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Abstract -- Hqhly eMntlomerwally plre (-)-talaromycn~s A and B 1(3&45,6&9&)- and 

(3~,4~,6~,9~)-9-ethyl-4-h~-3-hydroxymethyl-l,7-d~oxasprro[5.5 lundecane 1 were 
synthesrzed startrng from cbrral bulldIng blocks of mIcrcfxa1 orrgln. 

(-I-Talaromycins A la and B 2a were fungal toxins isolated by Lynn and co-workers in 1982 

from Talaromyces stipitatus.'r2 The toxicity of these spiroacetals may be due to their 

ability to block outward potassium fluxes, thus leading to muscle dysfunction.' Their 

unique spiroacetal structures la and 2a attracted much attention of synthetic chemists. 

Thus thermodynamically more stable (*)-talaromycin B 2a with an eq CH20H group was synthe- 

sized by Schreiber et al 3 Kozikowski et al 4 Kocienski et al ' and Kay et al 6 - -'P - -.I -2 - 2 The 

less stable (*I-talaromycin A la with an ax CH20H group was later synthesized by Schreiber 

et al ' -2 As to the synthesis of the naturally occurring enantiomers of talaromycins, there 

exist only two reports.8lg Smith and Thompson was the first to synthesize (-)-talaromy- 

tins A and B in 1984.8 The second synthesis of (-)-talaromycin A was reported by Midland 

and Gabriel in 1985.' As an extension of our continuing efforts to synthesize enantio- 

merically pure spiroacetals of insect origin, 10,ll we initiated a project to synthesize 

both (-)-talaromycins A and B in highly enantiomerically pure state. 

Our synthetic plan is shown in Fig. 1. Chiral building blocks of microbial origin 

are employed as our starting materials. For the construction of the spiroacetal system, a 

Wittig reaction12-l4 between A and B is to be employed. The phosphorane A can be prepared 

from C, which in turn is the product of yeast reduction"-" of Il. Dimethyl 3-oxopentane- 

dioate Eis the starting material for D. The aldehyde Bis to be synthesized via P from - 
ethyl (S)-3-hydroxybutanoate G, the product of yeast reduction of ethyl acetoacetate.18 

Execution of the above plan, which culminated to the synthesis of crystalline (-)-talaro- 

mycin A la, will be detailed below. 

The first phase of our work as shown in Fig. 2 was the synthesis of a phosphonium 

salt 14, the precursor to the Wittig reagent A. Reduction of 3 (=E) with NaBH4 gave la. 

After protecting the OH group of la as a THP ether, the resulting 4b was reduced with LAH 

t *thetic Microbial Qlemistq - XIII. Part XII, T. Xitahwa, K Xurata, T. Matsudra and X. Ilori. lMrahedrcn 41. 

5475 U985'). l%e experimental part of this work was taken from the forthoxuing &&oral dissartation of K L (PLarCtr, 
1987). 
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Pig. 1. Synthetic plan. 

to give 5a. This was treated with p-TsOH in MeOH to give a trio1 5b. Acetonide 6 was 

prepared from 5b in the usual manner. Oxidation of 6 with pyridinium chlorochromate 

(PCC)" in the presence of MS 3i2' furnished aldehyde 7. When a soln of 7 and p-TsOH in 

CH2C12-BtOH was heated, intramolecular acetalization took place to give a stereoisomeric 

mixture of 8 in 64 % yield from 7 or in 33 % overall yield from 3 in 7 steps. Although a 

synthesis of 4-hydroxy-2-methoxytetrahydropyran was known, 2' the present multi-step route 

furnished 8 in better overall yield. The alcohol 8 was oxidized with pyridinium 

dichromate (PDC)22 O20 in the presence of MS 3A to give 9 in 72 % yield. 

Ethoxycarbonylation of 9 could not be achieved under the conventional condition employing 

NaH and CO(OEt)2. By the method of Mander and Sethi, however, a C02Et group was 

successfuly introduced at C-5 of 9. Thus 9 was treated with IDA and NCi!02Et~.~~ to give a 

mixture of two regioisomeric 8-keto esters 10 and 11 in a ratio of 1O:l. This was purified 

by Si02 chromatography to give pure 10 in 55 % yield. 

The next step was the crucial microbial reduction of 10. Reduction of the 8-keto 

ester 10 was tried with Saccharomyces bailii KI 0116, Pichia terricola XI 0117 and Saccha- 

romyces cerevisiae (baker's yeast).18 2. bailii and p. terricola were found to be un- 

suitable for this reduction giving almost no 8-hydroxy ester, althoughs. bailii was an 

excellent organism to reduce a B-keto ester related to PG12.25 Reduction of 10 was 

therefore carried out with baker's yeast. An emulsion of 10 in dilute Triton X-100 was 

added to a suspension of briskly fermenting baker's yeast at pH 8 (phosphate buffer) in 

the presence of sucrose. The product obtained in 81 % yield was a diastereomeric mixture 

at C-2 of hydroxy ester 12a. The diastereomeric ratio was later determined as 63:37 by 

analyzing 13c (vide infra). The diastereomers of 12a were partially separated by SiO2 

chromatography to give the less polar isomer (major product), the more polar isomer (minor 

product) and their mixture. In the NMR spectrum of the less Polar isomer of 12a, a signal 
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Pig. 2. Synthesis of the phosphonium salt Ii. 

due to an eq H at C-2 (6 4.70, lH, dd, 5=3 and 3 Hz) and that due to an ax H at C-5 (6 

2.53, lH, ddd, J=lO, 4 and 2 Hz) were observed. In all of the published examples of the 

yeast reduction of cyclic S-keto esters, formation of &-S-hydroxy esters were observed 

with (S)-configuration of the OH group. 15-17,25,26 The less polar isomer of 12a was 

therefore assumed to be (2s 4s 5R)-12a, whose enantiomeric purity was estimated to be 43 % _I -r - 

e.e. by the HPLC analysis of the corresponding (s)- and (S)-a-methoxy-a-trifluoromethyl- 

phenylacetates (MTPA esters2' ), (25 4s 5R)-12b and 12~. d -I - The more polar and minor isomer 

of 12a exhibited in its NMR spectrum a signal due to an eq H at C-2 (6 4.71, lH, dd, 5=4.4 

and 3.6 Hz) and that due to an eq H at C-5 (6 2.62, lH, ddd, 5=4.4, 4 and 3.2 Hz). 

Assuming the (S)-configuration for 4-OH, this isomer was thought to be (2&4g,SlJ)-12a. 

Determination of the enantiomeric purity of (2R 4s 5R)-12a was rather troublesome, because -8 _) - 
its MTPA ester (2R 4s 5R)-12b showed no good separation of the diastereomers when analyzed -a _I - 

by HPLC. The minor isomer (2&4S,5IJ)-12a was therefore treated with p-TsOH in EtOH to 

effect equilibration at C-2 to generate (2S,4S,5&)-12a, whose MTPA ester (23,4S,5&)-12b 

was known to exhibit good diastereomer separation by HPLC. The HPLC analysis of the MTPA 

esters derived from the above described equilibrated mixture showed the generated 

(2&4S,SIJ)-12a to be of 100 % e.e. Accordingly the diastereomeric mixture of 12a was of 

64 % e.e. [(43 x 0.63) + (100 x 0.37) = 641 with regard to the chiral centers at C-4 and 

c-5. 

To secure a supporting evidence for the assumed absolute configuration of the two 

isomers of 12a, they were converted to the corresponding dibenzoates 13c and their CD 

spectra were measured. 'lo prepare 13c, 12a (diastereomeric mixture) was first acetylated 

with Ac20 to 12d. LAR reduction of 12d gave 13a in 97 % yield from 12a. Direct reduction 

of 12a with LAH afforded an inferior result. Benzoylation of 13a yielded dibenzoates 13c 

as a diastereomeric mixture at C-2 in a ratio of 63:37 as analyzed by HPLC. The dia- 
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stereomers of 13c were separated by prep TLC to give the less polar isomer (21 % recovery) 

and the more polar isomer (52 % recovery). 'H NMR spectra of these two isomers revealed 

that the former possessed an ax Hat C-4 (6 5.70, lH, ddd, 5=7.3, 4.4 and 4.1 Hz), while 

the latter had an eq H at C-4 (6 5.47, lH, ddd, J=5.8, 5.0 and 5.8 Hz). In both of them 

the C-2 H was in eq orientation (2=3.3-4.9 Hz) like in the starting 8-hydroxy esters 12a. 

Application of the exciton chirality method28l2g to these dibenzoate isomers provided a 

supporting evidence concerning their absolute configuration. The exciton-split CD spec- 

trum of the less polar isomer of 13~ in EtOH showed a positive first Cotton effect at 237 

nm (AE +ll) and a negative second Cotton effect at 220 nm (As -2.8). The more polar 

isomer of 13c also exhibited a positive first Cotton effect at 238 nm (As +5.8) and a 

negative second Coton effect at 220 nm (AE -1.0). Comparison of these data with the CD 

spectra of some triterpene dibenzoates of similar structural feature 28 supported the 

assumed (4S)-configuration of the dibenzoates 13c as depicted in Fig. 3. The less polar 

isomer was therefore (2R 4s 5S)-13c and the more polar one was (2s 45 5S)-13~. _I _I - _I -I - 

cm 
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Pig. 3. CD spectra of (2R,IS,SS)-13c and (2S,IS,SS)-1zc. ..__ 

Having clarified the absolute configuration and enantiomeric purity of 13a, the 

remaining task was its conversion to 14. Treatment of a diastereomeric mixture of 13a 

with PhCH2Br and NaH in the presence of (~-Bu)~NI in THFCfs3' gave the corresponding 

dibenzyl ether 13b in 80 % yield. The desired phosphonium salt 14 was prepared in guanti- 

tative yield from 13b by heating it with Ph3PH+BF4- in MeCN.31r32 The overall yield of 14 

from 3 was 8 % in 13 steps. 

The second phase of our project as shown in Fig. 4 was the synthesis of the aldehyde 

20 (=B), the other partner of the Wittig reaction. Reduction of ethyl acetoacetate 15 

with a thermophilic yeast Saccharomyces bailii KI 0116 gave (S)-16 (96-98 % e.e.) in 84 % 

yield.18 The dianion derived from 16 was alkylated with ally1 bromide according to FrAter 

to give 17a contaminated with its e-isomer (anti:s=96:4) in 85 % yield.33 The dia- 

stereomeric ratio was determined by capillary GLC using a diastereomeric mixture of ethyl 
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(*)-2-(l'-hydroxyethyl)pent-4-enoate (anti:w=51:49) as a reference sample. Conversion 

of 17a to 28 was lengthy but straightforward. The OH group of 17a was protected as THP 

ether. Reduction of the resulting 17b with LAH gave an alcohol 18a. This was benzylated 

to 18b, and the THP protective group was removed from 18b to give 18~. The corresponding 

3,5_dinitrobenzoate (DNB) 18d was crystalline, and could be purified by recrystallization 

to give diastereomerically and enantiomerically pure led. Treatment of 18d with KOH gave 

pure 18c, whose diastereomeric purity as 100 % was checked by capillary GLC. The corre- 

sponding (R)-MTPA ester 18e exhibited a single peak upon HPLC analysis proving the high 

enantiomeric purity (100 % e.e.) of 18~. As the task of the OH group to control the 

absolute configuration of the new chiral center was over, it was removed by tosylation to 

18f followed by its reduction with LiBEt3H.34 The benzyl (Bn) protective group of 19a was 

then replaced by the THP group to give 19c by reducing 19a with Na/liq NH3 and protecting 

the OH group of 19b. Finally, the Lemieux-Johnson oxidation of 19c with Os04-NaI04 gave 

(R)-20 in 34 % overall yield from 15 in 13 steps. By switching the protective group from 

Bn to THP, the construction of the spiroacetal system became less complicated due to the 

more facile deprotection of the THP group compared with that of the Bn group. 

The final stage of the synthesis as shown in Fig. 5 was the coupling of the two 

building blocks 14 and 20 by the Wittig reaction to give the desired 1,7-dioxaspiro(5.51 

undecane system. Treatment of the phosphonium salt 14 with n-BuLi in THF-HMPA generated a 

deep red phosphorane 21. This was condensed with the aldehyde 20 to give a cyclic enol 

ether 22. Acid treatment (cone HC1:H20:THF=1:5:20) of crude 22 gave a mixture of spiro- 

acetals. As one of the building blocks was optically impure (64 % e-e.), formation of 

four spiroacetal dibenzyl ethers (lb, 23b, 25b and 26b) were expected. However, the 

products obtained after SiO2 chromatography were a mixture of dibenzyl ethers lb and 23b 

(46 % from 14) and alsoa mixture of 12-monobenzylethers lc, 2c and 24~ (35 % from 14). 

The unexpected formation of 12-monobenzyl ethers could be rationalized as shown in Fig. 5 

by the sequence 22 + a + B + y + lc + 2c + 24~ involving (i) olefin isomerization (ii) 

retro-Michael-like elimination of PhCH20H (iii) addition of H20 and (iv) spiroacetal 

formation. Under the acid condition employed, the above process competed to some extent 

with the desired hydrolysis of the THP group followed by spiroacetalization. The elimina- 

tion-addition mechanism as above allowed the formation of 2c and Zlc, where the OH group 

and the CH20Bn group were in trans-relationship in contrast to the original &-relation- 



so K. Mom and M. IKUNAM 

, OTHP 

T 
0 ,p*3 

OTHP + 0 ..* 
CHO 

-t ,..@ ---+ 

&j uoo % cc. 1 
Bnb 6Bn 

;zL( 64 % *.e. 1 

4 0 

BnO OBn 

+ 
qa I 

0 w BIIO Ofh * BnO 4 ‘n0 4 + L 0 

HO 
OBIl 

!k 22k h 2s 2% 
1 

46 ‘I. 35% 

DNBO 4 OH 

35 

- 

Pig, 5. syntbm3i~ of mlararcins A and B. 

ship in 21. The structures lb, 23b, lc, 2c and 24c were deduced on the basis of the NMR 

amlysis of thir 4-benzoates (lf , 2f and 24f) or that of their 12-mono IINB derivatives le, 

2e and 236 (see Experimental). Other two possible isomers could not he isolated from the 

reaction mixture. 



Synthesis of (- >talaromycins A and LI 51 

Crystalline 12-mono DNB derivative le of (3&,4&6R,9R)-talaromycin A la was derived 

from the mixture of the dibenzyl ethers lb and 23b in the following manner. The mixture 

(2.35 g) of lb and 23b was reduced with Na/liq NH3 to give a mixture of la and 23a in 75 % 

yield. Treatment of the mixture of la and 23a with 3,5-dinitrobenzoyl chloride (DNBCl) in 

pyridine in the presence of 4-&,N-dimethylamino)pyridine (DMAP) gave a complex mixture of 

products. This was chromatographed over SiO2 to give, in the order of elution, a mixture 

of bis LWB esters (Id and 23d; 18 % yield), a mixture of new mono DNB esters (25e and 26e; 

14 % yield), and a mixture of talaromycin A 12-mono DNB ester le and its isomer 23e (40 % 

yield). The new mono DNB esters 25e and 26e must have been generated by epimerization at 

the Spiro-center in the course of the acylation reaction, because they could bs detected 

by TLC monitoring of the acylation reaction. The epimerization was due to the preference 

of the CH20DNB group to adopt eq orientation. Pure talaromycin A 12-mono DNB ester le 

(509 mg), m.p. 147-148O, [e)A* -113' (CHC13), was obtained by recrystallization of the 

mixture (730 mg) of le and 23e. Pure 23e (123 mg), m.p.171.5-173', [e]A* +136' (CHC13), 

was also secured by purification with prep TLC and recrystallization. The mixture of bis 

DNB esters (Id and 23d) was hydrolyzed with K2C03 to a mixture of la and 23a, which was 

acylated again and recrystallized to give additional amounts of le (62 mg) and 23e (26 

mg). A further amount of le (93 mg) was obtained from a mixture (1.10 g) of monobenzyl 

ethers (lc, 2c and 24~) by reduction with Nafliq NH3, acylation with DNBCl and recrystal- 

lization of the resulting mixture of mono DNB esters le, 2e and 24e. In total, talaromy- 

tin A 12-mono DNB ester le was obtained in 13 % overall yield from 13b in 5 steps. From 

the combined mother liquor of the above-mentioned recrystallization experiments, small 

amounts of pure talaromycin B 12-mono DNB ester 2e, m.p. 104-104.2', [a]g4 -29.8' (CHC13), 

and another mono DNB ester 25e, m.p. 128.8-129.2', [a), 24 -77.7' (CHC13), were isolated. 

The amount of pure 2e was so small that its hydrolysis to talaromycin B 2a was not 

attempted. In Fig. 6 is shown the ratio of four 12-mono LXiB esters (le, 23e, 25e and 26e) 

generated from the mixture of dibenzylethers (lb and 23b) as expressed in percentages. 

As can be seen from Fig. 6, the ratio of the isomers reflected the enantiomeric purity of 

the phosphorane 21. 
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Pig. 6. Derivation of the 12- rem, Dt%B esters of talarorycin etereoisarere. 

To complete the synthesis, talaromycin A mono DNB ester le was hydrolyzed with K2C03 

in MeOH-THF to give,in 89 % yield, the natural enantiomer of talaromycin A la for the 

first time as crystals, m-p. )9-20°, [a)g4 -146O (CHC13) [liL8 [a]zO -110.2' (CHC13); 
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lit.' [(x1$3 -124.9O (CHC13)l. Our success in synthesizing highly pure and crystalline 

f-)-talaromycin A la may be due to the nicely crystalline nature of its t2-mono DNB ester 

le. Because of that property we were able to purify it completely. (-)-Talaromycin B Za, 

[crlg* -89.7O (CHCl3) [lit.8 (alEo -84.1° (CHC13)1, was also prepared from le by hydrolysis 

with X2c03 followed by acid-catalyzed isomerization with Amberlyste-15 (H+-form) in MeOH 

in 78 % yield. The 400 MHz 'H NMR spectra of our synthetic (-)-talaromycins A and B were 

in good accord with the authentic spectra of the natural products kindly provided by Prof. 

Lynn (360 MHz)' and Prof. Smith (250 and 500 MHzh8 The 13C NMH spectrum of (-)-talaromy- 

tin B was in accord with the data published for (i)-talaromycin B.5 The CD spectra of the 

dibenroates lg and 2g of (-f-talaromycins A and 5 are shown in Fig. 6. They were also 
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Fig. 7. CD spectra of the dibenroates of talarcmycins A and B. 

identical to Prof. Lynn's authentic spectra of the dibenzoates derived from the natural 

products. The overall yield of la was 4 % from ethyl acetoacetate 15 in 18 steps or 0.9 % 

from dimethyl 3-oxopantanedioate 3 in 19 steps. (-Walaromycin B 2a was obtained in 3 % 

overall yield from 15 in 19 steps or in 0.8 % overall yield from 3 in 20 steps. 

In summary, highly pure natural enantiomers of talaromycins A and B were synthesized 

in a convergent manner employing the chiral building blocks of microbial origin. The 

yeast reduction was again shown to be useful in organic synthesis. An enantiomerically 

impure intermediate such as 21 can satisfactorily be employed to afford enantiomerically 

pure target molecules after removing the unwanted diastereomers. Hxperimental importance 

of a crystalline intermediate in a chiral synthesis was also exemplified in the present 

case. The principle of 'optical enrichmentS9@" in the case of a chiral synthesis was 

applicable to the present synthesis, too. 
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snslyticsl ssmple~ b+ aM7'/45 Torrr da 1.44198 vmsx 2750 (m), 1730 (8). 1200 (s), 1165 (a), 1100 (5) cm-', 6 (CC14) 

1.26 (3H, s), 1.41 (3H, s), 0.80-1.90 (ZH, m), 2.45 (ZH, ddd, J=2, 2, 6 Hz), 2.46 IlH, dd, J=2, 6 Hz), 3.40-4.00 (ZH, ml, 

4.00-4.63 (1H. ml, 9.86 (1H. dd. J-2, 2 Hz). (Found: C, 60.31; H, 8.87. Calc for CaH1403: C, 60.748 H, a.92 0). 
2-Ethmytstr.~h~~-4-ol B A sol" of cnxle 7 (la.2 9, -115 mrol) snd ppsal*Hp (Od 9, 21 mmol) in 99 \ Ett(3H (Bo ml) 

snd Oi2Cl2 (240 ml) wss stirred ard bested under reflex wernight with aze&ropic removal of water by use of MS 4& After 

ccolmng, the mixture wae neutralized by ths s&litim of solid Nap3 (46 9, 43.4 mmol) and stirred further for 4 h at room 

temp ?he solld wss filtarsd off though s psd of Celite ard washed with EX+ 'Ibs mmbined frltrste and weshings were 

concentrated in vs_ Ihe rssltie wss diluted with Etfi -- filtered thrmgh a pad of Plorisil, and ths Florisil layer wss 
washed with St+ The combin& filtrate and washings were concentrated m vs_ 'Ibs rssidw (158 9) wss distilled in -- 
the p-essnce of KG3 to give 8 (1O.a 9, 64 a), ap. 92-940/g %=I I$~ l.443ar VW 3430 (6). 1130, (9). 1060 (6) cm-') 6 
(CC14) 1.18 (-2.4H. t, J=7 Hz), 1.25 (-0.6H. t, J=7 Hz, 1, 1.35-2.40 (4H. ml, 2.87-4.30 (6H. m), 4.52 (-O.ZH, dd, J-3, 14 

Hz), 4.78 (-O.aH, dd, J=3, 3 Hz). (Found: C, 57.411 a, 9.55. Cdlc for C7H1403: C, 57.51; Ii, 9.65 8). 
2-!%hoxytetrsh~opyran-4-one 9. According to the repxted ~ccedure,20~22 B (4.7 9, 32 mmol) us6 oxidized with Wridinium 
dichromats (PCC, 24.2 9, 64.3 mmol) in aC2C12 (90 ml) m the txessnce of MS i (34 9) followed by chromst_cqrs*ic prifl- 

c&ion [SiO2 (80 g), I-h-St9 UO:l)l the" distlllaticm to 91ve 9 (3.3 9, 72 9). b.p 104-107O/23 Parr, 45 1.43951 
vmax 1730 (s), 1120 (81, 1060 (s) cm-11 6 (Ccl41 1.21 (3H. t, J=7 Hz), 1.90-2.83 (4H. m), 3.10-4.35 (4H. m), 5.05 (1H. dd, 

J=3.6, 3.6 Hz). (Found: C, 58.111 H, 8.38. ca1c for C,H1203: c, 5a.31J H, a.39 0). 

s 2-Bthmy-4-0%-5-tetrahydropyrancarboxyl 10 and s 2-eUloxr4-3-tstrahydropyrancarb3xyl 11. A ml" of 
LDA was pz~sd from g-Eli 0.65 H in ~-hexa~, 124ml. 20.5 mmol) ard i-Pr2M (29 9, 205 mmol) in lW (45 ml) under 
Arinausua1ma""er. lb this sdn was &2kd droprise a sol" of 9 (25 9, 17.3 mmol) in lTfF (15 ml) - 13 ml" st -76'- 
72' and thsn added fMPA (12 ml) ever 2 min at -76o--66o. Ths reaction temp was allovsd to rise to -35' to give a kncqz- 
nscu¶ sol". m this wss added a sol" of ethyl cysnoformate24 (22 9. 218 mmol) I" MPA (2 ml) all dt ax% st -76'-56O. 
Aftsr stirrxq for 15 min at -780, the mixture wss pax& into ice-water, nsutrslized by ths addition of dil Hcl and 
sxt.rsctai With Etfi Ihe extract wss washed with brine, dried (HgSO4) ti ancentrated I" V.XIJO. Ihe residue (9.1 g) was -- 
chrornstqraphed over Sio;! [llO g, n-hsxsne-Et& (17:l)l followed by the prrifxatxn of fractiavl antaminated with 11 by 

F*e Rc IQ&-StAk (5:l)l to give 10 (total 2.04 9, 55 9). ~nalyti~al 68mpie: ap 93-99o/a45 nxrl d0 1.46566r V- 
1750 (6). 1730 (a), 1670 (s), 1635 (8). 1240 (s), 1060 (s) cm-l i 6 WC14) 1.20 (3H. t, J-7 Hz), 1.29 and 1.36 (total 3H, 
each t, J=7 Hz), 1.90-2.80 (2H. ml, 3.10*4.10 (ZH, m), 4.17 (4H, 9, J-7 Hz), 4.84 (1H. dd, J=2, 3 Hz), 5.12 (-O,27H, br.s), 

11.77 (-0.53H. 81, 12.12 (-O.ZH, 5). (Found: C, 55.181 H, 7.02. Calc for C10H1605: C. 55.54; H, 7.46 B). Further elution 
with the same solvent gave 11 (tot& 0.20 g, 5.4 0); - 1745 (s), 1680 (9). 1640 (w), 1565 M, 1265 (81, 1150 (s) cm-18 
6 (CC14) 1.25 (3H. t, 517 Hz), 1.35 (3H. t, J-7 Hz), 1.90-2.70 (2H, ml, 3.20-4.10 (3H. m), 4.02 (2H. 9. J=7 Hz), 4.28 (2H. 

9, 507 Hz), 5.07 Ui, bra% J-5 Hslz); WS m/5 216 (W+L 215, 201, 171, 143, 73, 45, 43 (base peak). 

m (2S,4S,SR)- and (2R.45,5R)-2-eehoxy_4-hydroxy5-tetrahydropyrancarb3xylaee 12s. lb a sol" of 8ucIoss (250 9, 7M 
mmol) in m*tTtuffer (0.I M, m a, 1.3 1) wss added ~IY baker's yeast (110 9, c3rlental yedst co, ~td.1 st 300. After 
vqorms stirring for 10 min with aeratim, to this fermenting mixture wss added sn emulsion of 10 (U 9, 24 mmol) in 0.2 

% hiton X-100 aq eoln (50 ml), and the stirrinq Y.W cmtinued for 1 h at MO. After the addition of Et20, Celite and a 
small atrzu"t of Norit. the mixture was filtered. me filter-cake wa* washed tircughly with SKXG The organic layer of 
the combined filtrate and washings wss separatsd. l%s aq layer wss saturated with NsCl md extracted with EtCk. lbe 

combined St& sol" wss dried (ngS04) snd cmcentratsd in vsmo. l%s residue (78 g) wss chrcmstogra@xrl over Si 
4i 

(80 9). 
Firstly eluted fractions I:-hsxsne-EtOAc (15:1-12:l)l gave (2&4&5E)-lla (1.95 9, 37 $1, "80 1.4486~ [=I$ +57.0' 

t-51); "mdx 3550 (s), 1730 (6). 1120 (a), 1100 W, 1030 (8) cm-l8 6 (100 MISS +D-p, 1s (3H. t, J-7.2 Hz), 1.29 (3H, t, 

J-7.2 HZ), 1.87 (iH, ddd. J-3.4. 3.5, 14.2 Hz), 2.04 UH, ddd. J-2.0, 3.7, 14.2 Hz), 2.72 (lH, ddd, J-2.9, 5.0, 12.2 Hz), 
3.46 (2H. dq. J-7.2, 9.6 Hz). 3.76 (1H. dd, J=5.0, 11.7 HZ), 3.67-3.98 (IH, m), 4.18 (lH, dd, ~-11.7, 12.2 us), 4.20 (2~. 
'& J-7.2 Hz), 489 (IH. brdd, J-2.0, X4 Hz)8 HR-IIS m/z 217.l116 (n+-H). Calc for Cld(l705: 217.lO76. Cetszmination of 
the optical Pxlty of (2s.+,5!)-12s wss as follows. - Tsj tidng to the re~ti me27, (2g24_,5p12a was on- 
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varted to its @I- Md (gl-HIPA astar. (B~4sL5R_)-12b Md I&, respcetively. (b) HPLC aMlysis of (~,4&5R_)-lZbz [Column, 
Silica-125lN, 25 cm x 4.6 mm) ~_hexane-Iw (2o:l). I ml/minl Rt 56.6 min (28.5 a), 57.9 min (71.5 *L WLC a~lysis of the 
-1:l mixture of (2s.+sR_klZb and 1Zc wxk the same ccnditicm aa above &owed Rt 58.7 min (46.4 t) and 60.0 min (51.6 a). 
lherefore tbeopeical&urity of u&*5r$-12a was deermined to be 43 .e.& 

Snccmdly eluted fractiene r+3xme- EKUc (l@l*l)l gave a mixture of (%,+5R_)- and (~4S.*)-lk (1M g, 31 a). 
lhirdly eluted fractians Ifi- haranrm (8:l)l gave (2&+,5R_)-lZa (a60 g, 11 a), r&9 ld549; [.I~* -769' (cd54)# 

Ymax 3500 (a), 1735 (a), 1140 (81, 1065 (8) cm-li 6 (Ccl41 1.16 (3H, t, J-7 Hz), 1.28 (3H. t, J-7 Hz), 1.55-2.00 (2H. m), 
2.62 (lH, ddd, J-3.2, 4.0, 4.4 Hz), 3.03 (1% brd, J-5.8 Hz, OH), 3.20-4.10 (SH, m), 4.16 (ZH, q, J-7 Hz), 4.71 (lH, dd, 
J=F36, 4.4 H?.h FIR-N.9 m/z 217.lo87 (N+-H). Calc for c10HlpS: 217.lO76. Since the separation of the diastenameric 
mixture of UR&9,~_)-12b and 12~ by WLC wez3 difficult, the @ical pxity of tuL4S,z)-lti wa determined a follows, 
(a) Preparation if a" &lihrium mixture of @,(6.5X$-1Za. A sol" of (p(.+5R_)-i&-(9.5 mg, 0.043 mmol) ard a catalytic 

amtof F.H$l in 99 b EtCH (a5 ml) WEB stirred for a we& at room tempani then diluted with Stp, washed with a& 

NaHco3 aq soln and tzine, dried (HgSJ4) an3 lzuxe"trated in MCUO to giive eRS,4S,5R)-12a (10.9 lug). -- (b) HAIL Malysis of 
the WIPA Wter. (~4s,5l+lZb, premed frcm (Z&+,Slj)-12a ti (S)-NTPA-cl m:-[undar the same onxlitim as described 

for *t of (2S.~,~_)-12bl Rt 37.3 nun 17O.S Q, (2R&,5R_)-lZbl, 580 min 128.3 t, @&5R_)-12bl. @,uj.j~_)-lP w- 
show” to be a single drastergmer. tifOre the @&i plrity Of (2R&,5Rl-12a w..% determined to be 100 s &8 

- (4S,SR)-4-~W2sS-~~~~~~late 126 @&$-1Za (4.7 g, 22 mmol) was treated with Ac20 
(6.2 ml, 65.7 mmol) and 4-(N,N-dimethylamino)pjriti DNAP, 0.25 g, 20 mmol) in C5H5N (20 ml) in a usual mannex followed 
by duunatogra~ic pxificaticm over Si02 (70 g, rbexarm- EUXc (9:l)l to give 1M (LO g, quantitative). A small amount 
of (2S.4S.5~1-12d was obtain& fra the later eluti fractia: 46 1.44191 lolh7 +327' k~1.07)r vmax 1740 (6). 1240 (~1, 

1125 (6). 1025 (8) cm-18 6 (CC14) 1.19 (3% t, J-7 Hz), 1.23 (3H. t, J-7 Hz), 1.97 (3H. 8). 1.70-2.20 (1H. m), 2.20-2.49 
(1H. ml, 2.66 (lH, ddd, J=3.2, 4.8, 11 Hz), 3.00-4.20 (4H. m), 4.12 (2H, q, J-7 Hz), 4.67 (1H. dd, J-2, 4 Hz), 5.21 (1H. 
ddd, J-3.2, 3.2, 3.2 Hz). (Found: C, 55.301 H, 7.73. Calc for Cl2H2006: C, 55.37, H, 7.75 8). 
(4S,V1)-2-Eth3xy-4-h~-S_tetrahydmpyranl 1%. 126 k5.8 g, 223 morel) was KM with IAH (1.75 g, 46-l mmol) 

in Ktp (loo ml) in a usual ma""er to give crude lh (3.8 g, 97 W, vmax 34M) (8). 11M (~1, 1030 (6) cm-l, 6 (0X4) 1.25 
(3H. t, J-7 Hz), 1.45 (ZH, 8, OHx2). 1.55-2.40 (3H. m), 2.80-4.60 (7H, m), 4.95 (1H. br.dd, J-3, 3 Hz)r MS m/z 176 CM+). 
@Ibis was employed in the next step withcut further pxification. 

(2R,4.9,5.9)- and - (2S,4.9,5.9)-2-ethoxy-4-h@oxy- 5-tet_rnh@rcpyra"retil dibenzete 13c. 13a (44 rq, (r25 mm011 wa8 treated 
with -1 chloride (O.l2 ml, d 1.211, 1.0 mmol) in C5H5N (a7 ml) in a uwral manner folkwed b=y chromatcqra*c prrifi- 
catlcm over SiO2 [2 g, n-hexane-RtC&? (40:1-#):l)l to give (~,~,5s_)-13c (91 mg, 95 a). Iam2 Ifi-hexam-lw (2&l), l.l 
mUmin Rt 31.9 min (37 %I, 527 mi" (63 (il. Fki.her purification of this by rep TLC [r+exane-Rtp (5:l. x 811 gave 

@&5s_)-13c (19 mg, 21 a) aa a less polar isomer anl (%4&5s_)-l3c (47 mg, 52 *) as a more polar isomer. @&5s_)- 
13c; TILL! @exam-W (2:l)l Rf a66; CD (~9.0 x 10-3, EtCH, t-25"): [& Cx. nm)l +ll (2371, 0 (227). -28 (220); vmdx 

3090 (~1, 3040 (w), 1725 (~8). 1605 cm), 1590 (ml, 1490 cm), 1270 (vB), 1110 (ve), 715 (VII), 690 (ml cm-$ 6 (100 NHz) 136 
(3H, t, J=7.3 Hz), 1.97 (1H. ddd, J-4.4, 4.4, 13 Hz), 2.17 (lli, ddd, J-3.3, 7.3, 13.0). 2.40-2.77 (1H. ml, 3.50 (1H. dq, 

J-7.3, 10 Hz), 3.84 (lH, dq, J-10, 7.3 Hz), 3.87 (lH, dd, J-5.8, 12 Hz), 4.11 (1H. dd, J-4.4, 12 Hz), 4.52 (ZH, d, J-7.3 

Hz), 4.91 (1H. dd, J-3.3, 4.4 Hz), 5.70 (IH, ddd, J-4.1, 4.4, 7.3 Hz), 7.20-7.70 (6H. m), 8.02 (4H. ddd, J-2.0, 7.3, 9.3 

Hz); NS m/z 334 CM+), 369, 339, 262, 217, 140, 123, 122, 105, 77. (2++5s_l-l3c: TV2 In-hexme- Elxx2 (2:l)l Rf 0.6Ol al 
(c=l.O xiCi-2, EtOH, t=2S"): [AE (,i, "m)l +5.8 (238). 0 (222). -1.0 (220). "max 3080 (~1, 3050 (w), 1720 (~81, 1605 (a), 
1585 (ml, 1495 (~1, 1270 (~81, 1110 (~81, 710 (a), 690 (m) cm-18 6 (100 NHz) 1.21 (3H. t, J=7.3 Hz), 2.04 Ui, ddd, J-4.9, 
5.8, 13 Hz), 2.17 (IH, ddd, J-4.9, 5.8, 13 Hz), 2.45-2.75 (1H. m), 3.45 (lH, dq, J-10, 7.3 Hz), 3.75 (1H. dd, J-8.7, 12 

Hz), 3.86 (lH, dq, J-10, 7.3 Hz), 4.24 (IH, dd, J-8.4, 12 Hz), 4.43 (ZH, d, 507.3 Hz), 4.78 (lH, dd, J-4.9, 4.9 Hz). 5.47 
(1H. ddd, J-5.8, 5.8, 5.8 Hz), 7.12-7.70 (6H. ml, 8.04 (4H, ddd, J-2.0, 7.3, 9.3 Hz11 MS m/z 384 (M+), 369, 339, 262, 217, -- 
140, 123, 122, 105, 77. 

(4S,5R)-2-Ethoxy-4-h@rcxY-5-tatxah@rxxyra"metharul d-y1 ether 13h zklder Ar lk (3.7 g, 21 mmol) wan treated with 

NaH (3.5 g, 60 Q in mineral oil, 87.5 mmol), c-h4N?- (0.3S g, LO mmoUM arid PhCx2Ez Cl&9 g, 63.8 mmol) m 'I%P (80 ml) 
with refluxing for 1 h followed by dvomat.ogra@ic plrificaticn over Siq [70 g, n-heurne-Rt~ (50:1-1O:l)l to give 13c 

(6.0 g, 80 0). nd7 1.5267; 1.# - 16.3' (c-0.71); urnax 3110 (w), 3080 (m), 3050 (m), 1500 (in), 1100 (81, 740 (a), 700 (6) 

cm-l, 6 (Ccl41 1.15 (3H, t, J-7 Hz), 1.50-1.87 (ZH, m), 1.87-2.33 (1H. ml, 3.00-4.21 (7H. m), 4.39 (4H, br.s), 4.49-4.82 

(lH, m), 7.17 UlN, br.8)~ NS m/z 356 @l+), 341. 310, 241, 219, 203, 202, 91. 
~4S,5R~-4-Benzyloxy5-~l~~~yl-2-~~~~~yl~i~~yl~~~ tatrafluoeoborate 14. A ~01n of 13b (l.l3 g, 

3.17 mmol) & Pb3PH%,- (1.26 g, 3.61 mm01)~l 1" MeQJ (20 ml) we.a stxred and heated under reflex for 1 h under Ar. Rae 
mixture wds ocnoantrated in vacua, and the residue wa8 washed with Et20 (10 ml x 13). Tlx residue wa8 then susperdedin 

C+& (20 ml), & the mixture ~8s concentrated in va- to remove HP azeotropioally. 'Ihis prlxess was repeated fcur 

times lk reside was heated at -60° (teth temp) in vecw overnight to dryness, giving cnxle 14 (2.20 g, cplantitative). -- 
This was employed in the next step withcut further pxificatxrb 

- G!S,1'S)-2-(l"hydroryethyl)psnt-4-enxte t2s,l's)-l7a k.wxdi"g to the reported ~cceckre,~~ (Sk16 [b.p. 70-75'/15 

Torri (01 1 +42.6* (c-1.0411 96-98 a e.e.8 26.4 g, 0.20 mall gave (2&1'+17a (29.3 g, 85.2 a), b.p. 95-103°/16 Torrr 

lo182 +14.k? k=1.55)r (le.33 Iala +1450 eFa37, cxCl3)r ck 97 & e-e-1. 
m (2RS,laS)-2-(l'-hydraxyetyl)pent-4-enoate (tRs,l~)-17a. Ethyl 2-acetylpent-r-enonte 15.4 9, pepared from ethyl 
acetoxcetate 15, ally1 taomide and K& in raflrnins acetcne-DMF (4:l)r cz#&%ninated With tialkylated Fcduct (FitY 60 _ - 
*II was reduced with NaBH4 (a49 g, Ia3 mmol) in 99 * EtDl (30 ml) in a usual maxer. C¶uomatcqra*ic purification rsiq 

(140 g). "-hexMe-Et2D (12:1-1o:l)l gave ethyl 2-allyl-2-(l'-hyclraxyethyl)pent-4-te (21 g, 26 9 from 15) and (+17a 

(7.1 g, hp 61-6S"/3 Torrr 32 8 Iran 15). 
m (2S,l'S)-2-(l'-tatrahydropyranyloxyethyl)~t-4-enmte 1%. (2&1'~,-17a (29.l 9, 169 mmol) w.% U‘eated with dihy- 

drcpyra" (23.1 g, 274 mmol) a-d widinium p-tolueneeulfcnate (PPIS, 5.5 g, 21.9 mm011 1" (31 
F 

(150 ml) followed by .¶ 

usual workup~f~O.11 to give 17b (43.7 g, quantitative), hp 92O/O.2 Tbrri $4 1.4476; I=16 

12 

+25.3' (cl.O7)1 vmax 3110 

(ml, 1740 (s), 1650 cm), 1185 (s), 1125 (B), 1035 (a), 1025 (81, 990 (81, 915 (6) cm-18 6 0X4) 111 (3& d, 507 Hz), L24 
(3H. t, J-7 Hz), 1.35-2.00 (6H. m), 2,36 (2H, br.d, J-5 Hz), 1.97-2.65 (1H. m), 3.10-4.40 (3H. ml, 4.08 and 4.10 (total 2H. 

each q, J-7 Hz), 4.45-4.78 (IH. br.d, J-8 Hz), 4.78-5.25 (2H, m), 5.25-6.30 (lH, ml. (Pound: C, 65.291 H, 9.44. Calc for 

Cl4H2404: C, 65.69) H, 9.44 8). 
0R,3S)-2-Allylhrtana-1,3-diol 3-lFlP e 188. 17b (43.5 g, 169.7 mmol) was reduced with UH (7.5 g, 198 mm011 in Et20 

(450 IIll) 1" d ueual -erCf;l0 give 18s (36.3 g, 99.7 a), b&b lM)-1010/0_2 lkrr‘ 45 1.46341 r.z$4 +16Lz" (cl-lob 

vmax 3470 (~1, 3100 (ml, 1645 (ml, 1025 (81, 995 (8). 910 (in) cm-li 6 (0214) 1.15 and 1.25 (total 3H. each d. J-7 Hz). 
1.25-1.95 (7% ml, 2.12 (2H. dd, J-7, 7 Hz), 2.45 and 2.57 (total lH, each dd, J-5, 5; 5, 7 Hz, OH), 3.12-4.30 (SH. ml, 

4.40-4.75 (1H. bra), 4.75-5.35 (2H. ml, 5.35-6.30 (1H. ml. (Found: C, 66.84, H, 10.56. Calc for Cl2H22O3: C, 67.25; Ii, 
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10.35 a). 
@R,3S)-2-Allylbutaral,3-diol 1-bmzY1 3-lW ether lea lea 06.2 9, -- 169 mmol) was treat& with NW (1LS g, 60 U in 

mineral oil. 295 q mol), rm4N+I- (1.E g, 3J mmol)30 ard FWWp 095 g, 231 mmol) in TWP (165 ml) with reflrning for 3 

h under A? followed by a uual workup to give Qude 18b (59.7 g). Apptian (3 g) was chrcrnatcgra~ovarsiO2 [6Og, I_ 
hexane-Stxnc (loo;l-70:1-5&l)] followed by distillatim in the m of Ke to give an analytical sample, b.p 

137*/43 lbrr: 43 1.49868 Ia@ +lZS' (cl.01); - 3100 (w), 3060 (w), 1645 (ml. 1505 (m), 1120 (a), lcB0 (s), 1025 

(81, 995 (a), 910 (ml, 740 (ml, 705 (a) cm-l , 8 (cc141 1.05 and 1.15 (total 3H , each d, J-7 Hz), 1.25-1.75 (6H. br.m), 
1.65-2.05 (lli, ml, 2.11 (ZH, br.dd, J-6, 7 Hz), 3.37 and 3.44 (total 2H. each d, J-5 Hz), 3.55-4.05 (2H. m), 3.87 (IH, m), 

4.41 (ZH, s), 4.45-4.73 (1H. br), 4.7--5.2 (ZH, m), 5.3-6.2 (Xi, m), 7.28 (5H. br.s). Wound: c, 74.901 H, 9.19. ca1c for 

Cl9H2S03: C, 74.96) H, 9.27 a). 
(2R+3+2-A11yltuta"e-1,3-dio1 1-banzyl a 16~ C?RJS)-1Bb (59.0 g, 

6.0 mmol) in MeOH (500 ml). After a usual workup,CT.lT 
-167 mmol) was treat.& with m*H2D (Ll5 9, 

chromatcqraphic pltification ISi (700 g), n-hexane-EtOAc 

(10:1-8:1)1 gave l&z (38.4 g, quantitative). AMlytical sample: hp 108'/O.l7 Parr, d4 150568 l.li$3 -1.50' (c=l.47)1 
vmax 3520 (8). 3100 (ml, 3060 (ml, 3010 (s), 1645 cm), 1500 (m), 1010 (51, 1000 (s), 915 (81, 740 (61, 700 (8) cm-'8 6 

VX14) 1.12 (3H, d, J-7 Hz), 1.36-1.85 (lH, ml, 2.12 (ZH, br.dd, J-6, 7 Hz). 2.55-2.75 (1H. m, OH), 3.46 (2H. dd, J-3, 5 
Hz), 3.71 (1H. dq, J=6, 6 Hz), 4.41 (2H. s), 4.72-5.20 (2H, ml, 5.35-6.15 (1H. m), 7.27 (5H. br.ss)t Capillary GLC (Column. 

PiZ 2OW. 50 m x (L25 mm at 170'1 Carrier gas, N2, LI kg/cm21 Rt 388 min (967 S), 39.9 min (3.3 W. Wcuni: C, 75.968 H. 

9.01. Calc for Cl4H2002: C, 76.328 ii, 9.15 8). 
(21L3SS)-2-Allyl~tl,3-diol 1-bsnzyl ether 3-(3',5'-dinitroMnzcate 1W. 16~ (36.9 g, -159 mm.011 was treated with 3,5- 

&nitrobenzovl chloride WB-Cl, 4D.4 q, 175 mmol) and DMAP (0.65 g, 5.3 mmol) in C.YIW (140 ml) in a usual df-ll to 
give crude 10d W.7 g, 92 aLlhis was recrystallized fcur times from; w- -- Stp (3:l) followed by astir recrystalli- 
zation from fi- hexane-rn$ aJOa to give pue led (44.6 g, 73.5 $ reuxery) as yellowish needles, rn.~ 61-62"~ [ala4 
+42.1' (c=2.50), umax 3150 (~1, 3120 (ml, 1720 (81, 1655 (~1, 1630 cm), 1600 (w), 1550 (81, 1500 (~1, 1350(s), 1280 (9). 

llS0 (a), 925 (a), 880 (m), 760 (ml, 735 (a). 730 (s), 720 (a), 705 (ml cm-18 6 (CDC13) 1.44 (3H. d. 5x6 Hz). 1.90-2.50 

(1H. m), 2.20 (2H. dd, 516, 6 Hz), 3.55 (ZH, brd, J-5 Hz), 4.45 (ZH, 81, 4.86-5.30 (ZH, IO), 5.30-6.20 (2H, ml, 5.40-6.25 
(lH, ml, 5.55 (IH, dq, J=6, 6 Hz), 7.25 (5H. br.s), 9.10 (ZH, d, J-2 Hz), 9.21 (1H. t, J-2 Hz). HPLC ["-hexane-THF 

(1OO:l). 1.3 ml/mini Rt 44.2 min (99.9 a). Its diastereomer eluted at Rt 42.3 min. (Pound: C, 61.17; H, 5.39; N. 6.75. 

Calc for C21H22qN2: C, 60.961 H, 5.35; N, 676 8). 

Diastereomerically arrl erantiomerically pue ~~3S~-2-~lyl&t-l,3_diol l-benzyl e l&z. C'R,3S)-l8d (44.6 g, 108 

mmol) was h@rolyzed<ith N KCSI &g s0l.n (150 ml. 150 mrnol) in 1w-99 $ StoH (l:l, 360 ml)cf-ll to gi;iSc (23.5 g, 99 %I. 

b-p. 10S-109°/0.16 Torr; ~$6 1.50451 [aId5 - 1.96' (c=2.08)1 its IR and NHR spectra were almost identical with those 

deacrlbed above Capillary GE (under the same oadicion as described above) Rt 184 min (100 $1. Ita diasterecmer eluted 

at Rt 19.7 min. (Fbyd: c, 762s; H. 9.17. Calc for Cl4HzOq: C, 76.32~ H, 9.l5 W. According to the repz.*ed- 
dute.27 U&3+1- w- zpeWed from @.3s_HeC and (~HTIFA chloride 04WA-a). HPLC [I-h- (loO:l), 1.3 ml/mini 

Rt IS.0 run [single peak, C%E)-lSe1. Its drest-er C22,3R_)-lSe ~xepared from C*,lE)-17a eluted at Rt 19.2 min. 

uR&9)-2-AllylbxaM-l.3-aiol 1-benzyl ether 3-tmylate 1Bf. (2&3S)-1Bc (12 g, 545 mmol) was treated with p-lkC1 (25 g, 

130 mmol) and DMAP (1.46 g, 12 mm011 in CgHgN 00 ml) in a &l-&"&fJo*ll to give 18f (20.5 g, quantitative). ?his 
was employed in the next step withart further pxificaticn; vmax 3100 (w), 3060 (~1, MM (ml, 1645 cm), 1605 (ml, 15W 

(w), 1360 (ml, 1180 (8). 1100 (s), 910 (s), 815 (m), 780 (m), 735 (ml, 700 (in) cm-11 6 (CC14) 1.21 (3H. d, J-7 Hz), 

1.61-2.28 (3H. m), 2.38 (3H. s), 3.29 (ZH, d, 5x7 Hz), 4.30 (ZH, s), 4.50-5.20 (3H. m), 5.25-6.10 (1H. ml, 7.25 (2H. d, J-S 

Hz), 7.26 (5H. br.s), 7.75 (ZH, d, 518 Hz). 

(R)-5-Senzyloxy-4-etbyl-l-pentene 1%. s\lper wide@ CLiset3H, 1 M in ?w. 64 ml, 64 mmol) was aMed drcpwise to a 
stirred sol" of 18f (121 g, 32 nmol) in lWF (36 ml) helow -5' under Ar. Ihe mixture was stirred and heated under reflux 

for 20 min After oooling, to the mixture were added H2-D (5 ml), 3 N Nash aq 801" (30 ml) ard 35 * H2D2 aq sol" (27 ml) 

successively below 50' with xe-cooling, Ihe mixture was stirred for 30 min at ma temp. then omcentrated in vana to -- 
remove lW and StoH. Ihe residue w(L8 extracted with St+ (50 ml x 5). 'Ihe extract was washed with H2D and brine, dried 

W#z34) a-d ooncentxated in vaxo. ti residue (7.0 g) was chromatcgra~ over Si -- [70 g ~-pM.a"e-Stp (2o:l)l to give 
19a (6.5 g, quantitative). % Analytical sample: hp W/O.3 'Parr; I@ L4S92; Iala +4.62O (01.36); "inax 3100 (w). 3050 
(w), 3010 (~1, 3000 (~1, 1645 (ml, 1500 (w), 1100 (s), 995 cm), 910 (6). 735 (s), 700 (8) cm-18 6 (CC14) 0.86 (3H. t, J-6 

Hz), 1.08-1.85 (3H. m), 2.11 (ZH, dd, J-6, 6 Hz), 3.30 (ZH, d, J-5 Hz), 4.41 (2H. s), 4.75-5.22 (ZH, ml, 5.40-6.20 (lH, ml, 

7.30 (5H. bra). Wound: C, 82.341 H, 9.70. Calc for Cl4H200: C, 82.30; H, 9.87 t). 

(RI-2-Ethyl-4-penten-l-01 (lJ)-19& lb a sol” of @J-190 6.5 g, 32 mmol) in ?w (16 ml) arxl liq. NH3 t-63 ml) was added 
finely o.zt Na cl.66 g, 722 mmol) porticowise with dry io=-acetone moling and stirring. lhe mixture was refluxed for 10 

mi" with stirring. lb the dry ice-ace- cooled muRure was edded solid NH4Cl to discharge its deep blue color. tUi3 was 
evaporated from the mixture with stirrrng at room temp The residue was diluted with St9 ard filtered thra& a pzd of 

ce11te. Ihe solid was washed with Sttp 'Ihe mmbrned filtrate and washings were washed with brine, dried (Mg904) and 

cacentrated in vacu) to give cnde @)-Mb (7.3 g, rmtaminated with We). Analytical sample: b.p 92-43'/53 Tbrrr n$' 
1.4394; I.@--0.750 (c-1.56)1 "max 3350 (s), 3070 (m), 1655 (s), 1040 (91, 990 (81, 910 (8) cm-'8 6 (CC14) 0.88 (3H. t, 

J-6 Hz), 1.05-1.60 (3H. m), 2.06 (ZH, dd, J-6, 6 Hz), 2.86 (lH, br.t, 515 Hz, OH), 2.43 (2H. br.dd, J=5, 5 Hz), 4.65-5.25 
(ZH, ml, 5.30-6.20 (1H.m). (Found: C, 73.441 H. 12.21. Calc for C7H140: C, 73.64, H, 12.36 t). 

(R)-4-Ethyl-5-tet~yl~l-pent 19c cnx?e lvb (7.3 g, -32 mmol) was treated with dihy&opyxx" (9.D g, 107 

mmol) and PPlX (4.0 g, 16 mmol) in CH2Cl2 (45 ml) aa described above fcllowed by chromatogTaphic pxificaticm [Siq (70 g), 

~pznt_ane-St~ (3O:l)l then distillatim in the ~esex-ze of K2CX33 to give 19~ I6.l g, quantitative from pxe C2&~S,-lScl, 

hp 77'/3 Tbrr~ "a2 L44Sl; [al~l c3.W (cLO7)r vmax XSO (III), 1640 (m), 1120 Is), 1030 (s), 990 (s), 910 (6) cm-18 6 

(CC141 0.92 (3H, t, J-6 Hz), 1.15-2.00 (9H. ml, 2.12 (ZH, dd, J-6, 6 Hz), 2.98-4.10 (4H. ml, 4.40-4.65 (1H. br.81, 

4.75-5.30 (ZH, ml, 5.40-6.20 (1H. m). (Found: C, 72.62; H, 11.14. Calc for C12H2202: C, 72.621 H, 11.18 3). 
(R)-3-(~~ahvdropuranylorymethyl)pentaMl M m a strrred two-&se mixture of 1%~ (1.5 g, 7.9 mmol) in Et+-If+ (l:l, 
40 InI) were xkled MI04 (5.6 g, 26.2 mmol) and 5 \ Cm04 soln in 'IWF (2.4 ml, 0d7 mwl) at room temp Aftar stirrirsg 
viqxcusly for 2 h at room temp, M additional alaamt of WI04 (3 g, 14 mmol) was added to the mixture. 'he vi-au 
strrring was further continued for 5.5 h at room tamp Ths precipitate wan filtered off thxugh a pad of Halite and washed 

with St+. ti orgsniclayer was separated fmm the canbti filtrate and washings, ard the aq layer wss extracted with 

St&l. The combinedEtZOsolnwaswashedwithHaZShaqsoln,MtNaHOD3aqsolnandbrine.&ied(119904)and oncwltrated 
in vacua The residue was distilled under At to give 20 (1.02 g, 65 a), b.p. 94O/2.0 Torr; nj2 1.45298 [ala2 +25.2- -- 
(c=1.07)1 umax 2740 (ml. 1725 (a), 1125 (81, 1035 (6) cm-18 6 (CC!14) 0.92 (3H. t. J=7 Hz), 1.15-2.15 (9H, ml, 2.15-2.50 

(2H. ml, 2.80-3.96 (QH, m), 4.30-4.60 (lH, br.6). 9.74 and 9.79 (total 1H. each d, J-2 Hz). (Found: C, 66.078 H, 10.08. 
Calc for CllH&: C, 65.97; H, 10.07 6). 
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~3'R,4S,5R~-4-Benzyloxy-5-benzyloxymethyl-2-~~3'-tetrah~o~~yloe~yl~pentylidaneltetrahydropyran 22. lb s stirred 
ard ccoled SoIn of crude 14 Gum g# -117 mm011 ard HMPA (5.5 ml) in Tw (29 ml) wss added drowise n-a (1.72 N in n- - _ 
hexens, 2-l ml. 3.61 mmol) at -f17~--63~ under Ar. After stirring for 30 min at -67'. to this deep red ylide sol" wss added 
drOpWiSe s sol" of 20 (O.S3 g, 4.12 mmol) in ?Hp (6.5 ml) at -67°-630 with stirring. ?he temp wss rarsed gr&uslly to 
ronn temP oyez 3 h 50 min ard the stIrring wss cmtirued for 6 h 15 ml" at rcatn temp lb the mixhlre wss sdded s&m3 
eg sol" (18 ml) at -lO"-Oo with stirring. Ihe mixture wss arrantrated m Mcuo to remove niF. Ihe residue was extracted -- 
with Stp (20 ml x 4). 'me extract W&Z Washed with Set-3 aq sol" and brine, dried (Kp3) ~IXI ccncentreted 1" vecuo -- 
to give cn& 22 (2.94 g). According to ths procedure described &we. 3&S g UJ.S mmol) of 13b was converted to 9.0 g of 
crude 22 lhis we.6 employed in the next step without further plrificstia 

(3R,4S,6$9R)- + ~3S,4R,6S,9R~-4-Se"zyloxy-3-benzyloxymethyl-9-ethyl-l,7-d~oxsspi~o[5.5~undeca"e lb + 23b and 

(3R.4Sr6R,9R)-, (3S,4Ss6R,9RP end (3%4&6S,9R)-3-benzy1oxymethy1-9-ethy1-4-h@roxy-1,7-dioxsspiro[5.51undecane lc + 2,; 

2lc CNde 22 (9.0 g) was mixedvith come HCl-!I$-l?IF (1:5:20, 90 ml) with ice-salt cooling. After stxring for 15 h at 
cODm temp. the mixture was neutralized by the addition of sst NaHo33 aq soln with stx-ring and iceo3oling, and concen- 
trated in "a- to remove lTiF. -- l%s residue wss extracted with St2a ?he extract wss washed 1~1th sat NsHc103 aq soln and 
brine. dried (N9904) and ancentrated in ve- 'lk residue (78 g) ues chmmatcgra&ed wer SiO, 1210 g, n-hexane-EtoAc 
Wkl-1O:l)l to give e mixture (2.04 g, 46 \ from 13b) of lh ard 23b, n64 1.52748 [.I&2 -105' (c0.51)~ vmax 3100 (IV), 3080 

(WL 3050 cm), 1500 (m). 1105 (vs), IOSO (vs), 1005 (s), 740 (5). 700 (6) cm-l-r 6 UOO MHz) 0.W and a90 (total 3H, each 
t, 5=7.5 HZ), 1.00-1.80 (Eli, m), 1.87 (lli, dd, J-5.2, 13.3 Hz), 2.10-2.43 (lli, ml, 3.14 (-0.7H. dd, J=9.9, 9.9 Hz), 

3.27-3.63 (-2.3H. m), 3.73 (2% d, J-6.9 Hz), 4.95 and 4.97 (total lH, each dd, J-3.7, 11.7; 4.0, 12.0 Hz), 4.06 (ltr, ddd, 

J-5.1, 5.1, 11.0 Hz), 4.43 (lfl, d, J-11.7 Hz), 4.47 (1H. d, J=11.7 Hz), 4.59 (IH, d, J-11 Hz), 4.62 (lH, d, J=11.7 Hz), 

7.28 (-6H, br.s), 7.33 (-4H, br.8). (Found: C, 75.631 H, 8.38. Celc for C26H3404: C, 76.061 H, 8.34 t). Further elution 
Irhexane-EtoAc (lO:l-3:l)l gave a mixture L21 g, 35 0 from 13b) of lc, 2c ard 24~. umax 3430 (s), 3100 (IV), 3070 (WI, 
3040 (w), 1500 (v), 1075 (s), 1045 (9). 740 cm), 700 (ml cm-l8 6 (CC14) 0.88 (3H. t, J=6.4 Hz), 1.05-1.50 (10H. m), 
2.90-4.30 &I, m), 4.49 G!H, br.s), 7.32 (5H. bra); NS z/c 320 (M+), 302, 129, 127, 126, 125, 91 (base peak). 
(3R,4S,6R,9R)-, (3S,4S,6R,9R)- end (3R,4R,6S,9R)-4-[3-Senzylaxymethyl-9-ethyl-l,7-dioxsspiro[55lurx3scy 11 bsnzoete If, 2f 

and 24f. A mixture of lc, 2c &4o (25 mg, a078 mnwl) was treated 1~1th bsnzoyl chloride (a012 ml, d 1.211. a10 mmol) 

in CsHc,N (05 ml) in s usual mannsr followed by purification with prep TIC [@wxsne-StCk (7:2)1 to afford 28 mg (82 8) of 

If, If srd 24f, umsx 3110 (WI, 30&J (WI, 34X0 (WI, 1725 W, 1605 (WI, 1590 (WI, 1495 (w), 1270 k), 1100 (s), 740 (ml, 715 
(s) cm-'i 6 (100 MHz) 0.89, 0.91 and 0.96 (total 3H. each t, 5=7.3 Hz), 1.00-2.00 (7H. m), 1.97 (1H. dd, J-5.1, 13.1 Hz), 

2.10-2.53 (1H. ml, 3.41 (-0.33H, dd, J=9.5, 9.5 Hz, If), 3.52 (-0.33H. dd, J-13.1, 13.1 HZ, Zf), 3.56 (--0.33H. dd, J-3.7. 

13.1 Hz. 2f). 3.61 (-0.33H. br.d, J=11.7 Hz, 24f), 3.55-3.65 (-0.33H. tn. lf), 3.60-3.80 (2H. ml, 3.75 (-0.33H. dd, J-5.1, 
11.7 HZ, 24f). 3.73-3.82 (-0.66H. m, If), 3.87 (-0.67H. dd, J-11.7, 11.7 HZ, 2f + 24f). 3.96 (-0.67H. dd, J-5.1, 11.7 HZ, 

If + 24f). 4.42 (-0.6-/H, s), 4.45 (-0.67H. e), 4.53 (-0.66% s), 5.36 (-0.67H. ddd, J-5.1, 11, 11 HZ. 2f + 24f). 5.62 

(-O.33H, ddd, J-5.5, 5.5, 11.7 Hz, lf), 7.26 and 7.29 (total 5H. each s), 7.36-7.75 (3H. m), 7.83-8.20 (2H. m)r MS E/Z 424 

(M+), 423, 321, 312, 302, 129, 127, 126, 123, 122, 105, 91, 77. 

(3R,4S,6R,qR)- ti - (3S,4R.6.$9R)-9-Ethyl-4-h@mvy-3-h~ ethyl-1,7-diaxaspxo[5.5lundecane la and 231~ A mixture of lb - 
and 23b (2.35 g, 572 mmol) was treated with Ha Cl.41 g, 61.3 mmol) in lWF (6 ml) and lig. hB(3 c-J30 ml) in the usual manner 

to give cnde la ard 2k (a99 g, 75 a), vmax 3370 (81, 1070 (8) cm-‘, 6 KEC13) 0,SS (3H, &started t, J=7 Hz), 235 PH. 
a, OHx2). 1.1-2.4 (10H. m), 2.73-4.10 (6H. ml, 4.10-4.65 (lH, ml. This wss employed in the next step without further 
prrification. 

(3S,4S,6R,9R)-, (3R,4R,6S,9R)-, (3R,4R,6R,9R)- @ ~3S,4S,6S,9R~-3-~9-Ethyl-4-h~l,7~~spi~~~l~llme~yl 
(3'5'-dinitrokenzoete le Italsromycln A 12-(3',S'dinitro)bsnzc&el, 23e, 25e * 26e. * mixture of cnde la and 2k 

((299 g, 4.3 mmol) was treated with ml (l.lO g, 4.75 mmol) and DW (16 mg, al3 mmol) in C5H5N (18 ml) with ice-selt 

ccoling. l%e stirring wss ontinued for 3 days at room temp. After s usual worku&ll the residue (1.S g) wss chromatcqra- 

tied over SiO2 (40 g). Firstly eluted fractions [C&-EUXc (80:160:1)1 gsve 487 mg (IS W of Id ard 236 as crystals, TIC 

[r+exane-EtCw (3:l)l Rf 0.53, vmax 3120 Cm), 1730 (s), 1630 Cm), 1600 (WI, 1550 W, 1350 W, 1280 (6). 1165 (6). 760 
(~1, 730 (8). 725 (8) cm-li 6 (CK!13) 0.70-1.70 (3H. m), 1.10-2.15 (SH, ml, 1.93-2.35 (1H. ml, 2.35-2.90 (IH, ml, 3.25-4.70 

(4N, m), 4.77 C?H, brd, J=6 Hz), 5.50-6.10 (1H. ml, 9.00-9.37 Wi, mh NS m/z 406 (N+-rxugxl). 
secadly eluted fractions (40:1-10~1) gave 25e sIxI 26e (254 mg, 14 a), Rc [r+zxs"e-EtwC (3:l)l Rf a36; vmax 3530 

(a), 3120 (8). 1735 (s), 1630 cm), 1600 (w), 1550 (s), 1350 (s), 1280 (81, 10130 (s), 775 (ml, 760 (ml, 730 (81, 725 (8) 

cm-l I 6 (CDCI3) 0.89 (3H. br.t, 515 Hz), 1.10-2.20 (SH, ml, 2.00-2.70 (ZH, m), 3.10-4.37 (5H. m), 4.44 and 4.50 (total 2H. 
each br.d, J-7.0 Hz), 4.65-5.10 (1H. ml, 9.23 (ZH, d, J=2 Hz), 9.30 (1H. t, J-2 Hz)8 MS m/z 424 (M+). 36 mg of this we.8 

furtha purified by pep TLC I+sxene-EtC&c (3:l, x 211 to afford 26e (16 mg, 44 9) ss< iess polar isaer and 25e (5 mg, 

14 a) a.e a more plar isomer. 26e: TLC @wxene-EtOAc (3:l x 311 Rf 0.62621 vmax 3530 (s), 3120 (8). 1735 (6). 1630 (81, 

1600 (ml, 1550 (91, 1350 (8). 1280 (6). 1170 (61, 770 (~1, 730 (s), 720 (s) cm-l; 6 (400 MHz) 0.93 (3H. t, J-7.3 Hz), 

1.37-1.64 (5H. m), 1.68 (1H. dd, J-3, 14 Hz), 1.70 (1H. ddd, J55.0, 13.5, 13.5 Hz), 2.00 (1% dddd, J-4.5, 4.5, 13.5. 13.5 

Hz), 2.03 (1H. dd, 5=3, 14 HZ), 2.23-2.33 UH, m), 3.52 (IH, br.d, J=ll Hz), 3.74 (IH, dd, J-5, 11 Hz), 3.81 (IH, dd. J=ll, 

11 Hz), 3.86 (IH, dd, 552.8, 11 Hz), 3.92 (lH, d, J=lO Hz, OH), 4.07-4.13 (1H. ml, 4.40 (1H. dd, J-7.5, 11 Hz), 4.55 (1H. 

dd, J-7.0, 11 Hz), 9.14 (2H. d, J=2 Hz), 9.23 (lH, t, J-2 Hz). 25e: TLC I~-hsxsne-EtoAc O:l, x3)1 Rf 0.58; its physical 

end spectral data were described later. 

lhirdly eluted fractions (lO:l-5~1) gave le and 23e (730 mg, 40 9) es CzyStalS, lw r@ex.a"e-EtQAc (3:l)l Rf o.l3. 

?%is mixture was further purified by fractional recrystdllizaticn, e"d the mother liquor wss also prified by Fep TLC [E- 
hexs"e-StC& (3:1, x 511 to afford 23e (123 mg, 17 8) ds s less ~18~ isomer and la (5@3 mg, 70 8) ss s more @ar isomer. 

23e: RI: @- haxane~tw ~3~1, x4)1 of a401 mp 171.5-1710~ (needlesh r~l$S +X.6" k=O.63)1 vmax 3460 (81, 3120 (w), 

2990 (ml, 1750 (6). 1630 cm), 1610 (VI, 1550 (s), 1350 (vs), 1280 (a), 1170 (81, 735 (ml, 730 (m), 725 (m) cm-la 6 (400 
NHz) 0.93 (3H. t, J-7.3 Hz), 1.19 (2H. dq, J-7.3, 5.3 Hz). 1.35-1.55 (3H. m), 1.54-1.64 (IH, m), 1.66 (1H. ddd, J-4.5, 

13.0, 13.0, Hz), 1.74-1.87 (1H. br.8, OH), 1.94 (1H. dd, J-5.6, 13.0 Hz), 2.00 (1H. dddd, J-4.5, 4.5, 13.0, 13.0 Hz), 

2.32-2.39 (lH, ml, 3.44 (1H. ddd, J-11.5, 3.0, 3.0 Hz), 3.79 (1H. dd, J-3.0, 11.5 Hz). 3.84 (2H, seemingly d. J-2.0 HE), 
4.43 (lH, ddd, J-5.6, 5.6, 11.2 Hz), 4.62 (1H. dd, J-9.8, 11.0 Hz), 4.84 (IH, dd, J-4.0, 11.0 Hz), 9.16 (2H, d, J=Z.O Hz), 

9.23 (1H. t, J-2.0 Hz). (Found: C, 54.161 H, 5.54; N, 6.50. Calc for C1qH2~0qN2: C, 53.77) H, 5.70; N, 6.60 8). le: TLC 

I~-hexane+xx~ (3:~ x 311 of a341 m.p 147-1480 (fine needles); [=l$S - 113' (cL13)r umsx 3460 (8). 3130 (ml, 3100 (ml, 
1730 (s), 1630 (ml, 1600 (w), 1550 (s), 1350 (81, 1290 (a), 1170 (s), 1080 (s), 735 (81, 725 (a) cm-l8 6 (400 NHz) 0.89 

(3H. t, J-7.5 Hz), 1.07-1.25 (ZH, ml, 1.41 (IH, dddd, J-3.5, 12.0, 12.0, 12.0 Hz), 1.42-1.61 (4H, ml, 1.61-1.72 (1H. m). 
1.75 (1H. ddd, J-3.5, 3.5, 13.0, Hz), 1.89 (1H. dd, J=5.6, 12.5 Hz), 2.31-2.39 (1H. ml, 3.24 (1H. dd, J-11.0, 11.0 Hz). 

3.56 (lfl, ddd, J12.0, 4.5, 11.0 Hz), 3.79 (1H. dd, J-2.0, 12.0 Hz), 3.83 (1H. dd, J-2.0, 12.0 Hz), 4.44 (IH. ddd. J-5.6, 
5.6, 11.2 Hz), 4.62 (1H. dd, J'9.8, 11.0 Hz), 4.84 (1H. dd, J=4.0, 11.0 Hz), 9.16 (28, d, J-2.0 Hz), 9.23 (1H. t, J-2.0 
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HZ.). (Pound: C, 54.11; H, 5.72~ N, 6.50. Calc for ClgH240gN2: C, 53.771 H, 5.70; N, 6.60 a). 

cbmrersion of es,46,6&9R)- an3 -- t3&4&6s,9RM-e.hy1-4-hydroxy 3-hydroxym_ethyl-l,7-dioxaspiroI5.5lundecans bis (3', 

di."it.AAte Id Md 23da-c; la d 230, A mixture Of ld ti 236 (487 mg, 0.79 mm01) was treated vith eolidT$3 (487 
mg. 0.79 mmol) in PIecA (5 mlMWF (25 ml) at- tern@ Ihe cnde prOauct was treated with -1 (194 mq, as4 mmol) in 

C+jN (4 ml) and al2Cl2 (1 ml) followed by ctuomatoqralzhic puificaticn [SiO4 (9 9). C&-Etce (25:16:1)1 to give le and 
230 tl37 mq, 41 8 from ld and 2361. lWs was further purified bq fractimal recryatallizatim and ths m&.hsr liqux wm 
also purified by up TLC [;-~LTSX"W RORC (3:l, x 3)1 to afford 23s (26 mg, 19 a) arxl le (62 mq, 45 W. 
Carvarsicnof (lc l 2c + 24~) Ele s C&8 + 26). A mixture of lc, 2c and 24c (110 g. 3.44 mm"l) wa treated with No 
(0.3 9, 13 mm01) in PIP (3 ml) and liq. W3 t-30 ml) as uraral. Ihe crude produzt Kbf%q) was treated withDpIB-clU96 mq, 

35 mmol) in C&N (14 ml) followed by ciuomatcqr@ic puifioation over SiO2 120 q, C&-m Wkl-5:l)l to give 8 

mixture [%I mq, 38 \ from (lc + 2c + 24c)l of le. Ze srd 24~. mis was fracticMlly recrystallized fran g-hsxane-Emrr to 
give pze le (93 mq, 17 a). A porticn (21 mq) of the mother liquor was purified W ppp Rc tg- beKane-= f&l, x 2011 

to give further amaplt of pxe le (3 mq) and * mixture (12 mq) of 2e ti 24el vmax 3470 (s), 3130 (8). 1730 (8). 1635 (s), 

1600 (ml, 1550 (9). 1345 (s), 1280 (8). 1170 (8). 775 cm), 735 (8). 725 (8) cm-l i 6 (100 NHz) 0.93 (3H. t, J=6.5 Hz), 

1.05-2.20 (11% in), 3.32-3.86 (total 2Hy 3.50 (dd, G12.0, 12.0, 2e). 3.57 (d, J-10.0, 24e). 3.77 (dd, J-3.0, 10.0 Hz, 

24e), 3.76-3.86 (m, 2e)l. 3.85 (1H. dd, J=lO.O, 10.0 Hz), 3.93 (1H. dd, J-4.7, 10.0 Hz), 4.22 (1H. ddd, J-5.1, 13.0, 13.0 

Hz). 4.55, 4.62, 4.63 and 4.84 (total 2% each dd, J-5.1, 11.0; 5.1, 10.0; 4.7, 10.0; 4.4, 11.0 Hz), 9.15 and 9.18 (total 

w. each a, J-u) Hz), 9.26 (1H. tr J-2.0 Hz). Ns: m/z 423 (N+-1). 406, 341, 338, 213, 129, 126. 

Czmversicmof (2e + 230 + 24s + 2% + 26~) g(2d;k. 2Seand (le+26). Amixture of 29, 23e1, 24e,25eand26eWJ7 - 
mq, 1.19 mmol) was treated with Rp3 (al7 q, 1.2 mm011 in MaoH (3 mlkCi+213 (a5 ml) at rcom tamp followed by chromatoq- 

raphic pxification - Siq [4 q, +e.xene-StC& O:l-2:l)l to give 237 mq (86 N) of a" oil. 'mis was treated with cmc 
cfB HCl-H20-lXF (k5:20, 4 ml) for iscmerizaticn 'Ihe resichre (227 mq) ~a.8 treated with m-Cl (227 mq, a99 mrol) in 

C5H5N (5 ml) followed by chromatcqra~ic pxiflcaticn - SiO2 (15 q). Firstly eluted fractions rC&,-StWuz (30:1-2O:l)l 
gave a mixhrre (99mq. 16 W of zd and 2&L Analytical sample [needlea from n-"cM8-emAc (3:l)l: mp 127-133'; LoIs 

-2.9' (c-0.83); vmar 3120 (w), 1735 (8). 1550 (6). 1350(e), 1280 (81, 1165 (8). 735 (s), 725 (8) cm-l8 6 (100 MHz) 0.91 
(--l.ZH, t. J-6.1 Hz, Id), 0.95 (-1.8H. t, J=6.1 HZ, 24dd). 1.05-2.13 (8H. ml, 2.31 (1H. dd, J-5.& 10.2 Hz), 2.56 (1H. dddd, 

J-4.7, 5.8, 11.0, 11.0 HZ), 3.27 (-0.4H, dd, J=10.6, 10.6 HZ, 2dL 3.54 (-0.6H, brd, J-115 Hz, 24d). 3.63 (-0.4H. br.d, 
5-10.6 HZ, zd), 3.83 (1H. dd, J-11.0, 11.0 Hz), 3.85 (-0.6H. brd, J=11.5 Hz. 24d). 4.03 (1H. dd, J=5.8, 11.0 Hz), 4.49 
(ZH, brd, 504.7 Hz), 5.65 (lH, ddd, J-5.1, 11.0 Hz), 9.12 and 9.14 (total 4H, each d, J-2.0 HZ), 9.25 l2H. t, J-2.0 Hz). 
(Found: C, 51.121 H, 4.23; N, 8.96. C.'%lC for C26H26014Nq: C, 50.491 H, 4.24; N, 9.06 a). 

seccndly eluted fractions (20:1-10~1) gave 2% (50 mq, 12 t). Rnalytical sample (plates from r hexa"e-m):mp 

128.8-129.2~; (cll~4 - 77.7' (Pa33); umax 1730 (9). 1630 (WI, 1545 (s), 1350 (s), 12% (8). 1165 (ml, 730(m). 725 (ml cm-11 

6 (400 MHz) 0.90 (3H. t, J=7.3 Hz), 1.09-1.29 (2H. m), 1.43 (1H. dddd, J-3.2. 12.5, 12.5, 12.5 Hz), 1.42-1.71 (4H. ml, 1.74 

(1H. dd, J=3.0, 14.5 Hz), 2.01 (1H. dd, J-3.0, 14.5 Hz), 2.23-2.33 [lH, ml, 3.33 (1H. dd, J-11.0, 11.0 Hz), 3.66 (1H. ddd, 

J-2.0, 4.0, 11.0 Hz), 3.73 (1H. dd, J=5.0, 11.5 Hz), 3.79 (1H. dd, J-11.5, 11.5 Hz), 3.92 (1H. d, J=lO.O Hz, OH), 4.07-4.14 
(lH, m), 4.39 (lH, dd, Jr7.5, 11.0 Hz), 4.56 (1H. dd, J-7.0, 11.0 Hz), 9.14 (2H. d, J=2.0 Hz), 9.23 (1H. t, J-2.0 Hz). 

(Found: C, 54.19) H, 5.59; N, 6.56. Calc for ClgH240gN2: C. 53.771 H, 5.70; N, 6.62 $1. 

?hirdly eluted fractions (lO:l-5:l) gave d mrxture (210 mg, M 0) of 2e and 21a. A small amcunt (100 mq) was further 

plrified by Si02 chromatoqra~y I3 q, C6H@toRc (20:1-8:1)1 followed by pep TLC (+~~"e-EtoAc (3~1 x 3)l to give 24e as 
a vi- oil (61 mq, 61 W and 2e (21 mq, 21 0) 8s crystals. 2k [.]a4 +21.4' (al)8 vmax 3450 (ml, 3120 cm), 1735 

(s), 1635 cm). 1600 (a), 1550 (81, 1350 (5). 1280 (9). 1170 (ml, 1080 (ml, 735 (s), 725 (8) cm-l I 6 (400 MHz) 0.92 (3H. t, 

J-7.3 Hz), 1.36-1.44 (ZH, m), 1.45 (1H. dd, 5110.5, 12.5 Hz), 1.45-1.54 (3H. m), 1.54-1.63 (1H. m), 1.69 (IH, ddd, J=4.5, 
13.5, 13.5 Hz), 1.99 (1H. dddd, J=4.5, 4.5, 13.5, 13.5 Hz), 2.03-2.09 (1H. ml, 2.12 (1H. dd, J-5.0, 12.5 Hz), 3.43 (IH, 

br.d, J-11.5 HE), 3.62 (1H. dd, J=11.2, 11.2 Hz), 3.78 (IH, dd, J~3.0, 11.5 Hz), 3.86 (lH, dd. J-5.0, 11.2 Hz). 3.97 (lH, 

ddd, J-5.0, 10.5, 10.5 Hz), 4.60 (1H. dd, J-6.0, 11.5 Hz), 4.64 (1H. dd. J-4.0, 11.5 Hz), 9.14 (2H. d, J-2.0 Hz), 9.24 (1H. 
t, J-2.0 Hz). (Found: C, 53.761 H, 5.751 N. 6.42. Calc for C1gH240gN2: C, 53.77) H, 5.70; N, 6.60 0). 2e (fine needles 
from n- _ hexareStC%c): m.ls 104--104.2°~ (alij4 -29.8' (e0.X); umax 3460 cm), 3130 (w), 1730 (s), 1635 (ml, 15% (a), 1350 
(s), 1280 (s), 1045 (a), 735 (ml, 725 (m) cm-l t 6 (400 NHz) 0.89 (3H. t, Ja7.5 Hz), 1.07-l-24 (ZH, m), 1.41 (1H. dddd, 
J=3.0, 12.0, 12.0, 12.0 Hz), 1.42-1.49 (1H. ml, 1.50 (1H. dd, J-11.0, 12.2 Hz), 1.55 (1H. ddd, J=4.0, 13.0, 13.0 Hz), 
1.62-1.68 (1H. ml, 1.74 (1H. ddd, Jx3.0, 3.0, 13.0 Hz), 1.93 (IH, br.s, OH), 2.00-2.11 (1H. m), 2.07 (lH, dd, J=S.O, 12.2 

Hz). 3.23 (1H. dd, J-11.0, 11.0 Hz). 3.55 (1H. ddd, J=2.0. 4.5, 11.0 Hz), 3.58 (lH, dd, J-11.5, 11.5 Hz), 3.84 (lH, dd, 
J=5.0, 11.5 Hz), 3.98 (1H. ddd, J=5.0, 11.0, 11.0 Hz), 4.58 (1H. dd, J-7.0, 11.0 Hz), 4.66 (lH, dd, J-3.5, 11.0 Hz), 9.14 

(2N. d, J"2.0 Hz), 9.24 (1H. t, J-2.0 Hz). (Found: C, 53.82; H, 5.671 N, 6.63. CalC for ClgH240gN2: C, 53.771 H, 5.70; N, 
6.60 0). 

(3R,4S,6R,9R)-9-Ethyl-4-hydroxy-3-hydroxy~~thyl-l,7~~spi~~~51~~ I(-)-talaromycin g la and (3.~,4.9,@.,9~)-9- 

Ethyl-4-h@-oxy-3-hydroxymethyl-l,7-Tioxaspi.ro~5.5lundecane I(-ktalaranycin 3 la. le WX mq, a24 mmO1) wa8 treeted 

with QG33 (36 mg) in HaOH (1 mlPXF (0.5 ml) at room temp followed by chromatoqrafiic pxificatim [SiO2 (0.8 q), r 
h--Et* (4:1-2:l) followed by St91 to qrw talaromycin A la (57 mq, quantitative). Analytical sample [hygrcscoplc 
needles from n-pentane-Et201: mp 19-20°~ [al 4 

[a@ -124.9' -k=lJl, (Itc13)l; CRD t&g X 10-t A, t-25? [[aI (x. "m)) -129' (600). -kO" ($1 -3&S* (400) -516' 
146' (646) [lit8 folp -lUU" (cW.83 ml ) 91-93 % set lit9 

(350). -786O (300). -1382' (250); vmax 3420 (s), 2970 (8). 2950 (81, 2920 W, 2880 (~1, 1470 (m), 1460'(m), 1450 cm\, 1380 

(ml. 1340 (w). 1290 (w). 1260 (~1. 1250 (w), 1240 (m), 1215 (III). 1185 (s), 1160 (s), 1150 (ml, 1125 (w), 1105 (s), 1075 

(Vs), 1045 (8). 1020 (s), 995 (VS), 970 (m), 940 (w), 925 (w), 890 lw), 860 (s), 805 cm), 770 (ml, 760 (m), 695 (w) cm-l. 

"M (cHCl3) 3680 (w). 3620 (s). 3450 (s), 3020 (9). 2980 (5). 2950 (91, 2900 (s), 1465 (s), 1445 (s), 1385 k), 1330 (Ill), 
1290 (m). 1265 (6). lle0 (s), 1160 (8). 1130 (m), 1100 (vs), 1070 (vs), 1040 (vs), 995 (vs), 955 (m), 945 (ml, 930 (w), 910 
(w), 885 (WI. 865 (s), 830 (w), 670 (s), 585 cm), 570 (m) cm-l. its XR spectrum as ~1~ sol" was identical with tit 
provided by Prof. A. 8. Smith, III. 6 (400 MHz) 0.88 (3H. t, J-7.5 HZ), 1.06-1.24 (2H. ml, 1.38 (1H. dddd, J=4.0, 13.0, 
13.0, 13.0 HZ). 1.36-1.48 (1H. m). 1.51 (1H. ddd, J-4.2, 13.0. 13.0 Hz), 1.59-l-66 (1H. ml, 1.67-1.73 (1H. m), 1.72 (1H. 
dd, J-11.0, 13.0 Hz), 1.89 (1H. ddd. J-1.0. 5.0, 13.0 Hz), 2.n-2.18(lH, ml. 2.25 (2H. br.s, OHx2), 3.19 (1H. dd, J=ll.O, 
11.0 Hz), 3.52 (lH, ddd. J-2.0, 4.5. 11.0 Hz). 3.58 (1H. dd, J-1.5, 12.0 Hz). 3.75 (1H. dd, J-2.8, 12.0 Hz), 3.80 (lH, dd, 

J-5.0. 11.0 Hz), 4.21 (1H. dd, J-9.0, 11.0 Hz), 4.41 (1H. ddd, J-5.0, 5.5, 11.0 Hz). Its 1H NHR spectrum was identical 
with that W=tdl 13C NHR 6 1l.l. 24.9, 252. 35.3, 37.0, 40.4, 41.3, 60.9, 61.7, 654, 67.l. 973. ?he 6 value of the 
Spiro center (97.2) was in @ accord with that repxt& (9731.1 MN==% m/z 231 (M++l), 230 CM+), 212, 200, 157, 153, 
147, 14% 145, 144, 143, 129, 127, 126, 125. *NS: E/Z 230.l525 CN+,. Q.1; 7.x C12H2204: 230.1518. OXun% C. 61.89; H, 
9.65. Calc for Cl2H2ZOq+(H20)/9: C, 6208; H. 9.66 a). 

la (544 mq) was treated with RmberlyeP-15 (10 mq) in Me(H (1 ml) followed by chromatcgralxhrc pxificetian [Si02 (1 
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g), n-baane-BMllc (3:1-2:l) followed by Et91 to give Za (42 mg , 78 * from 10) aa a colorless visaus oil. $ US288 
[al64 -S9.1° (c-0.48) [lit-S [ala0 -84.1' k-0.46, CHC13), 91-93 8 e.e.18 ORD (c-5.6x 10-2, WeOH; t-24-1 [[al Cx. nm)l 

-357' K&XX, -393' (500). -473' (400). -508' (350). -625O (X30), -&IS* (2sO)i "n!ax 3370 (El), 2980 (8). 2950 (a), 2900 (8). 
1470 (E), 1450 (s), 1295 (w), 1265 (w), 1245 (w), 1215 (ml, 1185 (a), 1160 (s), 1130 (a), 1090 (61, 1070 (E), 1040 (s), 
1010 (81, 990 (a), 965 (w), 955 (w), 930 (w), 890 (a), 875 (81, 825 (w), 815 (w), 795 (a), 765 (81, 700 (w), 690 (w) cm-', 

vmex Kxl3) 3670 (w), 3620 (s), 3470 (81, 3010 (81, 2970 (s), 2950 (a), 2690 (8). 1470 (8). 1450 (6). 1440 (a), 1385 (8). 

1340 (w), 1330 (w), 1295 (ml, 1260 (I?), 1240 (8). 1225 (8). 1180 (8). 1155 (a), 1140 (a), 1125 (a), 1085 (B), 1070 (s), 

1040 (81, 1010 (~81, 990 (6). 970 cm), 955 cm), 930 (m), 890 (a), 870 (a), 665 (a), 615 (ml, 575 (ml, 565 (m). Its IR 

f&etrumaa aiC13mlnwas virtully idmtical with that mid& bq Prof. A a Smith, III. 6 (403 MHZ) O.Ea aw, t. 
J-7.5 Hz), 1.06-1.24 (ZH, m), 1.40 UH, dddd, J-3.6, 13.0, 13.0, 13.0 Hz), 1.45 (lH, dd. J-11.0, 12.5 Hz), 1.39-1.50 (1H. 

m), 1.54 (1H. ddd, J-4.0, 13.0, 13.0 Hz), 1.58-1.65 UH, m), 1.71 (lH, ddd, J-2.5, 3.6, 13.0 Hz), 1.78-1.91 (1H. m). 1.99 

(iii, dd, J-5.0, 12.0 Hz), 2.80 (ZH, br.s, C4tx2), 3.20 (lH, dd, J-11.0, 11.0 Hz), 3.32 UH, dd, J-11.0, 11.0 Hz), 3.51 (1H. 

ddd, J-2.0, 4.5, 11.0 Hz), 3.59 (lH, dd, J-5.0, 11.0 He), 3.70 (ZH, d, J-6.0 Hz), 4.05 (lH, ddd, J-5.0, 10.5, 11.0 HZ). 

rta 1~ NPIR spectrum wa8 identical with that reported.1*2*5b l3 C NWR 6 11.1, 24.8, 25.2, 35.2, 36.7, 44.1, 45.4, 60.4, 
62.9, 6S3, 67.2, 97.2. 1tn 1% NXR speanvp wan identical with that of (+)-k rqorted ps~icusly.~ 14.5~: m/z 231 

(N++l), 230 (a+), 212, 200, 157, 153, 147, 146, 145, 144, 143, 129, 127, 126, 125. HR-WS: m/z 230.1525 (M+). Calm for -- 
C12H220q: 230.1518. 

UP.,4S,f&9RM-ethyl-4-h@.nxr3-bkdroxym CDspectraoftalanxnyci.nAdibenvxtelg, talananycin~dibenzmte~and ethyl- -- 
107-dioxaspiro[551m dibennxte 259. lg: (-7 x 10-2, EXUI, t-???I IhE 0. run)1 +35 (238). 0 (227.5). -6.3 (221h 

(~5.7 x 10-2, _a, t-25O) I& Cx. run)1 +ll.S (233). 0 (224). -4.3 (219). 29: (c-94 x 10-2, Etui# t-25O) a cx. Ml)1 

+3.3 (232). +057 (223); (c3D x 10-2, +exane, t-250) tAE cx, ram)1 -0.4 (24S>, 0 (240). +LO (230). 2* (4.3 x 10-2, 

Stui, t-2501 t&z (a+ run) -7.3 (238). 0 (228). +3.l (221). Its CD qzetnlm was antipzdal to that Of tzs~4&ss_,-nc 
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to Rofa. 0. G. Lynn UJniveraity of Chicago) and A. 6. Smith, III (The University of Pennsylvania) for the authentic 

apEt~Ka(~HN!4& IRardcD) of tZ11aromyciMAiR tie w&CUaS m by a Grant-in-Aid for Scientific Reearch 

(Na 60430028) from Japanaee Ministry of Eduxticn, ScienCe ard Mtxra 
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