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Abstract: We describe herein an cnantio- and diastercosclective total synthesis of two radicinin
analogues 13 and 14. 13 has becn subjected to biological tests. cxhibiting the lowest toxicity of all
radicinin analogues that have been investigated to date and it depresses the heart ventricular strip and
histamine contraction. The key reaction 10 cstablish the radicinin skeleton is the reduction of the
pscudo C- symmetrical precursor 11 with the aid of TiCl, and LiBH,.

Introduction

It has been long known that radicinin and radicinin analogues exhibit antimicrobial and antifungal
activity.' Although radicinin analogues had been synthesized by hydrogenation of aromatic precursors,” there
has been no enantio and diastereoselective total synthesis of the radicinin analogues 13 and 14 to date. The
hydrogenation method does not yield homochiral compounds, nor can one change selectively the configuration
in a distinct manner at selected carbon atoms. In our efforts to establish an efficient and configurationally
flexible strategy for the sequential two directional chain synthesis to synthesize macrolide antibiotics, we
observed a unique reduction that leads to tetra-substituted tetrahydropyran moieties. This reduction, followed
by subsequent lactonization and hydrogenation, vields 14 in good quantities. The described sequence enables us

to perform the first total synthesis of the homochiral radicinin metabolites 13 and 14.

Results and Discussion

The principal idea for the original route towards two-directional chain extension® was to generate pseudo
C, symmetric bis-ketoester 1, which can be reduced to pseudo C; symmetric tetraol 3 by chelation-controlled
reduction with borohydrides.* Tetraol 3 should be subjected to intra-molecular transesterification in order to

achieve side chain differentiation’ (Scheme 1).
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Scheme 1
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Synthetic strategy for the sequential two-directional chain extension and terminus differentiation.

By using various Lewis acids as the chelating agents in the reduction step, we discovered a unique
reaction sequence. When TiCl, was used as the chelating agent, reduction of just one of the two keto groups
was observed and an additional ring closure occurred. This reaction sequence established the tetrahydropyran
moiety of the final product (13, 14) in a straightforward manner.

A readily available starting material for 3-hydroxybutanoate is ethyl acetoacetate.® Reduction with
baker’s yeast generates (S)-(+)-ethyl hydroxy butanoate in 61% yield and with 90% enantiomeric excess.’

Protection of the hydroxy group with MPM trichloroacetimidate yields the MPM protected B-hydroxyester 5 in
85 % yield *

Scheme 2
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a) LAH, Et;O, RT, 85%; b) Swern Oxidation, 47%; c) Ethyl diazoacetate, SnCl,, CH,Cl,, 64%; d)
LiOH, MeOH/H,0 = 3:1, 88%, e) SOCI,, cyclohexane, crude.

Ester 5 was subjected to LAH reduction and then oxidized via Swern oxidation.” The generated aldehyde

was converted to the B-keto ester 8 by treatment with ethyl diazoacetate and anhydrous tin dichloride.’® The
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acid chloride 10, used in the subsequent MgCl, mediated coupling,'' was generated by LiOH hydrolysis' of the
ester, followed by acid chloride generation with the aid of thionyl chloride in cyclohexane (Scheme 2). It is
crucial to avoid the use of any base or even DMF as a catalyst. We found that even catalytic amounts of DMF,
which is very often used in acid chloride formation," facilitate the elimination of the MPM-protected hydroxy
group. The crude acid chloride 10 was then coupled to keto ester 8 with MgCl, as the chelating agent and with
pyridine as base (Scheme 3).

Scheme 3
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a) MgCl,, pyridine, CH,Cl,, 61%.

The so-generated pseudo C, symmetric diketone 1 was deprotected with 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone (DDQ) according to standard procedures' and subjected to various chelation-controlled
reductions’ (Scheme 4). Chelating boron reagents lead to difficulties in tetraol liberation. We therefore
examined various different Lewis acids for chelation of the two B-hydroxy ketones. Investigation of a great
variety of hydride sources left TiCly and LiBH, as the superior system. Surprisingly, just one carbonyl group

was reduced and consecutive ring closure took place.

Scheme 4
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a) DDQ, CH,CL/H,0 = 18:1, 59%; b) TiCly, THF/MeOH = 5:1, LiBHy, 77%.

This product may derive via a reduction-Sy2 mechanism (Scheme 5a) or via hemiacetal formation,
elimination and succeeding reduction of the oxonium ion (Scheme 5b). The reaction proceeds

diastereoselectively and the other diastereomer could not be observed.
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Scheme 5b
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Elimination-reduction model.

The configuration at the newly-generated asymmetric ether carbon atom is consistent with a syn-

reduction followed by Sx2 displacement. On the other hand, hemiacetal formation, elimination and succeeding

reduction would yield compound 12, too.

Since compound 11 is pseudo C; symmetric prior to reduction, it makes no difference which of the two

carbonyl groups is reduced. Catalytic hydrogenation of the enol as the final step generates the desired

stereochemistry by means of the concave/convex geometry of lactone 13 (Scheme 6).

Scheme 6
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a)TFA, CH,Cly, 56%; b) Hy, Pd/C, 40°C, 3 bar, 81%.

Lactonization of tetrahydropyran 12 generated the radicinin analogue 13, which was subjected to X-ray

crystallography (Figure 1). The X-ray structure'’ shows compound 13 as a rather flat bicyclic system with the

highest deviation from the planes occurring at O(16) (36pm) and C(24). A strong intramolecular hydrogen

bond is observed between O(32)H and O(33) (H.. O distance 158 pm). The data elucidated the stereochemistry

of 13 and revealed the orientation of the substituents. Hydrogenation of 13 at 3 bar and 40°C afforded 14 in

81% vield. The stereochemistry of compound 14 was confirmed by NOE experiments.
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Figure 1. Molecular structure of compound 13: C-C bonds 144-152 pm, C-O 135-147 pm, C=0 bond
123 pm, C=C bond 134 pm.

This short and efficient route establishes the synthesis of two radicinin metabolites in eight consecutive
steps and generates five asymmetric centers by using the same chiral starting material (S-(+)-ethyl
hydroxybutanoate) for both parts of the molecule. The sequential two-directional chain extension strategy
provided us with the required ketone for our short synthesis of homochiral radicinin analogues.

These compounds are presently undergoing pharmacological testing.

Experimental Section

General. Nuclear magnetic resonance spectra (NMR) were recorded on a Bruker WP 200 or AM 300
spectrometer. Proton NMR splitting patterns are designated as: br, broad; s, singlet; d, doublet; t, triplet; q,
quadruplet; m, multiplet. Coupling constants are reported in hertz (Hz). Infrared (IR) spectra were recorded on
a Perkin Elmer FT 1710 spectrometer. Mass spectra (MS) were recorded on a Finnigan MAT 312 mass
spectrometer at an ionization potential of 70 eV. High resolution mass spectra (HRMS) were recorded on an
VG Autospec mass spectrometer at an ionization potential of 70 eV. Elemental analyses were performed on a
Heraeus CHN Rapid analyser. Optical rotations were measured with a Perkin-Elmer 241 polarimeter. Flash
chromatography was performed with Baker Flash silica gel (0.03-0.04 mm). Merck TLC 60 F 254 thin layer
chromatography (TLC) plates were used.

All solvents were distilled prior to use. Anhydrous reactions were performed under an atmosphere of
nitrogen in flame-dried (under vacuum) glassware.

Tetrahydrofuran (THF) and diethyl ether (Et;0) were distilled from sodium immediately before use.
Dichloromethane (CH,Cl;) and dimethylsulfoxide (DMSQ) were distilled from CaH,.
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(2S,8S)-4,6-0Ox0-5-carboxyethyl-2,8-[(p-methoxybenzyl)-oxy]-nonane (1): To a solution of 324 mg
(3.4 mmol) dry magnesium chloride in 5.5 ml CH,Cl, was added 1.0 g (3.4 mmol) of the B-ketoester 8. The
reaction mixture was cooled to 0°C and a first equivalent of pyridine (275 pl, 3.4 mmol) was added. The
resulting heterogeneous mixture was stirred for 1 h at 0°C, followed by the addition of the acid chloride,
dissolved in 3.3 ml CH,Cl, and the second equivalent of pyridine. The resulting mixture was stirred at 0°C for 1
h. After this time the reaction was quenched with 5 ml 6 N HCI. The layers were separated, the aqueous layer
was saturated with NaCl and then extracted with EtOAc (3x150 ml). The combined extracts were dried over
MgSO,, filtered and concentrated. The crude product was purified by chromatography on silica gel
(EtOAc/hexane 1:5) to give (1.03 g, 2.0 mmol) 61% of compound 1 as a yellow oil: [a]p™ = +9.6° (¢ = 1.3 in
CHCLy), '"H-NMR (200 MHz, CDCls, 20°C, TMS): § = 17.75 (s, br., 1H; CH), 7.22 (d, *J(H H) = 8 Hz, 4H;
CH), 6.84 (d, J(H,H) = 8 Hz, 4H; CH), 4.48 (d, “J(H,H) = 11 Hz, 2H; CH,), 439 (d, *J(H,H) = 11 Hz, 2H;
CH,). 4.20 (q, *J(H,H) = 7 Hz, 2H; CH,), 4.12 - 3.92 (m, 2H; CH), 3.76 (s, 6H; CHs), 3.04 (dd, 2J(H,H) = 15
Hz. “J(H.H) = 7 Hz, 2H; CH,), 2.72 (dd, “J(H,H) = 15 Hz, *J(H,H) = 5 Hz, 2H; CH,), 1.28 (t, *J(H,H) = 7 Hz,
3H; CH:). 1.23 (d, *J(H,H) = 6 Hz, 6H; CH;); IR (CHCL): v = 1744 cm™ (C=0), 1708 cm™ (C=0); MS
(20°C): mz (%): 500 (1.5) [M'], 499 (3.0) [M'-1], 137 (100) [CsHs0,']; High-res. MS (Cz3H3505 [M'-1]):
calcd 499.233194; found 499.235474.

(3S)-3-{(p-Methoxybenzyl)-oxy|-butan-1-ol (6): (3S)-Ethyl-3-hydroxybutanoate (21 g, 0.16 mol) and
3.9 g (17 mmol) D(+)-CSA were dissolved in 180 ml CH,Cl,. A solution of 86.0 g (0.32 mol) MPM
trichloroacetimidate in 30 ml CH,Cl, was added over a period of 10 min. The reaction was stirred for 23 h at
room temperature. The precipitated trichloroacetamide was filtered off and washed with CH,Cl,. The filtrate
was washed with aqueous NaHCO; and the aqueous layer was back extracted with ether (3x150 ml). The
organic layers were combined, dried (MgSO,), filtered and concentrated. 56.6 g of the crude product were
dissolved in 70 ml ether. This solution was added dropwise to a suspension of 4.02 g (0.106 mol) LAH in 230
ml ether. The mixture was quenched with aqueous NaHCOQ; at 0°C after 4 h. The solution was allowed to
warm to room temperature, the layers were separated and the aqueous layer was extracted with ether (3x150
ml). The combined organic layers were dried (MgSQ,), filtered and concentrated. Purification by flash
chromatography (EtOAc/hexanes, 1:4) gave the desired alcohol 6 (18.8 g, 90 mmol) in 85% vyield as a yellow
oil [et]y™ = +46 3° (c = 1.3 in CHCls); "H-NMR (200 MHz, CDCls, 20°C, TMS): & = 7.25 (d, *J(H,H) = 8 Hz,
2H; CH), 6.87 (d, "J(H,H) = 8 Hz, 2H; CH), 4.56 (d, 2J(H,H) = 11 Hz, 1H; CH,), 4.36 (d, “J(H,H) = 11 Hz,
1H; CH,), 3.78 (s, 3H, CHs), 3.80 -3.70 (m, 3H; CH, CH,), 2.86 (s, br., 1H; OH), 1.80 -1.68 (m, 2H; CHy),
1.23 (d, *J(H,H) = 6 Hz, 3H; CHs); IR (CHCL): v = 3518 cm™' (OH); MS (20°C): m/z (%): 210 (3.8) [M'],
121 (100) [CsHsO']; High-res. MS (C(;H,50;3): caled 210.125595; found 210.124587.

(3S)-3-|(p-Methoxybenzyl)-oxy]-butanal (7): To a solution of 9.4 ml (106 mmol) oxalyl chloride in
120 ml CH,Cl, was added 16.3 ml (229 mmol) Me,SO at -65°C. The reaction mixture was stirred for 15 min
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and a solution of 18.5 g (88 mmol) 6 in 30 ml CH,Cl, was added at -65°C. The reaction mixture was stirred for
30 min. Triethylamine (61.3 ml, 440 mmol) was added and the reaction mixture was stirred for 5 min and then
allowed to warm to room temperature. Water was added and the layers were separated. The aqueous layer was
extracted with ether (3x150), the organic layers were combined, dried (MgSQs) and concentrated. Flash
chromatography (EtOAc/hexanes 1:5) gave the expected aldehyde 7 (8.6 g, 41 mmol) in 47% yield: [ap® =
+32.0° (¢ = 1.3 in CHCly); "H-NMR (200 MHz, CDCl;, 20°C, TMS): § = 9.75 (t, *J(H,H) = 2 Hz, 1H; CHO),
7.24 (d, *J(H H) = 8 Hz, 2H: CH), 6.87 (d, *J(H,H) = 8 Hz, 2H; CH), 4.54 (d, >J(H,H) = 11 Hz, IH, CHy),
439 (d, *J(HLH) = 11 Hz, 1H; CH,), 4.12 - 3.98 (m, |H; CH), 3.75 (s, 3H; CHs), 2.67 (ddd, “J(H,H) = 16 Hz,
‘J(H.H) = 7 Hz, 2 Hz, 1H; CH,). 248 (ddd, 2J(H.H) = 16 Hz, J(HH) = 5 Hz, 2 Hz, 1H; CHy), 1.28 (d,
‘J(HH) = 6 Hz, 3H; CHs); IR (CHCL): v = 1724 cm™ (C=0); MS (20°C): m/z (%): 208 (2.7) [M'], 137 (100)
[CsHs0;']; High-res. MS (C2H;604): caicd 208.109945; found 208.110687.

(5S)-Ethyl-3-0x0-5-|(p-methoxybenzyl)oxy]-hexanoate (8): To a suspension of 3.8 g (20 mmol) SnCl,
in 120 ml CH,Cl, was added 12.8 ml (124 mmol) ethyl diazoacetate under vigorous stirring at room
temperature. A solution of (3S)-3-[(p-methoxybenzyl)oxy]-butanal (7) (8.6 g, 41 mmol) in 20 ml CH,Cl, was
prepared. When nitrogen evolution began the remaining solution of aldehyde 7 was added dropwise. After
nitrogen evolution had stopped the reaction was transferred to a separatoring funnel containing saturated brine
and the layers were separated. The aqueous layer was extracted with ether (3x150 ml), the organic layers were
combined, dried over MgSO, and filtered. After evaporation of the solvent, the crude product was purified by
chromatography on silica gel (EtOAc/hexanes 1:5) to give 64% (7.8 g, 26.5 mmol) of compound 8 as a yellow
oil: [a]p> = +24.9° (c = 1.3 in CHCls); "H-NMR (200 MHz, CDCly, 20°C, TMS): 8 = 7.24 (d, *J(H,H) = 8 Hz,
2H, CH), 6.86 (d. “J(H,H) = 8 Hz, 2H; CH), 4.50 (d, 2J(H,H) = 11 Hz, 1H; CH,), 437 (d, JJ(H,H) = 11 Hz,
IH: CH,), 4.18 (q, 'J(H,H) = 7 Hz, 2H: CH,), 4.09 - 3.92 (m, 1H; CH), 3.79 (s, 3H; CHs), 3.46 (s, 2H; CHy),
2.85 (dd. *J(H,H) = 16 Hz, *J(H.H) = 8 Hz, 1H; CH,), 2.58 (dd, *J(H,H) = 16 Hz, *J(H,H) = 5 Hz, 1H; CH,),
127 (t, “WHH) = 7 Hz, 3H; CHa), 1.23 (d, ‘J(H,H) = 6 Hz, 3H; CH:); IR (CHCL): v = 1740 cm’ (C=0),
1716 cm™ (C=0); MS (20°C): m’z (%): 294 (0.7) [M'], 121 (100) {CsHsQ']; High-res. MS (CisH2.0s): calcd
294.146724, found 294.146576.

(3S)-3-[(p-Methoxybenzyl)-oxy]-butanoic Acid (9): 28.3 g of compound § was dissolved in 84 ml of
MeOH/H,O (3:1). The solution was cooled to 0°C and 12.0 g (0.16 mol) LIOHH,0 (56% LiOH) was added.
The solution was stirred for 3 h at room temperature. The reaction was concentrated under water aspirator and
acidified with 6 N HC] to pH 1. The aqueous layer was saturated with NaCl and then extracted with EtOAc
(3x150 ml). The organic layers were combined, dried (MgSO,), filtered and concentrated. Purification by flash
chromatography (EtQAc/hexanes |:3) gave acid 9 (10.4 g, 46 mmol) in 88% yield: [o]p™ = +28.0° (c = 1.3 in
CHCL), '"H-NMR (200 MHz, CDCl;, 20°C, TMS): & = 11.15 (s, br, 1H; CO,H); 7.25 (d, *J(H,H) = 8 Hz, 2H;
CH), 6.86 (d, “J(H,H) = 8 Hz, 2H; CH), 4.53 (d, J(H,H) = 11 Hz, 1H; CH,), 4.44 (d, *J(H,H) = 11 Hz, 1H;
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CHa), 4.06 - 3.92 (m, 1H; CH), 3.78 (s, 3H; CHz), 2.67 (dd, *J(H,H) = 15 Hz, *J(H,H) = 7 Hz, 1H; CH,), 2.46
(dd, “J(H,H) = 15 Hz, *}H,H) = 6 Hz, 1H; CH,), 1.26 (d, *J(H,H) = 6 Hz, 3H; CHa); IR (CHCL): v = 1713
cm’ (C=0); MS (20°C): m/z (%): 224 (5.3) [M], 137 (100) [CsHsO,'); High-res. MS (C;H504): caled
224.104859; found 224.104935.

(3S)-3-[(p-Methoxybenzyl)-oxy]-butanoic Acid Chloride (10): To a solution of 1.3 g (5.78 mmol)
acid 9 in 5.7 ml cyclohexane was added dropwise 0.63 ml (8 67 mmol) of SOCIl,. The reaction mixture was
heated to 60°C for | h. After the solvent and excess SOCI, were evaporated off, the crude product was used

without further purification: IR (CHCl:): v = 1796 em™ (COCH).

(25,85)-4,6-Ox0-5-carboxyethyl-2,8-hydroxynonane (11): A solution of 1.8 g (3.6 mmol) of 1 in 54
ml CH,Cl, was stirred with 2.9 ml of water, and 2.0 g (8 64 mmol) of 2 3-dichioro-5,6-dicyanoquinone was
added. After being stirred for | h at room temperature, the mixture was quenched with aqueous NaHCO;, the
layers separated and the aqueous layer extracted with CH,Cl; (3x150 ml). The combined organic layers were
dried over MgSO,, filtered and concentrated. The residue was chromatographed on silica gel with
EtOAc/hexane 1:1 to yield 59% (555 mg, 2.1 mmol) 11: {a]p™ = -77.56° (¢ = 1.6 in CHCl), '"H NMR (200
MHz, CDCl:, 20°C. TMS)' & = 4.72 - 4.53 (m. 1H; CH), 4.30 (q, *J(H,H) = 7 Hz, 2H; CH,), 4.22 - 4.08 (m,
1H; CH), 2.79 - 2.46 (m. 4H: CH,), 150 (d, "J(H,H) = 6 Hz, 3H; CHa), 1.34 (t, *J(H,H) = 7 Hz, 3H; CHy),
1.29 (d, “J(H.H) = 6 Hz, 3H; CH;); IR (CHCL): v = 3432 cm™ (OH), 1728 cm™ (C=0), 1680 cm™ (C=0); MS
(FAB): m z (%) 243 (96) [M'-17], 197 (100) [C1oH504'].

(2R,68,2’S)-Tetrahydro-2-propan-2’ol-3-carboxyethyl-6-methyl-4H-pyran-4-one  (12): To a
solution of 437 mg (1.68 mmol) of diol 11 in 60 ml THF/MeOH (5:1) was added a solution of 0.5 mi (4.37
mmol) TiClyin 4.0 ml CH;Cl; at -78°C. After 45 min, 5.75 ml of 2M LiBH, in THF was added dropwise. After
being stirred for 2 h at -78°C the reaction was quenched with aqueous NaHCOs. The layers were separated, the
aqueous layer saturated with NaCl and extracted with EtOAc (3x150 ml). The combined organic layers were
dried over MgSO,, filtered and concentrated. Chromatography of the crude product with silica gel using
hexanes/EtOAc 3:1 as eluent provided 77% (309 mg, 1.3 mmol) 12 as a colorless oil: [a]p®™ = +45.2° (¢ = 1.3
in CHCL), 'H-NMR (200 MHz, CDCls, 20°C, TMS): § = 4.23 (q, *J(H,H) = 7 Hz, 2H; CH,), 4.35 - 4.06 (m,
2H; CH), 3.97-3.79 (m, 1H; CH), 3.31 (d. "J(H.H) = 11 Hz, IH: CH), 2.50 (dd, *J(H,H) = 15 Hz, *J(H,H) =3
Hz, IH: CHy), 229 (dd. *J(H.H) = 15 Hz, “J(H.H) = 11 Hz, 1H, CH,), 1.85 - 1.58 (m, 2H; CH,), 1.35 (d,
J(H.H) = 6 Hz. 3H: CH:), 1.29 (t, "J(H.H) = 7 Hz, 3H; CH:). 1.23 (d, *J(H,H) = 6 Hz, 3H, CH,); IR (CHCL):
v =3532 cm’ (OH), 1740 cm™ (C=0), 1716 cm™ (C=0); MS (120°C): m/z (%): 243 (1.1) [M'-1], 185 (49.9)
[CoH1:04']. 139 (100) [C5H70;'); High-res. MS (C12H,90s [M'-1]): calcd 243.123249; found 243.123016.
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(28,7S,8’R)-4-Hydroxy-2,7-dimethyl-3,7,8,8’-tetrahydro-2H-pyrano-(4,3-b]pyran-5-one (13): A
solution of 280 mg (1.15 mmol) of 12 in 25 ml CH,Cl, was stirred at room temperature and 245ul (3.21 mmol)
of CFaCO,H was added. After being stirred for 22 h at room temperature the reaction was quenched with
aqueous NaHCOj;, the layers separated and the organic layer extracted with EtOAc (3x150 ml). The combined
organic layers were dried over MgSQ,, filtered, and the solvent was evaporated off. The crude product was
purified on silica gel (EtOAc/hexane 1:5) to give 56% (127 mg, 0.64 mmol) of 13 as colorless crystals: M.p.
86°C, [a]p™ = +19.6° (¢ = 1.3 in CHCL); "H-NMR (200 MHz, CDCl,, 20°C, TMS): & = 12.69 (s, IH; OH),
455 - 432 (m, 2H; CH), 3.97 - 3.78 (m, 1H; CH), 2.47 - 2.29 (m, 2H; CH,), 2.23 (ddd, J(H,H) = 12 Hz,
J(HH) = 5 Hz, 2 Hz, IH; CHa), 1.65 (q, “'J(H,H) = 12 Hz, 1H; CH), 143 (d, ‘J(HH) = 6 Hz, 3H; CH,),
1.32 (d. "J(H.H) = 6 Hz, 3H, CH3); IR (CHCl:): v = 1656 cm™ (C=0). 1616 cm™ (=0H); MS (20°C): m:z (%)
198 (25.3) [M ], Anal Calcd tor C4H,404 (198.2): C 60 60, H 7.07. Found: C 60.71, H 7.07

(25,4R,7S,4’R,8’R)-4-Hydroxy-2,7-dimethyl-hexahydro-pyrano|4,3-b]pyran-5-one (14): A solution
of 110 mg (0.55 mmol) of 13 in 12 ml EtOH was hydrogenated with 5 mol% Pd/C as catalyst at 40°C and a
pressure of 3.0 bar H, After 50 h the solution was filtered through a plug of Celite. The solvent was
evaporated and the residue was chromatographed with EtOAc to yield 81% (88 mg, 0.44 mmol) of 14 as
colorless crystals: M.p. 98°C; [a]p™ = +12.0° (¢ = 0.25 in CHCl:); '"H NMR (400 MHz, CDCls, 20°C, TMS):
§=438-429 (m, IH; CH). 3.94 (dt, ‘J(H,H) = 9.10 Hz, 2.95 Hz. IH: CH), 3.89 (d, *J(H,H) = 11.93 Hz, 1H;
OH). 3.86 - 3.77 (m, 1H; CH), 341 (ddq, J(H.H) = 1247 Hz, 6.21 Hz, 2.15 Hz, 1H; CH), 2.77 (t, J(H.H) =
4.07 Hz. 1H: CH), 2.41 (ddd, *J(H,H) = 13.09 Hz, “J(H,H) = 9.06 Hz, 403 Hz, 1H; CH,), 1.93 - 1 85 (m. 1H;
CHy), 1.74 - 1.60 (m, 2H; CH,). 1.41 (d, "J(H,H) = 6.21 Hz, 3H; CH;), 1.20 (d, *J(H,H) = 6.21 Hz, 3H, CH:):
IR (CHCL): v = 3520 cm™ (OH), 1728 cm™ (C=0). MS (20°C): m:z (%): 200 (2.5) [M'}; Anal. Calcd for
CioH1604 (200.2): caled C 60 .00, H 8.00. Found: C 59.99, H 7.88.

References and Notes

| Biglino, G.; Mazzoli, G. Corsi. Semin. Chim. 1968, 11, 74-77, Cassone, M.C.: Fundaro, A.; Il Farmaco-
Fd.Sc. 1974, 29, 861-871, Cassone, M.C. Boll.-Soc. [il. Biol. Sper. 1983, 59, 65-70; Cassone, M.C.
Boll.-Soc. Itl. Biol. Sper 1983, 39, 71-77

2. Cattel, L.; Nobih, G.; Caputo, O.; Biglino, G. // Farmaco-Fd. Sc. 1971, 26, 247-267; Cattel, L.; Nobili,
G.; Caputo, O.; Biglino, G. /I Farmaco-Fd.Sc. 1971, 26, 390-410.

(V]

Poss, C.S.; Schreiber, S.L. Acc. Chem. Res. 1994, 27, 9-17: and references cited herein.

4. Kiyooka, S.: Kuroda, H.; Shimasaki, Y. Tetrahedron Lett. 1986, 27, 3009; Mori, Y.; Kuhara, M.;
Takeuchi, A.; Suzuki, M. Tetrahedron Lett. 1988, 29, 5419, Hanamoto, T.; Hiyama, T. Tetrahedron
Lett. 1988, 29, 6467, Narasaka. K ; Pai, F.C. Tetrahedron 1984, 40, 2233; Chen, K.M.; Hardtmann,



8992

M. EH et al.

G.E., Prasad. K ; Repic, O.; Shapiro, M.J. Tetrahedron Lett. 1987, 28, 155; Kathawala, F.G.; Prager, B.;
Prasad, K.; Repic, O.; Shapiro, M.J ; Stabler, R.S.; Widler, L. Helv. Chim. Acta 1986, 69, 803; Bonadier,
F.; diFabio, R.; Gubbiotti, A.; Mecozzi, S.; Bonini, C. Tetrahedron Lett. 1987, 28, 703-706.

Hoye, T.R.; Peck, D.R.; Swanson, T.A.J. Am. Chem. Soc. 1984, 106, 2738.

Seuring, B.; Seebach, D. Helv. Chim. Acta 1977, 60, 1175.

The enantiomeric excess was determined by GC-chromatography with a chiral GC-cyclodextrin column
at 80°C (Macherey-Nagel Lipodex coloumn: [Oktakis-(2.6-di-o-pentyl-3-O-butyryl)-y-cyclodextrin]). In
order to achieve base line separation the ethyl hydroxybutanoate was transformed into the
trifluoroacetate derivative.

Nakajima, N, Horita, K | Abe, R, Yonemitsu, Q. Tetrahedron Leti. 1988, 29, 4139-4142.

Mancuso. A.J., Huang, S-L_, Swern, D. .J. Org. Chem 1978, 43, 2480-2482.

Holmquist, C.R.; Roskamp, E.J. J. Org. Chem. 1989, 54, 3258-3260.

Rathke, MW, Cowan, P.J. J. Org. Chem. 1985, 50, 2622-2624.

Corey, E J.; Szekely, J., Shiner, C.S. Tetrahedron Lett. 1977, 3529-3532.

Cason, J. Organic Syntheses, Coll. Vol. 3, 169-171.

Matteson, D.S.; Kandil, A A. J. Org. Chem. 1987, 52, 5121-5124.

X-Ray Analysis: crystals of 13 obtained by recrystallization from ethyl acetate / hexanes have
orthorhombic symmetry, space group P2,2,2;. The unit cell which has the parameters a=761.3(2),
b=1829.5(4), ¢=705.20(10) pm, contains 4 molecules yielding a calculated density of 1.340 g/cm’. The
data were collected at 293 K on a Siemens P3 diffractometer using graphite-monochromated Cu-K,
radiation (A=154.184 pm) in the 6-26 mode in the range 3° < 26 < 135, at a scan speed between 2.93 and
29.30°/min depending on the intensity of the reflection. The data were corrected for Lorentz-,
polarisation and absorption effects (i = 0.865 mm™"). The structure was solved by direct methods and
difference-Fourier syntheses. The refinement based on F* using all 1903 measured independent reflections
converged at R=0.036 for 1711 reflections with F > 4.0 o(F) (0.044 for all data). A final difference map
dispayed no electron density higher than 0.14*10° e/pm’. The programm SHELXL'® and own programms
were used. Complex atom scattering factors'’ were employed.
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