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Abslruct: The Cl&24 subunits (11, 12) of isolasalocid A (9) and lasalocid A (10) were synthesized 

stereoselectively via construction of the tetrahydrofuran and tetrahydropyran rings by acid-catalyzed cyclization 

of the corresponding p-methoxyphenylallyl alcohols (18,25). 

In connection with the synthetic study of naturally occurring polyether ionophore antibiotics with very 

complex structures, many methods for the stereocontrolled construction of substituted tehahydrofuran (THF) 

and tetrahydropyran (THP) rings, main structural units of the polyether antibiotics, have been reported, and 

some of them were successfully applied to the total synthesis of several antibiotics.2*3 We also developed a new 
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synthetic method of functionalized THP and THP (Scheme 1)4 for the purpose of establishing a common 

synthetic methodology of the polyether antibiotics. When ap-methoxyphenyl (MP) substituted ally1 alcohol (2 

or 3) derived from an aldehyde (1) was treated with an acid, the acid-catalyzed cyclixation via a cation 

intermediate (4) occurred to give THP (!I) and THP (6), which were easily converted to the corresponding and 

more versatile aldehydes, 7 and 8. In order to prove the superiority of this method, we applied it to a 

stereoselective synthesis of isolasalocid A (9)s and lasalocid A (1O),6 which were isolated from Streptomyces 

lasaliensis as representatives of a growing class of naturally occurring polyether ionophore antibiotics. Kishi3B 

and Ireland3hJ achieved the total synthesis of 10 by means of their own methodologies. We report in this paper 

the stereoselective synthesis of 9 and 10, describing the construction of the C rings (Cl&24 subunits),7 11 

and 12, and the total synthesis of 9 and 10 via the construction of the B rings (Ct2Cc24 subunits) and the aldol 

condensation with the Cl-Cl 1 aldehyde is reported in a subsequent paper. 

Isolasalocid A (9) Lasalocid A (10) 

OBn 

12 

Synthesis of MP-ally1 alcohols (18, 25) 

When the ulose (13)s derived from D-glucose was treated with ethyhnagnesium bromide, reduction of the 

carbonyl group mainly occurred and I4 was obtained in.‘only 19% yield, whereas on treatment with 

vinylmagnesium bromide, addition of the Grignard reagent readily occurred stereoselectively to give the tertiary 

alcohol in excellent yield. Hydrogenation of the vinyl group over palladium on charcoal (Pd-C) gave 14, which 

was converted to the aldehyde (15) in the usual way, and then treated with a stabilized ylid to give the lactone 

(16). Reduction with lithium aluminum hydride (LiAlQ), and subsequent protection of the 12-diol as an 

acetonide and oxidation with pyridinium chlorochromate (PCC) readily gave the aldehyde (17), which was 

subjected to Wittig-Homer reaction with a P-ketophosphonate, followed by the selective reduction of the 

carbonyl group with sodium borohydride (NaB&) in the presence of cerium chloride (CeCls), and the MP-ally1 

alcohol (18) was isolated in good yield. The overall yield from 13 to 18 via 12 steps was 51%. 

The aldehyde (2O)9 was converted to the alcohol (21) by treatment with 3-butenylmagnesium bromide. 

Swern oxidationto of 21 gave a ketone, which was treated with ethylmagnesium bromide. A chelation- 

controlled addition of the Grignard reagent occurred stereoselectivelyll to give 22, whose tertiary alcohol was 

protected with a benzyl group, and then the benzyloxymethyl (BOM) protecting group was removed to give 23. 

After protection of the secondary alcohol with a tert-butyldimethylsilyl (TBS) group, the double bond was 



Synthesis of isolasalocid A and lasalocid A-I 5981 

cleaved to the aldehyde (24), which was readily converted to the other MP-ally1 alcohol (25). The overall yield 

from 20 to 25 via 11 steps was 28%. 
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(a) 1) CH2=CHMgBr, THF. -20°C (91%); 2) Hz. lO%pd/C. AcOEt, tt (100%) (b) 1) NaH, BnCl, DMF, R (97%); 2) 4N HCl-THF 

(1 : 2). R (%J%); 3) Pb(OAc)4, benzene, R (97%) (c) 1) PhlP=CHCOzMe. 1.2~dichlcroetbme. reflttx (83%); 2) Hz, lO%Pd/C, AcOEt, 

R. then K$.X$ (97%) (d) 1) LiA& EtzO, 0°C (100%); 2) Me&(OMeh, CSA, benzene, R (100%); 3) PCC. 3A-MS, CH2C12, R 

(94%) (e) 1) NaH, (MeO)2P(O)CH~COMp, TtlF, 0°C (85%); 2) NaB&. Cccl> MeOH, 0°C (100%) (fl CHyCHCH$H~MgBr, THF, 

OY! (77%) (g) 1) Swetn Oxid. (84%); 2) EtMgBr, THF, OT (77%) (h) 1) NaH. BnBr, DMF, tt (100%); 2) 4N HCI-THF (1 : 2). 

45-6o”C (92%) (i) 1) TBSCI. imidazole, DMF, SOT (100%); 2) 0s04, NMO, acaonaHzO (4 : 1) (75%); 3) NaI04, MeOH (89%) (i) 

1) NaH, (MeO@YO)CH&JOMP, THF, 0°C (92%); 2) NaBb, C&l,, MeOH, 0°C (99%); 3) “Bu,NF, THF, R (100%) 

Scheme 2 

Synthesis of the clB’c24 subunit (11) of isolasalocid A (9) 

The MP-ally1 alcohol (18) was readily cyclized to the corresponding THF (27,2?3) by treatment with either a 

protonic acid or Lewis acid in various solvents, and the reactivity and stereoselectivity of the cyclization varied 

markedly with reaction conditions (Table 1). When 18 was treated with a catalytic amount of d-campborsulfonic 

acid (CSA) in benzene for 1 hour at room temperature, a 99:l mixture of the undesired THF (28) and the 

desired THF (27) was isolated in 60% yield (entry 1). The yield of the cyclization reaction was improved in 

THF to 82% (entry 2). In dichloromethane, the cyclization proceeded quite rapidly and efftciently (entry 3.4). 

In an initial stage, 28 was detected almost as a single product (entry 3), which came fairly rapidly to equilibrium 

with 27 (entry 4). The cyclization in methanol gave almost the same result (entry 5). A little slower reaction 

proceeded in tetrahydrofuran with hydrochloric acid (entry 6). Nonstereoselective cyclization was observed in 

the case of the trio1 (19) to give a 1 S: 1 mixture of 28 and 27. Therefore, it is obvious that the initial cyclization 
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of 18 was kinetically controlled by the steric effect between the isopropylidene group and the p-methoxystyryl 

group as shown in Scheme 4. 

Some Lewis acids were also effective for the cyclization (entry 7-10). Among many Lewis acids tested, zinc 

bromide (ZnBr2) was the most effective (entry 9,lO). The main product was, unfortunately, still the undesired 

28, which had the wrong configuration at the Clg position, but this problem was easily solved by 

epimerixation. 

The p-methoxystyryl group of 28 was oxidized with osmium tetroxide (OsO4), and the resulting diol was 

cleaved by periodate oxidation to give an aldehyde, which was treated with potassium hydroxide in methanol. 

Epimerixation at the Ctg position occurred smoothly and the cyclic hemiacetal(29) was obtained in good yield. 

18 Table 1 

27 28 

Scheme 3 

Table 1. Acid-Catalyzed Cyclixation of 18 at mom temperature 

entry catalyst solvent time Q yield (96) ratio 27: 28 

1 CSA benzene 1 60 1.0 : 99 

2 CSA THF 1 82 1.0 : 99 

3 CSA CH2Cl2 0.33 95 1.0 : 99 

4 CSA CH2Cl2 1 89 1.0 : 2.1 

5 CSA MeOH 1 86 1.0 : 2.3 

6 4NHCl THB 1.5 91 1.0: 10 

7 HgBq CH2Cl2 3 36 1.0 : 1.0 

8 Znc12 CH2Cl2 3 78 1.0 : 1.6 

9 ZnBr2 C&(32 3 96 1.0 : 1.7 

10 ZnBr2 CH2Cl2 24 99 1.0 : 1.5 

27 - 
MP 

- 28 
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Scheme 4 
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28 Ir 
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*) 1) oso4. MO. HzO-~tone (1 : 2). n (81%); 2) Nd04, MeOH. n (%%); 3) KOH, &OH, n (73%) (1) 1) LAW, E~~O,OOC 

(‘Oo40); 2, TBSQ, ihblc. O’C, CHzClz (93%); 3) BOMCL ‘@Et, C&Cl,, R (86%) (m) 1) 1N HCLJFF (1 : 5). n (97%); 

2, SW~JI Oxid. (93%) (n) 1) AczO. DMAP. Et& CH2C12, R; 2) CSA, c!H~c~~, n; 3) I,~Aw.,, &O, 00~; 4) scpmhon (41% d 

3 stW) (O) l) BOM”. iR2mt, af-32. n (100%); 2) 0s04, NMO, H20-acetone (1 : 6) (82%); 3) Na104, MeoH, R (85% via 3 sq& 

Scheme 5 

This hemiacetal (29) was readily converted to the Cts-C24 subunit (11) via a series of five conventional 

reactions; reduction with LiAlI$, protection of the Cl8 primary alcohol with a TEE group, protection of the Cz 

secondary alcohol with a BOM group, removal of tbe TBS group with hydrochloric acid, and Swem oxidation. 

Alternatively, 27 was obtained from 28 by an acid-catalyzed equilibration at tbe Ctg position, namely, the 

C23 acetate of 28 was treated with CSA at room temperature for 1 day. Removal of the acetyl group with 

LiAlf-Lt gave a 1: 1.4 mixture of 27 and 28, which were readily separated by silica gel chromatography. The 

secondary alcohol of 27 was protected with a BOM group, and then oxidation with 0~04, followed by 

periodate oxidation gave 11 in good yield. 

Synthesis of the Cla-C24 subunit (12) of lasalocid A (10) 

The results of cyclization of 25 are summarized in Table 2. The desired TIP (31) was mainly obtained from 

25 by a brief treatment with CSA, but both the yield and selectivity were inadequate (entry 1). At low 

temperature the yield was somewhat improved (entry 2). Since a prolonged acid treatment, however, caused the 

main kinetic product (31) to change gradually into the undesired THP (32); the ratio of 31 to 32 was reversed 

within several hours (entry 5), and after two days it was 1:4.3 (entry 6). It was therefore hardly possible to get 

31 selectively by the protonic acid treatment_ 

OBn 

25 Table 2 
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Scheme 6 
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Table 2. Acid-Catalyzed Cyclixation of 25 

entry catalyst solvent temperature 

1 CSA cyclz rl 

2 CSA c&32 &PC 

3 CSA cw32 ll 

4 4NHCl THF rt 

5 CSA cw2 rt 

6 CSA CW2 n 
7 CSA toluene 1oooC 

8 ZnM CWl2 rt 
9 zt-2 cw2 lt 

10 ZnBQ cw2 -2CPC 

time Yield(%) ratio31:32 

3min 54 4.4 : 1.0 
5br 67 4.3 : 1.0 

lOInin 78 2.0 : 1.0 

smin 79 1.7 : 1.0 

12hr 78 1.0 : 3.3 

2daY 60 1.0 : 4.3 
1daY 55 1.0 : 6.2 

25miu 77 4.5 : 1.0 

12hr 85 3.8 : 1.0 

1.5hr 79 14 : 1.0 

favor disfavor 

Scheme 7 

On treatment with ZnBr2 instead of CSA for a short time, similarly 25 gave mainly 31 (entry 8). When 

25 was treated with ZnBr2 for a long time, 31 was still the main product (entry 9), in contrast to the cyclization 

with CSA. The best result to get 31 selectively was achieved at low temperature (entry 10). 

It is obvious that 32 is thermodynamically more stable than 31, which was nevertheless the main product in 

the cyclization with ZnBr2 not only under kinetic conditions but also under thermodynamic conditions. This can 

be clearly explained in terms of a chelation-controlled reaction with ZnBr2 that mainly proceeded via a favorable 

intermediate as shown in Scheme 7. The cyclization of 26 having no chelating ability due to steric effect of 

bulky TBS group supported this mechanism; thus, when 26 was treated with ZnBr2 under the same conditions 

as described in entry 10, the non-chelation controlled product (33) was mainly obtained with 24:l 

stereoselectivity. 

Finally, oxidative cleavage of the double bond of 31 by treatment with 0~04 and then sodium periodate 

(NaIO4) readlily gave the C18-C24 subunit (12) of lasalocid A (10). 

31 
1) oso4. NM3 

2) NatO., 
1 2 

82% 

OTSS .,a 
H H 

33 

Scheme 8 
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The total synthesis of isolasalocid A (9) and lasalocid A (10) via construction of the corresponding B rings is 

reported in the subsequent paper. 

Experimental 

5-Deoxy-3-C-ethyl-l,2-O-(l-methylethylidene)-~-D-ribofuranose (14) 

A solution of the ulose (13) (9.49g, 55mmol) in THF (25ml) was added dropwise to a stirred solution of tbe 

Griguard reagent, prepared from Mg (2.43g, lOOmmol), (CH2Br)z (O.O3ml), and vinyl bromide (7.Om1, 

99mmol) iu THF (75ml), at 0°C. After being stirred overnight at room temperature, the reaction mixture was 

poured into aqueous NH&l with crushed ice, and extracted with ether. The extract was dried over MgS04, and 

evaporated. The residue was chromatographed on a silica gel column (n-hexaue-EtGAc 3:l) to give 5-deoxy- 

1.2-0-(1-methylethylidene)-3-C-vinyl-a-D as colorless prisms (lO.lg, 91%). mp 77-78’C. IB 

(Nujol) v (cm-l): 3450. tH-NMR (CDC13) 8: 1.14 (d, 3H, J=6.5Hz), 1.36 (s, 3H), 1.60 (s, 3H), 2.61 (d, lH, 

J=l.OHz), 3.97 (q. lH, J=6.5Hz), 4.23 (d, lH, J=4.0Hz), 5.31 (dd, lH, J=2.5, 10.5Hz), 5.46 (dd, lH, 

J=3.0, 17.5Hz), 5.77 (ddd, lH, J=l.O, 10.0, 17.5Hz), 5.81 (d, lH, .kl.OHz). ELMS m/z (a): 185 (M+-15, 

0.9), 125 (8.5), 98 (lOO), 97 (74), 84 (60), 59 (97). Anal Calcd for CluHl604: C, 59.98; H, 8.05. Found: C, 

59.82; H, 7.92. 

A stirred solution of the above olefin (14.7g, 73.5mmol) in EtOAc (50ml) was hydrogenated over 10% W-C 

(2.lg) for 2 hr. After removal of the catalyst by filtration, the filtrate was evaporated in vacua. The residue was 

chromatographed on a silica gel column (n-hexane-EtOAc 7:l) to give 14 as colorless needles (15.2g, 100%). 

mp 79.5-80.5”C. [a]~18 +20” (c=O.4, CHC13). lB (Nujol) v (cm-l): 3450. tH-NMB (CDC13) 6: 0.99 (t, 3H, 

J=7.OHz), 1.19 (d, 3H, J=6.5Hz), 1.37 (s, 3H), 1.57 (s, 3H), 1.53-1.72 (m, 2H), 2.46 (d, lH, J=l.SHz), 

3.91 (q, lH, J=6.5Hz), 4.29 (d, lH, J=4.OHz), 5.72 (d, lH, J=4.0Hz). ELMS m/z (%): 187 (M+-15, l.O), 

144 (9.0), 129 (ll), 127 (15), 100 (74), 86 (29), 71 (lOO), 59 (96). HR-MS m/z Calcd for CeHt504 (M+-15): 

187.09713. Found: 187.09826. Anal Calcd for CtnH1604: C, 59.98: H, 8.05. Found C, 59.82; H, 7.92. 

(2R,3R)-Benzyloxy-2-ethyl-formyloxybutanal (15) 

BnCl (lOm1, 87mmol) and a solution of 14 (10.7g, 53mmol) in DMF (50ml) were successively added 

dropwise to a stirred suspension of NaH [60% oil dispersion (3.98g, 99mmol), washed with n-hexane] in DMF 

(1OOml) at room temperature. After 7 lu, EtzNH (12ml) was added, and the stirring was continued for 5 hr. The 

mixture was poured into aqueous Nl-L$l with crushed ice, and extracted with CH2C12. The extract was washed 

with 2N HCl, saturated NaHC03, and brine, dried over MgS04, and evaporated in vacua. The residue was 

chromatographed on a silica gel column (n-hexaue-EtOAc 9:l) to give 3-O-benzyl-5deoxy-3-C-ethyl-1,2-0-(1- 

methylethylidene)~a-D-ribofuranose as a colorless oil (15.lg, 97%). lH-NMR (CDC13) 6: 1.04 (t. 3H, 

J=7.5Hz), 1.26 (d, 3H, J=7.5Hz), 1.36 (s, 3H), 1.61 (s, 3H), 1.45-1.60 (m, 2H), 4.31 (q, lH, J=7.5Hz), 

4.42 (d, lH, .kLOHz), 4.55 (d, IH, J=12.OHz), 4.68 (d, lH, J=12.0Hz), 5.69 (d, lH, J=4.0Hz), 7.25-7.41 

(m, 5H). ELMS m/z (%): 277 (M+-15, 0.7) 234 (1.0) 216 (0.9) 190 (2.3), 157 (3.9), 143 (12), 91 (100). 

HB-MS m/z Calcd for CteH2104 (M+-15): 277.14411. Found: 277.14342. Anal Calcd for CloHtg04: C, 

59.38; H, 8.97. Found: C, 59.59: H, 8.97. 

4N HCl (12Oml) was added to a stirred solution of the above benzyl ether (12.6g, 43.2mmol) in THF 

(24Oml) at room temperature. After 24 hr. the reaction mixture was neutralized with 4N NaOH, concentrated in 
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vacua, and extracted with CH2Cl2. The extract was dried over MgS04, and evaporated in VCJCUO to leave ~II oil, 

which was chromatographed on a silica gel column (n-hexane-EtOAc 3:l) to give 3-O-~nzyl-5-deoxy-3-C- 

ethyl-a-D-ribofuranose as a pale yellow oil ( 10.8g, 99%). t H-NMR (CDCl3) 6: 1.06 (t, 6/5H, J=7SHz), 1. lo 

(t. 9/5H, J=7.5Hz), 1.25 (d, 9/5H, J=7.OHz), 1.32 (d, 6/5H, J=7.0Hz), 1.39-2.14 (m, 2H), 3.10 (d, 2/5H, 

J~~.OHZ), 3.11 (dd, 3/5H, J=4.5, ll.OHz), 3.89 (dd, 2/5H, J=7.0, 8.OHz), 3.93 (dd, 3/5H, J=6.5, 9.5Hz), 

4.27-4.59 (m, lH), 5.12-5.27 (m, lH), 7.34 (s, 5H). EI-MS m/z (%): 234 (M+-18, 0.4), 216 (M+-36, 0.3), 

207 (0.6), 205 (0.7), 190 (1.5), 170 (l.O), 149 (2.8), 144 (3.7), 143 (4.0), 133 (6.8), 91 (100). 57 (77). 

Pb(OAc)4 (2Og, 45mmol) was added to a stirred solution of the above diol(5,5g, 21.8mmol) in dry benzene 

(5Oml) at room temperature under argon. After 30 min, the reaction mixture was filtered, and the filtrate was 

evaporated in vucuo. The residue was dissolved in n-hexane, insoluble materials were removed by filtration, and 

liltrate was evaporated in vucw to leave an oil, which was chromatographed on a silica gel column (n-hexane- 

EtOAc 2:l) to give 15 as a colorless oil (5.3g, 97%). IR (neat) v (cm-t): 1740, 1720. IH-NMR (CDCl3) 6: 

0.92 (t, 3H. J=7.5Hz). 1.28 (d, 3H, J=6.5Hz), 1.91 (q, 2H, J=7.0Hz), 4.52 (d, lH, J=ll.OHz), 4.70 (d, 

lH, J=ll.OHz), 5.47 (q, lH, J=6.5Hz). 7.36 (s, 5H), 8.10 (s, 1H). 9.70 (s, 1H). EI-MS m/z (%): 221 (M+- 

29. 5.8), 105 (4.7), 91 (100). 

(4S,SR)-4,J-Dihydroxy-4-ethylhexanoic Acid 1,4-Lactone (16) 

Methoxycarbonylmethylenetriphenylphosphorane (27g, 8Ommol) was added to a stirred solution of 15 (15g, 

60mmol) in (CH2Cl)z (2OOml) at 60-7OT. After 12 hr, the phosphorane (1 lg) was added, the stirring was 

continued for another 12 hr, and then the reaction mixture was concentrated in vucw. The residue was taken up 

in n-hexane, insoluble materials were filtered off, and the filtrate was evaporated in vucuo to leave an oil, which 

was chromatographed on a silica gel column (n-hexane-EtOAc 8:l) to give the recovered 15 (l.Og, 6.7%) and 

methyl (4!T,5R.2E)-4-benzyloxy-4-ethyl-5-formyloxy-2-hexenoate as a colorless oil (14.2g, 77%; 83% based 

on the consumed 15). [a]D” 39” (c=1.73, CHC13). IR (neat) v (cm-l): 1720, 1650, 1630. lH-NMR (CDC13) 

6: 0.90 (t, 3H, J=7.5Hz), 1.27 (d, 3H, J=6.5Hz), 1.68 (dq, lH, J=15.0, 7.5Hz), 1.99 (dq, lH, J=15.0, 

7.5Hz), 3.76 (s, H), 4.41 (d, lH, J=ll.SHz), 4.58 (d, lH, J=ll.SHz), 5.31 (q, lH, J=6.5Hz), 6.16 (d, lH, 

J=16.0Hz), 6.89 (d, lH, J=16.OHz), 7.33 (s, 5H), 8.12 (s, 1H). ELMS m/z (%): 233 (M+-73, 3.4), 143 

(5.6), 129 (11). 91 (100). HR-MS m/z Calcd for C&it703 (M+-73): 233.11787. Found: 233.11622. 

A stirred solution of the above unsaturated ester (4.9g, 16mmol) in MeOH (200ml) was hydrogenated over 

10% W-C (1.56g). AtIer 24 hr, K2CO3 (lg) was added, and the stirring was continued for 1 hr. The catalyst 

was removed by Ntration, and the filtrate was evaporated in vucuo to leave an oil, which was chromatographed 

on a silica gel column (n-hexane-EtOAc 4:1-2:l) to give 16 as a colorless oil. (44g, 97%). [a]D2* -19’ (c=1.92, 

CHC13). JR (neat) v (cm-l): 3450, 1760. tH-NMR (CDCl3) 6: 0.98 (t, 3H, J=7.5Hz), 1.16 (d, 3H, J=6.5Hz), 

1.68 (q, 2H, J=7.5Hz), 1.76-1.93 (m, lH), 1.55-2.06 (br, lH), 2.32 (dd, lH, J=7.5, 10.5Hz), 2.47-2.72 

(m, 2H), 4.01 (q, lH, J=6.5Hz). ELMS m/z (%): 159 (M++l, 0.1) 129 (M+-29, 5.2). 114 (ll), 113 (100). 

95 (1 l), 85 (12). HR-MS m/z Calcd for C&I903 (M+-29): 129.05523. Found: 129.05520. 

3-[(4S,5R)-(4-Ethyl-2,2,5-trimethyl-1,3-dioxo~an)-4-yllpropanal (17) 

A solution of 16 (2.448, 15.4mmol) in ether (1Oml) was added dropwise to a stirred suspension of LiAlH4 

(l.l7g, 30.8mmol) in ether (3Oml) at 0°C. After 5 hr, a mixture of ether and MeOH (10: 1) was carefully added, 

then Hz0 (1.2ml), 15% NaOH (1.2ml), and Hz0 were successively added, stirring was continued for 8 hr, and 

the mixture was extracted with ether and then with CH2Cl2. The combined extracts were dried over Na2S04, 

and evaporated in vacua to leave an oil, which was chromatographed on a silica gel column (CH2C!lz-MeOH 
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50:1-15:l) to give (45,5R)-4-ethyl-1,4,5hexanetriol as a colorless oil (2.5g. 100%). IR (neat) v (cm-t): 3400. 

tH-NMR (CDCl3) 6: 0.89 (t. 3H, J=7.5Hz), 1.17 (d, 3H, J=6.5Hz), 1.45-1.75 (m, 6H), 2.00-2.60 (br. 3H), 

3.61-3.83 (m, 3H). ELMS m/z (%I: 145 (M+-17, 0.2). 117 (11). 115 (13), 103 (13), 99 (56). 85 (7.7). 69 

(9.0), 57 (100). 

2,ZDimethoxypropane (lml) and CSA (20mg) were added to a stirred solution of the above trio1 (O&g, 

2.84mmol) at room temperature. After 3 hr, Et3N (0.02ml) was added, and the mixture was extracted with 

CH2Cl2. The extract was washed with brine, dried over Na2S04, and evaporated in vucuo to leave an oil, which 

was chromatographed on a silica gel column (n-hexane-EtOAc 3: 1) to give 3-[(4s,5R)-4-etbyl-2,2,5-trimethyl- 

1,3-dioxolan-4-yllpropanol as a colorless oil (0.58g, 100%). IR (neat) v (cm-t): 3450. rH-NMR (CDCl3) 6: 

0.88 (t, 3H, J=7.5Hz), 1.13 (d, 3H, J=6.5Hz), 1.36 (s, 3H), 1.44 (s, 3H), 1.48-1.86 (m, 6H), 2.07 (br, lH), 

3.67 (m, 2H), 4.06 (q, lH, J=6.5Hz). W-NMR (CDC13) 6: 8.34 (q). 14.70 (q). 26.58 (t), 26.78 (q), 28.12 

(t), 28.41 (q), 29.37 (t), 63.38 (t), 77.13 (d), 83.86 (s), 106.40 (s). ELMS m/z (%): 187 (M+-15, 8.2), 173 

(0.5), 143 (32), 137 (42), 109 (17), 86 (76), 58 (86), 43 (100). 

FCC (4.26g, 19.8mmol) was added to a vigorously stirred suspension of the above alcohol (1.6g, 

7.92mmol), powdered molecular sieves 3A (4.26g), and anhydrous NaOAc (0.39g, 4.76mmol) at room 

temperature. After 30 mm, the reaction mixture was passed through a short silica gel column (n-hexane-EtOAc 

3:1) to &Ve 17 a a cdorkss oil (1.5g, 94%). [a]~ l8 -14“ (c=1.2, CHC13). tH-NMR (CDC13) 6: 0.88 (t, 3H, 

J=7.5Hz), 1.25 (d, 3H, J=6.5Hz), 1.35 (s, 3H), 1.40 (s, 3H), 1.46-2.07 (m, 4H), 2.45-2.68 (m, 2H), 4.07 

(q, lH, J=6.5Hz), 9.84 (t, lH, J=l.SHz). EI-MS m/z (8): 201 (M++l, 0.6), 185 (22), 143 (24), 125 (24), 85 

(60), 58 (74), 43 (100). HR-MS m/z Calcd for CttH2tO3 (MH+): 201.1485. Found: 201.1485. 

(2E)-5-[(4S,S~)-4-Ethyl-2,2,5-trimethyl-l,3-dioxolan-4-yl)]-l-(4-methoxyphenyl)pent-2- 

en-l-01 (18) 

Dimethyl (4-methoxyphenyl)carbonylmethanephosphonate (1.88g, 7.04mmol) was added to a stirred 

suspension of NaH [60% dispersion (0.27g, 6.75mmol), washed with n-hexane] in ‘D-IF (20ml) at 0°C. After 

20 min at room temperature, a solution of 17 (0.78g, 3.9mmol) was added dropwise, and stirring was 

continued for 2 hr. After addition of aqueous NH&l, the mixture was extracted with ether. The extract was 

dried over MgS04, and evaporated to leave an oil, which was chromatographed on a silica gel column (n- 

hexane-EtOAc 8:l) to give (2~)-5-[(4~,5~)-4-etyl-2,2,5-trimethyl-l,3-dioxolan-4-yl)]-l-(4-methoxyphenyl)- 

pent-2-en-l-one as a colorless oil (l.lg, 85%). IR (neat) v (cm-l): 1670, 1620, 1600. tH-NMR (CDCl3) 6: 

0.91 (t, 3H, J=7.5Hz), 1.24 (d, 3H, J=6.5Hz), 1.37 (s, 3H), 1.44 (s, 3H), 1.48-1.59 (m, lH), 1.64 (q, 2H, 

J=7.5Hz), 1.62-1.81 (m, lH), 2.22-2.56 (m, 2H), 3.88 (s, 3H), 4.06 (q, lH, J=6.5Hz), 6.91 (d, lH, 

J=l4.OHz), 6.95 (d, 2H, J=g.OHz), 7.09 (dt, lH, J=14.0, 7.OHz). 7.95 (d, 2H, .k9.OHz), ELMS m/z (%): 

332 (M+, 0.9), 317 (M+-15, 5.2), 275 (6.8). 274 (7.9), 257 (5.6), 256 (4.0), 202 (7.0). 189 (41), 135 (100). 

The above enone (1.42g, 4.28mmol) and then NaRH4 (0.32g, 8.46mmol) were added to a stirred 0.4M 

solution of CeC13 in MeOH (1Oml) at 0°C. After 10 min, Hz0 and ether were added, and the mixture was 

extracted with ether. ‘lbe extract was washed with brine, dried over MgSO4, and evaporated in vucuo to leave an 

oil, which was chromatographed on a silica gel column (n-hexane-EtOAc 8:l) to give 18 as a colorless oil 

(1.43g, 100%). WNMR (CDC13) 6: 0.87 (t, 3H, J=7.5Hz), 1.20 (d, 3H, J=6.5Hz), 1.34 (s, 3H), 1.40 (s, 

3H), 1.33-1.45 (m, Z-f), 1.53-1.68 (m, 2H), 1.88 (br, lH), 1.96-2.23 (m, 2H), 3.80 (s, 3H), 4.01 (q, lH, 

J=6.5Hz), 5.12 (d, lH, J=5.5Hz), 5.68 (dd, lH, J=5.5, 15.OHz), 5.75-5.86 (m, IH), 6.88 (d, 2H, 
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J=8SHz). 7.29 (d, 2H, J=9.OHz). ELMS m/z (a): 334 (M+, 0.3), 319 (M+-15, 1.3), 316 (M+-18, 0.9). 

276 (6.9), 258 (13). 241 (9.8), 173 (51), 143 (lOO), 135 (87), 121 (74), 86 (82), 85 (78). 

(lRS,6S,7R)-CEthyl-l-(4-methoxyphenyl)octane-l,6,7-triol (19) 

(1RS,6S.7R)-6,7-di-tert-butyldimethylsilyloxy-6-ethyl-l-(4-methoxyphenyl)octan-l-ol (596mg, 

l.l4mmol), derived from 16 (389mg, 2.46mmol) via (4S,5R)-4,5-di-tert-butyldimethylsilyloxy-5- 

ethylhexanal(766mg 1.97mmol) in 46% overall yield according to a method quite similar to that described for 

the preparation of 18, was heated with n-BuqNF (9. lml of 1 M solution in THF, 9. lmmol) in THF (13ml) and 

DMF (1.3ml) under heating at 60°C for 3 hr. The reaction mixture was diluted with ether (7Oml), washed with 

H20 and brine, dried over anhydrous Na2S04, and evaporated in vucuo to leave an oil, which was 

chromatographed on a silica gel column (EtGAc) to give 19 as a colorless oil (322mg, 96%). IR (neat) v (cm- 

‘): 3500. lH-NMR (CDC13) 6: 0.80 (t, 3H, J=7.5Hz), 0.95 (d, 1.5H, J=6.0Hz), 0.96 (d, 1.5H, J=6.0Hz), 

1.26-1.64 (m, 7H), 1.93-2.02 (m, lH), 2.14-2.21 (m, lH), 3.35 (s, 3H), 3.48 (q, lH, J=6.OHz), 5.04 (d, 

lH, J=4.5Hz), 5.67-5.75 (m, 2H), 6.87 (d, 2H, J=8.5Hz), 7.34 (d, 2H, J=8.5Hz). FAB-MS m/z (%): 276 

(M’-18, 31). 259 (18), 242 (79), 231 (23). 219 (ll), 213 (13), 173 (36), 167 (16), 159 (22), 155 (21), 154 

(lOO), 150 (26), 149 (52), 147 (16), 143 (23), 137 (52), 136 (64), 121 (44), 107 (26), 91 (23), 89 (25). HR- 

MS m/z Calcd for Ct7H2403 (M+-18): 276.1719. Found: 172.1719. 

(2S,3RS)-2-Benzyloxymethoxyhept-6-en-2-o1 (21) 

A solution of 20 (4.8g, 24.7mmol) in THF (1Oml) was added dropwise to a stirred solution of the Grignard 

reagent, prepared from Mg (2.48g, O.lmol) and 4-bromobut-l-ene (12m1, 11 Immol) in THF (2OOml), at O’C. 

After being stirred overnight, the reaction mixture was poured into aqueous NH&l with crushed ice, and 

extracted with ether. The extract was washed with brine, dried over MgSO4, and evaporated in vucuo to leave an 

oil, which was chromatographed on a silica gel column (n-hexane-EtOAc 5:l) to give 21 as a colorless oil 

(4.75g. 77%). IR (neat) v (cm-t): 3600. tH-NMR (CDC13) 8: 1.21 (d, 3H, J=6.0Hz), 1.44-1.67 (m, 2H), 

2.09-2.36 (m. 2H), 2.58 (d, lH, J=6.0Hz), 3.32-3.98 (m, lH), 3.66 (q, lH), 4.64 (s, 2H), 4.93 (m, 2H), 

4.92-5.04 (m, lH), 3.66 (q, lH), 4.64 (s; 2H), 4.93 (m, 2H), 4.92-5.04 (m, lH), 4.96-5.16 (m, lH), 5.84 

(ddt, lH, J=lO.O, 17.0, 6.5Hz), 7.34 (s, 5H). FAB-MS m/z (%): 251 (MH+, 14). 244 (6.9), 233 (4.7), 219 

(4.1), 197 (3.2), 185 (6.2), 154 (35), 149 (12) 143 (lo), 138 (14), 137 (27), 136 (24) 107 (17), 91 (lOO), 77 

(38), 67 (22) 57 (34). HR-MS m/z Calcd for Ct5H23G3 (MH+): 251.1641. Found: 251.1635. 

(2S,3R)-2-Benzyloxymethoxy-3-ethylhept-6-en-3-o1 (22) 

DMSO (9.9ml) in CH2C12 (1Oml) was added to a stirred solution of oxalyl chloride (4.45m1, 5lmmol) in 

CHzC12 (8Oml) at -78°C under argon. A solution of 21 (8.6g, 34.4mmol) in CH2C12 (1Oml) was then added 

dropwise. After 1.5 hr at -78--5O“C, Et3N (20.6ml) was added dropwise, and stirring was continued for 2 hr. 

CHzCl2 and H20 were added, and the CH2C12 layer was washed with brine, dried over MgS04, and 

evaporated in VUCZAO to leave an oil, which was chromatographed on a silica gel column (n-hexane-EtGAc 3: 1) to 

give (2S)-2-benzyloxymethoxyhept-6-en-3-one as a colorless oil (7.07g, 84%). [ah-+* -23’ (c=1.04, CHCl3). 

IR (neat) v (cm-t): 1720, 1640. tH-NMR (CDC13) 6: 1.34 (d, 3H, J=7.0Hz), 2.27-2.35 (m, 2H), 2.53-2.73 

(m, 2H), 4.20 (q, lH, J=6.5Hz), 4.63 (s, 2H), 4.77 (d, lH, J=7.0Hz), 4.84 (d, lH, J=7.OHz), 4.97 (ddt, 

lH, 5=3.0, 10.5, l.OHz), 5.03 (ddt, lH, 5=3.5, 17.0, 2.OHz), 5.79 (ddt, lH, J=10.5, 17.0, 6.OHz), 7.27- 

7.39 (m, 5H). ELMS m/z (%): 165 (M+-83, 1.7), 135 (12), 91 (lOO), 83 (23). 

The above ketone (1.55g, 6.3mmol) was treated with EtMgBr, prepared from Mg (l.O6g, 43.6mmol) and 

EtBr (3.Oml), in THF (310ml) at -78’C. Work-up as described for 14 gave 22 as a colorless oil (1.34g, 77%). 
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[u]$ +26” (c=O.61, CHC13). IR (neat) v (cm-l): 3550, 3400. lH-NMR (CDC13) 6: 0.90 (t, 3H, J=7SHz), 

1.18 (d, 3H, J=6.OHz), 1.39-1.56 (m, 2H), 1.61-1.72 (m, 2H), 1.97-2.27 (m, 2H), 2.26-2.40 (br, H-I), 3.72 

(q, lH, J=6.OHz), 4.62 (d, lH, J=9.5Hz), 4.67 (d, lH, J=9SHz), 4.81 (d, lH, J=7.OHz), 4.86 (d, lH, 

J=7.OHz), 4.95 (ddt, lH, J=2.0, 10.5, l.OHz), 5.03 (ddt, lH, J=3.5, 17.0, 1.5Hz), 5.84 (ddt, lH, J=10.5, 

17.0, 6.5Hz). 7.27-7.36 (s, 5H). FAB-MS m/z (96): 279 (MH+, 10). 244 (5.7). 231 (5.5), 219 (4.0). 197 

(4.3), 181 (4.8), 171 (17). 154 (31) 141 (24). 137 (22), 136 (24), 91 (lOO), 77 (15), 57 (19). HR-MS m/z 

Calcd for C17H2703 (MH*): 279.1953. Found: 279.1960. 

(2S,3R)-3-Benzyloxy-3-ethylhept-6-en-2-o1 (23) 

To a suspension of NaH (60% oil dispersion, 1,37g, 34.3mmol) in dry DMF (30ml) was slowly added 

dropwise the alcohol (22) (5.29g, 19mmol) in dry DMF (30ml) at room temperature. After being s&red for 2 

hr, benzyl chloride (5.7m1, 48mmol) was added into the solution. After being stirred for 2 hr at room 

tamperature, the resulting mixture was poured into a cold aqueous NH&l solution, and extracted with ether 

(1OOml X 2). The extract was washed with Hz0 and brine, and then dried over anhydrous MgS04. The 

organic solvent was evaporated under reduced pressure to leave an oil, which was chromatographed on a silica 

gel column (EtOAc - n-hexane 1 : 10) to give (5R,6S)-5-benzyloxy-6-benzyloxymethoxy-5-ethylbept-l-ene as a 

colorless oil (7.Og, 100%). [a]~18 +28” (c=1.74, CHC13). lH-NMR (CDC13) 6: 0.94 (t, 3H, J=7.5Hz), 1.29 

(d, 3H, J=6.OHz), 1.62-1.85 (m, 4H), 2.06-2.20 (m, 2H), 3.86 (q, lH, J=6.0Hz), 4.49 (d, lH, J=ll.SHz), 

4.61 (d. lH, J=ll.SHz), 4.62 (d, lH, J=12.0Hz), 4.67 (d, lH, J=12.0Hz), 4.78 (d, lH, J=7.OHz). 4.86 (d. 

1H. J=7.OHz), 4.91-4.96 (m, lH), 5.02 (ddt, lH, J=2.0, 17.0, 1.5Hz), 5.84 (ddt, lH, J=10.5, 17.0. 6.5Hz), 

7.21-7.38 (m, 10H). ELMS m/z (%): 247 (M+-121, O.l), 233 (O.l), 203 (16), 185 (3.2), 91 (100). 

4N HCl (1OOml) and MeOH (2Oml) were added to a stirred solution of the above ether (7.05g, 19.lmmol) in 

THF (2OOml). After 4 hr at 5O”C, the reaction mixture was neutralized with NaHC03, and extracted with ether. 

The extract was dried over MgS04, and evaporated in vucuo to leave an oil, which was chromatographed on a 

silica gel column (n-hexane-EtOAc 8: 1) to give the recovered ether (1.3 lg) and 23 as a colorless oil (3.548, 

75%; 92% based on the consumed starting material). [o]B18 +20” (c=O.81, CHCl3). IR (neat) v (cm-l): 3520. 

lH-NMR (CDCl3) 6: 0.94 (t, 3H, J=7.5Hz), 1.21 (d, 3H, J=6.0Hz), 1.52-1.81 (m, 4H), 2.08-2.23 (m, 2H), 

2.32-2.43 (m, lH), 2.40-2.52 (br, lH), 3.97 (q, lH, J=6.5Hz), 4.44 (d, lH, J=ll.SHz), 4.48 (d, lH, 

J=ll.OHz), 4.92-4.96 (m, lH), 5.03 (ddt, lH, J=2.0, 17.0, 1.5Hz), 5.38 (ddt, lH, J=10.5, 17.0, 6.5Hz), 

7.27-7.36 (m, 5H). FAB-MS m/z (S): 249 (MH+, 8.3), 244 (7.6), 231 (lo), 219 (lo), 203 (33), 154 (64), 

137 (36), 136 (41), 91 (lOO), 89 (11X 77 (11) 43 (11). HR-MS m/z Calcd for CleH2&(MH+): 249.1848. 

Found: 249.1877 

(4R,5S)-4-Benzyloxy-5-tert-butyldimethylsilyloxy-4-ethylhexanal (24) 

Imidazole (3.5g, 51.5mmol) and TBS chloride (3.9g, 25.8mmol) were added to a stirred solution of 23 

(3.2g, 12.9mmol) in DMF (40ml) at room temperature. After being heated at 80°C for 6 hr, the reaction mixture 

was cooled to room temperature, diluted with Hz0 and ether, and then extracted with ether. The extract was 

washed with brine, dried over MgS04, and evaporated in vucuo to leave an oil, which was chromatographed on 

a silica gel column (n-hexane-EtOAc 12: 1) to give (5R,6S)-5-benzyloxy-6-tert-butyldimethylsilyloxy-5- 

ethylhept-1-ene as a colorless oil (5.07g, 100%). [o]D19 +12’ (~0.92, CHCl3). lH-NMR (CDC13) 6: 0.06 (s, 

3H), 0.08 (s, 3H), 0.90 (t, 3H, J=7SHz), 1.24 (d, 3H. J=6.OHz), 1.50-1.61 (m, lH), 1.65-1.85 (m, 3H), 

1.96-2.20 (m, 2H), 3.87 (q, lH, J=6.OHz), 4.48 (d, lH, J=ll.SHz), 4.66 (d, lH, J=ll.SHz), 4.90-4.97 (m, 

IH), 4.97-5.07 (m, lH), 5.84 (ddt, lH, J=10.5, 17.0, 6.5Hz), 7.23-7.35 (m, 5H). EI-MS m/z (%): 333 
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(O-2), 305 (2.6), 263 (0.7), 213 (1.0). 203 (19), 159 (9.4), 91 (100). HR-MS m/z Calcd for C2uH3302Si 

(M+-29): 333.22493. Found: 333.22327. 

N-Methyhnorpholine oxide (NMO) (3.65g.27mmol) and 0~04 (1Omg) were added to a &red solution of 

the above olefin (6.51g, llmmol) in acetone (200ml) and H20 (45ml) at room temperature. After 6 hr, 

Na2S204, Elite, and Hz0 were added, and stirring was continued overnight. The mixture was filtered, and the 

filtrate W&S adjusted to pH 7 with 2% H2SO4 and then concentrated in vucuo. The aqueous residue was 

extracted with CH2C12, and the extract was washed with brine, dried over Na2S04, and evaporated in vacua to 

leave an oil, which was chromatographed on a silica gel column (n-hexane-EtOAc 5:l) to give (2RS,5R@)-5- 

benzyloxy-6-ferf-butyldimethy~silyloxyJethyl-1, 2-heptanediol as a colorless oil (5.34g, 75%). IK (neat) v 

(cm-l): 3530, 3380. lH-NMK (CDC13) 8: 0.06 (s, 3/2H), 0.07 (s, 3/2H), 0.09 (s, 3H), 0.90 (t, 3/2H, 

J=7.5Hz), 0.91 (s, 9H), 0.91 (t, 3/2H, J=7.5Hz), 1.25 (d, 3/2H, J=6.0Hz), 1.26 (d, 3/2H, J=6.OHz), 1.39- 

1.69 (m, 3H), 1.70-1.97 (m, 5H), 3.40 (dd, 1/2H, J=3.5, 7.5Hz), 3.44 (dd, WH, J=3.0, 7.5Hz), 3.59-3.74 

(m, 2H). 3.86 (q, lH, J=6.5Hz), 4.51 (d, lH, J=l1.5Hz), 4.73 (d, 1/2H, J=ll.SHz), 4.77 (d, 1/2H, 

J=ll.SHz). 7.25-7.33 (m, 5H). EI-MS m/z (%): 307 (M+-89, 0.3), 259 (0.9), 257 (2), 231 (1.5), 219 (16). 

129 (22), 91 (100). 

NaI04 (5.69g, 26.6mmol) was added to a stirred solution of the above diol (5.278, 13.3mmol) in MeOH 

(5fhnl) and Hz0 (25ml) at room temperature. After 30 min, the reaction mixture was filtered, and the filtrate was 

concentrated in v(2cuo. The aqueous residue was extracted with ether, then the extract was washed with brine, 

dried over MgS04, and evaporated in vacua to leave an oil, which was chromatographed on a silica gel column 

(n-hexane-EtOAc 2&l) to give 24 as a colorless oil (4.28g, 89%). [o]D19 +12’ (c=l.lO, CHC13). IK (neat) v 

(cm-l): 1710. lH-NMK (CDC13) 6: 0.05 (s, 3H), 0.09 (s, 3H), 0.90 (s, 9H), 0.91 (t, 3H, J=7.5Hz). 1.24 (d, 

3H, J=6.0Hz), 1.60 (dq, lH, J=14.5, 7.5Hz), 1.65 (dq, lH, 5=14.5, 7.5Hz), 1.76-2.00 (m, 2H), 2.47 

(dddd, lH, J=1.5, 5.5, 9.5, 17.5Hz). 2.64 (dddd, lH, J=2.0, 6.0, 10.5, 17.5Hz), 3.88 (q, lH, J=6.5Hz), 

4.43 (d, lH, J=ll.SHz), 4.63 (d, lH, J=ll.SHz), 7.21-7.33 (m, 5H), 9.76 (dd, lH, J=1.5, 2.OHz). EI-MS 

m/z (%): 307 (M+-57, 0.4), 221 (1.4), 215 (0.9), 205 (1.2), 159 (8.5), 113 (8.9), 91 (100). HK-MS m/z 

Calcd for Cl7H2703Si (M+-57): 307.17290. Found: 307.17453. 

(1RS,2E,6R,7S)-6-Benzyloxy-6-ethyl-l-(4-methoxyphenyl)oct-2-ene-l,7~diol (25) 

A solution of 24 (4.28g, 11.8mmol) in THF (20ml) was added dropwise to a stirred solution of the 

ketophosphonate reagent, prepared from NaH (60% oil dispersion, 0.58g, 14.5mmol) and dimethyl (4- 

methoxyphenyl)carbonyhnethanephosphonate (3.48g, 15.4mmol). After 6 hr at room temperature, work-up as 

described for 18 gave the recovered 24 (0,77g, 18%) and (2E,6R,7S)-6-benzyloxy-7-tert- 

butyldimethylsilyloxy-6-ethyl-1-(4-methoxyphenyl)oct-2-en-l-one as a colorless oil (4.398,75%; 92% based 

on the consumed 24). [a]D19 +ll” (~0.85, CHCl3). IR (neat) v (cm-l): 1670. lH-NMB (CDCl3) 6: 0.07 (s, 

3H), 0.10 (s, 3H), 0.91 (s, 9H), 0.95 (t. 3H, J=7.5Hz), 1.26 (d, 3H, J=6.OHz), 1.59-1.96 (m, 4H), 2.20- 

2.55 (m, 2H), 3.88 (s, 3H), 3.90 (q. lH, J=6.0Hz), 4.49 (d, lH, J=ll.SHz), 4.66 (d, lH, J=ll.SHz), 6.88 

(d, lH, J=15.5Hz), 6.98 (d, 2H, J=9.0Hz), 7.07 (dt, lH, J=15.5, 6.5Hz), 7.24-7.35 (m, 5H), 7.93 (d, 2H, 

J=9.OHz). E&MS m/z (%): 467 (O.l), 439 (2.0), 361 (1.01, 337 (16), 159 (13), 139 (28), 135 (37). 91 (100). 

HR-MS m/z Calcd for Cti3504Si (M+-57): 439.23042. Found: 439.22882. 

The above enone (4.33g, 8.7mmol) was treated with NaBHa (0.66g, 17mmol) and 0.4M CeC13 in MeOH 

(60ml) under cooling with ice bath. After 10 mitt, Hz0 and ether (ca. 200ml) were added into the resulting 

mixture, and the mixture was extracted with ether. The organic layer was washed with brine and then dried 



Synthesis of isolasalocid A and lasalocid A-I 5991 

over anhydrous MgSO4, and evaporated under reduced pressure to leave an oil, which was chromatographed on 

a silica gel column (n-hexane-EtOAc 1 : 8) to give (lRS,2E,6R,7S)-6-be~yloxy-7-tert-butyl~me~yls~yloxy- 

6-ethyl-1-(4methoxyphenyl)oct-2-en-I-01 as a colorless oil (4.3g, 99%). IH-NMR (CDC13) 6: 0.05 (s. 3H), 

0.08 (s, 3H). 0.90 (s, 9H), 0.91 (t, 3H, J=7SHz), 1.23 (d, 3H, J=6.0Hz), 1.44-1.84 (m, 5H), 1.97-2.23 (m, 

2H), 3.80 (s, 3H), 3.85 (q, lH, .k6SHz), 4.47 (d, lH, J=ll.SHz), 4.65 (d, lH, J=ll.SHz), 5.11 (brd, lH, 

J=6.0Hz), 5.62-6.01 (m, 2H), 6.88 (d, 2H, J=g.OHz). 7.28 (d, 2H, J=8.5Hz), 7.20-7.33 (m, 5H). ELMS 

mlz (%): 480 (M+-18,0.4), 423 (l.O), 333 (1.4), 321 (6.2), 231 (26), 173 (28), 91 (100). HR-MS m/z Calcd 

for C3cIQ403Si (M+-18): 480.30591. Found: 480.30583. 

1M THF solution of n-Bu4NF (30ml) was added to a stirred solution of the above TBS compound (4.27g, 

8.6mmol) at room temperature. After being stirred at 6O“C for 7 hr, the reaction mixture was evaporated in 

vaczw to leave an oil, which was chromatographed on a silica gel column (n-hexane-EtOAc 5:l) to give 25 as a 

colorless oil (3.3g, 100%). IR (neat) v (cm-l): 3425. rH-NMR (CDC13) 6: 0.92 (t, 3Hx2/3, J=7.5Hz), 1.00 (t, 

3Hx1/3, J=7.5Hz), 1.25 (d, 3Hx1/3, .k6.5Hz), 1.32 (d, 3Hx2/3, J=6.0Hz), 1.36-1.69 (m, 4H), 1.69-2.18 

(m, 4H), 3.97 (q, lHx1/3, J=6.5Hz), 3.80 (s, 3H), 4.01-4.08 (m, lHx2/3), 4.16 (q, lHx2/3, J=6.0Hz), 

4.27-4.34 (m. lHx2/3), 4.37 (d, lHx2/3, J=ll.OHz), 4.50 (d, lHx2/3, J=ll.OHz), 4.51 (d, lHx1/3, 

J=ll.OHz), 4.60 (d, lHxl/3, J=ll.OHz), 6.10 (dd, lHx1/3, J=6.5, 16.OHz), 6.13 (dd, lHx2/3, J=6.0, 

16.OHz), 6.54 (brd, lH, J=ldOHz), 6.84 (d, 2H, J=8.5Hz), 7.23-7.45 (m, 5H), 7.32 (d, 2H, J=8.5Hz). EI- 

MS m/z (a): 366 (M+-18, 5.0), 275 (17), 260 (17), 258 (19), 231 (20) 213 (31), 161 (49), 160 (37), 159 

(5i), 121 (42). 91 (100). HR-MS m/z Calcd for C24H3& (M+-18): 366.21946. Found: 366.21871. 

(2S,5S)-2-Ethyl-2-[(l~)-l-hydroxyethyl]-5-[(l~)-2-(4-methoxyphenyl)ethenyl]-tetrahydro- 

furan (28) 

CSA (15mg, 0.065mmol) was added to a stirred solution of 19 (0.72g, 2.16mmol) in CHzClz (6ml) at room 

temperature. After 20 mitt, the reaction mixture was neutralized with Et3N (O.O5ml), and evaporated in vaczw to 

leave an oil, which was chromatographed on a silica gel column (n-hexane-EtOAc l&l) to give 28 as a 

colorless oil (0.57g, 95%). [o]D15 -73’ (c=O.97, CHC13). tH-NMR (CDC13) 6: 0.97 (t, 3H, J=7.5Hz), 1.12 

(d, 3H, J=6.OHz), 1.49 (dq, lH, J=14.0, 7.5Hz), 1.58 (dq, lH, J=14.0, 7.5Hz), 1.57-1.65 (m, lH), 1.71- 

1.86 (m, lH), 2.06-2.15 (m, lH), 2.18-2.25 (m, lH), 2.27 (br, lH), 3.80 (s, 3H), 3.90 (brq, lH, J=6.5Hz), 

4.51-4.59 (m, lH), 6.04 (dd, lH, k7.5, 16.OHz), 6.54 (d, lH, J=16.0Hz), 6.84 (d, 2H, J=g.OHz), 7.32 (d, 

lH, J=g.OHz). t3C-NMR (CDCl3) 6: 8.11 (q), 17.26 (q), 29.47 (t), 30.18 (t), 33.65 (t), 55.27 (q), 70.62 (d), 

82.23 (d), 88.94 (s), 113.93 (d), 127.71 (d), 128.46 (d), 129.54 (s), 130.68 (d), 159.26 (s). EI-MS m/z (%): 

276 (M+, 21), 231 (48), 213 (33), 159 (58), 134 (36), 121 (63), 57 (100). HR-MS mlz Calcd for Cl7H2403 

(M+): 276.17251. Found: 276.17152. 

Acid-Catalized Cyclization of 19 

CSA (0.3mg, 1.29umol) was added to a stirmd solution of 19 (2Omg, 68pmol) in CH2Cl2 (lml) at room 

te.mperature. After 10 min, the reaction mixture was neutralized with Et3N (O.O5ml), and evaporated in vacua to 

leave an oil, which was chromatographed on a preparative silica gel plate (n-hexane-ether 3:2) to give 27 

(5.Omg, 27%) and 28 (7.5mg, 40%) as colorless oils. 

(1S,2RS,4R,5S)-5-Ethyl-4-methyl-3,8-dioxabicyclo[3.2.l]octan-2-ol (29) 

NM0 (516mg, 3.82mmol) and 0~04 (9.Omg) were added to a stirred solution of 28 (0.7g, 2.54mmol) in 

acetone (6.5ml) and Hz0 (1.3ml) at room temperature. After 6 hr. Na2S204 (0.2g), powdered 3A molecular 

sieves (0.9g), and Hz0 (6ml) were added, and stirring was continued for 8 hr. The insoluble materials were 
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filtered off, and the Ntrate was adjusted to pH 7 with 2% H2SO4. and concentrated in vucw. After adjustment 

to pH 1. the mixture was extracted with ether. The extract was dried with Na2SO4 in the presence of NaHCO3, 

and evaporated in vacua to leave an oil, which was chromatographed on a silica gel column (CH2C12-MeOH 

5O:l) to give (2S,5S)-2-ethyl-2-[(1R)-l-hydroxyethyl]-5-[(lRS,2RS)-1,2-dihydroxy-2-(4- 

methoxyphenyl)ethylltetrahydrofuran as a colorless oil (O&g, 81%). EI-MS m/z (8): 310 (M+, 0.1): 292 

(M+-18,0.2), 265 (1.3), 247 (8.6), 175 (3.3), 156 (22), 137 (lOO), 115 (37). 

NaI04 (221mg) was added to a stirred solution of the above trio1 (158mg, O.5lmmol) in 50% MeOH (4ml) 

at 0°C. After 1 hr, the reaction mixture was filtered, and the filtrate was concentrated in V(ICIU) to remove MeOH. 

The aqueous layer was saturated with NaCl, and extracted with CH2C12. The extract was dried over NazS04, 

and evaporated in vacua to leave an oil, which was chromatographed on a silica gel column (n-hexane-EtOAc 

5:1-1:l) to give (2s,5s)-2-ethyl-5-formyl-2-[(1R)-l-hydroxyethyl]tetrahydrofuran as a colorless oil (83.5mg, 

96%). IR (neat) v (cm-I): 3550, 1720. lH-NMR (CDC13) 6: 0.95 (t, 3H, J=7.5Hz), 1.12 (d, 3H. J=6.5Hz), 

1.56 (q. 2H, J=7.5Hz), 1.53-1.78 (m, 2H), 1.85-1.99 (m, lH), 2.03-2.35 (m, 2H), 3.96 (q, lH, J=6.5Hz), 

4.26-4.44 (m, 1H). 9.67 (d, lH, J=2.OHz). EI-MS m/z (%): 155 (M+-17, 3.0), 143 (28), 127 (lOO), 97 (56). 

Powdered KOH (4Omg) was added to a stirred solution of the above aldehyde (48.5mg, 282pmol) in MeOH 

(2.5ml). After 2 hr at 4O”C, NaHC03 (1OOmg) was added, and the mixture was concentrated in vucuo. The 

residue was passed through a short silica gel column (CH$12-MeOH 20:1), and the eluate was evaporated in 

vacua to leave an oil, which was chromatographed on a silica gel column (n-hexane-EtOAc 3:l) to give 29 as a 

colorless oil (35.2mg, 72.5%). IR (neat) v (cm-l): 3500. IH-NMR (CDC13) 6: 0.95 (t, 3H, J=7.5Hz), 1.04 (d, 

12/5H, J=6.5Hz), 1.07 (d, 3/5H, J=7.0Hz), 1.40-1.71 (m, 3H), 1.86-2.11 (m, 3H), 2.81 (d, 1/5H, 

J=6.5Hz), 3.68 (d, 4/5H, J=lO.SHz), 3.89 (q, 1/5H, J=7.0Hz), 4.07 (q, 4/5H, J=6.5Hz), 4.12 (d, lH, 

J=6.5Hz), 4.62 (d, 4/5H, J=lO.OHz), 4.95 (d, 1/5H, J=4.5Hz). EI-MS m/z (%): 173 (M++l, 1.2), 172 (M+, 

lo), 155 (7.2), 154 (5.2), 143 (3.6), 128 (6.9), 127 (13), 126 (ll), 109 (3.7), 100 (34), 99 (39), 98 (31), 81 

(26), 72 (96), 57 (100). HR-MS m/z Calcd for CgHuj03 (M+): 172.11004. Found: 172.10954. 

(2S,5R)-2-[(1R)-1-Benzyloxymethoxyethyll-5-~e~~-butyldimethylsilyloxymethyl-2-ethyl- 

tetrahydrofuran (30) 

LiAlI-Q (11 Omg, 2.9mmol) was added to a stirred solution of 29 (22Omg. 1.28mmol) in ether (1Oml) at 0°C. 

After 5 min, a mixture of ether and MeOH (1O:l) was carefully added, and then Hz0 (O.lml), 15% NaOH 

(O.lml), Hz0 (0.3ml), and MgS04 were successively added. After being stirred for 3 hr, the mixture was 

filtered, and washed with ether. The filtrate was evaporated in vaczw and the residue was chromatographed on a 

silica gel column (CHzClz-MeOH 8O:l) to give (25,5R)-2-ethyl-2-[( lR)-1-hydroxyethyll-5- 

hydroxymethyltetrahydrofuran as a colorless oil (224mg, 100%). lH-NMR (CDC13) 6: 0.92 (t, 3H, J=7.0Hz), 

1.11 (d, 3H, J=6.0Hz), 1.30-1.66 (m, 3H), 1.81-2.28 (m, 3H), 2.41-3.20 (br, 2H), 3.54 (dd, lH, J=4.0, 

ll.OHz), 3.85 (dd, lH, J=3.0, ll.OHz), 3.88 (q, lH, J=6.0Hz), 4.13 (dddd, lH, J=3.0, 4.0, 6.0, 7.OHz). 

EI-MS mlz (%): 145 (M+-29,4.0), 143 (19), 129 (100). 

Irnidazole (127mg, 1.87mmol) and then a solution of TBS chloride (146.5mg, 973pmol) in CH2Cl2 (0.4ml) 

were added to a stirred solution of the above diol (13Omg, 747ltmol) at 0°C. After being stirred at room 

temperature overnight, H20 was added, and stirring was continued for 4 hr. The CHzC12 layer was separated 

and the aqueous layer was extracted with CH2C12 . The combined CH2Cl2 extracts were dried over NazS04 and 

evaporated in vacua to leave an oil, which was chromatographed on a silica gel column (n-hexane-EtOAc 10: 1) 

to give (21i,5R)-5-~ert-butyldimethylsilyloxymethyl-2-ethyl-2-[( lR)-1-hydroxyethylltetrahydrofuran as a 
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colorless oil (2OOmg, 93%). IR (neat) v (cm-l): 3400. lH-NMR (CDCl3) 6: 0.08 (s, 6H), 0.91 (s, 9H), 0.92 (t, 

3H, J=7.OHz), 1.08 (d, 3H, J=6SHz). 1.47 (q. 2H, J=7.0Hz), 1.60-2.19 (m, 4H), 3.19 (br, IH), 3.56 (dd, 

lH, J=2.0, 8.5Hz). 3.82 (q, lH, J=6SHz), 3.94 (dd, lH, 3=3.0, 8.5Hz). 3.92-4.18 (m, 1H). EI-MS m/z 

($6): 259 (M+-29, 1.3), 243 (34), 171 (44), 75 (100). HR-MS m/z Calcd for Ct3H2703Sl (M+-29): 

259.17291. Found: 259.17188. 

(i-IW2EtN (0.7ml), benzyloxymethyl (BOM) chloride (0.5ml), and 4-A’&‘-dimethylaminopyridine @MAP) 

(8mg) were successively added to a stirred solution of the above alcohol (3 16mg, 1. lmmol) in CH2Cl2 (6ml). 

After being stirred at room temperature overnight, Hz0 was added, stirring was continued for 3 hr. and then 

CH2Cl2 and 2N HCl were added. The CH2Cl2 layer was washed with saturated aqueous NaHC03 and brine, 

dried over Na$304, and evaporated in vucuo to leave an oil, which was chromatographed on a silica gel column 

(n-hexane-EtOAc 25:l) to give 30 as a colorless oil (387mg, 86%). [a]t$c +18O (c=6.37, CHCl3). tH-NMR 

(CDC13) 6: 0.04 (s, 6H), 0.88 (s, 9H), 0.91 (t, 3H, J=7.0Hz), 1.17 (d, 3H, J=6.5Hz), 1.57 (q, 2H, 

J=7.0Hz), 1.58-2.00 (m, 4H), 3.51 (dd, lH, J=6.5, lO.OHz), 3.69 (dd, lH, J=4.0, 6.OHz), 3.73 (q. lH, 

J=6.5Hz), 4.62 (s, 2H), 4.81 (s, 2H), 7.33 (s, 5H). EI-MS m/z (%): 379 (M+-29, 0.2), 321 (2.5), 243 (47), 

171 (24), 91 (100). HR-MS m/z Calcd for C2lH3504Si (M+-29): 379.23306. Found: 379.23041. 

(2S,5R)-2-Ethyl-2-[(l~)-l-hydroxyethyl]-5-[~1~)-2-(4-methoxyphenyl)ethenyl]tetra- 

hydrofuran (27) 

A solution of 28 (573mg, 2.06mmol) in CH2Cl2 (5ml) was treated with Ac20 (0.3ml), Et3N (0.5ml) and 

DMAP (2mg) as usual to give the acetate as a colorless oil (660mg). tH-NMR (CDCl3) 8: 0.95 (t, 3H, 

J=7.OHz), 1.23 (d, 3H, J=6.5Hz), 2.07 (s, 3H), 3.80 (s, 3H). 4.98 (q, lH, J=6.5Hz), 6.03 (dd, lH, 3=7.0, 

16.OHz). 

A solution of the above acetate (660mg) and CSA (28.6mg) in CH2Cl2 (6ml) was stirred at room temperature 

for 24 hr. After addition of EtsN, the mixture was evaporated in vucuo. The residue was passed through a silica 

gel column (n-hexane-EtOAc) to give a colorless oil (66Omg), which was dissolved in ether (6ml) and treated 

with LiAlIQ (74mg). After 5 min, usual work-up and chromatography on a silica gel column (n-hexane-EtOAc 

l&l) gave the recovered 28 (339mg, 59%) and 27 as a colorless oil (232mg, 41%). [a]Bts +33” (c=l.O3, 

CHCl3). tH-NMR (CDCl3) 6: 0.96 (t, 3H, J=7.5Hz), 1.14 (d, 3H, J=6.5Hz), 1.51 (dq, lH, 3=14.0, 7.5Hz), 

1.64 (dq, lH, 5=14.0, 7.5Hz), 1.53-1.63 (m, lH), 1.70-1.81 (m, lH), 2.08-2.20 (m, 2H), 2.29 (br, lH), 

3.80 (s, 3H), 3.86 (q, lH, J=6.5Hz), 4.50-4.57 (m, lH), 6.07 (dd, lH, 5=7.5, 16.OHz), 6.55 (d, lH, 

J=16.OHz), 6.84 (d, 2H, J=8.5Hz), 7.32 (d, 2H, J=g.OHz). 13C-NMR (CDC13) 8: 8.08 (q), 17.22 (q), 29.44 

(t), 29.59 (t), 33.46 (t), 55.29 (q), 69.87 (d), 80.08 (d), 89.13 (s), 113.98 (d), 127.66 (d), 127.76 (d), 129.41 

(s), 131.08 (d), 159.35 (s), EI-MS m/z (%): 276 (M+, 22), 231 (58). 214 (6.5), 213 (35), 173 (ll), 161 (17), 

160 (32), 159 (60), 147 (12), 134 (37) 121 (66). 57 (100). HR-MS m/z Calcd for C17H2403 (M+): 

276.17251. Found: 276.17154. 

(2S,5R)-2-I(1R)-1-Benzyloxymethoxyethyll-2-ethyl-5-formyltetrahydrofuran (11) 

a) 1N HCl (2ml) was added to a stirred solution of 30 (387mg, 949pmol) in THF (1Oml) at room 

temperature. After 2 hr, the reaction mixture was neutralized with NaI-IC03, and extracted with ether. The 

extract was dried over Na$304, and evaporated in vucuo to leave an oil, which was chromatographed on a silica 

gel column (n-hexane-EtOAc 5:1) to give (2S,5R)-2-[(lR)-l-benzyloxymethoxyethyl]-2-ethyl-5- 

hydroxymethyltetrahydrofuran as a colorless oil (271 mg, 97%). [a]Dt3 -21“ (c=5.10, CHCl3). lH-NMR 

(CDC13) 6: 0.93 (t, 3H, J=7.0Hz), 1.17 (d, 3H, J=6.5Hz), 1.42-1.70 (m, 3H), 3.78 (dd, lH, 5=2.0, 9.OHz), 
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3.91 (9, 1H, k6.5I-W 4.65 (s, 2H), 4.85 (s, 2H), 7.34 (s, 5H). 13C-NMR (CDC13) 6: 7.62 (q), 15.94 (q), 

27.72 (t), 29.72 (t), 30.18 (0, 65.90 (t), 69.44 (0, 69.44 (t), 76.64 (d), 79.87 (d), 88.39 (s), 93.66 (t), 

127.51 (d), 127.74 (d), 128.35 (d), 137.68 (s). 

A solution of DMSO (0.27ml) in CHzC12 (0.8ml) was added to a stirred solution of oxaIy1 chloride (O.l6ml, 

1.8411~1101) in CH2Cl2 (4ml) at -78°C under argon. After 2 min, a solution of the above alcohol (logmg, 

367pW in CHzClz (1.2ml) was added, stirring was continued for 30 min, and then Et3N (1. lml, 1.84mmol) 

was added. After 3 hr. CHzCl2 and Hz0 were added, the aqueous layer extracted with CH2C12. The extract was 

washed with brine, dried over MgSOq, and evaporated in vucuo. The residue was chromatographed on a silica 

gel column (n-hexane-EtOAc 3: 1) to give 11 as a colorless oil (lOOmg, 93%). [a]$0 -49O (~~3.43, CHCl3). 

IH-NMR (CDcl3) 6: 0.94 (t, 3H, J=7.OHz), 1.20 (d, 3H, J=6.OHz), 1.50-1.75 (m, 3H), 2.02 -2.17 (m, 3H), 

3.83 (q, lH, J=6.5Hz), 4.28 (ddd, lH, J=1.5, 7.0, 7.5Hz), 4.58 (d, lH, J=ll.SHz), 4.66 (d, lH, 

J=ll.SHz), 4.81 (d, lH, J=6.5Hz), 4.85 (d, lH, J=6.0Hz), 7.26-7.37 (m, 5H), 9.67 (d, lH, J=l.SHz). EI- 

MS ml2 (%): 263 (M+-29, 0.3), 233 (0.5), 186 (l.O), 155 (2.7), 127 (58), 91 (100). HR-MS m/z Calcd for 

CleH2303 (M+-29): 263.16469. Found: 263.16367. 

b) A solution of 27 (215mg, 0.77mol) in CHzC12 (2ml) was treated with BOM chloride (0.5ml) in the 

presence of (i-Pr)zEtN (lml) at room temperature. Work-up as described for 22 gave the BOM ether as a 

colorless oil (309mg, 100%). [a]~18 +24” (c=O.392, CHC13). lH-NMR (CDC13) 6: 0.96 (t, 3H, J=7.5Hz), 

1.22 (d, 3H, J=6.5Hz), 1.51-2.13 (m, 4H). 3.80 (s. 3H), 4.09 (q. lH, J=6.5Hz), 4.46-4.70 (m, 1H). 4.66 

(s, 2H), 4.87 (s, 2H), 6.04 (dd, lH, J=7.0, 16.OHz), 6.52 (d, lH, J=16.OHz), 6.82 (d, 2H, J=9.5Hz), 7.28 

(d, 2H, J=9.5Hz), 7.33 (s, 5H). FAB-MS m/z (8): 397 (MH+, 43), 395 (20), 391 (26), 353 (7.7), 307 (14), 

289 (25), 275 (41), 259 (ll), 244 (44), 231 (62). 173 (43), 154 (57). 147 (51), 136 (37), 121 (51), 91 (100). 

HR-MS mlz Calcd for t&H3304 (MH+): 397.2378. Found: 397.2357. 

The BOM ether (491mg, 1.23mmol) was oxidized with NM0 (202mg) and 0~04 (1Omg) as described for 

21 to give the diol as a colorless oil (435mg, 82%). lR (neat) v (cm-l): 3440. FAB-MS m/z (%): 431 (MI-I+. 

3.4), 429 (3.4), 413 (15), 391 (27), 321 (8.9), 307 (20), 305 (42), 289 (13), 275 (18), 263 (74), 247 (ll), 

233 (8.9), 219 (7.2), 185 (7.4), 163 (20), 154 (80), 149 (31), 137 (lOO), 121 (22), 91 (100). HR-MS Calcd 

for C25H3506 (MH+): 431.2425. Found: 431.2446. 

The diol (384mg, 0.89mmol) was cleaved with NaI04 (250mg) to give 11 as a colorless oil (222.5mg, 

85%). 

(2S,3R,6R)-3~Benzyloxy-3-ethyl-6-[(1E)-2-(4-methoxyphenyl)ethenyl]-2-methyltetra- 

hydropyran (31) 

ZnBr2 (59mg, 0.26mmol) was added to a stirred solution of 25 (94mg, 0.243mmol) in CH2C12 (3ml) at 

-20°C under argon. After 1.5 hr, EtsN (O.lml) was added, and the mixture was passed through a short silica gel 

column. The eluate was evaporated in vucuo to leave an oil, which was chromatographed on a silica gel column 

(n-hexane-EtOAc 15:l) to give colorless oils of 31 (66.lmg, 74%) and the 65 isomer (32) (4.9mg, 5.4%). 31: 

[U]D18 +5.3” (c=O.4, CHC13). lH-NMR (CDC13) 6: 0.91 (t. 3H. J=7.5Hz), 1.31 (d, 3H, J=6.5Hz), 1.37-1.71 

(m, 5H), 1.80-1.99 (m, 2H), 3.94 (s, 3H), 4.16 (q, lH, J=6.5Hz), 4.27-4.33 (m, lH), 4.36 (d, lH, 

J=ll.SHz), 4.50 (d, lH, J=ll.SHz), 6.12 (dd, lH, J=6.0, 16.OHz), 6.54 (d, lH, J=16.0Hz), 6.84 (d, 2H, 

J=9.OHz), 7.22-7.36 (m, 3H), 7.32 (d, 2H, J=9.0Hz), 7.41-7.44 (m, 2H). FAB-MS m/z (%): 367 (MH+, 

37), 341 (5.3), 307 (39), 289 (21), 275 (21), 260 (38), 231 (18), 173 (40), 154 (lOO), 136 (66). 121 (40), 107 

(22), 91 (67). HR-MS m/z Calcd for C24H3103 (MH+): 367.2272. Found: 367.2294. 32: IH-NMR (CDCl3) 
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6: 0.99 (t, 3H, J=7SHz), 1.24 (d. 3H, J=6.5Hz), 1.55-1.90 (m, 6H), 2.09-2.14 (m, lH), 3.78 (q, lH, 

J=6.5Hz), 3.80 (s, 3H), 4.03-4.10 (m, lH), 4.50 (d, lH, J=ll.SHz), 4.59 (d, lH, J=ll.SHz), 6.09 (dd, lH, 

J=6.0, 16.OHz), 6.54 (d, lH, J=16.OHz), 6.84 (d, 2H, J=g.OHz), 7.32 (d, 2H, J=g.OHz), 7.25-7.36 (m, 

5H). 

(2S,3R,6R)-3-Benzyloxy-3-ethyl-6-formyl-2-methyl~etrahydropyran (12) 

31 (657mg, 1.63mmol) was oxidized with 0~04 (15mg) in the presence of NM0 (5OOmg, 3.7mmol) in 

acetone (lOm1) and Hz0 (l.Oml) at room temperature overnight. NaZS204 (0.2g), powered 3A molecular 

sieves (0.9g) and Hz0 (3.0ml) were added into the resultant and then the aqueous mixture was vigorously 

stirred for 2.0 hr at room temperature. After removal of the insoluble solid by suction filtration, the filtrate was 

extracted with ether (50ml x 3). The extract was washed with O.lN HCl, Hz0 and brine, then dried over 

anhydrous MgS04, and evaporated under reduced pressure to leave an oil, which was chromatographed on a 

silica gel column (n-hexane-EtGAc 8 : 1) to give the diol as a colorless oil (718mg, 100%). IR (neat) v (cm-t): 

3450, 1620. 1H-NMR (CDC13) 6: 0.88 (t, 3H, J=7.OHz), 1.21 (d, 3Hxl/4, J=7.0Hz), 1.23 (d, 3Hx3/4, 

J=7.OHz), 3.80 (s, 3Hx3/4), 3.81 (s, 3Hxl/4), 4.14 (brd, lH, J=7.OHz), 4.65 (d, lHxl/4, J=6SHz), 4.90 

(d, lHx3/4, J=3.5Hz), 6.97 (d, 2H, J=g.OHz). FAB-MS m/z (%): 399 (M+-1, 6.2), 383 (22), 365 (22), 341 

(3.1), 307 (12), 291 (9.4), 289 (9.5), 275 (lOO), 263 (12), 234 (27), 233 (99), 219 (17), 154 (61), 137 (98), 

121 (47), 91 (99). HR-MS Calcd for C&H3105 (M+-1): 399.2164. Found: 399.2188. 

The diol (804mg, 2.Ommol) was cleaved with NaI04 (86Omg, 4.Ommol) to give 12 as a colorless oil 

(43Omg, 82%). [IX]@ +ll” (c=O.4, CHC13). IR (neat) v (cm-t): 1745, 1610. tH-NMR (CDCl3) 6: 0.92 (t, 

3H, J=7.5Hz), 1.29 (d, 3H, J=7.0Hz), 1.52 (dt, lH, J=l5.0, 7.5Hz), 1.61 (dt, lH, J=15.0, 7.5Hz), 1.66- 

1.74 (m, 2H), 1.84-1.98 (m, 2H), 4.05 (dd, lH, J=4.0, 9.5Hz), 4.13 (q, lH, J=7.0Hz), 4.34 (d, lH, 

J=ll.OHz), 4.46 (d, lH, J=ll.OHz), 7.31-7.37 (m, 5H), 9.71 (s, 1H). FAB-MS m/z (8): 263 (MI-I+, 12), 

219 (21), 154 (loo), 138 (47), 137 (92), 136 (99), 107 (24), 91 (52). HR-MS m/z Calcd for C16H2303 

(MH+): 263.1625. Found: 263.1625. 
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