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Abstract: Thediacetate of meso-2-(2-propynyl)cyclohexane-1,2,3-
triol was efficiently asymmetrized by hydrolysiswith Candida ant-
arctica lipase to give the corresponding mono-acetate in enantio-
merically pure form, which was used as the starting materia for the
total synthesis of aquayamycin. Application of the protocol to the
related cyclohexanetriolsis also described.
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In our recent total synthesis of aquayamycin (1), the com-
pound 2 was needed as the key AB ring intermediate that
is with many oxygen functions including two tertiary al-
cohols.}? Asapossible accessto 2, it occurred to usto use
the “meso trick” by exploiting enzymatic hydrolysis.
Namely, the retrosynthesis involving reduction of the
double bond and the ketone in 2 suggested the precursor
3, and afurther two-carbon disconnection at the side chain
moiety led to the early synthetic intermediate 4 with a
pseudo Cs symmetry.® Thus, our hope was the selective
hydrolysis of one of the two enantiotopic acetates in the
meso compound 5 (Figure 1).4

Although this asymmetrization seemed promising by the
partial glyceride-like structure in 5, there were two addi-
tional concerns, (1) further hydrolysis of the desired
mono-acetate 4 that might increase or decrease its ee, but
obviously reduce the chemical yield and more seriously,
(2) the possible acyl migrationin 4 asimplied again by its
glyceride-like structure.

Gratifyingly, however, the approach proved to offer anice
route to obtain 4 in enantiomerically pure form, which is
described in thiscommunication. Also described isthe ap-
plication of the protocol to the related compounds, provid-
ing stereo-defined cyclohexanetriol derivatives, 6 and 7
(Figure 1), that have potential utility in natural product
synthesis.

As asubstrate for the enzymatic hydrolysis, the diacetate
5 was prepared from the known enone 8° derived from 2-
cyclohexenone (Scheme 1). The enone 8 was converted to
the acetonide 9 via the OsO,-mediated dihydroxylation
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followed by the acetonide formation. Reduction of 9 with
LiAlIH, quantitatively gave the corresponding diastereo-
meric acohols 10 and 10’ in 93:7 ratio, which were easily
separated by silica-gel chromatography.® The magjor iso-
mer 10 was subjected to acid hydrolysis followed by
acetylation to give the diacetate 5.7
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Figurel

With the diacetate 5 in hand, we examined its hydrolysis
by using several commercially available lipases with par-
ticular attention to the reactivity and the enantioselectivi-
ty. Thus, 50 mg of 5 was treated with the enzymesin pH
7 phosphate buffer (0.1 M) at 30 °C. As shown in Table,
it turned out that three enzymes (PPL, PLE, or CAL) were
effective for the asymmetric hydrolysis, thereby giving
thediol (+)-47 in enantiomerically pureform. By contrast,
the reaction was very slow with PFL to give alow enanti-
oselectivity and PCL failed to catalyze the reaction.
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Schemel Conditions: a) acetone, H,0, 2 days; b) benzene, 10 min;
¢) THF, =78 °C, 30 min; d) 1,4-dioxane, 3 h; €) DMAP, pyridine, 30
min.

Table Lipase-Catalyzed Hydrolysisof 5

Nl

OH

AcO,, A .OAc lipase AcO.,,
pH 7 phosphate buffer
30°C
5 50 mg (+)-4
Lipase Reaction period/  Yieldof 4% ee/%
days
PPL? (200 mg) 4 68 >99
PLEP (10 mg) 04 89 >99
CAL*® (20 mg) 1 80 >99
PFLY (100 mg) 5 15 60
PCL€ (100 mg) 2 0 —

2 Porcine pancress lipase, Sigma, Typell.

b Pig liver esterase, Sigma.

¢ Candida antarctica lipase, Roche Diagnostics, Chirazyme L-2.
4 Pseudomonas fluorescence lipase, Amano, Lipase AK.

¢ Pseudomonas cepacia lipase, Amano, Lipase PS.

32% of 5 was recovered.

The ee of (+)-4 was determined by chiral GC analysis of
the corresponding acetonide (—)-11.2 The absol ute config-
uration was determined by X-ray analysis after derivation
to the camphanic acid ester 12 (Scheme 2).° Thus, the
sense of the stereoselection proved to be in accordance
with the well-known empirical rule for predicting the fa-
vored enantiomer in the lipase-catalyzed hydrolysis of the
esters of chiral secondary alcohols (Figure 2).2°

For further optimization, we focused on CAL!! consider-
ing the disadvantages of other two enzymes, i.e. slow re-
action rate (PPL) and high price (PLE). Thus, the reaction
conditions with CAL were optimized with particular at-
tention to the catalyst load in the larger-scale reaction by
varying the catalyst/substrateratio. Astheresult, it proved
that even when the catalyst was reduced to 18% by
weight, the reaction rate was acceptable without sacrific-
ing the high yield and the complete enantioselectivity.

2-methoxypropene Q’(
p-TsOH AcO, X_ .0 1)KCO3 MeOH
4 ..
*) benzene 2} (-)-camphanoyl chloride,
DMAP, pyridine
95% 97%
o]
4@ o
0, A_.0 =
o O -
O
12
ORTEP drawing of 12
Scheme 2

Scheme 3 shows a 10-g scale reaction by employing 1.8 g
of CAL, thereby giving, after 3 days, (+)-4 in enantiomer-
ically pure formin 94% yield and recovery of 5 (6%).

OAc OAc
L /\M > M/\ L

more reactive less reactive

\ \

Zo” O/OH\%
AcO™ "OAc
Figure2

It is notable that the over-hydrolysis into the correspond-
ing triol, which potentialy causes the kinetic resolution of
4, did not occur under these conditions. Therefore, the ee
value of (+)-4 just reflects the selectivity of the hydrolysis
of the diacetate 5. Furthermore, another concern at the
outset, i.e. the acyl migration, did not occur.

Candida antarctica

AcO,,, lipase (1.8 g) AcO,,.
0.1 M phosphate buffer (pH 7 )
30 °C, 3 days
5 (+)-4
10.0g 94% yield, >99% e.e.

Scheme 3

It isalso significant to note that this protocol is applicable
to the related diacetates, 13 and 14,2 thereby giving the
enantiomerically purediols, 6 and 7 (Scheme 4). Synthet-
ic utility of these compounds seems promising, because
polyhydroxy cyclohexanes containing the stereogenic ter-
tiary alcohol center(s) are abundant as the structural motif
in various natural products, while the availability of the
chiral building block for such structuresis limited.
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a) 20 wt% based on the substrate.
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Although LiEt;BH or Li(s-Bu);BH showed the complete
stereosel ectivity, we did not opt for these reagents for the
synthetic purpose. With these reagents, the starting material
9 was not consumed even by using 3 equivalents and the
separation of 9 from the product 10 was not easy.

Reduction of 9 with other reagents.

Reagent? Conditions Yield/% Selectiv-
(recovery of 9) ity?
NaBH, MeOH/r.t. no reaction --
LiEt,BH THF/-78 °C—r.t. 89 (7) >90:1
Li(sBu);BH  THF/-78 °Cr.t. 80 (1) >99:1
(i-Bu),AlH  THF/-78°C—0°C  93(-) 92:8

aUsed in three equivaents.
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Datafor selected compounds follow; 5: Mp 177-178 °C
(colorless needles; hexane—ether); *H NMR (CDCl;) § 4.92
(dd, 2H,J = 4.6,11.2Hz),2.52(d, 2H,J = 2.7 Hz), 2.12 (s,
6H),2.05(t, 1 H, J=2.7 Hz), 1.5-2.0 (m, 6 H); *C NMR
(CDCl,) 5 169.8, 78.5, 74.2, 735, 71.6, 25.7, 25.2, 21.1,
19.2; IR (KBr) 3471, 2120, 1738, 1712 cm%; Anal. calcd for
Cy3H150s: C, 61.40; H, 7.14. Found: C, 61.63; H, 7.36. (+)-
4: Mp 98.5-99.0 °C (colorless needles; hexane—ether);
[a]%, +6.6 (c 1.5, CHCI,); *H NMR (CDCl,) & 4.90 (dd, 1
H,J=4.6,116 Hz),3.71(ddd, 1 H, J=4.9, 8.1, 11.2 Hz),
268 (dd, 1H,J=26,16.8 Hz), 2.60 (dd, 1 H, J=2.6, 16.8
Hz), 2.50 (s, 1H), 2.38(d, J = 8.1 Hz), 2.11 (s, 3H), 2.06 (t,
1H,J=2.6Hz), 1.5-1.9 (m, 6 H); *C NMR (CDCl,) &
170.1, 79.6, 74.7, 74.0, 71.3, 71.0, 29.3, 25.7, 25.0, 21.1,
19.3; IR (KBr) 3466, 2114, 1734, 1706 cmt; Anal. calcd for
C;;H160,: C, 62.25; H, 7.60. Found: C, 62.39; H, 7.71. (-)-
11: Mp 92.5-93.0 °C (colorless needles; hexane); [a]?"p —41
(c 1.6, CHCI3); *H NMR (CDClg) § 5.01 (dd, 1 H, J=3.7,
9.0Hz),4.31(t,1H,J=2.9Hz), 2.64(dd, 1H,J=2.7,16.8
Hz),2.43(dd, 1H,J=2.7,16.8Hz),2.05(s,3H), 1.99(t, 1
H,J=2.7Hz), 1.5-1.9 (m, 6 H), 1.48 (s, 3H), 1.38 (s, 3 H);
3C NMR (CDCl,) 5 170.5, 108.7, 79.5, 79.1, 78.5, 71.5,
71.3,27.4,26.8,26.2,24.1,23.1, 21.4, 14.9; IR (KBr) 3265,
2118, 1740 cm'; Anal. calced for C,4H,0,: C, 66.12; H,
7.93. Found: C, 66.24; H, 8.10.

Column: CP-Chirasil Dex CB (GL Sci. Inc.), 0.32 mm x 30
m; Conditions: 130 °C for 5 min then +12.5 °C/min to

140 °C, He 180 kPa; Retention time: 6.2 min for (-)-11 and
6.4 min for (+)-11.
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The diacetate 13 was synthesized from the alcohol 10in 4
steps [(1) Ac,0, pyridineg; (2) H,, Lindlar's catalyst,
quinoline, hexane; (3) 0.5 M H,SO, aq., 1,4-dioxane; (4)
Ac,O, pyridine (88% yield, overal)]. Attempted
hydrogenations of 5 into 13 with Lindlar's catalyst were
accompanied by the over-hydrogenation. The diacetate 14
was synthesized from 2-methyl-2-cyclohexen-1-onein a
similar manner as Scheme 1.
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