TETRAHEDRON:
ASYMMETRY

Pergamon TetrahedronAsymmetry10 (1999) 2871-2879

Enantioselective synthesis of a key intermediate aldehyde toward
the polyene macrolide filipin I1l, based on a chiral
oxazaborolidinone-promoted asymmetric aldol reaction

Syun-ichi Kiyooka?* Mostofa A. Hen& and Fumitaka Gotb

aDepartment of Chemistry, Faculty of Science, Kochi University, Akebono-cho, Kochi, 780-8520, Japan
bCellular Technology Institute, Otsuka Pharmaceutical Co., Ltd, Kagasuno, Kawauchi-cho, Tokushima, 771-0130, Japan

Received 1 June 1999; accepted 1 July 1999

Abstract

A versatile preparation of an enantiopure aldehyde useful for the asymmetric total synthesis of filipin 1l was
developed using a chiral oxazaborolidinone-promoted asymmetric aldol reaction with a dithiolane silyl nucleophile.
The sign and magnitude of the specific rotation of the aldehyd®5k3-2,2-dimethyl-5-formyl-4-pentyl-1,3-
dioxane, were reconfirmed. © 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

Filipin 111 1, a polyene macrolide antibiotic which is a membrane disrupter that selectively binds
cholesterol, was isolated from cell culture filtrates Qifeptomyces filipinensl€ The structure was
determined and the first total synthesis was reported by the same drdine syn1,3-polyol segment
of 1 is a very challenging target for verifying the validity of our stratedpy repetition of the chiral
oxazaborolidinone-promoted asymmetric aldol reaction with a dithiolane silyl nuclecphiéich is
related to a synthetic equivalent of an acetate unit. Thus, we retrosynthetically chose al8etsyde
synthetic equivalent of the right-hand upper fragment of filipin Ill, depicted in the box of Scheme 1.

Compound3, [x]p?2 +13.6 € 0.94, CHC%),2 has been prepared in seven steps involving a Sharpless
asymmetric epoxidation during the structure elucidation study by Rychnovsky. We disclose herein a very
simple enantioselective synthesis of essentially enantidpusing a chiral oxazaborolidinone-promoted
asymmetric aldol reaction starting from hexanal and a silyl nucleofhile
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2. Results and discussion

A sequence of reactions Bwas quite simply planned to involve two stereoselective aldol reactions,
as shown in Scheme 2. The first isSafacial-selective aldol reaction of an acetate nucleophile with
hexanal and the second is amti-selective aldol reaction with formaldehyde. We have already reported a
very highly enantioselective synthesis of acetate aldols by using the chiral oxazaboroligipmmoted
asymmetric aldol reaction of dithiolane silyl nucleoptiile

OH O
3 E:)/\/\)\/U\OR |:> /\/\)\/U\
4 HO 5
Scheme 2.

In order to ensure the stereochemical outcome in this aldol reaction, we reinvestigated the aldol
reaction of benzaldehyde with in the presence of a stoichiometric amount@yfcoupled with the
following desulfurization, to give ethylSj-3-hydroxy-3-phenylpropionat® (Scheme 3). During the
desulfurization process @, an improvement of the reaction conditions was achieved by replacing
Ni>B—H2 with n-BusSnH-AIBN such that the reaction proceeded more smoothly along with this simple
manipulation. The sign and magnitude of the specific rotatiogpd* —57.0 € 1.0, CHC}), of the
product9 was in fair agreement with thatx[p2° -50.8 € 1.07, CHC%), obtained from enzymatic
reactions by Boa$.The above transformation procedure, therefore, can reliably obtain the expected
stereocenter at tHeposition with regard to reconfirmation of t&facial selectivity in the aldol reaction.
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The starting aldol reaction directed to the enantioselective synthe®isad carried out in the presence
of the same promoted. The dithiolane aldollO was obtained in good yield after a prolonged reaction
at —78°C. The enantioselectivity 4D was determined to be 98% ee by using a Chiralcel OD column.
Compoundl10 underwent the following radical desulfurization reaction to give the expdttegtdroxy
esterll in high yield (Scheme 4). After benzoylation @i, the enantioselectivity of the sequence of
reactions was rechecked by using a joint HPLC column of Chiralcel OD-H and Chiralpak AD to ascertain
the absence of racemization during the process. Moreover, we have confirmed the absolute configuration
(R) of 11 by comparing théH and'°F NMR chemical shift differences of the Mosher esterd band
the corresponding racemate.
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Scheme 4.

It was expected, from previous work on diastereoselective alkylation reactions with an enolate dianion,
that the aldol reaction with the enolate dianion would lead to higimtr predominancé. The aldol
reaction using the dianion derived frabh proceeded at —20°C on introduction of gaseous formaldehyde
to give a mixture of diastereomers of aldtB in good yield with goodanti selectivity (5:1). But the
mixture could not be separated by flash column chromatography. Under the standard cori@tas,
directly converted to the corresponding acetonide derivatiieend 15, respectively, which were shown
to be the same isomeric ratio, in a quantitative yield (Scheme 5). The acetonides were easily separated by
flash column chromatography and both fymandanti structures were confirmed by NOE experiments,
as shown in Fig. 1. As expected, we can propose the reaction course shown in Fig. 2 to be relevant.

The last step was accomplished by DIBAL-H reductiodéfind15to give directly the corresponding
aldehydes3 and 16, respectively, without the production of the corresponding alcohols (Scheme 6). The
sign and magnitude of the specific rotation of the target aldeBydas [x]p?* -17.8 € 1.4, CHC}).

3. Conclusion

Essentially enantiopure R5R)-2,2-dimethyl-5-formyl-4-pentyl-1,3-dioxan8 was prepared from
hexanal via a short route in a practically acceptable overall yield by using a chiral oxazaborolidinone-
promoted asymmetric aldol reaction followed by diastereoselective aldol reaction with an enolate
dianion. Thus, the ready supply of aldehy8lén large quantities, available for the total synthesis of
filipin I1I, is now possible.
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4. Experimental
4.1. General

Unless otherwise noted, materials were obtained from commercial suppliers and were used without
further purification. Tetrahydrofuran (THF) was distilled from sodium/benzophenone immediately prior
to use. All reactions involving organometallic reagents were conducted under an argon atmosphere. IR
spectra were determined with a JASCO FT/IR-5300 fourier transform infrared recording spectropho-
tometer.'H NMR spectra were determined on a JEOL JNM-LA 400 (a superconducting, 400 MHz,
FT instrument) spectrometer. Chemical shifts are expressed in parts per million (ppm) downfield from
internal tetramethylsilane. Significali NMR data are tabulated in the following order: multiplicity (s,
singlet; d, doublet; t, triplet; g, quartet; m, multiplet), coupling constant(s) are in hertz, number of protons.
13C NMR spectra were measured at 100 MHz with a JOEL JNM-LA 400 spectrometer. High-pressure
liquid chromatography (HPLC) was done with a JASCO Model PU-980 liquid chromatograph.

4.2. 1-Ethoxy-2,2-(ethylenedithio)-1-trimethylsiloxyeth@&ne

To a solution of diisopropylamine (17.5 mL, 0.13 mol) in dry THF (300 mL) at 0°C was added
n-BuLi (78.1 mL, 0.13 mol, 1.6 M in hexane) dropwise. The solution was cooled to —-78°C and
ethyl dithiolanecarboxylate (14.3 mL, 0.1 mol) was added dropwise over 20 min. After 20 min,
chlorotrimethylsilane (38 mL, 0.3 mol) was added. The solution was allowed to warm to rt and stirred
overnight. After evaporation of the solvent in vacuo, the residue was diluted with dry hexane, filtered
through Celite, and after removal of hexane in vacuo the residual oil was distilled (bp 108-109/0.1
mmHg) to provide the pure silyl nucleophileas a yellow oil (20 g, 80%). IR (film) 1655 crh H
NMR (CDClz, 90 MHz) 6 (ppm) 3.82 (q,J=7.0 Hz, 2H), 3.21 (br s, 4H), 1.20 @=7.0 Hz, 3H), 0.19 (s,
9H).

4.3. Ethyl ($)-2,2-(ethylenedithio)-3-hydroxy-3-phenylpropionate

To a solution ofN-(p-toluenesulfonyl)S-valine (1.5 g, 5.5 mmol) in dry C}Cl, (25 mL) at 0°C was
added BH-THF (5.0 mL, 5.0 mmol, 1 M in THF). The solution was stirred for 30 min at 0°C, then for
an additional 30 min at rt. The solution was cooled to —78°C and benzaldehyde (0.5 mL, 5.0 mmol) in
CHxClI;, (1 mL) was added slowly over 5 min. After stirring for 5 min(1.4 g, 5.5 mmol) in CHCl,
(2 mL) was added dropwise over 5 min, the reaction mixture was stirred for 3 h and a buffer solution
(5 mL, pH 6.86) was added to quench the reaction. The reaction mixture was allowed to warm to rt and
evaporated to a concentrated residue. The residue was diluted with ether and the phases were separated.
The organic phase was washed with satd aqueous Nat$Gl0tion and brine, dried over MgGQand
evaporated in vacuo. Flash column chromatography (10% ethyl acetate/hexane) provided the pure aldol
8 (1.3 g, 88%). X]p?* -21.1 € 0.9, CHC}). IR (film) 3422, 1720 cm*. *H NMR (CDCl3, 400 MHz)
(ppm) 7.30-7.51 (m, 5H), 5.31 (d=5.3 Hz, 1H), 4.23 (dgJ=7.0, 0.9 Hz, 2H), 3.49 (d]=5.6 Hz, 1H),
3.23-3.32 (m, 2H), 3.00-3.10 (m, 2H), 1.28X7.0, 3H).23C NMR (CDCk, 100 MHz)§ (ppm) 171.5,
138.5, 128.3, 128.0, 127.6, 77.1, 76.6, 62.6, 39.9, 39.8, 13.9. Anal. calcd4didDsS,: C, 54.90; H,
5.67. Found: C, 54.77; H, 5.71.
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4.4. Ethyl (R)-3-hydroxy-3-phenylpropionate

To a solution of3 (1.1 g, 4.0 mmoal) in benzene (10 mL) was added successively tributyltin hydride
(4.3 mL, 16.0 mmol) and freshly recrystallized AIBN (26.4 mg). The mixture was refluxed at 80°C for
1.5 h with stirring. The reaction mixture was allowed to cool to rt and evaporated in vacuo to a crude
material. The crude material was purified by flash column chromatography to give aceta@ (&R0
mg, 82%) as a colorless oil, which was determined to be 98% ee by using a Chiralcel OD column with
5% 2-propanol/hexane (1.0 mL/miR; 8.9 min,A 254 nm). [x]p?*-57.0 € 1.0, CHC}). IR (film) 3456,

1730 cm®. 'H NMR (CDClg, 400 MHz)§ (ppm) 7.26-7.41 (m, 5H), 5.14 (di=7.5, 3.6 Hz), 4.19 (q,
J=7.0 Hz, 2H), 3.28 (dJ=3.6 Hz, 1H), 2.77 (ddJ=16.3, 8.8 Hz, 1H), 2.39 (ddl=16.3, 4.1 Hz, 1H),
1.26 (t,J=7.0, 3H).13C NMR (CDCk, 100 MHz)§ (ppm) 172.4, 142.4, 128.5, 127.8, 125.6, 70.3, 60.8,
43.3, 14.1. Anal. calcd for GH1403: C, 68.02; H, 7.27. Found: C, 68.56; H, 7.33.

4.5. Ethyl (R)-2,2-(ethylenedithio)-3-hydroxyoctanodlté

To a solution oN-(p-toluenesulfonyl)s-valine (25 g, 85.8 mmol) in dry C4Cl» (250 mL) at 0°C was
added BH-THF (78 mL, 78 mmol, 1 M in THF). The solution was stirred for 30 min at 0°C, then for an
additional 30 min at rt. The solution was cooled to —78°C and hexanal (9.4 mL, 78 mmol)i@leCE0
mL) was added slowly over 5 min. After stirring for 5 min(19.6 g, 78 mmol) in CKICI, (10 mL) was
added dropwise over 5 min. The reaction mixture was stirred for 3 h and a buffer solution (50 mL, pH
6.86) was added to quench the reaction. The reaction mixture was allowed to warm to rt and evaporated
to a concentrated residue. After the residue was diluted with ether, the organic phase was washed with
satd aqueous NaHGGolution and brine, dried over MggQand evaporated in vacuo. Flash column
chromatography (10% ethyl acetate/hexane) provided the &0dl6.7 g, 77%), which was determined
to be 98% ee by using a Chiralcel OD column with 1.5% 2-propanolhexane (1.0 mIBn#6,5 min,A
210 nm). X]p?*+10.0 € 1.4, CHCE}). IR (film) 3490, 1730 crit. *H NMR (CDClz, 400 MHz)§ (ppm)
4.25 (q,J=7.0, 2H), 4.00-4.10 (m, 1H), 3.33-3.42 (m, 4H), 2.82)7.0, 1H), 1.33-1.67 (m, 8H), 1.32
(t, J=7.0, 3H), 0.88 (tJ=6.8, 3H).13C NMR (CDCk, 100 MHz)§ (ppm) 171.8, 75.8, 75.5, 62.2, 39.9,
39.8, 34.0, 31.4, 26.1, 22.4, 13.9, 13.8. Anal. calcd fgiH3,03S,: C, 51.76; H, 7.96. Found: C, 51.60;
H, 8.01.

4.6. Ethyl (R)-3-hydroxyoctanoatd 1

To a solution of10 (5.0 g, 18 mmol) in benzene (30 mL) was added successively tributyltin hydride
(19.4 mL, 72.0 mmol) and freshly recrystallized AIBN (118.8 mg, 0.72 mmol). The resulting mixture was
refluxed at 80°C for 1.5 h with stirring. The reaction mixture was then allowed to cool to rt and evaporated
in vacuo to a crude material. The crude material was purified by flash column chromatography to give
acetate aldol1 (3.0 g, 88%) as a colorless oilx[p?* -22.0 € 1.0, CHC}). IR (film) 3484, 1726 crit.

IH NMR (CDClz, 400 MHz) 8 (ppm) 4.17 (q,J=7.0 Hz, 2H), 3.97-4.12 (m, 1H), 3.05 (#3.4 Hz,
1H), 2.49 (dd,J=16.3, 3.4 Hz, 1H), 2.39 (ddl=16.3, 9.0 Hz, 1H), 1.27 (J=7.0, 3H), 1.25-1.54 (m,
8H), 0.89 (t,J=6.8 Hz, 3H).23C NMR (CDCk, 100 MHz)§ (ppm) 172.9, 67.9, 60.5, 41.3, 36.4, 31.6,
25.0, 22.5, 14.1, 13.9. Anal. calcd fogE»003: C, 63.80; H, 10.71. Found: C, 63.55; H, 10.85.
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4.7. Ethyl (R)-3-benzoyloxyoctanoatE2

To a solution ofl1 (161.9 mg, 0.86 mmol) in dry pyridine (1 mL) at 0°C benzoylchloride (0.1 mL,
0.86 mmol) was added. The mixture was allowed to warm to rt and stirred overnight. Pyridine was
removed in vacuo, the residue was diluted with ether, washed with 10% HCI and satd aqueoussNaHCO
solutions, dried over MgS§) and evaporated to a crude material. The crude material was purified by
flash chromatography (3% ethyl acetate/hexane) to give the benzoyl deri¥at{225.1 mg, 90%) as
a colorless oil, which showed to be 98% ee by using a joint column of Chiralcel OD-H and Chiralpak
AD with 3% 2-propanol/hexane (1.0 mL/miRs 16.8 min,A 254 nm). [x]p2* -3.4 € 0.9, CHC}). IR
(film) 1790, 1724 crit. 'H NMR (CDCl3, 400 MHz)§ (ppm) 7.36—7.56 (m, 5H), 5.45-5.51 (m, 1H),
4.11 (9,J=7.0 Hz, 2H), 2.75 (dd)=15.4, 7.5 Hz, 1H), 2.66 (dd=15.4, 5.4 Hz, 1H), 1.67-1.83 (m, 2H),
1.22-1.48 (m, 6H), 1.18 (1]=7.0, 3H), 0.87 (t)=6.8 Hz, 3H).13C NMR (CDCk, 100 MHz)§ (ppm)

170.3, 165.8, 162.2, 134.4, 130.4, 128.8, 71.2, 60.5, 39.4, 34.0, 31.4, 24.7, 22.3, 14.0, 13.8. Anal. calcd
for C17H2404: C, 69.84; H, 8.27. Found: C, 63.55; H, 10.85.

4.8. Ethyl (R,3R)-3-hydroxy-2-(hydroxymethyl)octanoatant-13 and ethyl (&,3R)-3-hydroxy-
2-(hydroxymethyl)octanoatyn13

To a solution of lithium diisopropylamide (8.0 mmol) in dry THF (30 mL) at —=78°C was add€@53
mg, 4.0 mmol) in THF (5 mL) slowly over a period of 20 min, followed by stirring for 30 min. After
the reaction mixture was warmed to —20°C, gaseous formaldehyde, which was generated by heating
paraformaldehyde (760 mg, 24 mmol) along with phosphorus pentaoxide at 150°C, was introduced into
the reaction mixture. After stirring the mixture for 1 h at the same temperature, it was quenched by
the addition of satd aqueous NEI solution (5 mL). The mixture was extracted with ether, washed
with brine, and dried over anhydrous Mga@\fter evaporation of the solvent, the crude material was
purified by flash column chromatography (15% ethyl acetate/hexane) to give a 5:1 mixamg-D3:
syn13 (664 mg, 76%). IR (film) 3489, 1724 cth 'H NMR (CDCl3, 400 MHz)§ (ppm) 4.15-4.28 (m,
2H), 3.86—4.08 (m, 3H), 3.06 (d=5.3 Hz, 1/6H), 2.99 (dJ=7.8 Hz, 5/6H), 2.88 (br s, 1H), 2.65 (dt,
J=5.3, 9.1 Hz, 5/6H), 2.54 (dtI=4.4, 4.3 Hz, 1/6H), 1.30 (1=7.0 Hz, 3H), 1.25-1.62 (m, 8H), 0.89 (t,
J=6.8 Hz, 3H).13C NMR (CDCk, 100 MHz)§ (ppm) 173.6, 71.7, 62.6, 60.8 (60.9), 51.7 (51.4), 35.3
(34.9), 31.6, 25.4, 22.5, 14.1, 13.9 (numbers in parentheses stand for the minor isomer). Anal. calcd for
C11H2204: C, 60.52; H, 10.16. Found: C, 60.25; H, 10.23.

4.9. (R,5R)-5-Ethoxycarbonyl-2,2-dimethyl-4-pentyl-1,3-dioxddand (4R,5S)-5-ethoxycarbonyl-
2,2-dimethyl-4-pentyl-1,3-dioxarié

To a solution of dioll3(436.6 mg, 2.0 mmol) in dry acetone (10 mL) was added successively acetone
dimethylacetal (0.49 mL, 4.0 mmol) and camphor-10-sulfonic acid (46.4 mg, 0.2 mmol) and the reaction
mixture was stirred for 20 min at rt. The reaction was quenched by addihy (Bt41 mL, 0.3 mmal).

The reaction mixture was evaporated in vacuo. The resulting residue was dissolved in ether, washed
with water, and dried over MgSQOAfter evaporation of the solvent, the crude material was purified by
flash column chromatography (4% ethyl acetate/hexane) to provide acefgh{d23.6 mg, 82%) and
acetonidel5 (93.0 mg, 16%) as colorless oils. Acetonitié [x]p?* —10.0 € 1.0, CHC}). IR (film)

1739, 1462 cmt. 'H NMR (CDClz, 400 MHz) § (ppm) 4.19 (ddqgJ=10.7, 7.0, 4.1 Hz, 2H), 4.13 (dd,
J=11.9, 2.9 Hz, 1H), 4.04 (dd=11.9, 4.4 Hz, 1H), 3.95-3.99 (m, 1H), 2.44 (br, #t3.8, 3.4 Hz, 1H),

1.43 (s, 6H), 1.28 (t)=7.0 Hz, 3H), 1.26-1.61 (m, 8H), 0.88 (7.0 Hz, 3H).13C NMR (CDCk, 100
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MHz) 6 (ppm) 171.0, 99.0, 69.3, 61.2, 60.5, 43.5, 32.9, 31.5, 28.3, 25.1, 22.4, 19.6, 14.1, 13.9. Anal.
caled for G4H2604: C, 65.09; H, 10.14. Found: C, 65.12; H, 10.18. Acetorfifie[ x]p?* +51.6 € 0.6,
CHCl). IR (film) 1732, 1464 crit. 'H NMR (CDCls, 400 MHz) 8 (ppm) 4.14 (ddg,)=10.7, 7.0, 2.9

Hz, 2H), 4.00 (ddJ=11.4, 10.4 Hz, 1H), 3.97-4.02 (m, 1H), 3.92 (de11.4, 5.4 Hz, 1H), 2.57 (dt,
J=10.3, 5.4 Hz, 1H), 1.48 (s, 3H), 1.39 (s, 3H), 1.26)¢7.0 Hz, 3H), 1.22-1.52 (m, 8H), 0.88 (7.0

Hz, 3H).13C NMR (CDCk, 100 MHz)8 (ppm) 171.5, 98.4, 69.9, 61.4, 60.5, 46.9, 34.4, 31.6, 29.2, 24.4,
22.5,19.2, 14.1, 13.9. Anal. calcd foi4E1,604: C, 65.09; H, 10.14. Found: C, 64.98; H, 10.09.

4.10. (&R,5R)-5-Formyl-2,2-dimethyl-4-pentyl-1,3-dioxaBe

To a cooled (=78°C) solution of est&d (129.1 mg, 0.5 mmol) in CkCl, (5 mL) was added DIBAL
(0.6 mL, 0.6 mmol, 1 M in toluene) over a period of 30 min. The reaction mixture was stirred at
—78°C for 2 h, and then MeOH was added to quench the reaction. After 15 min water (1.0 mL) was
added; the resulting mixture was then allowed to warm to rt and stirred vigorously to form a precipitate.
After filtration of the precipitate, the mixture was diluted with ether and the phases were separated. The
organic phase was washed with water and brine, dried over Mg&( evaporated to a crude material.
Purification of the crude material by flash column chromatography (2.5% ethyl acetate/hexane) provided
aldehyde3 (96.4 mg, 90%) as a colorless oik][p24 -17.8 € 1.4, CHC}). IR (film) 1726 cmi1. 1H NMR
(CDClg, 400 MHz) 6 (ppm) 10.11 (dJ=4.1 Hz, 1H), 4.17 (ddJ=12.2, 2.9 Hz, 1H), 4.10 (dd=12.2,
1.5 Hz, 1H), 4.09-4.11 (m, 1H), 2.02-2.05 (m, 1H), 1.51 (s, 3H), 1.43 (s, 3H), 1.23-1.65 (m, 8H), 0.88
(t, J=6.8 Hz, 3H).13C NMR (CDCk, 100 MHz)§ (ppm) 204.8, 99.2, 70.1, 61.3, 49.6, 33.1, 31.4, 29.3,
24.8, 22.4, 18.6, 13.9. Anal. calcd fog £1,2,03: C, 67.26; H, 10.35. Found: C, 67.50; H, 10.38.

4.11. (R,55)-5-Formyl-2,2-dimethyl-4-pentyl-1,3-dioxaié

According to the reduction procedure described above, the reaction of ald@kitteesterl5 (93.0
mg, 0.35 mmol) and DIBAL (0.45 mL, 0.45 mmol, 1 M in toluene) in &, (5 mL) afforded aldehyde
16 (66 mg, 88%) as a colorless oilx[p?* +48.0 € 0.5, CHCB). IR (film) 1720 cn. 1H NMR (CDCls,
400 MHz) 8 (ppm) 9.75 (dJ=2.2 Hz, 1H), 3.98-4.04 (m, 1H), 3.97 (@6.1 Hz, 1H), 3.96 (ddJ=3.1
Hz, 1H), 2.64-2.70 (m, 1H), 1.43 (s, 3H), 1.39 (s, 3H), 1.22-1.60 (m, 8H), 0.987tD Hz, 3H).13C
NMR (CDClz, 100 MHz)§ (ppm) 201.4, 98.7, 68.3, 58.5, 53.7, 34.7, 31.5, 28.4, 24.5, 22.5, 19.7, 13.9.
Anal. calcd for GoH2003: C, 67.26; H, 10.35. Found: C, 67.11; H, 10.30.
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