 16 to 33 is 1.1:1 (TBACN/THF) and 1.3:1 (NaCN/DMF) as judged by NMR.

In order to find out if cyclic carbonates react with cya-
nide, synthetic cyclic carbonate 35, prepared from the
diol and carbonyldiimidazole, was subjected to the
TBACN/THF procedure. Ring opening of 35 by cya-
nide was not observed even after overnight stirring.

The starting material was recovered and the identity
was confirmed.

The nucleophilic attack by the cyanide on the thionocar-
bonate occurs at the primary carbon. We have not so far
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Scheme 2. By-products isolated in the cyanide-ring opening of thionocarbonates.

detected secondary cyano derivative. However, in one
case, bis-nitrile derivative 18 was isolated in entry 5 in
6% yield. We do not know the mechanism of formation
of the bis-cyano by-product except that it is not formed
from the hydroxy nitrile. A possible explanation for the
formation of 18 is shown in 19 (Scheme 2). In entries 7
and 8 (following the TBACN/THF procedure), cyclic
carbonate 34 and 35 were isolated in 11% yield
and 7% yield, respectively, presumably due to a
hydroxy attack on the thiocarbonyl group. The identity
of 35 was established by comparing with a synthetic
sample.

Some comments are warranted on substrates that have a
silyloxy group adjacent to the thionocarbonate unit, for
example, entries 4, 7, and 8. The results for entries 4 and
8 indicate that there is some silyl transfer. We observed
silyl transfer in entry 4 to give 20 in 12% yield (combined
yield of 8 and 20 is 94%), and in entry 8 to give 16 and 33
in 89% combined yield. The two isomers in entry 4 can
be easily separated while the isomers in entry 8, which
have been obtained in pure forms, are however more dif-
ficult to separate on a large scale and from the practical
stand point, the single diol resulting from the deprotec-
tion of the silyl group of the two isomers may be the
preferred synthetic intermediate. Such a diol can also
be used to perform the total synthesis of eicosanoid
natural products. The reaction times of entries 7 and 8
are longer, most probably due to the bulky TBDPS
groups.

Interestingly, no silyl transfer seems to occur in entry
7.15

Cyano is a versatile group, which can be converted to
aldehydes,'”?° acids,!®?! ketones,!” amides,'>?> and
amines.!”?>2* In the cases of B-hydroxynitriles, reduc-
tion would lead to y-amino alcohols, which are useful
intermediates for several molecules of pharmaceutical
and biological interest.>>2’ In addition, B-hydroxyni-
triles can be easily converted to o,p-unsaturated nitriles.
Entry 7 is of particular interest since the product, B-
hydroxynitrile 14 contains two reactive poles, which
can be used to carry eicosanoid synthesis. For example,
one can envision the synthesis of 5-HETE, 5-oxo-ETE,
and vic-diHETES using this synthon.
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