
Rull Sot C&n fi (1997) 134, 183-202 
@ Elsevier, Paris 

A synthetic approach to (A)-forskolin. 
Part I. Preparation of key hydrobenxofuran interrnediates 

Summary - In a synthetic approach to (f)-forskolin 1, a stereosclectivc prcpnration of the unsatnr~~ted luct.one 2 \vils 
envisaged. Propargylic derivatives lSa-c were prcparcd from available a-ionom 5 and treated wilh l3u~Snl-l/A1l3N to give 
the bicyclic vinylslunnanes 19a-c in high yield. From These compounds we then performed trtltlstnelnllaliol.1 reactions lo 
oblain t;he 21~~c and 22b l~omologous derivatives. The two onyne compounds 29 and 30 wcrc then prepurccl by our previous 
approach to lactonc 2 involving a radical C7-C8 bond fortnnl;ion. In a second radical approach promotecl by Sn112, the diol 
10, was usecl lo synthesize a potential precursor of Lhe dialdehydc 0. 

forskolin / tributylstannane / radical cyclization / transmetollation / vinylstannane / vinyl iodide / Pd(0) coupling 
reaction 

R&urn& - Approche de synthhse de la (f)-forskoline. Partio I: prdparntion des interm,kdiaires cl& hydrobeneo- 
furaniques. Pour unc approche dc synlhhse de la (f)-forskolinc 1 nous avons envisa& la pr0paraLio:l sl$rdospBcifique de 
la laclone insaturbe 2. h part+ de l’cr-iononc 5 commerciale, Its cl6riv6s propargyliqucs 18a-c ant 616 prQpar& et Lraitds 
nvec Bu3SnH/AIl3N pour obtenir avec dc L&s bans rcndements les vinylslnnaanes 19a-c. Sur ccs composds, nous avons 
r&Ii& des &actions de l;rtulsmQl;alialion pour ncc&ler nux homologues 21a-c eL 22b. h parlir cles tldriv& 21a-C, lcs dcux 
dnynes 29 and 39 ont Qtb pr6par6es en vuc d’une prcrniEre voie d’npprochc de la lactone 2 par fermelure dc la liaison C7-C8. 
La seconde voie d’ncc~% cnvisag6e pour la prdpnration clc 2 fait intcrvcnir unc aulrc rbaclion de cyclisalion radicalaire par 
ulilisatiotl dc SmIz. Lc diol 10 prrhrseur du diald&ydc 9, pro&it cl& dans c&Cc approche, a 6galemcnl did syntli6tisd avcc 
de bans rendements. 

forskoline / tributylstnnnane / cyclisation radicalairc / transmdtallation / vinyl stannane / vinyl iodure / couplnge 
Pd(0) 

Introduction 

The diterpenic compound forslolin 1, isolated from the 
roots of the Inclian plant Cole~ts fo7*s~o/ttii [l], has shown 
many interesting biological activities and presents a 
complex pol,yoxygenatetl tricyclic structure. Forskolin 
1 was proved to activate adenylate cyclnses [2], to 
inhibit pln~tolet aggregation in vitro and in vivo, and to 
have therapeutic potential toward broncllial asthma [3], 
congestive heart failure [4] ant1 glaucoma [5]. Due to its 
activity, forskolin still represents a synthetic challenge 
for organic chemists [G, 71 ancl at present four total 
syntheses of (k)-forslolin 1 ha\.,: been reportecl [7], 
together with many synthetic approaches [G]. 

Our synthetic approach to (i-)-forskolin 1 is based on 
the crucial B ring closure either by a C&C7 or a C7-C8 
bond formation for an access to the unsaturated lactonc 
2, the key intermediate developed by Ziegler, Ikegami 
and Corey (scheme 1) [7]. In this new strategy, and for 
the construction of the truns decalinic AB ring system, 

we planned the syuthesis of the hicyclic derivative 3 via 
the hydrobenzofuran precursor 4. 

In preliminary work WC? described a radical cycli- 
zat;ion of the model enyne 7 using BusSnH into the 
t~~7l.s clecalinic compound G, via a Ci-endo-trig process 
(scheme 2) [8]. In a seconcl approach WC reported au- 
other raclical cycllzation [O], which yielclecl the bicyclic 
cij?,‘~fl-dial 8 in a Sn& reaction on the dia.ltlellydc 9 
derived from diol 10, After that a formal synthesis of 
Corskolin 1 was report;ed from the bicyclic GP,7P-diol 8 
WI * 

This paper clenls with the preparation of the key 
intermecliates 29 nncl 10 involved in the two radical 
approaches considered for the synthesis of the racemic 
la&one 2. 

Preparatiob of the hydrobenzofuran core 4 

The preparation of the hydrobenzofuran derivatives 
4 involved controlling the cis junction between the 
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Scheme I 

Scliomo 2 

six- and five-nxm~xrecl rjngs. We clecided to carry out 
a radical cyclizatiorr of the enync compo~mds 18a-c 
inclueed hy BusSnH [ll]. 

The lcnown Iiyclroxyaldeliycle 13 [12] was prcj,ri(.M( 
from commercial a-ionone 5 after oxiclntinn of the iibh- 
conjugatccl cloublc ‘bond to give 11 and ri, rzoiiolysis 
of tlic remaining double bond and basic trcal.n~cnt of the 
resulting cpoxyalclelryde 12 (scheme 3). ‘I’lre Iryclroxy- 
aldcliydc 13 could be directly etherifiecl with propargyl 
bromide into compound 14, which was subsequently 
reduced (NaBH,r/RIlcOI’L) to afford the expcctcd cnynol 
18a (It = II). 

Red\!etion of the llyc!roxyalrlehy~lb 13 gave the &ol 
I!% wliicli was selectively bi*otccted on the primary lry- 
droxyl group either by a silyl or a trityl group leading to 
compounds 14b and 14c, respectively. A further etheri- 
fication reaction then gave the correspoi~cling propargyl- 
oxy dcrivativcs 18b and 18~ in goocl yields. 

Once we had i&+rccl the enyncs 18a-c, we turnecl 
to the radica! cyclization involved in o~ir strategy for 

resulted in a 5-ezcFtrig 

19n-c in high yields (schdiire 4). Compounds IDa-c 
were identificcl as mixtures of $iiners at the C5 position 
[13], whereas tlic junction of the bicyclic derivatives 
19a-c was found to he cis and the vinylstannyl was 
sliown to he exclusively 2 (141. 

Vinylstannanes arc known to be good precursors 
For the preparation of the corresponding litliio deriva- 
tives by translnotallntioll or to undergo l?d(O)-catalyzed 
vinyl-vinyl coupling reactions with vinylhalides 1151. We 
used this reactivity to generate the l~omologous deriva- 
tives of vinylstannanes proclucts 19a-c mlder mild con- 
clitions [ 101. 

18~ R=H 

11) ikh R=TDS 

isC R,=Tr. Rz=H ItiC R=Tr 

!r, R, = H. R:!=TOS; 17 R, = R2 =TDS 

:l) 77bc1’13!,, CI-I+&, 0 ‘c, 82%. b) (i) o:J, -78 ‘c, cII$IZ. 
(ii) %n, 50% aqueous AcOI-I, SC%. c) I’yrrolitlinc, E&O, 20 OC, 
83%. d) NttOlIjI-120 GO% weiglh, c:$ 1311.1 N1, IwoImrgyl bromiclc, 
toluene, 20 ‘C, 17 11, 99%. c) Nn1311.1, R4cOI1, 0 OC, 1 II, -) 
18a 75%. f) NnUQ, McOI-I, 0 ‘C, 1 II, -+ 15n 75%. g) TBSCl, 
Im, DM~‘O ‘C, 4 II, ---) 15b Ol%, + 10 9%, --) 17 ll%‘c. II) 
‘IYCl, NEt:~, Dh,!AI’, CII~C12, A, -+ 16~ 77%. i) NnOI-I/IIzO 
cjO% wdght, art Bu,lNI, propnrgyl bromide, Lolucnc, 20 OC:, I7 II, 
15b + 18b 07%, 15c + 18c 87%. 

Scheme 3 

l&t l!kl 87 96, .%x-11/.5~1-ll = 60:40 
1Xb l!.b 99 ‘%, fin-l I/tip-l I = 70:30 
I&! I%! 07 96. 5n-ll/spII = so:50 

a) Br13SnI-I (1.7 ocpiv, 0.05 h4 in t,olrrenc), AII3N 10% ~01, rdux 
2 11, 18n + lfh 88’lb (tjru-i-i/5p-Jl z NkiO), 18b -+ 19b 08% 
(5wII/5~-JJ = 70:30), 18~ -3 IDc 90% {5a-H/l@I-I = 5O:ciO). 

Scliemo 4 

Homologation of the vinylstannnnes 19a-c 

In a preliminary experiment the stannancs 19a-c were 
treated in aciclic media and the protodestamlylatecl 
derivatives 2Oa-c were obtained in quantitative yield 



(scheme 5). ‘I’l~~mliletnllatiotl of 10b,c was achieved 
with ?z-BuLi/THF at -78 “C [17] to give the methyl- 
ideue derivatives 20b,c (95 and 90% yields, respec- 
tively) nftcr quenching with NI-LlCl, or the etllyliclene 
liomologous com1~ounds 21b,c in 87 and SO% yields 
with MeI. This llomologntiou reaction wns required for 
the coustruction of ‘7 in a synthetic appr~~nch of forskoliu 
vin the C7-CS bond formntioil (see scheme 2) 

In au a1~proncli involving Clue formution of diol 10 
(scheme 2), 19b wns converted into the conjugnted 
methyl ester 22b by treatement with ?t-BuLi/THF at 
-79 “C and with ClCO&le nt 0 “C. The ester 22b wns 
thus obtained iu 85% yield (sclicmc 5). 

coBMo 

221, 

/ II, 

IL) IlCl 1 N, ‘LYIF 1:1, 20 OC, l&-c --* 20~c OS% or ?a-UIILi, 
TIII”, -78 OC, N1-1.1C1, TIW, 0 OC, 1Db -t 20b 900/o, 19~ - 
2Oc 00%. b) ?a-BuLi, TIFF, -78 'C, Mel, -78 OC, 19b -+ 2lb 
7G% 10~ -+ 2lc 7G%. c) ?r-BuLi, I’IIF, -78 ‘C, CICO~MC, ‘J’IIF, 
0 “C, 19b 3 22b 85%. 

Scheme 6 

In order to prevent the l)rotodestanllylntioll reaction 
of stannqws l!h--c, we decided to run the homolo- 
g&ion reactions from the corresponding vinyl ioclides 
23a-c. After a halogcppetp! csc$mgc [lS] the stnp- 
mules lOa-c were coiivcrted into tile vinyl iodidcs 23n-- 
c in qunntitative yielcl (>95%). 

Starting from 23b, the lmlogen-metal exchange wvus 
carriccl out with ?t-BuLi/THF at -78 “C, but rcnction 
with ClCOzMe gave the destnnnylatecl compound 20b 
in 83% yield ancl the espected coqjugatecl ester 22b was 
isolated ii1 17% yield (scheme G). When the hnlogcn- 
metal exchange wcas cnrriecl out with 2 equiv of te&- 
BuLi in DME at -78 “C, the reaction with ClCOzMe 
afforded 22b in 57% yield together with the methyl- 
idene derivative 20h (34% yield). 

For &is llnlogen-metal exchange, we tried to use 
McLi instead of ?L-BuLi or terf-BuLi. When 2&b was 
rcncted with MeLi (1.5-1.8 equiv) further work-up with 
NHdCl gave the etllylidene compouncl 21b in 87% 
yield (scheme 6). In these conditions the hnlogcn-metal 
exchange produced the vinyl litllium nud i equiv of 
&IeI wl~ic!~ m~tccl together to give 21b in high yield. 
‘i$rls using MeLi, ftirther reaction with ClCOzMe led 
to I,II~ conjugated esters 22b in only 13% yield; the 
major compound isolated was ethylidene 21b in 83% 
yiclcl. The reaction with MeI, generated in situ, was 

23:,-l! 21li-l! 

J 
d) 

-78 ‘C, dCO2h41u 0 ‘C --+ 
c) McLl (1.5 cc~r~iv), ‘J’IIP, 
23b --+ 21b 87%, 23c ---t 

2lc 80%. tl) 23b. PtlWT1lnl.1. 18-crown-G. KCN. bcnacnc. 70 ‘C 
--) 24b 47%, J isb‘lG%.-’ -’ 

~. 

Scheme G 

fast enougll to occur to some extent during tlie hnlogcu- 
.litliium excliauge hefore further +lclition of ClCO2Mp. 

Vinyl ioch&s undergo I?&$-chipd reactidns with 
vinylsttlnnanes [19]. More intcrestlngly, we applied the 
cotqhg re&tion between $ vinyl lodic!e and KCN [20] 
to our vinyl iodide &b. COU~~~OUI~~ 23b was trcntecl 
with KCN in bcnecnc nt 70 “C in the presence of 
Pd( PPh& nncl l&crown-~ and gave the cynno dcriva- 
tives, isomers 24b and 25b, in 47 ancl IGYo yields, re- 
spectively. The basic conditions rlsecl here lee! to the 
isomerizntiou of 24b in.;o ilib. 

Thus starting from I I; ie vinylstannanes 19a-c or tlic 
corresponding iodides 23a-c we were qble to prepare 
21a-c, 22a-c, 24b aud 25b, the key hitehedintcs fob 
our syntlictic approach to forslolin 1. 

Final preparation of hexahydrobenzofuran 
derivatives 7 and 10 

h this work, the hexi?.hyclrobenzofurans Ma-c were 
formed via. ;I radical cyclization as a crz 1:l mixture of 
the 5cu-H and j&H epimers. The two isomers were not 
separately isolated aud a synthetic npproach of forskolin 
1 could not be considered in this way. In order to recover 
a pure 5cr-H hydrobenzofurnn isomer we cxaminecl the 
isomerization of compounds derivccl From 21a and 23a. 

Starting from a 60~40 mixture of Scz-H and 5/3-H 
21a, oxidation of the primary alcohol iyith the Dess- 
Martin reagent [21] gave the two isomeric alclel~yclcs 26 
@a-H/5@H = 60:40) in 99% yield. Equilibration of tllc 
mixture of isomel*s 26 (K&03, MeOH, A) afforded the 
alclellyde 26 (h-H) in 94% yield, and further reduction 
then gave the pure alcohoi 21a (h-H) in 86% yield. 



2111 2(r(5a-II) 21a (5a-I-i) 

Sll-I l/S~J.I I = r~lk4ll SWll/SJl4l > ‘JS:S 

2311 27 (Sa-111 2311 (5a-II) 

5n.11/.5(1.tI = bW0 Sri-I lti(14I > 05:s 

LL) (1) Dcss-Martin, CH3C13, 20 “C, 99Y% (ii) K&03, MeOIi, A, 
94%, b) NaBHQ, MeOH, 0 “C, 8Q%, c) (I) PCC, collto, CHaCla, 
20 “C, 87%. (Ii) K2CO3, McOI-1, A, 96%- d) NaBHs, MeOH, 
0 oc, 87%. 

Schema 7 

Using the same method, the GO:40 mixture of 5ct+H 
and 50-H iodo derivatives 23~ was oxidized ushlg PCC 
[22] into the aldehydes 27. These were then isomorized 
by treatment with base into the expected isomer 27 (5o- 
H). Iodide 23a (5a-H) was obtained as the pure 5c~-H 
isomer after NaBHd reduction of the aldehyde function 
(scheme 7). 

lJuring this study for obtaining the desired So-H 
configuration of the hydrobenzofuran derivatives 4 
we examined the radical cycllzation of aldehyde 14 
(BusSnH/AIBN/toluene/A). The cyclieation of 14 into 
cis-hydrobeneofurun 28 occurred in 87% yield and af- 
ter reduction of 28 (NaBHd/MeOH) the alcohol 19a 
(5c+H) was obtained pure in 85% yield (scheme 8). This 
sequence gave us an efficient access to the hydrobenzo- 
furan derivatives 4, Pla-c, 23a-c, 24b and 25b as 
pure 5cr-H isomers. 

Having solved the problem of the Lieu-H configuration 
of the synthetic intermediates, we started the synthe- 
sis of the ethylidene compound 7. Starting from the 
pure aldehyde 26 (5rr-H) addition of lithium acetylide 
ethylenediamine complex gave 29 in 70% yield. Addi- 
tion of lithiotrimethylsilylncetylene to aldehyde 20 pro- 
vided 30 in 84% yield. For the two derivatives 29 and 
30 the configuration at the CG center was shown [23] to 
be opposite to the required configuration of forskolin 1. 

In order to prepare the BP-OH isomer 7, the oxida- 
tion of 29 with the Dess-Martin reagent gave ketone 
31 which was reduced by NaBHd/MeOH. Surprisingly, 

11 2s (Sa-14) 19a,b (5a-H) 
Srr-14/S(bll > OS:.5 sn-I-l/5p-II > 05:s 

a) Bu3SnH (1.7 equiv, 0.05 M in toiuene), AIBN 10% mol, rellux 
2 h, 87% @a-H/5&H = 98:2). b) NaBHd, MeOH, 0 ‘C, 85%. 

Scheme 8 

the alcohol 7 was not obtained; NaBH4 rencted with 31 
to give the ethyl ketone 32 in 74% yield via a his-1,4- 
reduction (scheme 9). The formation of 32 only may rc- 
fleet steric hindrance at CG which disfavors 1,Zaddition 
at the G position. 

In spite of this disappointing result, we decided to 
pursue our scheme and the previous synthetic approach 
of forskolin 1 via C7-C8 bond formation (see scheme 2) 
was performed with clerivativcs 29 and 30. WC cnvis- 
aged an inversion of the Go-OH function later in the 
synthesis. 

For the synthetic approach involving C&C!7 bond for- 
mation, the derived enolate of 22b (LDA/HMPA/THF, 
-78 “C) WQS then quenched with Me1 to cleanly 
afford the expected dilydrofurnn 33b in 95% yield 
(scheme lOa). 

Application of this sequence to the cyano compound 
24b also provided the deconjugnted derivative 34b 
in 84% yield. For the two compounds 33b and 34b, 
introduction of the methyl group in the C8 position was 
stereospecific, probably clue to the bent structure of the 
cis-hexahydrobenzofurans during the quenching of the 
lithio intorrnediate in an ezo less hindered pathway. 

The diol 10 was prepared from compound 33b 
(bcu-I~). Removal of the silyl group afforded the lactone 
36 in 95% yield. A further reduction of 35 gave the ex- 
pected diol 10 (Bcr-H) in 91% yield. The cliol 10 (5a-H) 
was also obtained in GO% overall yield by an alternate 
sequence: reduction of the ester into 36b (Ba-H), and 
further removal of the silyl group (scheme lob). 

a) CECLi*TMEDA, THF, 0 “C, 70%. b) MeaSiCECLi, THP, 
0 ‘C, 84%. c) Des-Martin, CH2C13, 20 “C, 85%. d) NaBHI, 
MeOH, 0 ‘C, + 32 74%. 

Scheme 9 



a 

221) (5a-II) 241, (5a-II) 

&f MO &f 

33b (5a-1.1) 3& (Sa-1.1) 

n) LDA, I-IMPT, THF, -78 ‘C, MoI, -78 “C -) 20 “C, 915%. b) 
LDA, HMPT, TIIF, -78 “C, MCI, -78 ‘C, 84%. 

b 

33b pa-1.1) 

4 
OH -* 

3tib (Sa-I-I) 

35 (5a-II) 

a) TBAF, THF, 20 “C, 12 II, 05%. b) LAH, THP, 0 OC, 1 11, 01%. 
c) LAH, I&O, 0 “C, 1 11, 70%. d) TBAF, THF, 20 OC, 18 II, 83%. 

Scheme 10 

Conclusion 

During this work an efficient radical cyclization 
promoted by BusSnH was used for the preparation 
of cis-hyclrobenzofuran derivatives 4 as versatile key 
intermediates for a synthetic approach to forskolin 1. 
Transmetallation and Pd(O)-catalyzed coupling reac- 
tions of stannyl compounds 19a-c allowed us to pre- 
pare the suitable functionalized compounds 29, 30 and 
10 which were used in radical cyclization reactions for 
the synthesis of the AB ring system of (f)-forskolin 1. 

Experimental section 

Physical data and spectroscopic measurements 

Melting points were determined with a Reichert apparatus 
and are uncorrected. Boiling points are uncorrected. Infrared 
spectra were obtained on a Perkin-Elmer FT 1600 instru- 
ment, using either NaCl salt plates (film) or NaCI cells (in 
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the specliled soivenl;) and flro rci~orlcd itt lorttta of frcriucttcy 
of nlxjorpldott (u, cm- ’ ). 

‘II NMR speclra w&e recorded with a l3ruker WP 200 
(200 MHz) or II Brukcr AM 400 (400 MHz:) instrumonl. ‘l’hc 
soivent nnd lit0 1nstrutnettL flrc bpccilied ibr cnch producl. 
Tltc chctnicai shifts ara cxprcsscd in nnrls oer tniliion foon~l . . . , 
refercttccd to residual chldroform nl-7.28 pptn. Daln ure re- 
porlcd as r0tt0ws: chemical silirt, tnultiplicily (rxordcci tts s 
(singlet), d (doublel), 1 (LrlpieL), cl (quurlcl) nnd tn (tttul~i- 
plol;)), h~togrntiott, coupllt~g cottst;nnts (J) in hertz (I-Ix) nnci 
nsstglllm?lll. ’ II,’ II-COSY and ‘I-1,’ l-l-NOESY cxporimonls 
were routhieiy carried oul lo clrccrlnin ’ l-I-‘11 cottncctivillcs 
mid cottllguraCion assigntnenls, rcspectlvely. 

‘“C NMIE spectra wcrc recorded will1 t,lre snmc lttslru- 
tncttb al; 60.3 and 100.6 MHz rcspectlveiy. The chemicnl 
dlirts are given in pflrts per miiiion (pptn), Lhu cctttrai 
pcnk of deutcrochloroforttt being rcferottccd nL 77.14 t>t)ttt. 
J-moduialcd spin-echo tccitttiqu~ (J-tnod) experhnenls-were 
used for IAte dctcrminaeion 0r CI-1 muitlnlicltles. When 
nccessnry, ‘“C NMR spec1.a wcrc assigtted~witlt tite nit1 of 
I-IETCOR experitnents. 

Mass spccLrn were oblnincd with a I-Icwielt Packard 
HP508DB speclrometer via clther dlrccl introducl;iott 01 
GC-MS, by chetnicai ionization (Cl) with ntntnonln (NIla) 01 
tnethane (CI-14) or by electronic ltnpnct (EI). Microanalyses 
were performed by lhe nnolytical laboratory of lhc Institut 
de cltimio des subsLanccs ttaturelles in Gif-sur-Yvclle. 

Usual procedures 

Ail non-uqucous reactions were conducted under 11rgon, in 
oven (120 “Cl or finmodried riasswarc. 

Or~anoiili~iutn rcflgents we;o titraled using the prodedttre 
of SC Watson and JF EaatAtam [24]. The solution to be 
titrated was added dropwise via a syrittgc al 0 ‘C in n wcli- 
dried 25 mL round-boltomed flask conlainittg a well-stirred 
solution 0r 1,2-plienantiirollnc or 2,2’-blquittolltie (ca G mg), 
TI-IF or diethyl ether (10 mL) and onhydrous bcttzyl ulcoitol 
(0.5 tnL, 4.8 mmoi). The uddil;ion was stopped after the 
colorless mixture lurned dark-reci. 

Bulb-to-bulb distillations were performed with n .Buchi 
GKR 61 Kugeirohr npparatus. 

Solvent distillation, 

THF, dietityl ether, benzene and toluene were distilled ovct 
sodium benzophenone. Dichlorometitane and atnines were 
distilled over calciutn hydride. DMF was distAlled from * 
magnesium sulfate under reduced pressure. Ethanol ancl 
tnetlianol were distilled over magnesium. 

Thin layer chromatography (TLC) was porfortned on pre- 
coated plates of silica gel BOF 254 (Merck). Visualization 
was accomplished with UV light then 7-10% ethanolic phos- 
phomolybdic acid solution rollowed by heating was used as 
developing agent. 

Flash chromatography was performed on silica gel Merck 
SI 60 fO.O40-0.063 mml. The solvents used were not distAled 
excepi petroleum ethe;. 

t H and l3 C NMR of organostan.nyl, compounds 

For large Sn-‘H or Sn-13C coupling constan(;s (250-450 Hz), 
the central signal was associaeed with two close pairs of 
satellites corresponding to both l17Sn and “‘St1 isot;opcs; 
in this c&se two different coupling constants were reported. 
For small Sn-‘I-1 and Sn-13C (<lo0 Hz), the two pairs 
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or sflt~llltcs ~0llnl~~ nnd only OIIC coupling consLnnL wns 
observed. 

I WAC nomcncluluro is usccl for nil compounds, Becnusc 
rmmnic clcrivkrtlvcs nrc clcscrlbcd Llro rolntivc storcocllcm- 
islry is oxprcssed using nstcrislts, nnd Llio first etc~~occtil;o~ 
is nsslgnecl 1~9 W. In some cnscs nncl to be In i1gm2onic~1l 
willl tlic rorslcolln numbcriny, tcu-I-l tiiitl 5/3-H rissigiiincuts 
uro usecl. 

‘lb II s0luLlo1~ 0r commercinl Aorion 5 (It 8, 78 in1110l) in 
CIl&Iz (ZOO mL) ut 0 ‘C Wns nddcd r,l-clllorol,crbon8oic 
ucid (8~%, 23 6, 03 mmol, 1.2 ccp~lv). Tlio rcnctlon mixture 
wns sLlrrcc1 at 0 “C r0r 4 II imd filtered. Tlic white solid wns 
wnsllecl witli CIl2Cl~ (2 x 200 InL). Tile rosulting organic 
pl~usos were wusl~ctl will1 u snlurntcd c~qucous NnlICOs 
soluLion (3 X 100 niL), Illen brine, clricd over nnliydr6us 
MgSO,l, liltered mid conccnlrnled in vucuo Lo rll~llid~ II 
8:2 mixLurc 0r dinstcrcomcrlc cpoxides 11 (13.3 g, 82% 
yMtl) wliicli woro used in Llic nexL slcp wiLliouL furLllel 
purilicntion. 

Ilt (NuCI) Y 2 UGO, 1 723, 1 670, 1 G22, 1 43G, 1305, 1 253, 
1224, lOD4, DDO, !-JOl. 

l Mujor komcr: f3E(lR+,2S4,3Rl)/-4-(2,3-epo.~~- 
2,G,G-t7~in~cth~lc~clol~c~J~)~ut-3-en-2-or~e 

‘I.1 NMIZ (CDC13; 200 h41-1%) b 0.67-2.04 (III, 411, l&4’, Hz- 
5’), O.GS, 0.8G nnd 1.18 (3s, OH, 3CI-Is, Cl-k-2’, 2CI&i-G’), 
2.03 (d, J = 10.0 Hz, 11.1, H-l’), 2.23 (s, 31-1, Ckl:~, Cl-la- 
l), 3.04 (broncl s, II-I, H-3’), 6.03 (cl, J = lG.O IIz, 11-1, 
H-3), G.7 (dd, J = l&O, 10.0 Hz, 11.1, H-4). 

“C NhdlR (CDCIs, 80.3 MI-Is) 6 21.7 (C-5’), 24.0 (Cl+,), 2GA 
(CI-lx), 27.4 (CFIJ), 27.8 (CI13), 28.5 (C-4’), 31.2 (C-G’), 
52.4 (C-l’), 59.4 (C-3’), 58.7 (C-2’), 133.9 (C-3), 14G.3 
(CA), ‘198.5 (C-2). 

l A/ri7107* isomer: [3E(l R*, 2R*, 3S)f-&(%, 3-cpoqJ- 
%,G, G-trtn~etl~.~~lc~clo~~e:c~Jl)Dut-3-e7~-2-o7~~c 

‘I-l NMlt (CDCls, 200 hUIz) 6 0.82 and 0.88 (‘Ls, 01-1, 2CI&, 
2CHs-G’), 1.21 (s, 31.1, CI&i, CI&2’), 1.00-2.01 (m, 51-1, 
H-l’, II&, HZ-~‘), 2.31 (s, 31-1, CIki, I-Is-l), 3003 (L, 
J = 3.0 Ilx, lH, H-3’), G.11 (d, J = 18.0 Ha, 11-1, I-l-3), 
G.72 (cld, J = 18.0, 10.0 Hz, 11.1, H-4), 

“C NMR (CDCIJ, 50.3 R’IIlx) d 21.5 (C-5’), 23.4 (CHs), 27.2 
(CM:,), 28.5 (C-4’), 29.5 (CIb), 32.0 (CIls), 32.5 (C-G’), 
48.0 (C-l’), 54.1 (C-3’), 50.7 (C-2’), 134.1 (C-3), 145.1 
(CM), 198.5 (C-2). 

klS (Cl, NI-13) 771/z 22G (Ml-I’ + Nl&), 209 (blI_I’), 191, 
179, lG5, lG3, 151, 139, 123, 109, 95, 81, 79. 

hsxanc-I-carlraldchyds 12 

A solution 0r tlio mixture of dinstcrcomeric cpoxides 11 
(13.3 8, G4 mmol) in CIIzCl2 (180 mL) nnd McOl-I (20 mL) 
wns trcfltcd with fl stream of ozone crt -78 W mltil it turned 
blue. Oxygen w~ls then bubbled through the solution unLi1 
tlro blue color disnppearcd and then the solution was flu&cd 
with argon. TIIC reaction mixture was Lrested witll n 50% 
nqucous acetic acid solution (GO mL) and Zn powder (7 8, 
100 mmol, 1.3 equiv) w~ls added cnutiously at -78 ‘C nnd 
tlic Iicterogeneous mixture was stirrecl r0r 4 Ii nt 20 W. 

l’lio p111m~ were eopnrnlcd niicl tlio nqueous l~lmsc wns 
cxlrnctcd wILII CI-12Cl2 (2 x 200 IIIL). TIIO coulbiucd orgsuuic 
pl~nsc~ were wnsl~ctl \v-lLl~ II snLur~~tocl nquco~~s NnIiCO:, 
tiolulion (3 x 100 ml,). t.l~cn brine. drlcd over hkS0.c. 
fillorcd &d comrlLr&d in vncuo td give nn 8:2 111k.uk 
or cliflsLcrcomcric el~oxyriltlcliydcs 12 (!I.2 6, SW yield) ILY 
nii oily rcsitluo wliicli wns usctl in Llic nexl ~lcl, witlioul. 
furLllor purification. 
IIt (CIIJCI) Y 2 ObO, 2 73G, 1 718, I G74, I 448, I 381, 1 :3G8, 

1232, I 180, 1146, I 101, SOG, 73G. 

l Mujor iso7rrc7~: (lR~,2Sb,311+)-2,3-c170:~~J- 
2, G,G-t7i7rrc tl~.~jlc~Jcloltczn7~e-l-~~t7~~~~~l~~~l~.~J~~c 

‘I.1 NMlt (CDCIJ, 200 hllla) 6 0.03-2.42 (m, BI-I, 1.1-1, 1.12-4, 
I-12-5’), 0.03, 0.03 nncl 1.30 (3.9, all, 3Cl&, Clip2, 2ClI:l- 
G), 3.04 (broncl H, 11.1, IM), !).G3 (rl, .I = 6.0 Ilx, 111, 

“Cc/h% (CDCI:,, GO.9 RIl-lx) 6 21.3 (C-c;), 24,:~ (Cll& 3G.4 
(CII:,), 27.7 (CI&,), 28.0 (C-4), 30.0 (C-G), 57.4 (C-l), 
SD.0 (C-Y), 67.0 (C-2), 203.4 (Cl-IO). 

l A/litro~* %somc7v (1 R*, 2R’,3S*)-&,3-epo.2’~t~- 
2, G, G- t7in~cttr.~Jlc,tJclol~~s~o71.c-l- cn~~bnl~lcl~~~jdc 

‘II NhflR (CDCl3, 200 MHx) c5 0.88-2.42 (111, MI, II-I, l~lp4, 
l-l&~), 1.03, 1.10, nlld 1.11 (38, VI-l, 3Cl1~, Cll3-2, 2CII:p 
G), 3.0 (broncl H, 11.1, II-3), 0.73 (cl, ,/ = 5.4 I-lx, 11.1, CIIO). 

‘%! Nh4R (CIICI~, 60.3 h4llz) 6 21.4 (C-5), 22.3 (Cl-la), 
22.8 (Cl-I:l), 27.8 (CHa), 2!l.l (CM), (C-G, IIOL ot~sorvccI), 
(C-l, IIOL obscrvccl), G1.G (C-3), (C-2, 110t obscrvcd), 
202.8 (CI~IO). 

MS (Cl, N&) r/z/t 18G (hW+ + N&), 1GO (WI+), 1.51, 
123, 107, na, 79. 

Pyrrolidillo (12 IIIL, 140 ~nmol, 2.5 aquiv) wns r~ltlctl t.o IL 
soliilioii or ol~oxynldol~yclcs 12 (9.2 6, t5 mmol) in clicLliyl 
cllicr (50 inL). ‘J’lio roncLioii mixLur0 wis slirrcd ii1 20 ‘C rol 
3 II nut1 tl~cn pnrtilioned bcLwocn II J N ~~c~ucous Iiyclroclllorlc 
ncicl soluLiou (50 NIL) nnd cLl1y1 ncctt~k (60 ml,), ‘l’l~c pllnscs 
wcro sepnrntcd md khc t~c~ucous phsc WIS cxlrnctcd wILII 
:3 x 100 IIlL cLl1yl 11cctt1tc. Tim cornbitictl orgtinic plinscs 
were wnsl~ccl with brine, Lhcn dried over nnllydrous hQSO,r, 
filtcrcd nnd couccuLrnLccl in vncuo to give Ilyclroxynldol~ydc 
13 (7.G 6, 83% yield), which wns oblninecl ns nn oily rcsiduc 
nnd usccl In tl10 noxt stop without furtllcr purilicnLiori. 
Ilt (CllCl~) I/ 3 414, 2 939, 2 8G7, 1 074, I 006, I 455, 1 380, 

1299, 1 123, 1 079, 1 041, GG7. 
‘I.1 Nkll2 (CDCI~, 200 MI-Ix) 6 0.92-1.19 (III, 41-1, I-12-4, Ilp 

5), 1.13 mid 1.18 (Is, OH, 2CI-l:j, 2Cll:pG), 2.10 (s, 3ll, 
Cl-13, C&2), 3.10 (Iii, 11.1, OH), 4.08 (t, ,/ = 5-G Hz,, III, 
H-3), 10.12 (s, ll-1, CWO). 

‘+.Z NMR (CDCI:I, 50.3 MHz) 6 15.0 (Cl-&i-2), 27.8 (ClI:c- 
4), 27.5 (Cl&d), 28.1 (C-5), 33.0 (C-G), :3G.O (C-4), 70.7 
(C-3), 141.4 (C-l), 153.9 (C-2), 193.8 (CI-IO). 

MS (Cl, NHs) m/z ISG (MIlf -I- Nils), lG9 (h~lIl+), lG8, 
151, 139, 123, 107, 93, 72. 

I-cnrhldehyde 14 

TO a solution of Llle crude llyclroxy;~ldcllydc 13 (10 6, 
50 mmol) in propnrgyl bromide (80% wcighl in LO~IICIIC, 
lG.4 mL, 147 mmol, 2.G cquiv) wns added &I. GO% uquc- 
011s NnOI.1 solution (250 mL), followed by Bu.lN+I- (2.2 6, 
5.0 mmol, 0.1 equiv). Tlic resulting brown solution wns 
stirrecl ror 17 II al 20 “C nnd then cliluted will1 clieLlly1 otllct 
(260 mL). The pIloses woro scpnrnlctl nncl the aqueous lnyc~ 
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wis cxtrnclctl will1 dicLl1yl etlicr (3 x 100 11iL). TIIC coin- 
I~j11ct1 orgmic j&wes were wd~cd witli n G N ~I~UOOUS IICI 
sol11Lio11 (3 X GO id), tlicn wit11 lwiiic, drictl over niil~y- 
drous MySO.1, Jiltercd 1111tl coiicciitri~Lc<l iii vncuo. Pilrjlicn- 
Lio11 by Ilnsji cl1ro1i1~~Loyrt~j~liy 011 silicfl gel ywc co1iij~ou11tl 
14 (12.1 g, 00% yjcltj) lLri II. yellow oil. 

I It (CIICls) I) 3 300, 2 !)38, 2 SG7, 2 ‘280, I 074, 1 GlO, 1 48(i, 
1:31fi, 12GG, 1 USI), !116. 

‘II Nhlllt (CDCIz, 200 All-Iz) 6 1.03-1.78 (111, dl-I, I-l+j, 1-1~ 
t), 1.10, 1.14, 2.11 (3s, WI, 3CI-13, Cl-13-2, 2Cll9-G), 2.44 
(L, J = 2.11 Hz, Ill, H-3’), 3.00 (L, J = 1.8 llz, 111, H-3), 
il.13 (&I, .I = 10.0, 2/l Ilx, 1Jj, llu-j’), d.2G (cjtl, .I = i&O, 
2.~1 Ilz, 11-1, Ill>-l’), 10.08 (s, 11-1, CI.10). 

13C Nkllt (CDCIa, GO.3 AdI-IX) d 18.7 (C&2), 27.1 ontl 27.7 
(ZClI:,-G), 23.3 (C-G), 33.8 (C-O), 38.8 (C-d’), G&G (C-l’), 
711.0 (C-3’), 7O.t (C-P’), 70.8 (C-l), ld2.G imj lG0.4 (C-2, 
C-3), 103.2 (Cl-IO). 

h,JS (C!I, Nil:,) m/r 224 (h4H+ + Nl&,), 207 (A~J11’),184 Jli8, 
lG1, 140. 

‘1’0 u c:oolcd sol1rLion (0 “C) or crutlc l1yclroxyuIdcl1ytlc 13 
(7.0 ti, (10 1~1111ol~ it1 111~Ll111110l t 100 nil,) wns nddccl sodi 
~1oroiT~clritlo (d:36 111g, 1 I .3 I~III~, 0.2G ckjujv). m3 30 111i11, 
11 furblia’ 0.2t cquiv or sodium t~orol~y~~~kl~ wns t~tltlctl lo 
co111 jdolc tlio rcrlcLio11. ‘I’lic rcnclioii iiiixlurc wis L~*c~~tccl 
30 111i11 Inter witI ol’ II I N ~I~IICOUY I1ytlrocl1loric ncitl so- 
lirtioii (20 1111,) nutI co11cc1~LrnLccl iii vnciio. ‘l%c iiiixL11rc 
~11s lwLiLlo11ccl Iwtwcm wiilcr (50 ml,) nntl eLliy1 IICC~II~C 
( 100 inI,), Llic j~liiiscs wore sejmmtccl iuirl Llic nquoous pliflsc 
W~IS oxlr1v2tcd witli cLllyl iiccLnL0 (3 x 100 nil,). ‘I%0 coin- 
lliiictl orga11ic j1l1nsc.s weio wnsliccj wit11 brim, 1~l1011 clricd 
over nullyclrow h4gSO,, , Jiltcrccl nntl conccntrntccj i11 vncuo. 
l~11riJici1iioii j>y flnsli cl11~0111nt0gruj~l1y 011 siliw ycl gnvc diol 
15a (a.8 g, 7.5% yield) ILS n tvl1iLc solid. 

Alp: 100 OC. 

IR (Kl31*) I/ 3 260, 2 032, 1 MG, 1 300, 1 030, 1 001, FXXJ. 
‘II NhejIE (CDCIJ, 200 hllla) d 0.70-1.88 (III, Gl-I, I-I&j, llz- 

0, 2Oll), 0.08 IIIKI l.O!) (Ps, GH, 2CXI:,, 2Cll:wI), l.BG (s, 
311, Clla, Cl-IS-~), 3.9B (t,,J = 4.7 I-lx, 111, J-l-l), rl.08 
i;l&= 12.5 Hz, III, I-In-1 ), (I.12 (cl, ,I = l2.G Ilz, III, 

“‘C NhTl; (CJ3Cl:~, Go.3 MI-lz) 6 IO.7 (CJI:1-a), 27.3 (CIl:1- 
/I), 28.2 (C-G), 28.G (CII:1-I), 3d1.7 (C-d), 34.!) (C-O), GO.1 
(C-l’), 70.2 (C-i), 13d.G, 141.8 (C-2, C-3). 

MS (Cl, NH:,) ~I./z 188 (hW+ f Nll~), 171 (AU+), 170, 
153, 100, OG. 

AIIIII cnlc for C1eIl1~0~, 17O.M: C, 70&l; J-I, lO.GG. I~ountl: 
C, 70.00; 1.1, iO.GG. 

'I'0 ix cooled soliition (0 “C) oTcljol 150 (1 .O g, 8.0 11111101) iind 
il~klnzolc (1.0 g, 14 n111101, 2.6 equiv) in 2 rnL of DMF WAS 
~~cldctl clropwisc n solulion of /m%lmtylcli1ncLl~ylsilyl clijoridc 
(980 mg, 6.6 ITIIIIO~, 1. I cquiv) in 2 rnL of DMP. After stirring 
11L 0 ‘C ray 4 II, Llic rcnctio11 mixtiirc was nllowecl Lo war111 
11j, Lo room tcn~pcrnL11rc amI slirrccl ovcrnighl; nL 20 ‘C. 

‘l’llc rcncLio11 iiiixlurc wns J1iirtjLimictl ~eLwcc11 10 1111, of II 

1 N nqucous l1yclrocl1loric ncid sol11tlon 1111d GO t11L of ctl1yl 
~uzclttLc. The J~III~SCS wrc scpnrrrtcd md the IK~UCOIIS IIL~CI 

Cxtrnctd witI1 3 x 60 IIlL Of Cthyl ilW!tntc. ‘rho cOlllbillCt~ 

orgtiiiic plinses were wnsliccl with brine, clrjccl ovw flr1l1ytlroi1s 
AdgS0.1, Jillcrcd iind concciilrntccl ii1 VIICIIO. P11riJici~tio11 
by Jlnsl1 cl1ro1t1nLogri1j~l1y 011 sllicn gol gnvc LIIC cxf~cctctl 

rno11oj~rolcctccl IIICOIIOI 15b (1.02 g, 01% yjclcl), Llw ino11:cric 
tlcrivnlivc 10 (151 mg, 0% yicltl), clisilylrltccl oo111pou11tl 17 
(2GG III~, 11% yield) nnd stnrtlt~y 1nnLcrinl 15a (88 1ng, 0% 
yield). 

JR (CHCI:,) I/ 3 382, 2 028, 2 2+l, I MO, 1~170, 1 :Xj, 1 256, 
1 OGG, 000, 83G, 7711, 7311, MB. 

‘j-l NhlJZ. (CDCl3, 200 AlIla) 6 0.00 [s, GJJ, 2Cjl:1, Si(CII:1)1], 
0.01 [s, 011, SCl-I:j, SIC(CI-l:,)~], 0.01-1.08 (III, 811, 112-8, 
I-124 OH), 1.00, 1.00 1111c1 1 A31 (Ss, !IlI, 3cll:I, Cll:,-2, 

XIlpQ), 3.011 (l., .I = 
21.1, 1.12-l’). 

1.5 I-lx, 11-1, H-l), 1.08 (lmd s, 

% NAlR (CDCI:j, GO.3 hlllx) 6 -05 [XXI:,, Sl(CJ+,)e], JO/l 
(CIIJ-2), 18.3 (C, SiC(CI-1:1)x], 20.0 [3CXJ:1, SiC(CIJ:1)3], 
27.:3 (Cl-IJ-d), 28.2 (Cl-la-d), 28.0 (C-G), 34./l (C-d), 311.8 
(C-G), GO.1 (C-j’), 00.0 (C-l), 133.2 I~IICI 110.7 (C-2, C-3). 

h,lS (Cl, CIJJ) m/t 302 (AdII+ f NIJ:j), 284 (M+), 267. 
And cnlc for C1~H:120~Slr 28d.50: C, G7.M; I-J, I l.:M. I~o~mtl: 

c, 07.d~l; I-I, 11.2’2. 

IR (CIIC&) Y 338G, 2030, 22/10, 1 GM, 1~170, 13GG, 12OG, 
1 105, DOG, BdG, 778, 7X, GGB. 

11.1 NhdR (CD&, 200 Mldz) 6 0.10 [s, GM, 2CI-J:i, SI(Cll3)2], 
0.01 [s, 91-1, 3CI-l:r, siC(Cl~1~)~], 1.01-1.92 (111, 511, 
I-la-d, 112-8, OH), 1.03, 1.07 n11c1 1.78 (3s, 91.1, 3CI-I:I, 
CH:p2, 2Cl.J:r-G), 4.0 (t, J = G-7 Ha, 111, JJ-3), 4.09 (cl, 
,I = 10.0 I-JK, 11.1, I&l’n), 4.10 (cl, J = 10.0 kle, 11-1, 11-1’1~). 

h4S (Cl, Cl-Is) m/z 302 (AlJI+ + Nj-IJ), 28d (MII+), 207. 

IR (CHC&) u 2!)GG, 2SGG, 1 GGO, Id71, 11162, 13130, 1283, 
1 O/18, 834, 772. 

‘II NMR (CDCI:1, 200 Alj.Jx) 6 0.00, 0.10, 0.10 n11c1 0.10 [<Is, 
12I1, K%l:1, %Si(CH:1)~], 0.91 [s, 181-1, OCI.13, SSi(Wl:1)s], 
0.84-1.80 (Ill, dl-1, 1.12~‘I, II&), 1.01, 1.03 nt1cl 1.73 (3s, 
91-1, 3CI43, Clls-1, 2CH3-3), 4.02 (cl, .I = 10.7 II&, II-I, 
ll,n-1’), 1.03 (111, ikl, I-I-G), 4.15 (tl, .I = 10.7 Hz, 1I.1, kll1- 

1d )kjR (CDCL,, GO 7 klIla) 6 -6,Z 
[~CIIJ, 2Si(Cll;~,], ‘;0.2 (Clls-1), 

-4.d wrd -3.!) 

Id.3 n11c1 18.5 [SC, 
PSiC(CFJs)s], 20.1 (GCI-IS, 2SiC(CHn)a], 28.1 ~IKI 28.3 
(2CI-Ia-3), 29.7 (C-d), 31.8 (C-3), :3G.8 (C-B), 6O.d (C-J’), 
71.8 (C-G), 134.0 atd 13cJ.l (C-l, C-2). 

A4S (Cl, NIJs) IIL/E 30!) (kJH+), 385, 341, 207, 266, 136. 

To n solution oT tliol 15a (11.0 g, 36 IIIII~O~) i11 dry CXId% 
130 rnL1 wns aclclcci tricLlwlnn1inc (18 1111~. 130 tn~noj, 
A.7 cqufv) followccl by trij&yjrnetl;yl cl1jo;~itlc (10.8 g; 
38.8 mnol, 1 .l ccjuiv) nnd DhMP (310 III& 18 1111no1, 
O.OG cquiv). TIIC resulting solrltioll ~11s stirrccl nt rcllux fo1 
3 II uiicl nfter cooling to 0 OC, tlie. renction WHS quencl1cd with 
a 2 N aqueous I-ICI solution (GO 1111~). The phsx were scp- 

nrnled niitl Llic oqucous j,l1asc cxtraclctl wildi clicLl1yl oLl1cl 
(3 x 100 inL). Tlie coi:il~incd organic pliflscs wcrc wasjictl 
witli bri11c, tllen dried over anj1ydro11s AdlgSO,1, Jilterecl mtl 
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coticcttLrnled in vflcuo. Purificntion of lhe rcsiduc by hs11 
cltrotnatogrnl~lty on silicn gel gnvc the tnottoprotcclcci ciiol 
1sc (11.2 g, 77% yic!d). 

IR (CHC&) Y 3337, .3 058, 2017, 1507, 144G, 1366, 1 132, 
1044, 808, GQQ. 

‘I.1 NMR (CDCia, 200 MHz) 6 O.Q7-l.QG (m, 4H, Hz-s, 
Ha-G), 1.01, 1.01, 1.78 (3s, QH, 3C1.13, CH3-2, 2CH3-4), 
2.2 (s, 11-1, OH), 3.69 (d, J = 10.0 Hz, 11-1, I-In-l’), 3.7G 
(d, J = 10.0 He, 11.1, I-IL-l’), 3.08 (I, J = 4.5 11x, IH, 
H-l), 7.24 (III, QH, Ar-II), 7.G2 (tn, GH, Ar-I-I). 

13C Nh4R (CDCla, SO.3 hlHz) 6 10.0 ((X3-2), 27.8 (CHa-d), 
28.7 (CH:,-II), 20.0 (CS), 34.0 (C-4), 35.7 (C-G), GO.4 
(C-l’), 70.7 (C-l), 87.4 [C(Ph)3], 127.0 (3CI-I, Ar), 127.7 
(GCH, Ar), 12Q,3 (GCH, Ar), 134.5, 130.1 (C-2, C-3), 
144.3 (3C, Ar). 

hX3 (Cl, NI-1~) m/t 413 (h4II+), 208, 258, 244, 105, 105, 35. 

AnnI cnic for C20113202, 412.55: C, 84.42; 11, 7.82. I?ctund: 
C, 84.38; I-1, 7.85. 

o:qljc~cloltcxsnc 18a 

a Procedun: A 
To n solution of nldeitydc 14 (7.G g, 37 mmol) in methnnol 
(100 tnL) nt; 0 OC wns ndcicd sodium boroltydridc (340 tng, 
Q.0 mmol, 0.25 cquiv). After 30 tnin, the snmc amount of 
sodium borohydride wns nddcd to complete tite reacliott 
fitid 1110 rcncllon mlxlurc wns Lrenlcd 30 tniri later wit11 
n 1 N nc~ucous ilydrociltoric mid solution (20 mL) and 
cotlconlrakd in v&110. The mixture was pnrlilibncd beiwccn 
writer /SO inL1 mid cLhv1 ncelnlc 1100 mL1. the thma3 

were &pnrnlccj nnd the ~qucous piidsc wns e;Lrncteh with 
ethyl acetfltc (3 x 100 mL). The cotnbined organic pliascs 
wcrc washed witi~ brine, then dried over anhydrous MgSOd, 
filtcrcd and the rosuking mixture was conccnLratcd in vncuo. 
Puriiicntioii by flnsh ciirotnntogrnphy on siiicn gel gnvo 
nicohoi 18n (5.8 g, 7S% yield) as a colorless oil. 

l P1~occdure B 
To n soiutio~~ of silyi ether 18b (see below, 1.0 g, 3.1 mmoi) 
in ncclonitriie (15 mL) al 20 “C wns nddcd a 48% nqucous 
solution of I-IF (5 ITIL). The rcsuiting cloudy mixlure was 
stirred at 20 OC for 1.5 h nnd quenched with a snturalcd 
nqucous NnHCO3 solution (75 tnL). T11c phases wcrc sepn- 
rated nnd the nqueous iaycr wns cxlrnclcd wilh dietityi eth 

(3 x 75 tnL). The combittcd orgnnic phnscs were wnshcd 
with brine, titcn dried over nnitydrorts MgSO.1, filtered and 
conccntratcd in vacua. Puriiicntion by flash chromatugra- 
ptty on silica gel gave alcohol 18a (432 mg, G7% yield) tts a 
colorless oil. 

l Procedure c 
To a solution of 18~ (set below, 500 mg, 1.3 mmoi) in THF 
(5 tnL)/HaO (2 mL)/AcOH (4 mL) nt 20 OC wns ncidcd 
TsOH (25 tng, 0.1 mmoi, 0.1 cquiv). The rcsuiting tnixturc 
was stirred at 65 “C for 3 h, cooicd nt 20 “C anti tltctt ti~c 

reaction wna quenched with a saturated nqucous NnHC03 
solution (25 mL) nnd diluted wit11 dictilyi etiler (50 tnL). 
‘Ik p11ascs were separated nnd Lhe aqueous layer wns 
extracted witlt diethyi ether (3 x 25 tnL). The combined 
organic phases were wnshcd with brine, then dried over nn- 
hydrous MgSOd, filtered and concentrated in vncuo. Purili- 
cation by flash chrotnntography on silica gel gnve alcohol 
18n (130 mg, 48% yield) 0s a colorless oil. 
IR (CHCi3) v 3 441, 3 303, 2 033, 1263, 1632, 144G, 1362, 

1 340, 1244, 1 OGO, 910, 850, 732. 

‘1-I NMR (CDC13,200 MHz) 6 1.05-1.78 (m, 5H, I-12-4, 112-5, 
OH), 0.94, 1.01 and 1.78 (39, QH, 3CH3, CI&1, 2(X3-3), 

2.3Q (L, J = 2.4 Hz, 11-1, CCI!), 3.76 (I, J = 4.5 Hz, lIi, 
H-G), 4.07 (tn, 2H, HZ-~“), 4.09 (dd, J = 15.7, 2.4 HZ, 
lH,, Hn-1’), 4.19 (dd, J = 15.7, 2.4 Hz, 11-I, Hb-1’). 

13C NhJR (CDCi3, 50.3 MHz) 6 1G.G (CH3-2), 28.1, 2ti.Q 
(PCI-Ia-I), 23.4 (C-S), 34.3 (C-G), 34.6 (C-4), 58.5 (C-l”), 
5G.O (C-l’), 74.4 (C-3’), 76.2 (C-l), 80.4 (C-2’), 132.2 atid 
142.4 (C-2, C-3). 

hIS (Cl, 61H3j ??z/, 22G (MI-I+ + NH& 208, 191, 170, 163, 
135, 123, lOQ, 95. 

Ann1 cnic for C~sHaoCz, 208.20: C, 74.96; I-I, 0.08. I?ound: 
C, 74.88; H, 9.52. 

2-yn~l)oxcllj-1,3,3-trimcth&~clo/~exe7~e 18b 

To a sotution of alcohol 1Sb (1.0 g, 3.5 mtnol) in propargyl 
bromide 80% wcig11L in toiuenc (980 /IL, 8.9 mmoi, 2.5 equiv) 
wns added n GO% aqueous NnOH solution (25 mL), foiiowcd 
by BusN+I- (130 tng, 0.36 mmoi, 0.1 equiv). The resulting 
brown solulion wns stirred for 17 II at 20 “C nnd diluted 
wiLh diethyl clher (10 tnL). The phases were separntcd and 
the nqucous layer extrncted with dielhyl ether (3 x 50 tnL). 
The combined organic phases were wnshed with an nqueous 
G N HCI solulion (50 mL), then with brine, dried over nn- 
hydrous MgSOa, fiitcrcd nnd concentrated in vacua. Purifi- 
c&on by fi~kh chromatography on siiicn gel gave compound 
18b (1.1 g, 97% yield) aa a yellow oil. 
IR (CHCi3) v 3 331, 2 QSS, 2028, 28GG, 1471, 13G1, 1255; 

1 OBG, 836, 774, GG5. 
‘1-I NMn (Ciki3;200 MHz) 6 O.OG [a, GH, 2CH3, Si(CH&], 

0.89 [s, 91-1, 3CH3, SiC(CH3)3], 0.90-1.81 (in, 41-I, I-12-4, 
HZ-~), 1.02, 1.04, 1.77 (3s, QH, 3CI-Is, C1&-1, 2CHa-3), 
2.38 (t, J = 2.4 He, 11.1, CCH), 3.63 (t, J = 4.6 Hz, 11-I, H- 
G), 4.00 (d, J = 7.4 Ha, II-I, I-In-l”), 4.11 (d, J = 7.4 Hz, 
111, Hb-l”), 4.15 (dd, J = 15.0, 204 Hz, lH, Ha-l’), 4825 
(dd, J = 15.9, 2.5 Hz, 11.1, I-lb-l’). 

13C NMR (CDC13,50.3 MHz) 6 -5.3 [2C1&, Si(CI-13)2], 18.3 
[C, SiC(CH3)3], lG.G, 28.2, 27.3 (CI-13-1, 2CH3-3), 23.7 
(C-4), 26.1 [3CHs, SiC(CH3)3], 34.6 (C-3), 35.2 (C-5), 
5G.0 (C-l’), 59.2 (C-l”), 73.0 (CCH), 76.8 (C-l), 81.8 
(CCH), 131.1 and 141.8 (C-l, C-2). 

MS (Cl, NH31 m/t 340 (klHe -i- NI&), 323 (ILIH+). 
Anaicaic for~&&tO&& 322.52: C, 76:74; 1.1; lO.Gi. Fctund: 

C, 70.5G; H, 10.56. 

To n solution of nicoltoi 1Sc (11 g, 27 mmoi) in propnrgyl 
brotnide 80% wcighl; in toluene (7.4 tnL, 07 mtnoi, 2.5 equiv) 
was added a GO% aqueous NaOH soluliott (200 mL), followed 
by Bu.tN+I- (990 kg, 2.7 mmol, 0.1 eqiiv). Thd-resulting 
brown solution was stirred for 17 it at 20 “C. The nhases were 
separated and the aqueous layer was extracted &it11 dietJiy1 
ether (3 x 200 tnLj. Tile combined organic phases weie 
washed with an aoucous G N HCi solution f2 x 100 rnL1. 
then witit brine, dhed over anhydrous MgS&, filtered a& 
concentrnted in vncuo. Purilication by flas11 citromntography 
on siiicn gcI gave compound 18~ (10.5 g, 87% yield) as a 
yellow oil. 
IR (CHCi3) Y 3 301, 3 058, 2 093, 15QG, 1 526, 1490, 1448, 

1343, 1264, 1 132, 1 151, 1044, 705, 032. 
‘I-1 NMR (CDCi3, 200 MHz) 6 0.80-1.76 (m, 411, HZ-~, I-In- 

5), 0.83, 0.88 and 1.51 (3s, QH, 3CH3, CI-Is-l, 2CH3-3), 
2.32 (t, J = 2.4 Hz; lH, CCH), 3.53 (d, J = 10.0 Hz, 
lH, Ha-l”), 3.60 (d, J = 10.0 Hz, lI_I, Hb-l”), 3.74 (t, 
,J = 4.2 Hz, 11-I, H-G), 4.05 (dd, J = 15.9, 2.4 Hz, 11-1, 
H-l’a), 4.17 (dd, J = lS.9, 2.4 Hz, lH, I-I-l’b), 7.11 (m, 
OH, k-H), 7.48 (m, GH, Ar-Ii). 
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‘sC NMR (CDCls, GO.3 Ml-Jz) 6 17.0 (Cf&-I), 24.0 (Gli), 
27.7 und 28.6 (2CHs-3), 34.7 (C-3), 35.7 (C-s), 6G.o 
(C-l’), GO.3 (C-l”), 73.8 (CCH), 77.1 (C-G), 80.9 (C-2’), 
87.2 [C(Pf1)s], 120.9 (3CH, Ar), 127.6 (GCJI, hr), 129.6 
(GCH, Ar), 132.7 and 140.0 (C-l, C-2), 144.3 (3C, Ar). 

MS (Cl, NHs) m/t 428, 411, 391, 3G9, 329, 299, 258, 244, 
183, lS3, 135, 105. 

Ann1 colt for CseHs402, 450.69: Cl, 85.29; If, 7.Gl. I’ound: 
c, 86.12; I-I, 7.58. 

(3Z,3aR+,~R~Sb,7aR’)-~-H~dm~mcth2/1-3-[(tn’butyl- 
sta~~.~~yl)ntctlt~lida~acJ-~~,5,5-trimcth~~l octalqdro- 
hrzofumn 1 On 

To n solulion o~compou~~d 18n (1.3 g, G.2 rnmol) in 620 mL 
of tolucnc wns nddcd AIBN (102 mg, O.G2 mmof, 0.1 equiv) 
u11d BIIJSIII-1 (2.84 mL, 10.6 mnol, 1.7 cquiv). ‘f’fm mixlurc 
wtw slfrrod nt rcflux ror 3 II. WIG oily rcsicluc obtnfncd 
on rcmovfng Lolucno under reducecf J1rcssurc ‘w(1s puriflcd 
by fhsli cli~*onintograpfiy on bnsic &lica gel (prdtrcalcd 
wit11 NnIfCOs) lo rive tl, GO:40 mixlurc of So-H nnd 5&I-f 
dinstcreoisomek compounds 1Dn (2.72 g, 88% yield). ’ 
Ilt (CHCls) v 3 453, 2 955, 2 809, 1 GlG, 1456, 1 376, 1 149, 

1 077, 1042, 1019, 946, 875, 801, 763. 

‘I 
l 5cx-H isomer 

I NMJt (CDCI.7, 200 MHz) 6 0.80-1.78 (111, GH, H-4, Ha-G, 
l-12-7, Off), 0.78 (s, 31-1, CJ.Js), 0.87 {I, J = G-0 Hz, 9H, 
3Cf.13, Sn[(Cl-I&Cr-l,]s}, 0.90 [I, .I = G.0 Ha, Gff, 3CI_fz, 
Sn(Cl_12-)s], 0.97 (s, 31-1, CI-Is), 1.00 (s, 31-1, CHs), l-30- 
1.50 {m, 121.1, GCHz, Sn(C~I~(CI_12)~CII313), 3.4G (brood 
s, 11-1, I-I-7n), 3.61 (dt, J = 12.0, 7,o Hz, lI1, IIn-I”), 3.70 
(dt, J = 12.0, 7.0 I-l%, 11-f, f&l”). 4.14 (dd, J = 13.2, 
i.G-ffz, 11.1, f&2), 4.58 (dd, J = 132 2.0 f-J&, IfI I-lb-2), 
5.74 It. J = 2.0 ffz. 11-I. If-l’. .I J&S,1 = J II- f’ssn = 
GO.0 i-I& 

. , 

13C NMR (CDCIs, SO.3 Ml-Ix) 6 9.8 [3CH2, Sn(CHa-)s, 
J G”‘Sl1 = 360.0 Hz, J C-‘loS~~ = 340.0 Hz], 14.0 
{3CHs, SI~[CI-J~(CH~)~CI~~~]~}~ 17.5 (CHs), 23.0 (C-G), 
~~~Gfl(CfJs), 2G.8 /3Cffe, Sn(CJI2CHaCHaCH2)3, J c- 

= J c- ‘“Sll = 57.0 J-Ix], 29.1 J3CH2, 
S~~(C~~I~CJ~ZCI~~C~IIJ)~, #I C-“‘Sn = J C-” Sn = 
26.0 Jfz] 31.7 (C-B), 33.1 (CHs), 35.2 (C-7), 45.3 (C- 
3&l, J C-fl’sn = J c-““sn = SG.0 I-f+ 48.2 (C-4), GI.0 
(C-I”), 71.3 (C-2, J C-“‘SII = J C- “Sn = 24.0 I-Is), 
84.S (G7n), 115.7 (C-l’), 168.7 (C-3). 

l 5,&H isomer 
‘11 NfvIR (CDCls, 200 MHz) 6 0.80-1.78 (111, SJI, Ha-G, I-12- 

7, OH), 0.80 (s, 3II, CHa), 0.87 {t, J = G.0 Hz, 91-I, 
3CfIs, Sn[(CJfa)sCH3]s}, 0.90 [t, J = 0.0 Hz, GH, 3CI-12, 
Sn(C/rz-)a], 0.98 (s, 31-1, CIIs), 1.02 (s, 31.1, CHs), 1.30- 
1.60 (m, 121-1, GCffe, SI~[CM~(CI_I~)~CI.I~]~), 2.5 (m, lH, 
H-4), 3.58 (t, J = 5.0 Hz, 11-1, I-I-7& 3.90 (dt, .I = 11.7, 
3.8 J-Ix, lf1, I-In-l”), 4.00 (dt, J = 11.7, 3.2 Hz, II-I, Hb- 
I”), 4.21 (cid, .J = 12.5, 2.6 Hz, ll-I, Ha-2), 4.30 (dd, 
J = 12.5, 2.8 112, 11-1, Hb-2), S.GG (t, J = 2.5 Hz, III, 
II-l’, J II-“‘St, = J H-““Srl = GO.0 1-k). 

13C NLJR (CDCI3, SO.3 Mffz) 6 9.9 [SC&, Sn(ClJz-)3, 
J CL”‘SII = 350.0 Hz, J C-“‘Sn = 340.0 Hz], 13.8 
{3CIIs, SII[(CJI&CJ-I&}, 24.0 (C-G), 28.5 (CH3), 27.3 
[3CHe, Sn(CH2CfIeCHKXI~)3, J C-“‘Sn = J C-““Sn 
= 61.0 I-IX], 28.8 (Cf-fs), 29.6 [3CH2, Sn(CH6Hz-)s, J C- 
117Sn = J C-““Sn = 28.0 Jfz], 32.0 (Cl-Is), 33.7 (C-S), 
35.4 (C-7), 5O.G (C-3n, J C-“‘Sn = J C-llDSn = 45.0 Hz), 
SO.4 (C-4), G2.7 (C-l”), 72.4 (C-2, J C-“‘Sn = J C-“‘Sn 
= 24.0 Hz), 88.8 (C-7n), 110.8 (C-l’), lG5.9 (c-3). 

hlIS (Cl, Nf.13) m/z for major “‘Sn isotoJ1c 518 
(MH+ f NI-fs), 501 (h4H+), 291. 

To ta sofulion of compound 18b (G.0 g, 19 mmof) in 1.5 L 
of tolucne were added AIBN (310 mg, 1.9 mmof, 0.1 cclufv) 
and Bu3S11fI (8.5 mL, 32 mmof, 1.7 cquiv). 2’11~ mixture 
wns stirred at rcflux for 3 II. Tfm oily rcsiduc obtnincd on 
removing toluene under rcducctl pressure wns purifkd JIY 
flflsfi cliromnlogmf1fly over basic silicn gel lo give tl 70:30 
mixture of So-H ond IS/~-II diostcrcomcrfc compounds 1Ob 
(11.2 g, 98% yield). 
JR (CI-ICls) ; 2 OS,, 2 927, 2 864, 1 GIG, 14G2, 1 379, 1 264, 

1 OGG, 836, 774, 735. 

l 5~H isomer 
‘II NMR (CDCf3, 400 1\IIffs) 6 0.02, 0.03 (2s, GIJ, 

2cJ-fs, Si(Cf.f3)2], 0.89 (8, 91-1, 3CHs, SiC(Wfs)s], 0.90 
= 0.0 Hz, 91-1, 3CfJs, S11[(CH&Cl~y)]3), 0.91 
= 6.0 Hz, GH, 3CI-12, 3 Sn[Cf~~~XI~~eC$f~]~}, 

(in, 41.1, Ha-G, I&-7), und 
l.OG (3s, 91-1, 3CHs), 1.30-1.50 [m’, ‘121-f; GCH2, 
Sn(CH2CIf~CIf&fls)J], 1.83 (in, 11.1, H-l), 3.49 (t, 

k-l”), 3.86 (d& J 
= 2.7 I-Ix, 11~ H-7a), 3.7S (dd, J = 10.7, G,2 ffz, 11-1, 

= 10.7, 2.4 Hz, II-I, I-Jb-1”), 4.19 (dd, 
$1 = 13.1, 2.1 Hz, 11-1, I-In-2), 4.G9 (dtf, J = 13.1, 2.6 Jfr, 
111, I-fb-2), 5.65 (dd, J = 2.4, 2.1 I-12, lH, If-l’, J If-“‘Sll 
= J II-“‘Sn = 68.0 Hz). 

‘“C NMR (CDCI3, SO.3 MfIa) 6 -5.2 untf -6.3 7[2CIfs, 
Si(CJ-fs)e], 9.9 [3Cf.f2, Sll(Cf~fz-)a, J 13C-11 Sn = 
342.0 Jlx, J ‘3C-110Sn = 339.0 Ha], 13.8 {3CI-Is, 
Sn[(CJI~)sCJfs]s}, 17.7 (CI-Is), 18.2 [C, SiC(CHs)s], 22.4 
(Cf.fs), 22.8 (CHpG), 26.1 [3 CI-13 SiC(Cf-fs)s], 27.4 
\yF;;, SI~(CJ-I~C~~~C~I~CJ~I~)~, J 1dC-117Sn = ,I 13c- 

J 13C-117Sn = J 
= 58.0 Hz]f3~_.;l$~I-1e, St~(CJfrCH&I~I$.X~)~, 

= 23.0 He], 33.5 (C-St, 33.8 
(Cf-fa), 30.1 (C-7), 47.6 (C-4), 48.7 (c-3tl, J c-” 911 = 
J C-““Sn = 42.0 Hz), GO.6 (C-l”), 71.6 (C-2, J C-“‘SII 
= J C-““Sn = 31.0 Hz), 86.2 (G7n), 115.8 (C-l’), lGG.9 
(c-3). 

l 50-H isomer 
‘I-1 NMR (CDCI3,400 MJIz) 6 0.09 [s, 61-1, 2CJ-13, Si(CI-ln)l], 

0.87 {I, J = G.0 I-12, 9H, 3cfIs, SlI[(C~~3)3~~~3]3}, 0.89 
[s, Dff, 3CI,fs, SiC(Cffs)s], 0.90 [t, J = 0.0 1.12, Gff, 3cfI2, 
Sn(CIfp)3], 1.02 (s, GH, 2CfIs), 1.04 (s, 31-1, CIJs), 0.91- 
1.42 (n1, SJI, l-I-4, Hz-G, HZ-~), 1.30-1.50 (111, 121-1, GCffe, 
SnlCIJ2(CN*)aCM31s~, 3.64 (tld, J = 9.2, G.1 1.1~. 11.1, 
II-in), 3.95 (dd, J’ =- 16.8, iO.2 Hz, 1H; I-In-1”); 4.20 
(cld. J = 10.2. 2.2 Hz. 11~. Hb-1”). 4.32 and 4.38 (2dd. 
3 : 13.5, 2.S’Hz, 21~; H&2), s.GS’(t, J = 2.0 Hz,’ 11.1; 
H-l’, J f-I-t17S~~ = J I-I-“‘Sn = GO.0 Hz). 

13C NMR (CDCI:,, SO.3 MI-la) 6 -5.2 nnd -5.3 
[XX13, Si(CJfs)~], 9.9 [3CHz, SI~(CHZ-)3, J C-“‘SII 
= 342.0 Hz, J C-ltoSn = 338;O Hz], 13.8 {3Cffs, 
Sn[(CH&CZj3]3), 18.2 [C, SiC(CH3)3], 23.0 (CHs), 25.0 
(C-G), 2G.0 (3CH3, SiC(CHs)s], 2ti.l (CH3),I~7,G FcfJz, 
Stl(C~I~CIIzC~faCI-I3)3, J IJC-“‘Sn = J C-1’ $1 = 
58.0 Hz], 29.4 [3CI-12, Sn(CII~CH&IlzCHs)s, J 13C- 
“‘S,, = J l”C_ ‘“Sn = 23.0 f-k], 30.0 (CJJ3), 32.5 (C- 
S), 38.2 (C-7), 51.3 (G3a, J C-‘l’Sn = J G”“Sn = 
5G.0 HZ), 56.8 (C-4), 61.6 (C-l”), 72.0 (C-2, J C-“‘311 
= J C-““Sn = 30.0 Hz), 87.3 (C-7n), 116.2 (C-l’), lG3.8 
(C-3). 

MS (Cl, NHs) 172/z for major ‘20Sn isotope 615 (Ml-I+), 571, 
SSG, 501, 405,356, 339, 308, 291, 249, 193, 137, 91. 
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idelbef-9n,~,~-tlo’lneffb~Jt-~-~~(tl~~~~belb~~rnetlsy~)O~~]- 

llbctibyt) octahydmhuofumli 1 DC 

To II so11Ilio11 of co111po1111d 18c (2.3 g, 5.2 tnmol) in G20 IIIL 
of tolucno wore ndd&i AIBN (43‘mg,-d.20 1111110!,~0.05 cquiv) 
m1<1 Ba~SuH f2.4 mL. 8.0 u~mo!. 1.7 caulv~. T!IO mixL11ro . . I 

wns stlrrcd at raflux for 3 II. T!IO oily rcsiduc oblai111~! on 
rcnioviug tolucnc under rcduccd prcssurc wns purified !~y 
Ilns!~ c!iromntogrn!hy 011 b~lc silicn gel to give R GO:60 
mixturo of Sa-I-i and 5P_I.1 dinslcromcric compounds 1Dc 
(3.47 g, DO% y!c!c!). 

ill. (Ci!Cla) v 3 086, 3058, 3022, 2G56, 2870, 1030, 1400, 
14G3, 1 37G, 1 OfG, 743, 703. 

l 5x-H isomer 

‘r! NMR 400 6 0.06 0.88 (CDCIa, Miix) (Y, 3H, Cl-is), (8, 311, 
Cl!& 0.87 (1, J = 0.0 lix, 91.1, 3CH3, SII[(CI-!&IC/-~&), 
0.90 11, J = 0.0 i-ix, GII, 3Ci-12, Sn(Cf&);l], 1.15 (s, 31-1, 
Cl-i& 0.01-1.40 (Ill, 411, l-12-0, I&-7), 1.30-1.50 {Ill, 121-1, 
GC!&, Sn[CH2(C~f*)~CI-!3]3), 1.00 (In, ii-i, II-4), 2.00 
(dd, J = G.G, 7.5 lh, 11-1, I-Ill-l”), 3.35 (dd, J = G.5, 
aI. Hx, lH, I-i!.+l”), 3.33 (brand s, I I-i, !&7n), 4.07 (dcl, 
J = 12.0, 2.G i-lx, 11-1, I-in-2), 4.57 (dr!, J = 12.G, 2.6 I-lx, 
I!.!, H!+2), 5.27 (t, J = 2.5 iir, 11.1, H-i’, J i-I-‘17S~~ = 
J i-i-l’oS~~ = 68.0 Hz), 7.32 (m, III-I, Ar-Ii), 7.51 (111, GI-I, 
h-i-1). 

‘“C NMR (CDCln, 60.3 Miir 6 0.0 [3CH2, SII(CHZ-)a, J C l b “‘Sn = 346.0 Hz, J C-l’ Sn = 338.0 i-h], 13.8 {3Ci-13, 
SII[(CH&C~~&}, 17.6 (CHa), 23.0 (GG)ilf2.4 (Ck!3$ 
f~7.,3C!i~, SI~(CH&~-~&H&H~)~, J C SII = J G 

= 61.0 i-ix], 21J.3 [3Ci-12, ~ll(~~ia~~i3~~13~!~13)3, 

J C-“?~II = J G’loS,, = ‘ LG.0 I&], 33.6 (Gp’) 34.2 
(CXi3), 30.2 (C-7), 48.0 (C-4), dI8.5 (G3n, J G SII = 
J G”“Sl1 = 43.0 Hz), 02.0 (c-l”), 72.0 (G2, J G”‘SII 
= .I C-“‘SII = 32.0 Hz), 86.2 (C-7& 87.3 [C(!‘!I)~], 117.0 
(C-l’), 127.0 (3Ci-1, hr), 127.7 (UCX!, Ar), 120.0 (WI-I, 
Ar), ldl4.4 (3C, Ar), lG7.0 (G3). 

. 5/3-H isorrm 

‘I-! NMR (CDCI3, 400 6 0.65 0.87 
y, 

MHz) (s, 3H, CI-i3), 
J = 6.0 I-!z, OH, 3Ci-13, Sn[(CH&Clf~)]3}, O.DO It., 

= 0.0 Hz, Gil, 3Ciiz, Sn(Cf&)3], 0.03 (R, 31-1, CH3), 
1.15 (8, 3k!, c&), O.GO-1.41 (m, d!H, Hz-G, i!z-7), i.30- 
1.60 (m, 121.1, GCH2, SII[CH~(C~~&CH~]~}, 1.80 (III, Ii-l, 
i-l-4), 3.12 (tld, J = I)& 6.3 Hz, II-I, i-in-l”), 3.6iJ (dd, 
J = 10.0, 5.7 Ha, lI_I, H-7a), 3.60 (dd, J = D.5, 1.8 Hz, 
11-i, i-lb-l”), 4.13 (dd, J = 13.3, 2.5 I-lx, 111, I-in-2), 4.10 
(dd, J = 13.3, 2.6 Hz, Ii-i, i-lb-2), 6.11 (t, .I = 2.4 Hz, 
Ii& H-l’, J ii-‘“SII = J fl-“‘SII = G8.0 I-h), 7.31 (III, 
ill-i, Ar-I-i), 7.52 (m, GH, Ar-i-i). 

13C NMR (CDCl3, 60.3 MHz) 6 D.9 [3CH~, Sn(C!-in-)3, 
J G*“Sn = 345.0 Hz, .I G”‘Sn = 338.0 Hz], 13.8 
(3CIi3, Sn[(CH&CH3)]3), 22.6 (C-G)+ 25.0 (Cl-I& 27.3 
[3CH2, Sn(CH~Ci~i&‘H&.Xi3)3, J G” Sn = J G SII = 
GO.0 Hz], 20.4 [3CHz, Sn(Ci~~CH~CH~CiI~)~, J G”‘SII 
= J C-“‘Sn = 28.0 Hz], 30.0 (C!-I$, 33.2 (Gfjd 34.0 
(CHS), 38.G (G7), 4&S (G3n, J G” Sn = .I G SII = 
41.0 Hz), 54.0 (G4), G2.5 (Cl”), 71.9 (G2, J G117S~1 = 
J C-l’oSn = 32.0 Hz), 87.3 [C(P11)3], 87.3 (c-719, 116.1 
(C-l’), 127.0 (3CH, Ar), 127.7 (GCH, Ar), 120.0 (GCH, 
Ar), 144.4 (3C, Ar), 163.0 (G3). 

MS (Cl, NH3) m/z for major “‘Sn isotope 7G0 
(MH+ + NH3), 743 (MI-I+), 143, 291. 

(%,SaR* ,4R’F, 7anb)-4-(H~di~~rbet~b~l)- 
9a,~,~-ti~l~~c~byt-3-inetlryle’clc oci?o./bfjdlv- 

kluo/rrmn 20a 

l P~vcerlurc A 
‘lb II solutiaii of Llic criitlc stnmumo 10n (Ga-!1/5&!i = 
GO:40, 2.0 g, 4.0 nunol) III THP (20 IIIL) wns ucldcd II 1 N HC! 
uq~~co~~s ~oiut.!on (0 InL). T!IO rhnction inixturo WM slirrcd nL 
20 OC for 3 11. pnrtltioncd bclwvcc~~ dichvi clhor (SO mL1 nud 
writer (10 mtij nnd l11c p!~nscs wcrc scpkntcd. TIIC aqueous 
plmsc wn~ cxtractcd wit!1 diatl~yl ctllcr (2 x 100 IIIL) und 
~!KJ orgnnic plinlim wcro wns!u~I will1 brinu, tlicii dried over 
hlgSO.1, i!!torcd nnd co11ccnlrulcd In vncuo. i’urikntiou of 
1,110 rc?s!duo by Iius!~ clu-omntogmplly OII silicn gel guvo n 
GO:40 mixhiro or Gck-ii nnd SP-II lso~~~cffl 20~1 (800 mg, i’JS% 
yield) 118 n yc!low oil. 

a Pvvccdulr: B 
To n solution of ally1 compound 20b (sco !~cIow, Sc~!-ll/ 
G&H = 70:30, 3.0 g, 0.2 mmo!) III CXIJCN (10 IIIL) nl 
20 OC WIIB ntldcd n 48% nqucouti !fP solution (I ML). Tl~c 
rcnctlon mixhiro wns stirred nl 1!1is kmpcrnturc for I II und 
pnrlitioucd ~C~NCCII dielIly! clllcr (100 I&) nnd 11 snturnlcd 
nqucous Nnl-iC03 sol~~tlon (20 ml,). T!IO uqucous phsu 
wns cxtrnclcd wills dictlly! cL!lor (3 x 100 mL) uud 1110 
combiucd orgniilc plinscs wore wnelinl with brine, tlicii dricc! 
over unhydrous Mb60.1, Iiltorcc! u~~rl conccntrntcd in vacua. 
I~uriknlion 0T tlic rcslduc IJY Gns!~ c!~romntorrrn~~!~v on silicn 
gc! gnvo n 70:30 niixturo df ha-Ii unc! G&T! i~kl~ 20a 
(1.65 g, 80% yiolcl) us n yellow oil. 
IR (CI.!CI3) v 3 434, 2 030, 2 870, I 000, 1 4GG, 1 :18G, 1 3GG, 

1248, 1070, 1019, 044, 838. 

‘!I NMR (CDCIJ, 200 Mllx) 6 0.78-1.01 (III, Gil, 11-4, I-12-0, 
112-7, Oi-I), 0.80 (8, 31-1, C!.!a), 0.88 (8, 31-1, CL!:,), 0.08 (8, 
31-1, Cl-is), 3.46 (I, J = 
!-12-l”), 4.23 (dl, J = 

2.5 11x, II-I, Ii-7n), 3.75 (III, a!!, 

J 
ld!.G, 2.6 Hz, ii,!, I-In-2), 4.85 (1, 

= 2.6 Hz, 1 1.1, Hu-l’), 4.57 (dt, J = 14.5, 2.ti l-la, iti, 
Hb-2), 4.88 (t, J = 2.5 iiz, 11.1, 111,-i’). 

13C NMR (CDCl3, SO.3 Ml-lx) 6 10.8 (Ciiy), 21.7 (Cl-la), 
22.1 (GG), 28.6 (Cl-i3), 33.0, (GG), 35.2 (G-7), 40.1 
(C-311), 49.1 (G4), G0.G (C-l”), GG.7 (G2), 84.3 (G7n), 
104.1 (Cl’), iGG.0 (G3). 

l 50-H isomat 
‘El NMR (CDCI3, 200 MHz) 6 0.81-1.80 (III, 51-1, I-I-4, I-12- 

G, I-12-7), 0.88 (s, 311, C!.!a), 1.00 (8, 311, C!l3), 1.10 (5, 
311, CX!3), 2.40 (ni, 11-1, OII), 3.87 (I,, ,/ = 5.8 Ilx, II-!, 
Ii-7n), 3.fXL (m, 21-1, !,!a-I”), 4.35 (dl, J = 14.0, 2.6 Hz, 
1 H, Hn-2), 4.48 (clt, J = 14.0, 2.6 I-lw, 111, I-IW!), 4.81 $1, 
J = 2.6 He, ii-!, Hn-l’), 4.W (L, J = 2.B Ha, iii, klb-1 ). 

13C NMR (CDClr, GO.3 Ml~ix) d 23.7 (GG), 26.3 (CHS), 28.0 
(Ctls), 31.0 (CHJ), 33.2 (C-f), 35.8 (Gt), 48.0 (G3u), 
55.I) (G4), 02.2 (Cl”), 70.5 (c-2), 85.4 (G7n), 104.5 
(Cl’), 155.8 (G3). 

MS (Cl, NI-13) m/t 228 @!I-I+ + NI-in), 211 (Mil+). 
Ann! 

C, 
cnlc for C131.12202, 
73.03; II, 10.7G. 

210.31: G 74.24; H, 10.54. Foimc!; 

l Procedtblr? A 
To n solution of l.110 crude stnnuanc 1Db (5a-I-i/E&!-I = 
70:30. 6.0 r. 9.8 mmo!) in THP (50 mLI wns nddct! n 



1 N I-El nq\mous solutiol\ (‘20 mL). Tire retrclion mixtrtrc 
wns stjrrcd nL 20 OC for 3 Ii. tuwlitioncd bclwcn dicLiivi 

clhor (100 tnL) mid wnlcr (ti6 NIL) niid the ~ht3cs w&2 
~scparntcd. Tho nqucous pjmsc wns cxxtroctcd with dicthyl 
olhor (2 x 100 mL) nnd lhc orgnttic pi1n5ct3 wcrc watlhcd \vili~ 
brittc, then dried over MgSO.t, fiilcrcd nnd cottcottlrntcd in 
vnctto. l~ttrificntioi~ of Lhc ra3idrto by flash cltrotttnlogropity 
ott silicn gel gnvo n 70:30 ttiixlurc of Ga-1.1 nttd 5&ii IsomcM 
2ob (3.02 6, 05% yleld) tw n yciio\v oil. 

. PlVcI?dlrlr: 13 

‘Ib R solu1iott of t~tnnnyl cot~~pottttci 1Ob (5a-I-i/5/Mi = 
70:30, 3.0 g, 4.0 t~~ti~oi) lit dry Ti-IF (GO mL) cooicd tit 
-78 “C wns nddcd 11 1.5 Aal tt-B\tLi sol~ttiott in Itcxnttm 
(3.0 mL, 5.87 tm101, 1.2 L~II~Y). Tito rcnctiott tttixlurc, 
lurttad brown. wvns slirrcd nl; 1111s tctnpcrntttro Ibr 1 It. 
m3 rcnclion titixlttrc wns pottrcd ittlo R &l\trnlcd i~quco~rs 
ntntnotti\tm citiorido solittion I20 mLj. diluted with dicllt.vl . . 
ctltcr (50 tnL) nttd the phwcft \vcrc scpnrtitcd. Titc nqitcok 
j~ltnsc wiis oxlrnctcd witi\ diclhyl otitcr (3 x 100 ml,) nttd 
the combined orgnnic pitnscs wcra wnshcd witit hriilc, dried 
over nnhydrous h4gSO.1, liitorcd nttd cottccttLrnlcd iii vncuo. 
P\trilicntion by Iinslt chrotnntogrnphy ott silica gel gnvc n 
70:30 inixktro of Ba-I.1 nud G/3-H dint3lorcon\c\*ic proc111cts 
20b (1.6 g, 05% ylcld). 
IR (CiiCl3) I/ 2 020, 1050, 1471, 1254, 1 001, &?G, 774. 

. k-H lko?lLcr 

‘Ii NMR (CDCi3, 200 Ml-iz) 6 0.04 nt\d 0.05 ~ZS, 01-1, 2Ci-la, 
Si(Ci-I~)z], 0.05 [3s, Oi-1,3Cii3, SiC(Ci-i&j, 1.00-1.03 (m, 
Gil, H-4, i&-O, i&7), 0.00, I .05 uttd 1.00 (3s, !-Hi, 3Ci-13, 
Cl&,-311, 2 Cl-1:,-G), 3.50 (t, J = 2.5 Iis, Ii-i, i-i-71\), 3.7G 
(dd, J = 11.7, 0.3 Hz, IN, iht-1”), 3.81 (dd, ./ = 11.7, 
2.G j-la, II-I, 111~1”), 4.28 (tjt, .I = 13.5, 2.5 IJx, Iii, i-111-2), 
4.01 (dt, J = 13.5, 2.5 i-ix, 1i~i,.i~il~-2), 4.81 (1, .I = 2.6 i-ix, 
Iii, Hn-1’), 4.03 (1, J = 2.5, 111, iiirl’). 

t3C NMR (CDCia, 50.3 Mllz) 6 -5.32 [2CI-13, Si(Ci-i&t], 
17.4 (Cl-i:t-3n), 18.1 [C, SiC(Cil3)s], 22.2 (Cl&S), 22.4 
(C-G), 20.0 [3C1-13, SiC(Cil3);I], 33.3 (Gb), 33.G (Ci-kt- 
5), 35.8 (C-7), 40.5 (CBtr), dj7.6 (G4), 00.5 (Cl”), 00.8 
(G2), 84.7 (G7t\), 104.1 (Cl’), 158.0 (G3). 

‘I-l Nkiit (CDCl3, 200 MiIx) 6 0.01 [Y, 01-1, 2Ci-13, Si(Ci-I&], 
0.05 [3!t, 011, 3c.X13, sic(cI-i3)~], 1.00-1.03 (Ill, 51-i, H-4, 
I&-O, iia-7), 0.01, I .04 nttd 1.05 (39, 01-1, 3Ci13, Cl-i3-311, 
2 C&t-t), 3.65 (dd, J = 0.0, 0.4 iix, 11-i, I-I-7n), 3.01 (ticj, 
J = 11.7, (1.3 I-Is, 11-1, lln-I”), 1.12 (dd, J = 11.7, 2.7 i-ix, 
11-1, iih-I”), 4.14 (hrond s, 211, I-I*-2), 4.82 (1, J = 2.5 i-is, 
2Il, IIa-1’). 

13C NMR (CDCi3, 50.3 Mils) 6 -5.3 [2CiI3, Si(Clk)a], 
18.1 [C, SiC(CI-I&], 22.8 (Cl-IS), 24.7 (G(i), 2G.0 [3Ci-13, 
SiC(CI&t)3], 30.0 (Cl-is), 32.4 (Ck), 34.4 (G5), 38.2 
(c-7), 48.8 (G3n), GO.5 (c-4), 01.3 (Cl”), 70.5 (G2), 
87.1 (G7n), 104.0 (Cl’), 154.5 (c-3). 

MS (Cl, N&t) m/t 342 (kill+ + Ni-is), 325 (MI-i+), PUB, 
284, 207, 237, 125, 103, 175, lG3,132. 

Atd cnl~ for Cutl&002Si, 324.5G: C, 70.37; II, I1 .I 1. libttnd; 
C, 70.47; i-i, 11.37. 

l PmwLutr: A 
‘Lb n sohttiott of crttcic st..nt~ttn~~o 10~ [2.0 g derived from 
compound 18c (Sa-I-l/G&I-i = 50:50, 1.34 g, 2.0 mn\oi)] 

in TliF (GO tnL) wns nddcd t\ 1 N t\q\mo~ts I-ICI s~it~~j~tt 
(30 mL). *rh rcnclion tnixtitrc ww sllrrcd nL 20 OC for 
3 It nud pirrtitioncd bctwcctt tiicljtyj olitcr (100 IIIL) nurl 
wnlcr (20 mL). Titc j~itnsw were wp~\rnlcd t~tttl tit0 nqumns 
pitnsc wnq cxtrnclcd wilit dictltyi ctitcr (2 x 100 tnL). ‘I’itc 
orgnttic jktsc3 wcrc \vnsitcd wilit brine, thct~ rlricd over 
lkIgS0~, iillored nttd cottccttlrnlcd ie vncuo. Pttrilict\liott or 
lhc rcsidito by Ilt\td~ citrottti\togrnphy 011 ~ilicn gel gnvc II 
GO:60 mixtttrc of 5+1-i mid Go-i-l isotttcrw 2Oc (I .I5 g, 05% 
yicid) ns n yciio\v oil. 

To n ~l111iot1 of alnttttntta compo\tttds 1Dc (5~li/5&ii = 
50:50, 4.0 g, 5.4 mtnoi) in dry Ti-IP (35 inI,) ~odicti nl. 
-78 OC wns nddcd n 1.5 hi 7d3ttiAi soittliott hi i~cxnt~cv 

(4.3 tnL, 0.5 mtuoi, 1.2 quiv). Titc rcnct,ion tnjxt\trc, tttrncd 
brown i\nd WM stirred GIL LIIIS tcmpcrrttttrc for I 11. Tile rc- 
uclion mixtttrc wns poured it110 n sntitrntcd ncjucoue ntttmo- 
ttittm citiorido 801utiot1 (GO IIIL), diittkvl with di~?ti~yi ctitor 
(100 IIIL) nttd lhc pi~ttsm wcrc scp~\rnlcd. TIIC nqttco\tB LI~CI 
\vns cxlrnclcd wilit dicljtyi otltcr (3 x 150 tnL) t\ttd 1110 LQIII- 
bitted orgnttic j~hm wore \vtu3itcd wit11 Iwittc, dried over 
nt~l~ydroutt hlgS0.t , liitcrcd nttd concctttrntni in VIICIIO. I+- 
riIjcntio\i hy Iinslr ci\rot\tnlogrnj~i\y o\\ siljcn gel gnva n 6050 
tttixlnrc of dinskrcotttcric prodttcl*i 2Oc (2.2 g, 00% yield). 
lit (CilCi3) v 2 1134, 1 G50, I 448, 1 054, 000, 733, G40. 

‘i-i NMR (CDCI:t, 200 Miir) 15 0.70-1.00 (III, 511, 11-4, Hz- 
G, IIa-7), 0.60 (s, 31-1, Cl-la), 0.71 (8, 31-i, CiI& O.OG (H, 
3Ii, Cii3), 2.06 (dd, J = 0.0, 7.0 ila, Ill, iin-1”), 3.32 
(dd, J = 0.0, 2.0 i-ix, 11-1, Iib-I”), 3.35 (1, .I = 2.5 Iix, 
iii, I-I-7n), 4.15 (dt, J = 17.0, 1.5 iix, 111, iin-2), 4.27 
(1, .I = 1-G Iia, Ii-i, l-in-l’), 4.G8 (dt, .J = 17.0, I.6 ilx, 
ill, iib2), dl.62 (1, .I = 1.5 i-ix, Ii-i, I-11~I’), 7.30 (m, 111~1, 
Ar-i-i), 7.4G (ttt, Gil, hr-Ii). 

\“C NhiiZ (CDClr, 50.3 hllin) 6 1G.I) (Cl-la-ln), 21.9 
(Ci-la-G), 22-G (GG), 33.2 (Cl-13-t), 34.2 (CC), 35.4 (G7), 
42.3 (G3n), 53.8 (c-4), 01.3 (Cl”), GO.8 (G2), 85.0 
(G7a), 87.5 [c(PII)x], 10~1.8 (Cl’), 127.0 (3Ci-I, Ar), 
127.8 (GCI-I, Ar), 120.0 (GCII, Ar), 144.4 (3C, Ar), 15G.P 
(c-3). 

‘II NIvIit (CDCi3, 200 MI-1%) 6 0.70-1.00 (III, 51.1, l-1-4, 1-1~ 
G, iia-7), 0.55 (8, 3k1, CI13), 0.93 (a, 311, Cl-la), l.lG (8, 
31-1, CH3), 3.17 (dd, .I = 10.0, 5.0 Ha, 11-1, i-in-l”), 3.55 
(III, III, I-I-7n), 3.58 (dd, J = 10.0, 3.0 llx, lil, Iil~-1”), 
4.25 (brand s, 21-1, I-12-2), 4.25 (iwond s, Ii-i, kin-l’), 4.47 
(brond s, 11-I. Hb-l’), 7.21 (III, Okl, Ar-i-l), 7.40 (III, 011, 
Ar-1.1). 

‘“C NMR (CDCl3, 50.3 Mi~lx) d 22.5 (CH3), 24.8 (C-G), 30.1 
(Ci13), 33.0 (Cl-is), 33.9 (C-G), 38.4 (G7), 4D.0 (G3n), 
53.0 (c-4), G2.4 (Cl”), 70.5 (C2), 87.0 [C(l’h),], 87.1 
(C-71\), 103.0 (Cl’), 127.0 (3Cii, Ar), 127.8 (GCII, Ar), 
129.0 (GCl-I, Ar), 144.4 (3C, Ar), 154.0 (G3). 

MS (Cl, Nils) n&/t dj70 (M+ + Nl&), 453 (hM+). 

Anni cnic for C&H31_t02, 452.61: C, 81.01; 11, 8.02. Found; 
C, 84.85; i-i, 8.15. 

sra, 5, & tli7~retllyl oc trltl#lJdmbell.zofhnn 21 D 

To IL sohttion of silyl ni~01\01 2lb (set bciow, 5a-II/5&1-I = 
70:30, 3.1 g, 0.1 tiimoi) iii ncctottilrilc (!I.5 triL) irl 20 OC 
wns nddcd n gjS% nq~teous HP soi\ttiott (0.5 ml,). WIG t-e 
suitiug ciortdy mixture wns stirred 111 20 “C for 1 II nnd 111~ 
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rcnctlon qucnchxi with suturffted nqueous NnilC0~ soiu- 

lion (20 iiit). Tlio piinsu3 were sopnrnted mid the uqueoue 
nitese wns extrnctcd with dicthvi cthcr 13 x 50 mLl. Tiic 
;loi~hiim_l orgunic piinscs wcrc w;lsiied with brine, thei; dried 
over nnhydrous 1MgS04, liitered nnd concentrulcd in vncuo. 
Purillcntion by flush chromatogrnphy on silica gci gnvc n 
70:30 mixture of nlcohols ala (l.BG g, 00% yielci). 
IR (NnCi) v 3 423, 2 030, 1450, 1 383, 1307, 107D, I 060, 

1024,076, 044. 

l &x-H isotrrct 

‘II NMR (CDCi3, 200 MIIz) d 0.80, 0.07 fmd 1.01 (3s, Oil, 
3CiI3, Cl-is-3n, 2Cli3-5). 1.10-1.01 (m, 011, H-4, I-la-G, 
Ha-7, OH), 1.53 (dt, J = 6.7, 1.1 Iiz, 311, CHs-l’), 3.40 
(t, J = 2.5 Hz, lIi,~H-7n), 3.0 nuti 3.8 (add, J = 13.7, 
5.0 i-ix, 211, Hz-I”), 4.35 nnd 4.60 (ddq, J = 12.7, 2.0, 
1.1 I-ix, 21-1, Hz-2), 5.22 (qd, J = (1.7, 2.G i-ix, 111, ii-l’). 

13C NMR. (CDCi3, GO.3 MIla) d 17.3 (Cl-IJ-l’), 22.2 (C-G), 
nd 26.3 (CHa), 28.G (CHs), 33.3 (C-&i), 33.3 (Cl-ia), 
35.5 (C-7), 45.6 (C-30), 40.8 nud (C-4), 61.1 (Gl”), 67.7 
(G2), 84.5 (G7n), 114.2 (Cl’), 150.1 (G3). 

l 5/3-H isomer 

‘I4 NMR (CDCIJ, 200 MHz) 6 0.07, 1.00 nnd 1.03 (3s, OH, 
3CHa, CH&ln, 2Ci-IJ-5), 1.10-1.01 (m, 61-1, i-i-4, i-12-0, 
Hz-7, OH), 1.63 (fit, J = 0.7, 1.1 Hz, 3H, CHJ, Cl-Is-l’), 
3.60 (t, J = 5.6 Hz, 11-i, ii-7n), 3.0 nud 3.8 (2dd, J = 6.G, 
13.7 Hz, 211, ila-1”), 4.3G nnd 4.5G (ddq, J = 12.7, 2.0, 
1.1 I-lx, 2H, Hz-2), 5.10 (qd, J = 0.7, 2.0 He, 1 ii, 11-l’). 

13C Nh4R (CDC13, GO.3 MI-is) 6 17.3 (Cl&l’), 21.0 (GG), 
23.4 (CHa), 28.6 (CHJ), 33.2 (GS), 31. 8 (Cl-la), 35.2 
(C-7), 47.0 (G3n), 56.2 (C-4), 02.5 (Cl”), 08.8 (G2), 
85.0 (G~R), 114.7 (Cl’), l50.1 (G3). 

MS (Cl, NI.13) m/z 242 (MI-I+ + NH& 22G @liI+), 224. 
And cdc for Cf.ll-I~.~0~, 224.33: C, 74.06; I-I, 10.78. Found; 

C, 74.81); I-i, 10.82. 

l Pmmhrr: A 
To n 5olution of stfmnyl compound 1Db (5a-11/6&Il = 
70:30,7.4 g, 12 mmoi) in dry THF (50 mL) cooled lo -78 OC 
wns nddcd 11 1,6 h4 rr-BuLi solution In hcxnnea (0.02 d+ 
14.4 mmoi, 1.2 cquiv). Tiia rcnction mixture Lurucd brown 
fmd wf~ stirred nt this lempcrflturc Ior 1 II. Methyl iodido 
(2.3 mL, 30 mmol, 3 cquiv) wt18 then ndded and 1110 solution 
filiowcd to wnrm to 20 “C over 1 ii. Tim rcnction mixture 
wns poured into n sntiirdeci aqueous funnioniuin ciiiorido 
solution (100 mL), diiutcd with dicthyi cthcr (150 1111,) 
nud the pimscs wora sopsrated. Tha nqueous pimsu wnt( 
extrncted wilh diethyi cthcr (3 x 150 II&) nnrl the cofnbincd 
orgunic pimsm woru wsshcd with brino, dried over nnhydrous 
MgS0.f. liitared fmd concontrntcd in vncuo. Purifif&iou by 
liavii ciiromatograpily on siiicn gci gave n 70:30 mixture 0r 
5~11 and 50-H dinstercomcric products 21b (3.1 g, 70% 
yield). 

l Ptwcedure B 
To a solution of iodo compound 23b (set below, 5a-H/ 
5/3-II = 70:30, 2 g, 4.4 mmol) in dry THP (50 mL) cooicd 
LO -78 “C WM uddcd a 1.0 M MeLi solution in dicthyi ether 
(4.0 ml,, 7.0 mmoi, 1.8 equiv). The rcnction mixture wffs 
stirred at this tompcraturc ror 1 11 nnd wf~~ then poured into 
n snturated aqueous nmmonium chioridc solution (50 mL), 
diluted with diethyl ether (100 mL) nnd tha plmses were 

sepnrntcd. The nqucous phnso wfu? cxtrffclcd with diathyi 
other (3 x 100 mL) nnd tlic combined orgnnic plmscs wore 
w~hed with brine, dried over nnirydrous MgSO.f, liltered 
nnd concontmtfxl in vncIIo. Purikntion ivy flesh chromntog- 
rnphy ou siiicn gci gtivo IL 70:30 mixlura of Sa-1-l nnd S&H 
dinstoreomeric products 21b (1.3 g, 87% yield). 

lit (NnCI) Y 2 028, 2 85G, 1 401, 1383, 1 302, 1 263, 1003, 
1006, 836, 774. 

l h-H isotnat 

‘ii NhllRjCDCb, 200 Ml-lx) 6 0.00 Is, Gil, 2Cii3, Si(Cii~)2], 
0.88. 0.02 nnd 1.20 13s. OH. 3CiI:f. Cl-Is-3n und 2CI-I:,-Ii). 
O.O4’[s, OH, 3CIiJ, sk(cli;)3], lkk (di, J = 0.8, i.riilh; 
311, Cl-la, CHJ-1’), 1.10-2.06 (fn, 511, I-IA, II&, l&7), 
3.14 (1, J = 2.8 Hz, 11-I. H-7n), 3.07 (dd, .I = 10.8, G.5 Iiz, 
Ii-l, Iln-I”), 3.77 (dd, J = 10.8, 2.G 112, 11-1, I-Ill-1”), 4.33 
tmti 4.47 (2dd, J = 13.2, 2.11 i-ix, 211, Hz-2), 5.14 (ql, 
J = 0.8, 2.0 11x, ll-I, H-l’). 

13C NhJR (CDC13,60.3 MHz) d -5.3 [2CH3, Sl(Cll~)~], 14.1 
(Cl&I’), 17.5 [C, SIC(CH3)3], 17.5,22.1 nnd 33-G (3CH3, 
CH:,-3n, 2CH3-6), 22.3 (C-G), 2G.0 (3CH3, SiC(Ci-I:,)& 
33.3 (C-G), 38.1 (G7), 4G.l (C3f~), 50.7 (Cd), G0.G 
(C-l”), 67.8 (C-2), 84.7 (Gnr), 114.3 (Cl’), 140.2 (G3). 

‘H NMR (CDCin, 200 MiIz) 6 0.02, 0.02 [a, GH, 2CH3, 
Si(CH3)2], 0.87, O.OG fmd 1.26 (36, OH, 3CH3, CI-Ia- 
3n, PCHa-G), O.OG [s, OII, 3CX13, SiC(CI-IJ)~], 1.50 ([IL, 
J = (3.8, 1.1 Hz, 311, CH3, CHa-I’), 1.10-1.82 (111, 811, H- 
4, I-12-0, HZ-~), 3.00 (dd, J = 0.1, (1.3 I-lx, 11-1, I-1-71$ 3.87 
(dd, J = 10.4, G.8 i-lx, 11-1, iln-i’!), 4.07 (dd, .I = 10.4, 
2.4 I-ix, Ii-i, i-lb-l”), 4.3G nnd 4.47 (ndd, J = 10.4, 2.0 iix, 
21-1, l-12-2), 5.15 (qt., .I = 0.8, 2.0 iiz, 111, Ii-l’). 

f3C Nh4R (CDCi3.50.3 h’ill~) d ~5.3 [2CH3, SI(Ci&)a], 14.7 
(Clia-l’), 18.2 (C, SiC(C113)3], 23.1, 20.8 nnd 32.4 (Cl-Is- 
3n, 2CH3-G), 24.G (GG), 2G.l [3CI-13, SiC(CI-13)x], 33.7 
(C-5), 38.1 (G7), 48.0 (Gof~), 50.8 (c-4), Gl.5 (c-l”), 
OS.5 (C-2), 8G.0 (G7n), 114.1 (Cl’), 145.0 (G3). 

MS (Cl, Ni-13) WC/Z 33O (klH+), 325,281, 267, LSD, 137, 123, 
IOO, 01, 05, 07, 57. 

Auni cnic for C&i-i~sOzSi, 338.GG: C, 70.!)5; II, 11.31. Found; 
C, 70.82; I-I, 11.42. 

To E solution of stnnunnc compoui~ds 1Oc (5a-H/G&I-i = 
50:50, 5.4 g, 7.3 mmoi) in dry THF (GO mL) cooled ill. 
-78 OC wf~ ffddcd n 1.6 M rr-BuLi solution in hcxnnca 
(O.G2 uiL, 14.4 mmoi, 1.2 cquiv). Tiic refiction mixluro, 
which turned brown, wffs stirred nt this tcmpcraturc for 
1 h. Mcthyi iodide (2.3 mL, 3G nunoi. 3 cquiv) wns then 
nddcd nnd the solution nllowed lo wnrm to 20 “C over 1 II. 
Tim rcncliou mixture \VW poured into f~ saturolcci aqueous 
nmmonlurn chioridc solution (100 ml,), diiutcd with dicthyi 
cthcr (150 mL) nnd the pluses were scpnruted. Tim aquco~~s 
Iaycr ww cxtrnclcd with diethyl ether (3 x lG0 mL) fmd 
the combined orgnnic phflsa, wore wnshed with brine, dried 
over nnhydrous M&04, fdtcrcd nnd conccntrntcd in vncuo. 
I’urilicfktion by liffsif cliromntogapliy ou silica gel gcrve n 
50:50 mixture or dinstereomcric products 21~ (2.5 g, 75% 
yield). 
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• Ptvcedure B 
To a solution of lode COml)otlnd 23e (scc below, 51~-1t/ 
5~-H = 70:30, 1 g, 1.7 retool) in dry T I I F  (15 e L )  cooled 
to - 7 8  °C was added a 1.6 M MeLi solution In diethyl ether 
(2.0 e L ,  3.1 retool, 1.8 cqulv). The reaction mixture was 
stirred a t  this tempera ture  for 1 It and was then poured late 
It saturated aqueous ammoa inm chloride ~olntion (20 e L ) ,  
diluted with dlethyl ether (50 e L )  and the phases were sep- 
nrated. The  aqueous phase was extracted with dicthyl ether 
(3 x 100 e L )  and  the combined organic phases were washed 
with brine, dried over anlwdrous MgSO4, filtered and con- 
ccntratcd in vacuo. Purification by flash chromatography on 
tdllca gel gave a 70:30 mixture of 5~-I1 and 5fl-H dlastere- 
omerlc prodttcts 21c (0.63 g, 80% yield). 

IR (CllCla) v 3 085, 3 058, 3 022, 2 955, 2 870, 1 490, 1 463, 
1 376, 1 056, 7'13, 703. 

IH NMIt  (CDC'Ia, 200 Mliz,  two isomcru) 6 0.71, 0.84, 1.08 
1.24, 1.28 attd 1.29 (6s, 1811, 2Clla-3a, 4C!1a-5), 1.38 
and 1.50 (2d, J ---- 6.,I Hz, 6H, 2CHa-I*), 0.85-1.87 (m, 
101-1, 21I-4, 2H2-6, 2112-7), 3.11 (dd, d = 9.5, 7.5 Hz, IH, 
l lit-l**), 3.34-3.75 (m, 5H, Hb- l" ,  H2-1'*, 21t-7a), 4.37 (m, 
4H, 2H2-2), 4.80 (m, 2H, 2H-11), 7.3 (m, 1811, Ar-tl) ,  7.5 
(m, 1211, At-H). 

taC NMIt  (CDCla, 50.3 Mllz,  two Isomers) 6 1,1.5, 15.3, 17.,1, 
21.9, 22.7, 29.9, 32.9 and 33.7 (8CHa, 2CHa-5, 2CHa-3a, 
2CHa-I ' ) ,  22.1 and 24.4 (2C-6), 32.6 and 33.7 (2C.-5), 
34.3 attd 38.0 (2C,-7), 46.1 and 53.8 (2C-,I), ,15.9 and 48.6 
(2C-3a), 61.4 att¢l 62.3 (2C.-1"), 67.7 attd 68.3 (2C-2), 
8,l.d attd 86.8 (2C--7a), 87.1 [2C(Ph)3], 113.8 nnd 114.7 
(2C.-1'), 127.7 (6CH, Ar), 128.9 (12CII, Ar), 127.6 (12C11, 
Ar), 14,1.3 and 1,I5.0 (6C, Ar), 1,1,1.3 and 145.1 (2C-3). 

MS (CI, NHa) m / z  ,184 (MH + + Nlla), 467 (MH+). 

[2Z(3Z,3aR*,4R*, 7aR* )]- (4-Hy&v~pnetJ~yl- 
3a,5,5-trimeLhyl octahyd~vbcnzofumn-3-ylidenc) 
acetic acid methyl ester 22a 5t~-H 

"[b It solution of cater 2 2 b  (see below, 5o-1t/5fl-I1 = 70:30, 
200 rag, 5.2 retool) in T I I F  (5 e L )  nL 20 °C was added a 
1 M T B A F  solution in T H F  attd the mlxttnm was stirred 
at this tcmpera tnre  for 12 h. The reaction wn..; quenched 
with water (10 e L )  diluted with diethyl ether (50 e L )  
attd the l)hascs were scparatcd. The  aqucons phase was 
extracted with dlethyl other (3 x 25 e L )  attd the comblacd 
organic phases washed with brine, dried over anhydrous 
MgSO4, filtered and eoncentrated in cattle. Purification of 
the residue by flash chromatograp]w on siltca gel gave the 
5~-!I it, erect  22a  5~-Ii  (8,1 rag, 60% yield) as a yellow oil. 

IR. (CITCI3) L, 3 d6d, 2 949, 2 856, 1 708, 1 658, I d3(], 1 350, 
1 224, 1 177, 1 0,!7, 1 019, 909, 733, 684. 

tit NMH. (CDCla, 200 Mllz)  6 0.7-1.8 (m, 6H, H-d', 112-6',. 
l12-d', OH), 0.90, 1.0 attd 1.03 (3s, 9H, 3Clla,  CHa-3'a, 
2CHa-5t), 3.42 (t, d = 2.5 llz, 1H, H-7'a), 3.62 (s, 311, 
CHa, CO2C11~), 3.70 (m, 2H, 112-1"), 4.68 (dd, J = 17.5, 
2.5 Hz, IH,  l-la-2'), ,i.88 (dd, .I = 17.5, 2.5 lJz, IH, 111)-2'), 
5.60 (t, d = 2.5, n l ,  H-2). 

ta'C NMI't (CDCla, 50.3 Mltz) 6 16.3 (CHa-3'a),  20.7 
I I I i I ,  (C-6) ,  21.1 (C1-13-5), 32.2 (C--5), 32.5 (C11a-5), 34.2 

(C-7'), 47.2 (C-3'it), 48.0 (C.-,I'), 50.5 (Clla, CO2C113), 
59.4 (C-I"), 69.,! (C-2'), 82.3 (C-7'a), 110.2 (C-2), 165.8 
(C-3'), 171.5 (C-l ,  CO2CH:I). 

MS (CI, NH3) m / z  286 (MH + + NHa), 269 (MH+), 254, 
181, 167, 153, 137, 123, 52. 

Anal cale for CmH240,t, 268.34: (3, 67.13; H, 9.02. Pound; 
C, 67.55; H, 9.38. 

[P.Z(3Z, 3aR*,4R* 5"*, TaR °)]- N- {[fiert 'Butyhtimcthyl- 
silyQoxllflnethyl}-3a,5,5-tTimethyl oet&tyd~vbeuzo- 
fiman-g-yHdenc) acetic acid methyl ester 22b  

• Procedure A 
'Fo a sohntioa of ~tannyl compounds 19b  (5o-11/5~-I! = 
70:30, 10 g, 16 retool) in T I I F  (75 mL) cooled to - 7 8  °C 
was added dropwise a 1.5 M n-BuLl solution in h c x a n ~  
(12 e L ,  18 retool, 1.1 eqtllv). The  renetlon ntixtttrc was 
stirred at this temperature for 1 h and thea trmmferrcd via 
cannnla  to it cooled solutiott (0 °C) of tacthyl chloroforntnte 
(6.3 e L ,  82 tnmol, 5 cqulv) in 30 mh  of T l t F .  The ndxture  
was stirred at  this temperature  for 1 h and was allowc~tl to 
wana  to 20 °C. After st irring for another  hour at  20 °C, 
the remetlon was quenched with water (20 ml,), dlhttcd with 
diethyl ether (50 mL) att(I the phases were separated. The 
aqueoas phase wire extracted with dlethyl ether (3 × 50 mL) 
and the combined organic phases were wlmhcd with brine, 
dried over anlwdroas MgSOa, filtered and concentrated in 
vaeno. Purification of the residue by flash chromatogralflly 
on siltca gel gave It 70:30 mixtnre of 5o-I-I and 5/3-11 i~otneric 
ester 22b  (5.3 g, 85% ytehl) ms a yellow o11. 

• P1vcedure B 
To a solution of lode COlnpound 23b  (see below, 5o-11/ 
5O-H = 70:30, 1.0 g, 2.2 retool) Jn T i l l '  (10 e L )  coolml 
to --?8 °C was added dropwlso a 1.5 M n.-BuLI solution 
in hexanc~ (2.2 e L ,  3.2 mnJol, 1.2 cqttiv). The reaction 
mixture was stirred a t  this temlmratnre For i h and then 
transferred via cannttla to a cooled sohttion (0 °C) of methyl 
chloroformatc (0.85 e L ,  11 tmnol, 5 cquiv) In T I I F  (2 e L ) .  
The reaction was stirred a t  this temperature for I It, allowed 
to warm to 20 °C over 1 It and qucneltcd with water 
(5 e L ) .  The rcmtltlng solution was diluted with diethyl 
eLhcr (50 e L )  and the phasc~ were tmlmrated. The aqueous 
phase was extracted with 3 x 50 e l ,  of diethyi ether aud 
the combined organic phases were washed w i t h  brine, dr icd 
over atdlydrous MgS04,  f i l tered nnd coacentnlLcd in wmno. 
Pttrlfication of the residue by fltmh chromatogral)hy on silica 
gel gave a 70:30 mixture of 5o-I1 and 5fl-ll Isomeric cstem 
22b  (145 tng, 17% ylekl) as tt yellow oil and a 70:30 mixtnrc 
of 5o-II and 5/%1t I~omerie derivatives 20b  (592 rag, 83% 
yichl). 

• Ptvcetb,7~ C 
To tt solution of lode compound 23b  (see below, 5o.-I-I/ 
5f~-1-1 = 70:30, 2.2 g, 4.0 retool) in DME (20 e L )  cooled 
to - 7 8  °C was added (Iropwlso a 1.5 M t-BuLl solution 
in hexaacs (7.2 e L ,  1l retool, 2.2 equiv). Tim reaction 
mixture was stirred at  this temperature  for 1 h cad tiles 
transferred via caaanla  to a cooled solution (0 °C) of metlnyl 
cldorofonnate (1.9 e L ,  2,1 tnmol, 5 cqniv) in DME (5 e L ) .  
The reaeLion was sLirrcd a t  this temperaLurc for I h, allowed 
to warm to 20 °C over I h and quenched with waLcr 
(20 e L ) .  Thc rcsultlng solution was diluted with dicthyl 
ether (100 e L )  aad the phasc~ were t~cparatcd. The tt¢ln~us 
phase was extractcd with diethyl ether (3 × 50 e L )  attd 
the combined organic phases were washml with brine, dried 
over anhydrous MgSO4, filtered and concentrated In ~meuo. 
Purilication of the residue I)3' flash chromatography on silica 
gel gave a 70:30 mixture of 5o-II and 5/3-H isomeric ~ t e r s  
22b  ( 1.05 g, 5T~o yield) as a yellow oil and a 70:30 mixture of 
5c~-tl and 5~-H isomeric derivativc~ 20b  (0.5,1 g, 3,1~ yield). 

• Pmcedure D 
To a solution of lode compound 23b  (see below, 5o-11/ 
5/3-H = 70:30, 1.2 g, 2.7 retool) in T H F  (20 JilL) cooled 
to --78 °C was added tirol)wise a 1.6 M MeLt solution in 
dicthyl ether (2.5 e L ,  d.1 retool, 1.5 cquiv). The reaction 



mixtttrc ws stirrccl nt t.l~ls tc~~~pcrttl~trc ror 1 II rmcl LIWII 
~.twdimd vin CWIII~I~ to II coolccl soluLiort (0 “C) or 111cl11yl 
dhdorntt~l.c (1.1 ML, 13.G tnmol, G cquiv) in ‘l’l IF (G ml,). 
‘I’lic rciiclioti W~IS stirrccl nt this tcriipcritttrl:t: rOr 1 II, tAlow&l 
I.0 wiiriii to 20 OC 0vcr I II iiricl c~uciiclictl wil.li wiilor 

(20 iiiL). l’lic rcsult.ing solulioii wits dilrtlctl willi iliulliyl 
uliior (100 1111,) iiritl llic p1111.scs WCI’C scpnrntctl. ‘I%0 11c~11c01ts 
I’IIIISC WI’S cxlrnctccl witIt clictllvl ctl~cr (3 x GO ml,1 IIIICI 
ilic coml~iiu2cl 0rg1111lc plir~s~s wctk wrdmi witli Iwiiic,‘drlcrl 
over i1nlivdroiis KlgS01, lillcrccl und comztilr~1l.rcl iii wciio. 
Purilicniioii or tlicl rcsitlitc Iw IIIISII cliroititilo~riir~li~~ OII silicti 
gcl gwc n 70:X0 mixtlwc oiGa-I I nncl G/I-II’-imk&ic csl.crr; 
22b (I:15 ttlg, 13% yield) ns ii yellow oil iiiicl II 70:30 tiiislirrc 
or Grr-II 11ncl 58-11 isontcric clcriv~~tlvcs 21b (7OO 1118, 83% 

yiclcl). 

III. (CIICI;‘) v Z!JGl, 28G(j, 1 716, 1 OGLE, 1 )lOl, 1 ~IY~I, I :18G, 
I :jG4, 1 :3OG, I 25O, I 220, I 178, 1 Otiti, I 020, !)GO, MO, 
776. 

‘II Nikllt (CIXI:j, 200 R~IIIK) d 0.01, 0.02 [2s, (ill, WII:‘, 
Si(Clls)a], 0.78 (s, 311, Cll:‘), 0.80 (s, :jII, CII:‘), 0.M [3s, 
011, XII;J, SiCfClI:‘)3j, 0.M (s, :JII, CII:‘), 1.08-l .7!J IIn, 
BII, lid’, II&i , 112-7 ), :3.7 (I., ./ = 2.5 Ilx, 111, II-7 ii), 
:3.7 (Ill, 211, Ilp-I”), 3.7 (s, :m, CII:,, CozC1l:‘), 4.75 (clcl, 
./ = 17.8, 2.8 Ilsr,, 111, Ilid), 4.!)3 (clcl, ./ = 17.8, 2.G IIz, 
Ill, Ilb-a’), 5.G2 (1, .I = 2.8, Ill, H-2). 

“‘C Nhllt (CDCI:J, GO.9 hlllx) d -GA [2Cll:~, Si(Cll:~)~], 
17.8 (Cl-IS-&I), l&l [C, SiC(CII:‘)3], 21.7 (CII:pG’), 22.6 
(C-O’), 23.11 (C-G’), %G.!J I3Cll~, SiC!(CII:l):‘], X3.6 (C-G), 
X3.7 (CIIJ-G’), i3G.G (C-7’), ~18.4 (CX’n), Gl.:j (C-4’), GO.1 
(C-l”), 70.:3 (C-2’), 83.66 (C-7’11), 111.2 (C-2), lW.7 
(C!-:l’), 172.9 (C-l, C02CI I:,). 

‘II NhdI(. (CIICI~, 200 hlllsr.) d O.O!J [‘Ls, (ill, 2Cll:~, Si(Cll;‘)a], 
O.Ol [:3s, !JI-I, :JCII:J, SiC(CII:‘)3], 1.0, I.():3 iiticl 1.1X (9s, 
(311, XI-13, Cll:~d’n, ‘LCII:‘-G’), I.21-1.M (III, GII, II-4’, 
11*-O’, Hz-7’), ml (tltl, ./ = !I.!), G.8 Ilz, Ill, II-7’ll), 3.07 
(s, 311, CII;i, CO&II:‘), 3.90 (tlcl, #/ = 10.4, 5,O Ils, III, 
Ill-l”), 4,OG (CM, ,J = 10.4, is.2 II%, II-I, III>-I”), 4.88 (cl, 
.J = 2.6 Ilw, 211, llz-a’), 6.76 (L, .J = 2.G llz, III, 11-a). 

“‘C NMIZ (CDCI:J, GO.3 Mllx) n -GA [‘Lc’ll;~, Si(CII:J)2], 
IS.1 [C, SiC(CIIa):‘], 2X0 (Cll~), 24.0 (C-G’), 2G.O [3Cll:j, 
SiC(CII~)~], 2!1.7 (Clla), :{I.!) (CII:,), X1.7 (C-G’), A7.8 
(C-7’), GO.9 (C-3’19, 61.2 (CII:,, CO~CII~), 811.4 (Cd), 
G0.U (C-l”), 70.8 (C-2’), 8G.G (C-7’n), I IO.8 (C-2), lMi.7 
(C-Y), 17o.z (C-l, Co&II:I). 

AlS (Cl, Nll:~) WL/Z 400 (h’lll+ + NII:,), :H3 (hill+), :307, 
383, 328, 311, 267, l:%2, 184, 164, 1X2, 108, !Jl, 72, 62. 

AIMI CI~C ror Cal Il:~~O.lSi, 382.GO: C, GG.!J2; II, 10.01. I~OIIIIC~; 
C, OG.GG; I-I, 10.07. 

‘I’0 11 solulioti of 11 cri~clc iiiixtitrc 0r sttriiiiyl clcriwt.ivcs 
1Oa (5a-II/G&II = GOAO, b.!J IT, ll.!l mtttol) irl clicLh.vI . 
~LIIL’I“ (30 iiil,) wiw ntlclcti drop&a ti soli*l.ic;Il Or iotlillc 
IG.l E. 20 11~101. 1.8 cmiv) itt cliclbvl ctllcr (GO ml,). AT- 
i.cr 15’ iiiiti, l,lic ~tiixlitrd wtk Lrcik~l’~ witli nti‘nc~iwoi$ I<I’ 
soliilion (30 ml,, 1 g/IO ml,) niitl slirrccl r0r I II. ‘1’1~ phttscs 
wcrc tltcn scpnrntccl nntl Llic ~iqiicoiis plinsc cxlrnclccl wiLli 
cliclltyl cLlicr (.7 x 150 IIIL). The cotnbinccl orgmic plinscs 
wcrc wt~slml witll 1111 H~IICOIIY NnllS0~ soldion, ~IICII brim, 
tlrictl over niiliydroits RdgS0,1, filtcwcl untl coiicctilral.ccl iii 
vaciio. Purification of lhc rcsiclitc by flnsli cliroitiiitog~ti~~liy 

OII silicn ycl ynvc n tiOA0 ttlixllirc ol’ GL~-II mtl G&II is0IIlcrg 
23n (8.8 g, !JG% yicltl) IIH 11 yellow oil. 

Ilt (CIICIa) u X423, 2!J%, 28O7, 1 O28, 1~164, 1 :j(i!J, I24G, 
1 IOO, I 07!), 1 040, I 021, !)!I!), !blG, 708, OfG. 

‘II Nhlli (CDCI:J, 200 Mllx) 6 O.!JO, 1.W t111cl I .OO (:3s, 911, 
XII:,, CII:‘-311, 2 Cl 1:1-G), l.lR-l.7G (III, 1111, 11-4, I&O, 
111-7, OH), :%.77 (11, oJ = 2.G Ilx, I II, II-7n), i3.78 (III, 21-1, 
112-l”), 4.22 (<ICI, ./ = 14.7, 2.G Ilx, 111, I~llkq, 4.w’ (clcl, 
.J = 14.7, 2.5 II%., Ill, Ill>-2), 6.95 (I>, .I = 2.6, Ill, 11-I’). 

“C Nhllt (CDCI:I, GO.9 Allls) 6 16.4, 21.7 ~IICI :33. I (9CII:‘, 
Clip:3n, 2 CII:J-G), 22.1 (C-O), %l.!J (C-G), 39.2 (C-7), 48.G 
(Cd), G2.0 (C-an), tiO.:3 (C-l”), GSA (C-711), 74.4 (C-2), 
X6.3 (C-l’), IO0.O (C-:3). 

l q%II dscmc~~ 

‘II Nhllt (CIICI:,, 200 Mllx) d O.!J8, l.OG rilltl I.:lli (:Js, 
011, XII~, CII:J-3n, 2CII;~-G), I.l-I.8 (III, 511, 11-4, llz-O, 
Iln-7), 2.4 (III, I II, Oil), 9.77 ((ICI, .J = 7.2, 8.O llx, I II, 
II-711), :3.8G (111, III, 1111-l”), :L!Ki (III, Ill, Ill>-I”), 4.26 
(&I, ,J = IG.0, 2-G IIz, III, IIn-%), d.:l(j (tlcl, ,J = 18.0, 
2.6 Ilz, 111, III+2), 5.88 (I., .I = 2.8 Ilz, 111, II-I’). 

‘:‘C: Nhllt (CDCI:,, GO.:3 RIHz) 6 23.6 (C-O), 25.2 (CIJ:,-:3tt), 
28.1 rlllcl 31.7 (2CII:,, ‘XXI:,-G), 34.6 (C-G), 3G.7 (C-7), 
G2.1 (C-k), 66.8 (Cd), Gl.!J 
(C-l), 87.9 (C-I’), 16X.3 (C-3). 

(C-l”), [i&Ii (C-711), 76,s 

R,IS (Cl, Nllz) r’t./f X37 (AllI+), :111J, XII, 2X6, %O!J, l!Jl, 1(X3, 
1:37. 

AWN cn~c h Cl:,iizl~~~i, :3:30 -2% C, 4O.4:3; I I, O.‘l!). I’0lltltl; 
C, 4G.Ol; II, 6.37. 

‘lb 11 solution or str~r~nyl clorivnlivcs 1Ob (GLI.-II/G&I.1 = 
7090, 7.0 g, 11 iiiniol) iii di0Lltyl cllicr (20 tiil,) Wns c~clclccl 
clromvisc IL sol11Ll011 of ioclitlc (4.M Y. 17.1 t111no1. 1 .G cr1111v) itI _. 
tliotliyl cldicr (30 IIII,). m-h iG tiiiti HII IIC~I~COIIS I<12 solitl:ioti 
(30 ntL, I g/IO nil,) wus rrclclccl nittl llic ronclioii iiiixl,iirc? 
slirrctl for I II. ‘I’IIc pltrw.cs wcrc scptwh2cl IUICI hello IIC~IIC- 
0us plitisc wns ~‘xtrticI.cd willi clicll~yl ctlicr (3 x 100 ittl,). 
‘I’lic cwiiil~iiic~d orgntiic l~ltt~scs wore! ~\wslictl wil,li n si1111ri11ctl 
~wiicoiis NnllSO:’ solution. Llicti with hiric. tlrictl ovw nib 
Ii~clroils hflgS0.1, lillcrcd it iid coitccnlri1l.ctl iii vtictio. I’wifi- 
Cll~iOll Or h rC~k~lM_! lJy flUSh C~l~Olll~l~~l~l’~l~l~l~~ Oil Sikil gd 

g,nvo II 70:30 ttlisturc or Ga-I-l wcl G/7-H isondk cot~~po~rrds 
23b (,I.!) g, !JS’% yicltl) ‘IS II ycllou~ oil. 

Ilt (CllCl~) v 2LJG5, 2!)27, 2864, I OIG, l4O2, I 37!J, I 2G3, 
I Of%, 830, 774, 734. 

III NMIt (CIICI:J, 200 Mllz) 6 O.OG [%s, fill, %Cl-I:$, Si(CII:‘)~], 
O.&W 13s. !JII, KXI:‘. SiC(CII:‘)~l, O.O!J, I.00 WICI 1.05 US, 
911, :kl&~, CII:‘-:jit,~2CI-I~-G), i.k-I.70 (III, 41 I, Hz-O, i.l& 
7), I.22 (&I, ,I = GS, 2.!) Ilz, Ill, IM), :3.67 (1, .J = 2.6 Ha, 
III, 11-7’9, XGS (tlcl, ,J = II.& 6.8 Hz, Ill, lb-I”), X73 
((ICI, *f = 11.6, 2-O 119, III, IIIJ-I”), 4.17 (clcl, ,I = 14.7, 
2.G Ilx. 111. lln-21, 4.:38 fcltl. ./ = 14.7. 2.G IIs. III. Ill)-219 
6.84 (L; .I = 2-G iix, 11.1: 11-1’). . . ‘. 

“‘C NM12 (CIX&, G0.B Mllz) 6 -G.P [%CII:‘, Si(CI-l:l)z], 17.G 
(CH:‘-3t~), 22.:% m~tl i33.G (2Cll~-G), 18.3 [C, SiC(CII~):‘], 
22.G (C-O), 26.1 [XCII:‘, SiC(CI-l:‘)x], i33.6 (C-5), r38.7 
(C-7), 47.!J (C-4), 51.0 (C-9rt), 130.7 (C-l”), 68.3 (C-711), 
74.7 (C-2), 86.1 (C-l’), 1OO.D (C-3). 
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‘II NAIR (CIXl:r, 200 Mllw) 6 0.80 [2s, GII, 2Clla, Si(CIIa)a], 
O.OI [3s, !111, 3CIIa, SiC(CII:~)3], 0.00, 0.97 untl 1.36 (ZS, 
911, 3c113, Clls-311, 2CIls-5), 1.21-l.OG (tt1, 511, II-Q, Jlp 
G, lb7), 3.84 (dtt, .I = lO,O, 6.G 11x, III, 11-7u), 3.80 
(CM, .I = lO.G, 5.1 I-lx, II-I, llll-I”), 4.01 (&I, J = IO& 
3.1 IIS, ill, Ilb-I”), 4.3G (cl, ./ = 2.3 Ilx, 211, lip2), G.01 
(L, J = 2.3 Ilz, 11-1, II-I’). 

13C NR4lt (CDC&, 60.3 hlllx) 6 -5.4 [2c’113, Si(Cll~)2], 
IS.1 [C, SiC(Clls)~], 23.0, 20.3 rmcl 32.1 (3CI13, CII:r- 
311, 2C113-5), 24.4 (C-G), 25.0 [3CIIs, SiC(CII;~):~], 33.5 
(C-S), 38.0 (C-7), 52.4 (C-311), G&O (C-4), (il.2 (C-l”), 
(is.5 (C-7R), 76.9 (C-2), 88.G (C-3), 167.0 (C-l’). 

AIS (Cl, NH:!) 711/t 451 (hM’-), 323, 2G5, 101. 

And cnlc for Cl~~I-l~~02SiI, 450.45: C, BO.GG; II, 7.83. l%utltl; 
C, 50.28; I-l, 7.O2. 

(32,3nR+,4R+S’, 7~~R*)-9-lo~lo7t1.ctl1.~/lirlc71~c- 
9n,6, 6-trilrrcttryl-~-(~(tl~~7lrcl~~ll7lrcth~~l)o:llljlll.ctll~~~l) 

vc t ntry)rbal,c7rzr)fl~7.~l,7l. 23~ 

To II solulion of II mixlarc of Lllc slnnnyl cotnJ~ounrls 1Oc 
(act-11/5&l-I = SO:GO, GGO tng, 09 tnmol) iti cliclltyl cLlwt 
(5 nil,) WY ntlclcd ioclinc (lG0 mg, 1.4 nm~ol, 1.5 cqulv) 
in tlictl~yl cllicr (2 ml,). Tlic rcsulLi~ig I~rown tnixtiiro wns 

sLhwxl nL room ltmlmd.urc for 1 II md Llm t1~0ntctl willl 
n I<V ilcp!Olls solltl.iotl (IO tt11,, 2 g/tnL). ‘I’llC tIrlltcous 
lhiisc W~I.Y cxLrnctctl will1 tlictllyl ctlw ~mtl l,hc c01nlh~I 
orgnilic Idtnscs wcrc wiisliccl wiLIi brine, tlt*ictl over iidiytlroiis 
hlgS0.1, Jiltcrcd curd coiicciilr~~tctl ili vnciio. Purificnlioii Iq 
fln.rl~ cllrotiinl.oy~iil,liy 0tI silicfl gel gnvc 495 tng (!)a% yield) 
of n 50:50 tnlxttwc of 5a-I-J iiritl s/3-11 isomcric coiiiJmu~iclx 
lotlo tlcrivnlivcs 2%. 

Ill. (CIICln) I/ 3032, 2!J:lB, 2857, I G45, 1624, 1453, 1 1013, 
I 072, 1 044, 940, 760. 

‘I.1 Nh*Ilt (CIXI:,, 200 MHx) d O.OP-I.51 (111, 511, II-d, 1-12-G, 
llz-7), 0.84 (Y, 31-1, CJls), 0.65 (s, 3b1, ells), 0.80 (s, 311, 
Clla), 2.80 (CM, J = 10.0, 7.5 11x., 111, Iln-I”), 3.10 (CM, 
J = 10.0, 5.0 h, III, m-I”), 3.30 (I1rofld ci, III, II-711), 
4.00 (clcl, J = 15.0, 2.G Ilz, Ill, lln-2), 4.20 (&I, .I = 15.0, 
2.5 IIX, III, I-lb-2), 5.04 (1, J = 2.5 Hz, 11.1, II-I’), 7.31 
(m, 91-1, Ar-II), 7.52 (111, 01.1, Ar-11). 

‘:‘C Nhdlt (CIX&, 50.3 Mllx) 6 17.G (Cl&l), 22.3 (WI:,), 
22.3 (C-G), 33.0 (C-t), 34.0 (Clls), 35.4 (C-7), 4G.0 
(CM), 50,7 (C-311), 61.0 (C-l”), 70.0 (C-74, i/l.!1 (C-2), 
St.8 (C-l’), 87.3 (C-(I’ll);,), 127.0 (3C11 Ar), 127.J) (GCII 
Ar), 128.0 (GCI-I Ar), 144.0 (3C Ar), 159.5 (C-3). 

‘II NMIt (CDCI~, 200 hdlls) 6 0.78-1.01 (rn, 511, l-l-4, l12- 
G, l,J2-7), 0.50 (s, 31.1, Clls), 0.88 (s, 31-1, Cl-IS), I.15 (s, 
311, CII:,), 3.12 (rlcl, ,I = 9.5, 5.5 I-IX, II-I, I-I-l”n), 3.40 
(tld, J = 9.5, 3.0 11x, 111, H-I’%), 3.77 (CM, J = 0.7, 
5.0 I-b, 11.1, II-7n), 4.13 (cl, .I = 2.5 Hz., 211, I-In-2), 5.25 
(I., 01 = 2.6 l-11,, 11-1, II-I’), 7.31 (m, Gil, Ar-Id), 7.62 (tn, 
Gil, Ar-11). 

% NMI’L (CDCJJ, 50.3 hIlIz) 6 22.G (Clla), 24.4 (C-G), 29.8 
(Cllz), 32.7 (CII:,), 33.G (C-6), 38.0 (C-7), 52.5 (Cl&), 
53.7 (C-d), G2.5 (C-l”), G8.0 (C-711), 7G.l (C-2), 87.7 
(C-(l%)s), 88.7 (C-l’), 127.2 (3CJ1, Ar), 127.8 (GCJ-I, Ar), 
120.0 (GCJ-I, Ar), 144.2 (3C, Ar), 15G.I) (C-3). 

MS (Cl, NIla) 711/z 570 (h4ll+). 

A mluliou of ICC’N (180 ntg, 2.8 Iilliiol, 2 cc@) md 
IS-Cro\vll-G Cl.llCV (30 tllg, 0.0 I ttlt1i01, 0.08 cqiiiv) ill LO~~ICII~! 
wns cottccr~Lrntcd iii vneil0 ntd clrictl rlt 50 “C ltlltlrl 
0.1 1t1n111g 1mxst1rc for 2 Il. 
Jmllntlittt~i (50 tng, 0.04 

‘Ibt~nkis(tt~iJ,lic~iyll,l~osl,l~illc) 

23b (Go-II/S&II > 1 
iiiniol, 0.03 cquiv) tmtl vinyl ioditlc 

! 5:5, Ii10 tiig, I .4 ttiinol, I cquiv) iii IIPII- 
zcttc (20 ml,) WIW ncltlctl to I,ht! KCN nntl IS-cro\\qpG cJ,Jlcr. 
‘I%0 rcsttltirig mixlurc wits stirrccl III, 20 ‘C f0r 20 niitl tt1p 
clcr 1trg011 mid l~cnlctl lo 70-78 OC; for I2 II. Aft.0r cooling 
lo 20 V, l,llc mixlurc wnx lmwc~l itilo wcd.c~~ (IO tnl,) rtttcl 
cliclltyl ctlicr (50 ml,) nml t,Jic ~IIIISL’N wcrc sc~Jmrc~l.ctl. ‘1%~’ 
iiqimotts J~lm.~c wns cxlridctl wiLli tlictllyl cllwr (3 x 2t, ml4) 
mtl I,llc cotd~inccl oryrulic Id~nscs wnnhctl wiLti Iwillc wItI 
cottcctltrnlctl ill viimo. I’uriJiwlio~~ by JIM.II dwotnidogrtr- 
ploy on silicm gel gnvo II tnistmrc of I.lw &r-II isomer 24b 
(Em-1 I) (225 tiig, 47% yield) nid t.110 Ba-I I isolwr Z5b (5~p 
II) (79 tng, lG% yidtl). 
I It (Cl ICI:,) u 2 MO, 2 8G7, 2 85G, 2 21U, I GG7, I (346, 1 470, 

I 4G1, I 385, I 255, I On!,, I 074, I 06!1, 8 14. 

‘II Ntvllt (CIXI:~, 200 h,lllx)‘d O.O4 I%, Gil, 2Cl13, Si((Xl~~)~], 
0.88 [3s, !)IJ, 3Cl1:1, SiC(CJI:,)~), 1.00, I.UJ nncl 1.15 (3s, 
Oll,Cll:~-311,2c1J1:~-t)), l.JO-1.M (t~~,~llI,ll~-G,Jl~-‘7), 1.27 
(1, .J = 11.4 118, Ill, IM), 3.58 (L, ,I = 2.5 II%, III,tII-7n), 
3.72 (cl, J = 4.4 llx, 211, llpl”), 4.57 (tltl, .J = IG.4, 
2.81 Ilz, III, lln-2), ‘I.77 (&I, ./ = 16.4, 2.4 Ilz, II-I, l1ll-2), 
ti.Id (i,, .J = 2.81 lb, Ill, II-I’). 

“‘C NMIZ (CDCI:J, 50.3 AllIz) 6 -5.3 [2CJls, Si(Clla)2], 17.1 
(CIJJ, C!JI:p311), 18.2 [C, SiC(CII:r):~], 21.8 (C-G), 22.4 untl 
33.2 (2Cll:1-t), 2G.O [3Cl+1, SiC(CI-I:s):t], 33.4 (C-5), 36.3 
(C-7), (17.5 (C-4), 48.8 (C-311), GO.4 (C-l”), GO.8 (C-2), 
84.O (C-711), !10.1 (C-I’), 115.!J (CN), 17G.!1 (C-3). 

‘II NMlt (CDCI~, 200 hlllx) 15 0.05 (s, GII, 2CJl3, Si(CII:~)~], 
0.8-1.8 (111, Al-l, 1124, llz-7’), 0.90 [3S, !)lf, 3cl13, 
SiC(Cll~)s], 1.10 (s, 3l-I, CII:j), 1.13 (s, 311, CJl:j), I.:32 (s, 
311, CJI:,), I .7G (~1, III, II-d’), 3.0!1 (clcl, .I = 15. I, 3. I Ha, 
III, lln-2), 3.21 (tlcl, .J = 15.1, 3.1 JJz, III, Ill)-2), 3.81 
(tltl, .J = 11.2, 4.D Ila, Ill, Iln-I”), 3.87 (tltl, J - 11.2, 
2.G Ilx, III, Ill,-l”),:J.N (Is, .I = 4.1 Ila, III, II-7’a), G.35 
(s, Ill, 11-2’). 

‘:‘C NJblR. (CI)CI:,, 50.3 h,lI,Jz) 6 -5.4 [%CH3, Si(ClJn)2], 
18.1 [C, SiC(CIJ~):~], 22.2 (CHJ), 23-O (Cll~), 23.8 (C-G’), 
2G.0 [3CII:j, SiC(CI-ls)a], 32.0 (C-B’), 33.7 (CJ-I:&), Xi.2 
(C-2), 3G.2 (C-7’), 48.2 (CX’n), 54.4 (C-4’), GI.4 (C-l”), 
00.6 (C-7’ir), llG.8 (CN), 128.0 (C-2), 142.7 (C-3). 

MS (Cl, NI-la) 771/z 384 (h,lJl+ + ‘LNJJn), 3G7 (MJJ+ + NJIJ), 
350 (LIII+), 330, 30!), 150, 131. 

And cnlc for C&~lJ:~r,NO&i, 340.55: C, G8.72; II, 10.09; N, 
4.01. I~ound; C, GS.G5; II, 10.12; N, 4.08. 

A soldion of nlcoltols 21n (5wJl/G&J-I = GO:40, 1.9 g, 
8.5 tnmol) in ~lichloroiiictlinlic (10 nil,) nl 20 “C wns t~lclcd 
Lo a solution of Lkc 13c.ss-Jdnrtiii rongent (3.87 g, 9.12 tiittiol, 
1.1 qrtiv) in tliclilo~oriicthnIio (20 tn1,). TIE rcnction was 



stirred at 20 ‘C for 1 11, clucnchod with n saLuratcd NazSOa 
nqucous solution (20 mL), diluted with dlothyl ctlrcr (7B mt) 
IWCI LllC lJlM!des wcrcl scl’tlr”k?cl. TllQ flquc!ous pllIlsc was cx- 
Lrnctccl with dlethyl ether (3 x GO mL). The combined or- 
ganic phases were washed with saturated aqueous NaIlC03, 
then with brlnc, dried over nnhydrous hJgSO4, filtered nnd 
conccnLraLed in vacua. Purification by flash cl~romnLogrnpl~y 
on silica gel gave a GO:40 mixture of ta-1.1 and t/3-I-I isonlcrlc 
ulcleliyclo 200 (1.86 g, 99% yield). 

TO n ~0luti0n 0r bl10 th0vc Go:40 niixturc 0r 5~~14 ml 
C&II uldeliydes 2Ga (900 mg, 4 mmol) in methanol (G mL) 
was nddcd I<&03 (2.8 K, 20 mmol, G ecluiv) and Lhc 
resulting suspOnslo~i &as Zirred aL refiux for- 3 1; and then 
cooled Lo 20 “C. The reaction mixture wfls partitioned 
between an aqueous 1 N HCl solution (20 mL) ant1 diclhyl 
ctlier (GO mL) and Ike pliascs were separated. The flqucous 
phase was extracted with diethyl ether (3 x GO IIIL) nncl 
Llic combined organic phases were washed wiLh brine, dried 
over anhydrous MgSO.1, filtered nnd concentrated in vacua. 
Purification by llasll chronifltograpliy on silk gel gflve Lllc 
pure k-I-1 nldcl~yde 20n (Ga-II) (860 mg, 94% yield). 

l Com~ou?~d 20a 5wH isomer 
II-i (NaCl) u 2 DZG, 2 8G3, 1 718, 1488, 1384, 1077, 1064. 
‘II NMR (CDCla, 200 MHz) 6 O.OG, l.lG und 1.28 (3s, 

91-1, 2CH3-8, CI&-3n), 1.G2 (dt, J = 6.8, 1.5 Hz, 3H, 
CI-13, CI+l’), 1.01-1.97 (m, 41.1, Hz-G, HZ-~), 2.02 (d, 
J = 3.9 Hz, lH, H-4), 3.44 (L, J = 2.8 Hz, lH, ll-7a), 
4.23 (ddq, J = 12.0, 2.5, 1.5 Hz, 11-1, Ha-2) 4.47 (ddq, 
J = 12.0, 2.5, 1.5 Hz, 11.1, Hb-2), G.OG (tq, J = 2.t, G.8 I-Is, 
lH, H-l’), 9.83 (d, J = 3.9 Hz, 11-1, H-l”). 

13C NMR (CDCl3, GO.3 MHz) 6 14.0 (CHs), 18.2 (CH3), 
22.1 (C-G), 22.2 (CHa), 32.3 (CHa), 32.9 (C-G), 3G.0 
(C-7), 48.2 (C-3a), 69.0 (C-4), 68.0 (C-2), 84.3 (C-7n), 
llG.4 (C-l’), 147.9 (C-3), 20G.G (C-l”, CHO). 

e Compouncl 26b 5&H isonm 

‘I-1 NMR (CDCls, 200 hllHz) 6 0.83, l.OG and 1.28 (3s, OH, 
BCI-13, 2CHa-5, CHs-3a), 1.52 (dL, J = G.8, l.G Hz, 3I-I, 
CHs, CH3-I’), 1.0-2.0 (m, 51-1, I-I-4, I-12-0, I&7), 3.52 (t, 
.I = 2.8 Hz, 11.1, I-I-7a), 4.21 (m, 21-1, I&-2), 5.20 (m, lH, 
H-l’), 9.4G (cl, J = 6.3 Hz, 11-1, I-I-1”). 

h’IS (CI, NH3) m/z 240 (MN+ -I- NH3), 223 (MI-I’), 222, 
207, 194, 179, lGG, 151, 137, 123, 111, 9G. 

(3Z,3aRc,4S’ ,~aR*)-bEM~lidenc-4-i~~d~o~~met~~~l- 
3a, $5 trimethyl octahydrobenzofuran 21n (&r-H) 

To o. solution of aldebyde 26 (Gcx-M) (120 mg, 0.52 mmol) in 
MeOH (1 mL) cooled to 0 “C was added NaBHd (G mg, 
0.1 mmol, 0.26 cquiv). The reaction mixture was slirred 
at this temperature for 1 h and partitioned between di- 
ethyl ether (GO mL) and a 0.1 N aqueous HCl solution 
(10 mL). The aqueous pbasc was extracted with diethyl 
ether (3 x 2G mL) and the combined organic phases were 
washed with brine, dried over anhydrous MgSOd, filtered 
and concentrated in vacua. Purification of the residue by 
flash chromatography on silica gel gave alcohol 21a (SC+H) 
(100 mg, 86% yield) as a yellow oil (see above prepnration 
of 21a). 

(3Z,3aR8,4R*,7aR*)-3-Iodomethylidene- 
3a,5,5-trimeth~l octahydrolen,zo_furan-4-carbaldehyde 
27 (&Y-H) 

To a suspension of PCC (1.5 g, 6.7 mmol, 1.5 equiv) and 
celite (1-G g) in dichloromethane (6 mL) was added via 
cannula a solution of the alcol~ols 23a (Ga-H/5&H = GO:40, 

1.G g, 4.G mmol) in tlicl~loro~~letl~~~t~c (18 nit). The resulting 
dark brown solution was stirred nL 20 ‘C for 1.G 11, liltorcd 
over celitc and conccnlrated in vnwo. Purification by flash 
chromatography on silicn gel gave n GO:40 mixture of Ga-I.1 
and G/Y-H isomcric nldchydes 27a (1.3 g, 87% yield). 

To this solution of aldehydcs 27a (GO0 mg, 1.8 mmol) 
in methanol (5 mL) was nddcd I<&03 (1.2 g, 9.0 nm101, 
8 cquiv) and the resulting suspension was stirrcd at reflux 
for 3 11 and cooled nL 20 “C. The reaction mixlure wns par- 
Litionccl between an ac~ucous 1 N I-ICI solution (10 mL) and 
dicthyl cLhcr (GO mL) and the phases were scparnted. The 
aqueous phase wns extracted wltb clictl~yl ether (3 x GO rnL) 
and Lhc combined organic phases wcrc wasbed with brine, 
dried over anhydrous MgSO.1, Illtcred and concentrated in 
vncuo. Purllicnlion by flash cliromatogrnl~liy 011 sllicn gel 
gnve the pure Ga-II uldehyde 2’7~3 (SWII) (670 mg, 95% 
yield). 

l Compound 27a 5~H iuonsw 
IR (NaCl) Y 2934, 2 8G2, 1714, 1934, 14t4, 1386, 1368, 

1246, 1076, 1064, 887, 774. 

‘1.1 NMR (CDC&, 200 MHz) d 1.04, 1.23 and 1.34 ,(3s, 91-1, 
;~~~d2~3-5, CH3-3n), 1.00-1.98 (in, 41-1, HZ-6, I&-7), 

= 304 Hz, 11.1, H-4), 3.G4 (L, J = 2.9 Hz, ll-I, 
Ii-7n), h.19 (dd, J = 14.9, 2.4 Hz, 11-1, I-In-2), 4.48 (dd, 

= 14.9 2.4 Hz, ll-I, I-lb-2), G.88 (L, J = 2.4 Hz, 11-I, 
i-l’), 9.9’1 (d, J = 3.4 Hz, LH, H-l”). 

13C NMR (CDC13, GO.3 h0Iz) b 18.0 (CH3), 22.3 (C-G), 22.3 
(CHs), 32.2 (C-G), 32.3 (CI-Ia), 34.9 (C-7), 49.2 (C-3a), 
58.3 (C-4), 09.8 (C-2), 74.8 (C-7a), 8G.G (C-l’), 159.3 
(C-3), 20483 (Cl”). 

MS (CI, NI&) m/t 352 (MH+ + Nkla), 335 (h?H+), 317, 
289, 235, 207, 189, 179, lG1, 123. 

l Compound 27b 50-H isome 
‘FI NMR (CDCla, 200 MI-Is) 6 0.89, 1.07 and 1.30 (3s, 91-1, 

3cI-Ia, 2CI.I3-5, CI&3a), 1.20-1.93 (m, 4I’1, I&-G, k-7), 
= G.0 11s 11.1, I-I-4), 3.74 (t, J = 3.6 Hz, 11-1, 

:i?a)(dh:2 (dd J h 18 2 2 G Hz 1H IIn-2) 4.19 (dd 
J = iG.2, 2.6 Iiz, lH, Iii-2j, 5.9; (t,‘J = 2’16 Hz, 11-I; 
H-l’), 9.59 (d, J = G-0 Hz, 11-1, H-1”). 

13C NMR (CDCl3, GO.3 MHz) 6 23.1 (C-G), 2G.1, 28.9 and 
30.0 (3C&i, 2CI&j-5, CI-I3-3a), 3202 (C-5), 31.8 (C-7), 
GO.1 (C-3a), 66.6 (C-4), 70.9 (C-2), 
(C-3), 84.8 (C-l’), 203.4 (Cl”). 

75.6 (G7a), 158.5 

(3Z,3aR~,4R~,7aRf)-4-H1/~1~ox~Jmctl~~l-3-iodomethyl- 
idene-3a,5,5-trimethyl octahydrobenzofuran 23n 
(5~H) 

To a cooled solution (0 “C) of nldehyde 27 (5cy-II) (760 mg, 
2.2 mmol1 in methanol (5 mL) was added sodium boro- 
hydride (il mg, 0.55 mmol, O.iG equiv). A further equal 
amount of sodium borohydride was added 30 min later to 
complete the reaction and the reaction mixture was treated 
with a 1 N aqueous EICl solution (20 mL), concentrated in 
vacua and partitioned between water (10 mL) and diethyl 
ether (75 mL). The phases were separated and the aque- 
ous phase was extracted with diethyl ether (3 x GO mL). 
The combined organic phases were washed with brine, dried 
over anhydrous MgS04, filtered and concentrated in vacua. 
Purification by flash chromatography on silica gel gave com- 
pound 23a .(5c&I) (653 mg, 87% yield, see above prcpara- 
tion of 23a). 



To a cooled solution of alcohol 23n (Sa-f-1) (1.98 g, 5.9 mmol) 
nnd hnidnxole (1.0 g:, 14 mmol, 2.5 cquiv) in DMP (2 rnL) 
was ndded dropwise a solution of lerGbutyldimethylsily1 
chloride (980 mg, G.5 mmol, 1.1 equiv) in DMF (2 mL). After 
stirring at 0 OC for 4 11, the rcflction mixture wns allowed 
to warm up to room temperature flnd stirred overnight 
at 20 ‘C. The reaction mixture was partitioned between 
a 1 N nqucous hydrochloric ncld solution (10 mL) ancl 
ethyl a&ate (SO mL). The phases were scporatcd mid the 
aqueous layer cxtractcd with eLhyl ncelate (3 x 50 mL). 
The combined organic phases were washed with brine, dried 
over anhydrous MgSO4, liltered and concentrated in vncuo. 
Purllkution by flash cliromatogrnpl~y on silica gel gave the 
tiltlo compound 23b (Sa-I-I) (2.27 g, 85% yield). 

(32,3aR+,4R~,7aR~)-3-[(~6~~ty~stanr~y~)metl~~~l~dcncj- 
3a,5,5-tknethyll octaf~ydro6enzofuran- 
4-carbaldehydc 28 (5~H) 

To a solution of compound 14 (2.0 g, 9.7 mmol) ill toluenc 
(480 mL) were ndded AIBN (lG0 mg, 1.0 mmol, 0.1 equiv) 
and Bu3SnI-I (4.4 mL, 17 mmol, 1.7 equiv). The mixture 
wns stirred al, roflux for 3 11. The oily residue obtained on re- 
moving toluenc under reduced prcssuro was purified by Ilash 
chromatography over basic (pretreated with NaHCOs) silica 
gel to give a 98:2 mixture of 5~I-1 and S&H diastercoiso- 
merit compounds 28 (5~1.1) (4.2 g, 87% yield). 
IR (CIKI3) u 2 048, 2 U26, 1 732, 1010, 1 402, 1 308, 1 251, 

1053, 836, 777. 

‘I-1 NMR (CDCIs, 200 MHz) 6 0.76-1.51 (m, GH, H-4, 
l&-G, HZ-~), 0.78 (s, 3I-1, CH3), 0.87 {t, J = G-0 I-Ix, 
9H, 3CHa, Sn[(CI&)sCVf~]s}, 0.90 [t, J = 6.0 Hz, GH, 
3CI-12, Sn(CWz-)a], 0.97 (s, 3H, CHa), 1.00 (s, 3I-I, CHS), 
1.30-1.50 {in, 121.1, GCHa, Sn[CIl2(C~~~)2CI~I3ls), 3.W 
(t, J = 4.3 Hs, lH, II-7aj1 4.22 (m, 2H, H-2), 5.78 (t, 
J = 2.6 Hz, lH, H-l’, J H- ‘Sn = J H-“‘Sn = GO.0 Hz), 
9.61 (d, J = G.24 Hz, lH, CHO). 

“C NMR 
)3, J I 

CDCls, SO.3 MHz) 6 9.7 [3CHz, Sn(CHz- 
C- “Sn = 350.0 Hz, J C-““Sn = 340.0 Hz], 

13.3 {BCI-13, Sn[CH2(CI-I&CH3]3), 23.2 (CHJ), 26.8 
(C-G), 27.0 (CHa), 27.3 [3CI&, Sn(CH~CI~~CI-I~CH2)3, 
J C-“‘SII = J C-“‘Sn = 57.0 Hz], 29.2 ~~CHZ, 
Sn(CH&‘H&H~CI-I-I3)a, J C-“‘Sn = J C-” Sn - 

MS (CI, NH3) m/z for major 
(MH+ + NH3), 499 (MI-I+). 

“OSn isotope 516 

(32,3aR*,4P,7aRt)-4-Hydroxymethyl-3-[(tributyl- 
stannyl)mcthylidsne]-3a,5,5-trimethyl octahydro- 
Oenzofuran 1 &I (5‘cr-H) 

To a cooled solution (0 “C) of aldehyde 28 (5cu-I-1) (350 mg, 
0.7 mmoll in methanol (5 mLJ was added sodium borol~ 
dride (7 kg, 0.18 mmol, 6.25 e&iv). A further equal amount 
of sodium borohydride was added 30 min later to complete 
tlrc reaction and the reaction mixture was concentrated in 
vacua and partitioned between water (10 mL) and diethyl 
ether (75 mL). The pleases were sepaiated and &e nquk- 
ous ohnsc was extracted with diethvl ether (3 x 50 mL). 
The ‘combined organic phases were wkhed with brine, driid 
over anhydrous M~SOQ, filtered and concentrated in WCIIO. 
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l~urlflcution hy flush chromatography on silicu gel gave com- 
pound 19a (Sa-1.1) (297 mg, 8G% yield, see above prcpura- 
Lion of 19n).* 

~n~ctl~y1)-3-[(t~~6ut~~luta~myl)n~cti~.~~lidenc]- 
3a,5,5- trimethyl octut~yd~~6antofiLlnn 1Db (5c~-H) 

To il cooled solution (0 “C) of alcohol 190 (Sa-1-I) (250 mg, 
0.5 mmol) and lmldnxole (85 ng, 1.25 mmol, 2.5 cquiv) 
ill DMF (2 mL) was added clropwisc a solution of 1~75 

I~uty1dimetl~ylsilyl chloride (90 tng, 0,55 mmol, 1.1 cquiv) 
in DMF (2 mL). After stirring at 0 ‘C for 4 II, Lhc rcnction 
mixture was nllowccl to warm up Lo room Lcml~eraturo tmd 
stirred overnight at 20 ‘C. The reaction mixture WWF parti- 
tioned botwcen a saturated aqueous NH4CI solution (10 mL) 
and ethyl acetate (50 mL). The l~hases were separtrtcd und 
the aqueous layer cxlracttid with &,hyl acetntc (3 x 50 mL). 
The combined orJznnlc t~hnscu were washed with brine, dried 
over nnhydrous P&Sod, liltercd nnd concentrated in VRCUO. 
Purification by flnsli chromutogrflphy on silica gel gave. Lhc 
title compound 19b (5~H) (245 mg, 80% yielcl, see above 
prepnration of 10b). 

[In* (3Z,3aSh,48 ,7a~jl-l-(3-Ethylidene- 
3a,5,5-trimethyl octai~yd~obc~~tofu~an-4-~~l)pPap- 
2-?/11-l-01 29 

To u solu~lon of lithium t~cetylide~clhylonediamine complex 
(4.29 I’. 46.7 rnmol. G cfluiv) in THB (20 mL) cooled to 
b ‘C <as added aidehy& iG (5~1-1) xl.7 g, ‘7.G mmol) 
in THF (5 mL). The reaction mixture wns stirred at this 
lemperaturo for 3 11 nnd then at 20 “C for 12 11. The 
reaction was quenched with 1 mL of a saturnted nclucous 
NH4CI solution and diluted with diethyl ether (SO mL). 
The pl~~~cs were sepurn&ed and the a&~ous pike w& 
extracted with diethvl ether (3 x SO mLl. The combined 

1 I 
organic phtlses were washed with brine, dried over anhydrous 
MgS04, flltcred and concentrated in vacua. Purilication by 
flash chromatography on silica gel gave alcohol 29 (1.35 g, 
70% yield). 

IR (NaCl) u 3 301, 3 052, 2 980, 2937, 2857, 1448, 1385, 
1265, 1051, 738, 705. 

‘1-I NMR (CDCls, 200 MHz) 6 1.24, 1.35 and 1.58 (3s, 91-1, 
2CI-13, 2cH3-5’, CH3-3’a), 1.01, 2.50 (m, 41-I, H-4’, HZ- 
G’, HZ-~‘), 1.59 (dt, J = G.8, 1.3 Hz, 31.1, CI&l”), 2.55 
(d, J = 2.5 Hz, 11-1, H-3), 2.25 (m, 11.1, OH), 3.38 (dd, 
J = 2.5,3.2 Hz, lH, H-l), 3.45 (t, J = 3.1 Ha, lH, H-7’a), 
4.36 (dd, J = 12.5, 2.4 Hz, 11.1, Hu-2’) 4.49 (dd, J = 12.5, 
2.4 Hz, 2H, Hb-2’), 5.4 (qt, J = G.8, 2.4 He, lI_I, H-l”). 

13C NMR (CDC13, SO.3 MHz) 6 14.1 (C-2”), 18.00, 23.7 and 
33.7 (3CH3, 2CHa-S’, CI-I3-3’a), 22.3 (C-G’), 34.8 (C-S’), 
37.8 (C-7’), 47.6 (C-3’a), 50.1 (C-4’), (il.5 (C-l), 67.4 
(C-2’), 73.2 (C-3), 85.0 (C-7/a), 87.7 (C-2), 115.9 (C-l”), 
150.0 (C-3’). 

MS (CI, NH3) m/z 2GG (MH+ + NI-Ix), 249 (MI-I+), 248, 
233, 215, 203, 176, 161, 147, 135, 121, 105, 91. 

Anal talc for ClGI-I2402, 248.35: C, 77.37; H, 9.74. Found; 
C, 77.52; H, 9.77. 

[lR* (3Z,3aS;45*,7aS)]-l-(3-Ethyliden~e- 
3a,5,5-trimethyl~ octahydroDen.zofuran-4-yl)- 
3-(tiimethylsilyl)prop-2-ywl-01 30 

To a solution of (trimetliylsilyl)acetylone (120 [LL, 
0.84 mmol, 2.1 equiv) in THF (1 mL) cooled to -78 OC 
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was ncfcled ia 1.5 M n-BuLi solulion fii ficsntics (540 mL, 
0,82 iiiiiiol, 2 equlv). Tlic rcflclion mixlurc wns warmed Lo 
0 OC ror 15 inin wficrcupoii ofcfcliydc 20 (50-1.1) (90 ing, 
0.4 inmo1) in Tf-IF (2 mL) wns ndclccf vitr ctuinufu. TIE rc- 
nclioii wfls sl;irrccf nL llifs L;cmpcrtllurc for 3 Ii tmcf quciicf~ctf 
wflfl LI snturntcd nqucous NII,ICI so111lfo11 (1 mL). The mix- 
lure wcis dflutccf with cffctliyl ctficr (GO inL) t-4 Lfie f~fmscs 
were scf~flrfltcd. The nqueous pfmse wns cxLrnclcc1 will1 di- 
0lAiyf cl;ficr (3 x 50 mL) tiiid lfic co~nbfimf oryniifc plinscs 
were wt~shcd wil;ll brine, cfriccf over nnflydrous RlgS0.1, fif- 
Icrecf nnd coiicci~lrfltccf iii vtbxio. Piirifictltion by llflsf~ cfwo- 
mt~logrnf~fiy on silicn gel gflve t~lcoliol 30 (100 iiig, 81% 
yicftf)I 

lit (N&I) u 3 444, 2 933, 2 85G, 1402, 1 384, 1 15Gb, 1052, 
842, 759, GG8. 

‘1-I NMft (CDC13, 200 MHz) 6 0.14 [s, 91-1, 3CX13, Si(CfI3)s], 
1.18, 1.20 nncf 1.32 (38, 91.1, 3CI.13, 2Wf3-5’, (X13-3 a), 
1.02-1.78 (m, 51-1, OH, I&-G’, l-12-7’), 1.57 (dl;, J = 0.9, 
1.3 HZ, 31.1, CI&, C&-l”), 2.29 (d, J = 7.1 Hz, 11.1, 1-I-m 
4’), 3042 (t, J = 3.0 Hz, 11-1, I-1-7/n), 4.33 (ddq, J = 14.9, 
2.7, 1.3 Hz, 11.1, I&X-~‘), 4.4G (ddq, J = 1409, 2.7, 103 Hz, 
ll-I, Hb-2’), 4.84 (dd, J = 7.1, 1.7 f.Iz, II-I, I-I-l’), 5.35 (qt, 
J = G.9, 2.7 Hz, 11-1, I-I-1”). 

“‘C NMR (CDCIJ, 50.3 MHz) 6 -0.3 [3CI-13, Si(CI-13)3], 14.1 
(C-2”), 18.3, 23.7 nnd 34.8 (2CI-13-t’, C&-3’n), 22.3 (C- 
G’), 33.G (C-5’), 37.1 (C-7’), 47.8 (C-3/11), Gl.0 (C-4’), 
G2.4 (C-l), (17.5 (C-2’), 85.3 (C-7’n), 81.2 nncf 109.8 (C-2, 
C-3), 1X.8 (C-l ‘), lt0.6 (C-3’). 

MS (CI, NI&) m/z 338 (MI-I+ -f- NI.Ix), 321 (MI-I+), 320, 
205, 291, 264, 235, 221, 193, 181. 

Ann1 talc for CloI.I3202Sf, 320.51: C, 71.20; II, lO.OG. Founti; 
C, 71018; I-f, 10.13. 

A solution of ~fcofrof 29 (180 mg, 0.72 mmof) in 
dicliforomctfiane (2 inL) nl; 20 “i= was ncldod to n sofutibn of 
Lfic Dcss-Martin renrcnt 1450 mr. 9.1 inmof. 1.5 eouiv~ iii 
cficfiloroiiictlin~ie (2 i1IL). +flc rcnclion was siirrcd at 20°C 
for 1 ii, cfuencf~ed with D. saturated NazS03 uqueous solution 
(5 mL) and diluted with cfielf~yf cthcr (30 tnL). Tile pfloscs 
wverc scpnmted mid the nqucous pfiflsc extrflclccf witfi cfi- 
clf~yf ctflor (3 x 25 mL). The combined organic pf~nscs were 
wnsf~cd with saturated nqueous NnHCOs, tiler1 witfl brine, 
cfried over anhydrous MgSO.1, fiftcrcd nnd concenlrnted in 
vncuo. PurificnLion by ffesfl cf~romul;ogr~pfiy on silica gel 
gnvc ketone 31 (149 mg, 85% yield). 

117, (N&I) v 2 975, 2 942, 2 859, 2 084, 1 G90, 14G7, 1450, 
1091, 1077, 1048, 1029, 879. 

‘II NMR (CDC13, 200 MHz) 6 0.92, 1.05 and 1.15 (3s, OH, 
3CI-13, 2CI-13-5’, CFI3-3/n), 1.05-2.01 (m, 4E1, I&-G’, I-11- 
7’), 1.53 (dt, J = G.8, 1.4 I-Ix, 3I-I, CHs, C&a-l”), 2.89 
tmd 3.21 (as, 21-1, I-I-4’, I-1-3), 3.49 (t, J = 1.5 Hz, III, 
1-1-7/a), 4.35 (ddq, J = 13.7, 2.3, 1.4 Mz, 11-1, l&-2’), 4.Gl 
(ddq, J = 13.7, 2.3, 1.4 Hz, II-I, I-&2’), 5.09 (qt, .I = 6.8, 
2.3 f-12, lI_I, I-I-1”). 

‘“C! NMR (CDC13, 50.3 MHz) 6 14.0 (CI-IJ, CI-IS-1”), 18.0, 
21.8 and 32.2 (3CX13, 2CI&-5’, CI-Iz-3’n), 22.1 (C-G’), 34.8 
(C-5’), 35.2 (C-7’), 45.9 (C-3n’), G1.G (C-4’), 68.0 (C-2’), 
77.3 (C-3), 84.0 (C-7n’), 85.1 (C-2), 114.9 (C-l”), 147.4 
(C-3’), 190.9 (C-l). 

MS (CI, Nbfa) m/z 204 (MH+ + NIla), 247 (MI-I+). 

Anal talc for C1”11&&, 246.34: C, 78.01; II, 9.00. F’ound; 
C, 78.25; I-I, 9.13. 

‘I’0 II sofulfoll or Itolo11c? 31 (I 1 Lllb’, 0.045 11111101) ill 111cL11n110f 
(1 IIIL) coofcd Lo 0 ‘C WIU nddccf sodium boroflvcfridc IQ IIIE. 
&I miiiol, 2.2 cqiiiv). A furlller cqunf niiiou~it of socfium 
I~orof~ycfrfdc wcrc nddcd 30 miu Inter lo compfotc tile rctlc- 
lion iuicf lfic rcnction mixture wtis sLirrcd for 30 min nL 0 “C 
md Ll1c11 trcnlecf wit;fl tm 1 N tqleous I-ICI sofutiou (1 InL) 
md concculrabzd ill vncuo. The mixture wns f~nrtitionctf b+ 
twccn wnlcr (5 nit) mid ctflyf ncctnte (10 NIL) tuntl lflc nque- 
011s fnycr wts exlraclcd will1 clf~yl ncctnt;c (3 x 20 IIIL). ‘l‘flc 
combinecl orguiiic flfinscs were wnsficd witfl brine, cfriccf 0vc1 
tmflydrous R3gS0.1, fiflcrcd tmd conccnlrnl;cd in VWIIO. Pu- 
riffcntioii by Ilnsfi cfiromntogrtif~f~y on silica gel (f~olrolciin~ 
clfler/ctllyl ncclntc 9:l) gave Itclone 32 (8 II~, 74% yfcfd). 
11X (NnCf) 2934, 2854, 1710, 1459, 1 :387, 13G7, 1 111, 

1 077, 1 OGl, 1 030, 905, 880, 808. 
‘I-1 NMR (CDCIJ, 200 MI-fz) 6 O.Brf, 1.08 nncl 1.17 (3~, of-f, 

3Cf-13, 2CI-Is-G’, CI-Is-3/n), 0.92 (t, J = 7.B I-f;r,, 31.1, CH3, 
f.I3-3), 0.78-1.83 (111, rff-I, 1.12-G’, I&-7’), 1.53 (cft;, ,/ = 0.8, 
1.2 HE, 31-1, Cl-Is, C&-l”), 2.32 (q, J = 7.6 fix, 211, I-12- 
2), 2.59 (s, 11.1, t-r-4’), 3.4G (I, ,I = 3.3 I-I%, 11-1, II-~/IL), 
4.33 (ddq, J = 15.0, 2.5, 1.2 II&, II-I, H&l-2’), 4.57 (cfcfq, 

zJ.5 fix, II-I, H-l”). 
= 15.0, 2.5, 1.2 I-Iz, 111, fife-2’), 4.85 (qt, .J = 6.8, 

“C NMR (CDCfu, 50.3 h4Hz) 6 7.0 (C-3), 1309 (C-2”), 17.9, 
21.5 nnd 32.G (3CHs, 2CI-I:,-5’, CII3-3’n), 22.1 (C-:3’), 
:33.9 (C-5’), 35.1 (C-7’), 4203 (C-2), 45.7 SC-B’& 58.2 (C- 
4’), 67.9 (C-2’), 84.0 (C-7’11), 113.7 (C-l ‘), 148.7 (C-3’), 
213.78 (C-l). 

MS (Cl, Nf-18) m/t 208 (R~fIl+ + NII:,), 261 (MII’). 

To n 1 h!I LDA solution in THP (2.3 mL, 2.3 IIUIIOI, 1.6 cquiv) 
cooled a~, -78 ‘C wns nddcd IIMPA (410 mL, 3.0 mmof, 
1.5 equiv). Tllc renction mixture wns stirred tit L;flis tcmpcr- 
nt;ure ror.30 nlin mid then ester 22b (pure Eia-I-1, 570 w~~~gr 
1.5 mmof~ in TI-IF IB mL) wns ndcfcd ‘via ctmnr~fn. Tllc rc- . 
nclion m~xlurc wns slirrch nl -78 ‘C for 15 min and nl- 
lowed to warm to 0 “C for 15 min. ATLer cooling t;o -78 ‘C, 
Me1 (290 I_LL, 4.5 mmof, 3 cquiv) wtls tlcfdetf nnd tflen tile 
mixl;urc allowed to warm I;o 20 ‘C over 2 II. The rcnction 
was quenched will1 nn uqucous 1 N FIGI solution (3 mL), 
diluted with dietllyl etfler (50 mL) anti tfrc pflnses wcrc sep- 
nrnlcd. Tile nqucous ~AIEISC wns cxlrncled wit.11 diclfryf etfler 
(3 x 25 inL) and tile coinfhed organic pliiiscs were wiisficcl 
with brine, Ihen tfried over nnhydrous MgSO.l, filtcrcd nnd 
conccntmtcd in vacua. Purificntion of’ the residue f>y flesh 
clrromntogrnpfly on silica gel gave tflc 5~1-1 isomer 33b (5a- 
PI) (5GG mg, 95% yieitf) 11s n yoflow oil. 
If-t (CCI,i) 2 958, 2 930, 1 739, 1632, 1470, 14G1, 1254, 

1 138, 1 100, 837, 
‘I.1 NMR (CDCIs, 200 6 0.08 [s, Si(CH3)2], MHz) GI-I, 2CEI3, 

0.73-1.84 (In, 4I-I, I-12-0’, I-h-7’), 0.90 [3s, 91.1, 3CH:5, 
SiC(CI-13)3], 1.00 (s, 31-1, CI-Ia), 1.03 (s, 31-1, C&), 1.21 
(6, 3I-1, CEfa), 1.31 (d, J = 7.0 I-12, 3tf, C&j, C&-2), 
1.88 (m, 11-1, H-4’), 3.30 (q, J = 7.0 Hz, 11-1, H-2), 3.70 
(s, 31-1, CI-Is, C&C&), 3.80 (dd, J = 11.2, 4.9 Hz, lH, 
Ha-l”), 3.85 (dd, J = 11.2, 2.6 Hz, 11-1, Hb-1”), 3.95 (t, 
J = 4.3 Hz, lH, W7’n), 6.35 (s, lI_I, H-2’). 

13C NMR (CDCfs, 50.3 MHz) d -5.G [2CI-13, Si(CH3)2], 18.1 
[C, SiC(C&)3], 21.0 (CI-Ia), 22.1 (CI&), 22.9 (C&j), 23.0 
(C-G’), 2G.0 [SCI-13, SiC(CH3)3], 32.3 (CI-IX), 32.6 (C-5’), 
3G:5 (C-2), 35.9 (C-7’), 48.2 (C-3/a), 54.4 (C-4’), 52.4 



(C!la, CO&H3), Gl.4 (C-l”), 90.5 (C-7/a), 128.0 (C-3’), 
142.7 (C-2’), 176.7 (C-l, CO&I-Is), 

hllS (Cl, NI-1~) m/z 414 (MI.!+ -!- NH& 397 (LII!‘). 

Ann1 cnIc for C22!&O.tSi, 391X2: C:, GG.GS; I.!, IO.lG. Found; 
c, GG.t~!; II, 10.22. 

(3aR+,QR*, 7aR”)-%-(4-(~(tc~t-Bnt~lrL~rr~.eth~Lsilyl)ox?/l- 
mcth~l} -3a, 6,6-trimethyl-3u,4,8,G, 7,7a-hexahydro- 
be7lzofiL7~n-3-1/1)Propa7lenitljle 34b (h-H) 

‘I’o it 1 R1 LDA solulion in THP (600 ILL, 0.G mtnol, 1.5 equiv) 
cooled to -78 OC was nddod I~IMPA (100 /IL, 0.G mmol, 
1,5 cquiv). Tlte rencl;ion mixl;urc was stirred at tltis tem- 
pornt~e for 30 tnitt and a solution of cyono compouttd 24b 
(6~1-1) (140 mg, 0.4 tntno!) in ‘IX!? (2 mL) was then added 
via cattnuln. Tlte reaction mixtttre was sl;irrcd at; -78 ‘C for 
15 min rtttd allowed (;o warm to 0 OC for 15 tttitt. After cool- 
ing to -78 “C, hJc1 (75 mL, 1.2 tnmol, 3 cquiv) was added 
trncl LIE tnixlurc was nllowcd Lo warm I;o 20 ‘C! over 2 It. 
‘l’110 ronclion mixLure was quenched witlt a 0.1 N aqueous 
!lC! solution (10 mL), diluted witlt dietltyl etlter (50 tnL) 
ttttd tlte pltases were separated. The aqueous phase was ex- 
Iracked witlt diol;!tyl etltcr (3 x 25 tnL) und L!to cotnbined 
orgnttic pltascs we& waslted kit11 brine, dried over anltydrous 
h?rrSO.~. ft!l;ered and cottcctttratcd in vnctto. Pttrifkation by 
fluslt cltromatograplty on silica gel gave 34b (5~1~) (124 mg, 
84% yield) as a yc11ow oil. 

IR (CHCl;I) 2 934, 2 897, 2 219, 1 GG7, 1 G23, 1381, 1093, 
1 OG4, 8G4. 

‘H NMR (CDClz, 200 MHz) 6 0.08 and 0.10 [Ss, GH, 2CHs, 
Si(CH3)2], 0.70-1.84 (tn, 61-1, Hz-G’, HZ-~‘, H-l’), 0.90 [3s, 
OH, 3cl.13, Sic(CH3)s], 1.00 (s, 3~1, CI-Is), 1.03 (s, 31-1, 
CHa), 1.21 (s, 31-1, CHJ), 1.41 (cl, J = 7.8 LIZ, 31-1, CHJ, 
CHa-1), 3.G8 (dd, J = 11.1, 7.3 Hz, l!-I, Ha-!“), 3.78 (tld, 

= 11.1 3.1 Ha, 11-1, I-lb-l”), 3.95 (q, J = 7.8 Hz, 11-1, 
i-l), 4.0; (L, J = 3.G Hz, 11.1, H-7a’), G.53 (s, 11.1, H-2’). 

h’!S (Cl, NI-13) m/z 381 (MI-I+ + NHs), 3G4 (MI-I+). 

(3R*,GaR*,gaR+,gbRt)-3,7,7,90-Tet~alnsth~ll- 
Ga, 7,8,8,~,Sa,~b-hexal~~d~~- 
GH-fiaa[4,3,8-efJ[Z]-ben,toxepin-4(3H)-one 35 

‘l’o n solulion of tltc deconjugatcd ester 33b (5ct-I-1) (1 g, 
2.5 ttttttol) itt THl? (10 mL) at 20 ‘C was nddcd a 1 k! 
TBAP solution itt THF (3.0 ntL, 3.0 mtnol, 1.4 ecptiv). The 
reactiott mixktrc was stirred at lltis tcmperatttre for 17 11, 
parlitiotted between brine (15 tnL) and dietltyl ether (50 mL) 
nttd the pl~~.~es were separated. Tlte uqucous pltase wns 
cxtrncl;ecl witlt diekhyl ether (3 x 25 tnL) and tlte cotnbined 
organic pltases were waslted wil;lt brine, dried over attltydrous 
MgSO,t, filtered and cottccntrated in vacua. Purification by 
flash cltromatograplty on silica gel gave lnctottc 35 (590 mg, 
95% yield) ns a yellow oil. 

IR (CC14) Y 2 958, 2 930, 1 705, 1 G30, 1455, 1 250, 1 130, 
1 100, 840. 

tk! NMR (CDClz, 200 MHz) 6 0.7-1.9 (m, 2H), 165 (d, 
J = 8.3 Hz, lH, H-G,), 2.0 (m, ZH), 0.83 (s, 31-I, CHJ), 
1.01 (s, 31-1, CHs), 1.20 (s, 3I-I, CHJ), 1020 (d, J = G.9 Hz, 
31-1, CHa, CHs-3), 3.18 (qd, J = 6.9, 1.0 Hz, 11-I, H-3), 
4.15 (d, J = 13.1 Hz, 11-1, Ha-G), 4.29 (dd, J = 9.5, 7.4 Hz, 
lH, H-Oa), 4.41 (dd, J = 13.1, 8.3 Ha, lH, Hb-G), 6.10 
(cl, J = 1.0 s.Iz, lH, H-2). 

t3C NMR (CDCIJ, 50.3 MHz) 6 15.4 (CHa), 22.2 (CM3), 
24.0 (C-S), 24.4 (CH3), 32.5 (C-3), 29.8 (CI-Is), 30.G 
(C-7), 33.7 (C-9), 47.5 (C-913), 48.0 (‘Xa), G5.G (C-G), 
88.5 (C-9a), 119.1 (C-2), 141.0 (C-2), 174.4 (C-8). 

hJS (CI, NI-13) m/z 268 (MH+ -I- NH3), 251 (MH+). 
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Anal cnlc for Ctal-12203, 280.33: U, 71.97; I!, 8.8G. Fottttd; 
C, 71.82; 1.1, 8.93. 

[3(lR+),3aRc,4Rc, 7aR*J-4-~~(te7~t-But~Jlclirn.eth~l~sil~tll)- 
o.zylj7netlL~/1)-3-(~-~l~~~d~o.~J-l -nletlr.ljletir,111)- 
38,5,8-t7-i7i2eti~.~~l-3e,~, 6,G, 7,7a-lte.zahydiw 

Oc7uofil7nn 30b (kv-H) 

To a solulion of ester 33b (5a-I-!) (pure ta-I-I, 1.4 g, 
3.5 tttmol) in THF (15 mL) cooled to 0 OC was added 11 
1 n/l LiA1H.t solutiott in dictlty! etltcr (3.5 tnL, ! equiv). Tltc 
resukittg solul;iott wtts slirred for 1 11 at LItis tempcrat,ttre, 
attd tlte rcactiott quenclted wil;lt att 0.5 N nqucous HCI solu- 
Lion (17 tnL), clilttl;ecl wiLli dictlty! ctltcr (100 tnL) nnd Llte 
pl~ascs were scpttrnled. The nqucotts plutsc was cxt.rnctcd 
willt dictlty! eI;ltet’ (3 x GO tnL) and tltc cotnbittcd oryottic 
pltoscs were washed willt brittc, tltett dried over nttltydrous 
MgSO.t, flltercd attd cottcctttraled in vacua. Pttrificntion by 
Ilttslt cttromal;ograplty on silica gel gnvc nlcohol 3Gb (5~1.1) 
(910 tng, 70% yield) tts a yellow oil. 
iR (CI-I&) v 3 420; 2 0261 1 G42, 1470, 1385, 13G2, 1 lGln, 

1097. 1098. 1030, 836. 
‘I-1 NhJn (CDCl3, 200 MHz) 6 O.OG [s, (X-1, 2CI-13, Si(CH3)2], 

0.84 [s, OH, 3CHs, SiC(CH3)3], 0.91 (s, 311, CI&), 0.99 (s, 
31.1, CXIa), 1.05 (d, J = G.5 Hz, 31-1, CHs-l’), 1.11 (s, 3H, 
CHa), 1.21-2.20 (m, GH, I-1-11, I-la-G, l&7, OH), 2.46 (tn, 
11.1, I-I-l’), 3.52 (tld, J = lO.G, 2.5 Ha, 11-1, Ha-!?), 3.55 
(dd, J = lO.G, 7.3 Hz, II-!, Hb-P’), 3.72 (cld, J = 10.9, 
3.5 Hz, 11.1, Ha-l”), 3.78 (dd, J = 10.9, 3.5 I-!K., 11.1, 
Hb-1”), 3.88 (L, J = 3.G Hz, 11-1, I-I-7a), G.19 (s, lH, H-2). 

lJC NlvlR (CDCI3,50.3 MHz) 6 -5.4 (2CI-Is, Si(CH3)~], 18.3 
[C, SiC(CI&t)3], 20.2 (CHs), 21.8 (CH3), 22.7 (C-G), 22.7 
(CHa), 20.1 [3CH3, SiC(C!-la)3], 32.2 (c-5), 32.7 (cf.Is), 
33.4 (C-l’), 36.3 (C-7), 47.7 (C-3a), 54.5 (C-4), G2.0 
(C-al”), 6704 (C-2’), 90.0 (C-7a), 131.7 (C-3), 140.9 (C-2). 

MS (CI, NH3) m/s 38G (MI-!+ -I- NHs), 309 (h’IH+). 

[3(lR*),3aR+ ,4R*, 7aR’]-4-Hlld~o,rlmetl~~~- 
3-(2-i~~drox~-l-methl/lett~,~~)-3a,6,- tvimethyl- 
3a,4,5, G, 7,7a-hexah~d7w~ertzof~L7~ar~ 10 

l Procedure A 
To a solution of Iactone 35 (200 tng, 0.8 mntol) in THIF 
(2 mL) cooled to 0 ‘C wtts added a 1 M LiA1H.t solution 
itt ‘I’klF (0.8 mL, 0.8 tnmol, 1 equiv). Tlte renctiott tnixktrc 
was stirred at tltis temperature for 1 It, quenclted wit11 nn 
nqueotts 0.1 N HC! solttlion (10 tnL) attd diluted willt @fltyl 
acetate (50 mL). Tlte phases were separated nttd tltc aqueous 
pltose was oxkactecl wil;It etlty! acelate (3 x 25 mL) and 
tlte cotnbined organic pltases were waslted witit brine, driec! 
over anhydrous MgSO4, ftltered and concentrated itt vacua. 
Purilication by flash chromatography on silica gel gave diol 
10 (185 mg, 91% yield) as a yeliow oi!. 

l Procedure B 
To a solution of siIy1 a!col~o! 36b (5~1-I) (420 mg, 1.9 mmol) 
in THE’ (4 mL) at, 20 OC was added a 1 N TBAF solution 
In THP (2.1 tttL, 2.1 tnmol, 1.1 cquiv). Tlto cloudy renc- 
Lion mixtttrc was stirred for 17 II, pnrlil;iottcd between brine 
(15 mL) and ethyl ncetat;c (50 tnL) and Lltc pltases were sep- 
arated. The aqueous pltttsc was extracted with et;ltyl acctak 
(3 x 25 mL) attd tltc combined organic phases were washccl 
with brine, dried over anhydrous MgSO.1, filtered attd cott- 
centrated in vacua. Pttrikntion by flaslt chromatograplty on 
silica gel gave diol 10 (240 tng, 83% yield) as a yellow oil. 
IR (CHCl3) v 3 378, 2 953, 1634, 1453, 1383, 1 BGG, 1008. 
‘I-1 NMR (CDC13, 200 MHz) 6 0.83 (s, 3H, C!.Is), 0.97 (d, 

J = G.5 I-Is, 3H, CHs-1’), 0.98 (s, 3H, CHa), 1.07 (s, 31-1, 
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Cl&), 1.1-1.92 (m, 711, I-12-0, 112-7, 1~1-4, 2 OH), 2.06 (171, 
11.1, H-l’), 3.47 (dd, J = 10.2, 2.4 I-Ix, 11-1, Ha-2’), 3.62 
(dd, J = 10.2, 2.4 He, 11-1, Hb-2’), 3.68 (dd, J = 11.8, 
4.5 Hz, II-I, Hn-1”), 3.76 (dd, J = 11.8, 4.5 Hs, 11-1, 
Hb-1”), 3.88 (t, J = 2.9 Hz, 11.1, II-7a), 6.21 (s, lH, H-2). 

lJC NhlIR (CDCIs, 50.3 MHz) 6 18.4 (CH3), 21.3 (CHa), 
22.1 (C-G), 2243 (CH3), 32.3 (C-5), 32.3 (CI-ls), 35.7 
(C-l’), 35.8 (C-7), 46.8 (C-3n), GG.3 (C-4), G1.G (C-l”), 
67.1 (C-2’), 89.9 (C-7a), 132.8 (C-3), 140.3 (C-2). 

MS (CI, NHa) m/z 272 (MIi+ + NI-Ia), 255 (MH’). 
Anal talc for Cl~H~o03, 254.38: C, 70.83; I-I, 10.30. Found; 

0, 70.45; H, 10.05. 
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