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Abstract - Condensatiar of 4-formylbutanoates (4 
thloacetone (5) pcwided the 1 -oxa-1,3-dlene 4Ji?l,Y,‘,‘,“,,p,“ni1i 
which afforded in high yielding inverse type hetero-Dlels-Am& 
reactions vith vinyl ethers and ketene acetals the desired dihy- 
dropyran cycloadducts 78-c and lla-c, respectively. Ttx? target 
molecule (* I-rarmlosln 7 qae obtmew from compound8 118 and 7a 
inconvenie5t ctbemo- 
transformations. 

an< diastereoselectlve three and ‘Rlur st8fi 

The efficiwcy and versatility of tnvewe type hstero-Diels-Aider rtactionr of 8- 

acyloxy-a-phenylth1o l ubatltuted a,6-unsaturated carbonyl comparndo am 1-0x8-1,3- 

dienes vith en01 ethers and derivatives a8 heterodienophiles have been demon- 

etrated in varioum ti twvo-ryntheses of important Mtural carbohydrates including 

rare deoxy suqara, C-aryl glycopyranosldes, and 3-deoxy-2-glyculoaonatea. 2-7 In 

this strategy dlartereospeclflc generation of up to five chiral centers in three 

step vith preferential formation of one l nant1omer vas possible. 
2-4.6 

The general urefulnsa of thfs methalology can k verified in different areas. 

Thus, chemoselectlve reactions ca,id be also carried out vith 6-unaubstituted a- 

phenylthto substituted a,&umaturated carbonyl compounde and en01 ether* leading 

to natural 2,3,6-trldeoxy and to 4-amino-2,3,4,6_tetradeoxy sugars quite readlly. 

8 Ths efficiency of this approach with carbon wbetituents at the R-position rlll 

be ex9anpled in this paper for the ayntheais of the antlblotic ramulosin (1, Scheme 

11. This approach should be also applicable to the syntheufs of the btogene- 

tlcally related antibiotics hydroxyramuloeln (2) and actinobolln (2) lo which 

gairwd recently importance because of interesting biological properties. Rauloein 

(l_) and h droxyranulorln (1) have flrst been lrolated frop the 

ramuim r I,12 
fun,g;e Pertalotra 

; ramloain vas later aloo found in other species. It inhibits 

thu germination of seeds and spore8 of microorganlems. 
14 

Thu first eynthetlc 

approach led to the diastereolsomer l plrarulosln ’ 5 (ace compound s in Scheme 2 1. 

A seven step synthesis of the raceinatt van developed by Cordova and Snider. 16 

Actlnobolln (AI van imlated frca Strmtoaycer Q rl~ewlrldl~ 
17 

and its structure 

determined by different groupe. 18 It has broad spectrum antibiotic and moderate 

antltumor activity. rt is a potential carioatatlc agent. l9 IL is 

l This paper 1s dedicated to Professor E.C. Taylor on the occarlon 
of his 65 th birthday. 
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structurally related to the very promising antitumor agent bactobolin 20 
therefore 

eeveral syntheses of this compound tmve been reported. 
21 

/ 

5 “SPh 
Y - i \ Me Q 0 

0 ..o 
k I 0 ZOR ,A 

2 

HO ,.,$Aia a 
a 

(X,Y = H, OR) 

(Z = H, OR) 

As outlined in the retrosynthetic Scheme 1 the required l-oxa-1,3-dime pre- 

cursor 2 shculd be readily available from 8 4-formylbuCanoatc derivative 1 end 

phenylthioacetona (2). Mstero-Diels-Aldor teactiar uith enol ether or ketena ace- 

tal derivatives should provide tb desired dihydropyran intermediate 2 which after 

diastereoselcctive CC-double bond transformation and chemoeelective ring closure 

yields the target molecule. 

RESULTS AND DISCUSSION 

The requfred 1-owa-t ,3-diene precursors 5 and g (Scheme 21 were 8 
E 

theslzed 

accardlng to ths synthesis design ~Schuwe 11 from phenylthioacetonc (0) and me- 

thyl or ethyl I-fornyl butanoate t4a,gl; comparnds 4a,b uere readily obtatned via 

oronolysi8 of cyclopntens uslnq a procedure of SchreGer, Claus, and Reaqan. 
23 

The condensation vas carried out vith llthlum diisopropylamide (LDAl in presence 

of zinc chloride accyd2i;g to Hoye and Kurth 'a affording coapoondr 6a.b in good -m 
yielda as Z-isomers. ’ 

Cyclcedditiar reaction of ccmpar2$ & vlth ethyl and with bensyl vinyl ether 

vae performed becauec of reactivity under high pressure (5 kbrl; It furnished 

exclusively the endo-isomers (t)-2 and (*t-7& respectively. tkgever, the steri- 

tally demanding tart. -butyldinthylsilyl (TBS) vinyl ether provided a 3:t 

endolexo-mixture of the cycloadduct (+I-&. Ihe 

comparimm of the lH-n.m. I-. 
structur;s cculd be assigned by 

data vfth previous results. Rancy nickel treatment 

of compound (~1-2 in rafluxing ethanol yielded in one step via phenylthio qroup 

removal and site selective hydrogen transfer th desired tetrahydropyran deriva- 

tive It)-2 in a favorable 6:l cis/trans ratio. Glycorlde bond cleavage with 

trlfluoroacettc acid/eater furnished a mlxture from vhich the ~1s fsoamr (,I-2 

(anomtric mixture) was separated. This compound was oxidized vith pyridlnium chlo- 
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rochromatt (EC) on aluminum oxide in benzene in presence of molecular sieves 28 

to yield ths b-iactone (~1-2 which by treatment with potassium tert.-butoxide in 

tetrahydrofuran nas readily cyelised to the destred ramul;;in (%)-A; its structure 

was assigned by comparison with published physical data. 

Obviously, in this synthetic strategy cycloaddition of ketene acetals as hete- 

rcdienophiles to tha I-oxa-1,3-dienea 6a,b should pcnnit a shorter route to (:I- I__ 
ramulosln, because at least oxidation to the lactone stage would not be required. 

Correspondingly, commnd k was treated with 1 ,t-bisnethylthio-ethylene 30 
under 

high passure (5 k&r) affording the dIhydropyryl cycloadduct & In good yield. 

l-tert. -EutyldImethylsilyloxy-1 -methoxyethylene reacted already under normal 

pressure with compounds 6a,g Fovidfng the correapondtng dihydropyrans llb,c, 

respectively, in quantitative yields (7:3 diastereomer mixture). However, desi- 

lylaticm for instance of canpwnd ti with tetrabutylasutonium fluoride (TEW), to 

obtain directly the lactone 2 (ethyl ester) or in one step due to the bs6Icity of 
TBAF the subsequent ring cyclited product, resulted only in dihydropyran ring 

opening furnishing diester 3. Therefore removal of the phenylthio group with 

Rany nickel fran compound 2, providing readily dihydrowran l4, and subeequent 

hyd rcqenaticm *a6 invest Igated. Rut all attempts to transfer hydrcgen to compound 

s resulted in preferred ring cleavage furnishing the diester 3. 

However, transformation of compwnd 11s into lactone 2 was readily ac- 

complished with HgO&CX2 in acetone/water.~ Treatment of this compound with Ra- 

ney nickel under 4 bar hydrogen pressure led again In one step to phenylthio group 

remval and subsequent sfte-selective hydrogen transfer providtng b-lactone (c)-s 

in a favorable 7;t cis/trans-ratio from which the mfnor isotwr cauid be separated. 

CyclIsatIon of the cis/trans-mixture under the coniitfons described above afforded 

ramulosin (,1-l_ and epiramulosin (,1-E, 
29 

which was separated and identified by 

comparison with published physical data. 

EXPERIMENTAL 

General Proadure6 

Petrolawn ether 40°-6S” was used, If not otherwise indicated. - RF value6 re- 

fer to t.1.c. performed on silica gel (Merck) with the solvent systems noted. - 

Colusm chromatqJraphy was p?rforasd under medtum pressure vith silica gel (Merck, 

“LIChroprep” SI60, 40-60 )M) and by flash chromatography with silica gel (Merck, 

230-400 mesh). - Mel ttng points are uncorrected. - 
1 
If-N.m, r. spectra were recorded 

Ln the solvent systems noted (?4s,Sl, 0.00 ppmb wtth a Bruker 250 Cryospec. 

Ethyl 7-oxo-6-nhenylthio-S-octenoate 2 

To a solution of 45.5 mm01 lithium diisopropylamide (LDA) in 120 ml dry te- 

trahydrofuran Is added at -80°C and under ni tra)en a solution of 7.55 9 (45.5 

wl) 1 -phenylthIo-2-propanorm 
22 (21 in 10 ml dry tetrahydrofuran. After 30 mIn a 

solution of 9.54 g (70.0 mmolf ZnCl2 In 100 ml dry tetrahydrofuran Is Introduced, 

then the tampstature of the mixture Is raised to -2OOC and a solution of 7.92 g 

(55.0 mmol) ethyl 4-formylbutanoate 23 (2) in 10 ml dry tetrahydrofuran added. 

After 30 mIn the reaction mixture is warmed to O°C and kept for 30 mIn at this 

temperature, The reaction mixture is treated with saturated ammonium chloride SO- 

IutIon and then extracted vith ether. The organic phase Is separated, washed with 

water, dried over anhydrous magnesium sulfate and evaporated. The oily residue was 

purified by flash chraaatcgraphy (silica gel, petroleum l thar : ethyl acetate, 

4:4) to yield 10.23 9 (77 %)) of q as a colourless oil. - T.1.c. (patrolawn ether 

: ethyl acetate, 4:l) RI 0.34; - H-n.m.r. (250 MHz, CDC131: a - 1.24 (t, J - 7.0 

Hz, 3H, 0CH2-C!i3), 1.85 (tt, J2,3 . J3,4 = 7.5 Hz. 2H, 3-H), 2.28 (6, 3H, 8-H), 

2.39 (t, J . 7.5 Hz, 2H, 2-H), 2.56 (dt, J3,4 = J4,5 . 7.5 Hz, 2H, 4-H), 4.12 (q, 
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J - 7.0 Hz, ZH, 0-C~2-CH3), 7.13-7.29 (m, 6H, C6H5, 5-H). - Found: C, 65.51; H, 

6.93. Cslc. for C,6 2O 3 H 0 S: C, 65.73; H, 6.89. 

Methyl 7-oxo-6-phenylthio-S-octenoate k 

This comparnd is obtained from 2 and methyl 4-fonnylbutanoate 23 (fi) ao de- 

scribed for 2. It vas used without further characterlsatlon in the subsequent 

steps. - T.1.c. (petroleum ether : ethyl acetate, 4:ll RF 0.33. 

Methyl 4-(r-2’-ethoxy-6’-mcthyl-5’-phsnylthio-3’,4’-dlhydro-2’H-~ran-c-4’- 

yl) butanoate (tl-2 

A solution of 4.40 g (15.8 mm011 s 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 1s con- 

centrated and the oily residue purified by flash chromatography (silica gel, pc- 

troleun ether : ethyl acetate, 

011. - T.1.c. 

8:ll to yield 5.55 g (qul of (+)-7a,an colourless 

(petroleum ether : ethyl acetate, 4:l 1 RF 0.56; - H-n.m. r. (250 

RHr, cDc131 b . 1.22-1.28 (t, J . 7.1 Hz, 3H, O-CH2-CH_3), 2.08 (d, J - 1.5 Hz, 3H, 

6’-C-CH3), 1 .40-2.10 (m, 7H, 3-CH2, 4-CH2, 4’-CH), 2.20-2.25 (m, 2H, 2-H), 3.62 

(s, 3H, -COOCH3), 3.53-3.65 (m, lH, -0-Clj-CH3), 3.86-3.95 (m, 1H, 0-Ctj-CH3), 5.07 

(dd, J2’,)’ - 6.0, J2, ,),, - 2.5 Hz, lH, 2’-CH), 7.06-7.28 (m, SH, C6H51. - Found: 

C, 64.91; H, 7.56. Calc. for C19H2604S: C, 65.11; H, 7.48. 

Methyl 4-(r-2’-bcnryloxy-6’-~thyl-S’-p~nylthlo-3’,4’-dlhydro-2’H-~ran-c-4’- 

yl) butanoate (~1-2 

A solution of 4.00 g (14.4 mmoll & and 20 mg hydrcqulnone In 5 ml benzyl vl- 

nyl ether 1s kept at 6C°C and 5 kbar for 48 h. The reaction mlxture is purified by 

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

5.90 g (qu) of ~1-2 as a sll,ghtly yellovlsh 011. - T.1.c. (petroleum ether : 
ethyl acetate, 4:ll RF 0.48; - H-n.m.r. (250 MHz, CDC131 6 l 1.38-1.90 (m, JH, 3- 

CH2, 4-CH21, 1.95-2.10 (m, 2H, 3’-CH2), 2.06 (d, J - 1.2 Hz, 3H, 6’-C-CH3), 2.12- 

2.31 (m, 3H, 2-CH2, 4’-CH), 3.59 (s, 3H, COOCH3), 4.63 and 4.89 (2d, J = 12.1 Hz, 

CH2-C6H5). 5.19 (dd, J2,,3, -3.1, J2,,3,, - 4.6 Hz, lH, 2’-CH), 7.05-7.41 (m, IOH, 

2 C6H5). - Found: C, 69.88; H, 6.62. Calc. for C24H2804S: C, 69.87; H, 6.84. 

Methyl 4-(2’-tert.-butyldimethylsllyloxy-6’-rnathyl-5’-phenvlthlo-3’.4’-dihvdro-2’- 

H-pyran-4’-yl jbutanoate (+I-2 

A solutl;; of 2.60 g (9.3 mmoll &, 3.16 g (20 mm01 1 tert. -butyldimethylsllyl 

vinyl ether , and 20 mg hydroquinone 1s kept at 70°C and 5 kbar for 48 h. Excess 

vinyl ether 1s then removed under reduced pressure and the 011~ residue purified 

by flash chromatography (silica gel, petroleum ether : ethyl acetate, lo:11 to 

yield 3.00 g (74 tl of (&l-s as colourless 011. 
1 
H-N.m. r. indicated a 3:l 

endo:exo-mixture. - T.1.c. (petroleum ether :ethyl acetate, 4:11 RF 0.67; ‘H- 

n.m.r. (250 MHz, CDC131 6 = 0.15, 0.16, 0.17 (30, 6H, Si(CH3121, 0.92, 0.95 (28, 

9H, Si-t-Bu), 1 .22-2.02 (m, 6H, 3-CH2, 4-CH2, 3’-CH21, 2.04 (d, J - 1 .2 Hz, 3H, 

6’-CCH3), 2.14-2.29 (m, 3H, 2-CH2, 4’-CHl, 3.61, 3.63 (2s, 3H, -CCOCH3), 5.40- 

5.44 (m, lH, 2’-CH), 7.05-7.24 (m, SH, C6H51. - Found: C, 63.12; H, 8.33. Calc. 

for C23H3604S Sl: C, 63.26; H, 8.31. 

Methyl 4-(r-2’-ethoxy-6’-methyl-tetrahydropyrM-c-4’-yl)-butanoate (*l-i 

To a solution of 4.25 g I1 2.1 mmol) (~1-2 in 20 ml dry ethanol Is added ex- 

cess Raney-nickel (W2). The mixture is heated to reflux for 1 h, the solvent is 

decanted and the solod residue vashed vlth ethyl acetate. The organic solutions 

are combined, concentrated and the oily residue purlfled by flash chromatography 

(silica gel, petroler ether : ethyl acetate, 8:ll to yield 1.92 g (65 $1 of (t)-i 

as colcurless 011. H-n.m. r. lndlcated a 6:1 ratio of c-6’-rPethy1 : t-6’-methyl 

mlxture, vhlch could not be separated. This material vas used in the next step. - 

T.1.c. (ptroleum ether : ethyl acetate, 4:ll RF 0.48; - ‘H-n.m.r. (250 MHz, 
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C.X13) 6 - 0.79-I .38 (m, lOH, 4-CH2, 5’-Cti2, 6’-C-CH3, O-CH2-Ctj31, 1.50-1.89 (m, 

‘SH, 3’CH2, 4’-CH, 3-CH21, 2.27-2.33 (t, Y - 7.4 Hz, 2H, 2-CH2), 3.45-3.58 (m, 2H, 

6’-CH, -O-CH-CH3B, 3.67 (I, 3H, CGGCH3), 3.89 (m, lH, 0-C&CH3), 4.39 (dd, J2, 3,a 

l 9.6, J 
2’3’e 

- 2.0 Hz, 0.86 H, 2’-CX of c-4’-methyl isomer), 4.64 {dd, J2, 3:a - 
. 

9.6, J2*,3e* I 2.0 Hz, 0.14 H, 2’-CH of t-6’-methyl isomer). 

Methyl 4-(2’-hydroxy-c-6’-methvl-tetrahvdroDvran-r-4’-vl)butanoste tt)-2 

A solutirm of 0.73 g (3 ~01) (~1-2 (6:1-mixture) in 20 ml tettahydrofuran was 

treated vlth 1 ml trif lwtoacetic acid in water (l:lO) for 2 h at roan tem- 
perature. The reaction mixture is concentrated under reduced pressure, treated 

vith toluene and again concentrated. The residue is purified by flash chrocnato- 

graphy (silica gel, petroleum ether : ethyl acetate, 7:3) to yield a colourless 

solid material which crystallizes from cyclohexane. Separation of the major isomer 

(2)-z is accomplished by medium pressure chromatography (silica gel, petroleum 

ether : ethyl acetate, 7:31, to yield 0.41 g (64 %I of k).,-P as colourlees solid 

material (anomeric mlxturet . - T.1.c. (petroleum ether : ethyl acetate, I:1 1 RF 
0.38 fald 0.42 for the minor isomerI; - ‘H-n.m.r. (250 KHz, CDCl3): 6 I 0.78-1.33, 

l.Sl-1.99 f2n, 12X, 3-Cli2, I-CH2, 3’-CH2, 4’-CH, 5’-CH2, C’-C-CH3), 2.31 (t, J = 

7.5 Hz, 2H, 2-CH2), 3.18 (bs, 0.43H, a-2’-OH), 3.49-3.64 (m, 0.57H, R-6’-CH), 3.67 

(29, 3H, CGGCH3), 3.80 (d, J2, OH I 6.2 Hz, 0.57H, B-2’-OH), 4.02-4.18 (m, 0.43H, 

a-6’-CH), 4.74 (ddd, J2, 3, = ‘2.1 and 8.5 Hz, J2,_OH - 6.2 Hz, O.S7H, B-2’-CH), 

5.34 (bat 0.43H, a-2’-CH11. - Found: C, 60.90; H, 9.08. Calc. for CllH2004: C, 

61.09; H, 9.32. 

4-(c-6’-methyl-tetrahydrowran-2’ Methyl -on-r-4’-yl)-butanoate 1+)-s 

(a) Fran ($b-2: 

To a solution of 0.60 g (2.8 mm011 of (~1-2 in 10 ml. dry benzene is added 1.5 

g ground molecular sieves (4 A) and 6 g ( 1 6 mmolf pyridinium chlorochranate on 

)‘l2’3 
28 

at room temperature. The reaction mixture is filtered after 5 h, the re- 

sidual oxidizing agent is treated several times vlth 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, ?:3) to yield 0.33 g (55 %I of (~‘-4 as solid material. - T.1.c. 

fpetrolewn ether : ethyl acetate, 7:)) RF 0.24; - H-n.m.r. (250 MHz, CDC131: b = 

1.12-1.27 (m, lH, 5’-CH), 1 .30-l-39 fm, 2H, H-CH2), 1 .37 (d, J - 6.t Hz, 3H, 6.-C- 

CR33, 1.59-1.73 (m, ZH, 3-CH2), 1.86-2.14 (m, 3H, 3’-CH,, I’-CH, 5’-CH,), 2.32 (t, 

J . 7.3 Hz, ZH, 2-CH2), 2.70 (ddd, J3, 3, . 17, J 

3.68 (s, 3H, CGGCH3), 4.33-4.47 (ddq, J,: CH3 - 
3’,4’ 

. 1.8 Hz, lH, 3’-CH,), 

6.1, J6, ,5,a . 12.4, J6,,5,e = 2.4 

Hz, 1X, 6’XH). - Found: C, 61 .62; H, 8.4;. Calc. for C, , H18G4; C, 61.66; H, 8.47. 

(b) From g: 

A solution of 0.38 g (1.2 numol) of 2 in 10 ml ethyl acetate vas trested for 7 

h with Raney-nickel (W-2) and hydrogen at 4 bar. The solvent is decanted and the 

Raney-nickel washed several tirrs with ethyl acetate. The ethyl acetate solutions 

are combined, concentrated and the residue purified by flash chromatography (*I- 

lice gel, pstroleum ether : ethyl acetate, ?:3t to yield 0.21 g (82 \I of a 7~1 

mixture of (21-s and the trans-isomsr, respectively, which can bs separated by 

nedium pressure chromatography (silica gel, petroleum ether : ethyl acetate, 7:)). 
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4-(2,2’-biaathylthlo-6’-rthYl-5’-Dhenylthio-3’.4’-dlhvdro-2’H-~t~-4’- Methyl_ 

yl) butanoate & 

A solution of 2.20 g (7.9 mmol) of %, 
30 

1.50 g (12.5 mmol) l.l-Biemcthylthlo- 

ethylene and 20 mg hydrogulnone in 5 ml dry dioxane is kept at 70°C and 5 kbar 

for 40 h. The reaction mixture is concentrated and the oily residue purified by 

flash chromatcqraphy (silica gel, petroleum ether : ethyl acetate, 8:l) to yield 

2.27 g 172 %) of + as colourless 011. - T.1.c. (petroleum ether : ethyl acetate, 

8:l) RF 0.38; - H-n.m. r. (250 MHZ, CDC13): 6 = 1.28-1.70 (m, 3A, I-CH2, 3-CH), 

1 .83-l .94 (m, lH, 3-CH), 2.10 (d, J - 1 .8 Hz, 3H, C’-C-CH3), 2.17-2.28 (m, 3H, 2- 

CH2, 3’-cHa), 2.2C. 2.25 (28, 6H, 2 SCH)), 2.37 (dd, J3, 4, - 6.4, J3ea 3,e - 14 

Hz, lH, 3’-CH,), 2.53-2.60 (m, lfi, 4’-CH), 3.63 (s, 3H, C&Crt,), 7.06-7.3; (m, SH, 

C6H5). - Found: C, 56.85; H, 6.53. Calc. for C1gH2603S3: C, 57.25; H, 6.57. 

4-(2’-tert. Ethyl -butyldiPwthylsilyloxy-2’-~thoxv-6’-nthYl-5’-Dhcnvlthio-3’,4’- 

dlhydro-2’H-pyran-4-yl)-butanoate s 

A aolutlon of 1.99 g (6.8 3yo,l) g and 2.0 g (10.6 mmol) l-tert.-butyldlme- 

thylsllyloxy-1 -nethoxyethylene is stirred for 2 d at room temperature and then 

for 12 h at 50°C. The reaction mixture 1s purified by flash chromatography (silica 

gel. petroleum ether : ethyl acetate, 12:l) to yield 3.26 g (gu) of E as co- 

lourless oil. I’H-n.m. r. indicates a 7:) mixture of diastereolsomsrs, which vas 

not separated). - T.1.c. (petroleum ether : ethyl acetate, 4:l 1 RF 0.73; ’ H-n.n. r. 

(250 MHz, CDC13): 6 = 0.17, 0.18, 0.22, 0.23 (4s, 6H, Si(CH3)2), 0.93, 0.94 (2s, 

9H, Sit-Du), 1.22 (t, J - 7.1 Hz, 3H, 0-CH2-CH3), 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-CR2, 4’-CH), 3.33, 3.36 (28, 3H, OCH3), 4.03-4.12 (m, ZH, 0-Ct12-CH3), 7.06-7.26 

(In, SH, C6H5). - Found: C, 62.46; H, 8.39. Calc. for C25H4005SSl: C, 62.49; H, 

8.53. 

Methyl 4-(2’-tert. -butyldlmtthylsilyloxy-2’-wthoxy-6’-rrthyl-5’-~~~nylthlo-3’,4’- 

dlhydro-2’H-wran-4’-yl )butanoate 1 lb - 
Thls compound 1s obtained from & and 1-tert. -butyldimethylsllyloxy-1 -me- 

thoxyethylene 
29 

as described for compound &. (It vas used directly in the 

transformation to compound i). - T.1.c. (petroleum ether : ethyl acetate, 4:l) RF 

0.72. 

Methyl 4-(6’-~thyl-S’-Dhenylthio-3’,4’-dihydro-2’H-mran-2’-on-4’-yl)butanwte 2 

To a solution of 1.40 g (3.5 mmol) & in 20 ml acetone/vater (lo:1 1 1s added 

1.90 g (7 mmol) HgC12 and 1 .50 g (7 mmol) HgO under vigorous stlrrlng at room tem- 

perature. The reaction mixture is filtered after 10 min, the solid residue 

extracted vlth ether, and the combined organic solutions vashed vlth vater and 

dried over anhydrous UgS04. Concentration of this solution provides a practically 

pure material, vhlch can be made analytically pure by mdlum pressure chromatogra- 

phy (silica gel, petroleum ether : ethyl acetate, 4:l). 

colourless 011. - T.1.c. 

Yield 1.12 g (qu) of G1as 

(petroleum ether : ethyl acetate, 4:l 1 RF 0.35; - H- 

n.m.r. (250 HHz, CDC13): 6 - 1.21-1.74 (m, 4H, 3-CH2, 4-CH2), 2.21 (d, J - 0.9 Hz, 

3H, 6’-C-CH3), 2.26 (t, J = 7.0 Hz, 2H, 2-CH2), 2.33-2.38 (n, lH, 4’-CH), 2.63- 

2.76 (m, 2H, 3’-CH2), 3.65 (6, 3H, CCOCH,), 7.17-7.35 (m, SH, C6H5). - Found: C, 

63.52; H, 6.42. Calc. for C,7H2004S: C, 63.72; H, 6.29. 

Ethyl methyl 3-(2-0x0-1 -Dhenyl thio-Dropyl )heDtanedioate I)a 

A solutlcr, of 1.20 g (2.5 mmol) llb in 20 ml dry tetrahydrofuran 1s oooled un- - 
der nitrogen atmosphere to -2OOC and then 0.80 g (2.5 mmol) tetrabutyl amonium 

fluoride x 3H20 1s added. The reactla mixture is extracted after 10 min vith 

ether/saturated NaCl-solut ion. The organic phase is dried over anhydrous UgS04, 

and concentrated. The oily resldue 1s purified by flash chranatcqraphy (silica 
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wl, petroleum other : ethyl acetate, 4:l) to yield 0.74 q (80 t) of l+ as co- 

lourless 011. - T.1.c. (petroleum ether : ethyl acetate, 4:l) RF 0.32; - H-n.m.r. 

(250 Wir, CDCl37: 6 I 1.21-1.29 (m, 3H, 0-CH2-CH3), 1.38-1.82, 2.17-2.86 (2m, 9H). 

2.26, 2.28 (28, 3H, CO-CH31, 3.66, 3.69 (26, .3H, COOCH3), 3.76, 3.89 (2d, J = 8.5 

Hz, lH, CH-SCsH5), 4.06-4.17 (m, 2H, CWCH2-CH3), 7.20-7.42 (m, SH, C6H5). - 

Found : C, 62.13; H, 7.10. Calc. for C19H2605S: C, 62.27; H, 7.15. 

Dimethyl 3-(2-oxopropyl jheptanedioate 2 

A solutlon of 0.70 q (1.95 mmol) ‘( in 5 ml methanol is treated with hydrogen 

in presence of palladium on carbon for 2 h. The reaction mixture is filtered, the 

filtrate washed with methanol, and the methanol solutions concentrated. The oily 

residue 1s purified by flash chromatography (silica gel, petroleum ether : ethyl 

acetate, 4:l) to yield 0.41 q (86 $1 of I)b as colourless 011. - T.1.c. (petroleum 

ether : ethyl acetate, 4:l) RF 0.22; - H-n.m. r. (250 MHz, CDCl3): 6 . 1.30-1.39 

fm, 2H, 4-CH2), 1.56-1.68 (m, ZH, 5-CH2), 2.14 (s, 3H, COCH3), 2.26-2.37 (m, 4H, 

2-CH2, 6-CH2), 2.37-2.45 (m, lH, 3-CH), 2.48-2.52 fm, 2H, CO-CH2), 3.66, 3.67 (29, 

6H. 2-COOCH3). - Found: C, 59.06; H, 8.21. Calc. for C12H2005: C, 59.00; H, 8.25. 

Mehtvl 4-~2’-tert.-butvldimethvlsilvloxv-2’-methoxy-6’-methyl-3’.4’-d1hydro-2’-H- 

gyran-4 '-yl) butanoate fi 

A solut lon of 1 .OO q (2.1 mmol) s 17:) mixture of the obtained dlastereo- 

isomers1 in 10 ml ethanol is treated vlth 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 vith ethanol. Evaporation of the ethanol provides a 

practically pure product vhich is purlfied for analytical purposes by medium pres- 

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

0.70 q (92 8) of x as colourless oil. - I’H-n.m.r. indicates a 7~3 mixture of 

diastereomere, vhlch vas not separated). - T.1.c. (petroleum ether : ethyl ace- 

tate, 8:l) RR 0.53; - ’ H-n.n. r. (250 Wit, CDC13): 6 . 0.11, 0.18, 0.20 (36, 6H, 

Si(CH312), 0.88, 0.99 (26, 9H, Sit-k), 1.22-2.10 (m, 6H, 3-CH2, 4-CH2, 3’-CH2), 

1.73 (dd, J 5, CH2 - 0.9; J4, CH3 l 0.9 Hz, 3H, 6’-C-CR3), 2.18-2.32 (m, lH, 4’- 
, 

CH), 2.27-2.34 (t, J2,) . 7.6 ‘Hz, ZH, 2-CH2), 3.27, 3.31 (2s, 3H, CKH3), 3.67 Is, 

3H, COOCH3), 4.46 (bs, lH, 5’-CH). 

(*I-Ranulosln (~1-1 

A solutitm of 0.20 9 (0.90 mmol) (t1-E in 10 nl dry tetrahydrofuran is treat- 

ed with excess potassium tert.-butoxlde ffreahly sublimed) at rcom temperature. 

After stirring for I5 min the reaction mixture is extracted vlth etherlvater. The 

ether extract is vashed vith vater, concentrated and the residue purified by me- 

dlun pressure chraatoqraphy (silica gel, petroleum ether, ethyl acetate, 4:1) to 

yield 0.14 q (83 %I of (+I-1 aa solidl~terial, vhlch crystallized from petroleum 

ether (b.p. 80-100°) n.p. 114O (ref. 115O; ref. l3 12OO). - T.1.c. (petroleum 

ether; ethyl acetate, 4:l) RF 0.42; - 
1 

H-n.m. r. (250 MHz, CDC13): 6 - 1.08-1.34 

(m, ZH, H-Ha, S-H,), 1.38 (d, J = 6.4 Hz, 3H, 3-CH3), 1.55-1.74 (m, 1H, 6-H,). 

1 .84-l .94 (n, ZH, S-He, 6-HeI, 1 .95-l .98 fdd, Jle 3 - 2.4, J4e 4a - 3.9 Hz, lR, 4- 

HeI, 2.34-2.41 (m, 2H, 27-H), 2.44-2.57 (m, lH,‘ 4a-HI, 4.3914.53 (ddq, J3 4e - 
, 

2’4@ J3,4a 
. 12.8, J3,CH3 . 6.4 Hz, lH, 3-H), 13.26 (6, lH, OH). 

(*I-eel-Raauloeln (=I-2 

When a solutlon of (c)-s containing the corresponding trane-isaner is treated 

as described for the preparation of (*,-I, a mixture of (+I-1 and (+1-s is 

obtained vhich is separated by medium pressure chrcmatography (silica gel, 

petroleum ether : ethyl acetate, 4:1 1. Yield: 71 8 (~3-1 and 12 @ (=)-s. 

(*)-II: H.p. 64O; ref. s 64-65OC; - t.1.c. (petroleum ether : ethyl acetate, 

4:l) RF 0.40; - ’ H-n.m.r. (250 Io(z, CDC13): b . 1.11-1.34 (m, lH, S-Ha), 1.40 (d, 



J v 6.7 HZ, 3H, 3-CB3), 1.60-2.00 In, SH, 4-H,, 4-H,, S-He, 6-H., 6-H.), 2.36-2.43 

(m, 2~, 7-Ma, 7-H*), 2.61-2.67 (a, lH, 4a-Ii), 4.7,3;4.79 (m, IH, 3-R), 13.33 (1. 

lH, OH). - Theee data coincfdt vlth published da- . 
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