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Total Synthesis of (-)-PA-48153C, a Novel Immunosuppressive 
2-Pyranone Derivative 
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(-)-PA-48153C (l), an immunosuppressive agent, was synthesized by starting from (+)-methyl 
4,6-O-benzylidene-a-~-glucopyranoside (2) and (5')-(+)-methyl 3-hydroxy-2-methylpropionate (3). 
The key steps in this synthesis relied upon trans-diaxial ring opening of epoxy mesylate 11 in 
order to introduce the C-5p ethyl group, Wittig reaction of aldehyde 15 with a phosphorus ylide 
derived from phosphonium salt 28 to combine the cyclic segment B and the acyclic segment C, and 
regio- and stereoselective hydroboration of (2)-olefin 29 in order to introduce the C-8a hydroxyl 
group. The absolute stereochemistry of PA-48153C was unambiguously determined to be the same 
as that of 1. 

Introduction 

Immunosuppressive agents have been attracting much 
attention since the introduction of cyclosporin A (CsAY 
and the more potent agent tacrolimus (FK506).2 Both 
CsA and FK506 block T lymphocyte activation and are 
now important drugs for preventing organ rejection after 
transplant surgery. However, their clinical use is re- 
stricted by their significant nephrotoxicity3 and antibody- 
mediated responses. The need for drugs possessing novel 
mechanisms of action or properties conducive to combi- 
nation therapy led to the development of a variety of 
agents such as rapamy~in ,~  mycophenolate m~fe t i l ,~  15- 
deoxyspergualin,6 brequinar,' and purine nucleoside 
phosphorylase inhibitoms These agents are also poten- 
tially useful for treatment of autoimmune diseases, such 
as rheumatoid arthritis, type I diabetes, psoriasis, and 
systemic lupus erythematosus. 

In the course of our screening program for new immu- 
nosuppressive agents, PA-48153C ( l),9J0 a novel 2-pya- 
none derivative, was isolated from the fermentation 
product of Streptomyces prunicolor PA-48153. The struc- 
ture of PA-48153C was established as 1 based on spectral 
data, and its relative stereochemistry was confirmed by 
X-ray crystallographic analysis.ll PA-48153C showed a 
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potent suppressive effect on the responses of both T and 
B lymphocytes to mitogens. However, significant cyto- 
toxicity was observed in various tumor cells, and PA- 
48153C was found to be too toxic in vivo for therapeutic 
use.12 As the first step toward the discovery of deriva- 
tives in which immunosuppressive activity might be 
dissociated from toxicity, we sought to develop a total 
synthesis of PA-48153C. In addition, we sought to 
establish absolute stereochemistry of this important 
natural product. Here, we report the first total synthesis 
of (-)-PA-48153C. 

Results and Discussion 

Since 5,6-dihydro-W-pyran-2-ones (a$-unsaturated 
&lactones) are widely distributed in both plants and 
microorganisms and possess a diverse range of biological 
activity,l3 a variety of synthetic approaches have been 
employed to prepare this system.14 In considering vari- 
ous base-catalyzed reactions needed to manipulate the 
synthesis, we decided to construct a &lactone moiety from 
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a protected 8-lactol at  the last step in the synthetic 
sequence. Additional consideration of structure 1 in 
which the sugar portion was clearly defined15 guided the 
design of our retrosynthetic analysis shown in Scheme 
1. The key intermediate A would be obtained by com- 
bining segment B and segment C, each of which would 
be prepared from commercially available optically active 
compounds, (+)-methyl 4,6-O-benzylidene-a-~-glucopy- 
ranoside (2) and (SI-(+)-methyl 3-hydroxy-2-methylpro- 
pionate (31, respectively. 

In order to prepare cyclic segment B from glucopyra- 
noside 2, an axial ethyl group had to be introduced into 
the C-5 (based on the classical lactone numbering) 
position of the saccharide ring. However, due to the 
difficulty of the nucleophilic substitution reaction a t  this 
position, the Grignard reagent attacked the sulfur atom 
of mesylate 4 to provide alcohol 516 in Scheme 2.17 We 
also tried to introduce the ethyl group by trans-diaxial 

(14) For recent synthetic work, see: (a) Tsubuki, M.; Kanai, K.; 
Honda, T. Heterocycles 1993,35, 281. (b) Haase, B.; Schneider, M. P. 
Tetrahedron Asymmetry 1993,4, 1017. (c) Pilli, R. A.; Murta, M. M. J.  
Org. Chem. 1993, 58, 338. (d) Tabuchi, H.; Hamamoto, T.; Miki, S.; 
Tejima, T.; Ichihara, A. Ibid. 1994, 59, 4749. (e) Masaki, Y.; Imaeda, 
T.; Kawai, M. Chem. Pharm. Bull. 1994, 42, 179. (0 Mori, Y.; 
Furukawa, H. Ibid. 1994, 42, 2161. (g) Noshita, T.; Sugiyama, T.; 
Kitazumi, Y.;  Oritani, T. Tetrahedron Lett. 1994, 35, 8259. (h) Yang, 
Z.; Zhou, W. Tetrahedron 1994,51, 1429. For a recent review, see: (i) 
Ogliaruso, M. A.; Wolfe, J. F. In Synthesis of Lactones and Lmtams; 
Patai, S. ,  Rappoport, Z.,  Eds.; John Wiley and Sons, Inc.: New York, 
1993; pp 3-131, 271-396. 
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was prepared from 5 (MsCl, Py). 
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a (a) MsCI, Py; (b) HCI; (c) TBDPS-CI, imidazole (90% for a, b, c); 
(d) NaOMe (59%); (e) EtMgCI, CuCl(59%); (1) BnBr, NaH (8196); 
(9) Bu~NF (97%); (h) DMSO, (C0Cl)p folkwed by Et3N. 

ring openingla of epoxide 6,19 but all attempts to obtain 
the ethyl compound 7 were unsuccessful.z0 

To overcome this problem, we decided to convert the 
protecting group for the C-3 alcohol of 6 to a mesyl group 
in order to increase the reactivity of the C-5 position.21 
Therefore, as shown in Scheme 3, dimesylate 10 was 
prepared from (+)-methyl 4,6-O-benzylidene-a-~-glu- 
copyranoside (2) according to a known procedure.z2 
Treatment of dimesylate 10 with sodium methoxide in 
chloroform gave the required epoxide 11, while using 
sodium hydride in N,N-dimethylformamide lowered the 
yield of the product. 

Ring opening of 11 with ethylmagnesium chloride in 
ether-tetrahydrofuran in the presence of copper(1) chlo- 
ridez3 led to the introduction of the expected axial ethyl 
group into the C-5 position (59%). The success of this 
reaction was ascribed to copper(1) chloride, without which 
no ethyl group introduction was observed. In addition, 
as in the case of 4, excess Grignard reagent caused the 
subsequent demesylation to provide diol 12. Protection 
of both hydroxyl groups of 12 as the benzyl ether, 
deprotection of the tert-butyldiphenylsilyl (TBDPS) group 
of 13 with tetra-n-butylammonium fluoride, and Swern 
oxidation of alcohol 14 furnished aldehyde 16 (segment 
B). 

Scheme 4 shows the synthetic sequence for the prepa- 
ration of the acyclic segment C. Among a number of 
reported methods for constructing a polypropionate- 

(18) Trans-diaxial opening is well documented, see: Challenger, S.; 
Procter, G. Tetrahedron Lett. 1986,27,391 and references cited therein. 
(19) Prepared from methyl 2-O-benzoyl-3-O-(methanesulfonyl)-a-~- 

gluc~pyranoside~~ ((a) TBDPS-Cl or TrCl; (b) NaH, DME; (c) protection 
of the alcohol). 
(20) Any C-5 ethyl group was not observed with or without copper- 

(I) chloride. 
(21) (a) Gao, L.-x.; Saitoh, H.; Feng, F.; Murai, A. Chem. Lett. 1991, 

1787. (b) Chong, J. M. Tetrahedron Lett. 1992, 33, 33. 
(22) (a) Fraser-Reid, B.; Boctor, B. Can. J .  Chem. 1969,47, 393. (b) 

Morimoto, Y.; Mikami, A,; Shirahama, H. J.  Chem. SOC., Chem. 
Commun. 1991, 1376. 
(23) (a) Corey, E. J.; Weigel, L. 0.; Chamberlin, A. R.; Lipshutz, B. 

J .  Am. Chem. SOC. 1980,102, 1439. (b) Tatsuta, K.: Kowchi, Y.: Kase, 
M. Bull. Chem. SOC. Jpn. 1988, 61, 2525. For reviews on copper(1) 
catalyzed reactions, see: (c) Posner, G. H. Org. React. 1976,22, 253. 
(d) Erdik, E. Tetrahedron 1984,40, 641. (e) Lipshutz, B. H.; Wilhelm, 
R. S.; Kozlowski, J. A. Zbid. 1984, 40, 5005. 
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iodide in refluxing acetone, and displacement of iodide 
27 with triphenylphosphine afforded the desired phos- 
phonium salt 28 which could be the precursor of segment 
C. 

With both optically active segments in hand, we 
examined various conditions of the Wittig reaction to 
obtain the key intermediate A. Although deprotonation 
of phosphonium salt 28 by potassium tert-butoxide or 
potassium bis(trimethylsily1)amide was unsuccessful, 
n-butyllithium gave the phosphorus ylide, and the cou- 
pling reaction with aldehyde 15 proceeded smoothly to 
stereoselectively afford (2)-olefin 29 as shown in Scheme 
5. 

Hydroboration of 29 in tetrahydrofuran under ultra- 
sound followed by treatment with alkaline hydrogen 
peroxide was found to be regio- and stereoselective, giving 
the desired C-8a alcohol 30 (59%). Since other byprod- 
ucts were rather messy, the alcohol 30 was the only 
compound which could be identified. We based the 
regiochemical assignment of the hydroxyl group on the 
'H NMR decoupling e ~ p e r i m e n t , ~ ~  and the stereochem- 
istry was confirmed later in the synthesis by comparison 
with the natural product 1. In this reaction, the pre- 
ferred conformation of the pyranose ring of 29 is assumed 
to be as depicted in Scheme 6 on the grounds of NOESY.30 
In addition, this conformation around the C-9 stereo- 
center is probably favored because of the allylic strain 
effects.31 Therefore, the regio- and stereoselectivity 
observed can be explained by the preferential attack of 
a borane complexed to the pyranose oxygen from the 
sterically less hindered face. 

Next, the C-8 hydroxyl group of 30 was protected with 
the methoxymethyl (MOM) group in preparation for later 
operations in the synthesis. Since this C-8 alcohol was 
rather sterically hindered, a more bulky protecting group 
such as 2-methoxyethoxymethyl ether could not be used. 
Deprotection of the TBDPS group of 31 and Swern 
oxidation of alcohol 32 afforded aldehyde 33. Horner- 
Emmons reaction of 33 using dimethyl (2-oxopropy1)- 
phosphonate gave trans-a,@-unsaturated ketone 34 in 
good yield, while the yield of the Wittig reaction using 
l-(triphenylphosphoranylidene)-2-propanone was consid- 
erably low (26%). Conversion of 34 to the a,@-unsatur- 
ated p-tosylhydrazone 36 and reductive deoxygenation 
of carbonyl tosylhydrazone 35 with sodium borohydride 
in acetic acid32 secured (E)-olefin 36 in which the double 
bond migrated stereoselectively to the desired position. 

In order to apply the Tipson-Cohen reaction,33 which 
is useful in the synthesis of unsaturated sugars, for 
introduction of the C-3 double bond, we converted 36 to 
dimesylate 38 through selective deprotection of both 
benzyl groups of 36 by sodium-liquid ammonia followed 
by mesylation of diol 37. Elimination of vicinal sulfonyl- 
oxy groups from 38 using potassium iodide and zinc- 
copper couple in refluxing Nfl-dimethylformamide pro- 

3 16 : R=C02Me 19 : R=C02Me 
17 : R=CHzOH 
18:R-CHO 3 

20 : R-CHzOH 3 e 

a (a) PhCH20C(=NH)CC13, CF3S03H (84%); (b) LiAIH4 (94%); (c) 

KN(TMS)z, 18-Crown-6 (82% for c, d); (e) DIBAL (95%); (1) MCPBA 
(9396); (9) LiCuMez (67%); (h) TBDPS-CI, imidazole; (i) Met, NaH 
(9l%lor h, i); (j) H2, PdCh (86%); (k) TsCI, EtaN, DMAP (99%); (I) 
Nal(95%); (m) Ph3P (97%). 

derived chain,24 we adopted Nagaoka and Kishi's proce- 
d ~ r e , ~ ~  which could be applied to various stereoisomers, 
to prepare the optically active diol 22 from (SI-(+)-methyl 
3-hydroxy-2-methylpropionate (3). In order to avoid 
racemization of the asymmetric center, we employed 
acidic benzylation of 326 and two-step conversion from 
ester 16 to aldehyde 18 (lithium aluminum hydride 
reduction of 16 and Swern oxidation of alcohol 17) instead 
of direct reduction with diisobutylaluminum hydride. 
Next, bis(2,2,2-trifluoroethyl)[(methoxycarbonyl~methyll- 
phosphonateZ7 was employed for selective formation of 
cis-a,@-unsaturated ester 19. A small amount of trans- 
19 was also obtained, and the stereoselectivity was 
9.7:l. With this cis-ester 19 available in high enantio- 
meric excess, the three consecutive asymmetric units 
were constructed according to the reported procedure.28 

Selective protection of the primary hydroxyl group of 
22 as a TBDPS ether, conversion of alcohol 23 to methyl 
ether 24, and selective deprotection of the benzyl ether 
by catalytic hydrogenolysis using palladium(I1) chloride 
provided alcohol 25. Subsequent conversion of 25 to the 
corresponding tosylate 26, treatment of 26 with sodium 

DMSO, (COC1)z followed by Et3N; (d) (CF3CHfl)zP(=O)CH&OzMB, 

(24) For recent work in this area, see: (a) Miyashita, M.; Yoshihara, 
K.; Kawamine, K.; Hoshino, M.; Irie, H. Tetrahedron Lett. 1993, 34, 
6285. (b) Kigoshi, H.; Ojika, M.; Ishigaki, T.; Suenaga, K.; Mutou, T.; 
Sakakura, A.; Ogawa, T.; Yamada, K. J .  Am. Chem. SOC. 1993,116, 
7443. (c)  Nakata, T.; Komatsu, T.; Nagasawa, K. Chem. Pharm. Bull. 
1994, 42, 2403. (d) Arimoto, H.; Nishiyama, S.; Yamamura, S. 
Tetrahedron Lett. 1994, 35, 9581. (e) Dominguez, E.; Carretero, J. C. 
Tetrahedron 1994, 50, 7557. (0 Hoffmann, R. W.; Dahmann, G.; 
Andersen, M. W. Synthesis 1994, 629. (g) Paterson, I.; Bower, S.; 
McLeod, M. D. Tetrahedron Lett. 1995,36, 175. For general reviews, 
see: (h) Mukaiyama, T. Org. React. 1982, 28, 203. (i) Heathcock, C. 
H. In Asymmetric Syntheses; Morrison, J. D., Ed.; Academic Press: 
New York, 1984; Vol. 3, pp 111-212. (j) Masamune, S.; Choy, W.; 
Petersen, J. S.; Sita, L. R. Angew. Chem., Int. Ed. Engl. 1985, 24, 1. 
(k) Hoffmann, R. W. Ibid. 1987,26, 489. 

(25) (a) Nagaoka, H.; Kishi, Y. Tetrahedron 1981,37,3873. (b) Kishi, 
Y. Pure Appl. Chem. 1981, 53, 1163. 

(26) (a) Iversen, T.; Bundle, D. R. J.  Chem. SOC., Chem. Commun. 
1981,1240. (b) Widmer, U. Synthesis 1987,568. ( c )  Paterson, I.; Lister, 
M. A. Tetrahedron Lett. 1988,29, 585. 

(27) Still, W. C.; Gennari, C. Tetrahedron Lett. 1983,24, 4405. 
(28) Epoxidation of 20 and opening of the epoxide with lithium 

dimethylcuprate seemed to be highly selective as indicated.25 

(29) Irradiation at  C-6 H resulted in an alteration in the signal of 
C-7 H2 to a doublet, while the signal pattern of C-8 H did not change. 
Irradiation at C-7 Hz changed the signal patterns of both C-6 H and 

(30) There were correlations between C-2g H and C-4P H. 
(31) (a) Schmid, G.; Fukuyama, T.; Akasaka, K.; Kishi, Y. J.  Am. 

Chem. SOC. 1979,101,259. (b) Hoffmann, R. W. Chem. Rev. 1989,89, 
1841. 

(32) (a) Hutchins, R. 0.; Kacher, M.; Rua, L. J .  Org. Chem. 1975, 
40, 923. (b) Hutchins, R. 0.; Natale, N. R. Ibid. 1978, 43, 2299. 

(33) (a) Tipson, R. S.; Cohen, A. Carbohydr. Res. 1965, 1, 338. (b) 
Fraser-Reid, B.; Boctor, B. Can. J.  Chem. 1969,47,393. ( c )  Holder, N. 
L.; Fraser-Reid, B. Ibid. 1973,51,3357. For a general review, see: (d) 
Block, E. Org. React. 1984, 30, 457. 

C-8 H. 
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ceeded successfully to afford olefin 39. Efforts to convert 
diol 37 to olefin 39 from the corresponding 14dimethyl- 
amino)(methylene)acetal in a one-pot process3* or efforts 
to effect samarium( 11) iodide-promoted dideacetoxylation 
of the diacetoxy lactone35 were unrewarding. 

Selective hydrolysis of the protected d-lactol in 39 with 
75% aqueous acetic acid at 40 "C and oxidation of 40 
using the Jones reagent in acetone gave 8-lactone 41. We 
completed the total synthesis of PA-48153C (1) by depro- 
tection of the MOM group of 41 using refluxing 80% 
aqueous acetic acid. The synthetic compound was identi- 
cal in all respects, including biological activities and 
molecular rotation ([aIz4~ -142.99, with the natural 
product from Streptomyces prunicolor PA-48153 ([aIz7~ 
-143.70X9 These results established the absolute ster- 
eochemistry of the natural product (-)-1 as that depicted 
in the formula in Scheme 1 and Scheme 5.36 With the 
completion of the total synthesis of PA-48153C (1)) we 

next plan to prepare various derivatives using this 
synthetic route in an attempt to develop useful immu- 
nosuppressive agents. 

Experimental Section 
Melting points are uncorrected. 'H NMR and 13C NMR 

spectra were determined at 200 and 50.3 MHz, respectively. 
Liquid secondary ion mass spectra (LSIMS) and high resolu- 
tion (HR)-LSIMS were determined using m-nitrobenzyl alcohol 
as a matrix. Unless otherwise stated, all reactions were 
carried out under a nitrogen atmosphere with anhydrous 
solv&s that had been dried over type 4A molecular sieves. 
Drying of an organic phase over anhydrous sodium sulfate is 
simply indicated by the word "dried. Column chromatography 
using Merck silica gel 60 or a Merck Lobar column is referred 
to as "chromatography on silica gel". 
Methyl 3,4-Anhydro-6-0-(tert-butyldiphenylsilyl)-2-0- 

(methanesulfony1)-a-D-allopyranoside (11). To a solution 
of 23.5 g (39.9 mmol) of lozzb in 180 mL of 1% methanol- 
chloroform was added 6.47 g (120 mmol) of sodium methoxide 
a t  0 "C. After this was stirred for 3 days at 25 "C, 12.9 g (240 
mmol) of sodium methoxide was added at  0 "C. The mixture 
was stirred for 2 days at 25 "C and then poured into saturated 
ammonium chloride solution and extracted with chloroform. 
The organic layer was washed with water, dried, and concen- 
trated. The crude product was chromatographed on silica gel 
using 1:2 ethyl acetate-hexane to afford 11.6 g (59%) of 11, 
mp 96-97 "C. [aIz4~ +18.7" (c 1.03, CHCl3). IR (CHC13) 3020, 
2928, 1351, 1176, 959 cm-'. lH NMR (CDC13) 6 1.07 (s, 9H), 
3.16 (s, 3H), 3.38 (s, 3H), 3.48-3.53 (m, 1 H), 3.61 (d, J = 4.8 

(34) Hanessian, S.; Bargiotti, A.; LaRue, M. Tetrahedron Lett. 1978, 

(35) Inanaga, J.; Katsuki, J.; Yamaguchi, M. Chem. Lett. 1991,1025. 
737. 

(36) The same absolue stereochemistry of PA-48153C was proposed 
on the basis of circular dichroism by Dr. H. Itazaki of these laboratories. 

(37) Jeanloz, R. W.; Jeanloz, D. A. J. Am. Chem. Soc. 1958,80,5692. 



Total Synthesis of (-)-PA-48153C 

Hz, lH), 3.80-3.93 (2H, m), 4.00-4.13 (m, lH), 4.86 (d, J = 
5.0 Hz, lH), 5.01 (dd, J = 2.4 and 5.0 Hz, lH), 7.34-7.42 (m, 
6H), 7.61-7.74 (m, 4H). l3C NMR (CDC13) 6 19.26, 26.80, 
39.02, 49.47, 56.36, 56.88, 64.02, 67.68, 72.57, 96.20, 127.82, 
129.95, 132.91, 132.96, 135.58. LSIMS mlz 951 (2M - HI+, 
491 (M - H)+. Anal. Calcd for C24H3207SSi: C, 58.51; H, 6.55. 
Found: C, 58.59; H, 6.51. 
Methyl 6-O-(tert-Butyldiphenylsilyl)-4-deoxy-4-C-ethyl- 

a-D-gulopyranoside (12). To 817 mg (8.25 mmol) of copper 
(I) chloride in 130 mL of ether was added 130 mL (260 mmol) 
of 2.0 M ethylmagnesium chloride in tetrahydrofuran at -30 
"C. The mixture was stirred for 20 min, and 8.00 g (16.3 mmol) 
of 11 in 130 mL of ether was added dropwise over a 15-min 
period at  -30 "C. After being stirred for 20 min, the mixture 
was allowed to  warm to 0 "C and stirred for 40 min. The 
mixture was poured into saturated ammonium chloride solu- 
tion and extracted with ethyl acetate. The organic solution 
was washed with brine, dried, and concentrated. The crude 
product was chromatographed on silica gel using 1:l ethyl 
acetate-hexane to afford 4.24 g (59%) of 12 as a colorless oil. 
[a122~ +54.4" (c  1.10, CHCl3). IR (CHC13) 3564 and 3510 (OH) 
cm-l. lH NMR (CDC13) 6 0.90 (t, J = 7.6 Hz, 3H), 1.05 (s, 
9H), 1.11-1.51 (m, 2H), 1.80-1.92 (m, lH), 3.42 (s,3H), 3.58- 
3.72 (m, lH), 3.63 ( d d , J =  5.1 and 10.6Hz, lH), 3.78 ( d d , J =  
7.0 and 10.6 Hz, lH), 3.90-4.00 (m, lH), 4.02-4.16 (m, lH), 
4.74 (d, J = 3.4 Hz, lH),  7.33-7.47 (m, 6H), 7.62-7.75 (m, 

55.59, 63.92, 65.26, 65.83, 71.07, 100.88, 127.67, 127.74, 
129.70, 129.77, 133.35, 135.54, 135.62. LSIMS mlz 911 (2M + Na)+, 467 (M + Na)+. Anal. Calcd for C2~H3606Si: c ,  67.53; 
H, 8.16. Found: C, 67.33; H, 8.24. 
Methyl 2,3-Di-0-benzyl-6-0~tert-butyldiphenylsilyl)- 

4-deoxy-4-C-ethyl-a-~-gulopyranoside (13). To 917 mg 
(38.2 mmol) of sodium hydride in 20 mL of N,N-dimethyl- 
formamide was added 2.58 g (5.80 mmol) 12 in 5 mL of N,N- 
dimethylformamide at -30 "C. To this mixture was added 5.0 
mL (41.8 mmol) of benzyl bromide at -30 "C. The mixture 
was allowed to warm to  20 "C and stirred for 4 h, and then 
the reaction was quenched with methanol a t  -30 "C. The 
mixture was poured into water and extracted with ethyl 
acetate. The organic layer was washed with brine, dried, and 
concentrated. The residue was chromatographed on silica gel 
using 1:8 ethyl acetate-hexane to give 2.93 g (81%) of 13 as 
a colorless oil. [a]22~ +16.7" (c 1.10, CHC13). IR (CHC13) 3006, 
2926, 1111 cm-l. lH NMR (CDC13) 6 0.65 (t, J = 7.6 Hz, 3H), 
1.04 (s,9H), 1.15-1.38 (m, 2H), 1.75-1.88 (m, lH), 3.39-3.48 
(m, lH), 3.44 (s, 3H), 3.53 (dd, J =  5.9 and 10.3 Hz, lH), 3.66- 
3.76 (m, lH), 3.70 (dd, J = 7.5 and 10.3 Hz, lH), 4.35-4.49 
(m, lH),  4.52 and 4.58 (ABq, J = 11.2 Hz, 2H), 4.69 (s, 2H), 
4.70 (d, J = 3.4 Hz, lH), 7.20-7.46 (m, 16H), 7.61-7.73 (m, 

55.65, 63.92, 66.65, 70.87, 71.56, 72.21, 73.09, 98.60, 127.40, 
127.64, 127.85, 128.13, 128.16, 128.34, 129.61, 129.65,133.40, 
133.50, 135.60, 138.12,138.83. LSIMS mlz  1271 (2M + Na)+, 
647 (M + Na)+. HR-LSIMS mlz 647.3166 (M + Na)+ (calcd 
for C39H48Na05Si mlz 647.3166). 
Methyl 2,3-Di-O-benzyl-4-deoxy-4-C-ethyl-a-~-gu10- 

pyranoside (14). A mixture of 2.91 g (4.66 mmol) of 13 and 
14.4 mL (14.4 mmol) of 1.0 M tetra-n-butylammonium fluoride 
in tetrahydrofuran was stirred for 2.5 h at 25 "C. The mixture 
was diluted with ethyl acetate, washed with brine, dried, and 
concentrated. The crude product was chromatographed on 
silica gel using 1:4 ethyl acetate-hexane to afford 1.75 g (97%) 
of 14 as a colorless oil. [a]22~ +41.2" (c 1.08, CHC13). IR 
(CHC13) 3592 and 3486 (OH) cm-l. 'H NMR (CDC13) 6 0.73 
(t, J = 7.6 Hz, 3H), 0.98-1.50 (m, 2H), 1.64-1.79 (m, lH), 
3.48 (s, 3H), 3.49-3.56 (m, lH), 3.50 (dd, J = 4.0 and 11.8 Hz, 
lH), 3.68 (dd, J = 7.4 and 11.8 Hz, lH), 3.70-3.78 (m, lH), 
4.30-4.41 (m, lH), 4.53 and 4.58 (ABq, J = 11.2 Hz, 2H), 4.65 
and 4.75 (ABq, J = 12.6 Hz, 2H), 4.73 (d, J = 3.4 Hz, lH), 
7.21-7.45 (m, 10H). 13C NMR (CDC13) 6 12.39, 18.21, 41.49, 
55.91, 63.36, 67.31, 71.07, 71.86, 72.35, 73.64, 98.71, 127.45, 
127.78,127.85,128.02, 128.21,128.39, 137.98,138.79. LSIMS 
m l z  795 (2M + Na)+, 409 (M + Na)+. HR-LSIMS m l z  
409.1995 (M + Na)+ (calcd for C23H30Na05 m l z  409.1990). 
Methyl 2,3-Di-O-benzyl-6-dehydro-4-deoxy-4-C-ethyl- 

4H). 13C NMR (CDC13) 6 12.28, 17.72, 19.14, 26.76, 44.19, 

4H). 13C NMR (CDC13) 6 12.15, 17.55, 19.16, 26.75, 40.69, 
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a-D-gulopyranoside (15). To a solution of 0.66 mL (9.29 
mmol) of dimethyl sulfoxide in 15 mL of dichloromethane was 
added 0.64 mL (7.05 mmol) of oxalyl chloride at -78 "C. After 
this was stirred for 10 min, a solution of 1.28 g (3.31 mmol) of 
14 in 5 mL of dichloromethane was added. The solution was 
allowed to warm to -40 "C, and then 1.8 mL (12.9 mmol) of 
triethylamine was added. The mixture was allowed to  warm 
to 0 "C, diluted with water, and extracted with dichlo- 
romethane. The organic phase was washed with water, dried, 
and evaporated to afford 1.27 g of 15, which was used for the 
Wittig reaction without further purification. IR (CHC13) 1734 
(C-0) cm-l. lH NMR (CDC13) 6 0.73 (t, J = 7.6 Hz, 3H), 1.03- 
1.49 (m, 2H), 2.12-2.28 (m, lH), 3.47 (s, 3H), 3.50-3.56 (m, 
lH), 3.74-3.79 (m, lH), 4.52 and 4.58 (ABq, J = 12.6 Hz, 2H), 
4.70 and 4.79 (ABq, J = 12.6 Hz, 2H), 4.76 (d, J = 2.8 Hz, 
lH), 4.82 (d, J = 3.8 Hz, lH), 7.22-7.44 (m, lOH), 9.63 (s, 
1H). 
(2R,SS,4R)-l-(Benzyloxy)-S-[ (tert-butyldiphenylsily1)- 

oxy1-2,4-dimethyl-3-pentanol (23). To a solution of 5.65 g 
(23.7 mmol) of 2225a in 100 mL of N,N-dimethylformamide 
were added 3.06 g (44.9 mmol) of imidazole and 6.7 mL (25.9 
mmol) of tert-butyldiphenylsilyl chloride. The mixture was 
stirred for 14 h at 25 "C, diluted with ethyl acetate, washed 
with brine, dried, and evaporated. The residue was chromato- 
graphed on silica gel using 1 : l O  ethyl acetate-hexane to afford 
11.3 g of 23, which was used for the next reaction without 
further purification. IR (CHC13) 3476 (OH) cm-l. lH NMR 

1.07(s,9H),1.70-2.01(m,2H),3.57(d,J=5.8Hz,2H),3.62- 
3.79 (m, 3H), 4.52 (s, 2H), 7.21-7.44 (m, lOH), 7.61-7.77 (m, 
5H). LSIMS mlz  953 (2M + H)+, 477 (M + H)+, 419 (M - 
C4H9)+. 
(2R,3S,4R) - 1 - (Benzyloxy) -5- [ (tert-butyldiphenylsilyl) - 

oxy]-3-methoxy-2,4-dimethylpentane (24). To a solution 
of the above product 23 in 180 mL of N,N-dimethylformamide 
was added 5.9 mL (94.7 mmol) of iodomethane. The mixture 
was cooled to 0 "C, and 2.05 g (85.5 mmol) of sodium hydride 
was added. The mixture was stirred for 30 min at 0 "C and 
for 1 h at 25 "C, and then the reaction was quenched with 
methanol at 0 "C. The mixture was diluted with water and 
extracted with ethyl acetate. The organic solution was washed 
with brine, dried, and evaporated. The residue was chromato- 
graphed on silica gel using 1:20 ethyl acetate-hexane to give 
10.6 g (91%, two steps) of 24 as a colorless oil. [a]22~ -2.10" 

6 0.76 (d, J = 6.8 Hz, 3H), 0.95 (d, J = 6.8 Hz, 3H), 1.07 (s, 
9H), 1.80-1.99 (m, 2H), 3.38 (s, 3H), 3.41 (dd, J = 2.7 and 8.2 
Hz, lH), 3.43-3.71 (m, 4H), 4.51 (s, 2H), 7.22-7.44 (m, lOH), 
7.62-7.71 (m, 5H). 13C NMR (CDC13) 6 9.79, 14.88, 19.29, 
26.90, 36.78, 37.59, 60.90, 66.41, 72.83, 72.94, 81.81, 127.29, 
127.34, 127.61, 128.26,129.56, 133.89, 133.94,135.49, 135.57, 
138.88. LSIMS m l z  513 (M + Na)+, 491 (M + HI+. Anal. 
Calcd for C31H4203Si: C, 75.87; H, 8.63. Found: C, 76.01; H, 
8.62. 
(2S,3S,4R)-5-[(tert-Butyldiphenylsilyl)oxyl-3-methoxy- 

2,4-dimethyl-l-pentanol (25). A solution of 2.31 g (4.71 
mmol) of 24 in 83 mL of methanol was hydrogenated using 
137 mg (0.774 mmol) of palladium(I1) chloride for 20 min. The 
mixture was filtered through Celite, and the filtrate was 
concentrated. The crude product was chromatographed on 
silica gel using 1:l ether-hexane to afford 1.62 g (86%) of 25 
as a colorless oil. [a122~ +5.27" (c  1.15, CHC13). IR (CHC13) 
3470 (OH) cm-l. 'H NMR (CDC13) 6 0.82 (d, J = 6.8 Hz, 3H), 
0.88 (d, J = 6.8 Hz, 3H), 1.07 (s, 9H), 1.74-1.97 (m, 2H), 3.38 
(dd, J =  2.7 and 8.2 Hz, lH), 3.47 (s, 3H), 3.49-3.73 (m, 4H), 
7.32-7.46 (m, 6H), 7.58-7.71 (m, 4H). I3C NMR (CDC13) 6 
10.37, 14.83, 19.25, 26.88, 37.67, 38.44, 61.19, 66.28, 67.15, 
86.55, 127.66, 129.65, 133.68, 135.55. LSIMS mlz 401 (M + 
HI+. Anal. Calcd for C24H3603Si: C, 71.95; H, 9.06. Found: 
C, 71.97; H, 9.11. 
(2R,3R,4R)-5-[ (tert-Butyldiphenylsilyl)oxyl-3-methoxy- 

2,4-dimethylpentylp-Toluenesulfonate (26). To a solution 
of 9.54 g (23.8 mmol) of 25 in 200 mL of dichloromethane were 
added 6.79 g (35.5 mmol) ofp-toluenesulfonyl chloride, 5.0 mL 
(35.9 mmol) of triethylamine, and 4.34 g (35.6 mmol) of 
4-(dimethy1amino)pyridine. The mixture was stirred for 2.5 

(CDCl3) 6 0.85 (d, J = 6.8 Hz, 3H), 0.91 (d, J = 6.8 Hz, 3H), 

(C 1.11, CHC13). IR (CHCL) 2926,1110 m-'. 'H NMR (CDCl3) 
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h at 25 "C and then diluted with ethyl acetate. The organic 
layer was washed with brine, dried, and concentrated. The 
crude product was chromatographed on silica gel using 1:5 
ether-hexane to  afford 13.1 g (99%) of 26 as a colorless oil. 
IR (CHC13) 2926,1359, and 1175 (SO21 cm-l. lH NMR (CDC13) 
6 0.69 (d, J = 6.8 Hz, 3H), 0.88 (d, J = 6.8 Hz, 3H), 1.05 (s, 
9H), 1.64-2.00 (m, 2H), 2.44 (5, 3H), 3.28 (s, 3H), 3.30 (dd, J 
= 2.4 and 9.4 Hz, lH), 3.51 (dd, J = 6.2 and 9.8 Hz, lH), 3.59 
(dd,J=8.4and9.8Hz,lH),4.1O(d,J=4.2Hz,2H),7.35(d, 
J = 8.4 Hz, 2H), 7.35-7.46 (m, 6H), 7.59-7.70 (m, 4H), 7.80 
(d, J = 8.4 Hz, 2H). LSIMS m l z  555 (M + HI+, 497 (M - 
C4H9)+. HR-LSIMS m l z  555.2594 (M + H)+ (Calcd for 
C31H4305SSi mlz  555.2598). 
(2R,3R,4R)-5-[ (tert-Butyldiphenylsilyl)oxy]-3-methoxy- 

2,4-dimethylpentyl Iodide (27). To a solution of 13.1 g (23.6 
mmol) of 26 in 180 mL of acetone was added 7.36 g (47.2 mmol) 
of sodium iodide. The mixture was refluxed 15 h and then 
filtered through Celite, and the filtrate was diluted with ethyl 
acetate. The organic layer was washed with saturated sodium 
sulfite solution and brine and then dried and concentrated. 
The crude product was chromatographed on silica gel using 
1:19 ethyl acetate-hexane to  afford 11.4 g (95%) of 27 as 
colorless oil. IR (CHC13) 2954, 2924, 1109 cm-'. 'H NMR 

1.08 (s, 9H), 1.37-1.56 (m, lH), 1.74-1.90 (m, lH), 3.36 (dd, 
J = 2.4 and 9.4 Hz, lH), 3.39-3.53 (m, 2H), 3.53 (s, 3H), 3.53 
(dd, J = 6.0 and 10.2 Hz, lH), 3.63 (dd, J = 9.0 Hz and 10.2 
Hz, lH), 7.33-7.48 (m, 6H), 7.62-7.72 (m, 4H). HR-LSIMS 
mlz 533.1352 (M + Na)+ (calcd for C~H35INa02Si mlz 
533.1349). 
(2R,3R,4R)-[5-[(tert-Butyldiphenylsilyl~oxyl-3-methoxy- 

2,4-dimethylpentyll triphenylphosphonium Iodide (28). 
To a solution of 11.4 g (22.3 mmol) of 27 in 50 mL of 
acetonitrile was added 6.10 g (23.3 mmol) of triphenylphos- 
phine. The mixture was refluxed for 45 h and then concen- 
trated, and the residue was washed with ether three times to 
remove excess triphenylphosphine. The resulting residue was 
dried under vacuum to give 16.8 g (97%) of 28 as a white foam. 
[ a ] 2 2 ~  +18.2" (c  1.05, CHCl3). lH NMR (CDC13) 6 0.62 (d, J = 
6.8 Hz, 3H,), 0.78 (d, J =  6.8 Hz, 3H), 1.05 (s, 9H), 1.77-2.15 
(m, 2H), 3.35-3.93 (m, 5H), 3.43 (8, 3H), 7.30-7.44 (m, 6H), 
7.57-7.96 (m, 19H). HR-LSIMS mlz 645.3310 (M - I)+ (calcd 
for C42H5002PSi mlz 645.3315). 
(2S,3R,4R,5R,6R,3S,4R,5R)-( l'z)-1'-[3,4Bis(benzyloq)- 

5-ethyl-tetrahydro-2-methox~2~-pyran-6-yll-6'-[~te~t- 
butyldiphenylsilyl)oxyl-4'-metho~3,S-dimethyl-l'-hex- 
ene (29). To a solution of 2.82 g (3.65 mmol) of 28 in 8 mL of 
tetrahydrofuran was added 2.2 mL (3.52 mmol) of 1.6 M 
n-butyllithium in hexane at -78 "C. The solution was allowed 
to warm to -40 "C, and the resulting orange solution was 
cooled to -78 "C. A solution of 1.27 g of the above-mentioned 
aldehyde 15 in 5 mL of tetrahydrofuran was added dropwise. 
The mixture was allowed to warm to  20 "C, stirred for 3 h, 
and poured into saturated ammonium chloride solution. The 
mixture was extracted with ethyl acetate, and the organic 
solution was washed with brine, dried, and evaporated. The 
residue was chromatographed on silica gel using 1:8 ethyl 
acetate-hexane to afford 1.53 g (61% from 14) of 29 as a 
colorless oil. [ a ] 2 4 ~  +38.9" (e 1.04, CHC13). IR (CHC13) 3002, 
2956, 2926, 1110, 1086, 702 cm-'. 'H NMR (CDC13) 6 0.72 (t, 
J = 7.6 Hz, 3H), 0.75 (d, J = 6.8 Hz, 3H), 0.90 (d, J = 7.6 Hz, 
3H), 1.06 (s, 9H), 1.40-1.75 (m, 2H), 1.78-1.95 (m, lH), 1.95- 
2.07 (m, lH), 2.65-2.87 (m, lH), 3.21 (dd, J = 2.4 and 9.4 Hz, 
lH), 3.32 (s, 3H), 3.36-3.72 (m, 4H), 3.43 (5, 3H), 4.48-4.78 
(m, 5H), 5.03-5.12 (m, lH), 5.35-5.57 (m, 2H), 7.20-7.46 (m, 
16H), 7.60-7.71(m, 4H). 13C NMR (CDC13) 6 9.79, 12.12, 
17.89, 18.09, 19.29, 26.90, 35.86, 37.81, 55.97, 60.57, 70.61, 
71.75, 77.21, 84.07, 98.97, 127.29, 127.61, 127.86, 127.94, 
128.02, 128.10, 128.15, 128.26, 129.58, 133.87,135.57, 138.25, 
138.68. LSIMS m l z  789 (M + K)+, 773 (M + Na)+. Anal. 
Calcd for C~HszosSi: C, 75.16; H, 8.32. Found: C, 74.85; H, 
8.32. 
(2S,3R,4R,5R,6R,2'R,3S,4R,5R)- 1'-[3,4-Bis(benzyloxy)- 

5-ethyl-tetrahydro-2-methoxy-W-pyran-6-y1]-6'-[(te~t- 
butyldiphenylsilyl)oxyl-4'-methoxy-3,5-dimethyl-2'-hex- 
anol (30). To a solution of 174 mg (0.232 mmol) of 29 in 3.0 

(CDC13) 6 0.73 (d, J = 6.8 Hz, 3H), 0.90 (d, J = 6.8 Hz, 3H), 

mL of tetrahydrofuran was added 2.3 mL (2.3 mmol) of 1.0 M 
borane-tetrahydrofuran complex in tetrahydrofuran at 0 "C. 
The solution was treated with ultrasound for 30 min while 
being kept in a 15-20 "C water bath. The residue was 
quenched with 0.7 mL of ethanol at -20 "C, and then 1.0 mL 
of 3 N sodium hydroxide solution and 1.0 mL of 30% hydrogen 
peroxide solution were added sequentially. The mixture was 
stirred for 30 min at 40 "C, and then the residue was quenched 
with saturated sodium sulfite solution at 0 "C. The whole 
mixture was extracted with ethyl acetate, and the product 
solution was washed with brine, dried, and concentrated. The 
residue was chromatographed on silica gel using 1:4 ethyl 
acetate-hexane to afford 105 mg (59%) of 30 as a colorless 
oil. [ a ] 2 2 ~  $24.2" (c 1.08, CHC13). IR (CHC13) 3470 (OH) cm-'. 

Hz, 3H), 0.89 (d, J = 6.8 Hz, 3H), 1.05 (s, 9H), 1.33-1.78 (m, 
6H), 1.80-1.98 (m, lH), 3.38-3.50 (m, 2H), 3.43 (s, 6H), 3.53 
(dd, J = 5.9 and 10.2 Hz, lH), 3.62 (dd, J = 7.6 and 10.2 Hz, 
lH), 3.69-3.75 (m, lH), 4.05 (br t, J = 5.3 Hz, lH), 4.44-4.57 
(m, lH), 4.48 and 4.57 (ABq, J = 12.7 Hz, 2H), 4.62 (d, J = 
4.2 Hz, lH), 4.67 (5, 2H), 7.20-7.48 (m, 16H), 7.59-7.70 (m, 

26.88, 38.46, 40.25, 43.42, 55.78, 61.23, 66.56, 68.56, 70.88, 
71.45,72.13,73.48,77.22,85.45,98.66,127.31, 127.64,127.85, 
128.07, 128.13, 128.31, 129.64, 133.68, 135.57, 138.19,138.98. 
LSIMS mlz 791 (M + Na)+, 737 (M - OCH3)+. HR-LSIMS 
mlz  791.4317 (M + Na)+ (calcd for C4~H~407NaSi mlz  
791.4316). 
(2s,3R,4R,5R,6R,2R,3R,4'R,5R)-6'-[3,4-Bis(bemyloxy)- 

5-ethyl-tetrahydro-2-methoxy-W-pyran-6-yll-l'-[(te~t- 
butyldiphenylsilyl)oxy]-3-methoxy-5-[(methoxymethyl)- 
oxy]-2,4'-dimethylhexane (31). To a solution of 1.17 g (1.52 
mmol) of 30 in 15 mL of dichloromethane were added 2.0 mL 
(11.5 mmol) of N,N-diisopropylethylamine and 0.75 mL (9.87 
mmol) of chlolomethyl methyl ether. The mixture was stirred 
for 5 h at 25 "C and then 2.5 h at 40 "C. The mixture was 
diluted with water and extracted with ethyl acetate. The 
organic solution was washed with brine, dried, and evaporated. 
The residue was chromatographed on silica gel using 1:3 ethyl 
acetate-hexane to give 1.24 g (100%) of 31 as a colorless oil. 
[aIz3~ +21.8" (c 1.00, CHC13). IR (CHCl3) 3064, 3004, 2956, 
2926,1110,1086, 1037, 703 cm-l. 'H NMR (CDC13) 6 0.69 (d, 
J = 6.8 Hz, 3H), 0.77 (d, J = 6.8 Hz, 3H), 0.78 (t, J = 6.3 Hz, 
3H), 1.06 (s, 9H), 3.22-3.73 (m, 5H), 3.37 (s, 3H), 3.47 (s, 3H), 
3.48 (s, 3H), 3.97 (br t, J = 6.2 Hz, lH), 4.37 (dt, J = 2.2 and 
6.7 Hz, lH), 4.51 and 4.58 (ABq, J = 12.4 Hz, 2H), 4.62 (d, J 
= 5.6 Hz, lH), 4.64 (s, 2H), 4.71 and 4.75 (ABq, J = 9.6 Hz, 
2H), 7.22-7.45 (m, 16H), 7.61-7.72 (m, 4H). LSIMS mlz 1648 
(2M + Na)+, 835 (M + Na)+. Anal. Calcd for CtgH6sOsSi: C, 
72.38; H, 8.43. Found: C, 72.50; H, 8.57. 
(2S,3R,4R,5R,6R,2'S,3R,4'R,S'R)-6'-[3,4-Bis(benzyloxy)- 

5-ethyl-tetrahydro-2-methoxy-2H-pyran-6-yll-3-methoxy- 
5'-[(methoxymethyl)oxy]-2',4-dimethyl-l'-hexanol (32). 
The procedure described for the preparation of 14 was repeated 
using 1.10 g (1.35 mmol) of 31 and 4.0 mL (4.0 mmol) of 1.0 M 
tetra-n-butylammonium fluoride in tetrahydrofuran to afford, 
after chromatography on silica gel using 1:l ethyl acetate- 
hexane, 766 mg (99%) of 32 as a colorless oil. [aIz2o +27.5" (e 
1.00, CHC13). IR (CHC13) 3622 and 3478 (OH) cm-'. 'H NMR 

3.32-3.45 (m,2H),3.38(~,3H),3.47 (~,3H),3.49 (~,3H),3.57- 
3.73(m,3H),3.95(brt,J=6.2Hz,lH),4.38(dt,J=2.2and 
6.7 Hz, lH), 4.51 and 4.59 (ABq, J = 12.6 Hz, 2H), 4.63 (d, J 
= 6.0 Hz, lH), 4.65 (s, 2H), 4.71 and 4.74 (ABq, J = 13.1 Hz, 
2H), 7.24-7.45 (m, 10H). LSIMS mlz  1171 (2M + Na)+, 597 
(M + Na)+. Anal. Calcd for C33H5008: C, 68.96; H, 8.77. 
Found C, 68.73; H, 8.78. 
(2S,3R,4R,5R,6R,2R,3'R,4'R,5R)-6-[3,CBis(benzyloxy)- 

5-ethyl-tetrahydro-2-methoxy-!ZH-p~~-6-y1]-3'-methoxy- 
5'-[(methoxymethyl)oxy]-2',4'-dimethyl-l'-hexanal (33). 
To a solution of 0.20 mL (2.82 mmol) of dimethyl sulfoxide in 
7.0 mL of dichloromethane was added 0.19 mL (2.17 mmol) of 
oxalyl chloride at -78 "C. After being stirred for 10 min, a 
solution of 526 mg (0.915 mmol) of 32 in 5.0 mL of dichlo- 
romethane was added. The solution was stirred for 30 min at 
-78 "C, and then 0.64 mL (4.60 mmol) of triethylamine was 

'H NMR (CDC13) 6 0.75 (t, J = 7.4 Hz, 3H), 0.88 (d, J = 6.8 

4H). NMR (CDC13) 6 11.32, 11.75, 12.47, 17.87, 19.29, 

(CDC13) 6 0.76 (t, J = 7.4 Hz, 3H), 0.83 (d, J = 7.0 Hz, 6H), 
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added. The mixture was allowed to warm to 0 "C for 20 min, 
diluted with water, and extracted with 4:l benzene-ether. The 
organic phase was washed with water, dried, and evaporated 
to  afford 496 mg of 33 as a colorless oil, which was used 
immediately for the next reaction without further purification. 
IR (CHC13) 1720 ((2-0) cm-'. 'H NMR (CDCl3) 6 0.76 (t, J = 
7.4 Hz, 3H), 0.85 (d, J = 7.0 Hz, 3H), 1.06 (d, J = 7.0 Hz, 3H), 
2.39-2.55 (m, lH), 3.24 (s, 3H), 3.39 (9, 3H), 3.42-3.50 (m, 
lH), 3.48 (s, 3H), 3.62-3.73 (m, lH), 3.78 (dd, J = 1.6 and 9.8 
Hz, lH), 4.04 (br t, J = 5.9 Hz, lH), 4.37 (dt, J = 2.2 and 6.7 
Hz, lH),  4.51 and 4.59 (ABq, J = 12.4 Hz, 2H), 4.62 (d, J = 
3.8 Hz, lH), 4.65 (8, 2H), 4.69 and 4.72 (ABq, J = 14.2 Hz, 
2H), 7.20-7.42 (m, lOH), 9.89 (6, 1H). 
(25,34R,SR,6R,S'S,6R,7'R,8R)-(3%)-9-[3,4-Bis(benz- 

yloxy)-5-ethyl-tetrahydro-2-methoxy-2H-pyran-6-yll-6'- 
methoxy-8'-[ (methoxymethyl)oxyl-5',7'-dimethyl-3'-nonen- 
2'-one (34). To a solution of 0.96 mL (6.59 mmol) of dimethyl 
(2-oxopropy1)phosphonate in 7.0 mL of tetrahydrofuran was 
added 674 mg (6.02 mmol) of potassium tert-butoxide at 0 "C. 
After this was stirred for 1.5 h at 25 "C, a solution of the above 
product 33 in 2.0 mL of tetrahydrofuran was added at 0 "C. 
The mixture was warmed to  55 "C, stirred for 1 h, and poured 
into saturated ammonium chloride solution. The mixture was 
extracted with ethyl acetate, and the organic solution was 
washed with brine, dried, and evaporated. The residue was 
chromatographed on silica gel using 1:3 ethyl acetate-hexane 
to afford 493 mg (88%, two steps) of 34 as a colorless oil. [a122~ + 24.1" (c 1.07, CHC13). IR (CHC13) 1670 (C=O) cm-'. lH 

3H), 1.02 (d, J =  7.0 Hz, 3H), 2.27 (s, 3H), 2.50-2.69 (m, lH), 
3.23 (dd, J = 1.6 and 9.8 Hz, lH), 3.36 (s, 3H), 3.37 (s, 3H), 
3.42-3.52 (m, lH), 3.49 (s,3H), 3.63-3.75 (m, lH), 3.97 (br t, 
J = 6.2 Hz, lH), 4.37 (dt, J = 2.4 and 6.7 Hz, lH), 4.51 and 
4.59(ABq,J=l2.4Hz,2H),4.62(d,J=4.0Hz,lH),4.65(~, 
2H), 4.68 and 4.71 (AB q, J = 12.0 Hz, 2H), 6.11 (dd, J = 1.2 
and 16.0 Hz, lH), 6.98 (dd, J = 6.6 and 16.0 Hz, lH), 7.21- 
7.43 (m, 10H). 13C NMR (CDC13) 6 11.09, 11.39, 12.20, 17.67, 
27.18, 38.54, 40.81, 42.65, 55.57, 56.48, 60.30, 71.08, 71.29, 
72.02, 77.24, 85.28, 97.14, 99.01, 127.39, 127.69, 127.88, 
128.04, 128.16, 128.23, 128.34, 128.42, 128.46, 128.51,129.70, 
138.19, 138.79, 152.71, 198.68. LSIMS m l z  635 (M + Na)+. 
HR-LSIMS m l z  635.3558 (M + Na)+ (calcd for C36H5208Na 
mlz 635.3557). 
(2S,3R,4R,5R,6R,5'S,6'R,7'R,8'R)-(2'E)-gf-[3,4-Bis- 

(benzyloxy)-5-ethyl-tetrahydro-2-methoxy-W-pyran-6- 
yl] -6-methoxy-8'-[ (methoxymethyl)oxy]-5',7'-dimethyl-2'- 
nonene (36). To a solution of 479 mg (0.781 mg) of 34 in 5.0 
mL of methanol was added 216 mg (1.16 mmol) ofp-toluene- 
sulfonohydrazide. The mixture was stirred for 2 h at 25 "C 
and concentrated to afford (2S,3R,4R,5R,6R,5'S,6'R,7'R,8'R)- 
(2%)-9'-[ 3,4-bis(benzyloxy)-5-ethyl-tetrahydro-2-methoxy-2H- 
pyran-6-yl]-6'-methoxy-8'-[(methoxymethyl)oxyl-5',~-dimethyl- 
3'-nonen-2'-one p-toluenesulfonylhydrazone (35) which was 
used immediately for the next reaction without purification. 

A solution of sodium borohydride-acetic acid was prepared 
by dissolving 142 mg (3.76 mmol) of sodium borohydride in 
5.0 mL of glacial acetic acid with ice-bath cooling while keeping 
the temperature between 15 and 20 "C. This solution was 
added to the above product, and the mixture was stirred for 2 
h at 25 "C and then extracted with ethyl acetate. The organic 
layer was washed with saturated sodium bicarbonate solution 
and brine and then dried and concentrated. The residue was 
chromatographed on silica gel using 1:4 ethyl acetate-hexane 
to give 319 mg (68%, two steps) of 36 as a colorless oil. [a123~ 
+28.8" (C 1.28, CHC13). IR (CHC13) 3002, 2958, 2928, 1453, 
1139, 1094, 1036 cm-'. 'H NMR (CDC13) 6 0.75 (t, J = 7.4 
Hz, 3H), 0.80 (d, J = 6.8 Hz, 6H), 1.66 (d, J = 5.0 Hz, 3H), 
1.90-2.25 (m, 2H), 3.14 (dd, J = 1.6 and 9.8 Hz, lH), 3.38 (s, 
3H), 3.42-3.53 (m, lH), 3.48 (s, 3H), 3.49 (s, 3H), 3.61-3.73 
(m, lH), 3.95 (br t, J = 6.3 Hz, lH), 4.36 (dt, J = 2.3 and 6.9 
Hz, lH), 4.51 and 4.59 (ABq, J = 12.4 Hz, 2H), 4.62 (d, J = 
4.8 Hz, lH), 4.64 (s, 2H), 4.71 and 4.74 (ABq, J = 16.5 Hz, 
2H), 5.33-5.57 (m, 2H), 7.23-7.43 (m, 10H). 13C NMR (CDCl3) 
6 10.10, 12.15, 12.47, 17.67, 18.02, 35.80, 38.51, 40.93, 42.22, 
42.27, 55.46, 56.44, 60.70, 71.00, 71.10, 71.99, 73.19, 76.60, 
77.21, 84.52, 97.05, 98.93, 126.20, 127.35, 127.64, 127.86, 

NMR (CDC13) 6 0.76 (t, J = 7.4 Hz, 3H), 0.85 (d, J = 7.0 Hz, 
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128.07, 128.13, 128.29, 130.53, 138.22, 138.76. LSIMS mlz 
1219 (2M + Na)+, 621 (M + Na)+. HR-LSIMS mlz  621.3763 
(M + Na)+ (calcd for C36Hs407Na mlz 621.3764). 
(2S,3R,4R,6R,6R,2R,3'R,4R,SS)-(7'E)-5-Ethyl-tetrahy- 

dro-2-methoxy-6-[4'-methoxy-2'-[(methoxymethyl)oxyl- 
3,5-dimethyl-7'-nonenyl]-W-pyran-3,4-diol (37). To 10 
mL of anhydrous liquid ammonia was added 201 mg (8.74 
mmol) of sodium. To this blue solution was added a solution 
of 280 mg (0.467 mmol) of 36 in 3.0 mL of tetrahydrofuran at 
-78 "C, and then the mixture was stirred for 15 min at the 
same temperature. The reaction was quenched with am- 
monium chloride, and then the mixture was allowed to warm 
to 25 "C under a nitrogen stream. The mixture was diluted 
with ethyl acetate, washed with brine, dried, and evaporated. 
The residue was chromatographed on silica gel using 1:l ethyl 
acetate-hexane to afford 150 mg (76%) of 37 as a colorless 
oil. [a ]22~  +60.8" (e 1-00, CHC13). IR (CHC13) 3566 and 3510 
(OH) cm-'. IH NMR (CDCl3) 6 0.81 (d, J = 7.0 Hz, 3H), 0.83 
(d, J = 7.0 Hz, 3H), 0.98 (t, J = 7.4 Hz, 3H), 1.67 (d, J = 4.2 
Hz, 3H), 1.91-2.24 (m, 2H), 3.12 (dd, J = 1.6 and 9.8 Hz, lH), 
3.39 (s, 3H), 3.47 (s,3H), 3.48 (9, 3H), 3.57-3.72 (m, lH), 3.88- 
4.00(m,2H),4.17-4.27(m,1H),4.70(d,J=6.0Hz,1H),4.72 
(s, 2H), 5.34-5.55 (m, 2H). 13C NMR (CDC13) 6 10.18, 12.48, 
12.58, 17.75, 18.02, 35.80, 36.14, 38.52, 41.36, 46.80, 55.49, 
56.44, 60.65, 63.14, 65.10, 71.19, 77.82, 84.72, 97.13, 101.28, 
126.26, 130.45. LSIMS mlz 859 (2M + Na)+, 441 (M + Na)+. 
Anal. Calcd for C22H4207: C, 63.13; H, 10.11. Found: C, 
63.12; H, 9.92. 
(2S,3R,4R,5R,6R,5'S,6'R,7'R,8'R)-(2%)-9-[5-Ethyl-tet- 

rahydro-3,4-bis(methanesulfonyloxy)-2-metho~y-~-py- 
ran-6-yl]-6-methoxy-8'-[ (methoxymethyl)oxy]-5',7'-di- 
methyl-2'-nonene (38). To a solution of 84 mg (0.201 mmol) 
of 37 in 1.0 mL of pyridine were added 0.08 mL (1.04 mmol) 
of methanesulfonyl chloride and 83 mg (0.678 mmol) of 
4-(dimethylamino)pyridine at 0 "C. The mixture was stirred 
for 30 min at the same temperature and then diluted with 
water and extracted with dichloromethane. The organic layer 
was washed with 1 M hydrochloric acid solution, water, 5% 
sodium bicarbonate solution, and water and then dried and 
concentrated. The crude product was chromatographed on 
silica gel using 1:3 ethyl acetate-hexane to  afford 110 mg 
(96%) of 38 as a colorless oil. [a122~ +43.0° (c  1.00, CHC13). IR 
(CHC13) 1353 and 1176 (S02) cm-'. 'H NMR (CDCl3) 6 0.80 
(d, J = 7.0 Hz, 3H), 0.82 (d, J = 7.0 Hz, 3H), 1.03 (t, J = 7.4 
Hz, 3H), 1.67 (d, J = 3.0 Hz, 3H), 1.91-2.20 (m, 2H), 3.07- 
3.18 (m, lH), 3.14 (s, 6H), 3.40 (s, 3H), 3.47 (s, 3H), 3.50 (s, 
3H), 3.97 (br t, J = 6.0 Hz, lH), 4.35-4.47 (m, lH), 4.72 (s, 
2H), 4.74 (d, J = 5.2 Hz, lH), 4.77-4.85 (m, lH), 4.92-5.02 
(m, lH), 5.31-5.58 (m, 2H). 13C NMR (CDC13) 6 10.34, 11.64, 
12.54, 18.02, 18.11, 18.17, 35.76, 38.48, 38.75, 38.97, 41.65, 
55.53, 55.57, 56.65, 60.63, 76.11, 76.62, 77.21, 84.60, 96.76, 
97.32, 126.34, 130.35. LSIMS m l z  1171 (2M + Na)+, 597 (M 
+ Na)+. HR-LSIMS mlz 597.2382 (M + Na)+ (calcd for 
C24H46011NaS2 mlz  597.2377). 

(2S,5R,6R,2R,3R,4R,5'S)-( 7%)-5-Ethyl-5,6-dihydro-2- 
methoxy-6-[4-methoxy-2'-[ (methoxymethyl)oxyl-3',5'- 
dimethyl-7'-nonenyl]-W-pyran (39). To a solution of 173 
mg (0.301 mmol) of 38 in 5 mL of N,N-dimethylformamide 
were added 1.0 g (6.02 mmol) of potassium iodide and 400 mg 
of zinc-copper couple (91%-5%, purchased from Kanto Chemi- 
cal Co., Inc.). After this was refluxed for 4 h, 153 mg (0.922 
mmol) of potassium iodide and 63 mg (1.01 mmol) of zinc- 
copper couple were added. The mixture was refluxed for 1.5 
h, filtered through Celite, diluted with water, and extracted 
with ethyl acetate. The organic solution was washed with 
brine, dried, and concentrated. The crude product was chro- 
matographed on silica gel using 3:17 ethyl acetate-hexane to 
afford 49 mg (42%) of 39 as a colorless oil. [a124~ -53.8" (c 

cm-l. IH NMR (CDC13) 6 0.82 (d, J = 7.0 Hz, 3H), 0.83 (d, J 
= 7.0 Hz, 3H), 0.94 (t, J = 7.4 Hz, 3H), 1.67 (d, J = 3.8 Hz, 
3H), 1.90-2.27 (m, 2H), 3.20 (dd, J = 1.5 and 9.7 Hz, lH), 
3.39 (s, 3H), 3.46 (s, 3H), 3.51 (s,3H), 3.96-4.12 (m, 2H), 4.73 
and 4.77 (ABq, J = 14.3 Hz, 2H), 4.80 (dd, J = 1.0 and 2.6 Hz, 
lH), 5.38-5.50 (m, 2H), 5.72 (ddd, J = 0.8, 2.6, and 10.0 Hz, 
lH), 6.16 (ddd, J = 1.0, 5.9, and 10.0 Hz, 1H). 13C NMR 

1.01, CHC13). IR (CHC13) 2960, 2928, 2878, 1095, 1046, 965 
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(CDC13) 6 10.23,11.47, 12.53,18.04,20.79,35.78,37.33,38.45, 
38.50, 41.54, 55.45, 55.48, 60.72, 67.41, 76.74, 84.39, 96.26, 
97.51, 124.89, 126.22, 130.56, 134.27. LSIMS m l z  407 (M + 
Na)+. Anal. Calcd for C22H4005: C, 68.71; H, 10.48. Found: 
C, 68.47; H, 10.33. 
(5R,6R,2R,3'RR,4R,5'S)-(7%)-5-Ethyl-5,6-dihydro-6-[4'- 

methoxy-2-[ (methoxymethyl)oxyl-3',5'-dimethyl-7'-non- 
enyll-W-pyran-2-one (41). A solution of 36.7 mg (0.095 
mmol) of 39 in 1.2 mL of 75% aqueous acetic acid was stirred 
for 30 min at 40 "C. The solvent was evaporated under 
reduced pressure to  afford (2R and 2S,5R,6R$R,3'R,4'R,5'S)- 
(7'~)-5-ethyl-5,6-dihydro-6-[4'-methoxy-2'-[(metho~ethyl)- 
oxy]-3',5'-dimethyl-7'-nonenyl]-2H-pyran-2-01(40) as a colorless 
oil, which was used in the next reaction without purification. 
IR (CHCl3) 3580 and 3390 (OH) cm-l. 'H NMR (CDCl3) 6 0.84 
(d, J = 7.6 Hz, 3H), 0.85 (d, J = 6.4 Hz, 3H), 0.95 (t, J = 7.5 
Hz, 3H), 1.68 (d, J = 4.4 Hz, 3H), 3.14 (dd, J = 2.0 and 9.4 
Hz, lH), 3.40 (8, 3H), 3.51 (s, 3H), 3.93-4.20 (m, 2H), 4.75 
and 4.78 (ABq, J = 14.1 Hz, 2H), 5.26-5.36 and 6.23-6.30 
(each m, lH), 5.34-5.60 (m, 2H), 5.80 (dd, J = 2.6 and 10.3 
Hz, lH), 6.17 (dd, J = 6.0, and 10.3 Hz, 1H). 

To a solution of crude 40 in 1.0 mL of acetone was added 
Jones reagent dropwise until the brown color persisted. After 
being stirred for 1 h at 25 "C, the reaction was quenched with 
2-propanol. The mixture was diluted with saturated sodium 
bicarbonate solution and extracted with ethyl acetate. The 
organic solution was washed with brine, dried, and concen- 
trated. The crude product was chromatographed using 1:3 
ethyl acetate-hexane to afford 23.8 mg (68%, two steps) of 41 
as a colorless oil. [a124~ -108.9' (c 2.09, CHCL). IR (CHCl3) 
1715 (C=O) cm-l. lH NMR (CDC13) 6 0.83 (d, J = 7.0 Hz, 
3H), 0.83 (d, J = 7.0 Hz, 3H), 0.97 (t, J = 7.6 Hz, 3H), 1.67 (d, 
J = 4.2 Hz, 3H), 3.15 (dd, J = 2.0 and 9.4 Hz, lH), 3.37 (8 ,  

3H), 3.49 (s, 3H), 4.04 (br t, J = 6.2 Hz, lH), 4.59 (ddd, J = 
3.6, 4.9, and 8.3 Hz, lH), 4.70 and 4.73 (ABq, J = 12.4 Hz, 

Yasui et al. 

2H), 5.32-5.54 (m, 2H), 6.03 (d, J = 10.0 Hz, lH), 7.01 (dd, J 
= 6.1, and 10.0 Hz, 1H). 13C NMR (CDCl3) 6 10.44, 10.99, 
12.67, 18.03, 20.73, 35.64, 35.83, 38.48, 40.90, 55.57, 60.79, 
75.87, 77.51, 84.61, 97.73, 120.82, 126.34, 130.35, 150.56, 
164.44. LSIMS mlz  759 (2M + Na)+, 391 (M + Na)+. Anal. 
Calcd for C21H3605: C, 68.45; H, 9.85. Found: C, 68.20; H, 
9.80. 
(5R,6R,2'R,3S,4R,S'S)-(7%)-5-Ethyl-5,6-dihydro-6-(2'- 

hydroxy-4'-methoxy-3,5-dimethyl-7'-nonenyl)-W-pyran- 
2-one (PA-48153C) (1). A solution of 20.9 mg (0.0568 mmol) 
of 41 in 1.0 mL of 80% aqueous acetic acid was refluxed for 3 
h. The solvent was evaporated under reduced pressure. The 
crude product was chromatographed on silica gel using 2:3 
ethyl acetate-hexane to afford 18.4 mg (100%) of 1 that was 
identical in all respects, including molecular rotation ([a124~ 
-142.9' (c 0.50, CHCls)), with the natural product from S. 
prunicolor PA-48153 (mp 78-79 "C. ([aIz7~ -143.7' (c 0.50, 
CHC13)). IR (KBr) 3505 (OH), 1728 (C=O) cm-'. 'H NMR 

1.00 (d, J = 7.0 Hz, 3H), 1.67 (d, J = 4.6 Hz, 3H), 2.09 (m, 
lH),  2.29 (m, lH), 2.99 (dd, J = 4.6 and 6.2 Hz, lH), 3.45 (d, 
J = 2.6 Hz, lH), 3.47 (s, 3H), 4.19 (m, lH), 4.74 (ddd, J = 4.0, 
4.0, and 8.0 Hz, lH), 5.25-5.54 (m, 2H), 6.03 (dd, J = 0.7 and 
9.7 Hz, lH), 7.01 (dd, J = 5.8 and 9.7 Hz, 1H). 13C NMR 

39.35,39.53,62.06,67.81,78.11,91.53,121.24, 127.38, 129.18, 
151.21, 165.22. LSIMS mlz  671 (2M + Na)+, 347 (M + Na)+, 
235 (M + H)+. Anal. Calcd for C19H3204: C, 70.33; H, 9.94. 
Found: C, 70.08; H, 9.86).9 
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5095 lOOOY 

(CDCl3) 6 0.96 (d, J = 6.4 Hz, 3H), 0.97 (d, J = 7.4 Hz, 3H), 

(CDC13) 6 11.47, 12.65, 15.69, 18.45,21.23,36.56,37.15, 37.70, 


