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Abstract: Novel isotactic polymethoxy-1-alkenes 2-5 were isolated from the tolytoxin- 
producing blue-green alga Scytonema ocellatun. The gross structures and relative 
configurations were determined by NMR and mass spectral analysis. Synthesis of optically 
active 2-4 in a stereocontrolled manner established their absolute configurations. -_ 

Isotactic polymethoxy-1-alkenes having the general formula l_, where n=5.6.8,9 and 10. 

have been found in three species of terrestrial, tolytoxin-producing blue-green algae 

belonging to the family Scytonemataceae. viz. Tolypothrix conglutinata var. colorata 

&rose. ’ Scytonema mirabile (Dillwyn) 8ornet3 and 3. burmanicun Skuja.’ Tolytoxin- 

producing 2. ocellatun Lyngbye ex Bornet& Flahault (strain FF-66-3) elaborates different 

isotact ic polymethoxy-1 -alkenes (1-3). We describe here the isolation and structure 

elucidation of 2-5 and the synthesis of 2-4. -- 

Structure Determination 

The gross structures and relative stereochmnistry of 1-5 were determined by mass and 

NMR spectral analyses using previously described methodology.a*3 The FA8 mass spectrun 

of the major polymethoxy-l-alkene (3) showed a MH’ ion at m/z 533 and its 'H NYR spectrum 

indicated the presence of eight methoxyl groups with a 6H singlet at 3.278 ppm and six 3H 

singlets at 3.257. 3.255. 3.235. 3.217, 3.195. and 3.172 ppm. strongly suggesting that 3 

had the elemental composition &aHssOe The formula was confirmed and a gross structure 

proposed on the basis of COSY. HMQC. and HMDC experiments coupled with an INADEQUATE 

experiment on the 82% “C-enriched compound. The structures of the C-l to C-8 and C-14 

to C-25 segnents were easily deduced from the INADEDUATE spectrun. The INADEQUATE experi- 

ment also showed strong connectivities for the repeating CHZ-CHOCH3 unit, but the length 

of the C-8 to C-14 fragment had to be deduced on the basis of the integration of the oxy- 
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methine and methoxyl proton NMR signals (eight oxymethines and eight methoxyls). As for 

the polwethoxy-1-alkenes of structure 1, the protons on the methylenes between the meth- 

oxymethlnes. viz. C-5, C-7, C-9, C-11, C-13. and C-15. were found to be magnetically non- 

equivalent, indicating that the methoxyl groups were all on the same side of the carbon 

chain. The stereochemistry of the methoxyl group on C-22 was proposed from biogenesis. 

Compound 2 was therefore isotact ic 4.6.8.10,12, 14,16.22-octamethoxy-1 -pentacosene. 

Comparison of the proton and carbon NMR spectra of compounds 2-j revealed that 2 was 

a lower homolog and 4 was a higher homolog of 3. Compound 2 had the elemental formula 

L~H~~OT, since its FAR mass spectrum showed a MH’ ion at m/z 533 and its ‘H NMR spectrun 

exhibited seven methoxyl signals at 3.275, 3.259. 3.255, 3.237, 3.219. 3.195, and 3.174 

Ppm. Compound i, however, had the composition C38H7209. because its FABMS MH’ ion was at 

m/z 649 and its ‘H NMR spectrum revealed the presence of nine methoxyl groups with a 6H 

singlet at 3.284 ppm and seven 3H singlets at 3.287, 3.260. 3.259. 3.239. 3.219. 3.197. 

and 3.173 ppm. Using the sme arguments presented above for the structure of 3. compounds 

2 and 4 were found to be isotactic 4.6.8.10,12. 14.20-heptanethoxy-1-tricosene and 4.6.8. 

10.12. 14.16,18,24-nonmethoxy-1 -heptacosene, respectively. 

Compound 2. which showed a MH’ ion at m/z 621 in its FAB mass spectrun and eight 

methoxyl signals (for nine methoxyl groups) at 3.284 (6H). 3.261, 3.260. 3.252, 3.235, 

3.218, 3. 195, and 3. 172 ppm in its ‘H NMR spectrum, had the composition L4H8~09. Compound 

5 however, showed a ‘% NMR spectrun that was quite different from those of compounds 2, -’ 

2, and 4. Only five methylene signals could be observed between 37 and 18 ppm instead of 

the seven signals for compounds 2-4. The Integration of the signals in the aliphatic -- 
region of the NMR spectrun of 5 was different from that measured in the spectra of com- 
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pounds 2-j. These data, especially the changes in “C chemical shift, suggested that 

compound 5 differed from compound 3 in having a methoxyl group on C-18. Canpound 5 was 

therefore isotactic 4.6.8.10.12,14.16.18,22-nonamethoxy-1-pentacosene. 

Synthesis and Absolute Stereochemistry 

To confirm the proposed relative stereochemistry and establish the absolute configura- 

tion of polymethoxy-1-alkene 2 by synthesis, we devised a plan to construct the entire 

carbon chain from two segnents 5 and 1. Segnent 6 could be disassembled into two pairs of 

Cz and L units. Right segment 1 was prepared by a convergent method for 1.3-polyol 

synthesis using 3. 4 a C4 unit which was used as a key intermediate in the synthesis of 1 

(n=5, 6, and 9). ’ Syntheses of polymethoxy-1-alkenes 3 and 3 could be achieved by hano- 

legation of 2 using Brown’s asymmetric allylation procedure.5 
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Treatment of optically active epoxide 1, prepared from (%-butane-l, 2.4-trio1 in five 

steps, with ethylmagnesium chloride in the presence of a catalytic amount of cuprous 

iodide gave jj which was then methylated to fl in 85% yield. Removal of the methoxy- 

methyl group resulted in alcohol 12 which was converted to iodide 13 via the mesylate in -- 
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81% overall yield. Epoxide fi was also reacted with lithium trlmethylsilylacetylides to 

yield acetylenic alcohol 14 (73%). a compound corresponding to the C,ZYC,, fragment of &. 

Methylation of the hydroxyl group and removal of trimethylsilyl group gave fi in 86% 

yield. Coupling of iodide 13 with lithiun acetylide. prepared from 15 by treatment with 

n-bwtyllithiun in THF-HMPA. afforded E (78%). Catalytic hydrogenation of the triple 

bond in s followed by acid treatment of jJ gave dimethoxy alcohol E (79% in two steps), 

which was converted to aldehyde 19 by Swern oxidation’ in 96% yield. Dithioacetalization 

of 19 with 1.3-propanedithiol in the presence of boron trifluoride etherate afforded the 

left segnent 1 in 58% yield. 

Connection of the last bond to 2 was achieved by coupling epoxide r and the anion 

generated from dithiane fi with n-butyllithiun in THF to give bisalkylated dithiane 20 in 

64% yield. Removal of the dithioacetal group with methyl iodide and calciun carbonate”in 

aqueous acetonitrile at rocxn temperature gave hydroxyketone 21 (85%). Reduction of 21 to 

the desired diol 22 was accomplished using a 1,3-SyL1-stereoselective reduction with sodium 

borohydride-diethylmethoxyborane.g resulting in a 95:5 mixture of separable diastereo- 

isomers as determined from the ‘H NMR spectrum in benzene-de which showed resolved meth- 

oxyl signals for the diastereoisomers. The desired z-diol 22. was isolated in 92% yield 

by flash chromatography. Finally, methylation of 22 with methyl iodide and KH in THF 

afforded heptamethoxy-1-tricosene (21, [a]oz5 f6.47” (CHCla). in 89% yield. Natural 2 

had a specific rotation of t8.89” (CHCla) and ‘H and 13C NMR. IR. and mass spectra that 

were identical with those of synthetic 2. The absolute configuration of 2 was therefore 

concluded to be 4&6S, 8s. 10R. 12R. 14R. 20R. 
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Asymnett-ic allylation is one of the useful methods for the preparation of 1.3- 

polyols. ‘0 Brown’s ally1 (Ipc) lborane reagent. 5 which provided the necessary asymmetric 

induction and flexibility in constructing the requisite stereoisomers. was chosen for the 

synthesis of higher homologs 3 and 4 from 2_ Heptamethoxy-1-tricosene (2) was initially 

transformed to aldehyde 23 (94%) by OsOd-NaI04 oxidation” in aqueous dioxane. React ion 

of 23 with the ally1 reagent derived from (-)-(Ipc)280Me and allylmagnesiun brcmide in 



toluene at -78% resulted in a 83% yield of a mixture of homoallylic alcohols with 88:12 

selectivity. ‘* Careful chromatographic separation of the mixture using spherical silica 
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gel (3950um) afforded pure 24 in 50% yield. Stereochemistry of the newly formed asym- 

metric center was determined by a CD study of an appropriate degradation product.13 

Hcmoallylic alcohol 24 was transformed to allylic benzoate 25 (58% overall yield) by the 

following series of reactions; 1) benzoylation of 24. 2) ozonolysis followed by sodium 

borohydride reduction, 3) selenylation with o-nitrophenylselenocyanide and oxidative 

elimination by H202. The CD spectrum of allylic benzoate 25 exhibited a negative Cotton 

effect at 226 nm (A E -3.19) which correlated to the 2R configuration for 25 and, hence, 

the 4S configuration for 24. 
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Methylation of the hydroxyl group of 24 with methyl iodide and KH gave optically 

active octmnethoxy-1 -pentacosene (J), [a] D’S t5.02” (CHCL) . Synthetic 3 exhibited iden- 

tical chrcmatographic and spectroscopic data as natural 3 with [a] D25 t5.78” (CHC~J). 

Thus, the 4s. 6s. 8s. 1 OR. 12R. 14R. 16R. 22R absolute stereochemistry was assigned for octa- 

methoxy-1-pentacosene (2). 

Nonamethoxy-l-heptacosene (4) was also synthesized from 3 by the sane route for the 

preparation of 3 from 2; 1) OsO.-NaIO‘ oxidation (78x), 2) asymmetric allylation (9% 

R : a=86:14) and separation of the major isomer using spherical silica gel (67% isolated 

yield), and 3) methylation with methyl iodide and KH (89%). The ‘H and ‘% NMR spectra 

and specific rotations of synthetic and natural 4 were identical; the [alo values of 

synthetic and natural 4 were found to be t4.36” (CHCL) and t4.47 o (CHC13), respectively. 

Compound 4 was therefore (45.6s. 8s. 1 OS, 12R. 14R. 16R. 18R. 24R) -nonmnethoxy-1 heptacosene. 

Isotact ic 4,6.8.10.12.14,16. 18,22-nonmnethoxy-1 -pentacosene presunably has the 

relative and absolute stereochemistry depicted by 2. since all of the polymethoxy-l- 

alkenes isolated so far from the family Scytonemataceae a* 3 have the same stereochmnistry. 
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Experimental Section 

Spectral Analysis. NMR spectra were determined on a GN-OMEGA instrument operating at 500 

MHz for proton and 125 MHz for carbon-13 and on JEOL JNM-GX 400 and 270 instrunents oper- 

ating at 400 MHz and 270 MHz for proton, respectively. Proton chemical shifts are refer- 

enced in benzene-de to the residual benzene signal (7.15 ppm) and in chloroform-d to TMS 

(0 PPm)i ’ % chemical shifts are referenced in benzene-de to the solvent signal (128 ppm). 

Homonuclear 'H connectivities were determined by using the COSY experiment. Heteronu- 

clear 'H-l% connectivities were determined by heteronuclear multiple quantun coherence 

(HMQC) and heteronuclear multiple bond connectivity (HMBC) experlments.'4~'5 IR spectra 

were measured on a Hitachi 215 spectrometer. Mass spectra were determined in the FAB mode, 

using glycerol as the matrix, with a VG Analytical 70 SE instrument and in the CI mode 

with a Shimadzu GCMS QP-1000 instrument. Optical rotations were determined on a JASCO 

DIP-370 digital polarimeter. 

Culture Conditions. An epldaphic form of Scytonmna ocellatun Lyngbye ex Bornet 81 

Flahault was isolated from an algal sample collected at South Pasture Pond, Shawanee. 

Illinois (strain FF-66-3). A clonal culture was prepared by repeated subculture on 

solidified media and grown in 20 L glass bottles containing a modified inorganic mediun. 

designated A&, as previously described for Hapalosiphon fontinalis.16 Prior to auto- 

claving. the pH of the mediun was adjusted to 7.0 with sodiun hydroxide. Cultures were 

illuminated continuously at an incident intensity of 300 ueinstein m-'s-' from banks of 

cool-white fluorescent tubes, aerated at a rate of 1 L/min with a mixture of 0.5% CO2 in 

air and maintained at an incubation temperature of 24 f 1 c. The alga was harvested by 

filtration after 30 days and freeze-dried. Typical yields of lyophilized cells averaged 

0.374 g/L. 

Uniformly 13C, '"N enriched S_ ocellatun strain FF-66-3 was prepared using a previously 

described procedure.' After 33 days, the 8 L culture was harvested and the alga collected 

by filtration and freeze-dried to give 1.62 g of lyophilized material. 

Isolation. Freeze-dried alga (50 g) was extracted with 3X1 L portions of 7:3 EtOH/water 

solution (24 h for each). The total extract (9.4 g) was flash chrcmatographed on a RP-18 

column (80 mL. YMC-GEL. ODS 120A). The chromatogram was developed with 300 mL of each of 

the following solvents: 3:2. 1:l. 1:3, and 1:9 H*O/MeOH mixtures, MeOH, MeCN, and EtOAc. 

Seven fractions (300 mL) were collected. The fourth and fifth fractions from the RP-18 

column (1.4 g) were combined and rechromatographed on a silica gel (30 mL. EM Science 

Kieselgel 60, 230-400 mesh) flash column (2.5 X10 an) using a gradient of 7:3 hexane/ 

EtOAc to 100% EtOAc (100 mL fractions collected). 4,6,8.10,12,14.20-Heptamathoxy-l-tri- 

cosene (2, 20 mg) was eluted from the colunn with 7:3 hexane/EtOAc, 4,6.8.10,12.14.16.22- 

octamethoxy-1-pentacosene (3, 200 mg) with 6:4 hexane/EtOAc, 4,6,8.10,12.14,16.18,24-nona- 

methoxy-1-heptacosene (4, 75 mg) with 55:45 hexane/EtOAc. and 4.6.8,10.12.14,16,18,22- 

nonamethoxy-1-pentacosene (S, 120 mg) with 1:l hexane/EtOAc. 

The uniformly I%, “N-enriched alga (1.62 g) was treated in the same way to give 248 
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mg of crude extract and 8.0 mg of 8% ‘3C-enriched 3. 

The compounds had the following IIf values on silica gel (Kieselgel 60 Fzs~) plates 

using 3:2 EtOAc/hexane: 2. 0.46; 2, 0.41: 4. 0.34; 3 0.26. The spots were visualized with 

1% ceric sulfate/lo% H&04. The Rt values for 2 and 3 were comparable with those for 

polymethoxy-l-alkenes of general structure 1 where n=8 and 9. respectively. 

4.6.8.10,12,14.20-Heptmethoxy-1-tricosene (2) : [a] oz5 t8.89” (c=O. 12. CHClJ ; FA8 mass 

spectrum m/z 533 (LOHSO07. MH+); 'H NYR (500 MHz. benzene-de) 6 5.09 (ddt, J=17.1. 2.5, 

and 1.2 Hz, H-12). 5.07 (br d. J=lO.O, 2.0 and 1.2 Hz, H-lE), 5.90 (ddt. J=17.1. 10.0 and 

7.0 Hz, H-2). 2.30 (dddd, J=l.2, 2.5. 5.4 and 7.OHz. H-3 and H-3'). 3.37 (m, H-4). 3.18 

(s. OMe on C-4). 1.70 (m, H-5). 1.98 (m. H-5'). 3.61 (m. H-6). 3.22 (s, OMe on C-6). 1.77 

(m. H-7). 2.00 (m, H-7'). 3.65 (m, H-8). 3.26 (s, OMe on C-8). 1.85 (m. H-9), 2.05 (m, 

H-9'). 3.65 (m. H-10). 3.28 (s, OMe on C-10). 1.85 (m. H-11). 2.05 (m. H-11'). 3.65 (m. H- 

12). 3.26 (s, OMe on C-12). 1.74 (m. H-13). 2.03 (m, H-13'). 3.37 (m. H-14). 3.24 (s. OMe 

on C-14). 1.62 (m. H-15 and H-15'). 1.42 (m. H-16 and H-16'). 1.41 (m, H-17). 1.49 (m. H- 

18). 1.49 (m. H-19). 3.07 (tt, J=7.3 and 6.8 Hz, H-20). 3.20 (s. OMe on C-20), 1.43 (m. H- 

21). 1.54 (m. H-21'). 1.43 (m, H-22 and H-22'). 0.92 (t, J=6.9 Hz, Ha-23); '% NMR (125 

MHz. benzene-da) 6 (multiplicity, carbon position) 117.02 (t. C-l), 135.25 (d, C-2). 38.24 

(t. C-3). 77.59 (d. C-4). 56.16 (q. OMe on C-4), 38.02 (t. C-5), 75.62 (d. C-6). 55.93 (q. 

OMe on C-6). 38.59 (t. C-7). 75.71 (d. C-8). 56.00 (cr. OMe on C-8). 38.62 (t, C-9), 75.72 

(d. C-10). 56.00 (q. OMe on C-10). 38.62 (t, C-11), 75.80 (d. C-12). 56.00 (q. OMe on C- 

12), 38.34 (t. C-13). 78.12 (t. C-14). 56.09 (q. OMe on C-14). 34.00 (t. C-15), 25.73 (t. 

C-16), 30.61 (t. C-17). 25.46 (t. C-18). 33.89 (t. C-19). 80.74 (d. C-20). 56.21 (q. OMe 

on C-20). 36.16 (t, C-21). 18.88 (t, C-221, 14.54 (q. C-23). 

4.6.8.10.12.14.16,22-Octamethoxy-1-pentacosene (3): [a Ioz5 t5.78" (c=O.90. CHC13); FA8 

mass spectrun m/z 591 (CasHssOe. MH+); 'H NMR (500 MHz. benzene-ds) 65.11 (ddt. J=17.1. 

2.5 and 1.2 Hz, H-lZ), 5.08 (br d, J=lO.O, 2.0 and 1.2 Hz, H-1E). 5.90 (ddt, J=17.1. 10.0, 

and 7.0 Hz. H-2). 2.31 (dddd. J=l.2. 2.5. 5.4 and 7.0 Hz. H-3 and H-3'). 3.38 (m, H-4). 

3.17 (s. OMe on C-4). 1.67 (m. H-5). 1.96 (m. H-5'). 3.59 (m. H-6). 3.22 (s, OMe on C-6). 

1.75 (m, H-7). 1.98 (m. H-7'). 3.65 (m, H-8). 3.26 (s. OYe on C-8). 1.82 (m. H-9). 2.03 

(m, H-9'). 3.65 (m, H-10). 3.28 (s, OMe on C-10). 1.82 (m. H-11). 2.03 (m. H-11'). 3.65 

(m. H-12). 3.28 (s. OMe on C-12), 1.82 (m. H-13). 2.03 (m, H-13'). 3.64 (m. H-14). 3.26 

(s. OMe on C-14). 1.69 (m. H-15). 2.01 (m. H-15'). 3.38 (m. H-16 and H-16'), 3.24 (s. OMe 

on C-16). 1.60 (m. H-17 and H-17'). 1.40 (m, H-18 and H-18'), 1.39 (m. H-19 and H-19'). 

1.47 (m. H-20 and H-20'). 1.47 (m. H-21). 1.55 (m. H-21'). 3.07 (tt, J=7.3 and 6.9 Hz, H- 

22). 3.20 (s, OMe on C-22). 1.41 (m, H-23), 1.52 (m. H-23'). 1.41 (m. H-24 and H-24'). 

0.92 (t, J=6.9 Hz, Ha-25); "C NMR (125 MHz, benzene-de)6 (multiplicity. carbon posit ion) 
117.01 (t, C-l), 135.28 (d. C-2), 38.25 (t. C-3). 77.62 (d, C-4), 56.19 (q. OMe on C-4). 

38.05 (t, C-5). 75.65 (d. C-6), 55.96 (q. OMe on C-6). 38.59 (t, C-7), 75.74 (d, C-8). 

56.02 (q. OMe on C-8). 38.65 (t. C-9). 75.74 (d. C-10). 56.02 (q. OMe on C-lo), 38.65 (t, 

C-11). 75.74 (d. C-12). 56.02 (q. OMe on C-12). 38.65 (t, C-13). 75.83 (d, C-14), 56.07 

(q. OMe on C-14). 38.36 (t. C-15). 78.15 (d. C-16). 56.12 (q, OMe on C-16). 34.03 (t, C- 
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17). 25.75 (t. C-18). 30.64 (t. C-l 91, 25.49 (t. C-20). 33. 93 (t. C-21). 80.78 (d, C-22). 
56.26 (q, OMe on C-22). 36.19 (t. C-23). 18.93 (t. C-241, 14.59 (q. C-25). Carbon posi- 

tion (proton HYBC correlation) C-l (H-3 and H-3’). C-2 (H-3 and H-3’). C-3 (H-l, H-l ', H-5 
and H-5'). C-4 (H-3, H-3' and OMe on C-4). OMe on C-4 (H-4). C-5 (H-3, H-3'. H-7 and H- 

7'). C-6 (H-4. H-5, H-5' and OMe on C-6). OMe on C-6 (H-6). C-7 (H-5. H-5', H-9 and H-9'). 

C-8 (OYe on C-B), OMe on C-8 (C-B), C-10 (OMe on C-10). OMe on C-10 (H-10). C-12 (OMe on 

C-12), OMe on C-12 (H-12). C-14 (H-13. H-13', OMe on C-14, H-15 and H-15'), OMe on C-14 

(H-14), C-15 (H-13 and H-13'), C-16 (H-14, H-15, H-15' and OMe on C-16). OMe on C-16 (H- 

16). C-22 (OMe on C-22). OMe on C-22 (H-22), C-23 (Hs-25). C-24 (Ha-25). 

4.6.8,10,12.14,16.18.24-Nonanethoxy-1-heptacosene (4): [a] D25 t4.47" (c=O.43. CHCL): 
FAB mass spectrum m/z 649 (CJSHT~OS, MH'); 'H NMR (400 MHz. benzene-ds) 65.11 (ddt. J= 

17.1. 2.5 and 1.2 Hz. H-lZ), 5.08 (br d. J=lO.O. 2.0 and 1.2 Hz, H-lE), 5.90 (ddt, J=17.1. 

10.0 and 7.0 Hz, H-2). 2.31 (dddd. J=l. 2. 2.5, 5.4 and 7.0 Hz, H-3 and H-3'). 3.38 (m, H- 

4). 3. 17 (s. OMe on C-4). 1.71 (m. H-5). 1.96 (m, H-5'). 3. 59 (m. H-6). 3.22 (s. OMe on C- 

6). 1.75 (m, H-7). 1.98 (m. H-7'). 3.65 (m. H-81, 3.26 (s. OMe on C-8). 1.82 (m. H-9). 

2.03 (m, H-9'), 3.65 (m, H-10). 3.28 (s, OMe on C-10). 1.82 (m. H-11). 2.03 (m. H-11'). 

3.65 (m. H-12). 3.29 (s. OMe on C-12). 1.82 (m. H-13). 2.03 (m. H-13'). 3.65 (m. H-14). 

3.28 (s, OMe on C-14), 1.82 (m. H-15). 2.03 (m. C-15'). 3.64 (m, H-16). 3.26 (s. OMe on 

C-16). 1.69 (m. H-171, 2.01 (m. H-17'). 3.38 (m. H-18). 3.24 (s. OMe on C-18), 1.60 (m. C- 

19 and H-19'). 1.40 [m. H-20 and H-20'). 1.39 (m. H-21 and H-21'). 1.47 (m, H-22 and H- 

22'). 1.47 (m. H-23), 1.55 (m. H-23'). 3.07 (tt, Jz7.3 and 6.9 Hz, H-24). 3.20 (s, OMe on 

C-241, 1.41 (m. H-25). 1.52 (m, H-25'). 1.41 (m. H-26 and H-26'). 0.92 (t. J=6.9 Hz, HJ- 

27) ; 13C NMR (100 MHz. benzene-de) 6 (multiplicity. carbon position) 117.04 (t. C-l), 

135.24 (d. C-2). 38.21 (t. C-3). 77.57 (d. C-4). 56.22 (q, OMe on C-4). 38.02 (t. C-5), 

75.60 (d, C-6). 55.93 (q. OMe on C-6). 38.56 (t. C-7). 75.7i (d, C-B), 56.00 (q, OMe on C- 

8). 38.62 (t. C-9), 75.71 (d, C-lo), 56.00 (q. OMe on C-10). 38.62 (t. C-11). 75.71 (d. C- 

12). 56.00 (q. OMe on C-12). 38.62 (t. C-13). 75.71 (d. C-14). 56.00 (q. OMe on C-14). 

38.62 (t, C-151, 75.79 (d. C-16). 56.09 (q. OMe on C-16), 38.34 (t. C-17), 78.11 (d. C- 

18). 56.15 (q. OMe on C-18). 33.99 (t. C-19), 25.72 (t. C-20). 30.61 (t. C-21). 25.45 (t, 

C-22). 33.89 (t. C-23). 80.74 (d. C-24). 55.22 (q. OMe on C-24). 36.15 (t, C-25). 18.89 

(t. C-26). 14.55 (q. C-27). 

4.6.8,10.12.14,16,18.22-Nonamethoxy-1-pentacosene (5); [aloz5 t11.20" (c=O.38. CHCl,); 
FAB mass spectrun m/z 621 (C~~HS~O~. MH+): 'H NMR (500 MHz. benzene-de) 65.10 (ddt. J= 
17.1. 2.5 and 1.2 Hz, H-1Z). 5.08 (br d. J=lO.O. 2.0 and 1.2 Hz, H-1E). 5.91 (ddt, J=17.1. 

10.0 and 7.0 Hz, H-2), 2.31 (dddd. J=l.2, 2.5. 5.4 and 7.0 Hz, H-3 and H-3'), 3.40 (m. H- 

4). 3.17 (s. OMe on C-4). 1.68 (m. H-5). 1.96 (m. H-5'). 3.61 (m. H-6). 3.22 (s. OMe on C- 

6). 1.75 (m, H-7). 1.98 (m. H-7'). 3.65 (m. H-8). 3.25 (s. OMe on C-B), 1.83 (m. H-9). 

2.03 (m, H-9'), 3.65 (m. H-10). 3.26 (s. OMe on C-10). 1.83 (m. H-11). 2.03 (m. H-11'). 

3.65 (m. H-12). 3.28 (s. OMe on C-12). 1.83 (m. H-13). 2.03 (m. H-13'). 3.65 (m. H-14). 

3.28 (s, OMe on C-14). 1.83 (m. H-15). 2.03 (m. H-15'). 3.65 (m, H-16). 3.28 (s. OMe on C- 

16). 1.72 (m. H-17). 2.01 (m,H-17'). 3.38 (m. H-18), 3.23 (s. OMa on C-18). 1.60 (m. H-19 
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and H-19'). 1.39 (m. H-20 and H-20'), 1.47 (m, H-21 and H-21'). 3.05 (tt. J=7.3 and 6.6 

Hz, H-22), 3.20 (s, Ok on C-22). 1.41 (m. H-23). 1.52 (m. H-23'). 1.41 (m. H-24 and H- 

24'). 0.91 (t, J=6.9 Hz. Ha-25); '% NW (125 MHz. benzene-ds) 5 (multiplicity, carbon 

position) 117.03 (t. C-l), 135.21 (6 C-2). 38.21 (t, C-3), 77.57 (d. C-4), 56.15 (q. OMe 

on C-4). 38.01 (t, C-5). 75.60 (d. C-6), 56.00 (q. OMe on C-6). 38.59 (t. C-7). 75.72 (d. 

C-8), 56.00 (q. Ok on C-8). 38.63 (t. C-9). 75.72 (d, C-10). 56.00 (q, OMa on C-10). 

38.63 (t, C-11). 75.72 (d. C-12). 56.00 (q. OMe on C-12). 38.63 (t, C-13). 75.72 (d. C- 

14). 56.00 (q. OMe on C-14). 38.63 (t, C-15), 75.72 (d. C-16). 56.00 (q. OMe on C-16). 

38.27 (t. C-17). 78.12 (t. C-18). 56.10 (q. OMa on C-18), 34.21 (t. C-19). 21.19 (t. C- 

20). 34.21 (t. C-21). 80.77 (d. C-22), 56.24 (q. OMe on C-22). 36.12 (t. C-23). 18.87 (t, 

C-24), 14.53 (q. C-25). 

(3R)-3-Methoxy-1-(0-methoxymethyl)-l-hexanol (l_l): To a stirred mixture of 8 (4.61 g, 

34.9 mnol) and CuI (330 mg. 1.75 mnol) in dry ether (100 mL) at 0 'c under argon was added 

2M ethylmagnesiun chloride In THF (22.7 mL, 45.4 mnol). After stirring for 30 mim. the 

reactlon mixture was quenched with saturated aqueous NH,Cl and extracted with ether. The 

extract was washed with water and brine. dried (MgS04). and evaporated to give 5.17 g 

(91%) of g as a pale yellow oil. The oil was dissolved in THF (50 mL) and Ma1 (20 mL). 

Excess KH in mineral oil was added to the stirred solution at 0 "c and the reaction 

mixture was stirred for 1 h. Excess KH was decanposed by careful addition of water. The 

THF was evaporated, the residue was extracted with ether. and the extract was washed with 

water, dried (MgSO.). and evaporated. The residual oil was distilled in vacua to give 

4.71 g (84%) of fl as a colorless oil: bp 51'c (4 nmHg): [a]O25 -12.06 o (c=O.85. CHCl,); 

IR (CHCl,) 2925, 1460, 1145, 1085, 1030, 910 an-'; 'H NMR (270 MHz. CDCla) 50.93 (3H. t, 

Jz7.1 Hz, H-6). 1.30-1.54 (4H. m, H-4 and H-5). 1.75 (2H. q, Jz6.4 Hz, H-2). 3.32 (lH, m. 

H-3). 3.34 (3H, s. OMe). 3.37 (3H.s. OYe), 3.61 (2H. t. J=7.1 Hz, H-l), 4.62 (2H. s, 

OCHZO). Anal. Calcd for COHZOOJ: C, 61.33; H. 11.44. Found: C, 61.21; H. 11.65. 

(3R)-l-Iodo-3-mthoxyhexane (13): A solution of 11 (4.70 g) in MeOH (40 mL) was treated 

with 5% HCl-MeOH (3 mL) and the solution was heated at 50 X for 6 h. After evaporation 

of the solvent the residual oil was distilled in vacua to give 3.46 g (98%) of 12 as a 

colorless 011: bp 70°C (10 mnHg); [aID*’ -40.34 o (c=O.35. CHCIJ). 

To a stirred solution of 12 (3.10 g. 23.48 mnol) in CH&12 (20 mL) at -20°C were added 

successively EtJN (9.8 mL. 70.45 nrnol) and methanesulfonyl chloride (2.18 mL. 28.17 mmol). 

After 40 min. 10 mL of saturated aqueous NaHC03 was added and the mixture was extracted 

with CH&12. The extract was washed with water, dried (MgSOd). and evaporated to give a 

mesylate. A mixture of the mesylate and NaI (25 g) in acetone (60 mL) was refluxed for 

1.5 h. After evaporation of the solvent, the residue was extracted with ether. The ex- 

tract was washed with water, aqueous Na&Oa, and brine, dried (MgS04). and evaporated. 

The residual oil was distilled in vacua to give 4.68 g (83%. two steps) of 13 as a color- 

less oil: bp 52 "c (6 mnHg); [alDZ5 -30.74 o (c=O.37, CHCL); 'H NMR (400 MHz. CDClJ 6 

0.92 (3H. t, J=7.1 Hz, H-6). 1.30-1.56 (6H. m, H-2, H-4 and H-5), 1.97 (2H. t, J= 7.1 Hz, 

H-l), 3.28 (lfl, m. H-3). 3.37 (3H. s. OMe). Anal. Calcd for C7H1501: C. 34.71; H. 6.25. 
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Found: C. 34.68; H, 6.31. 

(3H) -1- (0-Methoxymethyl) -6-trimethylsilyl-5-hexyn-1.3-dial (14) : To a stirred solution 

of trimethylsilylacetylene (1.96 g. 20 rmnol) in dry THF (40 mL) at -78°C under argon was 

added 1.5 M n-BuLi in hexane (13.3 mL, 20 rmrol) and the solution was stirred for 10 min. 

BFaOEt2 (2.84 g. 20 mnol) was added to the solution. After 15 min. a solution of fl (2.11 

g. 16 mnol) in dry THF (20 ml) was added. and stirring was continued at -78 “c for 30 min. 

The reaction mixture was quenched with EtaN (10 mL) and extracted with EtOAc. The extract 

was washed with water and brine. dried (MgSO,). and evaporated. The residue was purified 

by flash chromatography (1:4 EtOAc/hexane) to give 2.68 g (73%) of 14 as a colorless oil: 

bp (Kugelrohr distillation) 132 o (5 mnHg) : [a] ~‘~-3.60 o (c=O. 86, CHC13) ; IR (neat) 

3450, 2950. 2170, 1250. 1140. 1105, 1040. 94Ocm'; 'H NMR (270 MHz. CD&) 6 0.15 (9H, 

s, SiMea). 1.82 (1H. m. H-2), 1.91 (1H. m. H-2’), 2.45 (2H. d, J=6. 1 Hz, H-4), 2.73 (1H. 

br. OH). 3.37 (3H. s. OMe). 3.74 (2H. m. H-l), 3.95 (1H. m. H-3). 4.63 (2H, s, 0CH20). 

Anal. Calcd for C, 1H2203Si: C. 57.36; H. 9.63. Found: C. 57.18; H. 9.84. 

(3R) -3-Methoxy-l- (0-methoxymethy) -5-hexyn-l-01 (15) : To a stirred solution of 14 (4.53 g. 

19.7 tmsol) and Me1 (12 mL. 197 tnnol) in dry THF (45 mL) at OS= was added in portions 

excess KH in mineral oil until hydrogen evolution ceased. After 30 min tha excess KH was 

decomposed by careful addition of water, and the mixture was extracted with ether. The 

extract was washed with water and brine. dried (MgSOI). and evaporated. Purification by 

flash chromatography (5:95 EtOAc/hexane) gave 3.63 g (76%) of a methyl ether and 0.5 g (15 

X) of 15. The methyl ether (3.6 g) was dissolved in dry THF (60 mL) and 1M Bu*NF in THF 

(28 mL) was added. The solution was stirred at room temperature for 2 h. After evapora- 

tion of THF the residue was extracted with ether. The extract was washed with water and 

brine. dried (MgSO,). and evaporated. The residual oil and 15 obtained above were combined 

and distilled in vacua to give 2.89 g (86%, two steps) of 15 as a colorless oil: bp 849= 

(7 mnHg); [aID 25-39. 22” (c=O. 23. CHClJ : IR (CHC13) 3300, 2920. 2100, 1145. 1100. 1035. 

910 cm-‘; ‘H NMR (270 MHz. UK&) 5 1.90 (2H, m. H-2). 2.01 (1H. t, J=2.4 Hz, H-6). 2.46 

(2H.dd. J=5.7 and 2.7 Hz, H-4). 3.37 (3H. s. OMe). 3.40 (3H. s. OMe), 3.50 (lH, ddt. J= 

7.7, 5.4 and 5.0 Hz, H-3). 3.64 (2H. m. H-l). 4.62 (2H. s. OCHsO). Anal. Calcd for 

C9H,603: C, 62.76; H. 9.36. Found: C. 62.45; H, 9.58. 

(3R.9R)-3,9-Dimethoxy-l-(O-methoxymethyl)-5-dodecyn-l-ol (16): To a stirred solution of 

15 (2.75 g, 16.0 tmncl) in dry THF (40 mL) at -78X under argon wes added 1.6 M BuLi in 

hexane (11 mL. 17.6 tmsol) and the solution was stirred for 50 min. The solution was 

warmed to -50 “c. and HMPA (20 mL) and 13 (4.2 g. 17.6 renal) in dry THF (5 mL) were added. 

The reaction mixture was stirred at -50 ‘c for 2 h and then warmed to 0 C. After quench- 

ing with aqueous NH4Cl, the mixture was extracted with ether. The extract was washed with 

water and brine, dried (YgSO*). and evaporated. Purification by flash chrcmatography 

(15:85 EtOAc/hexane) gave 3.57 g (78%) of 16 as a colorless oil: bp (Kugelrohr distilla- 

tion) 140 “c (5 mnHg); [alo 25-40. 35” (c=O. 75. CHC13) ; IR (CHC13) 1460. 1375. 1230. 1145. 

1100. 1035, 910 cm-'; 'H NMR (270 MHz, CDCla) 60.92 (3H. t. J=7.1 Hz, H-12). 1.28-1.56 
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(4H. m. H-10 and H-11). 1.66 (ZH. m. H-8). 1.82 (1H. m. H-2). 1.95 (lH, m. H-2'). 2.23 

(2H, m, H-7). 2.42 (2H. m, H-4). 3.26 (1H. quint, J=5.7 Hz. H-9). 3.33 (3H. s. OMe). 3.37 

(3H. s. OMe). 3.39 (3H. s. We). 3.44 (1H. m. H-3). 3.64 (2H. m. H-1). 4.62 (2H. s. 

OCHZO). Anal. Calcd for C H 0 18 30 4: C. 67.09; H. 10.56. Found; C. 67.21; H. 10.69. 

(3R.9R)-3.9-0imethoxy-l-(O-methoxymethyl)-l-dodecanol (n): To a solution of 16 (3.70 g) 

in EtOAc (40 mL) was added 10% W-C (400 tng) and the suspension was stirred under hydrogen 

for 20 h. The catalyst was removed by filtration through a Celite pad and the filtrate 

was evaporated. The oily residue was distilled bulb-to-bulb to give 3.70 g (99%) of u as 

a colorless oil: bp(Kugelrohr distillation) 136 X (5 mnHg); [aloZ5 -7.69" (c=l.O. 

CHC13); IR (CHCla) 2930. 1460, 1370, 1145, 1085. 1035, 910 cm-'; 'H NMR (400 MHz. CD&) 6 

0.91 (3H. t. J=7.1 Hz. H-12). 1.26-1.56 (14H). 1.72 (lH, dd. J=13.5 and 6.6 Hz. H-2), 1.77 

(1H. dd. J=13.5 and 6.3 Hz, H-2'). 3.13 (lH, quint, J=5.1 Hz, H-9). 3.30 (tH. quint, J=6.1 

Hz, H-3), 3.32 (3H. s, OMe). 3.34 (3H. s. OMee). 3.37 (3H. s. OYe). 3.61 (2H. m. H-l). 

Anal. Calcd for C18H340,: C. 66.16; H. 11.80. Found: C. 65.93; H. 11.95. 

(3R,9R)-3.9-Dimethoxy-l-dodecanol (18): A solution of n (3.70 g) in 35% HCl (5 mL) and 

MeOH (80 mL) was heated at 60 "c for 5 h. The solvents were evaporated and the residue 

was purified by flash chromatography (2:3 EtOAc/hexane) to give 2.52 g (80%) of a as a 

colorless oil: bp(Kugelrohr distillation) 155 "c (4 mnHg); [a]o"-22.08" (c=l.O. CHC13); 

IR (CHCla) 3470. 2930. 1460. 1085 an-'; 'H NMR (400 MHz, CD&) 6 0.92 (3H. t. J=7.1 Hz, 

H-121, 1.30-1.56 (14H). 1.68-1.82 (2H, m. H-2). 2.59 (1H. br, OH). 3.13 (1H. quint, J= 5.4 

Hz. H-9). 3.32 (3H. s. OMe1, 3.36 (3H. s. OMe). 3.40 (1H. m. H-3). 3.77 (2H. m. H-l). 

Anal. Calcd for C H 0 14 30 3: C. 68.24; H, 12.27. Found: C, 68.07; H. 12.49. 

(3R,9R)-3.9~Dimethoxy-1-dodecanal (19): To a stirred solution of oxalyl chloride (1.33 

mL. 15.24 mnol) in CH2C12 (25 mL) at -60C under argon was added DMSO (1.30 mL. 18.29 

mnol), and the mixture was stirred for 15 min. A solution of fi (2.50 g. 10.16 mnol) in 

CH&12 (10 mL) was added to the mixture. After 15 min. EtsN (7.08 mL. 50.81 mnol) was 

added. The reaction mixture was warmed to 0 "c gradually and then extracted with ether. 

The extract was washed with water and brine, dried (MgSO.). and evaporated. Purification 

by flash chromatography (1:4 EtOAc/hexane) gave 2.37 g (96%) of 19 as a colorless oil: 

[alo " -5.77" (c=O.62. CHCla); IR (CHC13) 2930, 1720. 1460. 1375, 1245. 1085 an-'; 'H 

NMR (400 MHz, CD&) 6 0.92 (3H. t, J=7.1 Hz, H-12). 1.25-1.64 (14H. CH2). 2.52 (lH, ddd. 

J=16.5. 5.1 and 1.8 Hz, H-2). 2.61 (lH, ddd. Jz16.5. 7.3 and 2.6 Hz, H-2'). 3.13 (1H. 

quint, J=5.5 Hz, H-9). 3.32 (3H. s. OMe), 3.35 (3H. s. DMe), 3.71 (1H. quint, J=5.1 Hz, 

H-3). 9.81 (1H. t, J=2.2 Hz, H-l). CIMS (isobutane) m/z 245 (MH'), 213 (MH+-MeOH). 

2-[(2R.8R)-2.8-Dimethoxyundecyl]-1,3-dithiane (4): To a stirred solution of 19 (2.37 g, 

9.7 mnol) in CH&lz (60 mL) at Or were added 1.3-propanedithiol (2.9 mL. 29.1 mnol) and 

8F,0Etl (0.1 mL). and the solution was stirred at room temperature for 17 h. 2,2-Dimeth- 

oxypropane (10 mL) was added and stirring was continued for 1 h. After addition of Et3N 

(1 mL) the solvents were evaporated, and the residue was purified by flash chranatography 
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(7:93 EtOAc/hexane) to give 1.87 g (58%) of fi as a colorless oil: bp(Kugelrohr distilla- 
tion) 165 “c (4 mnHg); [alo 25 -6.88” (c=O.83, CHClJ: IR (CHC13) 2930. 1460. 1420. 1365. 

1085, 905 cm-'; 'H NMR (400 MHz. CllCl~) 6 0.92 (3H. t. J=7.1 Hz. H-11'). 1.26-1.58 (14H). 

1.80(1H. ddd. J=14.5, 9.0 and 4.1 Hz, H-l'). 1.88 (1H. m. H-5). 1.90 (1H. ddd, J=14.5. 

8.1 and 5.1 Hz, H-l'), 2.12 (1H. m, H-5). 2.80-2.96 (4H. H-4 and H-6). 3.13 (1H. qiunt. J= 

5.4 Hz. H-8'). 3.32 (3H. s. OMe). 3.35 (3H. s, OMe). 3.47 (1H. m, H-2'). 4.20 (1H. dd. J= 

9.0 and 5.1 Hz, H-l) ; EIYS m/z 334 (W+). 302 (M+-MeOH). 287 (M+-MeOH-Me). 270 (W-2MeOH). 
Anal. Calcd for C17H340&: C. 61.64: H. 10.25. Found: C, 61.37; H, 10.41. 

(4s. 6s. 8s. lOS, 14A, 20R) -4,6.8,14.20-Pentmnethoxy-12- (trimethylenedithio) -1-tricosen-lo-01 
(20) : To a stirred solution of S (804 mg, 2.41 nmol) in dry THF (25 mL) at -40°C under 

argon were added successively 1.6 M n-BuLi in hexane (2.25 mL, 3.62 mnol) and TMEDA (0.55 
mL. 3.62 mmol). The mixture was stirred at -30 "c for 2 h and then cooled to -40 “c 

whereupon a solution of 1 (537 mg, 2.08 mnol) in dry THF (3 mL) was added. The reaction 

vessel was closed under a positive pressure of argon and stored at -209= for 42 h. The 

reaction mixture was quenched with aqueous NH&l and extracted with ether. The extract 

was washed with water and brine, dried (MgSO,). and evaporated. Purification by flash 

chromatography (3:7 EtOAc/hexane) gave 797 mg (64%) of 20 as a colorless oil: [alDz5 

f5.81" (c=O.83. CHCl,); IR (CHCla) 3470, 2950. 1460. 1220. 1100 cm-': 'H NMR (400 MHz. 

CDCIJ) is 0.92 (3H. t. J=7.1 Hz, H-23), 1.30-1.98 (20H). 2.04 (2H, dd. J=15.1 and 7.3 Hz. 

H-11 and H-13). 2.15 (1H. dd. J=15.1 and 7.6 Hz, H-11' or H-13'). 2.33 (2H. br t. J=7.1 

Hz, H-3). 2.33 (1H. dd,J=15.1 and 6.1 Hz, H-13' or H-11'). 2.30-3.04 (4H. SCH2x2), 3.14 

(1H quint, J=5.4 Hz, H-20). 3.28 (3H. s, OMe). 3.30 (3H, s. OMe). 3.32 (3H. s, OMe). 3.33 

(3H. s. OMe). 3.34 (3H.s. OMe). 3.37 (1H. m. CHOMe). 3. 43 (1H. quint, J=6.1 Hz, ClOMe). 

3.52 (1H. quint, J=4.9 Hz, CljOMe). 3.54 (1H. quint, J=6.3 Hz. CijOMe). 3.78 (lH, s. OH), 

4.12 (1H. m. H-10). 5.08 (lH, br d. J=lO.O Hz, H-1E). 5.09 (lH, br d. J=17.1 Hz, H-1Z). 

5.83 (lH, ddt. J=17.1. 10.0 and 7.1 Hz, H-2); CIMS (isobutane) m/z 593 (MH+). 575 (MH+- 

H20). 561 (MH+-MeOH). 533 (MH'-HzO-MeOH). 529 (MH+-2MeOH). 501 (MH+-H20-2MeOH). 497 (MH+- 

3MeOH). 479 (MH+-H20-3MeOH). 

(4S.6S.8S.1OS.14R.20R)-12-0xo-4.6.8,14,20-pentamethoxy-l-tricosen-lO-ol (21): 

To a stirred solution of 20 (775 mg, 1.54 mnol) in 80% aqueous YeCN (80 mL) were added 

CaC03 (1.54 g. 15.4 mnol) and Me1 (9.6 mL. 154 mnol). The suspension was stirred at roan 

temperature for 15 h. diluted with EtOAc. and filtered through a Celite pad. The filtrate 
was concentrated and the residue was purified by flash chromatography (55:45 EtOAcjhexane) 

to give 556 mg (85%) of 2-l as a colorless oil: [aloz5 t30.58 o (c=l.O. CHC13); IR (CHCl,) 

3450, 2950, 1705. 1640, 1480. 1385, 1220. 1090 cm'; 'H NMR (400 MHz. CDC13)5 0.91 (3H. 

t. J=7.1 Hz, H-23). l-30-1.85 (20H). 2.31 (2H. br t, J=6.3 Hz, H-3). 2.48 (lH, dd, J=15.6 

and 4.6 Hz, H-11). 2.56 (1H. dd, J=16.6 and 4.1 Hz, H-13). 2.67 (1H. dd. J=16.6 and 8.1 

Hz, H-13'). 2.71 (1H. dd, J=15.6 and 7.6 Hz, H-11'). 3.13 (1H. quint. J=5.4 Hz, H-20). 

3.29 (3H. s. OMe). 3.31 (6H. s, OMexZ), 3.33 (6H. s. OMex2). 3.36 (1H. m. CHOMe). 3.40 

(1H. m. CljOMe), 3.58 (lH, m. CHOMe). 3.69 (1H. m, CtjOMe). 3.74 (1H. s. OH), 4.24 (1H. m. 

H-10). 5.09 (1H. br d. J=10.3 Hz, H-lE), 5.10 (1H. br d. J=17.1 Hz, H-1Z). 5.81 (1H. ddt. 
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J=17.1. 10.3 and 7.1 Hz, H-2); CIMS (isobutane) m/z 503 (MH'). 471 (MH+-MeOH). 453 (MH+- 

HaO-MeOH), 421 (MH+-H20-2MaOH). 389 (MH+-HsO-3MeOH). 357 (MH+-HsO-4MeOH). 

(4S.6S.8S.lOR.l2R.l4R.20R)-4.6.8.14.20-Pentwethoxy-l-tricosen-lO.l2-diol (22): 

To a stirred solution of 21 (548 mg, 1.09 mnol) in dry THF (12 mL) and dry MeOH (3 mL) 

at -709: was added 1M diethylmethoxyborane in THF (2.2 mL. 2.2 mnol). After 15 min. 

NaBHa (82 mg. 2.17 mnol) was added and the solution was stirred at -70°C for 1.5 h. 

The reaction mixture was quenched with acetic acid (1 mL) and extracted with EtOAc. The 

extract was washed with aqueous NaHCOJ and brine, dried (MgSO,). and evaporated. The 

residue was subjected to azeotropic distillation several timas with MeOH. The diastereo- 

isomeric ratio was found to be 95:5 by 'H NUR (400 MHz. benzene-de) analysis. Flash 

chromatography (2:3 EtOAc/hexane) gave 509 mg (92%) of 22 as a colorless oil: [aloz5 

tl6.6" (c=O.86. CHCla); IR (CHC13) 3450, 2940, 1460. 1200. 1085. 920 an-'; 'H NMR (400 

MHz. benzene-de) b 0.92 (3H, t. J=7.1 Hz, H-23). 1.30-2.00 (24H). 2.27 (2H. t. J=5.8 Hz, 

H-3). 3.07 (3H. S. OMe). 3.08 (1H. m. H-201, 3.15 (6H. S. OMex2). 3.18 (3H. S. OMe), 3.20 

(3H. s. OMe). 3.35 (2H. m. CtjOMex2). 3.56 (1H. quint, J=5.6 Hz, CljOMe), 3.70 (1H. quint, 

J=6.1 Hz, CljOMe). 4.08 (lH, br t. J=9.3 Hz. H-10 or H-12). 4.16 (1H. br t, J=9.0 Hz, H-12 

or H-101, 4.33 (2H. br. OHx2). 5.08 (1H. br d. J=10.2 Hz, H-lE), 5.09 (1H. br d. J=l7.1 

Hz, H-1Z). 5.87 (1H. ddt. J=17.1. 10.2 and 7.1 Hz, H-2); FAB mass spectrun m/z 504 (MH'). 

(4S,6S.8S,lOR,l2R.14R.20R)-4.6.8,l0.12.l4.20-Hept~ethoxy-l-tricosene (2): To a stirred 

solution of 22 (501 mg. 0.94 mnol) in dry THF (10 mL) at OS= were added successively Me1 

(0.36 mL, 5.65 tmnol) and excess HH in mineral oil. The suspension was stirred for 30 min 

and then excess KH was decomposed by careful addition of water. The mixture was extracted 

with EtOAc and the extract was washed with water and brine, dried (MgSO,), and evaporated. 

Purification by flash chromatography (3:7 EtOAc/hexane) gave 471 mg (89%) of 2 : [al Dz5 
t6.47" (c=O.34. CHC13). The spectroscopic data and R, value on silica gel TLC were 

identical with those of natural 2. 

(3R.5R.7R.9R.11R.13R.19R)-3.5.7.9.11,13.19-Heptamethoxydocosana1 (23): To a stirred 

solution of 2 (189 mg. 0.36 mnol) in dioxane (15 mL) and Ha0 (5 mL) was added 0~0~ (5 mg). 

After 30 min. NaI04 (228 mg, 1.06 mnol) was added to the solution. The reaction mixture 

was stirred for 2.5 h and then extracted with EtOAc. The extract was washed with water 

and brine, dried (MgS04), and evaporated. Flash chromatography (7:3 EtOAc/hexane) gave 

177 mg (94%) of 23 as a colorless oil: [a] oz5 -22.6" (c=O.46. CHCl,); IR (CHCla) 2940. 

1720. 1460. 1380. 1200, 1085 an-'; 'H NMR (400 MHz. benzene-de) 6 0.92 (3H. t. J=7.0 Hz, 

H-22). l-32-2.08 (24H). 2.27 (1H. ddd, J=l6.5, 5.5 and 1.8 Hz, H-2). 2.35 (1H. ddd. J= 

16.5. 6.2 and 2.2 Hz, H-2'). 3.06 (lH, m, H-19). 3.08(3H. s. OL). 3.14 (3H. s. OMa). 3.20 

(3H. s. OYe). 3.23 (3H. s. OMe). 3.23 (3H. s. OMee). 3.24 (3H. s, OMe). 3.26 (3H. s. OMee). 

3.37 (tH. quint, J=5.1 Hz, CtjOMe), 3.51 (1H. quint, J=5.5 Hz, CHOMe). 3.60 (1H. quint, J= 

5.5 Hz, CljOMe). 3.63 (2H. quint, J=6.5 Hz, CH(M(ex2). 3.76 (1H. quint. J=5.8 Hz, ClOMe). 

9.54 (1H. dd. J=2.2 and 1.6 Hz, H-1); FAB mass spectt-un m/z 535 (MH'). 



4902 
Y. MORI et al. 

(4% 6s. ES. 1 OR, 12R. 14R, 16R. 22R) -6.8.10,12.14.16.22-Heptmethoxy-1 -pentacosen-4-01 (3) : 
To a stirred solution of (-)-diisopinocmpheylmethoxyborane (190 mg. 0.60 mol) in dry 

toluene (2 mL) at -78 9= under argon was added 1.0 M allylmagnesiun bromide in THF (0.6 

mL. 0.6 mnol). The reaction mixture was stirred at -78 % for 15 min and then at room 

temperature for 1 h. After cooling at -78% a solution of 23 (160 mg. 0.30 tmnol) in dry 

toluene (1 mL) was added and stirring was continued for 30 min. The reaction mixture was 

warmed to 0 T and refluxed for 3 h after addition of Eta0 (5.0 mL), 3N NaOH (1.0 mL). and 

30% H202 (2.0 mL). The reaction mixture was extracted with EtOAc. The extract was washed 

with water and brine, dried (MgSOI). and evaporated. Flash chromatography (EtOAc) gave 

143 mg (83%) of a mixture of diasteroisaners in a ratio of 88:12 by 'H NMR (400 MHz. 

benzene-da) analysis. Purification of the products by chromatography (15:85 acetone/ 

hexane) using spherical silica gel (30-50 urn) gave pure 24 (103 mg) as a colorless oil: 
[a lD25 t4.30” (c=O.88. CHCL); IR (CHC13) 3460. 2930. 1460. 1375, 1230. 1090 an-'; 'H 

NMR (270 MHz. benzene-de) 6 0.92 (3H. t. J=7.1 Hz. H-25). 1.30-2.08 (26H). 2.28 (2H. m. 

H-3). 3.07 (1H. m, H-22). 3.12 (3H, s. OMe). 3.20 (6H. s. OMex2). 3.22 (3H. s, OMe). 3.24 

(6H. s. OMex2). 3.25 (3H. s, OMe), 3.37 (1H. m. CEOMe), 3.61 (5H. m. CtjOMexS), 3.86 (lH, 

m. H-4), 5.06 (1H. br d. J=lO.l Hz. H-lE), 5.08 (1H. br d. J=17.1 Hz. H-1Z). 5.95 (1H. 

ddt. J=17.1, 10.1. 7.1 Hz. H-2); FAB mass spectrun m/z 577 (MH+). 

(4S.6S.8S.10R.12R.14R.l6R.22R)-4,6.8.l0,12.14.16,22-0ctanethoxy-l-pentacosene (3): 

To a stirred solution of 24 (102 mg. 0.177 mnol) in dry THF (4.0 mL) at OS= were added 

successively Me1 (0.5 mL. 8.03 mnol) and excess KH in mineral oil. After stirring for 

1.5 h the reaction mixture was quenched with water and extracted with EtOAc. The extract 

was washed with aqueous Na2S203 and brine, dried (MgSO,), and evaporated. Flash chrcmato- 

graphy (2:3 EtOAc/hexane) of the residue gave 95 mg (90%) of 3 as a colorless oil: [alDz5 

f5.02" (c=O.63. CHC13). The spectroscopic data and Rt value on silica gel TLC were 

identical with those of natural 3% 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (A): 

1) OsO&-NaI04 Oxidation of 3. The procedure for 23 was employed with 2 (84 mg. 0.148 

mnol) and purification by flash chranatography (85:15 EtOAc/hexane) gave 66 mg (78%) of 

(3R,5R.7R.9R.11R,l3R.15R,21R)-3,5,7,9,11.13.15.21-octamethoxytetracosanal: ]a]D25 -22.0" 

(c=l. 0. CHCL) ; IR (CHCL) 2930. 1720. 1460, 1375, 1200, 1085 cm- ’ ; ‘H NMR (400 MHz. 

benzene-ds) 6 0.92 (3H. t, J=7.2 Hz. H-24). 1.30-2.19 (26H). 2.28 (1H. ddd. J=16.1. 5.1 

and 1.8 Hz. H-2). 2.35 (1H. ddd. J=16.1. 6.6 and 2.2 Hz. H-2'). 3.08 (3H. s, OMe). 3.08 

(1H. m, H-21). 3. 15 (3H, s, OMe). 3.19 (3H, s. OMe). 3.23 (6H. s. OMex2). 3.25 (3H. s. 

OMe), 3.26 (3H. s. OMe), 3.27 (3H. s. OMe), 3.38 (lH, quint, J=5.1 Hz, C&Me). 3.51 (lH, 

quint. Jz5.9 Hz, CHOMe). 3.58 (1H. quint, J=5.9 Hz, CHOMe). 3.64 (3H. quint, J=6.2 Hz, 

CHOMex3). 3.76 (1H. quint. J=5.9 Hz, CbOMe). 9.54 (1H. t, J=2.2 Hz, H-l); FAB mass 

spectrum m/z 593 (MH'). 

2) Allylation. The procedure for 24 was employed with the aldehyde (63 mg. 0.107 tmrol) 

obtained above, and purification by flash chromatography (1:4 acetone/hexane) gave 64 mg 

(95%) of a mixture of diasteroiscmers in a ratio of B6:14 by 'H NYR (400 MHz. benzene-ds) 
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analysis. Purification by chranatography (17:83 acetone/hexane) using spherical silica 
gel (30-50 pm) gave 45 mg of pure (4.%8S, 8s. 10s. 12R. 14R. 18R. 18R,24R)-8.8,10.12,14,18,18. 
24-octamethoxy-1 -heptacosen-4-01: [a I D25 -32.9” (c=O. 78, CHCL) ; IR (CHCL) 3450, 2930. 

1480, 1375. 1200. 1080, 920 an-’ ; 'H NMR (400 MHz. benzene-de) 6 0.92 (3H. t. J=7.2 Hz. H- 

27), 1.32-2.08 (28H). 2.25 (1H. dt. J=14.1 and 8.8 Hz. H-3). 2.30 (dt, J=14.1 and 8.8 Hz, 
H-3'). 3.07 (1H. quint, J=5.8 Hz, H-24). 3.12 (3H. s, OMe). 3.19 (3H. s. OMe). 3.20 (3H. 

s. OMe). 3.23(3H. s. OMe). 3.24 (3H. s. OMe). 3.25 (3H. s. OYe), 3.28 (3H. s, OMe). 3.27 

(3H. s. OYe). 3.37 (1H. quint. J=5.4 Hz, CtjOMe). 3.58 (1H. quint, J=5.8 Hz, CtjOMe). 3.82 

(4H. m. CljOMex4). 3.88 (1H. m, H-4), 5.07 (1H. br d. J=10.2 Hz, H-1E). 5.09 (lH, br d. J= 

17.1 Hz, H-1Z). 5.95 (1H. ddt. Jz17.1. 10.2 and 7.1 Hz. H-2). CIMS (NH3) m/z 834 (MH+). 

3) 0-Methylat ion. The procedure for 3 was employed with the alcohol (9.3 mg. 0.015 
mnol) obtained above, and purification by flash chranatography (7:3 EtOAc/hexane) gave 

8.5 mg (89%) of 4 as a colorless oil: [a] D” t4.36” (c=O. 71. CHCL). The spectroscopic 

data and Rf value on silica gel TLC were identical with those of natural j. 

(3R.5R.7R.9R,llR.13R.15R.21R) -3-8enzoyloxy-5.7.9.11.13.15.21 -heptamethoxy-1-tetracosene 

(25): 1) Benzoylation. To a stirred solution of 24 (10.7 mg. 0.019 nol) in pyridine 

(0.5 mL) was added benzoyl chloride (22 uL, 0.188 nmol). and the mixture was stirred at 

room temperature for 15 h. After addition of MeOH (0.1 mL). the reaction mixture was 

diluted with EtnO/hexane (1:l) (10 mL). flltered. and concentrated in vacua. Flash chro- 

matography (35:85 EtOAc/hexane) of the residue gave 11.2 mg (89%) of (4S.8S.8S.lOR.12R. 

14R.18R.22R)-4-benzoyloxy-8.8.10.12.14.18.22-hept~ethoxy-l-pentacosene: [aloz5 t3.95" 

(c=O.93, CHCla) ; FA8 mass spectrum m/z 881 (MH'). 849 (MH+-MeOH). 

2) Ozonolysis. A solution of the banzoate (11.2 mg. 0.017 mnol) obtained above in MeOH 

(5 mL) was cooled to -789= and saturated with ozone. Excess ozone was removed by bubbling 

nitrogen into the solution and then Na8H4 (29 mg, 0.74 mnol) was added to the solution. 

The reaction mixture was warmed to roam temperature, acidified to pH 5. and extracted with 

EtOAc. The extract was washed with water and brine, dried (MgSO,). and evaporated. 

Purification by flash chromatography (9:l EtOAc/hexane) gave 8.8 mg (78%) of (3$5S,7S,9R. 

11R,l3R.l5R,2lR)-3-benzoyloxy-5.7.9,11.13,l5,21-heptamethoxy-l-tetracosanol: [a]D25 

-5.91" (c=O.72. CHCla); IR (CHC13) 3450, 2950. 1710, 1480. 1285. 1100 an-'; 'H NMR (400 

MHz. benzene-de) 6 0.92 (3H. t. J=7.1 Hz. H-24). 1.33-2.18 (28H). 3.07 (1H. quint, J=5.3 

Hz. H-21), 3. 17 (3H. s. OMe). 3. 19 (8H. s. O&x2), 3.23 (8H. s. OMex2). 3.24 (3H. s. OMe). 

3.25 (3H. s. OMe). 3.38 (1H. quint, Jz8.0 Hz, H-15), 3.55 (2H, m. H-l). 3.81 (5H. m. CtjOMe 
x5), 5.71 (1H. m. H-3). 7.05-7.18 (3H. Ar-H). 8.18 (2H. dd. J=8.8 and 1.7 Hz, Ar-H); FA8 

mass spectrun m/z 885 (MH+). 853 (MH+-MeOH). 

3) Preparation of 2. To a stirred solution of the alcohol (7.3 mg. 0.011 mnol) 

obtained above in dry THF (0.2 mL) were added o-nitrophenyl selenocyanate (8.8 mg. 0.03 

mnol) and tributylphosphine (7.5uL. 0.03 mnol) and the reaction mixture was stirred at 

room temperature for 2 h. After evaporation of the solvent, the residue was purified by 

flash chromatography (1: 1 EtOAc/hexane) to give 9.0 mg (97%) of a selenide. 
The selenide (9.0 mg. 0.01 mnol) was dissolved in THF (0.2 mL) and 30% H20a (1OuL. 

0.098 mnol) was added, and the solution was stirred at room temperature for 13 h. After 
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evaporation of the solvent the residue was purified by flash chromatography (2:3 EtOAc/ 

hexane) to give 6.1 mg (88%) of 25 as a colorless oil: [aloz5 -16.2" (c=O.49. CHC13); 

UV (MeOH) h,,, 229 rm (E 128001; CO (MeOH) 226 rm ( AE -3.19); IR (CHCIP) 2930. 1710, 

1600, 1450, 1275, 1100 cm-'; 'H NMR (400 MHz, benzene-de) 6 0.92 (3H, t, J=7.1 Hz. H-24). 

1.32-2.24 (26H). 3.07 (lH, m. H-211, 3.18 (3H. s. OMe), 3.19 (3H. s. OMe), 3.20 (3H. S, 

We). 3.22 (3H. s. OMe), 3.23 (3H, s. OMe), 3.24 (3H. s. OMe). 3.25 (3H. s, OMe), 3.38 

(1H. quint. J=5.4 Hz. H-151, 3.61 (5H. m. CbOMex51, 5.07 (1H. d, J=10.5 Hz, H-lE), 5.37 

(lH, d. J=17.1 Hz, H-lZ1, 5.90 (1H. ddd, J=17.1. 10.5 and 6.6 Hz, H-21, 6.02 (lH, q. J=6.6 

Hz, H-3). 7.03-7.16 (3H, Ar-H). 8.02 (2H. dd. J=8.6 and 1.7 Hz, Ar-H). FAB mass spectrum 

m/z 667 (MH+), 635 (MH+-MeOH), 545 (MH+-CB~5~~~~). 
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