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Summary: syn-1,3-Diol acetonides are produced with
>99:1 selectivity by reductive decyanation of the corre-
sponding cyanohydrin acetonides. Cyanohydrin acetonides
(4,6-dialkyl-4-cyano-2,2-dimethyl-1,3-dioxanes) are avail-
able from 3-hydroxy aldehydes by cyanohydrin formation
and alkylation, or directly from 8-hydroxy ketones. The
former method is particularly well suited to the convergent
synthesis of alternating (1,3,5,...) polyol chains which are
found in the polyene macrolide antibiotics.!

We have been expioring new methods for assembling
alternating polyol chains and recently reported a conver-
gent synthesis of polyol chains based on the generation and
alkylation of cis- or trans-6-alkyl-2,2-dimethyl-4-lithio-
1,3-dioxanes.?® The trans-alkyllithium reagent is available
in 75-80% yield and can be alkylated to give protected
anti-1,3-diols. The cis-alkyllithium reagent gives protected
syn-1,3-diols, but it is produced in an unsatisfying 50-55%
yield. We sought to develop a more effective convergent
synthesis of protected syn-1,3-diols.

Our new approach to protected syn-1,3-diols is described
in Scheme I. 3-((Trimethylsilyl)oxy) aldehyde 1 is con-
verted into 6-alkyl-4-cydno-2,2-dimethyl-1,3-dioxane (2)
in excellent yield by reaction with trimethylsilyl cyanide
(TMSCN) and potassium cyanide—18-crown-6 complex*
followed by treatment with acetone, 2,2-dimethoxy-
propane, and an acid catalyst. The protected cyanohydrin
2 is produced as a 1:1 mixture of syn and anti isomers
which were used without separation. Deprotonation of
protected cyanohydrin 2 with lithium diethylamide and
alkylation® gives cyanohydrin acetonide 3 as a single ste-
reoisomer with the nitrile substituent axial.? Finally re-
ductive decyanation of cyanohydrin acetonide 3 by
treatment with sodium in ammonia at -78 °C gives syn-
1,3-diol acetonide 4 as a single isomer in excellent yield.”?

This procedure has been applied to a variety of 3-
((trimethylsilyl)oxy) aldehydes 1 and a variety of alkylating
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(6) The small A value of a nitrile means that it behaves like a hydrogen
in a 13C acetonide analysis. Based on the observed 3C acetonide chemical
shifts [30.8, 21.5 ppm], the alkyl substituents are syn. Rychnovsky, S.
D.; Skalitzky, D. J. Tetrahedron Lett. 1990, 31, 945-948.

(7) Stereochemical assignments were consistant with *C acetonide
analysis (ref 6).

(8) The product ratios for entry 1 were determined by GC using au-
thentic standards: 3 is produced in a ratio of 99.6:0.4 and 4 is produced
in a ratio of 99.8:0.2. Only for entry 8 was the anti isomer of 4 formed
in significant quantities (94:6 syn to anti by GC).
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Table I. Synthesis, Alkylation, and Reductive Decyanation
of Cyanohydrin Acetonides
(Structures Are Given in Scheme I)®
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s All new compounds were characterized by 'H and 3¥C NMR,
IR, analysis, and/or MS. ®Aldehydes 1 were prepared according to
the literature? or by standard methods. ¢LDA was used. ¢The
alkylation product was reduced directly. °Reduced with Li/
EtNH, at 0 °C. /Reduced with LiDBB in THF at -78 °C and
protonated with methanol. ¢A ~1:1 mixture of diastereomeric
products are produced from racemic starting materials.

n-C_-,H "Bf 77 90

agents; the results are presented in Table I. Protected
cyanohydrin anions are very good nucleophiles and can be
alkylated with reactive (entry 4) and unreactive (entries
2, 3) alkylating agents in good yield. The secondary methyl
groups found in polypropionate chains can be directly
incorporated into cyanohdyrin acetonides; subsequent
alkylation and reductive decyanation proceed as expected
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without any loss of stereochemistry at the secondary
methyl centers (entries 6, 7). Isolated olefins are not
affected by this procedure (entry 4), and allylic ethers are
tolerated if lithium di-tert-butylbiphenylide in THF is
used in the reductive decyanation (entry 9). Even com-
pounds with an intervening quaternary centers give good
results (entry 8). The example presented in Scheme 1I
illustrates the potential of this procedure in polyene ma-
crolide antibiotics synthesis. Reaction of scalemic di-
bromide 6!° with 2.8 equiv of the cyanohydrin anion de-
rived from scalemic 5 gives the dialkylated product 7 in
84% yield. Reductive decyanation with lithium in am-
monia gives a 69% yield of 8, which has the correct relative
stereochemistry for C15 to C27 of roxaticin.!! This new

(9) In entry 6, aldehyde 1 and acetonide 4 are both present as 10:1
mixtures at the methyl center. In entry 7, aldehyde 1 and acetonide 4
are both present as 15-17:1 mixtures at the methyl center.

(10) 6 was prepared in optically pure form by hydrogenating 1,5-di-
chloro-2,4-pentanedione with [(S-BINAP)RuCL)],Et;N catalysis and
treating the resulting diol sequentially with (i) KOH/Et,0, (ii) Li,NIBr,,
and (ii1) acetone, 2,2-dimethoxypropane, CSA. Full experimental details
will be published separately.

(11) Maehr, R.; Yang, R.; Hong, L.-N.; Liu, C.-M.,; Hatada, M. H,;
Todaro, L. J. J. Org. Chem. 1989, 54, 3816-3819.

method will dramatically simplify the synthesis of complex
polyol chains.

What factors determine the stereochemistry of these
reductive decyanation? The reductive decyanation of
protected cyanohydrins has not been reported, but the
reductive decyanation of tertiary nitriles is a well-studied
reaction which has been known for over 50 years.!? Re-
ductive decyanation proceeds by fragmentation of a nitrile
radical anion to give cyanide anion and an alkyl radical
which is subsequently reduced and protonated to give an
alkane. In the reduction of axial cyanohydrin 3 the proton
is introduced into an axial position, which is due to either
stereochemical retention or preferential formation of the
axial anion. Cohen and Sinay have shown that reduction
of 2-tetrahydropyranyl radicals produces axial anions,?
which presumably reflects the greater stability of the axial
rather than the equatorial radical,’* whereas Fabre has
shown that reductive decyanation of aminonitriles proceeds
largely with retention of configuration.’®* To distinguish
between preferential formation of an axial anion and
stereochemical retention we prepared cyanohydrin aceto-
nide 3 (R; = i-Pr, R, = n-C;H,,) and its epimer as a 52:48
mixture from the corresponding ketone.’® Reduction of
this mixture with sodium in liquid ammonia gave syn-
1,3-diol acetonide 4 (R, = i-Pr, R, = n-C;H,,) as a single
isomer'” in 87% yield, demonstrating that the axial anion
is formed preferentially from both cyanohydrin epimers.
The syn stereochemistry observed in reductive decyana-
tions reflects the configuration preference for axial anom-
eric radicals and not a retention of configuration.
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Summary: Optically active cyclic imino acids, pipecolinic
acid and proline, are readily obtained from «,w-diamino
carboxylic acids and their N_-substituted derivatives by

the photoirradiation of aqueous suspensions of TiO, or

CdS loaded with platinum oxides under Ar at room tem-
perature.
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