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Abstract - Condensation of 4-formylbutanoates (4a,b) with phenyl-
thicacetone (5) provided the 1-oxa-1,3-diene " @dYivatives 6a,b
which afforded& in high yielding inverse type hetero-Diels-ATEeY
reactions with vinyl ethers and ketene acetals the desired dihy-
dropyran cycloadducts 7a-c and 1lla-c, respectively. The target
molecule (¢)-ramulosin T Tas obt¥IMe®d from compounds 11a and 7a
inconvenient chemo- and diastereoselective three and ~YSur st¥F
trangformations.

The efficiency and versatility of inverse type hetero-Diels-Alder reactions of 8-
acyloxy-a-phenylthio substituted «,B-unsaturated carbonyl compounds as !-oxa-1,3-
dienes with enol ethers and derivatives as heterodienophiles have been demon-
strated in various de novo-syntheses of important natural carbohydrates including
rare deoxy sugars, C-aryl glycopyranosides, and 3-deoxy-2-glyculosonates. 227 In
this strategy diastereospecific generation of up to five chiral centers in three

steps with preferential formation of one enantioner was possible. 2-4,6

The general usefulness of this methodology can be verified in different areas.
Thus, chemoselective reactions could be also carried out with B-unsubstituted a-
phenyithio substituted a,B8-unsaturated carbonyl compounds and enol ethers leading
to natural 2,3,6-trideoxy and to 4-amino-2,3,4,6-tetradeoxy sugars quite readily.
8 The efficiency of this approach with carbon subetituents at the B-position will
be exampled in this paper for the synthesis of the antibiotic ramulosin {1, Schenme
1) 9 This approach should be also applicable to the synthesis of the biogene-
tically related antibiotics hydroxyramulosin (2) and actinobolin (3) 10 which
gained recently importance because of interesting biological properties. Ramulosin
(1) and hﬁ!r"o;yramuloum (2) have first been isolated from the fungus Pestalotra
ram ’"%; ramulosin was later also found in other species. It inhibits
the germination of seeds and spores of microorganisms, 4 The first synthetic

approach led to the diasterecisomsr epiramulosin 15 (see compound 15 in Scheme 2).
A seven step synthesis of the racemate was developed by Cordova and Snider. 16

Actinobolin (3) was isclated from Streptomyces griseoviridis 17 and {ts structure
determined by different groups. 18 It has broad spectrum antibiotic and moderate
antitumor activity. It s a potential cariostatic agent, 19 It is

® This paper is dedicated to Professor E.C. Taylor on the occasion
of his 65 th birthday.
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structurally related to the very promising antitumor agent bactobolin
several syntheses of this compound have been reported. 2

therefore
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SCHEME |

As outlined in the retrosynthetic Scheme 1 the required 1-oxa-1,3-diene pre-
cursar B should be readily available from a 4-formylbutanoate derivative 4 and
phenylthiocacetone (5). Hetero-Diels-Alder reaction with enol ether or ketene ace-
tal derivatives should provide the desired dihydropyran intermediate A which after
diastereoselective CC-double bond transformation and chemoselective ring closure
yields the target molecule.

RESULTS AND DISCUSSION

The required 1-oxa-1,3-diene precursors ba and 6b (Scheme 2} were agthesized
accarding to the synthesis design (Scheme 1) from phenylthicacetone (5) and me-
thyl or ethyl 4-formyl butanocate (4a,b); compounds da,b were readily obtained via
ozonolysis of cyclopentene using a procedure of Schreiber, Claus, and Reagan.
The condensation was carried out with lithium diisopropylamide (LDA) in presence
of zinc chiloride according to Hoye and Kurth 24 affording compounds 6a,b in good
yields as 2Z-isomers. °'

Cycloaddition reaction of compound 6a with ethyl and with benzyl vinyl ether
was performed because of reactivity 26 under high pressure (5 kbar); {t furnished
exclusively the endo-isomers (+)-7a and (s2)-7b, respectively. However, the steri-
cally demanding tert.-butyldimethylsilyl (TBS) vinyl ether provided a 3:1
endo/exo-mixture of the cycloadduct (s)-7c. The structures could be assigned by
comparison of the iH-n.m.r., data with previous results. 5 Raney nickel treatment
of compaund (s)-1a in refluxing ethanol yielded in one step via phenylthioc group
removal and site selective hydrogen transfer the desired tetrahydropyran deriva-
tive (s+)-8 in a favorable 6:1 cis/trans ratio. Glycoside bond cleavage with
trifluoroacetic acid/water furnished a mixture from which the c¢is isomer (+)-3
(anomeric mixture) was separated. This compound was oxidized with pyridinium chlo-
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rochromate {PCC) on aluminum oxide in benzene in presence of molecular sieves 28
to yield the o6-lactone (+)-10 which by treatment with potassium tert, -butoxide in
tetrahydrofuran was readily cyclized to the desired ramulosin (+)-1; its structure
was assigned by comparison with published physical data. 2%

Obviocusly, in this synthetic strategy cycloaddition of ketene acetals as hete-
rodienophiles to the 1-oxa-1,3-dienes 6a,b should permit a shorter route to (s)-
ramulosin, because at least oxidation to the lactone stage would not be required.
Correspondingly, compound 6a was treated with 1,1-bismethylthio-ethylene 30 under
high pressure (5 kbar) affording the dihydropyran cycloadduct 1la in good yileld.
1-tert. -Butyldimethylsilyloxy-1-methoxyethylene ! reacted already under normal
pressure with compounds .6_9_,9_ providing the corresponding dihydropyrans 11b,.c,
respectively, in gquantitative yields (7:3 diastereomer mixture). However, desi-
lylation for instance af compound 1lc with tetrabutylammonium fluoride (TBAF), to
obtain directly the lactone 12 (ethyl ester) or in one step due to the basicity of
TBAF the subsequent ring cyclized product, resulted only in dihydropyran ring
opening furnishing diester 13a. Therefore removal of the phenylthio group with
Raney nickel from compound .1_1_13, providing readily dihydropyran 14, and subsequent
hydrogenation was investigated., But all attempts to transfer hydrogen to compound
14 resulted in preferred ring cleavage furnishing the diester 13b.

However, transformation of compound 1lla into lactone 12 was readily ac-
complished with HgO)kgClz in acetone/water. Treatment of this compound with Ra-
ney nickel under 4 bar hydrogen pressure led again in one step to phenylthio group
removal and subsequent site-selective hydrogen transfer providing &-lactone (s)-10
in a favorable 7:1 cis/trans-ratioc from which the minor isomer could be separated.
Cyclization of the cis/trans-mixture under the conditions described above afforded
ramulosin (s#)-1 and epiramulosin (s)-15, which was separated and identified by
comparison with published physical data.

EXPERIMENTAL

General Prooedures

Petroleum ether 40°-65° was used, if not otherwise indicated. - RP values re-
fer to t.l.¢. performed on silica gel (Merck) with the solvent systems noted. -
Column chromatography was performed under medium pressure with silica gel (Merck,
"LiChroprep” Si60, 40-60 um) and by flash chromatography with silica gel(Merck,
230-400 mesh). - Melting points are uncorrected. - ‘H-N.m.r. spectra were recorded
in the solvent systems noted (M:‘Si, 0.00 ppm) with a Bruker 250 Cryospec.

Ethyl 7-oxo-6-phenylthio-S5-octenocate 6b

To a solution of 45.5 mmol lithium diisopropylamide {(LDA} in 120 ml dry te-
trahydrofuran is added at -80°C and under nitrogen a solution of 7.55 g (45.5
mmol ) 1-phenylthio-2-propanone 22 (5) in 10 ml dry tetrahydrofuran, After 30 min a
sclution of 9.5%4 g (70.0 mmol) an12 in 100 ml dry tetrahydrofuran is introduced,
then the temperature of the mixture is raised to -20°C and a solution of 7.92 g
(55.0 mmol) ethyl 4~-formylbutanocate 23 (4b) in 10 ml dry tetrahydrofuran added.
After 30 min the reaction mixture is warmed to 0° and kept for 30 min at this
temperature. The reaction mixture is treated with saturated ammonium chloride so-
jution and then extracted with ether. The organic phase is separated, washed with
water, dried over anhydrous magnesium sulfate and evaporated. The oily residue was
purified by flash chromatography (silica gel, petroleum ether : ethyl acetate,
4:1) to yleld 10.23 g {77 8) of 6b as a colourless oil. - T.l.c. (petroleum ether
: ethyl acetate, 4:1} R,, 0.34; -ﬂ-x-n.m.r. {250 MHz, CDC13): & = 1,24 {(t, J = 7,0
Hz, 3H, OCHZ~C§3), 1.85 (te, 32'3 - \)‘3'4 = 7.5 Hz, 2H, 3-H), 2.28 (s, 3IH, B-H),
2.38 (t, J = 7.5 Hz, 2H, 2-H), 2.56 (at, 33" » JC,S e 7.5 Hz, 2H, 4-H), 4.12 (q,
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J « 7.0 Hz, 2H, O-C!_lz-CHB), 7.13-7.29 (m, 6H, C
6.93. Calc. for C 0,8S: C, 65.73; H, 6.89.

6HS, 5-H). - Pound: C, 65.51; H,

1612003
Methyl 7-oxo-6-phenylthio-5-octencate 6a

This compound is obtained from S and methyl 4-formylbutanoate (48) as de-
scribed for 6b. It was used without further characterization in the subsequent
steps. - T.l.c. (petroleum ether : ethyl acetate, 4:1) R, 0.33.

23

F
Methyl 4-(r-2'-ethoxy-6'-methyl-5'-phenylthio-3',4'-dihydro-2'H-pyran-c-4"'-
yl)butanoate (+)}-7a

A solution of 4.40 g (15.8 mmol) 6a and 20 mg hydroquinone in 10 ml ethyl vi-
nyl ether is kept at 70°C and 5 kbar for 48 h. The reaction mixture is con-
centrated and the oily residue purified by flash chromatography (silica gel, pe-

troleun ether : ethyl acetate, 8:1) to yield 5.55 g (qQu) of (+)-7a as colourless
oil. - T.l.c. (petroleum ether : ethyl acetate, 4:1) RF 0.56; - 1H-n.m.r. (250
MHz , C[XZ13) & = 1,22-1,28 (t, J =« 7.1 Hz, 3H, O-CHZ-CEJ), 2.08 (4, J = 1.5 Hz, 3H,
6'-C-CHJ), 1,40-2.10 (m, 7H, J-CHZ, 4-CH2, 4'-CH), 2.20-2.25 (m, 2H, 2-H), 3.62
(s, 3H, -COOCH3), 3.53-3.65 (m, 1H, -O-Cﬂ-CHa), 3.86-3.95 (m, 1H, O-Cg-CHa), 5.07
(dad, J2.'3. = 6.0, JZ',J" = 2.5 Hz, 1H, 2'-CH), 7.06-7.28 (m, SH, CSHS)‘ - Found:
C, 64.91; H, 7.56. Calc. for C19H2604$: C, 65.11; H, 7.48.
Methyl 4-(r-2'-benzyloxy-6'-methyl-S'-phenylthio-3',4'-dihydro-2'H-pyran-c-4'-
yl)butanocate (s+)-7b

A solution of 4.00 g (14.4 mmol) 6a and 20 mg hydroquinone in S ml benzyl vi-
nyl ether is kept at 6C°C and S kbar for 48 h. The reaction mixture is purified by

flash chromatography (silica gel, petroleum ether : ethyl acetate, 8:1) to yield

5.90 g (qu) of +)-7b as a slightly yellowish oil. - T.l.c. (petroleum ether :
ethyl acetate, 4:1) RF 0.48; - 1H-n.m.r. (250 MMz, CDC13) 6 « 1,38-1.90 (m, 4H, 3-
CH,, 4-CH2), 1.95-2.10 (m, 2H, 3'-CH2), 2.06 (d, J = 1.2 Hz, 3H, 6'-C-CH3), 2,12-

2.3 (m, 3H, 2-CH2, 4'-CH), 3.%9 (s, 3H, COOCHJ), 4.63 and 4.89 (28, J = 12,1 Hz,
CH,-C_H.), 5.19 (dd, J,, ., =3.1, J,, .» = 4.6 Hz, 1H, 2'-CH), 7.05-7.41 (m, 10H,
=2 765 2',3 2',3

2 CSHS)' - Found: C, 69.88; H, 6.62. Calc. for 024H28045: C, 69.87; H, 6.84.

Methyl 4-(2'-tert.-butyldimethylsilyloxy-6'-methyl-5S'-phenylthio-3',4'-dihydro-2"'-
H-pyran-4'-yl jbutancate (+)-7¢

A solution of 2.60 g (9.3 mmol) 6a, 3.16 g (20 mmol) tert.-butyldimethylsilyl
vinyl ether 27, and 20 mg hydroquinone is kept at 70°C and 5 kbar for 48 h. Excess

vinyl ether is then removed under reduced pressure and the oily residue purified
by flash chromatography (silica gel, petroleum ether : ethyl acetate, 10:1) to
yield 3.00 g (74 %) of (s)-Jc as colourless oil. ‘H-N.m.r. indicated a 3:1
endo:exo-mixture. - T.l.c. (petroleum ether :ethyl acetate, 4:1) RP 0.67; 1H-
n.m.r. (250 MHz, CDC13) & = 0.15, 0,16, 0.17 (3s, 6H, Si(CHJ)z), 0.92, 0,95 (2s,
9H, Si-t-Bu), 1.,22-2.02 (m, 6H, 3-CH2, 4-CH2, 3'-CH2), 2.04 (4, J = 1.2 Hz, 3H,
6'-C-CH3), 2.14-2.29 (m, 3H, 2-CH2, 4'-CH), 3.61, 3,63 (28, 3H, -COOCH3), 5.40-
5.44 (m, 1H, 2'-CH), 7.05-7.24 (m, SH, CGHS)' - Found: C, 63.12; H, 8.33. Calc.

for C23H36048 Si: C, 63.26; H, 8.31.

Methyl 4-(r-2'-ethoxy-6'-methyl-tetrahydropyran-c-4'-yl)-butancate (+)-8

To a solution of 4.25 g (12.1 mmol) (¢)-72 in 20 ml dry ethanol is added ex-
cess Raney-nickel (W2). The mixture is heated to reflux for ' h, the solvent is
decanted and the solod residue washed with ethyl acetate. The organic solutions
are combined, concentrated and the oily residue purified by flash chromatography
{(silica gel, petroleum ether : ethyl acetate, 8:1) to yield 1.92 g (65 8) of (+)-8
as colourless oil. 1H-n.m.r. indicated a 6:1 ratio of c-6'-methyl : t-6'-methyl
mixture, which could not be separated. This material was used in the next step. -

T.l.c. (petroleum ether : ethyl acetate, 4:1) RF 0.48; - 1H—n.m.r. (250 MHz,




3276 K Voot and R. R. Sowsant

CWIJ) 6 « 0,79-1,38 (m, 10H, 4-CH2, S'-CHZ, 6'-C-CH3, 0-CH2-C§3), 1.50-1.89 (m,
SH, 3'-CH2, 4'-CH, 3-CH2), 2.27-2.33 (t, J = 7.4 Hz, 2H, 2-CH2), 3.45-3.58 (m, 2H,
6'-CH, -O-C!_i-CHB), 3.67 (s, 3H, COOCHJ), 3.89 (m, 1H, o-cy_-cu3), 4.39 (dqg, JZ',J'G
- 9.6, J2‘3'e = 2.0 Hz, 0.86 H, 2'-CH of c-6'-methyl isomer), 4.64 (dd, JZ',3‘a
9.6, JZ',Be’ = 2.0 Hz, 0.14 H, 2'-CH of t-6'-methyl isomer).

Methyl 4-(2'-hydroxy-c-6'-methyl-tetrahydropyran-r-4'-yl)butancate (+}-3

A solution of 0.73 g (3 mmol) (+)-8 (6:1-mixture) in 20 ml tetrahydrofuran was
treated with 1 ml trifluoroacetic acid in water (1:10) for 2 h at room tem-
perature, The reaction mixture 1is concentrated under reduced pressure, treated
with toluene and again concentrated. The residue is purified by flash chromato-

graphy (silica gel, petroleum ether : ethyl acetate, 7:3) to yield a colourless
solid material which crystallizes from cyclohexane. Separation of the major isomer
(+)-3 is accomplished by medium pressure chromatography (silica gel, petroleum
ether : ethyl acetate, 7:3), to yleld 0.41 g {64 §) of (+)-9 as colourless solid
material (anomeric mixture}, - T.l.c. {(petroleum ether : ethyl acetate, 1:1} RF
0.38 tand 0.42 for the minor isomer); - 'H-n.m.r. (250 MHz, CDC13): & = 0.78-1.33,
1.51-1.99 (2m, 12H, 3-CHz, Q—CHZ, 3'-CH2. 4'-CH, S'-C}iz, 6'-C-CH,), 2.31 (¢, J =
7.5 Hz, 2H, 2-CH2), 3.18 (bs, 0.43H, a-2'~0OH), 3.49-3.64 (m, 0.57H, B-6'-CH), 3.67
(28, 3N, COOCH3), 3.80 (4, Jz.'OH » 6.2 Hz, 0,57H, B8-2'-OH), 4.02-4.18 (m, 0.43H,
a-6'-CH), 4.74 (ddd, ‘72‘,3' = 2.1 and 8.5 Hz, Iy on * 6.2 Hz, 0.57H, 8-2'-CH),
$.34 (bs, 0.43H, a-2°'-CH). - Found: C, 60.90; H, 9.08., Calc. for C,,H,.O C,

11720%¢¢
61.09; H, 9.32.

Methyl 4-(c-6'-methyl-tetrahydropyran-2'-on-r-4'-yl)-butanocate (+)-10
(a) From (e)-3:

To a solution of 0.60 g (2.8 mmol) of (#)-3 in 10 ml dry benzene is added 1.5
g ground molecular sieves (4 A) and 6 g (» 6 mmol) pyridinium chlorochromate on

51203 28 at room temperature. The reaction mixture is filtered after 5 h, the re-
sidual oxidizing agent is treated several times with ether, the organic solutions
are combined and treated with florisil for crude purification. The resulting
material is purified by flash chromatography (silica gel, petroleum ether : ethyl
acetate, 7:3) to vyield 0.33 g (55 8) of {(+)-10 as solid material. - T.l.c.
{petroleum ether : ethyl acetate, 7:3} Rg 0.24; - H-n.m.r. {250 MHz, CDC13): o =
1.12-1.27 (m, 1H, 5'-CH), 1,30-1.39 (m, 2H, H-CH,), 1.37 (8, J = 6.V Hz, 3H, 6'-C-
CH3), 1.59-1.73 (m, 2H, 3-CH2), 1.88-2.14 (m, 3H, 3'-CHa, 4'-CH, 5'—CHe), 2.32 (t,
J = 7.3 Hz, 2HM, 2-CH2), 2.70 (add, JJ',B' - 17, J3.'4. = 1.8 Hz, 1H, 3'-Cne).
3.68 (s, 3H, COOCHJ), 4.33-4.47 (ddq, JS’.CH,’S = 6.1, JG',S‘a = 12.4, J&',S‘e = 2.4
Hz, 1H, 6'-CH). - Found: C, 61.62; H, 8.45. Calc. for C”ﬂwG‘; C, 61.66; H, 8.47.

{b) From 12:

A aolzzion of 0.38 g (1,2 mmol} of 12 in 10 ml ethyl acetate was treated for 7
h with Raney-nickel (W-2) and hydrogen at 4 bar. The solvent is decanted and the
Raney-nickel washed several times with ethyl acetate. The ethyl acetate solutions
are combined, concentrated and the residue purified by flash chromatography (si-
lica gel, petroleum ether : ethyl acetate, 7:3} to yileild 0.2! g (82 %) of a 7:1
mixture of (+)-10 and the trans-isomer, respectively, which can be separated by
medium pressure chromatography (silica gel, petroleum ether : ethyl acetate, 7:3),.
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Methy)l 4-(2,2'-bismethylthic-6'-methyl-5'-phenylthio-3',4'-dihydro-2'H-pyran-4"'-
yl)butanoate 1la

A solution of 2.20 g (7.9 mmol) of 6a, 1.50 g (12.5 mmol) 1.1-Bismethylthio-
ethylene 30 and 20 mg hydroquinone in S5 ml dry dioxane is kept at 70°C and 5 kbar

for 48 h. The reaction mixture is concentrated and the oily residue purified by
flash chromatoyraphy (silica gel, petroleum ether : ethyl acetate, 8:1) to yield

2.27 g (72 %) of 11a as colourless oill. - T.l.c. (petroleum ether : ethyl acetate,
8:1) Rp 0.38; - 'H-n.m.r. (250 MHz, CDC13): 86 = 1,28-1.70 (m, 3H, 4-CH2, 3-CH),
1.83-1.94 (m, 1H, 3-CH), 2.10 (d, J = 1,8 Hz, 3H, 6'-C-CH3), 2.17-2.28 (m, 3H, 2-
CH,, J'-CHG), 2.2G6, 2.25 (28, 6H, 2 SCH3), 2.37 (da, J3'," = 6.4, JJ'a,S'o = 14
Hz, 1H, 3'-CHe), 2.53-2.60 (m, 'H, 4'-CH), 3.63 (s, 3H, COOCH3), 7.06-7.32 (m, SH,

CGHS)’ - Found: C, 56.85; H, 6.53. Calc. for C19H260383: C, 57.25; H, 6.57.

Ethyl 4-(2'-tert.-butyldimethylsilyloxy-2'-methoxy-6'-methyl-5'-phenylthio-3"',4"'-
dihydro-2'H-pyran-4-yl }-butanoate Yic

A solution of 1.99 g (6.8 mmol) 6b and 2.0 g (10.6 mmol) 1-tert.-butyldime-
thylsilyloxy-1-methoxyethylene i is ;::rred for 2 d at room temperature and then
for 12 h at 50°C. The reaction mixture is purified by flash chromatography (silica
gel, petroleum ether : ethyl acetate, 12:1) to yield 3.26 g (qu) of J1b as co-
lourless oil, l’H-n.m.r. indicates a 7:) mixture of diastereoisomers, which was

not separated). - T.l.c. (petroleum ether : ethyl acetate, 4:1) RF 0.73; 1H-n.n.r.
(250 MHz, CDC13): & = 0,17, 0,18, 0.22, 0.23 (48, 6H, SL(CHJ)z), 0.93, 0.94 (2s,
9H, Sit-Bu), 1.22 (t, J = 7.1 Hz, 3H, O-CHZ-CQJ), 1,35-1.,80 (m, 4H, 3-CH2, 4-CH2),
1.89-2.05 (m, 2H, 3'-CH2), 2.08 (d, J = 1.8 Hz, 3H, 6'-C-CH3), 2.19-2,26 (m, 3H,
2-CH2, 4'-CH), 3.33, 3.36 (28, 3H, OCH3), 4,03-4.12 (m, 2H, O'Cﬂz'C"a)' 7.06-7.26
(i, SH, CSHS)’ - Found: C, 62.46; H, 8.39. Calc. for c25"40° S§Si: C, 62.49; H,
8.53.

S

Methyl 4-(2'-tert.-butyldimethylsilyloxy-2'-methoxy-6'-methyl-5'-phenylthio-3',4"'-
dihydro-2 ' 'H-pyran-4'-yl Jbutanocate b

This compound is obtained from 6a and 1-tert.-butyldimethylsilyloxy-1-me-
thoxyethylene 29 as described for compound 1llc. (It was used directly in the
transformation to compound 14). - T.l.c. (petroleum ether : ethyl acetate, 4:1) R
0.72.

F

Methyl 4-(6'-methyl-5'-phenylthio-3',4'-dihydro-2'H-pyran-2'-on-4'-y]l)butanoate 12
To a solution of 1.40 g (3.5 mmol) 1la in 20 ml acetone/water (10:1) is added
1.90 g (7 mmol) HgCl2 and 1.50 g (7 mmol) HgO under vigorous stirring at room tem-

perature. The reaction mixture is filtered after 10 min, the solid residue
extracted with ether, and the combined organic solutions washed with water and
dried over anhydrous HqSO‘. Concentration of this solution provides a practically
pure material, which can be made analytically pure by medium pressure chromatogra-
phy (silica gel, petroleum ether : ethyl acetate, 4:1). Yield 1.12 g (qu) of 12 as
colourless oll. - T.l.c. (petroleum ether : ethyl acetate, 4:1) RP 0.35; :-1H-
n.m.r. (250 MHz, CDC13): 6 = 1,21-1.74 (m, 4H, 3-CH2, 4-CH2), 2.2Y (d, J = 0.9 Hz,
3H, 6'-C-CH3), 2.26 (t, J = 7.0 Hz, 2H, 2-CH2), 2.33-2.38 (m, 1H, 4'-CH), 2.63-
2.76 (m, 2H, 3'-CH2), 3.65 (s, 3H, COOCHJ), 7.17-7.35 (m, SH, CSHS)' - Found: C,

63.52; H, 6.42. Calc. for C17H2004S: C, 63.72; H, 6.29.

Ethy] methyl 3-(2-oxo-1-phenylthio-propy] )heptanedicate 13a

A solution of 1.20 g (2.5 mmol) 11b in 20 ml dry tetrahydrofuran is cooled un-
der nitrogen atmosphere to -20°C and then 0.80 g (2.5 mmol) tetrabutyl ammonium
fluoride x 3H20 is added. The reaction mixture is extracted after 10 min with
ether/saturated NaCl-solution. The organic phase is dried over anhydrous HgSO‘,
and concentrated. The oily residue is purified by flash chromatography (silica



3278 K. VoGt and R. R. SCHMDT

gel, petroleum ether : ethyl acetate, 4:1) to yield 0.74 g (80 §) of 1la as co-
lourless oil. - T.l.c. (petroleum ether : ethyl acetate, 4:1) RP 0.32; - Hen.m.rx.
(250 MMz, CDC13): & = 1,21-1,29 (m, 3H, O-CHZ-C§3), 1.38-1.82, 2.17-2.86 (2m, 9H),
2.26, 2.28 (28, 3H, CO-CH,), 3.66, 3.69 (28, 3N, COOCH,4), 3.78, 3.89 (2d, J = 8.5
Hz, 1H, CE_SCGHS)' 4.06-4.17 (m, 2H, COOC!z-CHJ), 7.28-7.42 (m, SH, C6H5). -

Fourd: C, 62.13; H, 7.10. Calc. for C19H260 S: C, 62.27; H, 7.15.

Dimethyl 3-(2-oxopropyl Jheptanediocate 13b

A solution of 0.70 g (1.95 mmol) 14 in S ml methanol is treated with hydrogen
in presence of palladium on carbon for 2 hL. The reaction mixture is filtered, the
filtrate washed with methanol, and the methanol solutions concentrated. The oily
residue is purified by flash chromatography (silica gel, petroleum ether : ethyl
acetate, 4:1) to yield 0.41 g (86 8) of 13b as colourless oil. - T.l.c. (petroleum
ether : ethyl acetate, 4:1) RF 0.22; - 1IH_-n.m.x'. (250 MHz, CDC13): & = 1,30-1.39
(m, 2H, 4-CH2), 1.56-1.,68 (m, 2H, S-CHZ), 2.14 (s, 3H, COCHJ), 2,26-2.37 (m, 4H,
2—CH2, 6-CH2), 2.37-2.45 (m, 1H, 3-CH), 2.48-2.52 (m, 2H, CO-CH,), 3.66, 3.67 (2s,
6H, 2-C00CH3). - Pound: C, 59.06; H, 8.21., Calc. for C12H2005: C, 59.00; H, 8.25.

S

Mehtyl 4-{2'-tert.-butyldimethylsilyloxy-2'-methoxy-6"'-methyl-3',4"'-dihydro-2"'-K-
pyran-4'-yl)butanocate 14

A solution of 1,00 g (2.1 mmol) Jic (7:3 mixture of the obtained diastereo-
isomers) in 10 ml ethanol is treated with Raney-nickel (W-2) in presence of hy-

drogen at room temperature., The reaction mixture is filtered after 2 h and the
filtrate washed several times with ethanol. Evaporation of the ethanol provides a
practically pure product which is purified for analytical purposes by med:ium pres-

sure chromatography (silica gel, petroleum ether : ethyl acetate, 12:1), Yield
1

0.70 g (92 %) of 14 as colourless oil. - [ H-n.m.r. indicates a 7:3 mixture of
diastereomers, which was not separated). - T.l.c. (petroleum ether : ethyl ace-

tate, 8:1) Rp 0.53; - 1H—n.n.r. (250 Wz, CDC13): 6 = 0,11, 0.18, 0.20 (3s, 6H,

Sl(CH3)2), 0.88, 0.99 (28, 9H, Sit-Bu), 1.22-2.10 (m, 6H, 3-CH2, 4-CH2, 3'-CH2),

1.73 (44, J 5',CH2 " 0.9; J",CHJ « 0.9 Hz, 3H, 6 -C-CH3), 2.18-2.32 (m, 1H, 4'-

CH), 2.27-2.34 (t, .72 3" 7.6 Hz, 2H, 2-CH2), 3.27, 3.31 (2s, 3H, OCHJ), 3.67 (s,
4

3H, CO(XIHJ), 4.46 (bs, 'H, 5'-CH).

(s+)-Ramulosin (s)-1

A solution of 0.20 g (0.90 mmol) (#)-10 in 10 ml dry tetrahydrofuran is treat-
ed with excess potassium tert.-butoxide (freshly sublimed) at room temperature.
After stirring for 15 min the reaction mixture i{s extracted with ether/water. The
ether extract is washed with water, concentrated and the residue purified by me-
diun pressure chromatography (silica gel, petroleum ether, ethyl acetate, 4:1) to
yield 0.14 g (83 %) of (+)-1 as solid material, which crystallized from petroleum
ether (b.p. 80-100°) m.p. 114° (ref. 'S 115°%; ref. ' 120°). - T.l.c. (petroleum
ether; ethyl acetate, 4:1) Ry 0.42; - 'H-n.m.r. (250 MHz, CDCl,): 6 = 1.08-1.34
(m, 2H, "_"a' S_Ha)’ 1,38 (4, J = 6.4 Hz, 3H, 3-CH3), 1,55-1.74 (m, 1H, G_Ha)'
1.84-1.94 (m, 2H, S-H_, 6-H ), 1.95-1.98 (44, J“!'3 - 2.4, J“'“ = 3.9 Hz, 1H, 4-
B, 2.34-2.41 (m, 2H, 27-H), 2.44-2.57 (m, 4, 4a-H), 4.39-4.53 (ddq, J, -

,de
204, 35 4, = 12.8, I3 (43 = 6.4 Hz, 1H, 3-H), 13.26 (s, 1H, OH).

(¢)-epi -Ramulosin (s)-15

When a solution of (+#)-10 containing the corresponding trans-isomer is treated
as described for the preparation of (¢)-1, a mixture of (s)-1 and (e)-15 is
obtained which is separated by medium pressure chromatography (silica gel,
petroleum ether : ethyl acetate, 4:1). Yield: 71 8 (+)-1 and 12 & (#)-315.

(+)-15: M.p. 64°; ref. 15 64-65°C; - t.l.c. (petroleum ether : ethyl acetate,
0.40; - 'H-n.m.r. (250 MMz, CDCly): 6 = 1.11-1.34 (m, 1H, S-H,), 1.40 (d,



Syntbesis of (1 )-ramulosn "

J « 6.7 Hz, JH, 3~C83). 1.60-2,00 (m, SH, C—Ha, G-He, S-He, G-H‘, 6-H.), 2.36-2.43
(m, 2H, 7-&3, 7-“0)’ 2.61-2.67 (m, 1H, 4a-H), 4.73-4.79 (m, ¥H, 3-H), 13.35 (s,

1H,

OH). - These data coincide with published data 15.
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