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DIASTEREOSELECTIVE CYCLIZATION OF 6-OCTEN-1-ALS WITH RHODIUM(I)~-COMPLEX

*
Kazuhisa Funakoshi, Nagako Togo, and Kiyoshi Sakai
Faculty of Pharmaceutical Sciences, Kyushu University,
Fukucka 812, Japan

Summary: Rhodium(I)-catalyzed cyclization of 6~octen-l-al with chiral
protecting group ((4R,6R)-dimethyl-1,3-dioxane) at the C3 afforded
diastereoselectively the trans-cyclohexanol.

Previously, we reported on Rh(I)-catalyzed stereoselective cyclizationl)

of 3,4-disubstituted 4-penten-l-als to cis-3,4-disubstituted cyclopentanones

2) of (+)-citronellal (I) to a mixture of the

3)

and Rh(I)-catalyzed cyclization
cis~cyclohexanol (IA) and the trans-cyclohexanol (IB) in ratio of 3 to 1.

Now, we report on Rh{I)(Wilkinson complex)-catalyzed diastereoselective
cyclization of 6-octen-l-als with chiral protecting group at the C3—position.
Rh(I}-catalyzed cyclization4) of the aldehydes (IIa,b) with cyclic acetal

(1,3-dioxane or 1,3-dioxolane) at the C, afforded stereoselectively

3
only the trans-alcohol (IIIa, 60%; IIIb, 55%), and the cis-alcohol was not
obtained at all. This trans-cyclization is in contrast to the case of I,

3,3-dimethyl-7-methyl-6-octen-1-al, °2)
b)

and 7-methyl-3-phenyl-4-oxa-
which were cyclized to a mixture {ratio of 3 to 2)
) with Rh(I)-complex.

6-octen-1l-al,>
of the corresponding cis-alcohols and trans-—alcohols5c
This stereoccontrolled trans-cyclization

O
v~ ‘OH

A L
A 1;§

HO

reaction prompted us to cyclize the aldehyde (IV)6) with chiral

protecting group ((4R,6R)-dimethyl-1, 3~-dioxane) at the C3. Rh(I)-catalyzed
cyclization of IV proceeded to afford only the trans~-alcohol (V)([a]g
-19.79°(c=1.02, EtOH)) in 60% yield, similarly to that of II. Examination of
lH—NMR using shift reagent (Eu(DME))7) indicated that V should be >99% de.
Thus, it was concluded that this cyclization proceeded in diastereoselective
manner. Removal of protecting group in V with aqg. AcOH (5% aq.AcOH/THF;

5 h at 40°C) afforded the optically active ketone (VI, 75%)([«]2?-11.66°
(c=0.24, EtOH). Absolute stereochemistry of (-)-VI was determined to be
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(3R,48) by comparison with (+)-VI, in which absolute stereochemistry was
established by CD-spectrum to be (3S,4R).8) The formation of (3R,48)-(-)-
VI allows tentatively to propose the following mechanism. As shown in Fig. 1,
a space around the aldehyde function in chair form drawn by full line seems to
provide sterically more preferable conditions for cyclization than the
dotted line chair form, in which the axial methyl at the C4. may
interrupt the access of bulky Rh(I)-complex. There are two possible path ways
(1 and 2) in this cyclization. Consideration of Dreiding stereomodel
suggests that 1A conformation causes a steric repulsion between the C4—H2
and C6,-Me(ax). However, the CG,—Me in 2A conformation occupies sterically
more hindered position between the Cy and Cge The above difference for
steric hinderance allows to proceed via the sterically less hindered 1A
to afford (3R,4S)-configuration. Two aldehydes (VII,X)Q) with chiral
protecting group (4R-methyl-1,3-dioxane)} at the C3—position were also
subjected to Rh(I)-catalyzed cyclization. The aldehydes (VII,X) were cyclized
to afford two diastereomeric trans-alcohols; VIII: 40%, [m]gz+6.24°
(c=5.00, EtOH); IX: 12%, [a]2?-41.63°(c=3.18, EtOH); and XI: 423,
[w122+2.06°(c=1.65, EtOH); XII: 7.0%, 53152—42.30"(c=1.68, EtOH),

) of VIII and XI with aq.AcOH
afforded (-)-VI (3R,4S)([a]§2wll.64°from VIII, and -11.25°from XI).ll)

Thus, chiral protecting group with Cz—axis seems to be effective for

respectively. Independent deprotection

diastereoselective cyclization.
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Absolute stereochemistry of (+)-VI ([a] 243.0°(27%e. e) obtained by
alternative method was determlned by CD spectrum ([9] = +47.28°(289

nm, MeOH),AE = +1.43x107%) to be (3S,4R).

Two aldehydes (VII and X) could be separated by column chromatography on
silica gel, and each structure was established by comparison of 1H—NMR
spectra with those of two R-1,3-butanedioxy acetals of methyl pyruvate.
Based on the finding that, in R-1, 3-butanedioxy acetals of methyl pyruvate,
axial methyl (8§ 1.51) in less polar fraction is observed at the upfield than
that of equatrial methyl (§ 1.65) in polar fraction, the formyl methyl
function [the C,-H,: 8§ 2.54 (2H, d, J=2.9Hz)] in less polar aldehyde
(VII) was assigned to be axial, and more polar aldehyde (X) [the c2—H
§ 2.93 (2H, dd, J=1.5, 3.2 Hz)] was assigned to be equatrial.

2:

10) Independent removal of the protecting group of IX and XII with ag.AcOH

afforded (+)-VI.

11) In the cyclization of VII and X, the formation of (3R,4S)-trans-alcochol

as main product may be rationalized by the following mechanism. In the
cyclization of VII (axial formylmethyl in 1,3~dioxane ring), path 4 may be
more favorable than path 3, because the C4,—H (axial) close to the
aldehyde function in path 3 may hinder the access of bulky Rh(I)-complex
to the aldehyde function. In X, path 5 (equatrial formylmethyl in 1,3-
dioxane ring) seems to be more favorable than path 6, because the C,,-H

6
{axial) in path 6 causes steric repulsion between the C4-H and the

C.-H. R QH
O
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