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Abstract. In this paper we present a highly stereoselectiveH-shift to convert the homoallylic alcoh8linto the allylic
and concise synthesis of the tetrahydrofuran deriv8tarel ~ benzyl ethed 0. Another key step was the regio- and stereo-
thus, a formal synthesis of the mycotoxin metabolite (+)-cit-controlled cyclization of epoxideBbto tetrahydrofuraiob,
reoviral @). In our route we made use of a novel anionic [1,3]-which was then converted into esBer

The polyene pyron mycotoxin citreoviridib)(was iso-  converted int@ by inversion at C-3 and reduction of

lated as early as 1947 by Hirata from the fungasi-  the ester to the aldehyde by Yamamura [7a] (Scheme
cillium citreo-viride B in rice-plants [1]. It causes the 1).
cardial Beriberi sickness [2] by inhibiting mitochondri-  In this paper we present a novel and efficient access

al F;, F-ATPase activity [3]. Its metabolite citreoviral to 3 (Scheme 2). Our synthesis3xétarts from keton&

(2), which is far less toxic, was first isolated and char-which, in the synthetic direction, had to be converted
acterized in 1984 by Yamamueaal. [4]. into the ketodiol7 and subsequently into epoxiée
Williamson type cyclization should convérstereose-
lectively and regioselectivelyia a favourable 5-exo-
trig-cyclization [9] into tetrahydrofuraBwhich had to

OHC be transformed into the eno&@eventually.

||||||

EtOOC

The interesting physiological propertiesIoand?2
together with the fascinating tetrahydrofuran core struc-
ture of these molecules have stimulated a number of
synthetic approaches which cumulated in the total syn- . OH
thesis of racemid [5] and of the natural enantiomer s =D A = 0)\_)\/
(—)-1 [6]. 2 has been synthesized in form of the race- ér On OR
mate [7] and of the natural enantiomer #)y several 6
groups [8]. The route by Takano [8c] proceeidsthe
tetrahydrofuranyl enoatg which had previously been Scheme 20ur retrosynthetic pathway &

The synthesis of ketor8ds based on a novel anionic
= [1,3]-H-shift we described recently [10]. Thus, on heat-
ing with sodium hydride and benzylchoride in DMF,
the known [11] homoallylic alcohdlO underwentO-
benzylation followed by a strictly intramolecular [1,3]-
H shift to form the trisubstitutedef-olefin 11in quan-
titative yield. By this reaction, a homoallylic alcohol
such adl0, which is readily available by diastereocon-

3 trolled crotylation [12] of the corresponding aldehyde
Scheme 1Takano's route to (+)-2 [8b,c] (9), is converted into an allylic benzyl ether suciis

OHC
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which is difficult to prepare in an diastereocontrolled oH o
fashion by direct methods,g. addition of the corre- & _ L )K/K/
sponding vinyl Grignard reagent $o : | H

+0 asymmetric 740 b)
o H crotylation
0] = —_— /Qi)\/
—_—— =
S c) X d)
H3C =

(0] a) OH — 3 ~ —_—

OBn (:)Bn
12 13

OBn
14 15

éBn e) Q % O f) % 0
Reagents and Conditions: a) ref. [12], - - - 2
b) NaH, DMF, BnCl, 80 °C, 15 h, 95% 1 '
OBn™~0O
16 17

5Bn o
Scheme 3Key intermediatd lis formed fromLlO by a novel
anionic [1,3]-H-shift [10] Reagents and Conditions: a) TFA, MeOH, 3 d, 95%; b) Pb(OAc),,
. o , : : CH,Cl,, 0 °C, 20 min; c) MeMgl, Et,0, 22 °C, 72%; d) i) 4% OsO,,
The conversion of olefifil into triol 17 is shownin  Gya CH4CN, 60 °C, 24 h: ii) DMP, CSA, CH,Cly, 22 °C, 3 h, 58%;

Scheme 5. Diol deprotection and glycol cleavage withe) DMSO, iPr,EtN, CH,Cl,, —50 °C, 91%; f) Ph;PMeBr, DMSO, NaH,
lead tetraacetate afforded aldehyidwhich was im- 22 °C, 45%
mediately subjected to a chelate Cram controlled GrigScheme 5Synthesis of the key intermedidit@é
nard reaction [13] with methyl magnesium iodide. Diol
14was formed without noticable racemization and withwas then intercepted by the 5-hydroxy function with
excellent (97:3) diastereoselectivity. The combined 1,3inversion of configuration. After Swern oxidation of the
induction of the hydroxy group and the 1,2-inductionprimary alcohol function to the aldehyde the isomers
of the benzyl ether, was obviously the reason for thdehaved differently. Whereas aldehyfevas formed
excellent diastereoselectivity (93:7) of the following os-from 19a, stereoisomef9b gave the bicyclic hemi-
mylation, which is in accord with the Kishi-model [14] acetal21, which could easily be separated from alde-
(Scheme 4) in which the osmium tetroxide approachebyde 20 by chromatographyia a mobile ring chain
the double-bond antiperiplanarly to the OBn-moietyequilibrium small amounts of the aldehy@2 were
across the small hydrogenatom. formed from21 which underwent smooth Wittig reac-
tion to generate théef-enoate23 stereoselectivel23
was debenzylated with Hanessian’s reagent [15] to give

0504 3 eventually, which was identical with Takano’s com-

E l CHy pound [8c] in the'lH NMR spectrum and the optical
ho NN W LN rotation.
OBn To remedy the unsatisfactory stereoselectivity in the
" o8n M -, oH epoxidation ofl7, the benzyl group was removed re-

r ductively and the resulting alcol®4 was now subject-
OBn OH ed to a Sharpless epoxidation [16] witBuOOH/VO
(acac). The desired diastereonswas formed as the
only product in 84% vyield. Rebenzylation 26 with
Bundle’s reagent [17] furnished stereop(Bb as ex-
pected which was converted ir2a directly.
. - . In conclusion, we have reported a concise stereocon-
__Aifter converting the diol into the acetonide the ma-yq) 16 approach to nonracemic ekén 12 steps from
g’.r déaste;eolinewh\évaff separated by HiPé_C anclj OXI" 8 which constitutes a formal synthesis of @)Key

Ized to the ketonke. After conversion ol6into ole- steps are the anionic [1,3]-H-shift frd@no 10, and the

fin 17 via Wittig reaction epoxidation witm-chlorop- :
erbenzoic acid furnished a 2:1-mixture of the epoxidesepOXIde_' tetrahydrofuran rearrangementigto 19

18ab which were treated without separation with acid
to form the tetrahydrofurari9ab (Scheme &). Experimental
In accordance with our expectation (Scheme 2), the
epoxide was opened at the teriary position by the acidiMR: Bruker AC 250. IR Perkin Elmer 257. MS: Varian MAT
to form the more stable carbenium ion at C-2 which711. Optical rotation: Perkin Elmer P 241.Column chroma-

Scheme 4The osmylation of olefiri4 follows kishi's rule
[14]
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Reagents and Conditions: a) mMCPBA,Na,CO3, CH,Cl,,
22 °C, 24 h, 78%; b) TFA, MeOH, 22 °C, 3 d 90%;

f W) 9 h.b). o) ¢) DMSO, (COClI),, iPr,EtN, CH,Cl,, — 50 °C, 89%;
17 — > — —_— 21 d) PhsPCMeCO,EL, PhMe, reflux, 15 h, 77%;
e e) PhSSiMe;, Znl,, Bu,NI, CICH,CH,CI, 60 °C, 24 h,
80%; f) NH3, Na, —78 °C, 95%; g) tBuOOH, VO(acac)s,,
24 % benzene, reflux, 84%; h) BNOC=NHCCl,, CSA, CH,Cl,,

91%

Scheme 6Synthesis of the Relay Intermedi&e

tography: Merck silicagel 60, particle size 0.06-0.2 mm).C;;H,,0;  Calcd.: C 73.88 H8.75
HPLC: nucleosil 5 um. (276.38) Found: C 73.98 H 8.27.

1.1.2E-(2R,3S)-1,2-O-Isopropylidene-3-benzyloxy-4-me-1.1.3E-(2R,3S)-3-Benzyloxy-4-methyl-hex-4-ene-1,2-diol
thyl-hex-4-ene-1,2-didfL1) (12

A suspension of sodium hydride (6.3 g, 260 mmol) in 500 ml15.0 g (54 mmol) allylic ethetl in 150 ml methanol was
DMF was treated dropwise under argon with 24.44 gtreated with 10 ml trifluroacetic acid and 10 ml of water. Af-
(131 mmoal) alcohol 10 at 0 °C. After 1 h at 0 °C 22.6 mlter 48 h at 22 °C the solvent was remoiredacuoand the
(195 mmol) benzyl chloride were added. The mixture wasresidue was purified by column chromatography (hexane/ethyl
stirred 15 h at 80 °C. Hgas was evolved and the mixture acetate 1:1) to furnish 11.81 g (93%, 50 mmol) dks a
turned dark brown. After cooling the mixture was poured intocolourless viscous oil. 1H NMR (CDCk 250 MHz): dppm
water and extracted with dichloromethane. The organic layer 1.65 (s, 3H); 1.70 (d, 3H] = 7 Hz); 3.10 (s, 2H, 1-
was washed with water, dried with Mggénhd evaporatedto  OH); 3.60 (m, 4H, H-1); 4.20 + 4.40 (2xd, 147 12 Hz);
dryness. Column chromatography (hexane/ethyl acetate 10:5)50 (q, 1H,J = 7 Hz); 7.30 (m, 5H). 43C NMR (CDCI,
furnished 33.35 g (95%, 121 mmol)ddf — H NMR (CDC} 67.5 MHz:d/ppm = 10.89; 13.15; 63.78; 69.89; 70.07; 70.94;
250 MHz): dppm = 1.34 (s, 3H), 1.39 (s, 3H), 1.58 (d, 3H, 85.66; 127.55; 127.68: 128.30; 138.09. — IR (film): 3500—
J=6.5Hz), 1.67 (s, 3H,); 3.61 (d, 187 7.5 Hz); 3.95 (dd, 3200 s; 3089 s; 3030 s; 2977 s; 2862 s; 1673 S; 1606 m;
1H,J =8 Hz,J =5 Hz); 4.09 (dd, 1H] = 8 Hz,J = 6 Hz); 1380 s; 1070 s; 736 s, 698 sém- MS (EI, 80 eV, 80 °C):
4.15 (m, 1H); 4.23 + 4.46 (je: d, 1B~ 11.5 Hz,); 5.54 (g, m/z= 236 (M; 4.49); 175 (M—EH;0,; 60,70); 91 (Bn; 100).
1H,J=6.5Hz,); 7.30 (m, 5H).13C NMR (CDCL): d/ppm = [a]?3 =+ 41.5 (c = 1.3; CHG).

10.99; 13.20; 25.28; 26.68; 67.52; 69.63; 75.69; 85.91; 109.1, H,,O;  Calcd.: C71.16 H 8.53

125.61;127.39; 127.58; 128.19; 132.45; 138.38 . — IR (film):(236.31) Found: C 70.84 H 8.60.

3090 w; 3030 m; 2995 s; 2930 5; 2929 s; 2860 s; 1670 m;

1450s; 1377 s; 1366 s; 1248 m; 1215 m; 1155 s; 1071 g:.1.4 E-(2S,3S)-3-Benzyloxy-4-methyl-hex-4-ene(24)!
1045 s; 1026 m; 960 m; 910 w; 846 s; 733 s; 6953.cm o :

MS (EI, 80 eV, 40 °C)m/z= 276 (M; 1,75); 175 (M—gH,O.; 17.81 g (75 mmol) of didl2in 250 ml dichloromethane were

51,64); 101 (GH40,; 30,06); 91 (Bn, 100).d]%Y = + 56.7 treated in small portions with 33.42 g (75 mmol) of lead te-
(c = 1.9; CHC)). traacetate at 22 °C. The solution turned yellow orange. After
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15 min 30 g of potassium carbonate were added and the miglcohol15in 30 ml dichloromethane was added. The temper-
ture was stirred for 10 min. After filtration over sodium sul- ature was raised to —35 °C and 8.7 ml (50 mmol) Hinig's
fate and washing of the residue with 500 ml dichloromethandase were added and the mixture was stirred for 30 min and
the filtrate was epovaporated to dryness and the residue w#sen warmed to room temperature under stirring. 30 ml of
diluted with 30 ml diethylether. This solution was added drop-water and 30 ml of diethylether were added and the organic
wise to a solution of the Grignard reagent prepared fronphase was washed with agueous ammonium chloride and
14.2 g (100 mmol) methyl iodide and 2.43 g (100 mmol) mag-brine, dried over MgSpand evaporated. The residue was
nesium turnings. The mixture was stirred at 22 °C for 20 hpurified by column chromatography (hexane/ethyl acetate 3:1)
and then quenched with 20 saturated agueous ammonium chh furnish 2.07 g (81%; 7.08 mmol) of ketab@as a colour-
ride. The organic layer was separated, washed with watefess oil. *H NMR (CDCl 250 MHz):d/ppm = 1.08 (s, 3H);
dried with MgSQ and evaporated. Column chromatography 1.22 (d, 3HJ =6 Hz); 1. 28 (s, 3H); 1.41 (s, 3H); 2.26 (s, 3H);
(hexane/ethyl acetate 3:1) furnished 12.1 g (72%, 55 mmol®.73 (s, 1H); 4.05 (q, 1H,= 6 Hz); 4.32 + 4.66 (2 x d, 1H,

14 as a yellow oil with a diastereomeric ratio of 95:5 (NMR).J = 12 Hz); 7.33 (m, 5H). 13C NMR (CDC} 67.5MHz):

—1H NMR (CDCL 250 MHz): d/ppm = 1.02 (d, 3H) = dppm = 14.84; 17.57; 26.20; 28.49; 28.98; 66.50; 72.94;
7 Hz); 1.15 (dd, 3H) = 7 Hz,J = 7 Hz); 1.58 (s, 1H); 3.41 (d, 82.12; 88.26; 107.54; 128.13; 128.42; 128.61; 136.89; 209.14.
1H, J = 8 Hz); 3.82 (m, 1H); 4.23 + 4.48 (2 x d, 1H= IR(flIm) 3030s;29855s;29355s; 28805 1723 s; 1495 m;

11 Hz,); 5.54 (q, 1HJ = 6 Hz); 7.34 (m, 5H). — IR (film): 1455 m; 1381 s; 1195 s; 1097 s; 1004 s; 850 s; 735 s;
3600-3200s;31095s;3060s,3030m;2974s;2862s;14%06 s cmL. — MS (El, 80 eV, 60 °C)n/z= 292 (M; 1.76);
m; 1454 s;1393 m; 1368 m; 1062 s; 735 s; 697-3.eAMS 279 (M—CH; 11.44); 129 (eH,40,; 85,61); 91 (Bn; 100).
(El, 80 eV, 60 °Cym/z= 220 (M; 1.17); 175 (M—H:0; [a]?R =-13.4 (c = 1.5; CHG).
35.93); 91 (Bn; 100). c,H,,0, Calcd: C69.84 H8.27

(292.38) Found: C 69.53 H 8.14.
1.1.5(2R,3S,4S,5S)-2,3-0O-Isopropylidene-4-benzyloxy-3-
methyl-hexane-2,3,5-tridlL5) 1.1.7(2R,3S,4S)-2,3-0O-Isopropylidene-4-benzyloxy-3,5-

3.31 g (15 mmol) olefirl4 were dissolved together with dimethyl-hex-5-ene-2,3-di¢l.7)

8.12 g (60 mmol) 4-methylmorpholifg-oxide-monohydrate 240 mg (10 mmol) sodium hydride in 5 ml dimethylsulfox-
(NMO) and 0.165 g (0.65 mmol) osmium tetroxide in a mix- ide were heated for 45 minto 75 °C. 3.6 g (10 mmol) Methyl-
ture of 132 ml acetonitrile and 33 ml water. The mixture wastriphenylphosphonium bromide in 10 ml warm dimethylsulf-
stirred 24 h at 80 °C. 11.4 g (60 mmol) sodium thiosulfateoxide were added under ice cooling and the mixture was stirred
was added under ice cooling and the mixture was stirred folor 10 min at 22 °C. To the dark yellow solution 2.07 g
1 h. Filtration through celite and concentration of the filtrate(7.1 mmol) of ketond6in 2 ml dimethysulfoxide were add-
furnished a mixture of triols, which was dissolved in 60 mled and the mixture was stirred at 50 °C for 1 h . After cooling
2,2-dimethoxypropane and acidified with camphorsulfonic30 ml of water were added and the solution was extracted
acid to pH 3. After stirring the mixture for 24 h at 22 °C with diethylether. The organic phase was dried over MgSO
100 ml of diethylether were added and the organic layer waand evaporated to give after column chromatography (hex-
washed with 50 ml aqueous sodium bicarbonate, 50 ml brinegne/ethyl acetate 6:1) 930 mg (45%, 3.2 mmol) olEfias a
dried over MgSQand evaporated. Column chromatography colourless oil. ®H NMR (CDCk 250 MHz): §ppm = 1.07
(hexane/ethylacetate 1:1) and subsequent separation of tkg 3H); 1.24 (d, 3HJ) = 6 Hz); 1.26 (s, 3H); 1.29 (s, 3H,);
diastereomers by HPLC (2% isopropanol/hexane) revealed 140 (s, 3H, 2-Ch); 3.63 (s, 1H); 4.10 (g, 1H,= 6 Hz); 4.23
diastereomeric ratio of 93:7. 2.58 g (58%; 8.76 mmol) of thet 4.58 (2 x d, 1H) = 12 Hz,); 5.00 (s, 1H); 5.14 (s, 1H); 7.34
pure diastereomel5 were obtained as a colourless oil. — (m, 5H). —13C NMR (CDCk 67.5 MHz): dppm = 15.42;

'H NMR (CDCl; 250 MHz): d/ppm = 1.14 (s, 3H); 1.26 (m, 17.25; 20.80; 26.40; 28.61, 70.72;78.40; 83.29; 87.11; 106. 79;
6H, H-1); 1.35 (s, 3H); 1.43 (s, 3H); 2.45 (d, TH5 9 Hz);  110.23; 114.78; 127.84; 127.92; 128.29; 137.51. — IR Film:
3.26 (s, 1H); 3.90 (m, 1H); 4.25(q, 145 6 Hz); 4.67 +4.88 3029 s; 2995 s; 2987 5; 2938 5; 2882 5; 1495 m; 1457 m;
(2 x d, 1H,J = 11 Hz); 7.35 (m, 5H). £3C NMR (CDCl): 1381s;1277s;1195s; 1097 s; 1004 s; 850 s; 735 S; 696 S
dppm = 15.07; 18.43; 22.50; 26.50; 28.67; 31.52; 66.51cnrl. — MS (El, 80 eV, 60 °C)m/z= 290 (M; 9.46); 129
76.32; 84.65; 86.39; 106.45; 127.77; 127.81; 128.34; 137.93C;H,30,; 85.61); 91 (Bn; 100)f]?} =—6.7 (c = 1.3; CHG).

— IR (film): 3600-3200s; 3031 m; 2982 s; 2935s; 2881 sC gH,;O;  Calcd.: C75.46 H8.70

1497 m; 1454 m; 1376s;1195s; 1099 s; 1004 s; 850 s; 73290.40) Found: C 75.61 H 8.70.

s; 698 s cmt. — MS (El, 80 eV, 60 °C)n/z= 294 (M; 0.18);

279 (M—CH;; 7.03); 148 (GH4,0; 54,19); 129 (¢H,:0,; 1.1.8 (2'R,1R,2S,3R)- and (2'S,1R,2S,3R)-2,3-O-Isopropyli-
97,48); 91 (Bn; 100).d]%% = — 2.7 (c = 2.2; CHG). dene-1-benzyloxy-2-methyl-1-(2-methyl-oxiran-2-yl)-butane-
C,/H,gO, Calcd: C69.36 H8.90 2,3-diol (18aand18b)

(294.39) Found: C 69.50 H 8.38. 210 mg (0.7 mmol) olefii7 was treated in 10 ml dichlo-

romethane with 0.5 g sodium hydrogencarbonate and 300 mg
(0.87 mmol) mCPBA (55%). The mixture was stirred for
24 h at 22 °C and then washed with 5 ml water, dried over
A solution of oxalyl chloride (1.0 ml, 11.4 mmol) in 15 ml MgSQO, and evaporated. Column chromatography (hexane/
dichloromethane was treated dropwise at —60 °C with 1.87 gthyl acetate 3:1) furnished 173 mg (78%; 0.56 mmol) of a
(24 mmol) dimethylsulfoxide. Then 2.58 g (8.76 mmol) of 2:1 mixture ofl8aand18h.

1.1.6 (3S,4S,5R)-4,5-O-Isopropylidene-3-benzyloxy-4,5-di-
hydroxy-4-methyl- hexane-2- -0(ED)
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1.1.9 (2R,3S,4S,5S)- and (2R,3S,4S,5R)-4-Benzyloxy-5-hgHCl,).
droxymethyl-2,3,5-trimethyl-tetrahydrofuran-3{@9aand  C,H,sOs;  Calcd.: C 68.94 H 8.10
19b) (348.43) Found: C68.72 H 8.32.

173 mg (0.56 mmol) of the mixture @Ba/b was stirred in . .
10 ml methanol with 1 ml water and 1 ml trifluoroacetic acid 1H1|._lt2t:5trr11ytljlr5—f(2rR,ns’g,_4:?_,£23_Rn)]—3:[—h(3|,_4-[?|k;yderoxy-2,4,5-tr|me-
for 48 h at 50 °C. The mixture was concentrated and purifiecﬁ yl-tetrahydrofuran-2-yl) ethyl-acrylaie)
by column chromatography (hexane/ethyl acetate 1:1) to fur30 mg (0.09 mmol) of the benzylett22 in 5 ml 1,2-dichlo-
nish19aandl9bas a 2:1 mixture (135 mg, 90%; 0.51 mmol). roethane was treated with 3.8 ml (20 mmol) phenylthiotri-
methylsilane, 110 mg (0.3 mmol) tetrabutylammoniumiodide
1.1.10 (1R,3R,4R,6R,7R)-7-Benzyloxy-1,4,6-trimethyl-2,5and 312 mg (1 mmol) zinc iodide and warmed for 24 h to
dioxa-bicyclo-[2,2,1]-heptane-3-¢21) and(2R,3S,4S,5R)- 60 °C. The mixture was filtered and the residue was washed
4-Benzyloxy-5-formyl-2,3,5-trimethyl-tetrahydrofuran-3-ol with dichloromethane. The filtrate was washed with barium
(20 hydroxide (5%) and water, dried over Mgs&hd evaporat-

The mixture ofl9ab (125 mg (0.47 mmol) was subjected to ed to give after column chromatography (hexane/ethyl ace-

Y . ; tate 3:1) 18 mg (0.070 mmol; 80%) eL}e&s a colourless oil.
Swern oxidation as described for alcofilusing 0,17 ml /"G00 (CDCl, 250 MHz): dppm = 1.21 (d, 3H) =

(2.4 mmol) DMSO, 0.1 ml (1.15 mmol) oxalylchloride and ) g _ ) }

0.9 ml (5 mmol) Hinig’s base. A mixture 80 and21 was / ngh ]:]2_21(|?|Z§H2)5183(% (tl’gga’__ IOHHZ)Z’).l é4$3(s(,dSI-ll?_,UZ._06

obtained which was separated by column chromatograph 0 Hy ) :;84 ( ’ 1|'_U _ 7,Hz)' 519 ( 2,HJI: 7 H,z)' 6 51

(hexane/ethyl acetate 5:1) to furnigh (50 mg, 41%; ), 500 W, 1 S R
(9, 1H,J = 1Hz). -13C-NMR (CDCk 67.5 MHz): dppm =

0.19 mmol) anc0 (46 mg, 38%; 0.17 mmol). 13.08; 13.74; 14.31; 20.57; 26.03; 60.86: 77.67; 77.82; 81.78;
21: 'H NMR (CDCl; 250 MHz): dppm = 1.14 (d, 3H) = 85.55; 129.21; 141.70; 168.88. — IR (film): 3600—3200 s;
7Hz); 1.27 +1.39 (2 x s, 3H); 1.71 (s, 1H); 3.58 + 3.74 (2x s3029 m; 2985 s; 2935 s5; 2883 5; 1715 S; 1640 s; 1495 m;
1H); 3.87 (9, 1H) =7 Hz); 4.65 + 4.74 (2xd, 1Id=12Hz); 1376s;1195s; 1099 s; 1004 s; 910 m; 865 mt.cmMS
7.35(m, 5 H). 13C NMR (CDC}L 67.5MHz): dppm =12.60;  (El, 80 eV, 100 °C)m/z 258 (M; 2.68); 243 (M-CH} 6.22);
13.03; 14.25; 73.19; 73.66; 78.08; 79.33; 82.47; 84.43; 85.87113 (GH4O,; 21.53). p]?% = +10.4 (c = 0.2; CHG) Lit.
102.31; 127.52; 127.89; 128.37; 135.66. — IR (film): 3600—{8c]; [a]2} = +11.4 (c = 0.51, CHQ).

3200 s; 3029 m; 2985 s; 2935 5; 2883 s; 1495 m; 1454 nC,;H,,05 Calcd.: HRMS (C13H2205): 258.1467
1376s;11955s;1099 s; 1004 s; 850 s; 734 5; 6985 em  (258.31) Found: HRMS (GH,,Os): 258,1452.

MS (El, 80 eV, 100 °C)m/z= 262 (M-H,; 1.96); 235 (M—

CHO; 18.34); 111 (¢H4,0; 45.58); 105 (gH,O,; 31.17); 91  1.1.13 (2R,3S,4S)-2,3-O-Isopropylidene- -3,5-dimethyl-hex-
(Bn; 100). p]2 = —15.1 (c = 1.2; CHG). 5-ene-2,3,4-trio(24)

(Czlggzg%‘ CF?)IS%_HHRR'\:ASS(%?%))', gggiggg 1.1.14 930 mg (3.2 mmol) benzyl ethatwere dissolved in
' : 19~3/ : : 15 ml ammonia and 10 ml THF at —78 °C and treated with
20: *H NMR (CDCl; 250 MHz):d/ppm = 1.10 (s, 3H); 1.28 100 mg (4.3 mmol) sodium. After 15 min ammonium chlo-
(d, 3H,J=6 Hz); 1.32 (s, 3H,); 2.55 (s, 1H); 3.52 (q, TH; ride was added and the ammonia was evaporated at room tem-
6 Hz); 3.90 (s, 1H); 4.61 + 4.75 (2xd, 1H7 17 Hz); 7.38  perature. The residue was evaporated and purified by column
(m, 5H); 9.66 (s, 1H). C NMR (CDCk 67.5 MHz):d/ppm chromatography (hexane/ethyl acetate 1:1) to give 600 mg
= 12.70; 14.09; 17.39; 22.52; 29.68; 73.39; 77.20; 79.82(95%, 3 mmol) of the alcohd4. — 'H NMR (CDCl,
83.52; 128.28; 128.31; 128.55; 136.97; 203.91. 250 MHz):dlppm =1.12 (s, 3H); 1.25 (d, 3Bi= 7 Hz); 1.36
(s, 3H); 1.42 (s, 3H); 1.91 (s, 3H); 2.10 (s, 1H); 3.91 (s, 1H);
1.1.11Ethyl E-(2R,3S,4S,5R)-3-(3-Benzyloxy-4-hydroxy-4.38 (q, 1H,J = 7 Hz); 5.10 (m, 2H). 43C NMR (CDCl,
2,4,5-trimethyl-tetrahydrofuran-2-yl)-2-methyl-acryl4&S) 67.5MHz): dppm =15.64; 18.17; 19.03; 25.58; 28.02; 75.64;
40 mg (0.15 mmol) hemiaced in 5 ml toluene was reflux- 79.33;81.91;103.54;113.88; 114.92. — IR (film): 3600-3300
ed Wi%h 1 0 g (3 mmol) 1-carboethoxyethylidene-triphen I-S; 2995s;2972m; 2941 m; 1460 m; 12775, 1221 5,1193 s
hosoh : gf o4 h . Th it yethy ified b P | y 1097 s; 1075 m; 1024 m; 1004 m; 910 m; 863 micm
phosphorane for - 1he mixture was purined by coluMny, s (g 80 eV, 40 °C)m/z= 200 (M; 16.16); 129 (1,:05;
chromatography (hexane/ethyl acetate 10:1) to furnish 40 mg, 24); 86 (GH4O,; 41.72); 71 (GH.0; 78.92); 59 (GH,O"
. 1 . : , 62 TL- ) 7~ 1O ) 7~
(77%; 0.12 mmol) of est@3. —*H NMR (CDCk 250 MHz): 58.31): 43 (GH-; 100). []23 = ~6.8 (¢ = 1.7; CHQ)
dppm =1.20 (s, 3H); 1.21 (t, 38=6 Hz); 1.28 (d, 3H) =~ 03" "S-l ' c 6507 H 1007 '
. . . . 11203 - : :
7 Hz); 1.35 (s, 3H); 2.07 (s, 3H); 2.28 (s, 1H); 3.59 (s, lH),(200 28) Found: C 66.41 H 9.93
3.79 (q, 1HJ = 6 Hz); 4.19 (g, 2H) = 7 Hz); 4.74 (s, 2H); ' ' ' o
ZS/OZ (s,_lH), 7'_26 (m, _5H)' QC_ NMR (_CDCE' 6_37'5 MHZ)' 1.1.15 (2'R,1S,2R,3R)-2,3-O-Isopropylidene-2-methyl-1-(2-
ppm = 13.08; 13.74; 14.31; 20.57; 26.03; 60.86; 77.67 ethyl-oxiran-2-yl)-butane-1,2, 3-trige5)
77.82; 81.78; 85.55; 127.79; 127.85; 128.34; 129.21: 138.13"C1Y y e
141.70; 168.88. — IR (film): 3600—3200 s; 3029 m; 2985 5,600 mg (3 mmol) olefirz4in 10 ml benzene were refluxed
2935 s; 2883 5;1718 5; 1645 s; 1495 m; 1454 m; 1376 syith 0.8 ml (6 mmol)tert-butylhydroperoxide (70% in wa-
1270s;1195s; 1099 s; 1004 s; 910 m; 850 s; 735 s; 695ter) and 42 mg (0.16 mmol) vanadyl acetylacetonate for 15 h.
cntl — MS (El, 80 eV, 60 °Cn/z= 258 (M; 2.68); 243 (M—  After cooling the mixture was washed with aqueous sodium
CHg; 6.22); 113 (GHgO,; 21.53); p]%Q = +18.5 (c = 0.9; hydrogensulfite, water and dried over MgSMd evaporat-
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ed. Column chromatography (hexane/ethyl acetate 95:5) fur-
nished 545 mg (84%, 2.5 mmol) epoxi2le(diastereomeric

ratio 93:7 according to analytical HPLC (hexane/ethyl ace-
tate 95:5)) as a colourless oil+ NMR (CDCl; 250 MHz): (8]
dppm = 1.01 (s, 3H); 1.28 (d, 3H,= 6 Hz); 1.35 (s, 3H,);

1.42 (s, 3H); 1.46 (s, 3H); 2.39 (s, 1H); 2.66 (d, 1H6 Hz);

2.95 (d, 1HJ = 6 Hz); 3.64 (s, 1H); 4.18 (q, 1B~ 6 Hz). —

13C NMR (CDCL 67.5MHz): &ppm = 15.22; 16.18; 19.96;
26.44; 28.61; 50.39; 57.59; 77.01; 79.82; 81.94; 107.13. - IR
(film): 3600—-3200s; 2997 s; 2969 5; 2915 m; 1487 m; 1455[9]

m; 1359 s; 1211 s; 1093 s; 1020 m; 1002 s; 905 m.ecm  [10]
MS (El, 80 eV, 60 °C)m/z= 201 (M-CH; 0.61); 129
(C;H,50,; 78.20); 107 (BnO; 18.32); 91 (Bn; 10003 = [11]
—-7.3 (c =1.0; CHG).

C;H,O, Calcd.: C61.09 H9.32 [12]
(216.27) Found: C61.21 H9.28.

540 mg (2.5 mmol) epoxid25 in 10 ml dichloromethane [13]

was treated with 756 mg (3.0 mmol) benzyltrichloroacetimi-
date and 50 mg camphorsulfonic acid at 0 °C. After stirring
the mixture overnight the solvent was evaporated and the crude
product was cyclized tb9b and oxidized t@1 as described
before. 422 mg (63%) &1 was obtained.

[14]
[15]
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