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Abstract This paper describes lhe enanuoselecuve synthesis of key fragments (12,18,24, and 35) for the synthesis 

of aplyslatoxm (la), a potent cancer promoler. and dwr convergent assembly to K&u’s aldehyde (2) Smce 2 has 

already been transformed mto la In a short step, its synthew consutotes a formal total synthesis of la 

Aplyslatoxm (la) and debromoaplyslatoxm (lb) isolated from the digesuve grand of sea hare, 
Stylochellus longrcauda, have received much attention as attractive targets for total synthesis due to their 

stencally complex and unique molecular architecture mcluclmg Spiro acetal, hemiacetal, and chohde 
functionalmes together with peculiar biologtcal acavltles such as strong cancer promotion 1) Several synthetic 
approaches2) to this class of compounds, including the total synthesis of dehydroxyaplysiatoxm by Yamamura 
et al 2W and Ireland et al ,h) have appeared m literatures, but only one total synthesis of la and lb has been 

reported to date by Kislu et al 3) Recently we developed an efficient methodology for the construction of 
polypropionate segment which was charactensnc to macrohde chemistry and contained also m 1 as a Cg-Cl2 

fragment 4, By taking the advantage of this procedure and titanium mediated asymmetnc epoxidanon,5) we 
could achieve the enantioselective construction of I&hi’s aldehyde (2) which has all the stereogemc centers 

reqmred for the synthesis of aplysiatoxm (la) Since 2 has been transformed mto 1, this constitutes a formal 
total synthesis of la Results obtained are described here m detail 6) 

OMe MPMO 

OH OH OBOM OBOM 

la R = Br Aplyslatoxin 2 Klshl’s aldehyde 
lb R=H Debromoaplystatoxm 

Retrosynthetic Analysis 
Aplysiatoxm (la) and debromoaplysiatoxm (lb) have the common structure except for the aromatic 

moiety, ClT-carbon m which IS not brommated rn lb but in la, and lb can be converted mto la by treatment 

10531 



10532 H OKAMURA et al 

with bromine Id) Therefore, the synthesis of lb IS a pnmary goal of our research Compound lb has ten 
stereogemc centers but two of them, C3 and C7 acetal carbons, are expected to be mtroduced with the desired 
chlrahty upon the lactomzanon of the correspondmg seco-acid A Based on these analyses, our synthetic 
strategy was elaborated as described m a retrosynthetlc manner m Scheme I 

lb 

u 

I : 

OM6 opz 0- 4 c “0 OP, 
i9 + 

0 27 
OPI B op4 

C2”&02” 

op4 OH 

OH eno- 
9Hco,pr_, p$++H 

12 : 8 

Scheme 1 



Synthesis of aplysiatoxm 10533 

Dissociation of Cl ester linkage m 1 gave seco-acid A as an lmmedlate precursor of 1 Further cleavage of the 
bond C2-C3 prov&d acid B and acetic acid, wluch rnlght be recombined by Cliusen condensation reaction 
Smce the hemlacetal moiety m 1 had been reported to be very unstable, lc) introducnon of Cl-C2 unit was set at 
the later stage of the synthesis Dissociation of another C27 ester linkage envIsioned two hydroxy acld- 
fragments C and D as plausible mtermdates Further &sconnectlon of fragment C between bonds C7-C8 and 
C&Z13 generated three fragments E, F, and G. wtnch were considered to be recombined by nucleopiuhc 
opening of two &fferent epoxldes m F with Gngnard reagent (fragment E) and with hthmd&lane denvanve 
generated by base treatment of G, respectively In the actual synthesis, the termmal epoxlde m F was masked 
as a protected Qol untd the couphng with G The carboxyhc acid m G was also masked as a protected d101 
untd an appqmate stage m order to avoid the eplmenzanon at Q Stereogemc carbons m fragments D, E, and 
G seemed to be mtroduced by usmg atamum-mtiated asymmemc epoxidatlon5) (hereafter referred to as A E ) 
and the connguous stereogemc carbons m fragment F was considered to be denved stereospeclfically from E- 

benzyloxylated a-hydmxy acid (I) which could be readily prepared by the use of titamum-m&ted [2,3]Wittig 

rearrangement 4) Although the configuration of a-carbon m I was opposite to that of C9 m 1. a-hydroxy 

ester was expected to be converted mto a termmal epoxide with the mversion of its a-configuraaon Accordmg 
to this synthetic plan, we started the syntheses of fragments D, E, F, and G 

Synthesis of Fragments 
Synthesis of fragment D started with epoxy alcohol 4 wluch was readily prepared from crotyl alcohol (3) 

accordmg to the literature procedure 5b) (Scheme 2) Treatment of 4 with phenyl lsocyanate gave crystalhne 
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a) TI(O’Pr),, (-)-DET, TBHP, MS 4A b) EtsN, PhNCO c) recrystallzatlon from AcOEt 

(74% for 3 steps) d) dil HClO_, (15%) e) ‘Pr,NEt, BOMCI (70%) f) K&O,, MeOH (93%) 

g) (CH,),CCOCI, EtaN then MsCl h) DIBAL I) KOH, MeOH (59% for 3 steps) J) 1,3-dlthiane, 

B&I (99%) k) NaH. MPMCI (82%) I) Mel, CaCO, (65%) m) NaCIO,, 2-methyl-2-butene (82%) 

Scheme 2 

carbamate 5 Since the optxal punty of the startmg 4 was 90% ee, the carbamate was recrystalhzed to obtam 

the optxally pure compound Compound 5 thus obtained was treated with perchlonc acid and the resulting 
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alcohol 6 was protected as a benzyloxymethyl (BOM) ether 7 Compound 7 was subjected to alcoholysls to 
@ve d1018 and then converted mto epoxide 9 by the sequence I) protection of the resultmg pnmary hydroxy 
group as a plvalate, II) mesylahon of the remaining secondary hydroxy group, 111) reductive cleavage of prvsloyl 
group, and iv) alkaline treatment of the hydroxy mesylate One carbon elongation to 10 was achieved by the 
treatment of 9 with 2hthm-1.3~d&lane Dlthlane 10 was transformed mto the desired carboxyhc acid 12 
conespondmg to fragment D in three. steps I) protectlon of hydroxy group as a p-methoxybenzyl (MPM) ether 

N 
OBn 

dH 

a, b 
PH 

WOBn 
C 

BnO ~0,~.I 
I 
o_copr-r 

19 71%ee 20 21 

d, e Bno&lH f.g, h a,eOH Id _ 

i I 

22 

OTBDMB 
H 

12 
i 

23 

24 

a) bromoacetlc acd NaH b) ‘Prl, Na,CO, (75% for 2 steps) c) LDA, Cp,TCI, (72%) 
d) KOH e) I, (62% for 2 steps) f) DHP, PPTS g) K,COs MeOH 

h) LAH (74% for 3 steps) I) TBDMSCI, ImH J) H,, Pd/C (84% for 2 steps) 

Scheme 4 



Synthesis of aplysiatoxin 10535 

11,7) II) hydrolysis of &thloacetal, and m) oxidauon of the resultmg aldehyde into carboxyhc acid v&h sodmm 
chlonte.*) 

For the synthesis of fragment E, l3 was employed as a startmg matenal which was ~&ly prepared from 
m-hydroxycmnamlc actd by a convenaonal manner (Scheme 3) Ester 13 was converted mto allyhc alcohol 
14 m good peld by dusobutylalummum hydnde (DIBAL) reducuon A E. of 14 proceeded smoothly with 
enanaoselecavlty of 96% ee to gve epoxy alcohol 15. although stnrctmally simdarp-methoxycmnamyl alcohol 
was a poor substrate for thts tltanmm-m&a& A E 9) Reducnon of 15 with sodmm bls(methoxyethoxy)- 
aluminum hydnde (led-al)‘@ gave a mixture of 1,3- (16) and 1,2&01 m a ratio of 17 1 11) The mixture was 
treated with NaI04 and subjected to slhca gel chromatography to give the desired 16 m a pure form 
Transformaaon of 16 to bromide 17 was effected by the sequence 1) tosylanon of pnmary hydmxy group, 11) 
methylanon of secondary hydroxy gmup. and m) substitution of the tosylate wth bromide anion. Bromide 17 
was converted m a usual manner mto Gngnard reagent 18 to be used for the coupling with fragment F 

Synthesis of fragment F started with (2R,3E)-l-benzyloxy-3-buten-2-01 (19) of 71% ee.12) which was 
obtamed by kmetlc resolution of d/-l*) (Scheme 4) Compound 19 was converted mto ester 20 accordmg 
to the reported procedure 13) Titanium-mediated [2,3]Wlttlg rearrangement of 20 afforded e-benzyloxylated 
hydroxy ester 21 with quantltatlve chlrahty transfer together with high syn,E-selectmty I41 After alkaline 
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NaH (82% for 2 steps) e) DIBAL (95%) 1) TI(O’Pr),, (+)-DIPT, TBHP (86%) g) TrCI. EbN, 

DMAP (85%) h) MehQBr, Cul I) CSA, MeOH (56% for 2 steps) J) COlm,, DMAP 

then dll HCI (89%) k) Swern oxdn I) 1,9propanedlthd, BF,*OE1, (72% for 2 steps) 

m) K,COs, MeOH n) 2,2-dlmethoxypropane, PPTS (90% for 2 steps) 

Scheme 5 
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hydrolysis, 21 was subjected to iodolactonizatlon 15) The resulting lactone 22 was converted mto 2,3-syn- 
3,4-antr-epoxy alcohol 23 m three steps, I) protecnon of hydroxy group as a tetrahydropyranyl (THP) ether,t@ 
n) methanolysls of lactone along with epoxlde formation, and m) hthmm alummum hydnde (IN-I) raduction of 
the resultmg methyl ester Hydroxy protectlon as a t-butyldlmethylsdyl (TBDMS) ether followed by 
hydrogenolysts afforded epoxy alcohol 24 which was a synthetic eqmvalent of fragment F. 

Fragment G was denved from easily available aldehyde 25 (Scheme 5) 17) Aldehyde 25 was first 
converted mto THP ether 26 m a conventional manner Conversion of 26 mto 27 was achieved by oxldatlve 
cleavage of olefin and subsequent Wltttg-Honer olefinanon 18) DIBAL reduction of 27 afforded allybc alcohol 
28 which was transformed mto epoxy alcohol 29 of 95% ee After hydroxy protecaon as a tr~tyl ether 30. 
compound 29 was exposed to methylmagnesmm bromide m the presence of catalytic amount of CuI @vmg a 
mixture of 31~ and its reglotsomer 31b m a ratio of 2 7 1 19) Acid treatment of the mixture followed by 
chromatographlc separanon afforded the desued mo132 which was converted into carbonate 33 by treatment 
with carbonyldnm&zole Transformanon of 33 to dlthloacetal35 correspondmg to fragment G was carned 
out by the sequence, I) ox&non of pnmary alcohol to aldehyde, 20) n) dlthloacetahzatmn of the resultmg 
aldehyde gvlng &thloacetal34,1u) alcoholysls of carbonate, and IV) reprotectlon of the resulhng Qol as an 
acetonide 
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Scheme 6 

Assembly of Fragments 
With fragments D, E, F, and G m hand, the stage was set for the construction of 1 The construction 

was started wtth the couplmg of fragments E and F as described m Scheme 6 Treatment of epoxy alcohol 
24 with Gngnard reagent 18 m the presence of catalytic amount of CuI provided 1,3-d101 36 and a small 
amount of the undesired stereolsomer due to msufficlent optlcal punty (71% ee) of 24 In Scheme 6. all the 
structures of the undesired minor stereolsomers have been omitted for clanficatlon Smce the separation of 36 
and its dlastereomer was &ffkult at this stage, the mixture was used for the next step wlthout separation The 
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resulting hydroxymethyl group in 36 was converted mto methyl group by mesylatron and subsequent LAH 
reductron, estabhshmg the structure of the C&21 fragment In this LAH reductton, however, the cleavage of 
the TBDMS ether occurred simultaneously to give 1.4~dto137 Therefore, 37 was reprotected as a dmcetate 
and converted into 38 by the sequence; I) acrd hydrolysis of THP ether, la) ii) mesylation of the resultmg 
hydroxy group, and ui) alkahne hydtolysrs of acetates accompanymg epoxnie rmg formation The u&sued 
minor drastereomer produced at the couplmg of 18 and 24 (VU& supru), could be removed at thus stage by 
repeated slhca gel column chromatography Although protection of hydroxy group of 38 as a MPM ether7) 
gave compound 39 and set the stage for the coupling with 35 corresponding to fragment G, difficulty m 
separation of drastereomenc by-product and tedtous operation of protecung groups caused by the unexpected 
cleavage of TEtDMS ether, prompted us to explore another approach to 39 

In order to avord these Mculues, we examined the approach to 39, using A E of Eallyhc alcohols as a 
tool of mtroducmg chrrahty at Cg-Cl2. because A E of E-allybc alcohols has been well estabhshed to proceed 
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with high enanuoselecttvlty (Scheme 7) Thus, the synthesis started with epoxy alcohol 41(95% ee) which 
was readdy prepared by A E. of allyhc alcohol 40. 21) Epoxy alcohol 41 was neated ~llth tnmethylalummum, 
accordmg to Oshlma’s method 22) Although this procedure provided a mixture of 1,2- and 13&ols m a ratto 
of 5 1, the undesned 1.3401 was retiy separated with s&a gel column chromatography after its conversion 
mto the comspondmg acetomdes Further conversion of acetomde 42 into two carbon elongated E-allyhc 
alcohol 44 was camed out m four steps, 1) hydrogenolysts of benzyl ether, 11) Swem oxldatlon of the resulnng 
alcohol to aldehyde, m) Wltng-Homer olefmatlon, 18) wherein an mseparable mixture of 43 and its eplmeG3) 
was produced m a rauo of 13 1. and IV) DIBAL reducnon, after which 44 and Its eplmer wen separated by 
column chromatography. A E of 44 proceeded with tiastereoselccnvlty of 86% de, and the msultmg mixture 
of 45 and its dmstexeomer was used for the next reaction w&out separatmn 

Couphng of 18 and the above mixture of epoxy alcohols proceeded regloselectlvely to give the 
correspondmg dastereomenc mixture of 13-&ok which were separated chromatographycally to @ve 46 as a 
smgle isomer The followmg transformanon of hydmxymethyl group m 46 to the correspondmg methyl group 
was camed out in the same manner as described for the preparaaon of 37 ConversIon of the xesultmg 47 into 
the &sued 39 was effected straightforwardly by the sequence 1) protection of hydroxy group as a MPM ether 

MOO MPMO HO 

a 
39 - 

Hooz 
OMPM 

b 

M c,d_ 

OBOM OBOM 

50 

+x/gygg 
OBOM OBOM 

( 
51 

e 
R,R’ = B (I, 

2R=R’rO 

a) 35, BIJLI (59%) b) TCBC, E&N, then DMAP (85%) c) PPTS, MeOH 
d) Pb(AcO),, KOAc (77% for 2 steps) e) NCS, AgNO, (89%) 

Scheme 8 



Synthesis of aplynatoxm 10539 

4&T) u) acid hydrolysis of acetomde, and 111) treatment of the resultmg &ol with p-toluenesulfonyl chlomie m 
the presence of excess potassnun t-butoxlde 

Havmg established an efficient route to 39, we next examined the couplmg of 39 and 35 as shown m 
Scheme 8 Thus epoxlde 39 was exposed to the hthuxhthlane generated by treatment of 35 with 
butylhthmm. gvmg 49 m 59% yield Condensanon of the resulting alcohol 49 and carboxyhc acid 12 was 
accomphshed by usmg Yamaguctu methodu) to gve ester 50 which contamed all the asymmemc centers m 1 
except for two acetal carbons. After acid hydrolysis of the acetomde, treatment of 50 with lead tetmacetate25) 
gave aldehyde 51 which was an intermediate m Klshis synthesis of 1 3) For the further structure 
conf‘i‘iaaon, 51 was converted mto another Qshl’s mterme&ate 2 that gave identical tH NMR spectrum m 
every respect wrlth the comspondmg authenac sample 

Smce 2 has been reported to be convernble to 1 m 6 steps,3) our accomphshment consmutes a formal 
total synthesis of opncally active aplyslatoxm m a highly convergent and enantloselectlve manner 

Experimental 
NMR spectra were recorded at 400 MHz on a JEOL GX-400 or at 90 MHz on a JEOL FX-90Q 

instrument All signals were expressed as ppm down field fmm tetramethylsilane used as an internal standard 
(&value m CDC13) IR spectra were obtained with a JASCO IR-700 instrument Optical rotation was 
measured ~th a JASCO DIP-360 automatic digital polanmeter Column chromatography was conducted on 
Slhca Gel 60, 70-230 mesh ASTM, available from E Merck Preparative thm layer chromatography was 
performed on 0 5 mm x 20 cm x 20 cm E Merck silica gel plate (60 F-254) Solvents were dned and d.~stdled 
shortly before use Reactions were camed out under an atmosphere of nitrogen if necessary 

(2R3R)-l-[(N-Phenylcarbamoyl)oxy]-2,3-epoxybutane (5) To a suspension of MS 4A (20 
g) m dtchloromethane (700 ml) was added (-)-dnsopropyl tartrate (4 3 g, 18 4 mmol) Tltamum 
tetr~sopropoxlde (4 19 ml, 14 1 mmol) and r-butyl hydroperoxlde (48 ml, 3 53 mol dm-3 m toluene) were then 
added to the mixture at -20 ‘C! After bemg stirred for 30 mm, (E)-2-butenol(12 0 ml, 141 mmol) was added at 
the same temperature After another 1 h, the mixture was left in xefngerator (-20 “C) for 36 h To the solution 
was added &methylsulfide (5 8 ml, 79 mmol) and the reaction temperature was gradually raised to room 
temperature To this solution were added tnethylamme (23 4 ml, 168 mmol) and phenyl lsocyanate (20 1 ml. 
185 mmol), and the mixture was further stirred for 24 h The mixture was treated with aqueous acetone (205 
ml, acetone-H20 = 40 1) and stirred for 12 h The resultmg preclpltate was filtrated off and the filtrate was 
&luted with ethyl acetate The orgamc layer was washed with water, dned over MgS04, filtrated through a 

short slhca gel column (hexane-ethyl acetate = 1 l), and concentrated to give 5 (21 4 g, 74 %), [c# +46 8’ (c 
129, MeOH) IR (KBr) 3280, 1730, 1597, 1547, 1499, 1439, 1307, 1222, 1052, 899, 860,746cm-1 tH 
NMR (400 MHz) 7 39-7 33 (m, 2H), 7 32-7 29 (m, 2H), 7 07 (t, J = 7 33 Hz, lH), 6 90-6 75 (br s, 1H). 
4 50 (dd, J = 2 93, 12 21 Hz, lH), 3 99, (dd, J = 6 34, 12 21 Hz, IH), 3 01-2 96, (m, 2H), 1 35, (d, J = 
5 40 Hz, 3H) Calcd for CttHt3N03 C, 63 76, H, 6 32, N, 6 76% Found C, 63 83, H, 6 19, N, 6 86% 
Three recrystalhzatlons of the product from hexane-ethyl acetate, gave optically pure carbamate 5 as a 

crystallme [2 4 g, [& +48 lo (c 0 964, MeOH)] 

(2S,3R)-1,2-Carbonyldioxybutan-3-ol (6) Aqueous HC104 (166 ml, 5 %) was added to a 
soluaon of carbamate 5 (23 54 g, 113 mmol) In acetommle (150 ml) and the mixture was stirred at room 
temperature After 24 h, saturated aqueous NaHC03 (100 ml) was added and bulk of acetommle was removed 
under reduced pressure The residue was diluted with ether, washed with water, dned over MgS04, and 
concentrated Slhca gel column chromatography of the residue (hexane-ethyl acetate = 6 4) gave carbonate 6 

(2 27 g, 15 96) as an of, [alh6 -5 4’ (c 5 03, CHC13) IR (neat) 3450, 2976, 1789, 1393, 1185, 1075, 
772cm-t tH NMR (90 MHz) 4 65-4 30 (m, 3H), 4 05 (dq, J = 6 56,3 50 Hz, 2 38-2 04 lH), (br s, lH), 
1 14 (d, J = 6 56 Hz, 3H) Calcd for C5H804 C, 45 46, H, 6 10% Found C, 45 43, H, 6 12% 
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(ZS,3R)-3-Benzyloxymethoxy-1,2-cerbonyldioxybutane (7) To a soluuon of carbonate 6 
(2 11 g, 16 0 mmol) and dusopropylethylamme (6 0 ml, 34 mmol) m dlchloromethane (20 ml) was added 
benzyl chloromethyl ether (3 1 ml, 20 mmol) at room temperature After being surred for 48 h, methanol (3 
ml) was added to the soluuon and the mixture was stmed for addmonal 12 h The soluuon was concentrated 
under reduced pressure The resulung slurry was &luted ~th ether, washed with water, dned over MgS04. 
and concentrated. S&a gel column chromatography of the residue (hexane-ethyl acetate = 8 2-7 3) gave BOM 

ether 7 (2 82 g, 70 %) as an 04 [c& +7 4’ (c 1 20, CHC13) IR (neat) 2928, 1796, 1451, 1375, 1171. 
1022,742, 697cm-1 lH NMR (400 MHz)* 7 38-7 29 (m, 5H), 4 83 (ABq. J = 6 84 Hz, 2H). 4 63 ABg J 
= 1172 Hz, 2H). 4.594 56 (m, lH), 4 47 (s, 1H). 4 45 (d, J = 196 Hz, lH), 4 09 (dq. J = 6 35.3 90 Hz, 
lH), 122 (d, J = 6 35 Hz, 3H) Calcd for C13H1605 C, 6190, H, 6 39% Found C, 6187, H, 6 42% 

(2S,3R)-3-Benzyloxymethoxy-butane-1,2-diol (8) K2CO3 (1 0 g, 7 2 mmol) was added to a 
solution of BOM ether 7 (141 g, 5 59 mmol) m methanol (30 ml) at room temperature After being stured for 
10 h, bulk of methanol was removed under reduced pressure The residue was dduted wub ether, washed with 
water, dried over MgSO4. and concentrated S&a gel chromatography of the residue (hexane-ethyl acetate = 

6 4-3 7) gave diol 8 (1 18 g, 93 96) as an 011, 1~1 i6 -30 8” (c 3 10, CHC13) IR (neat) 3404, 2884, 1641, 
1378, 1167, 1037, 740, 697cm- 1 tH NMR (90 MHz) 7 54-7 26 (m, 5H). 4 80 (s. 2H), 4 61 (s, 2H), 
4 05-3 49 (m, 4H). 2 99-2 74 (br s, lH), 2 54-2 23 (br s, lH), 1 20 (d, J = 5 78 Hz, 3H), Anal Calcd for 
Ct2H18O4 C, 63 70, H, 7 91% Found C, 63 43, H, 8 02% 

(2R,3R)-3-Benzyloxymethoxy-1,2-epoxybutane (9) To a solutlon of dlol 8 (1 14 g, 5 03 
mmol), 4-dlmethylammopyndme (100 mg, 0 82 mmol), and trlethylamme (1 6 ml, 12 mmol) m 
&chloromethane (20 ml) were added p~valoyl chlonde (630 ~1.5 12 mmol) at room temperature After being 

stu-red for 10 h, methanesulfonyl chlonde (430 11, 5 6 mmol) was added and the mixture was sttrred for 
another 1 h The solunon was concentrated under reduced pressure, diluted with ether, and washed with 
water The organic layer was separated, tied over MgS04, filtrated through a pad of slhca gel, and 
concentrated to give the cortespondmg mesylate (1 29 g, 66 %), lH NMR (90 MHz) 7 36-7 16 (br s. 5H), 
4 88-4 68 (m, 1H). 4 73 (s, 2H), 4 56 (s, 2H), 4 42-3 92 (m, 3H), 2 98 (s, 3H), 121 (d, J = 6 56 Hz, 
3H), 1 15 (s, 9H) 

The mesylate (360 mg. 0 927 mmol) was dissolved in dlchlorometbane (10 ml) and cooled to -78 OC To 
the solution was added dusobutylalummum hydnde (19 ml, 10 mol dm-3 m hexane) After bemg stmcd for 1 
h, the mixture was quenched with methanol (0 5 ml) at the temperature After addmona 5 mm, the solunon 
was gradually warmed to room temperature At this point, the solution became a white gel To the gel, 
saturated aqueous potassium sodium tartrate (10 ml) was added and the whole mixture was left with stlmng 
unul it became a clear solution The resultmg solution was extracted with ether, dned with MgS04, filtrated 
through a pad of sthca gel, and concentrated to give P-mesyloxy alcohol (271 mg, 96 %), tH NMR (400 
MHz) 7 38-7 30 (m, 5H), 4 81 (s, 2H). 4 69 (ddd, J = 5 85, 3 90, 3 90 Hz, lH), 4 64 (ABq, J = 11.72 
Hz, 2H), 4 07 (dq, J = 3 90,6 53 Hz, lH), 3 88-3 84 (m, 2H), 3 10 (s, 3H), 2 58-2 45 (br s, IH), 1 27 (d, 
J=635Hz,3H) 

The P-mesyloxy alcohol (707 mg, 2 32 mmol) was added to the mixture of methanol (10 ml) and 
aqueous KOH (4 6 ml, 1 0 mol dm-3), and stirred at room temperature After 1 h, bulk of methanol was 
removed under &muushed pressure The resulting solution was extracted with ether, dned over MgS04, 
concentrated, and chromatographed on slhca gel (hexane-ethyl acetate = 8 2) to @ve epoxlde 9 (450 mg, 93 %) 

as an 011, [alk6 +24 0’ (c 5 38, CHC13) IR (neat) 3026,2882, 1449, 1376, lO39,738,697cm-1 tH NMR 
(90 MHz) 7 41-7 26 (m, 5H), 4 88 (ABq, J = 6 90 Hz, 2H), 4 65 (s, 2H), 3 58 (dq, J = 6 56, 6 56 Hz, 
lH), 3 02 (ddd, J = 2 62, 5 30, 6 56 Hz, lH), 2 78 (br t, J = 5 03 Hz, lH), 2 56 (dd, J = 2 62, 5 03 Hz, 
lH), 1 27 (d, J = 6 56 Hz, 3H) Calcd for C12Ht603 C, 69 21, H, 7 74% Found C, 69 04, H, 7 67% 
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5 37 Hz, lH), 150-l 44 (br s, 1H) HREIMS m/z calcd for C17H1803 270 12549, found 270 12573 
(M+). 

(2R,3R)-3-(m-Benzyloxymethoxyphenyl)-2,3-epoxypropan-l-ol (15) To a suspension of 
(-)dnsopropyl tartrate (1 4 ml, 6 6 mmol) and powdered MS 4A (1.7 g) m dxhloromcthane (120 ml) wert 
added tltamum tetr;usopropoxide (17 ml, 5 7 mmol) and r-butyl hydroperoxlde (31 ml, 3 7 mol dm-3 m 
toluene) at -20 “C After being stmed for 30 mm, a solution of allybc alcohol 14 (15 65 g, 58.1 mmol) m 
hchloromethane (20 ml) was added at the temperatu~ After another 1 h, the mixture was left m refngerator (- 
20 “C) for 10 h The mixtuxe was quenched with pre-cooled (-20 “C) aqueous acetone (60 ml, acetone-H@ = 
5 l), and the reaction temperature was gradually raised to room temperature After being stated for 3 h, the 
resultmg prectpttate was filtered off and the filtrate was concentrated Silica gel column chromatography of the 

residue (hexane-ethyl acetate = 6 4) gave epoxy alcohol 15 (14 82 g, 90 %) as an 011, blA9 +26 8” (c 0 821. 
CHC13) IR (neat): 3440.2900, 1586, 1489. 1233. 1158. lO88,789,742,698cm-1 tH NMR (400 MHz) 
7 37-7 24 (m. 6H). 7 05-6 97 (m, 2H). 6 95 (d. J = 7 33 Hz, 1H) 5.29 (ABq, J = 7 33 Hz, 2H). 4 72 (s. 
2H). 4 04 (ddd. J = 2 44.4 88, 12 70 Hz, lH), 3 91 (d, J = 195 Hz, lH), 3 79 (ddd, J = 3 90.7 80, 12 70 
Hz, lH), 3 20 (ddd, J = 195.2 44.3 90 Hz, lH), 178 (dd, J = 4 88,7 82 Hz, 1H) Calcd for Ctj’Ht804 
C, 71 31, H, 6 34% Found C, 7124, H, 6 30% 

(S)-3-(m-Benzyloxymethoxyphenyl)propane-1,3-diol (16) Red-al (10 ml, 3 6 mol dm-3 m 
toluene) was added to a stmmg solution of epoxy alcohol 15 (6 57 g, 22 9 mmol) m THF (50 ml) at 0 “C and 
stmed for 10 mm Then the mixture was left in refngerator (0 “C) for 10 h The mixture was quenched ~th 
aqueous NaOH (10 ml, 15 %), allowed to warm to room temperanne, and poured mto water The mixture was 
extracted vnth ether, dned with MgS04, and concentrated The residue was &ssolved m aqueous THF (50 ml, 
THF-Hz0 = 1 1) and to this solution was added NaI04 (10 g, 4 7 mmol) at room temperature After vtgorous 
stunng for 3 h, the mixture was extracted wth ether, dried over MgS04. and concentrated Sdlca gel column 

chromatography of the residue (hexane-ethyl acetate = 1 l-3 7) gave 1,3dlo116 (6 0 g, 91 %) as an oil, [Ul~9 
-29 lo (c 1 33, CHC13) IR (neat) 3402,2938, 1585, 1239,1158,1018,788,742, 699cm-1 lH NMR (400 
MHz) 7 36-7 25 (m, 6H), 7 10 (br s, lH), 7 03-7 00 (m, 2H) 5 30 (s, 2H), 4 96-4 93 (m. lH), 4 73 (s, 
2H), 3 86 (br t, J = 5 62 Hz, 2H), 2 90-2 70 (br s, lH), 2 35-2 20 (br s, lH), 2 06-l 90 (m, 2H) Calcd 
for Ct7H2@4 C, 70 81, H, 6 99% Found C, 70 86, H, 6 77% 

(S)-3-(m-Benzyloxymethoxyphenyl)-l-hromo-3-methoxypropane (17) p-Toluenesulfonyl 
chlonde (5 1 g, 27 mmol) was added to a solution of dtol 16 (7 33 g, 25 4 mmol), 4-dlmethylammopyndme 
(100 mg, 0 82 mmol), and methylamme (4 3 ml, 31 mmol) m Qchloromethane (250 ml) at room temperatuxe 
After 4 h, bulk of hchloromethane was removed under dlmmlshed pressure, and the residue was diluted with 
ether, washed wtth water, drted over MgS04, filtrated through a pad of slhca gel, and concentrated to give 
tosylate (10.45 g, 93 %) as an oil 

To a solution of the above tosylate (6 34 g, 14 3 mmol) and methyl t&de (2 5 ml, 40 mmol) m DMF- 
THF (120 ml, 3 1) was added sodium hydnde (900 mg, 60 45 m mmeral o&23 mmol) at room temperature 
After being stlmd for 5 h, the mixture was quenched with aqueous H3PO4 (10 ml, 5 96) The mixture was 
poured into water and extracted ~tb ether The organic layer was dned over MgS04. concentrated, and &h&d 
wrth DMF (50 ml). To the solunon was added NaBr (113 g, 110 mmol) and the mixture was stirred at room 
temperature for 2 d, then poured into water (300 ml), and extracted with hexane-ethyl acetate (8 2) The 
organic layer was dned over MgS04, concentrated, and chromatographed on stltca gel (hexane-ethyl acetate = 

9.1-8.2) to @ve bromide 17 (3 63 g. 68 46) as an 011, [Ulk” -46 lo (c 3 63, CHC13) IR (neat) 2896, 1586, 
1482, 1449, 1241, 1156, 1091. 1021. 788. 737, 697cm- 1 *H NMR (400 MHz) 7 34-7 26 (m, 6H), 
704-702(m,2H),6%(d,J=731Hz,1H),531(s,2H),475(s,2H),431(dd,J=439,781Hz, 
lH), 3.55 (ddd, I = 5 86, 8 30, 9 76 Hz, IH). 3 37 (ddd, J = 5 86, 5 86, 9 76 Hz, lH), 3 25 (s. 3H), 



Synthesis of aplysiatoxin 10543 

2 32-2 25 (m, lH), 2 13-2 05 (m. 1H) Calcd for C18H2103Br C, 59 19. H, 5 79% Found C, 59 15, H, 
5 79% 

Isopropyl [(lR,2E)-1-benzyloxymethyl-2-butenyloxylacetate (20) To a stmed mixture of 
allybc alcohol 19 (1 05 g, 5 46 mmol) and sodmm hydnde (670 mg. 60 % in mmeral 011, 
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A solunon of the epoxy methyl ester (599 mg, 2 14 mmol) and tiydropyran (234 pl, 2.56 mmol) m dry 
dchloromethane (22 ml) contammg pynduuum p-toluenesulfonate (55 0 mg. 0 219 mmol) was s& for 6 h 
at room temperature, and the solvent was evaporated Column chromatography of the residue on sdlc gel 
(hexane-ethyl acetate = 5 1) gave the correspondmg THP ether (755 mg. 97 %) which contamed two Isomers 
eptmertc at stereogemc carbon at THP moiety. as an 011, ‘H NMR (90 MHz) 7 32 (s, 5H) ,455 (s, 2H). 
4 84-4 48 (m, IH). 4 15 (d, J = 4 5 Hz, 1H). 3 72 (s, 3H), 4 04-3 28 (m, 4H). 3 20-2 92 (m, lH), 2 82 
(dd, J = 8 1, 1 8 Hz, lH), 2 09-l 34 (m. 7H), 100 (d, J = 6 8 Hz, 3H) (NMR data are described for the 
major isomer in the dmstereomenc mixture) Calcd for CzrJ-I~O6 C. 65 92, H. 7 74% Found. C, 65 76, H, 
7 74% (Hereafter, compounds 23,24,36, and 37 were dealt with as &astere.omenc mixtures ) 

Lithium aluminum hydnde (2 8 ml, 10 mol dm-3 m THF) was added at -78 OC to a solution of the THP 
ether (102 g. 2 80 mmol) in THF (28 ml). After being stirred for 1 h. the teacnon mlxtuxe was quenched wth 
a saturated aqueous solution of KF (2 8 ml), extracted with ether, dned over NazSOq. and concentrated. 
Column chromatography of the residue on silica gel (hexane-ethyl acetate = 7 3) gave anf~poxy alcohol 23 
(0 803 g, 85 %) tH NMR (400 MHz) 7 20 (s, 5H), 4 77-4 39 (m, 3H), 4 01-3 14 (m. 8H) 2.84-2 71 
(m, 2H), 1 70 -1 04 (m. 7H), 1 03 (d, J=7 08 Hz, 3H) (NMR data are described for the major isomer m the 
dtastereomenc mixture) Calcd for C19H2g05 C, 67 83, H, 8 39% Found C, 67 74, H, 8 36% 

(2S,3S,4S,5S)-6-(f-Butyldimethyls~loxy)-2,3-epoxy-4-methyl-5-(2-tetrahydropyranyl- 
oxy)hexan-l-01 (24) Tnethylamme (0 277 ml, 1 99 mmol), 4-&methylammopyndme (20 2 mg, 0 165 
mmol), and r-butykhmethyhlyl (TBDMS) chlonde (0 275 g, 1 82 mmol) were successively added at room 
temperature to a solutmn of am-epoxy alcohol 23 (0 557 g, 1 66 mmol) m dry dlchloromethane (17 ml). After 
bemg stu& for 12 h, the mtxture was concentrated in vacua Column chromatography of the residue on sthca 
gel (hexane-ethyl acetate = 6 1) gave the correspondmg TBDMS ether (0 709 g, 95 46) as an 011 

A mixture of the TBDMS ether (1 58 g. 3 51 mmol) and 10 96 Pd/C (2 89 g) m ethanol (35 ml) was 
placed under hydrogen and stirred for 8 h The mixture was then filtered through Cehte and concentrated 
Column chromatography of the residue on silica gel (hexane-ethyl acetate = 7 3) gave epoxy alcohol 24 (1 11 
g, 88 46) as an oil, *H NMR (400 MHz) 4 66 (m, lH), 3 92-3 20 (m, 7H), 3 03 (m, 1H). 2 93 (dd, J = 
195,9 28 Hz, lH), 1 83 (br t, J = 9 00 Hz, lH), 1 60-l 15 (m, 7H), 105 (d, J = 6 84 Hz, 3H), 0 89 (s, 
9H), 0 06 (s, 3H), 0 05 (s, 3H) (NMR data are described for the major isomer m the Qastereomenc mixture) 

Ethyl (2E)-S,S-dimethyI-6-(2-tetrahydropyranyloxy)-2-hexenoate (27) To a well snmd 
solution of 2,2-&methyl-1-(2-tetrahydropyranyloxy)-4-pentene (10 0 g, 50 4 mmol)l7) and 0~04 (1 28 ml, 
5 0 % m r-butanol, 0 20 mmol) in aqueous THF (450 ml, THF Hz0 = 2 l), NaIOq (22 6 g, 106 mmol) was 
added over the penod of 2 h at 50 ‘C After the ad&non was completed, the solution was stlrred for addmonal 
lh at the same temperature and a saturated aqueous solution of Na2S03 (150 ml) was added After being 
stirred for 12 h, the mixture was extracted with ether, dned over MgS04, and concentrated Column 
chromatography of the residue on silica gel (hexane-ethyl acetate = 7 1) gave aldehyde (8 4 g, 83 96) as an 011, 
IR (neat) 2948,2734,1716, 1470,1379, 1199,1122, lO33,974,904,869,815cm-1 tH NMR (400 MHz) 
9 82 (t. J = 2 93 Hz, lH), 4 54 (t, J = 2 93 Hz, lH), 3 78-3 72 (m, IH), 3 54 (d, J = 9 28 Hz, lH), 
3 50-3 54 (m, lH), 3 07 (d, J = 9 28 Hz, lH), 2 29 (dd, J = 146, 2 93 Hz, 2H), 1 79-l 47 (m, 6H), 108 
(s. 3H), 104 (s, 3H) Calcd for CllH2003 C, 65 97, H, 10 07% Found C, 66 06, H, 10 11% 

So&urn hydnde (2 1 g, 60 96 m mineral 011, 53 mmol) was added to a stirred solution of ethyl 
dusopropyl phosphonoacetate (14 4 ml, 64 5 mmol) m THF (180 ml) at 0 ‘C and the mixture was warmed to 
room temperature After being stirred for 30 mm, the reaction temperature was lowered to -78 “C To this 
solution was added a solution of the obtained aldehyde (8 40 g, 41 9 mmol) m THF (20 ml) After being 
stirred for 1 h, the mixture was quenched with saturated aqueous NH&l (100 ml) and extracted with ether 
The organic layer was dned over MgS04 and concentrated Slhca gel column chromatography of the xesldue 
(hexane-ethyl acetate = 9 1) gave unsaturated ester 27 (11 2 g, 99 %) as an 011 Geometry of the double bond 
m 27 was determined to be E based on the coupling constant of the vinyl proton, IR (neat) 2938, 1721, 1649, 
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1468, 1364, 1311, 1263, 1186, 1135, 1034, 973, 903, 867, 813cm-1 tH NMR (400 MHz). 7 01 (dt. J = 

15 63,7 81 Hz, lH), 5.82 (dt, J = 15 63, 146 Hz, 1H). 4 56 (t, J = 3 42 Hz, 1H). 4 19 (q, J = 7 32 Hz, 
2H), 3.86-3.80 (m, 1H). 3 53-3 49 (m, lH), 3 48 (d, J = 9 28 Hz, lH), 3.01 (d, J = 9.28 Hz, lH), 2.22 
(ddd, J = 1.46.7 81, 13 67 Hz, 1H). 2 17 (ddd. J = 146,7 81. 13 67 Hz, 1H). 1 87-1.50 (m, 6H), 1.29 (t, 
J = 7 32 Hz, 3H), 0 96 (s, 3H). 0 94 (s. 3H) Calcd for C15H2@4 C, 66 64, H. 9 69% Found C, 66 65. 

H, 9 49%. 

(2E)-5,5-Dimethyl-6-(2-tetrahydropyranyloxy)-2-hexen-l-o1 (28) Dusobutylalummum 
hydnde (93 ml, 1 0 mol dm-3 in hexane) was added to a solution of ester 27 (11 2 g, 41 4 mmol) m 

dchloromethane (100 ml) at -78 ‘C and stirred for 30 mm at the temperature Methanol (11 ml) was added to 
this solunon and the whole mixture was stmed for another 5 mm The solution was gradually warmed to room 

tempera- At this pomt. the sohmon became a white gel To the gel was added saturated aqueous potassmm 
sodmm tartrate (100 ml) and the whole mixture was left untd It became a clear solution The solunon was 

extracted ~rlth ether, dned over MgS04. concentrated, and chromatographed on sihca gel (hexane-ethyl acetate 

= 3 1) to give allyhc alcohol 28 (8 96 g. 95 %) as an 011, IR (neat) 3396, 2946, 1469, 1378. 1119. 1061, 

1032, 971, 903, 867, 812cm- 1 tH NMR (400 MHz) 5 77-5 61 (m, 2H), 4 55 (t, J = 3 60 Hz. lH), 4 11 

(br t, J = 4 20 Hz, 2H), 3 84 (ddd, J = 3 40,8 20, 11 60 Hz, lH), 3 53-3 47 (m, lH), 3 47 (d, J = 8 40 Hz, 

lH), 2 97 (d, J = 8 40 Hz, lH), 2 09 (dd, J = 2 20, 6 60 Hz, 2H), 1 89-l 45 (m, 6H), 0 91 (s, 3H), 0 90 
(s, 3H) Calcd for Ct3H2403 C, 68 38, H, 10 59% Found C, 68 14, H, 10 55% 

(2S, 3S)-2,3-Epoxy-S,S-dimethyl-6-(2-tetrahydropyranyloxy)-l-trityloxyhexane (30) 
To a suspension of MS 4A (1 19 g) m dlchloromethane (120 ml), (+)dnsopropyl tartrate (10 ml, 4 7 mmol) 

was added Titanium tetralsopropoxlde (1 18 ml, 4 0 mmol) and r-butyl hydroperoxlde (28 6 ml, 2 77 mol 

dnr3 in toluene) were added to the mixture at -20 ‘C After being smred for 30 mm, allyhc alcohol 28 (8 96 g, 

39 2 mmol) was added at the same temperature The mixture was stn-red for 1 h and, then, left m refngerator (- 

20 “C) for another 10 h The mixture was quenched with pre-cooled (-20 “C) aqueous acetone (55 ml, acetone- 
Hz0 = 10 1) and gradually warmed to room temperature After being stlrred for 3 h, the resultmg suspension 

was filtrated and the filtrate was concentrated Slhca gel column chromatography of the residue (hexane-ethyl 

acetate = 6 4) gave epoxy alcohol 29 (8 22 g, 86 8) as an 011, [alk3 +21 0’ (c 1 95, CHC13) IR (neat) 3412, 

2946, 1467, 1380, 1120. 1030, 902, 866, 812cm-1 tH NMR (400 MHz) 4 55 (t, J = 3 50 Hz, lH), 

4 05-3 48 (m, 4H), 3 52 (d, J = 9 41 Hz, IH), 3 09 (d, J = 9 41 Hz, lH), 3 08-3 02 (m, lH), 2 89-2 86 
(m, lH), 1 94-l 50 (m, 8H), 1 02 (s, 3H), 1 01 (s, 3H) (NMR data are described for the maJor isomer m the 

mixture which contains two isomers eplmenc at stereogemc carbon m THP moiety) Calcd. for Ct3H2404 C, 

63 91, H, 9 90% Found C, 63 92, H, 9 92% 

Tnphenylmethyl chlonde (9 7 g, 35 mmol) was added to a solution of 4-&methylammopyndme (400 mg, 
3 3 mmol), tnethylamme (5 3 ml, 38 mmol), and 29 (7 72 g, 31 6 mmol) m &chloromethane (100 ml) at room 

temperature After being stirred for 10 h, the mixture was concentrated under reduced pressure, diluted wth 
ether, and washed with water The organic layer was dned over MgS04, concentrated, and chromatographed 

on silica gel (hexane-ethyl acetate = 10 1) to give mtyl ether 30 (13 13 g, 85 %) as a viscous 011, [al;’ +9 5’ (c 
0750, CHC13) IR (neat) 2944, 1444, 1120, 1065, 1032,901,763,703, 633cm-t tH NMR (400 MHz) 
7 46-7 44 (m, 6H), 7 31-7 21 (m, 9H), 4 54 (br t, ./ = 3 42 Hz, lH), 3 79 (ddd, J = 3 42, 8 09, 10 42 Hz, 
lH), 3 53 (d, J = 9 28 Hz, lH), 3 52-3 44 (m, lH), 3 22 (dd, J = 3 42, 10 25 Hz, lH), 3 16 (dd, J = 5 37, 

10 74 Hz, lH), 3 04 (d, J = 9 28 Hz, lH), 2 91-2 88 ( m, lH), 172-l 43 (m, 7H), 100 (s, 3H), 099 (s, 
3H) (NMR data are described for the major isomer In the mixture) Calcd for t&H3804 C, 78 98, H, 

7 87% Found C, 78 74, H, 7 92% 

(2R,3R)-1,2-Carbonyldioxy-6-hydroxy-3,5,5-trimethylhexane (33) Methylmagnesium 
bromide (1 7 ml, 3 0 mol dm-3 m ether) was added to a suspension of Cul (145 mg, 0 761 mmol) m THF (20 
ml) at -20 ‘C and the mixture was stirred for 30 mm After a solution of mtyl ether 30 (1 24 g, 2 55 mmol) m 
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THF (5 ml) was added, the mlxtuxe was allowed to warm to 0 ‘C and left m refrrgerator (0 “C) for 10 h The 
mixtun was quenched with saturated aqueous NH&l (20 ml), extracted with ether, dned over MgS04, and 
concentrated. The residue was added to a solutton of (dl)-camphorsulfomc acid (100 mg, 0 43 mmol) m 
methanol (20 ml) at mom temperature and stmed for 10 h To this soluUon was added tnethylamme (1.0 ml, 
7 2 mmol) and the resulting mixture was concentrated under reduced pressure Slllca gel column 
chromatography of the residue (CHQ-methanol = 10 1) gave the desired 1,2,6-mol32 (252 mg, 56 %) and 

the undesued 1,3,6_mol(97 mg. 22 96) as an oil 32, bl;f0 +2 5’ (c 0 867, CHC13) IR (neat) 3348.2952. 
1468,1044.909, 879cm-1 lH NMR (400 MHz) 3 75 (dd, J = 2 93,lO 74 Hz, lH), 3 49 (d, J = 1123 Hz, 
lH), 3.46 (dd, J = 7 32. 10 74 Hz, lH), 3 37 (br dt, J = 2 93, 7 32 Hz, lH), 3 15 (d, J = 11 23 Hz, 1H). 
3 14-3 02 (br s, 3H), 184 (dd, J = 195, 14 16 Hz. lH), 157 (bq, J = 6 35 Hz, lH), 0 93 (s, 3H), 0 91 (d, 
J = 6 84 Hz, 3H) 0 97-O 92 (m, 1H) 0 82 (s, 3H) 

To a solutton of mo132 (237 mg, 1 34 mmol) m THF (10 ml) was added carbonyldumtdazole (652 mg, 
4 02 mmol) at Toom temperature After being stmed for 3 h. aqueous HCl(l0 ml, 3 mol dm-3) was added to 
the mixture The whole mixture was shrred for 3 h. extracted with ether, dned over MgS04, concentrated, and 
chromatographed on silica gel (hexane-ethyl acetate = 6 4-3 7) to give carbonate 33 (241 mg, 89 96) as an od, 

[al~o +ll 2’ (c 0 654, CHC13) IR (neat) 3502,2954, 1793, 1474, 1392, 1178, lO65,774cm-1. tH NMR 
(400 MHz) 4 54 (br q, J = 6.83 Hz, lH), 4 47 (t, J = 8 30 Hz, lH), 4 19 (dd, J = 7 32,8 30 Hz, 1H). 3 33 
(ABq, J = 1123 Hz, 2H), 196 (dddq, 6 83.6 83,6 83,2 44 Hz, lH), 164-l 52 (br s, lH), 150 (dd, J = 
2 93, 14 16 Hz, lH), 1 14 (dd, J = 6 83, 14 16 Hz, lH), 101 (d, J = 6 83 Hz, 3H), 0 93 (s. 3H), 0 90 (s, 
3H) Calcd. for t&$-It804 C, 59 39, H, 8 97% Found C, 59 49, H, 8 95% 

(2R,3R)-1,2-Carbonyldioxy-3,S,S-trimethyl-6,6-propylenedithiohexane 
~1, 1 1 mmol) m dtchloromethane 

(10 ml) at -78 ‘C After 10 mm, a soluhon of carbonate 33 (200 mg, 0 989 mmol) m dlchloromethane (1 ml) 
was added to the solution and stlmd for 30 mm To the solution was added methylamme (0 70 ml, 5 0 mmol) 
and the mixture was stmed for another 30 mm Then the reactton temperature was gradually raised to room 
temperature. The mixture was concentrated under &muushed pressure, diluted with ether, filtrated through a 
pad of slllca gel, and concentrated, and diluted wrth dlchloromethane (10 ml) To this solution were 
successively added propantithlol (120 ~1, 1 2 mmol) and BF3*0Et2 (10 jtl, 0 081 mmol) at 0 “C and the 
mixture was stmed for 1 h After saturated aqueous NaHC03 (20 ml) was added, the mixture was extracted 
with ether, dned over MgSO4, and concentrated S&a gel chromatography of the residue (hexane-ethyl 

acetate = 7 3-6.4) gave tbloacetal34 (207 mg, 72 %) as an 011, [&j” +9 4” (c 0 796, CHC13) IR (neat) 
2960, 1799, 1465, 1387, 1172, 1074, 773cm- 1 1H NMR (400 MHz) 4 63 (ddd, J = 6 35,7 32,8 31 Hz, 
lH), 447 (t, J = 8.30 Hz, lH), 4 22 (dd, J = 6 84, 8 31 Hz, lH), 401 (s, lH), 2 91-2 87 (m. 4H), 
2 12-2 02 (m, 2H). 1 84-l 78 (m, lH), 163 (dd, J = 2 93, 14 16 Hz, lH), 1 36 (dd, J = 6 84, 14 16 Hz, 
lH), 1 14 (s, 3H), 1 12 (s, 3H), 1 03 (d, J = 6 84 Hz, 3H) Calcd for C13H2203S2 C, 53 76, H, 7 63% 
Found C!. 53 69, H. 7 60% 

(2R,3R)-1,2-Isopropylidenedioxy-3,S,S-trimethyl-6,6-propylenedithiohexane (35) To 
a suspension of K2CO3 (200 mg, 1 4 mmol) m methanol was added thloacetal34 (193 mg, 0 664 mmol) at 40 
‘C After 5 h, bulk of methanol was removed under reduced pressure The residue was diluted with ether, 
washed wtth water, drted over MgS04. filtrated through a pad of silica gel, concentrated, and diluted with 
dtchloromethane (7 ml) To this solution were added PPI’S (20 mg, 0 080 mmol) and 2,2&methoxypropane 

(100 ~1, 0 81 mmol) at room temperature After being stlrred for 3 h, the mixture was concentrated Sdlca gel 

chromatography of the residue (hexane-ethyl acetate = 8 2) gave acetomde 35 (179 mg, 90 46) as an oil. [Crl~” 
-5 lo (c 0450, CHC13) IR (neat) 2966, 1459, 1366, 1257, 1211, 1157, 1056, 861, 777cm-t tH NMR 
(400 MHz). 4 04 (s. lH), 4 00-3 96 (m, 2H), 3 64 (dt, J = 5 37, 10 74 Hz, lH), 2 92-2 83 (m, 4H), 
2 1 l-2 05 (m, lH), 1 87-l 75 (m, 2H), 167 (dd, J = 2 92, 14 16 Hz, lH), 1 55 (s, 3H), 141 (s, 3H), 132 
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(dd, J = 6.84, 14 16 Hz, 1H). 1 12 (s, 3H), 1 10 (s. 3H), 0 95 (d, J = 6 83 Hz, 3H) Calcd. for 
C#~O& C, 59 16. H, 9 27% Found C, 59 03, H, 9 24% 

(2S,3R,4R,5R,8S)-8-(m-Benzyloxymethoxyphenyl)-l-(~-butyldimethylsiloxy)-5- 
hydroxymethyl-8-methoxy-3-methyl-2-(2-tetrahydropyranyloxy)octan-4-ol (36) A solution 
of bromide 17 (200 mg, 0 548 mmol) m ‘II-IF (2 ml) was added dropwlse to a suspension of magnesium (14 6 
mg, 0.601 mmol) m THF (1 ml). The mixture was kept standing under ultrasomficatton for 1 h The solutton 
was added to a slurry of CuI (10 4 mg, 0 0546 mmol) m THF (1 ml) at -30 T After epoxy alcohol 24 (30 0 
mg. 0 0832 mmol) was added to this cuprate soluoon, the mixture was quenched with a saturated aqueous 
solutton of NH&I. extracted with ether, dried. and concentrated Column chromatography of the residue on 
silica gel (hexane-ethyl acetate = 5 1) gave Qol36 (47 3 mg, 88 8) as an 011, lH NMR (400 MHz) 7.33 (s, 
5H), 7 31-693 (m, 4H), 5 30 (s, 2H), 476 (m, lH), 4 74 (s, 2H), 4 07-3.32 (m, 9H), 3 20 (s. 3H), 
2 23-1.51 (m, 14H). 0 88 (s, 9H). 0 89 (d, J = 6 83 Hz, 3H), 0 60 (s. 3H), 0 54 (s. 3H) (NMR data are 
described for the maJor isomer m the duisteteomenc mixture) 

(2S,3R,4R,5S,8S)-8-(m-Benzyloxymethoxyphenyl)-8-methoxy-3,5-dimethyl-2-(2- 
tetrahydropyranyloxy)octane-1,4-diol (37) 4-Dlmethylammopyndrne (40 0 mg, 0 327 mmol) and 
methanesulfonyl chlonde (15 0 ~1, 0 194 mmol) were. added at room temperature to a solution of the dlol36 
(105 mg, 0 163 mmol) m THF (2 ml) After being stirred for 12 h, the mixture was concentrated Column 
chromatography of the residue on silica gel (hexane-ethyl acetate = 4 1) gave the corresponding 
methanesulfonate (109 mg, 93 %) as an 011, tH NMR (400 MHz) 7 33 (s, 5H), 7 31-6 92 (m, 4H), 5 30 (s. 
2H), 4 74 (s, 2H).4 72 (m, lH), 4 44-3 50 (m, 9H), 3 20 (s, 3H), 2 95 (s, 3H), 2 13-1 50 (m. 13H), 0 94 
(d, J = 7 32 Hz, 3H). 0 88 (s, 9H), 006 (s, 6H) (NMR data are described for the major isomer m the 
dastereomenc mntnre) 

Lithtum aluminum hydnde (500 pl, 10 mol dm-3 m THF) was added at room temperature to a solution of 
the methanesulfonate (164 mg, 0 227 mmol) m THF (6 ml) After being stIrred for 14 h, the reaction mixture 
was quenched with a saturated aqueous solution of KF (0 5 ml), extracted with ether, dried, and concentrated 
Column chromatography of the residue on silica gel (hexane-ethyl acetate = 7 3) gave Qol37 (72 8 mg, 62 %) 
as an oil, lH NMR (400 MHz) 7 33 (s, 5H), 7 31-6 93 (m, 4H), 5 30 (s, 2H), 4 74 (s, 2H),4 55 (m, lH), 
4 05-3 50 (m, 7H), 3 21 (s, 3H). 2 25 (m, lH), 1 82-l 58 (m, 13H), 0 82 (d, J = 6 35 Hz, 3H), 0 81 (d, J 
= 6 84 Hz, 3H) (NMR data are described for one of the isomer m the mixture) 

(2R,3R,4R,5S,8S)-8-(m-Benzyloxymethylphenyl)-l,2-epoxy-8-methoxy-3,5-di- 
methyloctan-4-01 (38) 4-Dlmethylammopyndme (75 0 mg, 0 614 mmol) and acetlc anhydnde (43 0 ~1, 
0 455 mmol) were added at room temperature to a solution of dlol 37 (78 6 mg, 0 152 mmol) m 
dlchloromethane (2 ml) After bemg stirred for 12 h, the mixture was concentrated m vucuo Column 
chromatography of the residue on silica gel (hexane-ethyl acetate = 5 1) gave the correspondmg dlacetate (82 8 
mg, 91 %) as an oil, tH NMR (400 MHz) 7 33 (s, 5H), 7 31-6 91 (m, 4H), 5 31 (s, 2H), 4 93 (m, 
lH),4 74 (s, 2H), 4 50-3 43 (m, 7H), 3 20 (s, 3H), 2 05 (s, 3H), 2 03 (s, 3H), 2 02-l 26 (m, 12H). 0 85 
(d, J = 6 84 Hz, 3H), 0 85 (d, J = 6 84 Hz, 3H) (NMR data are described for the major isomer m the 
&astereomenc mixture) 

A solution of the dlacetate (82 8 mg, 0 138 mmol) and PPTS (6 9 mg, 0 028 mmol) m methanol (2 8 ml) 
was stirred at room temperature for 36 h and concentrated Column chromatography of the residue (hexane- 
ethyl acetate = 7 3) gave the correspondmg hydroxy &acetate (60 9 mg, 86 %) as an 011, 1H NMR (400 MHz) 
7 33 (s, 5H), 7 32-6 82 (m, 4H), 5 31 (s, 2H), 4 74 (s, 2H), 4 12-4 00 (m, 4H), 3 69 (m, lH), 3 20 (s, 
3H), 2 90 (m, lH), 2 09 (s, 3H), 2 05 (s, 3H) ! 76-163 (m, 2H), 1 35 (m, 2H), 1 17 (m, 2H), 0 85 (d, 
5=17 58 Hz, 3H), 0 85 (d, J=14 65 Hz, 3H) 

4-Dlmethylammopyndme (29 0 mg, 0 237 mmol) and methanesulfonyl chlonde (14 0 ~1, 0 181 mmol) 
were added at room temperature to a solution of the hydroxy dlacetate (60 9 mg, 0 118 mmol) m 
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&chloromethane After bemg stmed for 12 h. the solvent was evaporated under reduced pressure Column 
chromatography of the restdue on stltca gel (hexane-ethyl acetate = 4 1) gave the corresponding 
methanesulfonate (68 4 mg, 97 %) as an oil, lH NMR (400 MHz) 7 33 (s, SH), 7 32-6.91 (m, 4H), 5.31 (s, 
2H). 4 92 (m, 1H). 4 83 (dd, J = 9 77.2 45 Hz, lH), 4 74 (s. 2H), 4 31 (m. IH), 4 19 (m, lH),4 02 (m, 
1X-f). 3 20 (s,3H), 3 07 (s. 3H), 2 12 (s, 3H),2 08 (s, 3H) 178-I 69 (m, 4H), 1 31-l 29 (m. 2H), 0.92 (d, 
J = 6 84 Hz. 3H), 0.85 (d, J = 6 83 Hz, 3H) 

Aqueous potasnum hydroxide (0.25 ml, 10 mol dm-3) was added at room temperature to a soluaon of 
the methanesulfonate (29 8 mg, 0 050 mmol) tn methanol (1 ml) After being stmed for 24 h. a bulk of 
methanol was removed The testdual solutron was dduted wtth water and extracted with ether. The orgamc 
layer was dned and concentrated Repeated column chromatography of the nsldue (hexane-ethyl acetate = 
8 2-7 3) gave epoxy alcohol 38 (6 4 mg, 31 46) as an 011 38, tH NMR (400 MHz) 7 33 (s, SH). 7 31-6.94 
(m, 4H), 5 30 (s, 2H), 4 74 (s, 2H). 4 05 (m, lH), 3 50 (m, lH), 3 21 (s, 3H), 2 88 (m, lH), 2 75 (dd, J = 
4 40,4 40 Hz, lH), 2 47 (dd, J = 4 88.2 93 Hz, 1H). 2 32 (m, 1H). 188-l 49 (m, 6H), 0 88 (d. J = 6 84 
Hz, 3H), 0.83 (d, J = 6.34 Hz, 3H) 

(2RJR~RJS~S)-8-[m-(Benzyloxymethoxy)phenyll-l,Z-epoxy-8-methoxy-4-~- 
methoxybenzyloxy)3,Sdimethyloctane (39) To a suspended solutton of alcohol 38 (15 0 mg, 
0.0362 mmol) and NaH (2.9 mg, 60 96 in mineral otl.0 073 mmol) m THF-DMF (3 ml, 3 1) was added p- 
methoxybenzyl chlonde (8 7 pl, 0 064 mmol) at room temperature After being stmed for 24 h. the mtxture 
was quenched with a 5% aqueous H3PO4 solutton (5 0 ml) The soluuon was extracted wtth ether, dned over 

MgS04. and concentrated Sthca gel chromatographlc punficatton of the residue (hexanecthyl acetate = 8 2) 

gave MPM ether 39 (16 9 mg, 87 96) as an oil, [al:: -42” (c 0 31, CHC13) IR (neat) 2926. 1607, 1510. 
1451, 1245, 1089, 1023,787. 699cm-1 tH NMR (400 MHz) 7 35-7 21 (m. 6H). 7 23 (d, J = 8 30 Hz, 

2H), 7 02-7 00 (m, 2H), 6 94 (d, J = 7 32 Hz, lH), 6 85 (d, J = 8 30 Hz, 2H), 5 30 (s. 2H), 4 73 (s. 2H), 
4 45 (ABq, J = 10 74 Hz, 2H). 4 03 (dd, J = 5 86,7 32 Hz, lH), 3 79 (s, 3H), 3 21 (s, 3H), 3 17 (t, J = 
5 37 Hz, IH). 3 02 (ddd, J = 2 39, 4 40, 6 83 Hz, lH), 2 67 (dd, J = 4 40.4 89 Hz, 1H). 2 44 (dd, J = 
2 93, 4 89 Hz, lH), 1 87-l 59 (m, 4H). 146-l 40 (m, 2H), 0 93 (d, J = 6 34 Hz, 3H), 0 88 (d, J = 6 84 
Hz, 3H) Calcd for C33H4206 C, 74 13, H, 7 92% Found C, 73 94, H, 7 90% 

(2R,3R)-4-Benzyloxy-1,2-isopropylidenedioxy-3-methylbutane (42). To a solutton of 
epoxtde 41 (5 10 g, 26 3 mmol) m dtchloromethane (30 ml) was added mmethylalummum (55 ml, 1 0 mol 
dm-3 m hexane) at -20 Y! After bemg stmed for 30 mm, the mtxture was left in refngerator (0 “C) for 12 h 
and quenched wtth aqueous HCl (20 ml, 3 mol dm-3) The mixture was extracted with ether, drted over 
MgS04. filtrated through a pad of sthca gel, and concentrated to gave a mtxture of 1,2- and 1,3- dtol(4 53 g, 
82 8) 

To a solutton of the mixture of tsomenc dtols (4 53 g, 21 5 mmol) in dchloromethane (40 ml) were 
added 2.2~hmethoxypropane (2 9 ml, 24 mmol) and (do-camphorsulfomc acid (100 mg, 0 43 mmol) at room 
temperature After being stnred for 3 h, the solution was concentrated and chromatographed on stltca gel 
(hexane-ethyl acetate = 10 1 - 9 1) to give 1,Zacetomde 42 (3 80 g, 71 %) and Its 13-isomer (1 04 g, 19 %) 

42, PX1~9 +14 (c 1 25, CHC13) IR (neat) 2978, 1451, 1367, 1212, 1157, 1065, 859, 736. 698cm-1 tH 

NMR (90 MHz) 7 48-7 14 (br s, 5H), 4 49 (s, 2H), 4 17-3 84 (m, 2H), 3 81-3 19 (m, 3H), 2 18-1 78 (m, 
lH), 1 37 (s, 3H), 1 33 (s, 3H), 0 94 (d, J = 7 31 Hz, 3H) Calcd for Ct5H22O3 C. 7197, H. 8 86% 
Found C, 7197, H, 8 85% 

Ethyl (2R,4R,5R)-5,6-isopropylidenedioxy-4-methyl-2-hexenoate (43) To a solutton of 
acetomde 42 (1 10 g, 4 39 mmol) in ethanol (40 ml) was added Pd-charcoal (100 mg, 5 96 Pd on charcoal) at 
room temperature and the resultmg suspenston was vigorously stured under hydrogen atmosphere (1 atm) 
After 10 h. the mtxture was filtered through a pad of Cehte and the filtrate was concentrated to gave alcohol 
(670 mg, 4 18 mmol) which was tmmeQately used for the followmg reactton wtthout further punficauon 
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Dimethylsulfox& (650 fl. 9 2 mmol) was added to a solution of oxalyl chlonde (410 ~1.4.7 mmol) in 
dchloromethane (30 ml) at -78 “C. After 10 mm, a soluuon of the (670 mg, 4 mmol) m 

resulhng mixture was stmed for another 30 mm and allowed to warm to room temperature 
dunmished pressure, filtrated through a pad of ska 

gel, and concentrated aldehyde which was unmeduttely lleacuon 
To a soluhon of ethyl dusopropyl phosphonoacetate 

potassium r-butoxuie (1.10 g. 9 8 mmol) at room temperature 
aldehyde m THF (5 m1) and the whole 

mixture was stmed for another 1 h The rnixtu= was with saturated 
solution was extracted 

E- 

unsaturated ester 43 (440 mg, 44 % from 42) as an 011 which contamed a small amount (3 %) of by-product 

which IS eptmenc to 43 at C4 43; [al&’ +21 3’ (c 1 13, CHC13) IR (neat) 2980.1717, 1651.1456.1368, 
1182. 1062, 857cm-1 IH NMR (400 MHz) 6 97 (dd, J = 7 56, 15 62 Hz, IH), 5 86 (dd. J = 146, 15 62 
Hz, lH), 4 19 (q, J = 7 08 Hz, 2H), 4 05-3 98 (m, 2H), 3 66-3 62 (m, lH), 2 49 (ddq, J = 6 83, 6 83, 
6 83 Hz, IH), 1 41 (s, 3H), 1 35 (s, 3H), 1 29 (t. J = 7 08 Hz, 3H), 1 05 (d, J = 6 83 Hz, 3H) (NMR data 
are described for the major isomer in the mixture) Calcd for C12H20O4 C, 63 14, H, 8 83% Found C, 
63 08, H, 8 77% 

(2E,4R,5R)-5,6-Isopropylidenedioxy-4-methyt-2-hexen-l-ol (44) Dnsobutylalumtnum 
hydnde (2 4 ml, 1 0 mol dm-3 m hexane) was added to a solution of ester 43 (222 mg, 0 972 mmol) m 
&chloromethane (10 ml) at -78 ‘C and stirred for 1 h at the temperature Methanol (0 5 ml) was added to this 
soluuon and the whole mixture was stmed for another 5 mm The solution was gradually warmed to room 
temperature At dus point, the soluaon became a wiute gel To the gel was added saturated aqueous potassium 
sodium tartrate (10 ml) and the whole mixture was left until It became a clear solution The solution was 
extracted with ether, dned over MgS04, concentrated, and chromatographed on slhca gel (hexane-ethyl acetate 

= 6 4) to give allyhc alcohol 44 (174 mg, 96 %) as an oil, [C# +9 lo (c 0 867, CHCl3) IR (neat) 3410, 
2978, 1370, 1212, 1064, 976, 858cm- 1 IH NMR (400 MHz) 5 75-5 69 (m, 2H). 4 15-4 10 (m, 2H), 
4 02-3 93 (m, 2H), 3 67 (dd, J = 6 83, 7 10 Hz, lH), 2 35 (ddq, J = 6 84,6 84, 6 84 Hz, lH), 173 (bt, J 
= 5 37 Hz, lH), 1 41 (s, 3H), 1 35 (s, 3H), 1 00 (d, J = 6 84 Hz, 3H) Calcd for C10Hig03 C, 64 49, H, 
9 74% Found C, 64 27, H, 9 70% 

(2S,3S,4R,SR)-2,3-Epoxy-5,6-isopropyIldenedioxy-4-methylhexan-l-ol (45) To a 
solution of (+)-&isopropyl tartrate (241 mg, 1 03 mmol) In dlchloromethane (7 ml) were added tttamum 
tenaisopropoxide (278 ~1, 0 934 mmol) and r-butyl hydroperoxide (670 ~1.2 7 mol dm-3 m toluene) at -20 ‘C 
After 30 mm, a solution of allyhc alcohol 44 (I 74 mg, 0 934 mmol) In dlchloromethane (3 ml) was added 
After being stirred for 1 h, the mixture was left in refngerator (-20 “C) for 10 h The mixture was quenched 
with pre-cooled (-20 “C) aqueous acetone (22 ml, acetone-H20 = 10 1) and gradually warmed to room 
temperature with snrnng After 3 h, Cehte (5 g) was added and the resulung suspension was further stmed for 
3 h The mixture was filtrated through a pad of Cehte and concentrated under reduced pressure The residue 
was chromatographed on sihca gel (hexane-ethyl acetate = 6 4-l 1) to give epoxy alcohol 45 (154 mg. 82 96) 
which was contarnmated with a small amount (5 8 %) of inseparable chastereomer based on NMR analysis, 

[ali -23 6’ (c 1 08, CHC13) IR (neat) 3462, 2978, 1453, 1371, 1215, 1158, 1060, 858cm-1 1H NMR 
(400 MHz) 4 09-4 00 (m, 2H), 3 95-3 90 (m, IH). 3 80-3 74 (m, 2H), 3 69-3 61 (m, 1H). 3 05-3 01 (m, 
2H) 2 01 (br t, J = 6 59 Hz, lH), 1 75 (ddq, J = 6 84,6 84,6 84 Hz, IH), 1 43 (s, 3H), 1 37 (s, 3H), 0 95 
(d, J = 6 84 Hz, 3H) (NMR data are described for the major lqomer m the mixture) Calcd for c&&4 C, 
59 39, H, 8 97% Found C, 59 14, H, 8 94% 
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gently refluxmg suspension of Mg 
(243 mg. 10 0 mmol, turmng) m THF (10 ml) were added dlbromoethane (50 ~1, 0 58 mmol) and bromide 17 
(2 55 g, 6 98 mmol) dropwise After bemg sttrred for 1 h, the mixture was cooled to room temperature and 
added to a suspenston of CuI (25 1 mg, 1 32 mmol) m THF (10 ml) at -20 ‘C 

To a solunon of epoxlde 45 (890 mg, 4 40 mmol) tn THF (10 ml) was added a solutton of 
methylmagnesmm bromide (4 58 ml, 10 mol dm-3 m THF) at 0 ‘C After being stmed for 5 mm, the solutton 
was gradually warmed to room temperature and added to the above suspension of copper reagent at -20 Y! 
The whole mixture was left in refngerator (-20 “C) for 10 h To the mixture was added saturated aqueous 
NH&l (20 ml) and the solution was vigorously stmed unnl the aqueous layer became a clear blue solutton at 
mom temperature The organic layer was extracted with ether, dned over MgS04, and concentrated Slhca gel 

chromatography of the residue (hexane-ethyl acetate = 6 4 -1 1) gave dtol46 (1 57 g, 73 %) as an otl, [al;’ 
-28” (c 0 35. CHC13) IR (neat) 3444.2932, 1585. 1451, 1378, 1241, 1092, 861,790,750,7OOcm-1 tH 
NMR (400 MHz)* 7 35-7 26 (m, 6H). 7 03-7 00 (m, 2H), 6 96 (d, J = 7 81 Hz, 1H). 5 31 (s, 2H), 4 74 (s, 
2H), 4 14 (dd, J = 5 86, 8 30 Hz, lH), 4 09 (br t, J = 5 86 Hz, lH), 3 97-3 93 (m, 2H). 3 65 (t, J = 8 03 
Hz, lH), 3 67-3 61 (m, 2H), 3 22 (s, 3H), 194-l 83 (m, 3H), 176-l 60 (m, 2H), 1 58-l 53 (m, 3H), 
141 (s, 3H), 136 (s, 3H), 0 69 (d, J = 6 84 Hz, 3H) Calcd for C28H4007 C, 68 83, H, 8 25% Found 
C, 68 55, H, 8 21% 

(2RJR,4R~S~S)-8-[m-(Benzyloxymethoxy)phenyi]-l,2-~sopropyl~dened~oxy-8-meth- 
oxy-3,5-dimethyloctan-4-01 (47) p-Toluenesulfonyl chlonde (430 mg, 2 3 mmol) was added to a 
solution of 4-drmethylammopyndme (50 mg. 0 41 mmol), methylamme (400 @,2 9 mmol), and dlol46 (980 
mg, 2 01 mmol) in dtchloromethane (20 ml) at room temperature After bemg stmed for 1 h, the mtxture. was 
concentrated under reduced pressure, diluted with ether, and washed with water The organic layer was dr& 
over MgS04, filtrated through silica gel, concentrated, and &luted with THF (10 ml) To this solutton was 
added LAH (2.9 ml, 10 mol dmm3 in THF) at room temperature After being snrred for 5 mm, the mixture was 
quenched ~lth aqueous NaOH (1 0 ml, 15 96) and filtrated The filtrate was poured into water, extracted with 
ether, dned over MgS04, and concentrated Silica gel chromatography of the residue (hexane-ethyl acetate = 

8 2-7 3) gave alcohol 47 (858 mg, 90 %) as an oil, [al;’ -23 4’ (c 1 37, CHC13) IR (neat) 3516, 2930, 
1585, 1451, 1377, 1242, 1156, 1089, lO21,860,739,699cm-1 1H NMR (400 MHz) 7 34-7 24 (m, 6H), 
7 01 (d, J = 0 97 Hz, 1H). 6 99 (dd, J = 0 97, 2 44 Hz, lH), 6 95 (d, J = 7 33 Hz, IH), 5 30 (s, 2H), 4 74 
(s. 2H), 4 10 (dd, J = 5 86, 8 30 Hz, lH), 4 04 (dd, J = 5 38, 7 81 Hz, lH), 3 95 (ddd, J = 5 86. 7 81, 
8 30 Hz, lH), 3 76 (br s, lH), 3 62 (t, J = 8 05 Hz, lH), 3 46 (br d, J = 8 79 Hz, IH), 3 22 (s, 3H), 
1 84-l 72 (m, 1H). 171-l 65 (m, 2H), 156-l 40 (m, 2H), 1 37-1 35 (m, IH), 1 41 (s, 3H), 1 36 (s, 3H), 
0 85 (d, J = 6 35 Hz. 3H), 0 68 (d, J = 6 35 Hz, 3H) Calcd for C28H4006 C, 71 16, H, 8 53% Found 
C, 70 84, H, 8 53% 

(2R~R,4RJS,8S)-8-[m-(Benzyloxymethoxy)phenyl]-l,2-isopropylidenedioxy-8-meth- 
oxy-4-(9-methoxybenzyloxyk3,5-dimethyloctane (48) To a suspended solution of alcohol 47 (760 
mg, 1 61 mmol) and NaH (100 mg, 60 % m mineral oil, 2 5 mmol) m THF-DMF (16 ml, 3 1) was added p- 
methoxybenzyl chhmde (240 pl, 1 8 mmol) at room temperature After bemg snfied for 48 h, the mlxtu% was 
quenched with aqueous H3PO4 (5 0 ml. 5 %) The solutton was extracted with ether, dned over MgSO4, and 
concentrated Silica gel chromatographlc punficatlon of the residue (hexane-ethyl acetate = 8 2) gave MPM 

ether 48 (708 mg. 74 %) as an 011, [al:: -40 3” (c 1 17, CHC13) IR (neat) 2930, 1608, 1510, 1451, 1367, 
1246, 1157. 1089, 862. 788, 699cm- 1 *H NMR (400 MHz) 7 33-7 24 (m, 6H), 7 19 (d, J = 8 30 Hz, 
2H), 7 02-6 92 (m, 2H). 6 93 (d, J = 7 81 Hz, lH), 6 85 (d, J = 8 30 Hz, 2H), 5 29 (s, 2H), 4 73 (s, 2H), 
4 37 (ABq, J = 10 74 Hz, 2H), 4 24 (ddcl, J = 7 81.6 35.5 86 Hz, lH), 4 02 (dd, J = 5 37.7 82 Hz, lH), 
3 84 (dd, J = 6 35, 8 30 Hz, lH), 3 82 (s, lH), 3 64 (dd, J = 7 81, 8 30 Hz, lH), 3 21 (s, 3H), 3 11 (t, J = 
5 37 Hz, lH), 2 19-2 15 (m, lH), 1 86-1 82 (m, lH), 1 73-l 71 (m, IH), 1 63-1 55 (m, lH), 1 44-1 31 
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0th 2HL 138 (s, 3H). 1 30 (s, 3H), 0 93 (d, J = 6 35 Hz, 3H), 0 89 (d, J = 7 33 Hz, 3H) Calcd for 
C3d-4807 C, 72 94, H, 8 16% Found C. 72 75, H, 8 10% 

(2RSRPRJSCS)-8-[m-(Benzyloxymethoxy)phenyl]-l,2-epoxy-8-methoxy-4-~- 
methoxybenzyloxy)-3,5-dimethyloctane (39) PPTS (20 mg, 0 08 mmol) was added to a solution of 
MPM ether 48 (697 mg. 1 18 mmol) m MeOH (10 ml) at room temperature After bemg stured for 10 h, the 
solunon was concentrated under reduced pressure, diluted with ether, filtrated through a pad of slhca gel, and 
concentrated Slbca gel chromatography of the residue (hexane-ethyl acetate = 6 4) gave dtol(313 mg, 48 96) 
and the recovered MPM ether 48 (190 mg. 27 I) 

The obtamed dtol(313 mg, 0 566 mmol) and potassium f-butoxtde (200 mg, 1 78 mmol) were dtssolved 
m THF (5 0 ml) To this soluuon was added a solution of p-toluenesulfonyl chlonde (800 pl, 1 mol dm-3 m 
THF) at room temperature After being steed for 30 mm, aqueous H3P04 (1 0 ml, 5 %I) was added to the 
solunon and the mlxtuxe was poured into water, extracted wtth ether, tied over MgS04, and concentrated 
Sdlca gel chromatography of the residue (hexane-ethyl acetate = 8 2) gave the pure epoxlde 39 (231 mg, 78 %) 
as an 011 Compound 39 thus obtained gave the same spectral and analyttcal data as compound 39 prepared 
from 38 (vrde supru) 

isopropylidenedi-oxy-l4-methoxy-l0-(p-methoxybenzyloxy)-6,6-propylenedithio- 
3,5,5,9,11-pentamethyltetra-decan-8-01 (49) Butylhthmm (430 11, 1 6 mol dm-3 m hexane) was 
added to a solution of tetramethylethylenedlamme (340 pl, 2 3 mmol) and 35 (137 mg, 0 450 mmol) m THF 
(4 0 ml) at -20 ‘C After being stirred for 1 h, the mixture was left m refngerator (-20 “C) for 10 h To the 
soluuon was added a solutton of epoxlde 39 (184 mg, 0 344 mmol) m THF (1 0 ml) at -20 OC and the mixture 
was again left m refngerator (-20 “C) After 10 h, the mixture was quenched with aqueous H3PO4 (1.0 ml), 
poured into water, extracted urlth ether, dned over MgS04, and concentrated. Slhca gel chromatography of the 
residue (hexane-ethyl acetate = 9 l-8 2-7 3) gave alcohol 49 (171 mg, 59 %) and the recovered epoxlde 39 

(69 mg, 38 96) 49, [a]~’ -5 8’ (c 1 10, CHC13) IR (neat) 3424, 2926, 1607, 1510, 1451, 1377. 1245, 
1157, 1085,753,700cm-1 lH NMR (400 MHz) 7 35-7 20 (m, 6H), 7 22 (d, J = 8 31 Hz, 2H), 7 01-6 98 
(m, 2H), 6 94 (d, J = 7 82 Hz, lH), 6 83 (d, J = 8 79 Hz, 2H), 5 28 (s, 2H). 4 72 (s, 2H), 4 61 (d, J = 
10 74 Hz, lH), 4 45 (dd, J = 4 40,9 27 Hz, lH), 4 37 (d, J = 10 74 Hz, lH), 4 16 (br s, lH), 4 04 (br t, J 
= 6 59 Hz, 1H). 3 95 (dd, J = 6 35, 7 81 Hz, lH), 3 89 (dd, J = 6 35, 13 19 Hz, lH), 3 78 (s, 3H), 3 58 
(dd, J = 7 33, 7 81 Hz, lH), 3 26 (dd, J = 3 42, 7 81 Hz, lH), 3 21 (s, 3H), 2 94 (dt, J = 14 65, 6 83 Hz, 
lH), 2 83 (dd, J = 5 86, 6 83 Hz, 2H), 2 70 (dt, J = 14 65, 5 86 Hz, lH), 2 15 (d, J = 15 63 Hz, lH), 
2 10-l 96 (m, 2H), 1 90-l 81 (m, 3H), 1 77-l 60 (m, 3H), 1 45 (dd, J = 7 08, 15 38 Hz, 2H), 1 38 (s, 
3H), 1 33 (s, 3H), 1 11 (br s, 6I-I), 0 94-O 90 (m, 9H) Calcd for C48H700& C, 68 70, H, 8 41% 
Found C, 68 71, H, 8 18% 

(2R,3R,8S,9S,IOR,IlS,~4S)-14-[m-(Benzyloxymethoxy)pheny~]-l,2-isopropylidene- 
d~oxy-14-methoxy-l0-(p-methoxybenzyloxy)-6,6-propylened~thio-3,5,5,9,ll-pentamethyl- 
tetradecan-&yl (3R,4R)-4-benzyloxymethoxy-3-(p-methoxyben7yloxy)pentanoate (50) To a 
solutton of 12 (84 mg, 0 22 mmol) and methylamme (40 pi,0 29 mmol) m toluene (1 0 ml) was added 2,4,6- 
mchlorobenzoyl chlonde (41 ~1.0 26 mmol) at room temperature After bemg stmcd for 3 h, a supematant 
solution of the resultmg suspension was added to a solution of alcohol 49 (60 mg, 0 071 mmol) and 4- 
&methylammopyndme (33 mg, 0 27 mmol) In toluene (1 0 ml) at 50 ‘C After bemg stirred for lh, the 
mixture was cooled to room temperature and poured mto water The orgamc layer was extracted with ether, 
dried over MgS04, filtrated through a pad of slhca gel, and concentrated Preparative thm layer 
chromatography of the residue on silica gel (toluene-ethyl acetate = 10 1) gave ester 50 (72 mg, 85 %) and the 

recovered alcohol 49 (5 mg, 8 %) 50, [aI i” -2 5’ (c 0 63, CHC13) IR (neat) 2930, 1725, 1608, 1510, 
1452, 1378, 1246, 1171, 1037, 822, 742, 699cm- 1 IH NMR (400 MHz) 7 34-7 23 (m, 15H), 7 02-6 99 
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(m. Z-U, 6 95 (d, J = 7 32 Hz, lH), 6 83 (dd, J = 146, 8 79 Hz, 4H), 5 68 (br d. J = 7 81 Hz, lH), 5 23 
(s, 2H), 4 80 (ABq, J = 6 83 Hz, 2H). 4 72 (s, 2H), 4 62-4 58 (m, 4H), 4 54 (d, J = 10 26 HZ, II-l), 4 46 
(d. J= 10 26 Hz, IH), 4 09-4 05 (rn, 2H), 3 96-3 86 (m, 3H), 3 77 (s, 3H), 3 76 (s, 3H), 3 58 (t, J = 6 83 
Hz. 1H), 3 18 (s, 3H), 3 13 (dd, J = 5 37.6 83 HZ. lH), 2 80-2 68 (m, 1H). 2 59-2 44 (m, 5H), 2 19 (t, J 
= 8 30 Hz, lH), 2.16 (t. J = 7 81 Hz, lH), 1 85-142 (m, llH), 1 38 (s, 3H), 1 32 (s, 3H), 1 19 (d, J = 
6 35 Hz. 3H). 1.07 (s. 3H), 1 04 (s, 3H). 0 95 (d. J = 6 35 Hz, 3H), 0 92 (d, J = 7 32 Hz, 3H). 0 88 (d, J 
= 6 83 Hz, 3H) Calcd for C@HWO& C, 69 32, H, 7 92% Found C, 69 13, H, 7 82% 

(ZR,7S~S,9R,ZOS,Z3S)-13-[nr-(Benzyloxymethoxy)phenyl]-l3-methoxy-9-(p- 
methoxy-benzyloxy)-l,5-dioxo-2,4,4,8,lO-pentamethyltridecan-7-yl (3R,4R)-4. 
benzyloxymethoxy-3-(p-methoxybenzyloxy)pen-tanoate (Kishi’s aldehyde) (2). PPTS (5 mg, 
0 02 mmol) was added to a solution of ester 50 (60 mg, 0.050 mmol) m methanol (1 0 ml) at room 
temperature After bemg stirred for 40 h, the mixture was concentrated and filtrated through a pad of s&a gel 
to gwe d101(52 mg, 90 96) 

The resulhng ds01 (52 mg, 0 045 mmol) and potassium acetate (44 mg, 0 45 mmol) was dissolved m 
acetomtnle and cooled to -20 ‘C To this solution was added lead tetraacetate (20 mg, 0 045 mmol) After 
being stirred for 30 mm. the mixture was concentrated under reduced pressure, dduted with ether, filtrated 
through a pad of sihca gel, and concentrated Preparative thm layer chromatography (hexane-ethyl acetate = 
7 3) of the restdue on silica gel gave aldehyde 51 (43 mg, 85 %) as an 011, 1H NMR (400 MHz) 9 42 (br s, 
1H). 7 37-7 23 (m, 15H), 7 02-6 94 (m, 3H), 6 83 (d, J = 8 31 Hz, 4H), 5 65 (br d, J = 7 81 Hz, lH), 
5 28 (s, 2H), 4 80 (ABq. J = 7 32 Hz, 2H), 4 72 (s, 2H), 4 60-4 46 (m, 6H), 4 10-4 05 (m, 2H), 3 95 (m, 
1H). 3 77 (s, 3H), 3 76 (s, 3H), 3 17 (s, 3H), 3 13 (t, J = 6 35 Hz, IH), 2 83-2 76 (m, lH), 2 60-2 49 (m. 
4H), 2 37-2 33 (m. lH), 2 21-2 13 (m, 3H), 1 90-l 70 (m, 2H), 1 75-l 50 (m, ), 120 (d, J = 6 35 Hz, 
3H), 103-O 79 (m, 15H). 

To a soluaon of aldehyde 51 (5 0 mg, 0 0044 mmol) m acetone (0 45 ml), were successively added 
aqueous AgNO3 (0 05 ml, 1 mol dm-3) and N-chlorosuccunmlde (1 0 mg, 0 0075 mmol) at room temperature 
The mixture was stlrred for 30 mm, poured Into saturated aqueous Na2S03, and extracted with ether The 
organic layer was dned over MgS04, concentrated, and punfied by usmg preparative thm layer 

chromatography (hexane-ethyl acetate = 7 3) to give Klshl’s mtermedlate 2 (4 1 mg, 89 %) as an 011, [c&~ 
-7 4’ (c 0 18. CHC13) IR (neat) 2930, 1728, 1608, 1510, 1454, 1379, 1246, 1172, 1089, 1037, 822,737, 
699cm-1 1H NMR (400 MHz) 9 42 (d, J = 195 Hz, lH), 7 36-7 18 (m, 15H), 7 02-6 99 (m, 2H), 6 94 
(d, J = 7 33 Hz, lH), 6 84-6 80 (m, 4H), 5 66-5 63 (m, lH), 5 30 (s, 2H), 4 78 (ABq, J = 7 33 Hz, 2H), 
4.71 (s, 2H), 4 60 (ABq, J = 11 72 Hz, 2H), 4 54 (ABq, J = 11 23 Hz, 2H), 4,39 (ABq, J = 10 26 Hz, 2H), 
4 08-3 99 (m, 2H), 3 91 (dd, J = 4 88, 6 35 Hz, lH), 3 78 (s, 3H), 3 76 (s, 3H), 3 19 (s, 3H), 3 10 (dd, J 
= 4 88,6 35 Hz, lH), 2 79-2 77 (m, IH), 2 58 (dd, J = 3 91, 16 11 Hz, lH), 2 47 (dd, J = 8 79, 16 11 Hz, 
lH), 2 21-2 12 (m, 2H), 198 (dd, J = 7 32, 14 16 Hz, IH), 1 87-l 83 (m, lH), 175-l 50 (m, 5H), 133 
(dd, J = 4 40, 14 65 Hz, lH), 1 16 (d, J = 6 35 Hz, 3H), 0 99-O 88 (m, 15H) HRFABMS m/z calcd for 
C&H79013 1031552, found 10315529 [(M-H)-] 
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