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Alstroet- Anupode of novel manne dltcrpenold udoteatnal hydrate was synthesized from (+)-gempm as a choral 
buddmg block via homogeranyl lactone obtamed by an 1,4-addltlon of hthtated geranyl sulfone to the key 
mtermedlate, exomethylene lactone The stereochemtstry of newly formed stereogemc center at C5 was carefully 

exammed by comparmg ‘H-NMR spectra of each dtastereomer of homogeranyl lactones with those of model 
compounds, stereochemlstnes of whtch were confirmed by smgle crystal X-ray determmauon The exomethylene 
&tone was successfully prepared from gempm through a catalytrc hydrogenatton of C6-C7 double bond tn 
cyclopentene rmg m gempm Our synthesis culmmatmg the syntheses of anttpode of udoteatnal hydrate could 
confirm the absolute conftgurauon of udoteatnal hydrate as (2aS. 4aS, 5s. 7bR) The analogues of anttpode of 
udoteatnal hydrate were also synthesmed from exomethylene lactone Those analogues were subJected to the cytotox~c 
assay to find that dtacetates of analogues mvolvmg homogeranyl stde cham were cytotoxrc agamst human carcmoma 
KB and A-549 cells m vttro 

In 1981, udoteamal hydrate (1)t was tsolated by Faulkner from manne algae Uaiweaflabellum in shallow 

water in Flonda and Behze Structural determmauon of 1 revealed that 1 was a hydrate form of monocychc 

dlterpenotd maldehyde mvolvmg novel carbon framework named udotean skeleton with (2aR*, 4aR*, SS*, 

7bS*) configurations Synthettc study of 1 by Whttesell et al 2 culmmatmg the first total synthesis of (f)-1, 

however, concluded that the configuratron at C5 should be corrected to be (SR*) ‘lhs novel carbon framework 

was later found m the related marme dlterpene (-)-pettodral (2)3 and (-)-hahmedamal (3),4 which were isolated 

from Vdoteapet~olata and Hahmeda spenes, respectively Intetestmgly, the absolute configuratton of 2 and 3 

at carbon beanng the long side cham on cyclopentene nng was oppostte to each other, whtle that of 1 was 

remamed uncertain 5 

Among those novel compounds, rt was reported that 2 and 3 showed slgmficant acttvtttes agamst several 

manne bactena, mhrbrtron of cell dtvrslon m fertdtzed sea urchin eggs, and cytotoxrclty to herbivorous 

damselfish causmg death within one hour Although anumtcrobtal acttvlty agamst Staphylococcus aureus and 

Cana’& albrcaus was reported, cytotoxlcuy as well as other btologlcal actlvmes of 1 have not been mvesugated 

well Because of the structural stmtlanty of 1 to 2 and 3, It was consrdered that 1 mrght have some btologtcal 

acavmes comparable to those of 2 and 3 
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udoteamal hydrate 
(2aR*, 4aR*, SR*, 7bS*) 

(-)-petlodlal (-)-hahmedamal 

CqMe 
4 

(+)-gempm 

We have studed syntheses of polyfunctlonal mdolds and &texpe.nes usmg monoterpene vldold (+)-gempm 

(4) as a startmg matenal,kl6 which was aviulable m an Industry scale Smce 1 could be considered to consist 

of the mdold carbon framework and geranyl side. cham, we decided to mvesugate the synthesis duected toward 

1 starting from 4 to demonstrate the usefulness of 4 as a chlral bmldmg block as well as to confirm the absolute 

configuration of 1 Upon companng the sign of optical rotations of the dmcetates of udoteamal hydrate with 

those of our synthetic compounds from 4, the absolute configuration of 1 was determined to be (2aS, 4aS, SS, 

7bR) 7 Our synthetic ent-udoteamal hydrate dlacetates were found to be cytotoxlc agamst human carcmoma KB 

and human lung carcinoma A-549 8 We, herem, report the detad of our synthesis of antipode of 1 to determine 

the absolute configuration of 1 as well as bnef mvestlganons of the structure actlvlty relatlonshlps of analogues 

of ent-udoteamal hydrates 

0 

, COzMe 

Scheme 1 
6 (+)-gempm 4 

Retrosynthetic analysis of udoteatrial hydrate (1) 

To introduce a geranyl side. cham into the mdold framework and successive conversion mto the maldehyde 

effectively, the mcychc exo-methylene lactone (5) was designed to be a key intermediate (Scheme 1) After 

mtroducuon of geranyl side cham into 5,1 could be simply obtained by adjustment of oxuiatlon state of the 

lactone moiety Since 5 mvolved all carbon required for construction of tnaldehyde dlhemlacetal portion, It 

would be useful for preparation of analogues mvolvmg vanety of side chain This key intermediate 5 was 

expected to be denved from 4 wa hemlacetal(7) 

The problem upon mtroductton of geranyl side chain mto 5 was the stereocontrol of newly formed 

stereogemc center at C5 Since It wemed, however, that the side chnm m 1 occupied the thermodynamically 



Sa (Figure 1) 

8a I - 9a - 

p-Me Sa -177 3 KcaVmol a-Me 9a - 183 5 Kcal/mol 

Figure 1 calculated conformations and heats of formation of 8a and 9a 

Preparation of key intermediate (5) 

To obtain the proposed mtermedlate 5 from 4, hydrogenation of Q-C7 double bond m 4 was first 

examined Three compounds (10) - (12), prepared from 4 by the sequence shown m Scheme 2, were 

hydrogenated usmg various catalysts and solvents to give (7R)- and (7.QIsomer as summarized m Table 1 

The hydrogenanon proceeded from less hindered convex face to yield compounds mvolvmg (7R) configuration 

as expected, except entry 1 and 2 These unexpected results of hydrogenatton were also found m recent reports 

on synthetic studies of some mdolds to It was probable that the stenc repulsion between TBDMSOCH2 group 

at C7 and the TBDMS group at Ct forced the former group to move toward a less congested side to decrease 

stenc advantage of the convex face m these blcychc systems Smce each dlastereomenc mixture of these 13, 

14 and 15 was difficult to separate m large quantmes and the yield of cychzatlon of 7R-15 upon desllylatlon 

was not satisfactory because of Its mstabdlty under basic condmons, we then exammed the hydrogenation of 

aldehyde (16) Thus, hydrogenation of 16 prepared directly from 4 by selective oxldatlon of ally1 alcohol 

molety,t* produced easily separable mixture of hemlacetal (17a) and its a-isomer (17b), of which 

stereochemlstry was confirmed vra conversion of 17a to methyl acetal(18a) (Scheme 3) 
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C02Me 

Scheme 2 

10 R=TBDMS 
11 R=H 

a) r-BuMe#Cl, AgN03, DMF b) cat PPTS, EtOH, rt, 90% from gempm 
c) BaMn04, CH2C12, rt, 91% 

@yatdrz;* _qy + 5 

C02Me CO,Me 

10 R=CH20TBDMS 7R-13 R=;H OTBDMS 7S-13 
11 R=CH,OH 7R-14 R=CH;OH 7s-14 
12 R=CHO 7R-15 R=CHO 7s-15 

Table 1 hydrogenation of 10,ll and 12 under varoms reaction condmons 

/ entry / substrate / catalyst’) 

11 

12 

j mA1203 

1) ca 1 mol% of catalysts were us ii 
2) ratio of products was determine by ‘H-NMR 

99 8 1 
14 

80 7 3 

EtOH 77 2 1 

AcOEt 15 57 4 1 

AcQEt 83 4 1 

Reduction of the ester portion m 18a followed by acetylatlon gave acetate (20a) Bromohydnn formation 

of 20a with NBS-H20 followed by Swem oxidation l2 afforded bromolactone (21a), which was successively 

treated with zmc m acetic acid13 to give the key mtermedlate (5a) Slmllarly, Sb (R=TBDMS) was obtained 

from 18b m comparable yield to that of 5a (see expenmental section) 
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4 _OQMeL R:qMe d, M:q 
2 2 

16 17a R=H 
OR 

18a R=Me 
19a R=H 

18b R=TBDMS 
20a R=Ac 

f, g h 

CO,Me 

17b 

Scheme 3 

a) BaMn04, CH&, rt, 71% b) cat Rh-Al,03, Hz, AcOEt, rt, 17a 57%, 17b 13% c) BF3 Et,O, 
MeOH, 0 “C, 95% d) DIBAL, CH& -78 “C, 90% e) Ac20, Et3N, DMAP, rt, 94% f) NBS, HzO, 
DMSO, rt g) (CF$O),O, DMSO, -65 “C, then Et,N h) Zn, AcOH, ether, rt, Sa 63% for 3 steps 

Sa 

Scheme 4 

a) cat PtOz, H2, AcOEt, ovemlght, 99% b) 3eq DBU, toluene, reflux, 48 h, 9a 42%, 8a 31% 

+ 8a 

; u J=lO 7Hz 

9a 
9a 8a=4 3 

Determination of the stereochemistry at C5 

With the key mtermedlate 5a m hand, we then examined the method to clanfy the stereochemlstry at Cs 

upon mtroduchon of geranyl side cham For these St&es model compounds beanng methyl group at Cs @a 

and 9a) were used to slmphfy their *H-NMR spectra Consldenng from the results of PM3 calculations, the a- 

methyl isomer 9a would be obtained by base catalyzed lsomenzatlon of p-isomer Sa, which was expected to be 

denved from Sa by stereoselectlve hydrogenation We expected that their thermodynamic behavior as well as 

IH-NMR spectra could be efficiently used to define the stereochemlstry at 0, of the compounds beanng the 

homogeranyl side chnn Thus, Sa was hydrogenated with PQ to give a single product, which was tentatively 

asslgned to be Sa beanng P-methyl group at Cs (Scheme 4) Investlgatlons of the lsomenzatlon of the Q-p- 

methyl group under vanous condmons, however, afforded unexpected results Thus, lsomenzatlon of Sa 
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proceeded in the presence of DBU at refluxmg toluene but not at refluxmg THF or benzene to give nearly 3 4 

ratio of 8a and 9a Any changes of the ratlo m eqmhbrahon at elevated temperature (e g xylene reflux) were 

not observed The lsomenzatlon of 9a under the same condltlons could confirm that two isomers were m 

eqmhbranon at the above ratio In a case of 8b and 9b, the ratio m equlllbratlon was found to be close to 1 1 

(see expernnental secaon) 

In ther 400 MHz IH-NMR spectra, the observed coupling constants between &a and H5 &a_5) of 8a and 

9a were 4 3 and 10 7 Hz, respecbvely These expenmental data as well as NMR mformatlons suggested that 

the conformation of 8a and 9a especially at the 6-membered lactone rmg was quite different from each other 

The assignment of stereochemistry at C5 of both compounds discussed above as well as their conformations 

were eventually confirmed by then smgle crystal X-ray analysts As shown in Figure 2, &hedral angles of 

methyl group at C5 relanve to ha (~CH3-C5-C4a-H4a) m each compound were close These structural features 

might account for their nearly the same thexmodynamlc stablhty durmg the eqmhbraaon reaction 

dihedral angle -59 5’ &hedral angle -48 9O 

8a 9a 

Figure 2 X-ray analysis of 8a and 9a 

Synthesis of ent-udoteatnal hydrate and determination of its absolute configuration 

Havmg accumulated data to asslgn the C5 stereochemlstry, we then exammed to mtroduce a geranyl side 

chain into Sa Thus, treatment of a lithium salt of geranyl p-tolylsulfone 614 with 5a afforded 1,4-add~tlon 

product (22) (Scheme 5) Since removal of the sulfone group from 22 was unsuccessful because of the 

presence of lactone moiety, the lactone carbonyl m 22 was temporanly reduced and protected with TBDMS 

ether to give acetal (24) Birch reduction 15 of the sulfone moiety m 24 smoothly afforded homogeranyl 

compound (25) Although a small amount of the lsomenc compound at C3#-C4’ double bond of 25 were 

observed m ‘H-NMR, they could be eliminated m the HPLC separation of 27 and 28 The TBDMS ether 

moiety m 25 was deprotected and oxidized with PCC to afford a mixture of lsomenc homogeranyl lactone (27) 

and (28), of which ratio was found to be 1 3 m 400 MHz tH-NMR spectrum This mixture could be separated 

by HPLC and the maJor isomer 28 was lsomenzed mto a 1 1 mixture of 27 and 28 under the mfluence of DBU 

m refluxmg toluene as we expenenced m model studies The chemical shifts and coupling patterns of 

charactenstlc hydrogens on the nng m 27 and 28 were m good agreement with those of 9a and 8a, their 

stereostructures were, thus, assigned to be a- and p-homogeranyl lactone, respectively (Figure 3) I6 These 

assignments were eventually confirmed by successful synthesis of ent-1 from 27 
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25 R=TBDMS 
26 R=H 

28: B-homogeranyl 

27 28=1 3 

23 R=H 
24 R=TBDMS 

g 
27 + 28 

(27 28=1 1) 

Scheme 5 

a) geranyl p-tolyl sulphone, LDA, THF, -78 ‘C, then Sa, 82% b) DIBAL, CH$&, -78 ‘C, 93% 
c) TBDMSOTf, 2,6-hwhne, CH$l,. -78 “C, 90% d) Li / EtNHz, THF, -78 ‘C, 76% e) TBAF, THF. 0 ‘C, 
90% f) PCC, CH&I,, rt, 80% (27 28=1 3) g) DBU, toluene, reflux, 12 h, 70% (27 28=1 1) 

[495 (496 

8a I I 28 

9a 
Ftgure 3 

27 
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27 
a 

- b 

29 30 

OH 

31 R=Me 
32 R=H 

33 [cc]~~~ +23 9” 34 [aID25 -42 2’ 35 
(ht [aID -23’) (ht [aID +36’) 

Scheme 6 

a) DDBAL. CH$&, -78 T, 99% b) (0 1M) p-TsOH, THF H20 acetone = 4 2 1, rt, 69% 
c) Ac20, Pyr, rt, 66% for 33 and 34 (33 34=2 1 1) 

Reducuon of the a-homogeranyl lactone 27 with DIBAL followed by acid hydrolysis2 of the resulting 

hemlacetal (29) accomplished the synthesis of dlhermacetal (30) being consistent with relative structure of 

udoteatrial hydrate 1 (Scheme 6) The 5-epl-isomer (32) could be also obtamed from 28 by the same 

pnxedure as for 27 (see expenmental section) 

In order to confirm the relative stereochemlsmes of 30 and 32, 

they were converted mto their &acetates Upon treatmg 30 with 

acetic anhydnde m pyndme, two &acetates (33) and (34) were 
HO z 

‘0 

obtained m 2 1 1 ratio, which could be separated by HPLC, while 
H H H 

b 7b 07 

acetylatlon of 32 produced a smgle dlacetate (35) These 

?-F 

k 5 
observation were consistent with the reports of dlacetylatlon of l1 H OH 

and dl-5-epl-12 Although spectral data of 33 and 34 were in good 0 / 
agreement with those reported,l the signs of optical rotations of our 

synthetic matenals were opposite to those of natural &acetates to (2aS, 4aS, SS, 7bR) 

conclude that our synthetic 30 was the antipode of 1, thus ent-1 natural udoteamal hydrate 

Therefore, the absolute structure of 1 was determmed to have (2aS, 

4aS, SS, 7bR) configurations as shown 

Synthesis of analogues of ent-1 and their cytotoxic potency 

Having achieved the synthesis of antipode of udoteamal hydrate 30, we then mvestlgated the blologlcal 

properties of analogues of 30 The key mtermechate 5 employed m our synthesis was sultable to prepare 
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analogues mvolvmg a variety of srde chams besule homogeranyl group To examme the effect of snle chant on 

the btologtcal acttvmes, we chose the compound beanng the methyl group as a simple side chain to compare 

wtth those mvolvmg the homogeranyl group Since the monohydrate form of maldehyde was not stable enough 

for storage and brologmal tests, therr dracetates were used Instead. 

Reductron of 9b with DIBAL gave hemracetal (36), which was hydrolyzed and acetylated to afford 

dtacetates (37) and (38) (1 8 1) m 50% yreld for three steps (Scheme 7) Srmtlarly, (40) was obtamed by the 

same procedure as for 37 and 38 m 75% yield for three steps from Sb Although separatton of 37 and 38 was 

achieved by HPLC, for prehmmary exammauon they were subJected m brologrcal test as a form of mixture 

With analogues 33,34,35,37, 38 and 40 of dracetates of 1 m hand, we examined then btologtcal 

properties Although the natural udoteamal hydrate 1 was reported to show some anummrobral acavmes, none 

of those analogues was active against various mrcroorgamsms At this moment rt was not clear whether 

protecaon of two hemracetal portrons of 30 wtth acetate decrease Its anumtcrohal acnvmes or the acnvny smctly 

depend on the absolute configuraaon of 1 On the other hand, assay of IR vitro cytotoxtctty of these analogues 

presented stgmficant results Thus, the compounds mvolvmg homogeranyl side cham (33,34,35) were 

found to be cytotoxtc agamst KB human oral eptdermotd carcmoma (ATCC CLL-17) and human lung 

carcmoma A-549 (ATCC CLL-185) as summanzed m Table 2 

The dracetate 33 was the most toxic among analogues examined at the concentratton of 4x10-l &ml 

Although level of the cytotoxtcrty was sometrmes observed to Increase when a longer alkyl chant was 

substrtuted,I7 the effect of side cham was apparent that the methyl denvattves 37,38 and 40 were much less 

toxrc relanve to 33,34 and 35 Another stgmficant feature was that 33 exhrbrted at least 4 fold more enhanced 

cytotoxtc potency than 34 and 35 In IH-NMR the observed couplmg constants between Hg and I& (J5_6) of 

33,34 and 35 were 2 4, 4 9 and 9 2 Hz, respectrvely Constdenng these values as well as their 

stereostructures, rt was realized that only the acetoxy group at Q m 33 occupied the axml onentatton as shown 

in Figure 4 From stereoelectromc point of view, tt was suggested that compound with the better leaving 

abthty of acetoxy group exhibited stronger cytotoxrcny, although the mechanism of the mhrbttton of cell growth 

wrth these compounds was not understood at all This observatton also suggested that the generation of 

oxomum spectes by eltmmatron of acetoxy group might concern the exhtbmon of cytotoxtctty of these 

compounds To support thrs assumption oxomum spectes itself could be mvolved m DNA alkylatron of potent 

carcmogen aflatoxm B 1 after oxtdahve acnvauon Ia 

Conclusion 

The antipode of novel manne dtterpenotd udoteatnal hydrate 1 was synthesized from 4 vra the key 

mtermedrate, exomethylene lactone 5a Thts syntheses could demonstrate the usefulness of 4 as a chual 

burldmg block as well as could determme the absolute configuratton of 1 We also found that the analogues of 

anhpode of 1 were cytotoxtc against human carcmoma zn vitro For the exhrbmon of cytotoxmty, the presence 

of homogeranyl side cham as well as the stereochemtstry of acetoxy group at C6 were seemed to be important 

factors Our findmg reported here may have values for the evaluatron of new lead-compounds for the cancer 

chemotherapy. Smce brologtcal propertres of natural 1, however, have been little mvesttgated, these cytotoxrc 

acttvthes observed m the dtacetates of enr-1 reported here were not confirmed whether tt was unique to the eti-1 

analogues To address these Issues synthesis of natural 1 IS now m progress m our laboratory These results 

as well as thetr btologtcal properties wrll be reported m due course 
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37 b-OAc 
38 a-OAc 37 38=1 8 1 

8b 39 40 
Scheme 7 

a) DIBAL, toluene, -78 Y!, lh b) (0 1M) p-TsOH, THF HZ0 acetone = 4 2 1, rt 
c) AQO, Pyr, rt, 50% for 37 and 38 from 9b, 75% for 40 

Table 2 cytotoxtclty of analogues of ent-udoteamal hydrate agamst human 
oral epidermoid carcinoma KB and human lung carcmoma A-549 

compound No 

33 

34 

35 

37 and 38 

40 

GO Wml) 

human KB cells human A-549 

04 05 

16 19 

34 39 

>25 0 >25 0 

>25 0 >25 0 

Fig;@oAc HwOA; poAc 

R J=9 2Hz 
J=2 4Hz 

33 34 35 

Experimental Section 
tH-NMR spectra were measured with Hltachl R-90H (90 MHz), JEOL FX-100 (100 MHz) or JEOL JNM 

GX-400 (400 MHz) spectrometers Couplmg constants (.I values) are reported m hertz 
were measured with a JEOL JNM GX-400 (100 MHz) spectrometer 

t3C-NMR spectra 
The chemical shifts are expressed m ppm 

downfield from tetramethyhlane, usmg tetramethykllane or resrdual chloroform as a mtemal standard IR 
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spectra were recorded on a JASCG A- 102 spectrometer Mass spectra were recorded on a JMS D-300 or AX- 
500 Gp~cal rotations were determined by JASCO MODEL DIP Fuji DavIson Silica Gel BW-200 was used 
for sdlca gel flash chromatography. Pre-Coated TLC Plates Merck silica gel 60 Fm was used for preparanve 
TLC HPLC was performed on p Porasd P/N senes columns with Waters hqmd Chromatography Model 510 
usmg dlfferentml refractometer R401. Anhydrous reachons were performed under N2 or Ar atmosphere Ether 
and tetrahydrofuran (THF) were Qstdled under N2 from sodmm/benzophenone ketyl pnor to use Toluene. 
x lene. methylamine (EtsN), and dnsopmpylamme (I-Pr2NH) were &stilled from CaH2 and stored over 3 or 
4 3i molecular sieves nchloromethane (CH2Cl2) was &shlled from P205 pnor to use D1methyl sulfox& 
(DMSO) was &St&d from C&2 

Methyl (IS, 4aS, 7aS)-l-(t-butyldimethylsilyloxy)-7-[(f-bu~yldime~hylsilyloxy)me~hyll- 
1,4a,5,7a-tetrahydrocyclopenta[c]pyran-4-carboxyla~e (10) and Methyl (IS, 4aS, 7aS)-l- 
(I-butyldimethylsilyloxy)-7-hydroxymethyl-l,4a,S,7a-~e~rahydrocyclopen~a[clpyran-4- 
carboxylate (11) 
To a stirred suspension of gen1pm 4 (20 0 g, 88 mmol) and silver mtrate (37 6 g, 0 22 mol) in DMF (66 ml) 
was slowly added t-butyld~methyls1lyl chlonde (33 4 g, 0 22 mol) at 0 ‘C The reaction mixture was stu-red 
vigorously at room temperature for overnight After filtration through a pad of cehte, the filtrate was poured 
into cooled sat NaHCO3 and extracted with ether for three times The combmed organic phase was washed 
with bnne, dned over anhydrous MgS04, filtered, and then concentrated m vucuo to give a nnxture of 10 and 
11 as a brown 011 This rmxture could be separated to give 10 Altematlvely, tlus mixture was added into a 
solution of PPTS (2 38 g, 8 8 mmol) 1n EtOH (200 ml) The resulting n-nxture was stirred at 25 “C for two 
days After cooling with 1ce bath, the reacuon mrxture was added to sat NaHC03 (30 ml) and concentrated m 
vmw to remove EtGH The residue was extracted with ether for three rimes The combined organic phase was 
washed with bnne, dned over anhydrous MgS04, filtered, and then concentrated m vucuo Flash 
chromatography of the residue (Sl@, hexane/ether=5/1 to l/4) gave 11 (27 3 g, 91%) as a pale yellow 011 10 
[a]$* +34 9’ (c=l 5. CHC13) MS m/e (96) 454 (M+), 439 [(M-Me)+] (l), 423 (2). 397 [(M-tBu)+] (44), 
365 (22), 337 (7), 265 (40), 233 (17), 221 (7), 205 (14). 191 (21), 173 (5), 147 (21), 131 (9), 89 (17), 73 
(lOO), 59 (12) HRMS Calcd for Ct9H3305Si2 [(M-1Bu)+] 397 1866, Found 397 1865 tH-NMR (400 
MHz, CDC13) 6= 7 48, (lH, d, J=l 2 Hz, OCH=C), 5 80 (lH, brs, C=CHCH2), 4 84 (lH, d, J=7 3 Hz, 
OCHO), 4 35 (lH, d, J=14 6 Hz, SIOCH~C=C), 4 21 (lH, d, J=14 6 Hz, SIOCH$=C), 3 71 (3H, s, 
COzMe), 3 17 (lH, dd, J=8 6, 165 Hz), 283 (lH, m), 246 (lH, t, J=76Hz), 204 (lH, m), 0914,0906 
(9Hx2, sx2, Si@uxZ), 0 13, 0 12 (3Hx2, sx2, S1Me2), 0 063, 0 056 (3Hx2, sx2, S1Me2) IR (neat) 2850, 
1690, 1620, 1450, 1390. 1260 cm-l 11 [a]$* +40 6’ (c=l 2, CHC13) MS m/e (96) 340 (M+) (6), 322 
[(M-H20)+] (43), 309 [(M-OMe)+] (82), 283 [(M-tBu)+] (51), 265 (49). 251 (lOO), 191 (63), 159 (49), 75 
(49) HRMS Calcd for C17H2604Sl [(M-H20)+] 322 1601, Found 322 1618 IH-NMR (400 MHz, 
CDC13) 6= 7 50 (IH, s, OCH=C), 5 83 (lH, brs, CH=C), 4 83 (lH, d, J=8 1 Hz, SiOCHO), 4 31 (lH, d, 
J=15 9 Hz, HOC&+, 4 27 (IH, d, J=15 9 Hz, HOC&), 3 72 (3H, s, C@+fe), 3 20 (lH, m), 2 87 (lH, m), 
2 56 (lH, t, J=7 3 Hz), 2 22 (lH, brs, OH), 2 07 (IH, m), 0 93 (9H, s, S1@u), 0 16, 0 14 (3Hx2, sx2, 
SiMe2) t3C-NMR (CDC13) 6= 167 8, 152 2, 143 6, 127 8, 110 9,96 9,61 2, 51 1,48 4, 38 8, 36 2, 25 6, 
17 8, 15 1, -3 7, -43, -50 IR (neat) 3450, 2900, 2850, 1690, 1620, 1440, 1380, 1280, 1150, 1130, 
1100, 1040,960,930, 890, 830 cm-t 

Methyl (IS, 4aS, 7uS)-7-formyl-l-(f-butyld~methylsilyloxy)-l,4a,5,7a- 
tetrahydrocyclopenta[c]pyran-4-carboxylate (12) 
To a solution of 11 (12 3 g, 0 36 mol) 1n CH2C12 (100 ml) was added BaMn04 (91 0 g, 0 36 mol) and the 
mixture was sarred at room temperature for ovemtght The resultmg rmxture was filtered through a pad of cehte 
and washed urlth AcOEt thoroughly The combined filtrate was concentrated 1n vucuo Flash chromatography 
of the residue (S102, hexane/ether=3/2 to l/4) gave 12 (11 1 g, 91%) as a colorless 011 [cz]D~~ +117’ (c=l 0, 
CHCl3) MS m/e (%) 338 (M+), 323 [(M-Me)+] (l), 307 [(M-OMe)+] (6), 281 [(M-tBu)+] (lOO), 263 (65), 
249 (87), 237 (3 0), 221 (63), 207 (7), 193 (12), 179 (16), 155 (24), 119 (7), 103 (5), 89 (16), 73 (74), 63 
(4), 55 (21) HRMS Cdkd for C17H2605S1 (M+) 338 1549, Found 338 1540 tH-NMR (90 MHz, CDC13) 
6= 975 (lH, s, CHO), 743 (lH, s OCH=C), 693 (lH, brs, CH$H=C), 5 41 (1H. d, J=4 5 Hz, 
OCHOQ), 3 70 (3H. s, COzMe), 3 5-1 8 (4H), 0 90 (9H, s, SI~BU), 0 14 (3Hx2, brs, Stie2) IR (neat) 
2920,2840, 1700, 1685, 1630, 1435, 1290, 1170, I1 10, 1075, 1015,960, 835,780 cm-t 

Methyl (IS, 4uS, 7uS)-l-(t-butyldimethylsilyloxy)-7-[(t-bu~yldime~hylsilyloxy)me~hyl]- 
1,4a,5,6,7,7a-hexahydrocyclopenta[c]pyran-4-carboxylate (13) 
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To a solution of 10 (50 0 mg, 0 11 mmol) 1n AcOEt (2 ml) was added 5% Rh/A1203 (2 5 mg) The react1on 
rmxture was stmed at room temperature under atmosphenc pressure of hydrogen for overmght. The resultmg 
mixture was filtered through a pad of cel1te and the filtrate was concentrated 1n vacua to give colorless od 13 
(50 2 mg, quanhtative yield) as an inseparable mixture of 7S- and 7R-Isomer The ratio of two isomers was 
determmed as 1 1 from 400 MHz IH-NMR spectrum 
as an exclusive product 

Instead of Rh/AlzO3, usmg Pd/C m EtOH 7S-13 

14 
stereochemistry at was confirmed comparmg urlth 7S-13 from 7S- 

derived from 7S-14 To a soluhon of 7S-14 (23 0 mg, 0 07 mmol) and 1m1dazole (14 mg, 
0 20 mmol) in CH2C12 (2 ml) was added t-butyl&methyls1lylchlonde (12 mg, 0 08 mmol) and the mixture was 
stirred at room temperature for 2 h After filtration through a pad of cehte. the filtrate was concentrated rn 
vucuo Preparative thin layer chromatography of the residue (S@, hexane/AcOEt=lO/l) gave 7S-13 (26 4 
mg, 86%) aS a cOkTk2SS Oil 7.%13 [a]~ 24 -47 5’ (c=l 3, CHC13) MS m/e (%) 441 [(M-Me)+] (1). 425 
KWOMe)+l(25), 399 KM-*Bu)+l(32), 367 (5), 324 (8), 309 (3). 267 (53), 235 (20). 223 (7), 193 (lOO), 187 
(90), 179 (17). 161 (21), 147 (20), 133 (9), 115 (8), 105 (5), 89 (17), 73 (60), 57 (14) HRMS Calcd for 
C$I350#12 KM-*Bu)+l 399 2023, Found 399 2036. IH-NMR (400 MHz, CDCl,) 6r 7 43 (lH, d, J=1.2 
Hz, OCH=C), 4 94 (1H. d, J=6 7 Hz, OCHOSl), 3 70 (3H, s, COzMe), 3 57 (2H, m, SIOCH~CH), 2 79 
(lH, m), 2 14 (lH, m), 1 88 (lH, m), 174 (lH, m), 161 (lH, m), 1 37 (2H, m), 090, 0 88 (9Hx2, sx2, 
WBU). 0 123, 0 120 (3Hx2, sx2, S1Mez). 0 03 (3Hx2. s, S&fez) IR (neat) 2960, 2870, 1715, 1635, 1475. 
1465, 1440, 1390, 1260, 1160, 1100, 1010,845,785 cm-l 

Methyl (IS, 4aS, 7aS)-l-(f-butyldimethylsilyloxy)-1,4a,5,6,7,7a-hexahydro-7- 
hydroxymethylcyclopenta[c]pyran-4-carboxylate (14) 
To a solution of 11 (500 mg, 1 5 mmol) m EtOH (10 ml) was added Pt@ (25 mg) The reactlon mixture was 
surred at room temperature under atmosphenc pressure of hydrogen for ovemlght 
pad of cehte, the filtrate was concentrate tn vucuo 

After filtrauon through a 
Flash chromatography of the residue (S102, 

hexane/ether=Ul) gave 14 (500 mg, 99%) as a colorless 011, which was an inseparable mixture of two 
stereolsomers (7S:7R=l 8) from 400 MHz IH-NMR spectrum 
gave 14 (7s 7R=3 7) 1n 80% yield 

Instead of PtO2, using Rh/A1203 1n AcOEt 

denved from 7S-15 
The stereochemistry at C7 was confirmed VW comparmg with 7S-14 

7S-14 derived from 7S-15 To a solution of 7S-15 (36 0 mg, 0 11 mmol) 1n MeOH 
(1 ml) was added NaBH3CN (10 mg. 0 16 mmol) and two drops of acetic acid and the mixture was stu-red at 
room temperature for 2 h After concenfrafion in VLICUO, the resultmg residue was dduted with AcOEt, and was 
washed with NaHC03, brine, dried over anhydrous MgS04, filtered, and then concentrated rn vocuo 
Preparative thm layer chromatography of the residue (SQ, hexane/AcOEt=2/1) gave 7S-14 (26 0 mg 72%) as 
a colorless 011 7S-14 [a]$ -75 4’ (c=l 3, CHC13) MS m/e (%) 324 [(M-H20)+] (3), 311 [(M-MeO)+] 
(lo), 285 [(M-t-Bu)+] (88). 267 (45). 253 (68), 235 (40), 223 (20), 207 (14), 193 (50), 179 (40), 161 (54), 
147 (34), 135 (25), 119 (16), 105 (24). 89 (26), 75 (86), 73 (loo), 59 (13) HRMS Calcd for C16&704Sl 

[(M-OMe)+] 311 1679, Found 311 1675 IH-NMR (400 MHz, CDC13) 6= 7 45 (lH, s, OCH=C), 4 74 (H, 
d, J=7 9 Hz, OCHOSi), 3 71 (3H, s, COZMe), 3 63 (lH, dd, J=5 8, 9 8 Hz, HOCHzCH), 3 54 (lH, dd, 
J=7 9, 9 8 Hz, HOCHzCH), 2 74 (lH, m), 2 27 (lH, m), 2 03 (lH, m), 1 85 (2H, m), 1 25 (2H, m), 0 91 
(9H, s, WBu), 0.15,O 14 (3Hx2, sx2, SIMe2) IR (neat) 3460,2960,2860, 1710, 1635, 1465, 1400, 1390, 
1305,1285, 1260, 1175, 1155, 1100,1030,960,845,800,790,760 cm-l 

Methyl (IS, 4aS, 7aS)-l-(t-butyldimethylsilyloxy)-7-formyl-l,4a,5,6,7,7a-hexahydro- 
cyclopenta[clpyran-4-carboxylate (15) 
To a solunon of 12 (10 1 g, 30 mmol) m AcOEt (200 ml) was added 5% Rh/A1203 (25 mg) The reaction 
mixture was surred at room temperature under atmosphenc pressure of hydrogen for overnight After filtration 
through a pad of cehte, the filtrate was concentrated m VUCLW Flash chromatography of the residue (SQ, 
hexane/ether=Ul) gave 15 (8 76 g 87%) as a colorless 011, which was an inseparable mixture of two 
stereo1somers (7s 7R=l 4) Instead of Rh/A1203, using Pd/C gave 15 with a ratio of 7s 7R=l 2 1n 77% yield 
and PtO2 also gave 15 with a rat10 of 7S 7R=l 4 1n 57% Isomerization of 7R-15 To a solution of the 
above rmxtu= 15 (7s 7R=l 4) (50 0 mg, 0 15 mmol) 1n CH2Cl2 (2 ml) was added DBU (4 ~1, 0 03 mmol) and 
the nuxture was stmed at room temperature for 1 h At this stage 7R-isomer was disappeared and only 7S- 
isomer was detected on TLC After concentration tn vucuo, flash chromatography of the residue (S102, 
hexane/ether=Ul) gave 7S-15 (37 4 mg, 75%) as a colorless 011 7S-15 [a]~17 -43 6’ (c=l 9, CHC13) MS 
m/e (96) 340 (M+) (14), 325 [(M-Me)+] (51), 283 (100). 251 (55). 223 (22), 181 (24), 155 (18). 73 (20) 
HRMS Calcd for C17H~05S1 (M+) 340 1706, Found 340 1702 IH-NMR (90 MHz, CDCl3) 6= 9 71 (IH, 
d, J=l 5 Hz, CHO), 7 44 (lH, d, J=l 0 Hz, OCH=C), 4 88 (lH, d, J=6 5 Hz, OCHOSQ, 3 70 (3H, s, 
COzMe), 2 95-l 6 (7H), 0 89 (9H, s, Sl’Bu), 0 13 (3Hx2, s, S1Me2) IR (neat) 2930, 2850, 1710, 1630, 
1460, 1440, 1390, 1360, 1295. 1260, 1150, 1090, 950, 840, 780 cm-l Desdylation of 15 followed by 
acidic treatment To a solution of 15 (7s 7R=l 4) (60 mg, 0 17 mmol) m THF (1 5 ml) was added AcOH 



Absolute configuration of udoteatnal hydrate 10567 

(20 ml, 0 35 mmol) and BqNF Hz0 (69 mg, 0 26 mmol) at room temperature After stirred at room 
temperature for 2 h, to the reaction mlxtute was added PPTS (88 mg, 0 35 mmol) and the mixture was stmed at 
room temperature for another 1 h Dllutlon with AcOEt, the reachon mu(tuxe was washed with NaHCO3, bnne, 
dned over anhydrous MgS04,’ filtered, and then concentrated m vucuo Preparative dun layer chromatography 
of the residue (S@, hexat&AcOEt=l/l) gave a mcycl1c compound 17a (10 5 mg, 26%) as colorless needles 
accompamed by a-aldehyde 17b (3 4 mg, 9%) as a colorless ml The spectroscopic data of 17a and 17b were 
reported below 

Methyl (4aS, 7uS)-7-formyl-l-hydroxy-1,4a,5,7a-tetrahydrocyclopen~a[c]pyran-4- 
carboxylate (16) 
To a soluaon of 4 (5.00 g. 20 mmol) 1n CHzCl2 (200 ml) was added BaMn04 (50 0 g, 0 20 mol) and the 
mixture was stmed for two days at room temperature After filtration, the filtrate was concentrated rn vucuo 
Flash chromatography of the residue (&@, hexane/ethyl ether=2/1 to l/2) gave a chastereomenc tmxture of 16 
(3 50 g, 71%) as a colorless ml MS m/e (95) 224 (M+) (U), 206 [(M-H20)+] (lo), 196 [(M-CO)+] (35). 178 
(49), 164 (100). 146 (33). 136 (63), 118 (22), 107 (42). 94 (34). 79 (53), 66 (26), 55 (12) HRMS Calcd for 
Ct 1H1205 (M+) 224 0684, Found 224 0688 ‘H-NMR (90 MHz, CDC13) 6= 9 79,9 69 (total lH, each s, 

(55), 81 (56), 67 (83), 53 (22) HRMS Calcd for CltHt405 (M+) 226 0841, 
Found 226 

011 [u]D~ +45 7’ (c=l 3, CHC13) MS m/e (%) 240 (M+) (17). 208 [(M-MeOH)+] (35). 176 (13). 162 (3). 
148 (24), 138 (lOO), 121 (12), 99 (4), 91 (lo), 81 (7), 71 (9), 55 (4) HRMS Calcd for Ct2H1605 (M+) 
240 0998, Found 240 0999 tH-NMR (400 MHz, CDC13) 6= 7 52 (lH, s, OCH=C), 5 71 (lH, d, J=4 9 
Hz, OCHO), 4 57 (lH, d, J=l 2 Hz, MeOCHO), 3 73 (3H, s, COzMe), 3 38 (3H, s, OMe), 2 82 (lH, dt, 
J=l 2, 7 3 Hz, C2a-H), 2 66 (lH, dt, J=6 7, 104 Hz), 2 58 (lH, ddd, J=4 9, 7 3, 9 8 Hz), 2 26 (lH, m), 
181 (lH, dd, J=6 1, 13 0 Hz), 170 (lH, m), 1 12 (lH, m) IR (neat) 2950, 1710, 16545, 1440, 1380, 
1290, 1270, 1190, 1140, 1100, 1075, 1050, 1030,990,975,940,840,770 cm-t 
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Methyl (ZS, 2aR, 4aS, 7aR, 7bS)-2-(t-butyldimethylsilyloxy)-2a,3,4,4a,7a,7b- 
hexahydro-tH-1,7-dioxacyclopent[c,d]indene-S-carboxylate (Mb) 
To a soluuon of 17a (50 0 mg. 0 22 mmol) and 2,6-lutuhne (52 ~1, 0 44 mmol) in ‘H-IF (2 ml) at -78 T was 
added TBDMSOTf (66 pl, 0 29 mmol) and the mixture was stmed at -78 “C for 30 mm Then the reachon was 
quenched urlth sat. NaIiC@ and the resultmg mtxture was extracted with ether for three rimes The combmed 
organic phase was washed wnh bnne, dried over anhydrous MgS04. filtered, and then concentrated an vacua 
Preparanve thin layer chromatography of the residue (Sr@, hexane/ethyl ether=Ul) gave 18b (710 mg, 95%) 
as a colorless 011 [a]$ +22 6’ (c=l 2, CHC13) MS m/e (a) 339 [(M-H)+] (I), 325 [(M-Me)+] (2), 309 
(7), 283 [(M-tBu)+] (lOO), 251 (35), 237 (8), 223 (25). 209 (8) 181 (39). 148 (25), 139 (7), 121 (16), 103 
(ll), 89 (17), 73 (69), 65 (5), 59 (17) HRMS Calcd for C16H2505S1 [(M-Me)+] 325.1471, Found 
325 1494 1H-NMR (400 MHz, CDC13) 6= 7 50 (lH, s, OCH=C), 5 76 (lH, d, J=5 0 Hz, OCHO), 5 00 
(IH. s, S1OCeO). 3 71 (3H. s. COzMe), 2 79 (lH, m), 2 63 (2H, m), 2 21 (lH, m). 176 (lH, m), 168 
(1H. m), 1 14 (lH, m). 0 89 (9H. s, WBu), 0 12, 0 11 (3Hx2, sx2, S1Me2) IR (neat). 2950, 2850, 1710, 
1650, 1460, 1440.1390, 1330, 1290.1250, 1190, 1140, 1105, 1075,1025,990,970,850.780 cm-l 

(2S, 2aR, 4aS, 7aR, 7bS)-2a,3,4,4a,7a,7b-Hexahydro-5-hydroxymethyl-2-methoxy-2H- 
1,7-dioxacyclopent[c,d]indene (19a) 
To a solution of 18a (370 mg, 1 5 mmol) 1n CH2C12 (16 ml) at -78 T was added dropwise DIBAL (0 93 M in 
hexane, 4 1 ml, 3 9 mmol) After 1 h at -78 T, the reaction was quenched with AcOEt and a little of water 
The resultmg m1xtum was filtered through a pad of cehte, and the filtrate was concentrated 111 vucuo Flash 
chromatography of the residue (!I& hexane/ethyl ethe&/l to l/2) gave 19a (294 mg. 90%) as a colorless 
011. [aID27 +17’ (c=2 3, CHC13) MS m/e (96) 212 (M+) (31), 194 [(M-H20)+] (19), 180 [(M-MeOH)+] 
(RIO), 165 (44), 151 (54), 134 (92). 121 (29). 105 (48) 95 (15), 79 (30), 75 (lo), 71 (40), 57 (25) HRMS 
Calcd for CttH1604 (I@) 212 1049 Found* 212 1029 *H-NMR (400 MHz, CDCl3) 6= 6 37 (lH, s, 
OCH=C), 5 65 (lH, d, J=4 3 Hz, OCHO), 4.53 (1H. d. J=l2 Hz, MeOCHO), 4 09, 4 01 (lHx2, each d, 
J=12 3 Hz, CHzOH), 3 36 (3H, s, MeO), 2.78 (lH, m), 2 59 (IH, ddd, J=4.3, 7 3, 9 8 Hz, C7h-H), 2 46 
(IH, m), 2 11 (1H. m), 1 80 (lH, m), 1 64 (lH, m). 147 (1H. br. OH), 123 (lH, m) IR (neat) 3420, 
2950,2870, 1680, 1450, 1375,1280, 1260,1197,1170, 1100, 1050,1020,990,930,900,840,790 cm-1 

(2S, 2aR, 4aS, 7aR, 7bS)-2-(t-Butyldimethylsilyloxy)-2a,3,4,4a,7a,7b-hexahydro-S- 
hydroxymethyl-2H-1,7-dioxacyclopent[c,d]indene (19b) 
To a solunon of 18b (1.98 g, 5 8 mmol) 1n CH2Cl2 (60 ml) at -78 “C was added dropwise DIBAL (0 93 M in 
hexane. 15.7 ml, 15 mmol) After 1 h at -78 “C, the reaction was quenched with AcOEt and a little of water 
The reacuon mixture was filtered through pad of cel1te and the solvents were removed rn vacua Flash 
chromatography of the residue (S102, hexane/ethyl etherd/l) gave 19b (1 82 g quantnative yield) as a 
colorless 011 [U]D2j +2 lo (c=2.6, CHC13) MS m/e (96) 312 (M+) (1). 295 [(M-OH)+] (5), 279 [(M- 
MeOH)+] (2). 265 (6), 255 [(M-tBu)+] (54), 237 (23) 225 (16). 219 (5 l), 209 (14), 193 (3 0), 180 (29) 163 
(9), 148 (25), 152 (18), 145 (7), 135 (27). 117 (22), 105 (26), 91 (21) 79 (26), 75 (lOO), 67 (12), 59 (14) 
53 (9). HRMS Calcd for C12Ht605S1 [(M-tBu)+] 255 1053, Found 255 1054 1H-NMR (400 MHz, 
CDC13) 6= 6 39 (lH, s, OCH=C). 5 73 (lH, d, J=4 9 Hz, OCHO), 4 98 (lH, s, SGWO), 4 10, 4 02 
(lHx2, each d, J=12 1 Hz, CH20H). 278 (IH, m), 265 (2H, m), 246 (lH, m), 2 10 (lH, m), 179 (lH, 
m), 1 63 (lH, m). 1 25 (lH, m), 0 89 (9H. s, SltBu), 0 12, 0 11 (3Hx2, sx2. Stie2) IR (neat) 3400,2950, 
2925,2860, 1679. 1460, 1255, 1170, 1095, 1020,990, 840,780 cm-1 

(2S, 2aR, 4aS, 7aR, 7bS)-S-(AcetoxymethyI)-2a,3,4,4a,7a,7b-hexahydro-2-methoxy-2~- 
1,7-dioxacyclopent[c,d]indene (20a) 
To a solunon of 19a (272 mg, 1 3 mmol) and DMAP (78 0 mg, 0 64 mmol) and methylamIne (0 27 ml, 1 9 
mmol) 1n CH2Cl2 (9 ml) at 0 Y! was added Ac20 (0 15 ml, 1 5 mmol) The solution was stirred at room 
ttmperature for 1 h After concentration 1n vacua, flash chromatography of the residue (SQ. hexanelethyl 
ethep5/1) gave 20a (308 mg, 94%) as a colorless 011 [a]$5 +1 7” (c=l 7, CHC13) MS m/e (%) 254 (M+) 
(13), 223 (21), 194 [(M-AcOH)+] (K-MI), 181 (34), 162 (57), 149 (19), 134 (79), 105 (46), 99 (14), 91 (26) 
81 (37), 70 (57). 61 (62) HRMS Calcd for C13H1g05 (M+) 254 1154, Found 254 1151 1H-NMR (400 
MHz, CDC13) 6= 6 45 (IH, s. OCH=C), 5 66 (IH, d, J=4 9 Hz, OCHO), 4 58.4 44 (lHx2, each d, J=ll9 
Hz, C&OAc), 4 54 (lH, s, MeOCHO), 2 79 (lH, t, J=7 3 Hz), 2 61 (lH, ddd, J=4 9, 7 3.9 8 Hz, C7h-H), 
2 35 (lH, m), 2 08 (lH, m), 2 04 (3H, s, MeCOZ), 1 82 (lH, m), 1 64 (lH, m), 1 25 (IH, m) IR (neat) 
2940, 1740, 1680, 1455, 1380, 1235,1180, 1105, 1055, 1025,980,960,940, 845 cm-1 

(2S, 2aR, 4aS, 7aR, 7bS)-5-(AcetoxymethyI)-2-(t-butyldimethylsilyloxy)- 
2a,3,4,4a,7a,7b-hexahydro-2H-1.7-dioxacyclopent[c,d]indene (20b) 
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To a solution of 19b (1.82 g, 5 8 mmol) and DMAP (356 mg, 2 9 mmol) and methylamine (1 2 ml, 8.8 mmol) 
1n CH2Cl2 (40 ml) at 0 OC was added A@ (0 66 ml, 7 0 mol). The soluaon was stured at 0 ‘C for 1 h After 
concentration m vucuo, flash chromatography of the residue (S1oZ. hexane/ethyl ether=Ul) gave 20b (2 02 g. 
98%) as a colorless 011 [a]$+1.5’ (~2 8, CHC13). MS m/e (%I). 354 @I+) (I), 353 [(M-H)+] (l), 297 
[(M-tBu)+] (68). 295 (27). 279 (5). 265 (l5), 237 (100). 219 (12), 209 (26). 194 (14). 181 (11). 163 (49), 
155 (15). 145 (ll), 134 (32), 117 (90), 105 (15) HRMS Calcd for Ct6H2703Si [(M-AcO)+] 295 1729, 
Found. 295 1731 1H-NMR (90 MHz. CDC13) 6= 6 38 (IH, s, OCH=C). 5 67 (lH, d, J=5 Hz, OCHO), 
4 92 (lH, s. SGCHO), 4 55, 4 36 (lHx2, each d, J=l2 Hz, CHzOAc), 2 70-2 10 (4H), 2 01 (3H. s. 
MeCOz), 170 (3H). 0 88 (9H, s, S1W, 0 11 (3Hx2, s, Stie2) IR (neat) 2950, 2860, 1740, 1680, 1465, 
1380, 1250, 1175, 1100, 1020,995, 850.780 cm-1 

(2S, 2aR, 4nS, 7aS, 7bS)-2-Methoxy-S-methyledene-2a,3,4,4a,J,6,7a,7b-octahydro-2H- 
1,7-dioxacyclopent[c,d]indene-6-one (Sa) 
To a solution of 2Oa (1.5 1 g, 6 0 mmol) m DMSO (56 ml) and water (1 2 ml) at 0 “C was added NBS (1.27 g, 
7 1 mmol) After stmmg at room temperature for 30 m1n, the tesultmg mixture was treated with sat. NaHCO3. 
and extracted wnh ether for three rimes The combmed organic phase was washed with sat NaHCO3 and brme 

dned over anhydrous MgS04. filtered, and then concentrated 1n vacua to @ve a crude bromohydnne as a 
bolorless oil (2 40 g) To a soluoon of (CF3CO)zO (1 3 ml, 8.9 mmol) in CH2Cl2 (30 ml) at -60 “C, was 
added DMSO (0.84 ml, 12 mmol) After stmed at -65 “C for 10 mm, to the msultmg mixture was slowly added 
the crude bromohydrme m CH2Cl2 (20 ml) at -78 “C The reaction mixture was allowed to stn at -65 ‘C for 30 
mm Et3N (2 5 ml, 18 mmol) was then added and the whole mixture was shrred at -65 “C for 5 mm After 
dduuon wnh AcOEt, the resultmg mixture was washed with sat NaHCO3 and brme , dned over anhydrous 
MgS04, filtered, and then concentrated m vucuo to @ve crude bmmolactone 21a (2 25 g) as a yellow 011 To a 
suspension of the crude 21a (2 25 g) and powdered zinc (1 95 g, 30 mmol) 1n ether (60 ml) was added AcOH 
(0 41 ml, 7 2 mmol) at room temperature The xeachon mixture was stured at room temperature for 1 h After 
fihrahon through a pad of cehte, the reachon mixture was &luted with AcOEt and washed ~nth sat NaHCQ 
and bnne , dned over anhydrous MgS04, filtered, and then concentrated rn vacua Flash chromatography of 
the residue (S1@, hexane/ethyl ether= 10/l to 4/l) gave Sa (787 mg, 63% for 3 steps) as white solids, which 
was recrystallized from hexane-ethyl ether to afford colorless plates m p 61 7 - 62 3 “C [a]D27 +l lo 
(c=l 8, CHC13) MS m/e (%) 211 [(M+H)+] (3), 210 (M+) (2), 209 [(M-H)+] (6), 179 [(M-CH30)+] (86), 
164 (28), 150 (71), 136 (53), 122 (82), 106 (88), 93 (100). 84 (63), 78 (72), 71 (80), 67 (40), 61 (9), 55 
(23) HRMS Calcd for CtlHt504 [(M+H)+] 2110971. Found 2110976 IH-NMR (400 MHz, CDC13) 8= 
6 18 (lH, s, CHz=C), 5 82 (1H. d, J=6 1 Hz, OCHO), 5 56 (lH, s. CHz=C), 4 86 (lH, d, J=3 1 Hz, 
MeOCHO), 3 42 (3H, s, MeO), 3 11 (lH, dt, J=6 1,9 2 Hz, r&-H), 3 04 (lH, m). 2 77 (lH, m). 191 (2H, 
m), 1 75 (2H, m) *3C-NMR (100 MHz, CDC13) 6= 165 1, 136 5, 125 3, 110 5, 102 9, 56 0, 50 7. 45 7, 
42 0, 33 7,29 2 IR (neat) 2950, 1740, 1645, 1450, 1410, 1310, 1275, 1130 (br), 1065, 1020,990,955, 
835,810 cm-t Anal Calcd for CllHl404 C, 62 85, H, 6 71% Found C, 62 83, H, 6 76% 

(2S, 2aR, 4aS, 7aS, 7bS)-2-(f-Butyldimethylsilyloxy)-S-methyledene- 
2a,3,4,4a,5,6,7a,7b-octahydro-2H-1,7-dioxacyclopent[c,d]indene-6-one (Sb) 
To a soluhon of 20b (2 02 g, 5 7 mmol) in DMSO (54 ml) and water (1 1 ml) was added NBS (1 22 g, 6 9 
mmol) at room temperature After st1mng at room temperature for 30 mln, the resulung mixture was extracted 
with ether for three times The combined organic phase was washed with sat NaHCO3 and bnne , dned over 
anhydrous MgS04, filtered, and then concentrated 1n vucuo to give bromohydnne as a crude pale yellow 011 
(176 g) To a solution of (CF3CO)2O (0 83 ml, 5 9 mmol) 1n CH2Cl2 (15 ml) at -60 ‘C was added DMSO 
(0 55 ml, 7 8 mmol) After stured at -65 ‘C for 10 mm, to the resulting mixture was slowly added the crude 
bromohydnne in CH2Cl2 (17 ml) at -78 ‘C The reaction mixture was allowed to sur at -65 “C for 30 m1n 
Et3N (163 ml, 12 mmol) was then added and the whole mixture was stmed at -65 “C for 5 m1n After dduhon 
with ether, the resulting mixture was washed with sat NaHC03 and bnne , dned over anhydrous MgS04, 
filtered, and then concentrated in v11c1(0 to gve crude bromolactone 21b (1 80 g) as yellow hemlcrystals To a 
suspension of the crude 21b (1 80 g) and powdered zinc (1 26 g, 19 mmol) in ether (40 ml) was added AcOH 
(0 27 ml, 4 7 mmol) at room temperature The reaction mixture was stn-red at room temperature for 1 h After 
filtration through a pad of cellte, the filtrate was diluted with ether and washed with sat NaHC03 and bnne , 
dned over anhydrous MgS04, filtered, and then concentrated rn vacua Flash chromatography of the residue 
(S102, hexane/ethyl ether=4/1) gave 5b (593 mg, 33% for 3 steps) as a colorless 011 [a]$ +19 4O (c=l 3, 
CHC13) MS m/e (%) 309 [(M-H)+] (3), 295 [(M-Me)+] (2), 253 [(M-tBu)+] (67), 235 (5), 225 (9). 207 (70), 
191 (60). 181 (lo), 150 (IO), 133 (28), 122 (20), 105 (46). 93 (12), 75 (lOO), 67 (11). 57 (8) HRMS 
Calcd for QH25O4S1 [(M-H)+1 (09 1522, Found 309 1492 *H-NMR (400 MHz, CDCl3) ij= 6 13 (lH, s, 
C&=C), 5 82 (lH, d, J=6 1 Hz, OCr-lO), 5 53 (lH, s, C&=C), 5 27 (lH, d, J=3 1 Hz, SlOCHO), 3 16 
(lH, dt, J=6 1, 9 1 Hz, C7b-H), 3 01 (lH, m), 273 (lH, m), 192 (lH, m), 181 (lH, m), 163 (2H, m), 
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0 89 (9H. s, Sl’Bu), 0 13 (3Hx2, s, Siikfez) IR (neat). 2950, 2860, 1738, 1640. 1465, 1410. 1360, 1305, 
1255, 1130, 1100, 1065,1015,950,840,785 cm-t 

(2S, 2aR, 4aS, SS, 7aS_, 7bS)-2-Methoxy-S-methyl-2a,3,4,4a,5,6,7a,7b-octahydro-2H- 
1,7-dioxacyclopent[c,dlmdene-6.one (8a) 
To a solution of Sa (50 mg, 0 24 mmol) m AcOEt (5 ml) was added Pa (3 mg) and the suspenston was 
stmed at room temperature 

a pad 
m 6 

5 82 
4 95 7 Hz, 3 46 3 20 2 Hz, 2 66 
2 54 7 Hz, 2 43 1 88 

7 60% 

Hz, 
MeCH), 0.90 (9H, s, S11Bu), 0 13 (3Hx2, s, SIMe2) IR (neat) 2940, 2850, 1742, 1460, 1380, 1360, 1250, 
1170,1125, 1095,1060,1000,975,940.920,840,780 cm-t 

(2S, 2aR, 4aS, SR, 7aS, 7bS)-2-Methoxy-S-methyl-2a,3,4,4a,5,6,7a,7b-octahydro-2H- 
1,7-dioxacyclopent[c,dlindene-6-one (9s) 
To a soluaon of Sa (46 0 mg, 0 22 mmol) 1n toluene (5 ml) was added DBU (0 1 ml, 0 65 mmol) The 
reaction solution was heated at reflux for 48 h The resulting m1xtum was then concentrated 1n vacua Flash 
chromatography of the residue (S102, hexane/ethyl ether=Yl to l/2) gave 9a (19 2 mg, 42%) as colorless 
needles accompanied by recovery of 8a (14 3 mg, 31%) m p 91 1 - 92°C (recryst from hexane) [aID* - 
78 7’ (c=l 0, CHC13) MS m/e (S) 213 [(M+H)+] (2), 212 (M+) (I), 211 [(M-H)+] (2), 181 [(M-OMe)+] 
(57), 168 (lo), 152 (22), 138 (25), 124 (13), 111 (lOO), 100 (28), 95 (46), 84 (61), 79 (81), 69 (89), 61 (12), 
56 (29) HRMS Calcd for CttHt704 [(M+H)+] 213 1126, Found 213 1148 IH-NMR (400 MHz, CDC13) 
6= 5 88 (lH, d, J=6 1 Hz, OCHO), 4 81 (lH, s. MeOCHO), 3 37 (3H, s, MeO), 2 97 (lH, dt, J=6 1, 9 2 
Hz, C7b-H). 2 74 (lH, m). 2 48 (lH, dq, J=7 3, 10 7 Hz, MeCH), 2 21 (lH, m), 2 05 (lH, m), 174 (2H, 
m), 157 (lH, m), 120 (3H, d, J=7 3 Hz, Chime) IR (neat) 2950, 1748, 1450, 1405, 1355, 1320, 1270, 
1190, 1155, 1090, 1065, 1020, 1000, 980, 950, 925, 890 cm-t 
7 60% 

Anal Calcd for C11Hl604 C, 62 25, H, 
Found C, 62 18, H, 7 71% 

(2S, 2aR, 4aS, SR, 7aS, 7bS)-2-(t-Butyldimethylsilyloxy)-5-methyl.2a,3,4,4a,S,6,7a,7b- 
octahydro-2H-1,7-dioxacyclopent[c,d]indene-6-one (9b) 
To a soluuon of Sb (57 0 mg, 0 18 mmol) in toluene (27 ml) was added DBU (68 ~1, 0 55 mmol) The 
solution was heated at reflux for 72 h The resulting mixture was then concentrated rn vacua Flash 
chromatography of the residue (S1@, hexane/ethyl ether=lO/l to l/l) gave 9b (19 2 mg, 34%) as a colorless 
oil accompanied by recovery of 8b (20 3 mg, 36%) [&7 -44 8’ (c=l 4, CHC13) MS m/e (%) 311 [(M- 
H)+l (l), 297 [(M-Me)+] (3), 266 (1). 255 [(M-tBu)+l (lOO), 237 (22). 227 (18), 211 (22), 181 (17), 163 (8), 
152 (13), 143 (3). 135 (ll), 121 (5). 107 (46), 95 (7). 84 (ll), 75 (71), 69 (30), 56 (5) HRMS Calcd for 
GjH2704Si [(M-H)+] 311 1678. Found 311 1657 tH-NMR (400 MHz, CDCl3) 6= 5 95 (lH, d, J=6 1 
HZ, OCHO). 5 23 (lH, d. J=l 2 Hz, S1OCHO), 3 02 (IH, dt, J=6 1, 9 3 Hz, C7b-H), 2 72 (lH, m), 2 50 
(lH, dq, J=67, 9 8 Hz, CHMe), 2 20 (lH, m), 2 00 (lH, m). 172 (3H, m), 1 21 (3H, d, J=6 7 Hz, 
MeCH), 0 89 (9H, s, S1Q?u), 0 12 (3Hx2, s, S1Me2) IR (neat) 2960, 2870, 1760, 1465, 1416, 1360, 1325, 
1255,1160, 1100, 1065, 1017,975,925, 845,785 cm-1 
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(2S, 2aR, &IS, 7aS, 7bS)-5-[(3E)-4,8-Dimethyl-2-(4-methylphenyl)sulfonyl-3,7- 
nonadienyl]-2-methoxy-2a,3,4,4a,5,6,7a,7b-octahydro-2~-1,7-dioxacyclopenttc,dlindene- 
6-one (22) 
To a solution of dnsopropylam1ne (1.29 g, 9.2 mmol) 1n THF (10 ml) was added BuLt (1.6 M in hexane, 5 8 
ml, 9 2 mmol) under argon at -78 ‘C After stmed at -78 “C for 10 min, the m1xturC was stuxed at -5 “C for 
another 30 mm. Then a solution of geranyl sulfone (6) (2 28 g, 7 8 mmol) 1n THF (30 ml) was added mto the 
reaction mlxtme at -78 ‘C After stmed for 30 mm at -78 “C, Sa (149 g, 7.1 mmol) m THF (30 ml) was added 
into the lithium salt of geranyl sulfone and the m1xhne was surred at -78 ‘C for 20 mm The reacaon was 
quenched with sat. NH&I and then dduted ~th AcOEt The resultmg mixture was washed with brine, dned 
over anhydrous MgS04, filtered, and then concentrated in vucuo. Flash chromatography of the residue (SQ, 
hexane/etheFlO/l to l/l) gave a titereomenc mixture of 22 (2 93 g. 82%) as a pale yellow od MS m/e (Q): 
502 (M+) (l), 471 (1). 393 (1). 361 (1). 347 (46), 329 (4). 315 (56). 297 @I), 269 (18). 247 (24). 229 (l7), 
201 (15), 173 (11). 135 (21), 109 (18), 93 (15), 81 (33), 69 (lOO), 57 (14). lH-NMR (400 MHz, CDC13) 8= 
7 71 (2H, m, AM), 7.30 (2H. m, ArH), 5 82 (lH, m. OCHO), 4 95-4 75 (3H, 2xCH$H=C, MeOCHO), 
4 19 (lH, m), 3.47-3.20 (4H 1ncludmg Me@. 2 95 (lH, m). 2.85-2 25 (6H mcludmg ArMe), 2 15-1 76 
(8H). 1 69 (3H, m, MeC=C), 1.59 (3H. m, MeMeC=C). 1.30-l 21 (4H mcludmg MeMeC=C) IR (neat) 
2930. 1740, 1660, 1595, 1445, 1380, 1300, 1140. 1070, 1005, 955.935,920,815,750,660 cm-’ HRMS 
of this and the followmg sample (23) could not be determined by ambiguous reasons 

(2S, 2aR, 4uR, 7uR, 76S)-5-[(3E)-4,8-Dimethyl-2-(4-methylphenyl)sulfonyl-3,7- 
nonadienyl]-2-methoxy-2a,3,4,4a,5,6,7a,7b-octahydro-2H-l,7-dioxacyclopent[c,d]indene- 
6-01 (23) 
To a solution of 22 (2 90 g, 5 8 mmol) 1n CH2Cl2 (60 ml) was slowly added DIBAL (0 93 M in hexane. 8 0 
ml, 7 4 mmol) at -78 ‘C and the mixture was stmed at -78 OC for 2 h After addttton of AcOEt and a little 
amount of water and &luhon with ether, the reaction mixture was smred at room temperature until white 
preclpltates appeared. The reacoon muthue was filtered through a pad of cel1te and the filtrate was concentrated 
m vucuo to gve a &astereomenc mixture of 23 (2 71 g, 91%) as a colorless ofl This sample was pure enough 
for the next reaction and spectral analysis MS m/e (96) 472 [(M-CH30H)+] (0 1). 347 (1) 317 (8). 281 (2), 
231 (4), 193 (3). 109 (lo), 91 (20). 69 (loo), 55 (9) IH-NMR (400 MHz, CDC13) 6= 7 70 (2H, m, ArH), 
7 27 (2H, m. ArH). 5.57 (1H. m, OCHO), 5 09-4 86 (3H, 2xCH#H=C, HOCHO), 4.57 (lH, m, 
MeOCHO), 4 00 (lH, m). 3 34 (4H including MeO). 2 63 (2H, m). 2 43 (3H, s, ArMe), 1 99-l 55 (1 lH), 
1 69 (3H. s, MeC=C). 159 (3H, s, MeMeC=C), 1 41-1 19 (4H including MeMeC=C) IR (neat) 3460, 
2930, 1660,1600, 1500, 1450. 1380.1300, 1185, 1140. 1095, 1050,1015,980,920,820,732,665 cm-l 

(ZS, ZuR, 4aS, 7aR, 76S)-6-(t-Butyldimethylsilyloxy)-5-((3E)-4,8-dimethyl-2-(4- 
methylpheny1)sulfonyI-3,7-nonadienyl]-2-methoxy-2a,3,4,4a,5,6,7a,7b-octahydro-2~-1,7- 
dioxacyclopent[c,d]indene (24) 
To a solunon of 23 (2 70 g, 5 4 mmol) and 2,6-lundme (1 3 ml, 11 mmol) 1n THF (48 ml) was slowly added 
TBDMSOTf (15 ml, 6 4 mmol) at -78 “C and the mixture was stmed at -78 OC for 1 h After concentrahon in 
vucuo, the rtstdne was Qluted ~rlth AcOEt and was washed ~th sat. NaI-Im and brme, dned over anhydrous 
MgS04, filtered, and then concentrated 1n vucuo Flash chromatography of the residue (S1@, 
hexane/AcOEt=20/1 to 5/l) gave a Qastereomenc mixture of 24 (3 00 g, 90%) as a colorless od MS m/e (9%) 
618 (M+) (l), 561 [(M-tBu)+] (l), 529 (3). 463 (7) 431 (5), 405 (3). 373 (9), 331 (17). 313 (5), 299 (23), 281 
(13), 213 (lo), 185 (5). 149 (15). 123 (8), 69 (lOO), 57 (14) HRMS Calcd for C34H5406S1S (M+) 
618 3410, Found 618 3414 lH-NMR (400 MHz, CDC13) 6= 7 67 (2H, m, ArH), 7 28 (2H, m, ArH), 5 49 
(lH, d, I=5 5 Hz, OCHO), 5 01 (2H. m. 2xCHzCH=C), 4 71 (lH, m, SlOCHO), 4 55 (lH, s, MeOCHO), 
3 76 (IH, m, CHS02). 3 32 (3H, s, MeO), 2 58 (lH, m), 2 45 (lH, m), 2 42 (3H, s, A&e). 2 03-l 96 
(4H), 1 96-l 79 (4H), 1 68 (3H, s. MeC=C). 1 68-l 58 (4H). 1 58, 1 41 (3Hx2, sx2, Me$=C), 0 84 (9H, 
s, Sl’Bu), 0 10 (3Hx2, s, S1Me2) IR (neat) 2930, 1660. 1600, 1450, 1410, 1310, 1300, 1250, 1195, 1145, 
1100. 1050, 1015,980,930,865,820,780,670 cm-l 

(2S, 2uR, 4uS, 7uR, 7QS)-6-(I-Butyldimethylsilyloxy)-5-[(3E)-4,S-dimethyl-3,7- 
nonadienyl]-2-methoxy-2a,3,4,4a,5,6,7a,7b-octahydro-2H-l,7-dloxacyciopent[c,d]indene 
(25) 
To a dark blue solution of excess amount of lithium metal 1n EtNH2 (cu 5 ml) was quickly added 24 (182 mg. 
0 29 mmol) 1n THF (3 ml) at -78 “C and the mixture was stmed vigorously at -78 “C! for 15 m1n The reaction 
was then quenched ~th lsoprene (0 1 ml) and was added solid NH&l The residual metalhc L1 was taken 
away and EtNH2 was removed 1n VQCIU) The residue was diluted with AcOEt, and was washed Hnth brme, 
dned over anhydrous MgS04, filtered, and then concentrated m vucm Flash chromatography of the residue 
(S@, hexane/ether=20/1 to 10/l) gave a dwtereomenc mixture of 25 (103 mg, 76%) as a colorless 011 MS 
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m/e (%). 464 (M+) (3), 433 [(M-CH30)+] (2), 407 [(M-tBu)+] (8). 375 (26). 347 (5), 332 (14), 315 (3), 301 
(8). 283 (21), 246 (17). 208 (13). 183 (9). 171 (30). 150 (lo), 135 (13). 123 (19), 109 (26). 93 (18). 69 
(lOO), 55 (21) HRMS Calcd for C27IQ804Sl (M+): 464.3322, Found 464 3337 tH-NMR (400 MHz, 
CDC13) 6= 5 53 (1H. m, OCHO), 5 12,4 99 (lH, mx2. SlOCfYO). 5 08 (2H, m, 2xCH$H=C), 4.61 (lH, 
m, MeOCHO). 3 34 (3H, s, MeO), 2 66-2 49 (2H). 2 25-1.86 (8H), 1.81-1 60 (3H). 1 67 (3H, s, MeC=C). 
1 64, 1 59 (3Hx2, sx2. MeZC=C), 1 36 (1H. m). 1.25 (IH. m). 1 15 (lH, m), 0 91 (9H. m, WBu), 0 14 
(3Hx2, S1Me2) IR (neat) 2925.2860, 1450. 1410, 1375. 1260, 1195, 1150, 1100, 1050, 1015.980, 940, 
920,865,840.780 cm-t 

(2S, 2aR, 4aR, 7aR, 7bS)-5-[(3E)-4,8-Dimethyl-3,7-nonadienyl]-2-methoxy- 
2a,3,4,4a,5,6,7a,7b-octahydro-2H-1,7-dioxacyclopent[c,d]indene-6-o1 (26) 
To a soluaon of 25 (165 g. 3 6 mmol) m THF (20 ml) was qmcldy added BwNF*H20 (1 12 g, 4 3 mmol) in 
THF (13 ml) at -5 OC. After stmed at -5 ‘C for 20 minutes, the reactton was quenched wtth sat NH&l After 
concentranon m vucuo, the residue was extracted ~th AcOEt for three hmes The combmed orgamc phase was 
washed with brine, drted over anhydrous MgS04, filtered. and then concentrated rn vucuo Flash 
chromatography of the residue (St@, hexane/ether=5/1 to 2/l) gave a drastereomenc mixture of 26 (0 99 g. 
79%) as a colorless 011 accompamed by a recovery of 25 (189 mg, 11%) MS m/e (%)* 350 (M+) (2), 332 [(M- 
H20)+] (7), 318 [(M-CHsOH)+] (9), 301 (7). 289 (5). 272 (4), 257 (7). 231 (8). 218 (4). 203 (6), 175 (7), 
107 (26), 93 (21). 81 (45), 69 (100). 55 (26) HRMS Calcd for C2tH3404 (M+). 350 2457, Found 
350 2448 1H-NMR (400 MHz, CDC13) 8= 5 59 (lH, m, OCHO), 5 09 (3H, m, 2xCH$W=C, HOCHO), 
4 63 (lH, m, MeOCHO), 3 35 (3H. m, MeO), 2 76 (lH, m). 2 64 (2H. m). 2 27-l 68 (12H). 1 68 (3H, s, 
MeC=C), 160, 1.37 (3Hx2, sx2, MezC=C) IR (neat) 3420, 2920, 1650. 1440, 1375, 1270, 1180, 1140. 
1090,1045. 1010,975,905,865,820,750 cm-* 

(2S, ZaR, 4aS, 5R, 7uS, 7bS)-5-[(3E)-4,8-Dimethyl-3,7-nonadienyl]-2-methoxy- 
2a,3,4,4a,5,6,7a,7b-octahydro-2H-1,7-dioxacyclopent[c,d]indene-6-one (27) and 
(2S, 2aR, 4uS, SS, 7aS, 7bS)-5-[(3E)-4,8-Dimethyl-3,7-nonadienyl]-2-methoxy- 
2a,3,4,4a,5,6,7a,7b-octahydro-2H-1,7- ioxacyclopent[c,d]indene-6-one 

B 
(28) 

To a mixture of 26 (975 mg, 2 8 mmol) and 4 molecular sieves m CH2Cl2 (27 ml) was added PCC (3 67 g, 
17 mmol) at room temperature The reacaon was snrred at mom temperature for 19 h After &lutlon wtth 
ether, the rtachon mlxtme was filtered through a pad of cehte The filtrate was washed with water and &Wed 
HCl and extracted with AcOEt for three times The combmed orgamc phase was washed wth sat NaHCO3, 
and brme, dned over anhydrous MgS04. filtered, and then concentrated m vucw Flash chromatography of the 
residue (SQ, hexane/ AcOEt=20/1 to 5/l) gave 27 and 28 (777 mg, 80%) as a colorless 011 The ratlo of 
27.28 was 1 3 from IH-NMR and GC 27 and 28 were separated by HPLC through a p Porasd P/N 27477 
column (hexane/AcOEt=lO/l) 27 [a]Du -15 0’ (c=l 1. CHC13) MS m/e (%). 348 (M+) (38). 334 (38), 316 
[(M-CH30H)+] (49), 299 (19), 288 (12), 273 (43), 261 (18). 247 (45), 237 (25). 224 (46), 211 (18), 192 
(28), 173 (42), 166 (74). 149 (24). 138 (29). 123 (53), 109 (80). 95 (24), 82 (lOO), 69 (85), 57 (11) HRMS 
Calcd. for C21H3204 (M+) 348 2300, Found 348 2313 tH-NMR (400 MHz, CDC13) 8= 5 88 (lH, d, J=6 1 
Hz, OCHO). 5 08 (2H. m, 2xCH$H=C), 4 84 (lH, d, J=2.4 Hz, MeOCHO), 3 41 (3H. s, MeO), 3.00 (lH, 
dt, J=6 7, 9 2 Hz), 2 72 (lH, m), 2 48 (lH, dt, J=4 3, 7 8 Hz, CsH), 2 34 (lH, m), 2 17-1 90 (6H), 1 82 
(lH, m), 178-I 5 (5H), 1 67 (3H, s. MeC=C), 160 (3Hx2, s. Me$!=C) IR (neat) 2925, 2875, 1750, 
1450, 1400, 1280, 1192, 1150, 1115, 1070, 1010,980,955,930,835,750 cm-* 28 [aID% +25 2’ (c=l9, 
CHC13). MS m/e (46) 348 (M+) (47), 334 [(M-CH$+] (63). 316 [(M-CH3OH)+] (23). 273 (31), 260 (17). 
247 (29), 224 (56). 213 (15), 201 (23). 192 (19), 173 (41), 151 (18), 137 (20). 123 (45). 109 (60). 95 (23), 
82 (86), 69 (lOO), 61 (18), 55 (12) HRMS Calcd for C~tH3204 (M+) 348 2300. Found 348 2283 tH- 
NMR (400 MHz, CDC13) S= 5 79 (1H. d, J=6.1 Hz, OCHO), 5 09 (2H, m, 2xCH2CH=C), 4 96 (lH, d, 
J=3 7 Hz, MeOCHO), 347 (3H. s, MeO), 3 19 (lH, dt, J=6 1, 9.2 Hz), 266 (lH, m), 251 (lH, ddd, 
J=4 3, 92, 13 4 Hz, CsH), 2 35 (lH, dt, J=4 3. 9 2 Hz), 2 18-1 95 (7H), 19-l 7 (3H), 168 (3H, s, 
MeC=C), 1 60 (3Hx2, s. MeZC=C), 14-l 2 (2H) IR (neat) 2950, 2875, 1740, 1450, 1380, 1275, 1155, 
1130, 1070, 1010,990,954.908,835,755 cm-t 
Isomerization of 28 to 27 To a solution of 28 (202 mg. 0 58 mmol) m toluene (15 ml) was added DBU 
(0 27 ml, 1 8 mmol) The mixture was heated at refluxmg for 35 h The reaction mixture was concentrated in 
vucuo Flash chromatography of the residue (St%, hexane/ether=20/1 to 5/l) gave a mixture of 27 and 28 
(140 mg, 70%) in 1 1 ratio 

(2S, ZaR, 4aR, SR, 7aR, 7bS)-5-[(3E)-4.,8-Dimethyl-3,7-nonadienyl]-2-methoxy- 
2a,3,4,4a,5,6,7a,7b-octahydro-2H-1,7-dloxacyclopent[c,d]indene-6-o1 (29) 
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To a soluhon of 27 (86.0 mg, 0.25 mmol) m CHzClz (2.6 ml) was added DIBAL (0.93 M m hexane, 0 35 ml, 
0.32 mmol) at -78 Y! and the mlxtme was sarred at -78 “C! for 1 h After Qlutton ~th AcOEt and ether, a little 
of water was added to the mtxture, which was then warmed up to room temperature, and was stmed until white 
preclpltate appeared After filtration through a pad of c&e, the filtrate was concentrated in vacua Flash 
chromatography of the residue (SQ, hexane/AcOEt=S/l to 2/l) gave a tiastereomenc mlxtme of 29 (86 mg, 
99%) as a colorless 011 The IWO of two dlastercomer was 4 1 by tH-NMR spectrum MS m/e (%) 351 
[(M+H)+] (a), 332 [(M-H20)+] (4), 318 [(M-CHjOH)+] (ll), 300 (68). 289 (3). 277 (5), 257 (6). 231 (lo), 
219 (8), 203 (6). 175 (7), 135 (16), 107 (32). 93 (25). 81 (43), 69 (100). 55 (23). HRMS Calcd for 
CztH3203 [(M-HzO)+]. 332 2351, Found 332 2334 lH-NMR (400 MHz, CDC13) 6= 5 57 (lH, d, J=4 9 
Hz, OCHO). 5 35 (4/5H, s, HOCHO), 5 07 (2H. m, 2xCH2CH=C), 4.88 (1/5H, d, J=6 4 Hz, HOCHO). 
4 63, 4 55 (1H. sx2, MeOCHO), 3 50 (1H. br. OH), 3 32 (3H, s, MeO), 2 66-2 54 (2H), 2 12-1 71 (12H). 
166 (3H, s, MeC=C), 1 58 (3Hx2, s, MezC=C), 1.45 (lH, m), 1 32 (lH, m) IR (neat) 3440,2930, 1450, 
1380.1275, 1200,1142,1100, 1065, 1050.1020,980,850 cm-t 

(2aR. 4aR, JR, 7aR, 7~S)-5-[(3E)-4,8-Dimethyl-3,7-nonadienyl]-2a,3,4,4a,S,6,7a,7b- 
octahydro-2H-1,7-dioxacyclopent[c,d]indene-2,6-diol, enl-udoteatrial hydrate (30) 
To a solunon of 29 (70 mg, 0 20 mmol) was added a solution of p-TsOH (0 1 M m mH20 acetone =4 2 1, 
5 ml) and the IXXK~I~~ mtxture was stmed at room temperature for 10 h. After ddutlon with AcOEt, the resultmg 
mixture was washed with sat NaHC03 and bnne, dned over anhydrous MgS04, filtered, and then 
concentrated rn vacua Flash chromatography of the residue (S102, hexane/AcOEt=2/1) gave 30 (43 mg, 69%) 
as a colorless 011 MS m/e (%) 336 (M+) (l), 318 [(M-H20)+1 (9X 300 KM-2H20)+] (6). 275 (3). 257 (6). 
217 (6), 193 (6). 175 (7). 150 (18), 135 (19). 107 (36), 95 (24), 82 (56). 69 (lOO), 55 (21) HRMS Calcd 
for C2oH3& [(M-HzO)+] 318 2196, Found 318 2198 *H-NMR (400 MHz, CDCl3) 6= 5 57 (H-I, d, J=4 9 
Hz, OCHO), 5 35 (4/5H, s, HOCHO), 5 07 (2H, m, 2xCH$H=C), 4 88 (1/5H, d, J=6 4 Hz, HOCHO), 
4 63, 4 55 (1H. sx2, MeOCHO), 3 50 (IH, br, OH), 3 32 (3H, s, MeO). 2 74-2 60 (2H). 2 14-172 (12H), 
1 66 (3H, s, MeC=C), 1 58 (3Hx2, s. MezC=C), 1 45 (lH, m), 1 32 (lH, m) l3C-NMR (100 MHz, CDC13) 
6= 135 4, 131 3, 124 7, 124 3, 102 3, 102 0, 89 7, 51 1, 39 7, 39 3, 39 0, 37 2, 36 4, 31 4, 30 2, 26 7, 
25 7, 17 7, 16 1 IR (neat) 3400,2950, 1715 (br), 1650 (br). 1450, 1380, 1240, 1140, 1070,995,900,755 
cm-l 

(2S, 2aR, 4aR, SS, 7aR, 76S)-5-[(3E)-4,8-Dimethyl-3,7-nonadienyl]-2-methoxy- 
2a,3,4,na,5,6,7a,7b-octahydro-2H-1,7-dloxacyclopent[c,dlindene-6-o1 (31) 
To a solution of 28 (38 mg, 0 11 mmol) m CH2Cl2 (1 2 ml) was added DIBAL (0 93 M m hexane, 0 15 ml, 
0 14 mmol) at -78 “C and the mixture was shrred at -78 ‘C for 1 h After ddution wth AcOEt and ether, a little 
of water was added to the mixture, which was warmed up to room temperature, and was smred untd wtute 
precipitate appeared After filtranon through a pad of cehte, the filtrate was concentrated m vacua Flash 
chromatography of the residue (SQ, hexane /AcOEt=5/1) gave a dlastereomenc mixture of 31(37 mg, 97%) 
as a colorless 011 MS m/e (%) 350 (M+) (l), 332 [(M-HzO)+] (2). 318 [(M-CH30H)+] (4), 300 (lo), 289 
(2), 275 (4), 257 (7), 231 (4). 203 (3). 175 (4), 150 (9), 123 (14), 107 (21). 95 (14), 81 (34). 69 (100). 55 
(18) HRMS Calcd for C2tH34O4 (M+) 350 2457, Found 350 2445 tH-NMR (400 MHz, CDCI3) 6= 5 60 
(IH, d, J=5 5 Hz, OCHO), 5 08 (3H, m, HOCHO, 2xCHzCH=C), 4 62 (lH, s, MeOCHO), 3 34 (3H, s, 
MeO), 3 08 (lH, br, OH), 2 71-2 52 (2H), 2 22 (lH, m), 2 14-1 92 (8H), 1 84 (lH, m), 1 79-l 69 (2H), 
1 70 (3H, s, MeC=C), 1 59 (3Hx2, s, Me$=C), 1 41 (lH, m), 1 25 (IH, m) IR (neat) 3440,2925, 1450, 
1142,1100,1050, 1015,980,940,910,820 cm-t 

(2aR, 4aR, SS, 7aR, 7bS)-S-[(JE)-4,8-Dimethyl-3,7-nonadlenyl]-2a,3,4,4a,5,6,7a,7b- 
octahydro-2H-1,7-dioxacyclopent[c,d]indene-2,6-diol, enl-S-epi-udoteatrial hydrate (32) 
To a solution of 31 (35 mg, 0 10 mmol) was added a solution of p-TsOH (0 1 M m THF Hz0 acetone=4 2 1, 
2 5 ml) and the reaction mixture was then shrred at room temperature for overnight After ddutlon with AcOEt, 
the resultmg mixture was washed with sat NaHC@ and brine, dned over anhydrous MgS04, filtered, and then 
concentrated m vacua Flash chromatography of the residue (Si@, hexane/AcOEt=3/1 to l/l) gave 32 (26 mg, 
79%) as a colorless 011 MS m/e (96) 318 [(M-H20)+1 (3), 300 [W2HzO)+l (5), 275 (4), 257 (7). 239 (2), 
229 (3), 207 (3). 175 (7), 150 (3), 123 (22), 107 (34), 95 (25). 81 (41). 69 (100). 55 (27) IH-NMR (400 
MHz, CDC13) 6= 5 73-4 84 (5H, 2xHOCH0, OCHO, 2xCH$H=C), 2 98 (lH, m), 2 66 (2H. m), 2 24 (1H. 
m), 2 04-O 88 (14H), 1 68 (3H, s, MeC=C), 1 60, 1 58 (3Hx2, sx2, MezC=C) 13C-NMR (100 MHz, 
CDC13) 6= 138 6. 135 6, 124 3, 124 0, 103 7, 101 4.92 6, 50 3. 42 8. 40 8, 39 9, 39 7, 304, 30 3. 267, 
26 3, 25 7, 25 1, 17 7, 16 1 IR (neat) 3400,2925, 1735-1650 (br), 1450. 1375, 1145, 1105, 1075, 1000, 
760 cm-l 
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(ZS, 2aR, 4aR, SR, 6S, 7aR, 7bS)-5-[(3E)-4,8-Dimethyl-3,7-nonadienyl]- 
2a,3,4,4a,5,6,7a,7b-octahydro-2H-1,7-dioxacyclopent[c,d]indene-2,6-diol diacetate (33) 
and (2S, 2aR, 4aR, 5R, 6R, 7aR, 7bS)-5-[(3E)-4,8-Dimethyl-3,7-nonadienyl]- 
2a,3,4,4a,5,6,7a,7b-octahydro-2H-1,7-dioxacyclopent[c,d] indene-2,6-diol diacetate (34) 
TO a solution of 30 (44 0 mg, 0 13 mmol) m pyndmc (1 ml) was added Ac20 (43 J, 0 46 mmol) at room 
temperature and the mature was stvrcd at room tern ture for 18 h 

Frs 
After concentratmn in vacua, flash 

chromatography of the msldue (Sl%, hexane/AcOEt= O/l to 10/l) gave a mixture of 33 and 34 (36 mg, 66%) 
as a colorless od. HPLC separation ~th p Porasll P/N 27477 column (hexane/AcOEt=lO/l) gave 33 (23 5 mg, 
43%) and 34 (11.0 mg, 20%) respectively. 33: [a]# +23.9’ (c-1.2, CHC13) MS m/e (96): 360 [(M- 
AcOH)+] (4). 300 [(M-2AcOH)+] (15). 257 (5). 231 (7). 203 (7). 175 (9), 161 (4), 150 (37), 135 (21), 121 
(14), 107 (47), 94 (18). 81 (30). 69 (100). 55 (15). HRMS Ca1cd for C22H3204 [(M-AcOH)+]* 360.2301, 
Found 360 2328 IH-NMR (400 MHz, CDC13) 6= 6 21 (lH, d, J=2.4 Hz, AcOCHO), 5 85 (lH, s. 
AcOCHO), 5.66 (lH, d, J=4 9 Hz, OCHO). 5 07 (2H, m, 2xCH#H=C), 2 74 (2H, m), 2 08 (3H, s, 
M&O), 2 03 (3H, s, M&O). 2 00-1.62 (12H), 1.67 (3H, s, MeC=C), 1 59, 1.58 (3Hx2, sx2, MezC=C), 
142 (2H, m) 13C!-NMR (100 MHz, CDC13) 6= 170 1. 169.6, 136 0, 1314, 124 3, 123 6, 102 3, 1010, 
89.9, 50 9, 40.6, 39 7, 38.9, 37 7, 32 1, 29.99, 29 95, 26.7, 25 7, 25.5, 21 2, 21 1, 17 7, 16 0 IR 
(CHC13) 2920,2850, 1735,1450, 1142,1375,1200, 1155,1070,1000,970,930,885.850,820 cm-l 34: 
[aID” -42.2’ (c=O 6, CHC13). MS m/e (96): 360 [(M-AcOH)+] (7). 318 (4), 301 [(M-2AcOH)+] (12). 257 
(4), 233 (8). 203 (6). 175 (8). 150 (27), 135 (19). 121 (13). 107 (39). 93 (16). 81 (31), 69 (lOO), 55 (15) 
HRMS Calcd for C22H32o.q [(M-AcOH)+]: 360 2301 Found. 360 2320 IH-NMR (400 MHz, CDC13) 6= 
5 97 (lH, s, AcOCHO), 5 91 (lH, d, J=4.9 Hz, AcocHO), 5 66 (1H. d, J=5 5 Hz, OCHO), 5 08 (2H, m, 
2xCHzCH=C), 2.75 (2H, m). 2 08 (3H, s, M&O). 2 03 (3H, s, MeCO), 2 13-195 (12H), 1 68 (3H, s, 
MeC=C), 1 60, 1 59 (3Hx2, sx2, MezCxC), 145 (2H. m) l3C-NMR (CaD6) 6= 169.4, 169.3, 135 9, 
131 3, 124 8, 124 2, 101 7, 101.6, 92 9, 50 1, 40 3, 40 1. 38.3, 35 6, 32 1, 31 3, 30 0, 27 1, 25.8, 25 5, 
21 0, 20.8, 17 7, 16.1. IR (CHC13). 2920.2850, 1733, 1450. 1370, 1200, 1080, 1000, 970, 905. 870, 835 
cm-‘. 

(2S, 2aR, 4aR, SS, 6R, 7aR, 7bS)-5-[(3E)-4,8-Dimethyl-3,7-nonadienyl]- 
Za,3,4,4a,5,6,7a,7b-octahydro-2H-1,7-dioxacyclopent[c,d]indene-2,6-diol diacetate (35) 
To a solution of 32 (26.0 mg, 0.08 mmol) m pyndme (1 ml) was added Ac20 (30 4, 0.52 mmol) at room 
temperanne and the mixture was stand at room temperature for 18 h After concentrauon in vacua, flash 
chromatography of the residue (Siti, hexane/AcOE+Vl) gave 35 (16 9 mg, 52%) as a colorless 011 [aID 
+30 2’ (c=O.8, CHC13) MS m/e (%y 360 [(M-AcOH)+] (3), 317 (3). 300 [(M-2AcOH)+] (14). 283 (4). 257 
(7), 223 (8). 203 (a), 181 (15). 150 (31), 135 (19). 107 (34), 93 (16). 81 (33), 69 (100). 55 (18) HRMS 
Calcd for (&I-I3204 [(M-AcOH)+]* 360 2301. Found. 360 2302 IH-NMR (400 MHz, CDC13) 6= 5 99 (lH, 
d, J=9 2 Hz, AcOCHO), 5 98 (lH, s, AcOCHO), 5.64 (lH, d, J=4 9 Hz, OCHO), 5 08 (2H, m, 
CH#f=C), 2 72 (2H, m), 2 35 (lH, m), 2 10 (3H, s, MeCO), 2 03 (3H, s, MeCO), 2 01-l 70 (9H). 168 
(3H, s, MeC=C!), 1 60, 159 (3Hx2, sx2, MezC=C), 1.74-1 50 (3H), 1 26 (1H. m) 13C-NMR (100 MHz, 
CDC13) 8= 169.8, 169.6, 135.9, 131.4, 124.2, 123.5, 102 8, 102.7, 91 1, 49 3, 42 5, 39 74, 39 68, 37 5, 
30 2, 29 2, 26.7, 26.0, 25.7, 24.9, 21 2, 21 1, 17 7, 16.1 IR (neat)* 2920, 1750, 1440. 1365, 1230, 1180, 
1145,1075,980,920,825,750 cm-l 

(2S, 2aR, 4aR, SR, 7aR, 7H)-2-(l-Butyldimethylsilyloxy)-S-methyl- 
2a,3,4,4a,5,6,7a,7b-octahydro-2H-1,7-dioxacyclopent[c,dlindene-6-ol (36) 
To a soluaon of 9b (28 0 mg, 0.09 mmol) m toluene (1.5 ml) was added DIBAL (0 93 M m hexane, 0 11 ml. 
0 10 mmol) at -78 OC and the mixture was stirred at -78 OC for 1 h After dllutlon wth ether, a httle of water 
was added to the mtxture, which was warmed up to mom temperature, and was surred until white precipitate 
appeared After filtration through a pad of cehte, the filtrate was concentrated rn vacua Flash chromatography 
of the residue (S& hexane/ethyl ether=lO/l to 5/l) gave a &astereomenc mixture of 36 (27 7 mg, 98%) as a 
colorless od The ratio of dmstereomer was 2 1 by IH-NMR spectrum MS m/e (%) 28 1 [(M-OMe)+] (l), 257 
[(M-tBu)+] (11). 239 (23), 211 (38), 183 (24). 172 (6). 165 (42). 145 (5). 137 (14), 109 (20). 97 (15), 75 
(loo), 67 (22), 58 (15) HRMS Calcd. for C12H21O4S1 [(M-tBu)+]. 257 1209, Found 257 1231 IH-NMR 
(400 MHz, CDC13) &= 5.68 (lH, m, OCHO), 5 30 (2/3H, hr, OCHOH), 5 12 (1/3H, s, SIOCHO). 5 01 
(2/3H, s. SlOCXO), 4 66 (1/3H, br, OCHOH), 3 17-3 09 (lH), 2 64 (2H. m), 2 06 (lH, m), 188 (2H, m), 
1 69 (2H, m), 1 49 (lH, m), 1 03 (3H, d. J=6 7 Hz, MeCH), 0 87 (9H, s, WBu), 0 09 (3Hx2, s, SlMe2) 
IR (neat) 3440,2930,2850,1460, 1390, 1360. 1250.1140, 1090, 1010,990,910,835,775,750 cm-l 
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41 4, 329, 30.5, 26.1, 21 2, 21 0. 14 6 IR (neat) 2950, 1750, 1375. 1230, 1180, 1140, 1085, 1070, 1040. 
1010,980,930,825 cm-t. 

General procedure for cytotoxic assay 
Cytotoxlc assay was conducted by usmg suspensions of human lung carcinoma, A-549 (ATCC CCL-185) in 
Ham’s F12K m&urn urlth 10% fetal bovme serum (FBS) and human oral epulermotd carcinoma, KB (ATCC 
CCL-17) m Eagle’s MEM with no-essenttal ammo acids and 10% FBS These suspensrons were &stnbuted 111 
a 96-well mlcrottter plate, which were culuvated at 37’C m an atmosphere of 5% carbon dioxl&, 7% oxygen, 
and 88% mtmgen. After 24 hours, human recombinant basic FGF (endothenal cell growth factor) was added 
thereto m the final concentratton of 2 @ml and DMF soluhon of a test compound was further added, followed 
by cultlvauon for 3 days After culavatton, growth rate of these cells were measured by MIT method (Cancer 
Treatment Reports, Vol. 71, page 1141-1149,1987) It& value of the test compound was determined from a 
graph of growth curve of these cells 
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