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A sintese quimioenzimética da forma enantiomericamente enriquecida (80% ee) da (-)-serri-
cornina (1), feroménio sexual da praga do fumo Lasioderma serricorne F., foi alcangada em 8
etapas e 13% de rendimento total a partir de (R)-3-hidroxipentanoato de metila, obtido da redugéo
de 3-oxopentanoato de metilacom fermento de padaria (S. cerevisiae) napresencade dcool alilico

como inibidor enzimético.

A short and efficient preparation of enantiomerically enriched (80% eg) (-)-serricornine (1), the
sex pheromone of the cigarette beetle Lasioderma serricorneF., was developed in 8 stepsand 13%
overall yield from methyl (R)-3-hydroxypentanoate readily prepared by baker’ s yeast reduction of
methyl 3-oxopentanoate in the presence of alyl acohol as enzymeinhibitor.
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| ntroduction

The two-electron reduction of carbonyls by NAD(P)H
is a highly valued process for the preparation of chiral
building blocks in the total synthesis of enantiomerically
pure natural products due to its ability to differentiate the
enantiotopic faces of carbonylic substrates™2.

However, the nicotinamide cofactors are rather expen-
sive to be used in stoichiometric amounts and the prepara-
tiveuseof nicotinamide cofactor dependant oxidoredutases
usually requires the recycling of the cofator or the use of
whole cell preparations. The later may show a different
reactivity profilefromthe purified enzymeduetotheaction
of other oxidoreductases, and may be even superior for
many applications.

In both cases, the stereoselectivity and yield may be
generaly high but access to both enantiomeric series of a
chiral acohol fromthesameprochiral substrateisgenerally
not possible. Much effort hasbeen directed towards screen-
ing different microorganisms, modifying the substrate and
the reaction conditions in order to improve the scope of
biocatalyzed carbony! reductions®*®.,

The reduction of methyl 3-oxopentanoate with baker’s
yeast (Saccharomyces cerevisiae) can be directed to afford
either methyl (R)-3-hydroxypentanoate (86% ee) when

baker’ syeast immobilized in polyurethaneis employed® or
itsantipode (89% ee) when thereduction iscarried out with
added MgCl> and baker’ syeast immoabilized in magnesium
dginate’.

The scenario isworsefor the baker’ syeast reduction of
2-methyl-3-oxopentanoateswhere up to four stereoisomers
can conceivably be formed. So far a preparatively useful
procedure employing baker’ syeast has not been devel oped
for such substrates, although the preparation of (2S,3S)
isomer has been achieved from the reduction of ethyl
2-methyl-3-oxopentanoate with some fungal strains.

Nakamura and coworkers have devised a practica
method for the baker’ syeast reduction of 3-oxopentanoates
either to the corresponding (R)- or (S)-3-hydroxypen-
tanoates®!° taking advantage of the selective inhibition of
either the L- or D-enzymes present in S cerevisiae'.

This protocol not only provides an enantiodivergent
approach to these highly useful building blocks but aso
allows the preparation of (R,R)- and (S,S)-2-methyl-3-hy-
droxypentanoates in good diastereoisomeric and enan-
tiomeric excesses when the reduction is followed by
stereoselective Frater alkylation'®. In fact, Mori and
Watanabe have used Frater's akylation of methyl (R)-2-
hydroxypentanoate, prepared by oxidation of pentanoic
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acid with Candida rugosa, to synthesize (-)-serricornine
(2), the sex pheromone of the cigarette beetle Lasioderma
serricorne F., in 13 steps and 7.6% overall yield®3,

Experimental

H-NMR spectra were recorded in CDCl3 solution at
300 MHz and *C-NMR spectrain CDCl3 solution at 75.5
MHz (unless otherwise noted) with aVarian Gemini 2000
or a Bruker AC-300P instrument. Chemical shifts are ex-
pressed in ppm relative to tetramethylsilane followed by
multiplicity (s, singlet; d, doublet; t, triplet; g, quartet; qt,
quintet; m, multiplet), coupling constant (Hz) and number
of protons. Infrared spectra were recorded on a Perkin-El-
mer 399B or 1600 series spectrophotometer. Mass spectra
were obtained via electron impact (30 €V) on a Varian
MAT 311A spectrometer. Optical rotationswere measured
at 25 °Cin aPolamat A (Carl Zeiss) at 546 nm (mercury
line) and corrected to 589 nm (sodium D line).

GC analyses were performed in a Hewlett-Packard
5890 series Il chromatograph equipped with flameioniza-
tion detector, nitrogen as the carrier gas and capillary
columns (30 m x 0.53 mm) with 1% phenylmethylsilicone
(HP-1) or cross-linked polyethyleneglycol (Carbowax
20M) as stationary phases. Chiral GC analyses were per-
formed with capillary columns (0.25 mmi.d, 25 m length)
packed with heptakis-(2,6-methyl-3-pentyl)-b-cyclodex-
trine/lOV-17 as stationary phase. GC-MS analyses were
performed on a Hewlett-Packard 5890 series Il gas chro-
matograph coupled toaM SD 5970 mass detector equipped
with a capillary column (Carbowax 20M, 25 m x 0.20 mm
x 0.33b).

Column chromatography wasperformed using silicagel
(70-230 Mesh), except when stated otherwise, and reac-
tions were monitored by TLC (plates from Macherey-
Nagel, Germany).

Baker's yeast employed was purchased from Sigma
-Aldrich (Y SC-2, type 2) and Fleischmann, Brazil.

Tetrahydrofuran was treated with sodium/benzophe-
none and distilled immediately prior to use. Dichlo-
romethane, triethylamine, diisopropylamine and benzene
were treated with calcium hydride and distilled immedi-
ately prior to use. Acetic and propionic anhydride, and allyl
alcohol weredistilled prior to use. Potassium tert-butoxide
was sublimed immediately prior to use. The remaining
reagents employed were purchased from commercial sup-
pliers and used without further purification. The reactions
involving anhydrous solventswere carried out under argon
atmosphere.

(-)-Methyl (R)-3-hydroxypentanoate (2)

Toasuspension of dry baker’ syeast (7.7 g) inwater (77
mL ) at 30 °C was added allyl acohol (0.13mL, 1.9 mmol)
and the whole mixture was stirred for 1 h at 30 °C. Methyl
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3-oxopentanoate (0.50 g, 3.8 mmol) and glucose (7.7 g)
were added and the mixture was stirred 1 day at 30 °C.
Celite was then added to the suspension and filtered. The
filtrate was extracted with Et;O (3 x 15 mL), the organic
phase was washed with water (10 mL), brine (10 mL) and
dried over MgSO4 After filtration, the solvent was evapo-
rated under reduced pressure and the residue was purified
by Kugelrohr distillation (70-80 °C, 1 mm Hg) to afford
045 g (3.4 mmoal) of (-)-2 (88% yield, 80% ee) as a
colorless oil. *H-NMR (CCla4): d 0.96 (t, 3H, J= 7); 1.43-
1.49 (m, 2H); 2.33 (dd, 1H, J= 16 and 8); 2.41 (dd, 1H, J
= 16 and 4); 3.08 (br s, 1H); 3.67 (s, 3H); 3.81-3.84 (m,
1H).13C-NMR (CCl4): d 9.8; 29.3; 40.7; 51.0; 68.6; 172.4.
IR (film): 3431; 1736 cm™. [a]p -32.5 (1.31, CHCly).

(-)-Methyl (2R,3R)-3-hydroxy-2-methyl pentanoate (3)

A solution of LDA was prepared by the dropwise addi-
tion of n-BuLi 1.55 M in n-hexane (15 mL, 23 mmol) to a
stirred solution of 'ProNH (3.3 mL, 23 mmol) in THF (8
mL) at 0 °C under argon. The mixture was stirred 30 min
at 0 °C and then cooled to -78 °C. A solution of (-)-2 (1.53
0, 11.6 mmol) in THF (5 mL) was added dropwise and the
mixturewas stirred 45 min at 0 °C. A solution of Mel (1.10
mL, 17.4 mmol) in DMPU (4.7 mL) was added dropwise
to the solution at -40 °C and the reaction was stirred for 45
min. The reaction temperature was allowed to reach room
temperature and it was quenched with satd. ag. NH4Cl
(7mL) at 0 °C and extracted with Et,O (3 x 10 mL). The
organic phase was washed with brine (10 mL), dried over
MgSOq, filtered and concentrated to afford 1.19 g of dias-
tereoi someric mixture of (-)-3 (anti:syn ratio = 8:1) which
was used in the next step without further purification.
'H-NMR: d0.98(t, 3H,J=7); 1.20(d, 3H, J=7); 1.36-1.66
(m, 2H); 2,56 (qt, 1H, J=7); 2.72 (br s, 1H); 3.58-3.67 (m,
1H); 3.71 (s, 3H)..*C-NMR: d 9.7; 14.2; 27.4; 44.8; 51.7,
74.5; 176.4. IR (film): 3426; 1735 cm™.

(+)-(2S3R)-3-Hydroxy-2-methyl pentanediol (4a)

Toasuspensionof LiAlH4 (0.620g, 16.3mmol) in THF
(20mL) at 0 °C was added a solution of (-)-3(1.19g, 8.14
mmol) in THF (8 mL). The reaction mixture was allowed
to stir overnight at room temperature, diluted with EtoO (20
mL ) and successively treated at 0 °C with water (0.63 mL),
10% aqueous NaOH (0.63 mL) and water (1.88 mL). The
inorganic solids were filtered and washed with Et;O (40
mL). The organic extracts were dried over MgSO4 and
concentrated to afford (+)-4a (0.86 g, 7.3 mmol) which was
used in the next step without further purification.*H-NMR:
d0.87(d, 3H,J=7); 0.97 (t, 3H, J=7); 1.37-1.78 (m, 3H);
3.36 (br s, 2H); 3.49 (dt, 1H, J=7 and 3); 3.61 (dd, 1H, J
=11and7); 3.76 (dd, 1H, J= 11 and 4). ®°C-NMR: d 9.3;
13.7;27.7,39.2; 67.4; 78.2. IR (film): 3346, 1459cm™. [a]p
+3.9 (1.08, CHCl3).
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(-)-(253R)-2-Methyl-1-O-p-tol uenesul fonyl-1,3-pen-
tanediol (4b)

To a solution of diol (+)-4a (0.86 g, 7.2 mmol) in
CHxCl, (15 mL) a 0 °C was added p-toluenesulfonyl
chloride (1.52 g, 7.96 mmal), triethylamine (1.1 mL, 7.9
mmol) and catalytic amount (ca. 10 mol %) of N,N-di-
methyl-4-aminopyridine (4-DMAP). The mixture was al-
lowed to stand at -15 °C overnight and it was then diluted
with CH2Cl> (20 mL). The organic phase was washed with
water (10 mL), 10% HCI (10 mL), satd. ag. NaHCO3 (10
mL), brine (10 mL) and dried over MgSOa. After filtration
and evaporation theresiduewas chromatographed on silica
gel (10% AcOEt in hexanes, v/v) to afford (-)-4b (1.77 g,
6.50 mmol) in 56% overall yield (3 steps from (-)-2), asa
colorless oil. *H-NMR: d 0.93 (t, 3H, J=7); 0.93 (d, 3H, J
=7); 1.32-1.41 (m, 1H); 1.48-1.59 (m, 1H); 1.80-1.86 (m,
2H); 2.44 (s, 3H); 3.40 (dt, 1H, J=8 and 3); 4.06 (dd, 1H,
J=10and 4); 4.12 (dd, 1H, J=10and 6); 7.35 (d, 2H, J=
8); 7.78 (d, 2H, J = 8). 3C-NMR: d 9.6; 13.6; 21.6; 27.0;
38.4; 72.7, 73.7, 127.8; 129.8; 132.9; 144.7. IR (film):
3548, 1598, 1356, 1176 cmt. [a]p -2.8 (3.0, CH,Cly).

(+)-(2539)-3-O-p-Nitrobenzoyl -2-methyl-1-O-p-tol uene-
sulfonyl-1,3-pentanediol (5)

To asolution of (-)-4b (0.27 g, 1.0 mmol), PPhz (0.91
0, 3.5 mmol) and p-nitrobenzoic acid (0.58 g, 3.5 mmol) in
benzene (6 mL) at 0 °C was added a solution of diethyl
azodicarboxylate (DEAD) (0.55mL, 3.5 mmol) in benzene
(3 mL). The ice-bath was removed and the mixture was
dtirred overnight at room temperature. The solvent was
removed and the residue was purified by silicagel chroma-
tography (10% AcOEt in hexanes, v/v) to afford (+)-5 (0.33
g, 0.79 mmol) asayellow solid (m.p. = 64-65 °C), in 79%
yield. 'H-NMR: d 0.92 (t, 3H, J=7); 1.04 (d, 3H, J=7);
1.63-1.79(m, 2H); 2.24-2.27 (m, 1H); 2.38 (s, 3H); 3.97 (d,
2H, J=6); 5.11-5.17 (m, 1H); 7.27 (d, 2H, 3= 8); 7.74 (d,
2H,J=8);8.12(d, 2H, J=9); 8.27(d, 2H, J=9).1*C-NMR:
d 10.0; 11.1; 21.6; 24.2; 35.8; 71.3; 76.6; 123.5; 127.9;
129.8; 130.6; 132.6; 135.5; 144.8; 150.5; 164.0. IR (KBr):
1714; 1598; 1526; 1357; 1177 cm™. [a]p +8.5 (2.0,
CH2Cl).

(-)-(2539-2-Methyl-1-O-p-toluenesulfonyl-1,3-pen-
tanediol (6a)

To asolution of (+)-5 (0.80 g, 1.9 mmol) in MeOH (20
mL) at room temperature was added water (5 mL) and
K2CO3 (1.57 g, 11.4 mmol). The mixturewas stirred 2 h at
room temperature, then diluted with Et2O (30 mL). The
phaseswere separated and the aqueous phase was extracted
with Et20 (3 x 5 mL). The combined organic phases were
washed with brine (10 mL), dried over MgSO4 and concen-
trated under reduced pressure. Purification by silica gel
chromatography (10% AcOEt in hexanes, v/v) afforded
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(-)-6 (0.48 g, 1.8 mmoal) in 93% yield, as a colorless ail.
H-NMR: d0.85(d, 3H, J=7); 0.92(t, 3H, J=7); 1.35-1.55
(m, 2H); 1.85-1.95 (m, 2H); 2.45 (s, 3H); 3.62 (ddd, 1H, J
=8, 5and 3); 3.89 (dd, 1H, J= 10 and 6); 4.08 (dd, 1H, J
=10 and 8); 7.35 (d, 2H, J = 8); 7.78 (d, 2H, J = 8).
1BC-NMR: d 9.3; 10.4; 21.6; 27.2; 37.3; 72.0; 72.8; 127.8;
129.8; 132.9; 144.8. IR (film): 3548, 1598, 1356, 1176
cmt, [a]p -2.1 (3.0, CH2Cly).

(-)-(2539-3-O-Propionyl-2-methyl - 1-O-p-tol uenesul -
fonyl-1,3-pentanediol (6b)

To asolution of (-)-6a (0.27 g, 1.0 mmol) in CH2Cl> (3
mL) at room temperature was added triethylamine (0.18
mL, 1.3 mmoal), propionic anhydride (0.15 mL, 1.2 mmol)
and a catalytic amount (ca. 10 mol %) of N,N-dimethyl-4-
aminopyridine (4-DMAP). Themixturewasstirred 1.5h at
room temperature and poured into water. The layers were
separated and the organi ¢ phase was washed with 10% HCI
(1 mL), satd. ag. NaHCO3 (1 mL ), brine (1 mL ), dried over
MgSO4 and concentrated under reduced pressure. Theresi-
duewaspurified by silicagel chromatography (10% AcOEt
inhexanes, v/v) to afford (-)-6b (0.27 g, 0.82 mmol) in 82%
yield, asacolorless oil. tH-NM: d 0.83 (t, 3H, J= 7); 0.92
(d, 3H, J=7); 1.09 (t, 3H, J = 7); 1.46-1.62 (m, 2H);
2.05-2.09 (m, 1H); 2.25 (dq, 2H, J=7 and 2); 2.45 (s, 3H);
3.92 (dd, 1H, J =10 and 6); 3.86 (dd, 1H, J= 10 and 7);
4.79-4.85 (m, 1H); 7.35(d, 2H, J=8); 7.79 (d, 2H, J= 8).
13C-NMR (CDCl3, 75.5): d 9.2; 9.9; 11.0; 21.6; 24.2; 27.6;
35.8; 71.8; 74.4; 128.4; 129.8; 132.8; 144.8; 173.9. IR
(film): 1735; 1598, 1362, 1177 cm™. [a]p -1.06 (2.7,
CH2Cl>).

(-)-(355S,69-6-Ethyl-tetrahydro-3,5-dimethyl -2H-pyran-
2-one(7)

To a suspension of freshly sublimed tert-BuOK (0.41
g, 3.6 mmol) in THF (5 mL) at 0 °C was added dropwise a
solution of (-)-6b (0.30 g, 0.91 mmol) in THF (5mL). The
cooling bath was removed and the reaction was stirred for
30 min at room temperature. The solvent was removed
under reduced pressure, the residue was taken up in Et2O
(30 mL), acidified with conc. HCI (0.76 mL) and stirred
overnight at room temperature. The layers were separated
and the agueous phase was extracted with EtoO (3x 1 mL).
The combined organic layers were dried over MgSO4 and
concentrated under reduced pressure. Silica gel croma
tography (8% AcOEt in hexanes, v/v) of the crude product
afforded (-)-7 (0.078 g, 0.50 mmol) as an 8:1 mixture with
its C(4) epimer (serricornine numbering), in 55% yield, as
acolorlessoil. *H-NMR: d 0.99 (t, 3H, J=7); 0.99 (d, 3H,
J=7);1.30(d, 3H,J=7); 1.48-1.62 (m, 1H); 1.63-1.79 (m,
2H); 1.86-1.98 (m, 1H); 2.03-2.10 (m, 1H); 2.58-2.67 (m,
1H); 4.24 (ddd, 1H, J=8; 6 and 3).*C-NMR: d 9.9; 11.3;
17.9; 25.6; 29.4; 31.3; 36.0; 85.4; 174.6. IR (film): 1732
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cmt.MS (m/z): 156 (M*, 0.6%), 127 (11%), 98 (18%), 70
(44%), 56 (100%).

(-)-(4S6S,79)-7-Hydroxy-4,6-dimethyl-3-nonanone (1)

To asolution of (-)-7 (0.11 g, 0.71 mmol) in Et,O (10
mL) at -78 °C was added a 1.0 M solution of ethylmagne-
sium bromide (0.86 mL, 0.86 mmol) in Et,O. After briefly
warming to 0 °C, the mixture was cooled again to -78 °C
before addition of 1.5 mL of a saturated NH4Cl solution.
The layers were separated and the agueous layer was ex-
tracted with EtoO (3 x 2 mL). The combined organic layers
were dried over MgSO4 and concentrated. Silica gel cro-
matography (4% AcOEt in hexanes, v/v) of the crude
product afforded 0.092 g (0.50 mmol) of a mixture of the
acyclic and hemiketal forms of the pheromone 1 in 70%
yield, as a colorless oil. 'H-NMR: d 0.79-1.08 (m, 24H);
1.22-1.89 (m, 15H); 2.45-2.51 (m, 2H); 2.62-2.66 (m, 1H);
3.35-3.43(m, 1H); 3.76-3.81(m, 1H). *C-NMR: d 7.1; 7.9;
10.4; 10.6; 11.4; 13.4; 16.3; 16.5; 25.7; 27.2; 30.0; 30.6;
32.6; 34.0; 35.3; 35.8; 36.4; 43.7; 72.7;, 76.7; 98.7; 215.6.
IR (film): 3463; 1707; 1460; 1379 cm™ .MS (m/z): 186
(M™, 1%), 169 (13%), 86 (35%), 70 (100%), 57 (55%), 43
(60%). [a]p -28.1 (1.08, CHCls3); lit.?*: [a]p -30.6 (1.08,
CHCl3).

(-)-(4S6579)-O-Acetyl-7-hydr oxy-4,6-dimethyl -3-
nonanone (8)

To a solution of a mixture of (-)-1 and it's hemiketal
form (0.028 g, 0.15 mmol) in pyridine (0.5 mL) at room
temperature was added acetic anhydride (0.040 mL, 0.45
mmol) and a catalytic amount (ca. 10 mol %) of N,N-di-
methyl-4-aminopyridine (4-DMAP). The mixture was
stirred 14 h at room temperature and poured into water. The
layers were separated and the organic phase was washed
with 10% HCI (1 mL), satd. ag. NaHCOs (1 mL), brine (1
mL ), dried over MgSO4 and concentrated. Silica gel cro-
matography (10% AcOEt in hexanes, v/v) of the crude
product afforded (-)-8 (0.024g, 0.10 mmol) in 70% yield,
as acolorless oil. *H-NMR: d 0.84 (t, 3H, J= 7); 0.86 (d,
3H,J=7);1.04(t,3H,J=7); 1.06(d, 3H,J=7); 1.24-1.36
(m, 2H); 1.42-1.70 (m, 3H); 2.06 (s, 3H); 2.42-2.52 (m,
2H); 2.59-2.70 (m, 1H); 4.75 (ddd, 1H, J=5; 4 and 2).
13C-.NMR: d 7.8; 10.1; 14.4; 16.6; 21.1; 24.1; 33.6; 34.2;
35.8;43.4; 78.1; 171.0; 215.2. IR (film): 1733; 1714; 1459;
1372; 1242; 1018 cm™ MS (m/2): 168 (5%), 111 (14%), 86
(25%), 69 (32%), 57 (60%), 43 (100%). [a]p -18.9 (0.58,
hexane); lit.3: [a]p -18.2 (0.58, hexane).

Results and Discussion

Baker's yeast is an inexpensive and versatile microor-
ganism which does not require any special growth condi-
tions to be used on a preparative scale. On the other hand,
major limitations are generallly associated with non-repro-
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ducible results due to the different strains of S cerevisiae
available from industrial sources.

As the methodology which employs an enzymatic in-
hibitor to control the stereochemical course of thereduction
seemed appropriate for the preparation of some insect
pheromones’, we initially evaluated two commercially
available baker’'s yeast brands (Fleischmann, Brazil and
Sigma, USA) in the reduction of methyl 3-oxopentanoate
aiming to reach a preparatively useful access to enan-
tiomerically enriched methyl (R)-3-hydroxypentanoate.

Whileboth strainstested were ableto efficiently reduce
ethyl acetoacetate to ethyl (S)-3-hydroxybutanoate (70-
75% isolated yield, 90-92% ee) only the yeast suplied by
Sigma, USA efficiently converted methyl 3-oxopentanoate
to the corresponding hydroxyester, albeit in low enan-
tiomeric excess (Table 1, entry 1). At thispoint it is rather
difficult to rationalize thelack of reactivity towards methyl
3-oxopentanoate observed for the baker’ syeast supplied by
Fleischmann, Brazil but morfological differenceswereevi-
dent when sampl es of each brand were examined by atomic
force microscopy as the sample from Sigma, USA dis-
played extensive cell wall preservation when compared to
the one from Fleischmann, Brazil ',

Using alyl alcohol as an enzymatic inhibitor, methyl
(R)-3-hydroxypentanoate (-)-2 was obtained in good enan-
tiomeric excess (Table 1, entries 2-4). Although some
improvement in the enantiomeric excess of methyl (R)-3-
hydroxypentanoate (-)-(2) was observed upon increasing
theinhibitor concentration it wasaccompanied by asignifi-
cant decrease in the conversion of methyl 3-oxopentanoate
to (-)-2.

On a preparative scale, we were able to isolate gram
guantities of (-)-2 in 88% yield and 76-80% ee, after
purification by Kugelrohr distillation (1 mm Hg, 70-80 °C)
when baker’s yeast was previoudly incubated at 30 °C for
30 min with 0.5 equivalents of alyl acohoal.

Having secured a convenient access to enantiomeri-
cally enriched (-)-2 we proceeded to convert it to (-)-7, a
known precursor of (-)-serricornine (1), employing an in-
tramolecular alkylation step, as previously described dur-
ing our studies on pheromone syntheses (Scheme 1) 126,

The stereogenic center at C-6 (serricornine numbering)
was established after Frater's alkylation'? of (-)-2 which
provided an 8:1 mixture of methyl (R,R)-3-hydroxy-2-
methylpentanoate (-)-3 and its epimer at C-2. The configu-
ration of the major isomer was confirmed to be 2R,3R by
analysis of its TH-NMR spectrum which displayed a cou-
pling constant (JH»-Hz = 7.0 Hz) characteristic of its anti
relative configuration and a deshielding effect at C-2 and
C-3 (27.4 and 74.5 ppm, respectively) in the C-NMR
spectrum?’ of the major isomer when compared to the same
carbons in the minor component (26.7 and 73.2 ppm,

respectively).
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Table 1. Yields and enantiomeric excesses in the reduction of methyl 3-oxopentanonate with baker’s yeast in the presence of allyl alcohol®

Entry Equivalents of alyl acohol Conversion (%)b Enantiomeric excess® (-)-2
1 - 97 45
2 0.5 100 76
3 10 62 79
4 20 30 82

8Mean value for 3 experiments; b Conversion determined by capillary GC analysis after 24 h at 30 °C; ¢ Enantiomeric excess determined by chiral GC

analysis (see Experimental section).

O O OH O b OH O
~ A Home 2 ~ A Home =~ A A ome
(-2 03

OH OR
-, H
—<d,. \/\:_/\OR 2o Aot
(+)-4aR=H

(_)_4b R=Ts (+)-5 R:p-N02C6H4

(-)-6a R=H
(-)-6b R:COCH2CH3

(@]
\/\/\rU\/

(_)_7 . (-)-1 R=H

()-8 R=Ac
Scheme 1. @) baker's yeast (Y SC-1), CH2CHCH20H (88% yield, 80%
ee); b)i. LDA, THF, -78°C; ii. Mel, DMPU; ¢) LiAlH4, THF, rt; d) p-TsCl,
Et3aN, CH2Cl2, DMAP (cat.) (56% yield, 3 steps); €) p-NO2CeH4CO2H,
PhaP, DEAD, CgHe, rt (79% yield); f) K2CO3, MeOH, H20 (93% yield);
g) (CH3CH2C0)20, EtaN, CH2Cl2, DMAP(cat.) (82% yield); h) tert-
BUOK, THF, 0 °C (55% yield); i) EtMgBr, Et20, -78 °C (70% yield): j)
(CH3CO0)20, CsHsN, DMAP(cat.) (70% yield).

In order to reduce the number of purification steps,
epimer separation was deferred until the preparation of
(-)-4b which was obtained after lithium aluminum hydride
reduction and selective monotosylation of the diol (+)-4a.
After column chromatography on silicagel, alcohol (-)-4b
was isolated in 56% overall yield from (-)-2.

At this stage, we were ready to undertake the inversion
of configuration at C-7 (serricornine numbering) required
to convert (-)-4b to (-)-serricornine (1). Mitsunobu inver-
sion®® afforded the corresponding p-nitrobenzoate (+)-5 in
79% yield which was straightforwardly converted to (-)-6a
after basic hydrolysis (73% overal yield).

The intramolecular alkylation, the key step in our ap-
proach to (-)-serricornine (1), was accomplished after O-
propionylation of (-)-6a (82% yield) and treatment of a
THF solution of the corresponding propionate (-)-6b with
freshly sublimed potassium tert-butoxide at 0 °C followed

by acidification of the reaction mixturewith conc. HCl and
stirring at room temperature™>*%, An 8:1 mixture of (-)-7
and itsepimer at C-4 (serricornine numbering) wasformed
and the configuration of the major isomer was established
as4S,6S,7S (serricornine numbering) by comparison of the
H-NMR spectrum of the mixture with literature data for
(_)_719_

Addition of ethylmagnesium bromide to (-)-7 at low
temperature (-78 °C), followed by the addition of satd. ag.
NH4CI, afforded after purification by column chromatog-
raphy on silica gel (-)-serricornine (1) in 70% yield. The
H- and 3C-NMR data®® and optical rotation ([a]p -28.1
(c1.08, CHCI3)) arein good agreement with those reported
in the literature for (-)-1 (lit.2%: [a]p -30.6 (c1.08, hexane)
but the presence of its hemiketal form makes an unambi-
guous assignment of the spectra difficult. In order to cir-
cumvent this problem, the acetyl derivative (-)-8 was
prepared (70% yield). Comparison of H- and 3C-NMR
spectrawith literature datat>?* unambiguously established
itsidentity and its enantiomeric excess was determined to
be 80% ([a]p -18.9 (c 0.58, hexanes); lit.*%: [a]p -18.2 (¢
0.58, hexanes)) after chiral GC analysis.

Conclusion

A short and efficient preparation (8 steps, 13% overall
yield and 80% ee) of enantiomerically enriched (-)-serri-
cornine (1) was devel oped from methyl (R)-3-hydroxypen-
tanoate, efficiently prepared by baker’ s yeast reduction of
methyl 3-oxopentanoate.

Acknowledgements

The authors gratefully acknowledge the financial sup-
port from FINEP (Brazil), CNPq (Brazil) and IFS (Swe-
den).

References

1.Mori, K. Tetrahedron 1989, 45, 3233.

2.Mori, K. Pure and Appl. Chem. 1994, 66, 1991.

3.Servi, S. Synthesis 1990, 1.

4.Csuk, K.; Glanzer, B.l. Chem. Rev. 1991, 91, 49.

5. Santanidlo, E.; Ferraboschi, P.; Grisenti, P.; Manzoc-
chi, A. Chem. Rev. 1992, 92, 1071.



576

6. Nakamura, K.; Higaki, M.; Ushio, K.; Oka, S.; Ohno,
A. Tetrahedron Lett. 1985, 26, 4213.
7.Nakamura, K.; Kawai, Y.; Oka, S.; Ohno, A. Tetrahe-
dron Lett. 1989, 30, 2245.
8.Buisson, C.; Sanner, M.; Larcheveque, R.; Azerad, R.
Tetrahedron Lett. 1987, 28, 3939.
9.Nakamura, K.; Inoue, K.; Ushio, K.; Oka, S.; Ohno,
A. Chem. Lett. 1987, 679.
10. Nakamura, K.; Kawal, Y .; Ohno, A. Tetrahedron Lett.
1990, 31, 267.
11. Nakamura, K.; Kawai, Y .; Nakagima, N.; Ohno, A. J.
Org. Chem. 1991, 56, 4778.
12. Frater, G.; Miller, U.; Gunther, W. Tetrahedron 1984,
40, 1269.
13.Mori, K.; Watanabe, H. Tetrahedron 1985, 41, 3423.

Pilli & Riatto

J. Braz. Chem. Soc.

14. Pereira, R.S.; Parizotto, N.A.; Baranauskas, V. Appl.
Biochem. Biotech. 1996, 59, 135.

15. Rilli, R.A.; Murta, M.M. J. Org. Chem. 1993, 58, 338.

16. Filli, R.A.; Andrade, C.K.Z. Synth. Commun. 1994,
24,1994.

17.Heathcock, C.H.; Pirrung, M.C.; Sohn, J. J.Org.
Chem. 1979, 44, 4294.

18. Mitsunobu, O. Synthesis 1981, 1.

19.Redlich, H.; Samm, K.; Lenfers, J.G.; Bruns, W. Car-
bohydrate Res. 1988, 174, 341.

20.Mori, M.; Chuman, T.; Kato, K. Tetrahedron Lett.
1984, 25, 2553.

21. Shimizu, 1.; Hayashi, K.; Ide, N.; Oshima, M. Tetra-
hedron 1991, 47, 2991.

22.Mori, K.; Nomi, H.; Chuman, T.; Kohno, M.; Kato,
K.; Noguchi, M. Tetrahedron 1982, 38, 3705.

FAPESP helped in meeting the publication costs of thisarticle



