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A synthetic approach to (+)-forskolin.
Part I. Preparation of key hydrobenzofuran intermediates
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Summary — In a synthetic approach to (& )-forskolin 1, a stercosclective preparation of the unsaturated luctone 2 was
envisaged. Propargylic derivatives 18a—~c were prepared {rom available a-ionone 5 and treated with BuzSnH/AIBN to give
the bicyclic vinylstannanes 19a—c in high yield. From these compounds we then performed transimetallation reactions to
obtain the 21a—c and 22b homologous derivatives. ‘The two enyne compounds 29 and 30 were then prepared by our previous
approach to lactone 2 involving a radical C7-C8 bond formation. In a second radical approach promoted by Smia, the diol
10, was usec to synthesize a potential precursor of the dialdehyde 9.

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

Résumé — Approche de synthése de la (&)-forskoline. Partie I: préparation des intermédiaires clés hydrobenzo-
furaniques. Pour une approche de synthése de la (z:)-forskoline 1 nous avons envisagé la préparation stéréospécifique de
la lactone insaturée 2. A partir de 'a-ionone 5 commerciale, les dérivés propargyliques 18a-—-c ont été prépards et traités
avec BuaSnH/AIBN pour obtenir avec de trés bons rendements les vinylstannanes 19a—c. Sur ces composés, nous avons
réalisé des réactions de transmétallation pour accéder aux homologues 21a—c et 22b. A partir des dérivés 21a—c, les deux
énynes 29 and 30 ont été prépardes en vue d’une premiére voie d’approche de la lactone 2 par fermeture de la liaison C7-C8.
La seconde voie d’accés envisagée pour la préparation de 2 fait intervenir une autre réaction de cyclisation radicalaire par
utilisation de Smla. Le diol 10 précurseur du dialdéhyde 9, produit clé dans cetle approche, a également été synthétisé avec
de bons rendements.

f‘or?k?line / tributylstannane / cyclisation radicalaire / transmitallation / vinyl stannane / vinyl iodure / couplage
Pd(0

we planned the synthesis of the bicyclic derivative 3 via
the hydrobenzofuran precursor 4.

In preliminary work we described a radical cycli-
zation of the model enyne 7 using BuzSnH into the
trans decalinic compound 6, via a 6-endo-trig process
(scheme 2) [8]. In a second approach we reported an-
other radical cyclization [9], which yielded the bicyclic
63,70-diol 8 in a Sml, reaction on the dialdehyde 9
derived from diol 10. After that a formal synthesis of
forskolin 1 was reported from the bicyclic 683,78-diol 8
[10].

This paper deals with the preparation of the key
intermediates 29 and 10 involved in the two radical
approaches considered for the synthesis of the racemic
lactone 2.

Introduction

The diterpenic compound forskolin 1, isolated from the
roots of the Indian plant Coleus forskohlii [1], has shown
many interesting biological activities and presents a
complex polyoxygenated tricyclic structure. Forskolin
1 was proved to activate adenylate cyclases [2], to
inhibit platclet aggregation in vitro and in vivo, and to
have therapeutic potential toward bronchial asthma (3],
congestive heart failure [4] and glaucoma [5]. Due to its
activity, forskolin still represents a synthetic challenge
for organic chemists [6, 7] and at present four total
syntheses of (=4)-forskolin 1 hav:: been reported [7],
together with many synthetic approaches [6].

Our synthetic approach to (d:)-forskolin 1 is based on
the crucial B ring closure either by a C6-C7 or a C7-C8

hond formation for an access to the unsaturated lactone
2, the key intermediate developed by Ziegler, Ikegami
and Corey (scheme 1) [7]. In this new strategy, and for
the construction of the trans decalinic AB ring system,

* Correspondence and reprints

Preparation of the hydrobenzofuran core 4

The preparation of the hydrobenzofuran derivatives
4 involved controlling the c¢is junction between the
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Forskolin 1

Scheme 2

six- and five-membered rings. We decided to carry out
a radical cyclization of the enyne compounds 18a—c
induced by BugSnH [11].

The known hydroxyaldehyde 13 [12] was pt'uj)'n'l-(i{l
from commercial a-ionone 5 after oxidation of the noii-
conjugated double bond to give 11 and ;. zonolysis
of the remaining double bond and basic treatuient of the
resulting epoxyaldehyde 12 (scheme 3). 'he hydroxy-
aldehyde 13 could be directly etherified with propargyl
bromide into compound 14, which was subsequently
reduced (NaBH,/McOH) to afford the expeeted enynol
18a (R = H). ' ‘
~ Reduction of the l‘ly(,l,roxyzi‘ldelly_‘d'e 13 gave the diol
15a wliich was selectively protected on the primary hy-
droxyl group either by a silyl oi & trityl group leading to
compounds 14b and 14c, respectively. A further etheri-
fication reaction then gave the corresponding propargyl-
oxy derivatives 18b and 18c in good yields.

Once we had prepared the enynes 18a—c, we turned
to the radical cyclization involved in our strategy for
the construction of the cis-hydrobenzofuran precursor
4. Treatment of the eijylies 18a—c in 10~2 M solution
in tolucne with Bl’.igggih/AHBN resulted in a 5-exo-trig
process and formation of the expected vinylstannanes
19a—c in high yields (scheme 4). Compounds 10a-c
were identified as mixtuies of epimers at the C5 position
[13], whereas tlie junction of the bicyclic derivatives
19a—c was found to be cis and the vinylstannyl was
shown to be exclusively Z [14]. ‘

Vinylstannanes arc known to be good precursors
for the preparation of the corresponding lithio deriva-
tives by transmetallation or to undergo Pd(0)-catalyzed
vinyl-vinyl coupling reactions with vinylhalides [15]. We
used this reactivity to generate the homologous deriva-
tives of vinylstannanes products 19a—c under mild con-
ditions [16].

o-ionone 5

. * OR,

e I8 )= 11y = H 180 R=H

e 15h Ry =os, H~,_=Hv> h) I18h m=ToS
15¢ Ry=Tr, Rp=H 18 R=Tr

16 Ry=H. Ry=TBS: 17 Ry =R, =TBS

a) m-CPBA, CHaCla, 0 °C, 82%. b) (i) Oy, —78 °C, CHaCla.
(ii) %n, 50% aqueous AcOH, 86%. ¢) Pyrrolidine, 1it20, 20 °C,
83%. d) NaOH/H20 60% weight, cal. Buy NI, propargy! bromide,
toluene, 20 °C, 17 h, 98%. ¢) NaB3H4, McOH, 0 °C, 1 h, —
18a 75%. {) NaBBH4, McOH, 0 °C, 1 h, — 16a 75%. g) TBSCI,
Im, DMF;/0 °C, 4 h, — 15b 61%, — 16 9%, — 17 11%. h)
TG, NEts, DMAP, CHyClz, A, — 15¢ 77%. i) NaOH/H20
60% welght, cat BugNI, propargyl bromide, toluene, 20 °C, 17 h,
15b — 18b 97%, 15¢ — 18c 87%.

Scheme 3

o Tz

a)_____>
18a 19a 87 %, So—-N/5P3-H = 60:40
18b 19b 99 %, So=11/53-11 = 70:30
18¢ 19¢ 97 %, So—-H/5[3-H = 50:50

a) BuaSnH (1.7 equiv, 0.05 M in toluene), AIBN 10% tnol, reflux
2'h, 18a — 10a 88% (ba-H/58-11 = 60:40), 18b — 19b 08%
(5rx-11/60-11 = 70:30), 18c — 19¢ 90% {(5a-H/66-H = 50:50).

Scheme 4
Homologation of the vinylstannanes 19a-c

In a preliminary experiment the stannanes 19a—c werce
treated in acidic media and the protodestannylated
derivatives 20a—c were obtained in quantitative yield



(scheme 5). Transmetallation of 19b,c was achieved
with n-BuLi/THF at —78 °C [17] to give the methyl-
idene derivatives 20b,c (95 and 90% yields, respec-
tively) after quenching with NH4Cl, or the ethylidene
homologous compounds 21b,c in 87 and 80% yields
with Mel. This homologation reaction was required for
the construction of 7 in a synthetic approach of forskolin
via the C7-C8 bond formatioii (see scheme 2)

In an approach involving the formation of diol 10
(scheme 2), 19b was converted into the conjugated
methyl ester 22b by treatement with n-BuLi//THE at
—78 °C and with CICO.Me at 0 °C. The ester 22b was
thus obtained in 85% yield (scheme 5).

19u-¢

22b

a) HCI 1 N, "THF 1:1, 20 °C, 19a~-c — 20a-c 95% or 1-Buli,
THR, —78 °C, NH4Cl, THI*, 0 °C, 19b — 20b 95%, 19¢c —
20c 90%. b) n-BuLi, THF, —78 °C, Mel, —78 °C, 19b — 21b
76% 19¢ — 21c¢ 75%. ¢) n-Buli, THF, —78 °C, CICO3Me, THIE,
0 °C, 19b — 22b 85%.

Scheme 5

In order to prevent the protodestannylation reaction
of stannanes 19a--¢, we decided to run the homolo-
gation reactions from the corresponding vinyl iodides
23a—c. After a halogen-metal exchange [18] the stan-
nanes 19a-c were converted into the vinyl iodides 23a—
c in quantitative yield (>95%).

Starting from 23b, the halogen-metal exchange was
carried out with n-BuLi/THF at —78 °C, but reaction
with CICOs;Me gave the destannylated compound 20b
in 83% yicld and the expected conjugated ester 22b was
isolated in 17% yield (scheme 6). When the halogen-
metal exchange was carried out with 2 equiv of tert-
BuLi in DME at —78 °C, the reaction with CICOsMe
afforded 22b in 57% yield together with the methyl-
idene derivative 20b (34% yield).

For tlis halogen-metal exchange, we tried to use
MeLi instead of n-Buli or tert-BuLi. When 23b was
reacted with MeLi (1.5-1.8 equiv) further work-up with
NH,4Cl gave the ethylidene compound 21b in 87%
yield (scheme 6). In these conditions the halogen-metal
exchange produced the vinyl lithium and i equiv of
Mel which reacted together to give 21b in high yield.
Thos using MeLi, further reaction with CICOzMe led
to the conjugated esters 22b in only 13% yield; the
major compound isolated was ethylidene 21b in 83%
yield, The reaction with Mel, generated in situ, was

23a-¢

‘d)

“H Sins
24h

ui I2, Et20, 20 °C, 3 b, 19a~¢ - 23a—-c 95%. b) 2805, fi-131Li
(1.1 eqiity), THF, —78 °0, | |1, ClCO2Me 0 °C: — 20 °C, 2 i,
— 22b 17%, — 20 83% bi- 23b, I.crf—}Bi;Li (2 equiv), DMI3,
—78 °CY, Cl 00yMe 0 °d — 20 °C, 2 li, = 22b 57%, — 20b
31% or 28b, Mol (1.5 aijitlv), THF, —78 °C, CICO2Me 0 °C —
20 °C; 1), — 22b 18%, — 215 83%. c) MeLi (1.5 equiv), THE,
—78 °C, Nil4Cl, 0 °C — 20 °C, 2 i, 28b -— 21b 87%, 23c —
21c 80%. d) 23b, Pd(PPh3)4, 18-crown-6, KCN, benzene, 70 °C
— 24b 47%, — 25b 16%.

Scheme 6

fast enough to occunr to some extent during the halogen-
lithium exchange helore further addition of CICO2Me,

Vinyl ioclides undergo Pd(0)-catalyzed reactions with
vinylstannanes [19]. More interestingly, we applied the
coupling reaction between a vinyl iodide and KCN [20]
to our vinyl icdide 23b. Coinpound 23b was treated
with IKCN in benzenc at 70 °C in the presence of
Pd(PPhy)y and 18-crown-6 and gave the cyano deriva-
tives, isomers 24b and 25b, in 47 and 16% yields, re-
spectively. The basic conditions used here led to the
isomerization of 24b info 25b.

Thus starting from the vinylstannanes 19a—c or the
corresponding iodides 23a—c we were able to prepare
21a-c, 22a-—c, 24b and 25b, the key iiterinediates foi
our synthetic approach to forskolin 1,

Final preparation of hexahydrobenzofuran
derivatives 7 and 10

In this work, the hexahydrobenzofurans 18a—c were
formed via a radical cyclization as a ca 1:1 mixture of
the 5a-H and jG-H epimers. The two isomers were not
separately isoiated and a synthetic approach of forskolin
1 could not be considered in this way. In order to recover
a pure 5a-H hydrobenzofuran isomer we examined the
isomerization of compounds derived from 21a and 23a.
Starting from a 60:40 mixture of 5e-H and 58-H
21a, oxidation of the primary alcohol with the Dess-
Martin reagent [21] gave the two isomeric aldehydes 26
(5a-H/58-H = 60:40) in 99% yield. Equilibration of the
mixture of isomers 26 (K2COj3, MeOH, A) afforded the
aldehyde 26 (5a-H) in 94% yield, and further reduction
then gave the pure alcobol 21a (5a-H) in 86% yield.



21a (So=-H)
Sa-11/503-11 > us:5

210
Su-11/813-1] = 6040

23a (50-11)
Sa-H/S[3-H > 95:5

23a 27 (5o-11}
Se-H/S[3-H = 60:40

&) (1) Dess-Martin, CHClz, 20 °C, 09%. (ii) K2COs, MeOH, A,
94%. b) NaBH4, MeOH, 0 °C, 88%. c) (1) PCC, celite, CH2Cla,
20 °C, 87%. (ll) K2COgz, MeOH, A, 95%. d) NaBH4, MeOH,
0 °C, 87%.

Scheme 7

Using the same method, the 60:40 mixture of ba-H
and 58-H jodo derivatives 23a was oxidized using PCC
[22] into the aldehydes 27. These were then isomerized
by treatment with base into the expected isomer 27 (Ga-
H). Iodide 28a (5a-H) was obtained as the pure 5a-H
isomer after NaBH,4 reduction of the aldehyde function
(scheme 7).

During this study for obtaining the desired 5c-H
configuration of the hydrobenzofuran derivatives 4
we examined the radical cyclization of aldehyde 14
(BuaSnH/AIBN /toluene/A}. The cyclization of 14 into
cis-hydrobenzofuran 28 occurred in 87% yield and af-
ter reduction of 28 (NaBH4/MeOH) the alcohol 19a
(5a-H) was obtained pure in 85% yield (scheme 8). This
sequence gave us an efficient access to the hydrobenzo-
furan derivatives 4, 2la—-c, 23a—c, 24b and 25b as
pure 5a-H isomers.

Having solved the problem of the 5a-H configuration
of the synthetic intermediates, we started the synthe-
sis of the ethylidene compound 7. Starting from the
pure aldehyde 26 (5a-H) addition of lithium acetylide
ethylenediamine complex gave 29 in 70% yield. Addi-
tion of lithiotrimethylsilylacetylene to aldehyde 26 pro-
vided 30 in 84% yield. For the two derivatives 29 and
30 the configuration at the C6 center was shown [23] to
be opposite to the required configuration of forskolin 1.

In order to prepare the 68-OH isomer 7, the oxida-
tion of 29 with the Dess-Martin reagent gave ketone
31 which was reduced by NaBH,/MeOH. Surprisingly,

28 (50-H)
Soe-H/53-H > 95:5

19a,b (50-H)
Sa-H/SB-H > 955

a) BuaSnH (1.7 equiv, 0.05 M in toluene), AIBN 10% mol, reflux
2'h, 87% (5a-H/50-H = 98:2). b) NaBH4, MecOH, 0 °C, 85%.

Scheme 8

the alcohol 7 was not obtained; NaBBH, reacted with 31
to give the ethyl ketone 32 in 74% yield via a bis-1,4-
reduction (scheme 9). The formation of 32 only muay re-
flect steric hindrance at C6 which disfavors 1,2-addition
at the 6 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 derivatives 28 and 30. We cavis-
aged an inversion of the Ga-OH function later in the
synthesis.

For the synthetic approach involving CG6-C7 bond for-
mation, the derived enolate of 22b (LDA/HMPA /THF,
—-78 °C) was then quenched with Mel to cleanly
afford the expected dihydrofuran 33b in 95% yield
(scheme 10a).

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

The diol 10 was prepared from compound 33b
(5ce-H). Removal of the silyl group afforded the lactone
35 in 95% yleld. A further reduction of 35 gave the ex-
pected diol 10 (ba-H) in 91% yield. The diol 10 (5a-H)
was also obtained in 60% overall yield by an alternate
sequence: reduction of the ester into 36b (5a-H), and
further removal of the silyl group (scheme 10b).

26 (5o-H)

b)
\\

a) C=CLi-TMEDA, THF, 0 °C, 70%. b) Me3SiC=CLi, THF,
0 °C, 84%. c) Dess—-Martin, CH2Clz, 20 °C, 85%. d) NaBHq,
MeOH, 0 °C, — 32 74%.

Scheme 9



33b (5ce-1) 34b (S5o.-H)

a) LDA, HMPT, THF, —78 °C, Mel, ~78 °C — 20 °C, 95%. b)
LDA, HMPT, THF, —78 °C, Mel, —78 °C, 84%.

a)

33b (5a-H)

10 (5a-11)

36b (So-H)

a) TBAF, THF, 20 °C, 12 h, 956%. b) LAH, THF, 0 °C, 1 h, 91%.
c) LAH, Et20, 0 °C, 1 h, 70%. d) TBAF, THF, 20 °C, 18 h, 83%.

Scheme 10
Conclusion

During this work an efficient radical cyclization
promoted by BuzSnH was used for the preparation
of cis-hydrobenzofuran derivatives 4 as versatile key
intermediates for a synthetic approach to forskolin 1.
Transmetallation and Pd(0)-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 (&)-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 NaCl cells (in
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the specifled solvent) and are reported in terms of frequency
of absorption (v, cm™1!)

1 NMR spectira were recorded with a Bruker WI? 200
(200 MHz) or a Bruker AM 400 (400 MHz) instrument. ‘he
solvent and the instrument are specilied for each product.
The chernical shifts ara expressed in parts per million (ppm)
referenced to residual chloroform at 7.28 ppm. Data are re-
ported as follows: chemical shift, inultiplicity (recorded s s
(singlet), d (doublet), t (triplet), q (quartet) and m (multi-
plot)), integration, coupling constants (J) in hertz (Hz) and
assignment. 'H,'H-COSY and 'H,'H-NOESY ecxperiments
were routinely carried out to ascertain 'H-!'H conncetivitics
nncl'conﬁguratlon assigniments, respectively.

13 NMR spectra were recorded with the same Instru-
ments ot 50.3 and 100.6 MHz respectively. The chemical
shifts are given in parts per million (ppm), the central
peak of deuterochloroforin being referenced at 77.14 ppin,
J-modulated spin-echo technique (J-mod) experiments were
used for the determination of CH multiplicities. When
necessary, '3C NMR spect.a were assigned with the aid of
HETCOR experiments.

Mass spectra were obtained with a Hewlett Packard
HPE989B speclrometer via cither direct introduction or
GC-MS, by chemical ionization (ClI) with ammonia (NH3) or
methane (CH4) or by electronic impact (EI). Microanalyses
were performed by the analytical laboratory of the Institut
de chimie des substances naturelles in Gif-sur-Yvette.

Usual procedures

All non-aqueous reactions were conducted under argon, in
oven (120 °C) or flame-dried glassware,

Organolithium reagents were titrated using the procedure
of SC Watson and JF Eastham [24]. The solution to be
titrated was added dropwise via a syringe at 0 °C in a well-
dried 26 mL round-bottomed flask containing a well-stirred
solution of 1,2-phenanthroline or 2,2'-biquinoline (ca 5 mg),
THF or diethyl ether (10 mL) and anhydrous benzyl alcohol
(0.5 L, 4.8 mmol). The addition was stopped after the
colorless mixture turned dark-recl.

Bulb-to-bulb distillations were perforined with a Buchi
GKR 51 Kugelrohr apparatus.

Solvent distillation

THI®, diethyl ether, benzene and toluene were distilled over
sodium benzophenone. Dichloromethane and amines were
distilled over calcium hydride. DMF was distilled from -
magnesium sulfate under reduced pressure. Ethanol and
methanol were distilled over magnesium.

Chromatography

Thin layer chromatography (TLC) was performed on pre-
coated plates of silica gel 60F 254 (Merck). Visualization
was accomplished with UV light then 7-10% ethanolic phos-
phomolybdic acid solution followed by heating was used as
developing agent.

Flash chromatography was performed on silica gel Merck
SI 60 (0.040-0.063 mm). The solvents used were not distilted
except petroleum ether.

LH and 13C NMR of organostannyl compounds

For large Sn-'H or Sn-!3C coupling constants (250-450 Hz),
the central signal was associated with two close pairs of
satellites corresponding to both '7Sn and Sn isotopes;
in this case two different coupling constants were reported.
For small Sn-'H and Sn-2C (<100 Hz), the two pairs
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of satecllites collapse and only one coupling constant was
obscrved.

Nomencluture

IUPAC nomenclature is used for all compounds. Because
raceinic derivatives are described Lhe rolative stercochem-
istry is expressed using nsterisks, and the first stercocenter
is assigned as 2*. In some cases and to be in agreement
with the forskolin numnbering, 6a-11 and 58-H assignmoents
are used.

[SE(1R* ,2R*S* ,9R* S* )]-4-(2,5-Epoxy-2, 6,06-lrimethyl-
eyclohexyl)but-8-en-2-one 11

T'o o solution of commercial a-ionone & (15 g, 78 mmol) in
CH2Clz (200 mL) at 0 °C was added m-chloroperbenzoic
acid (86%, 23 g, 83 mmol, 1.2 equiv). The reaction mixture
was stirred at 0 °C for 4 h and filtered. The white solid was
washed with Cl2Clz (2 x 200 mL). The resulting organic
phases were washed with a saturated aqueous NalCOgy
solution (3 x 100 mL), then brine, dried over anhydrous
MgS80O., liltered and concentrated in vacuo to furnish a
8:2 mixture of diastercomerie cpoxides 11 (18.3 g, 82%
yleld) which were used in the next step without further
purification.

IR (NuCl) v 2960, 1723, 1670, 1622, 1136, 1365, 1253,

1224, 1094, 990, 901.

o Mugor isomer: [SE(1R*,25*,8R* )]-4-(2,3-epozy-
2,6, 6-trimathylcyclohezyt)but-8-en-2-one

'l1 NMR (CDClj3, 200 MHz) 6 0.67-2.04 (i, 4H, Ha-q’, Ha-
5), 0.68, 0.86 and 1.18 (3s, OH, 3CHy, CHy-2', 2CHy-6'),
2.03 (d, J = 10.0 Hz, 1H, H-1"), 2.23 (s, 3H, CHy, CHa-
1), 3.04 (broad s, 1H, H-3'), 6.03 (d, J = 16.0 Hz, 1H,
H-3), 6.7 (dd, J = 16.0, 10.0 Mz, 1H, H-4).

3¢ NMR (CDCly, 50.3 MHz) 6 21.7 (C-5'), 24.0 (CH3), 26.4
(CHy), 27.4 (CHy), 27.8 (Clla), 28.5 (C-4'), 31.2 (C-6'),
52.4 (C-1'), 59.4 (C-3"), 58.7 (C-2'), 133.9 (C-3), 146.3
(C-4), 198.5 (C-2).

o Minor isomer: [3E(1R*,2R*,35*)]-4-(2,3-epony-
2,6, 6-trimethylcyclohexyl)but-3-en-2-one

'H NMR (CDCl3s, 200 MIz) § 0.82 and 0.88 (2s, GH, 2CH3,
2CH3-06'), 1.21 (s, 3H, CHly, CH;3-2'), 1.00-2.01 {m, 5H,
H-1', Hg-4’, H2-5'), 2.31 (s, 3H, Cl3, Hy-1), 3.03 (t,
J = 3.0 Hz, 111, H-3'), 6.11 (d, J = 18.0 Hz, 111, H-3),
6.72 (dd, J = 18.0, 10.0 Hz, 1H, I11-4).

1@ NMR (CDCl3, 50.3 MHz) 6 21.5 (C-5'), 23.4 (CHy), 27.2
(CHy), 28.5 (C-4'), 29.5 (CHs), 32.0 (CH3), 32.5 (C-6'),
48.0 (C-17), 54.1 (C-3"), 59.7 (C-2'), 134.1 (C-3), 145.1
(C-4), 198.5 (C-2).

MS (Cl, NH3) m/z 226 (MH* + NHg), 209 (MH*), 191,
179, 165, 163, 161, 139, 123, 109, 95, 81, 79.

(1R*,2R* §* ,8R* S* )-2, 3-Epozxy-82, 6, 6-trimethyleyclo-
hezane-1-carbaldehyde 12

A solution of the mixturc of diastercomeric cpoxides 11
(13.3 g, 64 mmol) in CH2Clz (180 mL) and McOH (20 mL)
was treated with a stream of ozone at —78 °C until it turned
blue. Oxygen was then bubbled through the solution until
the bluc color disappeared and then the solution was flushed
with argon. The reaction mixture was treated with a 50%
aqueous acetic acid solution (60 mL) and Zn powder (7 g,
100 mmol, 1.3 equiv) was added cautiously at —78 °C and
the heterogencous mixture was stirred for 4 h at 20 °C.

The phases were separated and the acueous phase was
extraclted with CHaClz (2 x 200 L), ‘The combined organic
phases were washed with a saturated aqueous NallCOy
solution (3 x 100 mL), then brine, dricd over MgSQ,,
filtered and concentrated in vacuo to give an 8:2 mixture
of dinstercomeric epoxyanldehydes 12 (9.2 g, 86% yiclkl) as
an oily residue which was used in the next step without
further purification.

IR (CH4Cl) v 2959, 2736, 1 T18, 1674, 1448, 11381, 1 368,

1232, 1180, 1 145, 1 101, 806, 736.

e Major isomer: (1R*,28*%,31* )-2,9-epoicy-
2,0,0-trimmethyleyclohexane- 1-carbaldehyde

'H NMR (CDCly, 200 MIHz) 6 0.93-2.42 (m, &, H-1, Ma-d,
Hz-5'), 0.93, 0.93 and 1.30 (3s, 9H, 3CHz, Clly-2, 2C 114~
6), 3.04 (broad s, LH, H-3), 9.63 (I, J = 5.0 Hz, 111,
CHO).

BC NMR (CDCly, 50.3 MHz) 8 21.3 (C-5), 24.3 (Cly), 26.4
(CHy), 27.7 (CHg), 28.9 (C-4), 30.0 (C-6), 57.4 (C-1),
50.0 (C-3), 57.0 (C-2), 203.4 (CHO).

o Minor isomer: (11R*,2R*,35* )-2,3-epozy-
2,0,0-trimethyleycloherane-1-carbaldehyde

'H NMR (CDCly, 200 Miz) 6 0.88-2.42 (1, 511, -1, -4,
Hg-5), 1.03, 1.10, and 1.11 (3s, 9H, 3CHly, Cl3-2, 2Cl1;-
6), 3.0 (brond s, 1H, 11-3), 9.73 (d, J = 5.4 Hy, {11, CHO),

3¢ NMR (CDCly, 50.3 MHz) § 21.4 (C-5), 22.8 (CHa),
22.8 (CHy), 27.8 (Clly), 29.1 (C-4), (C-6, not observed),
(C-1, not observed), G1.6 (C-3), (C-2, not observed),
202.8 (CI1O).

MS (Cl, Nl) m/z 186 (MH* + NHz), 169 (MH*), 151,
123, 107, 95, 79.

(£ )-3-Hydroxy-2, 0, 6-trimethyleycloher-1-ene-
1-carbaldehyde 13

Pyrrolidine (12 mL, 140 mmol, 2.5 equiv) was added to a
solution of epoxynldchydes 12 (9.2 g, 55 mmol) in dicthy!
cther (50 mL). T'he reaction mixture was stirred at 20 °C for
3 h and then partitioned between a 1 N aqueous hydrochloric
acid solution (60 L) and ethy! acetate (50 mL), 'The phases
were separated and the aqueous phase was extracted with

3 x 100 mL cthyl acetate. The combined organic phases

were washed with byine, then dried over anhydrous MgSOy,

filtered and concentrated in vacuo to give hydroxyaldehyde

13 (7.6 g, 83% yicld), which was obtained as an oily residuc

and used in the next step without further purification.

IR (CHCla) » 3414, 2939, 2867, 1 G674, 160G, 1455, 1380,
1299, 1123, 1079, 1041, GG7.

'H NMR (CDCls, 200 MIHz) 6 0.92-1.19 (m, 4H, Ha-d, Ha-
5), 1.13 and 1.18 (2s, GH, 2CH3, 2CH3-6), 2,16 (s, 3H,
CH, CH3-2), 3.10 (m, 111, OH), 4.08 (t, J = 5.6 Hz, I,
H-3), 10.12 (s, 111, CHO).

3¢ NMR (CDCly, 50.3 MHz) 6 15.6 (Cl13-2), 27.3 (Clly-
4), 27.5 (CHgy-1), 28.1 (C-5), 33.6 (C-6), 36.0 (C-4), 70.7
(C-3), 141.4 (C-1), 163.9 (C-2), 103.8 (CHO). -

MS (Cl, NH3a) m/z 186 (MH* -+ NIHjy), 169 (MH*), 168,
151, 139, 123, 107, 93, 72.

(£ )-3-(Prop-2-ynylozy)-2, 6, 6-trimethyleyclohex-1-ene-
1-carbaldehyde 14

To a solution of the crude hydroxyaldehyde 13 (10 g,
59 mmol) in propargy! bromide (80% weight in tolucne,
16.4 mL, 147 mmol, 2.5 cquiv) was added a 60% aque-
ous NaOT1 solution (250 mL), followed by BuyN*+I~ (2.2 g,
5.9 mmol, 0.1 equiv). The resulting brown solution was
stirred for 17 h at 20 °C and then diluted with diethyl ether
(250 mL). The phases were separated and the aqueous layer



was extractod with diethyl ether (3 x 100 inL). The com-
bined organic phases were washed with o 6 N aqueous 1Cl
solution (3 x 50 inL), then with IJrinc, dried over anhy-
drous MgS0,, liltered and concentrated in vacuo. Purifica-
tion by flash chromatography on silica gel gave compound

14 (12 1 g, 00% yickl) ns a yullow oil.

IR (CHCly) » 3300, 2938, 2867, 2250, 10674, 1610, 1456,
1346, 1 265, 1 059, 915,

11 NMR (CDClg, 200 MHz) 6 1.03-1.78 (n, 41, Hz-d, Ha-
5), 1.10, 1.14, 2.11 (3s, OH, 3CHa, CHa-2, 2CH13-6), 2.44
(t, J = 2.4 Haz, 1M, H-3' )s 3.90 (1, J = 4.8 Uz, 1H, - -3),
4,13 (dd, J = 16.0, 24 [z, 1H, Ha-1'), 4.25 (dd, J = 16.0,

2.4 Il 11111 _1'\ 100K (s ]Il oL

‘3 3ady A¥ay 2RI Jy FUWG By 1Ty UriNg .

3G NMR (ODCly, 50.3 MHz) § 15.7 (CHy-2), 27.1 and 27.7
(2C114-5), 23.3 (C-5), 33.5 (C-G), 36.8 (C-1'), 56.5 (C-1'),
74.6 (C-3'), 76.6 (C-2'), 76.8 (C-1), 142.6 and 150.4 (C-2,
C-3), 193.2 (C'HO).

MS (C1, NHg) in/z 224 (MHF 4 NH;), 207 (MIIF),184, 168,
151, 140.

(£ )-8-(Hydroxymethyl)-2,4,4-trimethyleyclohex-
2-en-1-0l 15a

To a cooled solution (0 °C) of crude hydroxyuldehyde 13
(7 G 8 flo mmol) in methanol (100 ml) was uddocl sodium
bhorohydride (430 mg, 11.3 munol, 0.25 equiv). After 30 min,
a further 0.256 cquiv of sodium borohydride was added to
complete the reaction. The reaction mixture was treated
30 min Iater with of & 1 N acqueous hydrochioric acid so-
lution (20 ml) and concentrated in vacuo. The mixture
was partitioned between water (60 mL) and ethyl acetate
(100 L), the phases were separated and the agqueous phasc
was extracted with ethyl acetate (3 x 100 mL). The com-
hined organic phases were washed with brine, then dried
over unhy(llous MgSO., filtered and concentrated in vacuo.
Purification l)y ﬂnah cln‘omutog,tuphy on silica gel gave diol

Ame. RO .. =207 .8 [PAAY N .~11.1
doa \U =) b ld/() ‘)lhlul s i \Vlllhb B8CuU.

Mp: 100 °C.
IR (KBr) » 3259, 2032, 1486, 1360, 1030, 1001, 869.

"I NMR (Cl)ClJ, 200 Mllz) 6 0.70-1.88 (in, GH, IIg--J, 1a-
6, 2011), 0.98 and 1.09 (2s, GH, 2CH, 2CH;-), 1.86 (s,
311, CHy, CHy-2), .95 (t, J = 4.7 Hg, 10, 11-1), 4.08
(d, .l = [2.5 Hz, LH, Ha-1"), 4.12 (d, J = 12.5 bz, tH,
Hb-1%),

B¢ NMR (CDCly, 50,8 MHz) § 16.7 (Cl13-2), 27.3 (CHy-
1), 28.2 (C-5), 28.6 (CIlg=d), 31.7 (C-d), 34.9 (C-6), 59.1
(C-1'), 70.2 (C-1), 134.6, 141.5 (02, C-3).

MS (ClI, NI1y) m/z 188 (MH™ 4 NHa), 171 (MIIF), 170
153, 109, 95.

Anal canle for CioH 1802, 170.24: C, 70.54; H, 10.66. Found:
C, 70.66; H, 10.65.

(i) 3-{ /(ter t- Butt/ltlimcth ulsih;l) oxy/methyl} -
(:l: ) .5’ /(tert butyltlnneﬂzg/lszlg/l)07'_1// 2, 6‘ G-triinethyl-
cyeclohex- 1-ene-1-methanol 16 and
(£ )-6-[(tert-butyldimethylsilyl) oxy/-2-{ [(tert-butyl-
dimethylsilyl)ozy)Jmethyl} - 1,3, 3-trimethyleyclo-
hexene 17

Fo a cooled solution (0 °C) of diol 15a (1.0 g, 5.9 mmol) and
imidazole (1.0 g, 14 mmol, 2.5 equiv) in 2 mL of DMF was
added cllop\wsc a solution of tert-butyldimethylsilyl chloride
(980 mg, 6.5 mmol, 1.1 cquiv) in 2 mL of DMF. After stirring
at 0 °C for 4 h, the reaction mixture was allowed to warm
up to room temperature and stirred overnight at 20 °C.
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‘I'he reaction mixture was partitioned between 10 mis of o
1 N aqueous hydrochloric acid solution and 50 mL of ethyl
acetnte. The phases were separated and the aqueous layer
extracted with 3 x 50 mL of ethyl ncetate. The combined
organic phases were washed with brine, dried over anhydrous

8CS 20 OVOD QLY arec

M;,SO:, filtered and concentrated in vacuo. Purification
by flash chromatography on silica 5(,] gave t.hc rwpcc.tcd
uluuulnuufctcd aleohiol 18b {1.02 B G1 /0 _)ll..l(.l}, tlic isoineric
derivative 16 (151 mg, 9% yicld), disilylated compound 17
(260 mg, 11% yicld) and starting material 15a (88 mg, 9%

yield).

o Compound 15b
11X (CHCly) v 3382, 2928, 2244, 1 GGO, 1 470,
1056, 909, 835, 774, 734, 6|8,

{11 NMR (CIDCly, 200 MEiz) 6 0.09 [s, 611, 2C1 1y, Si(CH; ;)2],
0.91 [s, 9H, 3CHzy, SIC(Clla)a], OOI—I N8 (m, 611, Ha-5,
Ha-6, OH), 1.00, 1.06 and 1.81 (3s, 9H, 3CHay, CH;-'J
20“1-11), 3.94 (t, J = 4.5 Mz, 1H, H- l), 4.08 (broad s,
211, Ha-1").

By NMR (CDCLs, 50,2 M1Iz) § =5.5 [2CH;, S

“(Clla-2), 183 [C, SIC(CHa)a], 26.0 [3CH,
273 (Clla-d), 282 (Cllz-), 28,6 (C-5), 4

{C-6), 69. i

1361, | 255,

1 (C-1"), 69.9 (C-1), 133.2 and 140.

MS (Cl, Clls) m/z 302 (MH* 4 Nlly), 284 (M ), 267,

Anal eale for Ciglla20281, 284.50: C, 67.54; H, 11.34, Pound:
C, 67.44; H, 11.22,

e Compound 16 ,

IR (CHCly) v 3 385, 2930, 2240, 1665, 1470,
1 105, 905, 845, 778, 735, G58.

"I NMR (CDCls, 200 M11z) 6 0.10 {5, G, 2CHz, Si(CHy)a),
091 [s, OH, 30!1;, SlC(CllJ)J], i 01 1.92 (m, 5H,
Ha-4, 112-5, OH), 1.03, 1.07 and 1.78 (3s, Oii, SC'i'i:;,
CHy-2, 2CH3-6), 4.0 (t, J = 5.7 Hz, 1H, 1-3), 4.00 (d,
J = 10.0 Hz, 1H, H-1'8), 4.16 (cl, J = 10.0 Hz, 11, H-1'D).

NS (Cl, CHa) m/z 302 (MHT 4 Niy), 284 (MHT), 267.

1 365, 12065,

e Commound

= wihiegae 7,

IR (CHCly) v 2‘)
1 048, 834, 772.

'H NMR (CDCly, 200 MH2) 6 0,09, 0.10, 0.10 and 0.10 [4s,
12H, 4CH3, 25i(CHy)a), 0.91 [, 18H, 6CHz, 28i(Clig)s),
0.8*!—1.89 (m, 41, Hg-d, Hz-5), 1_91’ 1.03 and 1.73 (3s,
OH, 30”3, CH:;-I, 201‘]3-3), ll 02 (d, J = 10.7 Hz, lH,
H,n-l'), 4.03 (m, 111, H-6), 4.15 (d, J = 10.7 Hz, 111, Hb-
1)y

BQ NMR (CDCla, 503 MHz) § —5.2, —4d and —3.90
[1CH3, 28i(CHay)z], 16.2 (CHa-1), 183 and 18.5 [2C,
28iC(CHy)a), 26.1 [6CHs, 2SiC(CHa)s], 28.1 and 28.3
(2CH3-3), 20.7 (C-4), 34.8 (C- 3), 36.8 (C-5), 59.4 (C-11),
71.8 (C-6), 134.6 and 139.1 (C-1, C-2).

MS (Cl, NH3) m/z 399 (Ml-l+), 385, 341, 267, 265, 135.

-4
4

, 2856, 1660, 1471, 1462, 1360, 1253,

"h-l

(£ )-2,4,4- Drimethyl-3-{ [(triphenylmethyl) oxyfmethyl} -
eyclohex-2-en-1-0l 15c¢

To a solution of diel 15a (6.0 g, 35 mmol) in dry CHaCla
('30 mL) was addcd an.thylmmnc (18 ml, 130 minol,

O tlnanens ! 1 L., Tacvisaslons chilaeicles 109 o
ol L,\lulvl 1oHUWCU IJ_)' uquluu_)’unuuu‘yl (3§ {elpidis] \n\;u =%}

38.8 mmol, 1.1 equiv) and DMAP (310 mg, 18 mmol,
0.05 cquiv). The resulting solution was stirred at reflux for
3 I and after cooling to 0 °C, ihe reaction was quenched with
a 2 N aqueous HCI solution (50 mL). The phases were sep-
arated and the aqucous phase extracted with diethyl ether
(3 x 100 mL). The combined organic phases werc washcd
with brine, then dried over anhydrous MgSQ., filtered and
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concentrated in vacuo. Purlfication of the residue by flash

chromatography on silica gel gave the monoprotected diol

15¢c (11.2 g, 77% yield).

IR (CHCly) v 3337, 3058, 2917, 1597, 1446, 1366, 1132,
1 044, 898, 699.

'I1 NMR (CDCls, 200 MHz) § 0.97-1.06 (m, 4H, Hz-5,
H2-6), 1.01, 1.01, 1.78 (3s, 911, 3CH3a, CHjy-2, 2CHjz-4),
2.2 (s, 1H, OH), 3.69 (d, J = 10.0 Hz, 111, Ha-1’), 3.76
(d, J = 10.0 Hz, 1H, Hb-1'), 3.98 (t, J = 4.5 11z, 1H,
H-1), 7.24 (m, 911, Ar-11), 7.62 (m, GI1, Ar-H).

13¢ NMR (CDCl3, 50.3 MHz) § 16.0 (CH;3-2), 27.8 (CHz-4),
28,7 (CHa-4), 20.0 (C-5), 34.9 (C-4), 36.7 (C-6), 60.4
(C-1'), 70.7 (C-1), 87.4 [C(Ph)a], 127.0 (3CH, Ar), 127.7
(6CH, Ar), 120.3 (6CIH, Ar), 134.5, 139.1 (C-2, C-3),
144.3 (3C, Ar).

MS (Cl, NH3) m/z 413 (MH*), 208, 258, 244, 165, 105, 35.

Anal cale for CapH3202, 412.55: C, 84.42; H, 7.82. [Found:
C, 84.38; i1, 7.85.

(£ )-2-Hydrozymethyl-1,3, -trimethyl-6-{(prop-2-ynyl)-
oxy/cyclohezene 18a

e Procedure A

To a solution of aldehyde 14 (7.6 g, 37 mmol) in methanol
(100 mL) at 0 °C was added sodium borohydride (340 g,
0.0 mmol, 0.25 cquiv). After 30 min, the same amount of
sodium borohydride was added to complete the reaction
and the reaction mixturc was treated 30 min later with
a 1 N aqueous hydrochloric acid solution (20 mL) and
concentrated in vacuo. The mixture was partitioned between
water (50 mL) and cthyl acetate (100 mL), the phases
ware separated and the aqueous phase was extracted with
cthyl acetate (3 x 100 mL). The comnbined organic phascs
were washed with brine, then dried over anhydrous MgSOa4,
filtered and the resulting mixture was concentrated in vacuo.
Purification by flash chromatography on silica gel gave
alcohol 18a (5.8 g, 75% yield) as a colorless oil.

o Procedure B

"To a solution of silyl ether 18b (see below, 1.0 g, 3.1 mmol)
in acctonitrile (16 mL) at 20 °C was added a 48% aqueous
solution of HI* (5 mL). The resulting cloudy mixture was
stirred at 20 °C for 1.5 h and quenched with a saturated
aqueous NalICOj solution (75 mnL). The phases were sepa-
rated and the aqueous layer was extracted with diethyl ether
(3 x 75 mL). The combined organic phases were washed
with brine, then dried over anhydrous MgSQu., filtered and
concentrated in vacuo. Purification by flash chromatougra-
phy on silica gel gave alcohol 18a (432 mg, 67% yield) as a
colorless oil.

e Procedure C
To a solution of 18¢c (see below, 590 mg, 1.3 mmol) in THF
(5 mL)/H20 (2 mL)/AcOH (4 mL) at 20 °C was added
TsOH (25 mg, 0.1 mmol, 0.1 equiv). The resulting mixture
was stirred at 65 °C for 3 h, cooled at 20 °C and then the
reaction was quenched with a saturated aqueous NaHCOj3
solution (25 mL) and diluted with diethyl ether (50 mL).
‘The phases were separated and the aqueous layer was
cxtracted with diethyl cther (3 x 25 mL). The combined
organic phases were washed with brine, then dried over an-
hydrous MgSQs, filtered and concentrated in vacuo. Purifi-
cation by flash chromatography on silica gel gave alcohol
18a (130 mg, 48% yield) as a colorless oil.
IR (CHCIl3) v 3441, 3 303, 2933, 1263, 1632, 1446, 1362,
1349, 1244, 1 060, 916, 850, 732.
'11 NMR (CDCl3, 200 MHz) § 1.05-1,78 (m, 5H, Ha-4, H2-5,
OH), 0.94, 1.01 and 1.78 (3s, 9H, 3CH3a, CH3-1, 2CHs-3),

2.39 (t, J = 2.4 Hz, 1H, CCH), 3.76 (t, J = 4.5 Hz, 1H,
H-6), 4.07 (in, 2H, Hz-1"), 4.09 (dd, J = 15.7, 2.4 Hz,
1H, Ha-1'), 4.10 (dd, J = 15.7, 2.4 Hz, 1H, Hb-1),

3¢ NMR (CDCly, 50.3 MHz) § 16.6 (CHa-2), 28.1, 26.9
(2CHa-4), 23.4 (C-5), 34.3 (C-6), 34.6 (C-4), 58.5 (C-1"),
56.0 (C-1'), 71.4 (C-3'), 76.2 (C-1), 80.4 (C-2'), 132.2 arid
142.4 (C-2, C-3).

MS (Cl, NHa) m/z 226 (MH* 4+ NI;), 208, 191, 170, 153,
135, 123, 109, 95.

Anal calc for C13H20032, 208.29: C, 74.96; 11, 9.68. Found:
C, 74.88; H, 9.52,

(£)-2-{[(tert-Butyldimethylsilyl)oxy/methyl} -6-{(prop-
2-ynyl)oxy/-1,3,3-trimethyleyclohezene 18b

To a solution of alcohol 15b (1.0 g, 3.5 minol) in propargyl
bromide 80% weight in toluene (980 uL, 8.9 mmol, 2.5 equiv)
was added a 60% aqucous NaOH solution (26 mL), followed
by BuaN*I~ (130 mg, 0.35 mmol, 0.1 equiv). The resulting
brown solution was stirred for 17 h at 20 °C and diluted
with diethyl ether (10 mL). The phases were separated and

the aqueous layer extracted with diethyl ether (3 » 50 mL).

The combined organic phases were washed with an aqueous

6 N HCI solution (50 mL), then with brine, dried over an-

hydrous MgSQOa, filtered and concentrated in vacuo. Purifi-

cation by flash chromatography on silica gel gave compound
18b (1.1 g, 97% yield) as a yellow oil.

IR (CHCIl3) » 3331, 2955, 2928, 286G, 1471, 1361, 1255,
1 056, 836, 774, 66G5.

'H NMR (CDCl3, 200 MHz) & 0.06 [s, 6H, 2CH3, Si(CHa)a2),
0.89 [s, 9H, 3CH;, SiC(CHgz)a], 0.90-1.81 (m, 4H, Ha-4,
Ha-5), 1.02, 1.04, 1.77 (3s, 9H, 3CHjy, CHj-1, 2CHjy-3),
2.38 (t, J = 2.4 Hz, 111, CCH), 3.63 (t, J = 4.6 Hz, 1H, H-
6), 4.06 (d, J = 7.4 Iz, 1H, Ha-1"), 4.11 (d, J = 7.4 Hz,
1H, Hb-1"), 4.15 (dd, J = 15.9, 24 Hz, 1H, Ha-1’), 4.25
(dd, J = 15.9, 2.5 Hz, 111, Hb-1/).

13C NMR (CDClg, 50.3 Miz) § —5.3 [2CHg3, Si(CHj)z|, 18.3
[C, SiC(CHa)s], 16.6, 28.2, 27.3 (Cl3-1, 2CH;3-3), 23.7
(C-4), 26.1 [3CHa, SiC(Clls)a], 34.6 (C-3), 35.2 (C-5),
56.0 (C-1'), 59.2 (C-1"), 73.9 (CCH), 76.8 (C-1), 81.8
(CCH), 131.1 and 141.8 (C-1, C-2).

MS (Cl, NH3) m/2 340 (MH* 4 NHjz), 323 (MH*).

Anal cale for C19H340428i, 322.62: C, 70.74; I, 10.62. Found:
C, 70.5G; I1, 10.56.

(+)-1,8,8-Trimethyl-G-[(prop-2-ynyl)ozy/-
2-{ [(triphenylmethyl)ozy/methyl} cyclohezene 18¢c

To a solution of alecohol 15e¢ (11 g, 27 mmol) in propargyl
bromide 80% weight in toluene (7.4 mL, 67 mmol, 2.5 equiv)
was added a 60% aqueous NaOH solution (200 mL), followed
by BuaN*I~ (990 mg, 2.7 mmol, 0.1 equiv). The resulting
brown solution was stirred for 17 h at 20 °C, The phases were
separated and the aqueous layer was extracted with diethyl
ether (3 x 200 mL). The combined organic phases were
washed with an aqueous 6 N HCI solution (2 x 100 mL),
then with brine, dried over anhydrous MgSO,, filtered and
concentrated in vacuo. Purification by flash chromatography
on silica gel gave compound 18c (10.5 g, 87% yield) as a
yellow oil,

IR (CHCIl3) v 3301, 3058, 2993, 1596, 1526, 1490, 1448,
1343, 1264, 1132, 1151, 1044, 705, 632.

!H NMR (CDCl3, 200 MHz) 6§ 0.80-1.76 (m, 4H1, Hz-4, Ha-
5), 0.83, 0.88 and 1.51 (3s, 9H, 3CHa, CHas-1, 2CHz-3),
2.32 (t, J = 2.4 Hz, 1H, CCH), 3.53 (d, J = 10.0 Hz,
1H, Ha-1"), 3.60 (d, J = 10.0 Hz, 1H, Hb-1"), 3.74 (¢,
J = 4.2 Hz, 1H, H-6), 4.05 (dd, J = 15.9, 2.4 Hz, 1H,
H-1'a), 4.17 (dd, J = 15.9, 2.4 Hz, 1H, H-1'b), 7.11 (m,
9H, Ar-H), 7.48 (m, 6H, Ar-H).



3¢ NMR (CDCls, 50.3 MHz) § 17.0 (CHz-1), 24.0 (C-4),
27.7 and 28.5 (2CHa-8), 34.7 (C-3), 35.7 (C-5), 56.0
(C-1'), 60.3 (C-1"), 73.8 (CCH), 77.1 (C-6), 80.9 (C-2'),
87.2 [C(PPh)s), 126.9 (3CH, Ar), 127.6 (6CH, Ar), 129.6
(6CH, Ar), 132.7 and 140.0 (C-1, C-2), 144.3 (3C, Ar).

MS (Cl, NHy) n/z 428, 411, 391, 369, 329, 209, 258, 244,
183, 1563, 135, 105.

Anal cale for Cgallas O3, 450.59: C, 85.29; 11, 7.61. Found:
C, 85.12; H, 7.58.

(3Z,3at*,4R* S*, 7TaR* )-4-Hydrozymethyl-8-[(tributy!l-
stannyl)methylidene/-8a,5,5-trimethyl octahydro-
benzofuran 19a

To a solution of compound 18a (1.3 g, 6.2 mmol) in 620 mL
of toluene was added AIBN (102 mg, 0.62 mmol, 0.1 equiv)
and BuzSnH (2.84 mL, 10.5 mmol, 1.7 equiv). The mixture
was stirred at reflux for 3 h. The oily residue obtained
on removing toluene under reduced pressure’was purified
by flash chromatography on basic silica gel (pretreated
with NallCOs) to give a 60:40 mixture of 5a-11 and 548-H
diastereoisomeric compounds 19a (2.72 g, 88% yield).

IR (CHCIl3) » 3453, 2955, 2869, 1616, 1456, 1375, 1149,
1077, 1042, 1019, 946, 875, 801, 753.

® Sa-H isomer

I NMR (CDCly, 200 MHz) 6 0.80-1.78 (m, 6H, H-4, Ha-6,
He-7, OH), 0.78 (s, 3H, CH3), 0.87 {t, J = 6.0 Hz, 9H,
3CHg, Sn[(CHz)sCHyla}, 0.90 [t, J = 6.0 Hz, 6H, 3CHz,
Sn(CH3z-)s}, 0.97 (s, 3H, CHj), 1.00 (s, 3H, CHa), 1.30~
1.50 {in, 12, 6CHe, Sn[CH2(CH2)2CHala}, 3.46 (broad
s, 1H, H-7a), 3.61 (dt, J = 12.0, 7.0 Hz, 1H, Ha-1""), 3.70
(dt, J = 12.0, 7.0 Hz, 1H, Hb-1"), 4.14 (dd, J = 13.2,
2.6 Hg, 1H, Ha-2), 4.58 (dd, J = 13.2, 2.6 Hz, [H, Hb-2),
5.74 (t, J = 2.6 Hz, 11, H-1, J H-11"8n = J 1-!198n =
60.0 1z).

B¢ NMR (CDClg, 50.3 MHz) 6 9.8 [3CHz, Sn(CHz-)a,
J C-"78n = 350.0 Hz, J C-''Sn = 340.0 Hz], 14.0
{3CHj, Sn[CH2(CH2)3CHals}, 17.5 (CHa), 23.6 (C-6),
26,3 (CHa), 26.8 [3ClHa, Sn(CH2CHa2CH3CHa)a, J C-
W7gn = J C-''%8n = 57.0 Hz), 20.1 [3CHz,
Sn(CHCH2CH2CHy)s, J C-''"Sn = J C-.1%Sn =
26.0 uz]I 31.7 (C-5), 33.1 (CHj), 36.2 (C-7), 45.3 (C-
3a, J C-1178n = J C-''%Sn = 56.0 Hz), 48.2 (C-1), 61.0
(C-1), 71.3 (C-2, J C-1'"Sn = J C-11%8n = 24.0 Ha),
84.5 (C-Ta), 115.7 (C-1'), 168.7 (C-3).

e 53-H isomer

111 NMR (CDCly, 200 MHz) § 0.80-1.78 (m, 65H, H2-6, Ha-
7, OM), 0.80 (s, 3H, CHj), 0.87 {t, J = 6.0 Hz, 9H,
3CHa, Sn[(CH2)aCHsla}, 0.90 [t, J = 6.0 Hz, 6H, 3CHaz,
Sn(CI{2-)s], 0.98 (s, 3H, CHs), 1.02 (s, 3H, CH3), 1.30-
1.50 {m, 12H, 6CHz, Sn[CH2(CH2)2CH3]s}, 2.5 (in, 1H,
H-4), 3.58 (1, J = 5.0 Hz, 1H, H-7a), 3.90 (dt, J = 11.7,
3.8 Hz, 1H, Ha-1"), 4,00 (dt, J = 11.7, 3.2 Hz, 1H, Hb-
1), 4.21 (dd, J = 12.5, 2.5 Hz, 11, Ha-2), 4.30 (dd,
J = 12.5, 2,5 Hz, 1H, Hb-2), 5.66 (t, J = 2.5 Hz, 1M,
H-1', J H-""8Sn = J H-''98n = 60.0 Hz).

3¢ NMR (CDClz, 50.3 MHz) § 9.9 [3CHa, Sn(CHz-)s,
J C-1178n = 350.0 Hs, J C-"Sn = 340.0 Iz}, 13.8
{3CHa, Sn[(CH2)3CHzsla}, 24.0 (C-6), 26.5 (CHa), 27.3
[3CH2, Sn(CH2CH2CH2CHa2)3, J C-'1"Sn = J C-'1%8n
= 61.0 Hz], 28.8 (CHaz), 29.6 [3CHz, Sn(CH2CH2-)a, J C-
178n = J C-!'9Sn = 28.0 Hz|, 32.0 (CH3), 33.7 (C-5),
35.4 (C-7), 50.6 (C-3a, J C-''Sn = J C-'198n = 15.0 Hz),
56.4 (C-4), 62.7 (C-1"), 72.4 (C-2, J C-'1"Sn = J C-1'%8n
= 24.0 Hz), 85.8 (C-7a), 116.8 (C-1’), 165.9 (C-3).
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MS (Cl, NHa) m/z for major '208n

isotope 518
(MH* + NHj3), 501 (MH™), 291,

(3Z,3at* 4 R*S*, TaR* )-4-{ [(tert-Butyldimethylsilyl)-
ozymethyl}-3-[(tributylstannyl)methylidene/-
8a,5,5-trimethyl octahydrobenzofuran 19b

To a solulion of compound 18b (6.0 g, 19 mmol) in 1.5 L
of tolucne were added AIBN (310 mg, 1.9 mmol, 0.1 cquiv)
and BusSnH (8.5 mL, 32 mmol, 1.7 equiv). The mixturc
was stirred at reflux for 3 h, The oily residue obtained on
removing toluene under reduced pressure was purified by
flash chromatography over basic silica gel to give a 70:30
mixture of 5a-H and 50-H diastereomeric compounds 19b
(11.2 g, 98% yield).

IR (CHCIl3) v~ 2955, 2927, 2854, 1616, 1462, 1 379, 1254,

1 066, 836, 774, 735.

» Sa-H isomer

' NMR (CDCly, 400 MHz) & 0,02, 0.03 [2s, GH,
2CH3, Si(CHaj)a), 0.89 [s, OH, 3CHa, SiC(CHa)a, 0.00
{t, J = 6.0 Hz, 9H, 3CHs, Sn{(CHz)3CH3)]s}, 0.91
{t, J = 6.0 Hz, 6H, 3CHz, 3 Sn(CH3z(CHz)2CHj]s},
0.00-1.82 (m, 4H, Ha-6, Hz-7), 1.03, 1.03 and
1.06 (3s, 9H, 3CHa), 1.30-1.50 [m, 12H, GCHg,
Sn(CH2CH2CH2CH;)s), 1.83 (m, 1H, H-d4), 3.49 (i,
J = 2.7 Hz, 1H, H-7a), 3.75 (dd, J = 10.7, 6.2 Hz, 1H,
Ha-1"), 3.86 (dd, J = 10.7, 2.4 Hz, 111, Hb-1"), 4,19 (dd,
J = 13.1, 2.1 Hz, 1H, Ha-2), 4.69 (dd, J = 13.1, 2.5 Hz,
1H, Hb-2), 5,65 (dd, J = 2.4, 2.1 Hz, 1H, H-1', J H-'}"Sn
= J H-1""8n = 58.0 Hz). :

3¢ NMR (CDCl;, 50.3 MHz) 6§ —5.2 and —5.3 [2CH3,
Si(CHg)z), 9.9 [3CHz, Sn(CHg-)s, J 3BC-''"8n =
342,0 Hz, J '3C-1'9Sn = 339.0 Hz), 13.8 {3CHa,
Sn[(CH2)aCHz3]s}, 17.7 (CH3), 18.2 [C, SiC(CHa)s), 22.4
(CHyz), 22.8 (CH2-6), 26.1 [3 CHg, SiC(CHa)a], 27.4
gacn,, Sn(CH2CH2CH2CHa)a, J 1°C-1178n = J 13¢-
gn = 68.0 Hz), 20.4 [3CHz, Sn(CH2CH2CHaClly)s,
J 183C-17gn = g 13Q-119gn = 23,0 Hz), 33.5 (C-5), 33.8
(CHa), 36.1 (C-7), 47.6 (C-4), 48.7 (C-3a, J C-''"Sn =
J ¢-gy = 42,0 Hz), 60.6 (C-17), 71.6 (C-2, J C-'178n
= J C-'8n = 31.0 Hz), 85.2 (C-7a), 115.8 (C-1'), 166.9
(C-3).

e 58-H isomer

'H NMR (CDCls, 400 MHz) § 0.00 (s, G, 2CH3, Si(CHa)a),
0.87 {t, J = 6.0 Hz, 9H, 3CHy, Sn[(CHza)4CHala}, 0.89
s, 9H, 3CHg3, SiC(CHa)a}, 0.90 [t, J = 6.0 Hz, 6H, 3CHa,
Sn(CHz-)s), 1.02 (s, 6H, 2CH3), 1.04 (s, 3H, Cll3), 0.91-
1.42 (m, 5H, H-4, H3-6, H2-7), 1.30-1.50 {m, 12H, 6CH;,
Sn[CHa(CH2)aCHsls}, 3.64 (dd, J = 9.2, 6.1 Hz, 1H,
H-7a), 3.95 (dd, J = 15.8, 10.2 Hz, 1H, Ha-1"), 4.20
(dd, J = 10.2, 2.2 Hz, 1, Hb-1"), 4.32 and 4.38 (2dd,
J = 13.5, 2.5 Hz, 2H, Ha-2), 5.65 (t, J = 2.0 Hz, 1H,
H-1', J H-'Y"Sn = J H-1'8n = 60.0 Hz).

3¢ NMR (CDClz, 50.3 MHz) § -5.2 and -—5.3
[2CH3, Si{CH3)z}, 9.9 [3CHa2, Sn(CHa-)a, J C-'!78n
= 342.0 Hz, J C-'""Sn = 338.0 1z}, 13.8 {3CHs,
Sn[(CH2)3CHala}, 18.2 [C, SiC(CH3)a), 23.0 (CHs), 25.0
(C-6), 26.0 {3CH3, SiC(CHa)al, 26.1 (CHa), 27.6 [3CHa,
Sn(CH2CH2CH,CHz)a, J 1PC-1"78n = J 13C-'"gn =
58.0 Hz], 29.4 [3CHz, Sn(CH2CHCHzClla)s, J 3¢,
175y = J 3¢-1198n = 23.0 Hz], 30.0 (CHj), 32.5 (C-
5), 38.2 (C-7), 51.3 (C-3a, J C-!''"Sn = J C-'%8n =
56.0 Hz), 56.8 (C-4), 61.5 (C-1"), 72.0 (C-2, J C-''"Sn
= J C-'198n = 30.0 Hx), 87.3 (C-7a), 116.2 (C-1'), 163.8
(C-3).

MS (Cl, NH3) m/z for major 2°Sn isotope 615 (MHY), 571,
556, 501, 405, 356, 339, 308, 201, 249, 193, 137, 91.
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(3Z,3aR* 4 R* S*, TaR* )-3-[( Tributylstannyl)methyl-
idenc/-3a,5,5-trimethyl-4-{ [(triphenylmethyl)ozy]-
methyl} octahydrobenzofuran 19¢

To a solution of compound 18c (2.3 g, 5.2 mmol) in 520 mL
of toluene were added AIBN (43 myg, 0,206 mmol, 0.05 cquiv)
and BuaSuH (2.4 L, 8.9 mmol, 1.7 equiv). The mixture
was stirred al roflux for 3 h. The oily residue obtained on
removing toluene under reduced pressure was purified by
flash chromatography on basic silica gel to give a 50:50
mixture of 6a-H and 58-H diastcromeric compounds 19c
(3.47 g, 90% yield).

IR (CHCIls) » 3 085, 3058, 3022, 2955, 2870, 1630, 1490,
1463, 1 376, 1 056, 743, 703.

e Sax-H isomer

'11 NMR (CDCls, 400 MHz) 6 0.65 (s, 3H, Cli3), 0.88 (s, 3H,
CHy), 0.87 {t, J = 6.0 iz, 9H, 3CHa, Sn[(CHz2)aCHals},
0.90 [t, J = 6.0 Hz, 6H, 3CHz, Su(CHz-)s, 1.16 (s, 3H,
Cl3), 0.91-1.40 (m, 4H, Ha-6, Ha-7), 1.30-1.50 {m, 12H,
6CHz, Sn[CH2(CH2)2CHals}, 1.60 (m, I1H, 1-4), 2.96
(dd, J = 9.5, 7.5 Hz, 1H, Ha-17), 3.35 (dd, J = 9.5,
4.0 Hz, 1H, Hb-1"), 3.33 (broad s, 1H, H-7a), 1.07 {dd,
J =129, 2.6 Hz, 1H, Ha-2), 4.57 (dd, J = 12.9, 2.5 Hz,
11, Hb-2), 6.27 (t, J = 2.6 Hz, 1H, H-1’, J H-}'"Sh =
J H-12Sn = §8.0 Hz), 7.32 (m, OH, Ar-H), 7.51 {m, GH,
Ar-H).

13¢ NMR (CDCly, 50.3 MHz) & 9.9 [3CHz, Su(CHz-)s, J C-
178n = 345.0 Hz, J C-'"®Sn = 338.0 Hz), 13.8 {3CHg,
Sn[(CH2)aCHala}, 17.6 (CHa), 23.0 (C-6), 22.4 (CHy),
27.3 [3CHz, Sun(CH2CH2CH2CH3)a, J C-"'7Sn = J C-
H9gh = 61.0 Hzl, 20.3 [3CHa, Sn(CH2GH2CH2CH3)a,
J C-178n = J C-'198n = 26.0 Hz, 33.5 (C-5), 34.2
(CHa), 36.2 (C-7), 48.0 (C-4), 18,5 (C-3a, J C-'T'8Sn =
J C-1Y¥g = 43.0 Hz), 62.0 (C-1"), 72.0 (C-2, J C-''""Sn
=.J C-11%8n = 32,0 Hz), 85.2 (C-7n), 87.3 [C(Ph)a), 117.0
(C-1"), 127.0 (3CH, Ar), 127.7 (6CH, Ar), 120.0 (6CH,
Ar), 144.4 (3C, Ar), 167.0 (C-3).

e 58-H isomer

'H NMR (CDCls, 400 MHz) & 0.55 (s, 34, CHj), 0.87

{t, J = 6.0 Hz, 9H, 3CHa, Sn[(CH2)3CHa)]a}, 0.90 [t,
6.0 Hz, GH, 3CHa2, Sn(CHa-)a), 0.93 (s, 31, CHz),
(s, 3H, CH3), 0.90-1.41 (m, 4H, Hs-6, H2-7), 1.30-
{m, 12H, 6CHaz, Su[CHa(CHz2)2CHa]s}, 1.80 (in, 1H,
1-4), 3.12 (dd, J = 9.5, 6.3 Hz, 1H, Ha-1"), 3.59 (dd,
J = 10.0, 5.7 Hz, 1H, H-7a), 3.66 (dd, J = 9.5, 1.8 11z,
1H, 11b-1"), 4.13 (dd, J = 13.3, 2.5 Hz, 111, Ha-2), 4.19
(dd, J = 13.3, 2.5 Hz, 1H, Hb-2), 6.11 (L, J = 2.4 Hz,
14, H-1', J H-1Y78n = J H-'""Sa = 68.0 Hz), 7.31 (mn,
9H, Ar-H), 7.52 (m, GH, Ar-H).

3C NMR (CDCly, 50.3 MUz) 6 9.9 [3CHz, Sn(CHs-)a,
J C-11"Sn = 345.0 Hz, J C-'"Sn = 338.0 Hz], 13.8
{3CIls, Sn[(CHz2)3CHa)]a}, 22.5 (C-8), 26.0 (Cliz), 27.3
[3CH2, Sn(CH2CH2CH2CH3)a, J C-11780n = J G198 =
60.0 Hz], 29.4 [3CH2, Sn(CH2CH2CH2CHgz)a, J C-!'"Sn
= J C-'198n = 28.0 Hzj, 30.0 (cus), 33.2 (c-s)d 34.0
(CH3), 38.6 (C-7), 46.5 (C-3a, J C-''"8n = .7 C-!1%g,;
41.0 Hz), 54.0 (C-4), 62.5 (C-1"), 71.9 (C-2, J C-1178n =
J C-'1%Sn = 32.0 Hz), 87.3 [C(Ph)s], 87.3 (C-Ta), 116.1
(C-1'), 127.0 (3CH, Ar), 127.7 (6CH, Ar), 129.0 (GCH,
Ar), 114.4 (3C, Ar), 163.0 (C-3).

MS (Cl, NHz) m/z for major '*°Sn
(MH* 4 NHj), 743 (MH*), 143, 291.

J
1.
1.
]_

T =
SSall

isotope 760

(3Z,8aR*,4R* S*, TaR* )-4-(Hydrozymethyl)-
8a, 5, 5-trimethyl-3-methylidene octahydro-
benzofuran 20a

e Procedure A

To a solution of the crude stnnnane 19a (6a-11/6G-11 =
60:40, 2.0 g, 4.0 nunol) in ‘THEF (20 mL) was added a 1 N HCI
aqucous solution (6 mL). ‘T'he reaction mixture was stirred at
20 °C for 3 h, partitioned between diethyl ethor (50 mL) and
water (10 mL) and the phases were separated. The aqucous
phase was extracted with diethyl ether (2 x 100 mL) and
the organic phases were washed with brine, then dried over
MgSO0y, filtered and concentrated in vacuo. Purification of
the residue by flash chromatography on silica gel gave a
G0:40 mixture of Ga-H and 548-11 isomers 20a (800 mg, 95%
yield) as a yellow oil.

® Procedure B
To a solution of silyl compound 20b (sco bolow, 5a-H/
54-H = 70:30, 3.0 g, 0.2 mmol) in CHzCN (19 L) at
20 °C was added a 48% aqueous HF solution (1 mL). The
renction mixture was stirred at this temperature for 1 h and
partitioned between diethy! ether (100 mL) and a saturated
aqueous NaHCOj; solution (20 mL). The aqucous phase
was cxtracted with diethyl ether (3 x 100 mL) and the
combined organic phascs were washed with brine, then dried
over anhydrous MgSO., filtered and concentrated in vacuo.
Purlification of the residuc by flash chromatography on silica
gel gave a 70:30 mixture of Sa-11 and 58-11 isomers 20a
(1.55 g, 80% yleld) as a yellow oil.
IR (CHCl3) v 3434, 2936, 2870, 1 660, 1 466, 1 389, 1 369,

1 248, 1079, 1019, 944, 888.

e So-H isomer

'"H NMR (CDCly, 200 MHz) & 0.78-1.91 (m, 6H, H-4, Ha-6,
11z-7, OH), 0.80 (s, 3H, CHa), 0.88 (s, 3H, CHy), 0.98 (s,
3H, CHa), 3.45 (t, J = 2.5 1z, 1H, 11-7a), 3.75 (m, 211,
Hz-1"), 4.23 (dt, J = 14.5, 2.6 Hz, 111, Ha-2), 4.85 (L,

= 2.6 Hz, 1 H, Ha-1"), 4.57 (dt, J = 14.5, 2.5 Iz, 1H,

Hb-2), 1.88 (1, J = 2.5 Hz, 1H, 1Ib-1').

3C NMR (CDCl3, 50.3 MHz) & 16.8 (Clls), 21.7 (CHa),
22,1 (C-6), 28.6 (CHa), 33.0, (C-6), 35.2 (C-7), 46.1
(C-3n), 49.1 (C-4), 60.9 (C-1"), 69.7 (C-2), 84.3 (C-Ta),
104.1 (C-1"), 159.0 (C-3).

e 53-H isomer

'H NMR {CDCls, 200 MHz) § 0.81-1.80 (m, 5H, H-d, Ha-
6, H2-7), 0.88 (s, 311, CHgy), 1.00 (s, 311, CHs), L.10 (s,
311, CHa), 2.40 (m, 11, OH), 3.567 (L, J = 5.8 lz, IH,
11-7a), 3.92 (m, 2l, Ha-1"), 4.35 (dt, J = 14.0, 2.5 Hz,
1H, Ha-2), 4.48 (dt, J = 14.0, 2.5 Hz, 1H, HL-2), 4.81 SL,
J = 2.5 Hz, LH, Ha-1"), 4.91 (, J = 2.5 Hz, 111, Hb-1")

13¢ NMR. (CDCly, 50.3 MHz) § 23.7 (C-6), 25.3 (CHa), 28.6
(ClHla), 31.9 (CHs), 33.2 (C-5), 35.8 (C-7), 48.0 (C-3n),
55.9 (C-4), 62.2 (C-17), 70.5 (C-2), 86.4 (C-Tn), 104.5
(C-1'), 155.8 (C-3).

MS (Cl, NHa) m/z 228 (MH* 4 NHg), 211 (MI1F),

Anal cale for Cy3H32203, 210.31: C, 74.24; H, 10.54. Found,;
C, 73.93; H, 10.79.

(3Z,3at* ,4R*S*, TaR* )-4-{ [(teri-Butyldimethylsilyl)-
oxy[methyl}-8a,5,5-trimethyl-3-methylidene
octahydrobenzofuran 20b

o Procedure A
To a solution of the crude stannane 19b (5a-H/56-1 =
70:30, 6.0 g, 9.8 mmol} in THF (50 mL) was added a



1 N HCI aqueous solution (20 mL). The reaction mixture
was stirred at 20 °C for 3 h, partitioned between dicthyl
cther (100 L) and water (30 mL) and the phases were

-separated. The aqueous phasc was extiracted with diethyl
other (2 3¢ 100 mL.) and the organic ph_,;nsm';, woro washed with

ethor (2 x 100 mL) and the organic nshed
brine, then dried over MgSOQu, filtered and concentrated in
vacuo. Purification of the residue by flash chromatography
oii silica gel gave a 70:30 mixture of ba-U and 548-H isomers

20b (3.02 g, 95% yleld) as a ycllow oll.

o Procedure B
‘To a solulion of stnnny! compound 19b (6a-H/58-H =
70:30, 3.0 g, 4.9 mmol) in dry THF (50 mL) cooled at
—78 °C was added a 1.6 M n-BuLi solution in hexances
(3.9 mL, 5.87 mmol, 1.2 cquiv). The reaction mixture,
turned brown, was stlrred at this temperature for 1 h.
The renction mixtire was poured into a suturated aqueous
ammonium chloride solution (20 mL), diluted with diethy!
cihier (60 inL) and the phases were separaied. The aqucous
phase was extracted with dicthyl other (3 x 100 mlL) and
the combined organic phases were washed with brine, dried
over anhydrous MgSO,, filtered and concentrated in vacuo.
Purification by flash chromatography on silica gel gave a

20b (1.5 g, 96% yield).
IR (CIICl3) » 2929, 1659, 1471, 1254, 1091, 836, 774.

e S5ce-H isomer

'H NMR (CDCla, 200 MHz) 6 0.04 and

SI(CHg)z], 0.95 [3s, OH, 3CHs, SiC(CHa)
6H, H-4, Ha-6, H2-7), 0.96, 1.05 and 1.
Ciig-3n, 2 Ci‘i:;-ﬁ), 3.00 (t, J = 2.5 liz, 1H, .
(dd, J = 11.7, 6.3 Hz, 1H, Ha-1"), 3.81 (dd, J = 117,
2.5 Uz, 1H, 111h-17), 4.98 (dt, J = 13.5, 2.5 Hz, 11, Ha-2),
4.61 (di, J = 13.5, 2.5 Hz, 1H,.11b-2), 4.81 (1, J = 2.5 Hz,
1H, Ha-1'), .93 (¢, J = 2.5, 1H, Hb-1').

13C; NMR {CDCly, 50.3 Mliz) § —5.32 [2CH;, SH{CHy)z),

17.4 (CHa-3n), 18.1 [C, SiC(CHa)a), 22.2 (CHu-5), 22.1
(C-6), 26.0 [3CHs, SIC(Clls)a), 33.3 (C-5), 33.5 (CHa-
5), 35.8 (C-7), 46.6 (C-3n), 47.5 (C-4), 60.6 (C-1"), 69.8
(C-2), 84.7 (C-7a), 104.1 (C-1'), 158.0 (C-3).

o
o
)

e 54-H isomer

'H NMR (CDCla, 200 M1Iz) § 0.01 s, 6H, 2Cl3, Si(CHa)z],
0.95 [3s, 011, 3CHa, SiC(CHa)aj, 1.00-1.93 {m, 5H, H-4,
Hz-6, H2-7), 0.01, 1.04 and 1.05 (3s, 911, 3CHz, CHz-3a,
2 CHgy-b), 3.65 (dd, J = 9.9, G.4 Ilz, 11, H-7a), 3.91 (dd,
J = 11.7, 6.3 Hz, 1H, Ha-17), 4,12 (dd, J = 11.7, 2.7 Hz,
1H, Hb-1"), 4.44 (broad s, 2H, H2-2), 4.82 (t, J = 2.5 Hz,
2H, Ha-1).

G NMR (CDCls, 50.3 MHz) 6 —5.3 [2Clls, Si(CHa)z],
18.1 [C, SiC(CHj3)s], 22.8 (CHa), 24.7 (C-6), 20.0 [3CHa,
SiC{CTiia)a], 30.0 (CHa), 82.4 {CHs), 84.4 {C-5), 38.2
(C-7), 418.8 (C-3a), 656.5 (C-4), 61.3 (C-1"), 70.5 (C-2),
87.1 {C-7n), 104.0 (C-1'), 154.5 (C-3).

MS (Cl, NHs) m/z 342 (MUY + NHjz), 325 (MH?Y), 205,
284, 267, 237, 125, 193, 175, 163,132.

24.56: . 70.37:

Anal caig for C1piiaaO28i, 324.566: C, 70.37; H, 11.11. Found;

C, 70.47; H, 11.37.

(3Z,8aRR* 4 IR* 5*, TaRR* )-3a,5,5- Trimethyl-3-methyl-
idene-4-{[(triphenylmethyl)ozylmethyl} octahydro-
benzofuran 20c

e Procedure A

To a solution of crude stannanc 19¢ [2.0 g derived from
compound 18c (5a-H/56-1 = 50:50, 1.34 g, 2.9 mmol)]

193

in THEF (60 mL) was added a | N agucous HCI solution
(30 mL). The reaction mixture was stirred at 20 °C for
3 h and partitioned between diethyl ether (100 mL) and
water (20 mL). The phases were separated and the aqucons
phase way extracted with diethy! ether (2 x 100 mL). The
organic phases werc washed with brine, then dried over
MgSOy, filtered and concentrated in vacuo. Purification of
thc rosiduc by flush chiromatography o silica gel gave a
50:50 mixture of 5a-H and 58-H isomers 20c (1.15 g, 95%
yield) as a yellow oil.

e Procedure D

To o solution of stannane compounds 19c (5a-11/58-11 =

50:50, 4.0 g, 5.1 mmol) in dry TTHF (35 mL) cooled at
—78 °C was added a 1.5 M n-Buli solution in hexanes
{4.3 ml, 8.5 ninol, 1.2 eguiv), The reaciion milxture, tirned
brown and was stirred at this temperature for 1 h. ‘The re-
action mixture was poured into a saturated aquecous ammao-
nium chioride solution (60 mL}, diluted with dicihyi cthor
(100 mL) and the phases were separated. The acucous layer
was extracted with diethyl ether (3 x 150 L) and the com~
bined organic phases were washed with brine, dried over
manhydrous MgSQ,, filtered and concentrated in vacuo. Pu-
rifleation by flash chromatography on silica gol gave a 50:50
mixture of diastereomeric products 20c¢ (2.2 g, 90% yickl).

IR (CHCly) v 2034, 1 550, 1 448, 1064, 909, 733, 649.

s stz esd T aa ool

o Sov-H isomer

Log NRATY 20T ann ASIT.Y € N 2n_1 0N f:. EIT 11_4 11
I3 INIVIIL (VDCT, <UU NEEZ) O U.iu—1.0U (iil, 051, 1i=1, §i2-
G, Ha-7), 0.66 (s, 31, CHa), 0.71 (s, 3H, Clls), 0.95 (s,

3H, CHy), 2.95 (dd, J = 9.0, 7.0 Hz, 11, 11a-1"), 3.32
{dd, J = 9.0, 2.0 Uz, iii, HbD-1"), 3.35 (1, J = 2.5 Iiz,
1H, H-Ta), 4.15 (dt, J = 17.0, 1.5 Hz, 111, Ha-2), 4.27
(t, J = 1.5 Lz, 1H, Hu-1"), 4.58 (dt, J = 17.0, 1.5 Hz,
11, Hb-2), .62 (t, J = 1.5 Hz, 1H, Hb-1’), 7.30 (m, 9H,
Ar-H), 746 (in, 6H, Ar-11).

13/ A v EN T ALY £ 1Y FOOVEL )Y Nt 0
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(CHa-5), 22.6 (C-6), 33.2 (CHa-5), 34.2 (C-5), 35.4 (C-7),
42,3 (C-3n), 53.8 (C-1), 61.3 (C-1"), 69.8 (C-2), 85.9
(C-7n), 87.5 [C(Ph)as], 104.8 (C-1'), 127.0 (3CH, Ar),
127.8 (6CH, Ar), 120.0 (6CH, Ar), i44.4 (3C, Ar), 156.8
(C-3).

e 50-H isomer
'H NMR (CDCla, 200 NHz) é 0.70-1.90 (m, 5H, H-4, Ha-
8, 112-7), 0.55 (s, 3H, CH3), 0.93 (s, 3II, CHy), 1.15 (s,
3H, CHa), 3.17 (dd, J = 10.0, 5.0 Hz, 1H, Ha-1"), 3.55
(m, tH, H-7a), 3.58 (dd, J = 10.0, 3.0 Hz, 111, Hb-1"),
4.25 (brond s, 2H, H2-2), 4.25 (broad s, 1H, Ha-1'), 4.47
(broad &, 1H, Ub-1’), 7.21 (m, 9H, Ar-H), 7.46 (m, GH1,
Ar-H).
13C NMR (CDCls, 50.3 MHz) 6 22.5 (CH3), 24.8 (C-G), 30.1
- (CHga), 33.0 (CHl3), 33.9 (C-B), 38. (C-7), 49.0 (C-3a),
53.9 (C-4), 62.4 (C-1"), 70.5 (C-2), 87.0 [C(Ph)s], 87.1
(C-7n), 103.9 (C-1), 127.0 (3CH, Ar), 127.8 (6CH, Ar),
129.9 (6CH, Ar), 144.4 (3C, Ar), 154.0 (C-3).
MS (Cl, NHa) m/z 470 (MHT + NHa), 453 (MH*).
Anal calc for C32HasO2, 452.61: C, 84.91; I, 8.02. Found;
C, 84.85; M, 8.15.

(3Z,3aR*  4R* S*, TaRk* )-S-Ethylidene-4-hydrozymethyl-
8a,5,5-trimethyl octahydrobenzofuran 21a

‘To a solution of silyl alcohol 21b (see below, 5a-11/564-H =
70:30, 3.1 g, 9.1 mmol) in acctonitrile (9.5 mL) at 20 °C
was added a 48% aqueous HF solution (0.5 ml.). The re-
sulting cloudy mixture was stirred at 20 °C for 1 h and the
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rcnctlon quenched with saturated aqueous anICOJ solu-
tion {20 miL). The phases were separaicd aind the agiicous
phase was extracted with diethyl ether (3 x 50 L), The
combined organic phases were washed with brine, then dried
over anhydrous MgSQy, filtered and concentraled in vacuo.
Purification by flash chromatography on silica gel gave a
70:30 mixture of alcohols 21a {1.86 g, 90% yield).

IR (NaCl) v 3423, 2936, 1450, 1 383, 1367, 1079, 1050,
1024, 975, 944.

e Sa-H isomer

‘11 NMR (CDCl;, 200 Mz) § 0.80, 0.07 and 1.01 (35, 91,
3CHg, CHy-3a, 2C“3- s 1.10-1.91 (m, 611, H-4, Hg-ﬁ,
H'.!-'? OH), 1.563 (dt, 6.7, 1.1 “ 311, CHs-1%), 3.4
(t, J = 2.6 Hz, 1H,-H-Ta), 3.6 and 38 (2 id, J =13, 7,
5.6 Hz, 2H, Hz-1"), 4.35 and 4.56 (ddq, J = 12.7, 2.6
1.1 Hz, 2H, H2-2), 6.22 (qd, J = 6.7, 2.0 HI., tH, H-1 )

3¢ NMR (CDCla, 50.3 MHz) 6 17.3 (CHs-1"), 22.2 (C-6),
and 26.3 (CHa), 28.6 (CHas), 33.3 (C-5), 33.3 (CHa),
36.5 (C-7), 45.6 (C-3a), 49.8 and (C-4), 61.1 (C-1"), 67.7

(C-2), 845 (C-7a), 114.2 (C-1'), 150.1 (C-3).

e 53-H isomer

I NMR {CDCly, 200 MHz) 6 0.97, 1.00 and 1.03 (3s, 9H,
3CH;,, CH;-3n, 2CH3-5), 1.10-1.91 (i, 6H, H-4, Hy-G,

282208y SeRRg-diY; SItg

Ho-7, OH), 1.53 (dt, J = 6.7, 1.1 Hz, 3H, CHj, CHz-1'),

3.50 (t, J = 5.5 Hz, 11, ll7n) 3.6 and 3.8 (2dd, J = 5.6,
13.7 I1: "y 10&1 and 4.560 {dd\'i J =12, 7, 26,

13.7 Iz, 211, H1a-1

t.1 Hz, 2H, H2-2), 5.10 (qd, J = 6.7, 2.6 Hz, 11, H-1).

13¢ NMR (CDCla, 50.3 MHz) 6 17.3 (CH3-1'), 21.9 (C-G),
23.4 (CH;;), 28.6 (CHaj), 33.2 (C-5), 31. 8 (CHa), 35.2
(C-7), 47.0 (C-3a), 56.2 (C-4), 62,5 (C-1"), 6B.8 (C-2),
85.0 (C-7n), 114.7 (C-11), 150.1 (C-3).

MS (CI, NH3z) m/z 242 (MII"’ + NHg), 226 (M), 224.
Anal cale for C14Ha102, 224.33: C, 74.95; H, 10.78. Found;
C, 74.89; H, 10.82,

(3Z,3aRt* 4" 5*, TuRR* )-4-{[(tcr z-uuzyt Itrimethylsilyl)-
ozy/methyl} - ethylzdenc- Sa, 5, 5-trimethyl
octahydyobenzofuran 21b

e Procedure A
To n solution of stannyl compound 19b (ba-11/54-11 =
70:30, 7.4 g, 12 mmol) in dry THF (50 L) cooled Lo =78 °C
was added a 1.5 M n-BuLi solution in hexanes (9.62 mlL,
14.4 mmol, 1.2 equiv). The reaction mixture turned brown
and was stirred at this temperature for 1 h. Methyl iodide
(2.3 mL, 36 mmol, 3 equiv) was then added nnd the solution
ullowcd ‘to warm to 20 °C over 1 h. The reaction mixture
was poured into a saturated aqucous ammonium chloride
soliilioin \1uu iii'u;, diluted with u'lC“l:y'l ether (}53 uiL)
and the phases were separated. The aqueous phase was
extracted with diethyl ether (3 x 150 mL) and the combined
organic piiases were washed with brine, dried over anhydrous
MgSQa., filtered and concentrated in vacuo. Purification by
flash chromatography on silica gel gave a 70:30 mixture of
S5a-1 and 58-H diastercomeric producis 21b (3.1 g, 76%

yield).

e Procedure B
To a solution of iodo compound 23b (sce below, oa—H/
58-H = 70:30, 2 g, 4.4 mmol) in dry THF (60 mi) cooied
to —78 °C was added a 1.6 M MeLi solution in dicthy! ether
(4.9 mL, 7.9 mmol, 1.8 equiv). The reaction mixturc was
stirred at this temperature for 1 h and was then poured into
a saturated aqueous ammonium chloride solution (50 mL),
diluted with diethyl ether (100 mL) and the phases werc

separated. The aqueous phase was extracted with dicthyl
ethier (3 x 100 mL) and the combined organic phases wore
washed with brine, dried over anhydrous MgSO,, filtered
and concentrated in vacuo. Purification by flash chromatog-
raphy on silica gel puve a 70:30 mixture of 6a-H and 53-H
diastereomeric products 21b (1.3 g, 87% yield).

M2 /N MY .. D00Q D ars o Ant 1 200 1 oann 1 00 1 000
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1 065, 836, 771.

® Sov- H isomer

"1 NMR (CDCla, 200 MHz) 6 0.06 |5, 61, 2CH g, Si(Cllz)z},
0.88, 0. 92 and 1.20 (3s, OH, 3CIy, CH;.-Bn and 2CH;-5),
0.94 [s, 911, 30113, SiC(CIl-. )a), 1.65 (dt, J = 6.8, 1.4 11z,
aK, CH;, C!!_—,-' ), 1.10-2.08 (i, 5!! ﬂ 4, H3-G, 137},
3.14 (L, J = 2.8 Hz, 111, H-7na), 3. 67 (dd = 0.8, 6.5 Hz,
{H, Ha-1"), 3.77 (dd J =108, 2.6 [lz, 1H, Hh-1"), 4.33
and 4.47 (2dd, J = 13.2, 2.6 Hz, 2ii, 12-2), & ".‘i {ai,
J = 0.8, 20 lI/, 1H, H-1").

13 NMR (CDCls. 50.2 MHz) 5§ —5.2 [2CH . SI(CH).]. 14.1

C NMR \V.,\,..,, 60.3 MIlz) § —5.2 ,-v..a,u.\v..,, ], 141

5 [C, SIC{Clia)s], 17 , 2
Cn,-an, 2cua-5), 22.3 (C-6), 26.0 [30“';, SlC(Cll,);;],

33.3 (C-b), 38.1 (C-T), 46.1 (C-3a), 56.7 (C-4), G0.G

(C-1"), 67.8 (C-2), 84.7 (C-7a), 114.3 (C-1), 140.2 (C-3).

e 5B-H isomer
' NMR (CDCl3, 200 Mllz) § 0.02, 0.02 [2s, G, 2CH;

vait (aoeln, &SR0 VIDIA o VWS, VAL y ASSi28s

Si(CHa)z], 0.87, 0.96 and 1.26 (3s, 9H, 3CHs, CHj-
3n, 2CHy-5), 0.96 [s, 9H, 3CHj, SIC(CHa)al, 1.50 (dL,
d = UO, l 1 l'l&, OII, UIIJ, Llll:]' l), 1. IU—I Dé \lll, Dll ll-
4, Hz-6, Hz-7), 3.60 (dd, J = 9.1, 6.3 Hz, 1H, H-Ta), 3.87
(dd, J = 10.1, 5.8 Hz, 1H, Ha-i 1), 4.07 (dd, J = 104,
2.4 Hz, 1H, Hb-17), 4.36 and 4.47 (2dd, J = 10.4, 2.6 Hz,
2H, Hz-2), 5.15 (qt, .JJ = 6.8, 2.6 Hz, 111, 11-1').
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(CHa-1"), 18.2 [C, SiC(CHa)a), 23.1, 20.8 and 32.4 (CHa-
3a, 2CH3-5), 24.6 (C-6), 26.1 [361];,, SiC(C'Hy)a], 33.7
(C-5), 38.1 (C-7), 48.6 (C-3n), 60.8 ((,-4), 61.5 (C-17),
8.5 (C-2), 86.9 (C-7n), 114.1 (C-1'), 145.6 (C-3).

MS (Cl, NHa) /= 339 (MHT), 3

109, 01, 95, 67, 57.

Anal cale for CaoHagO2Si, 338.50: C, 70.95; 11, 11.31. Found;
C, 70.82; H, 11.42.

(8Z,3aR* ,4R*S*, TaR* )-3-LEthylidene-3a,5, 5-trimnethyl-
4-{[(triphenylmethyl)oxy/inethyl} octahydro-
benzofuran 21c

| x SRV Jazaen A
® ['TOCCGILIC A

To & solution of stannanc compounds 19¢ (5a-4/68-H =
50:50, 6.4 g, 7.3 mmol) in dry THF (60 mL) cooled at
—78 °C was added a 1.6 M n-Buli solution in hexancs
(9.62 mL, 144 mmol, 1.2 equiv). The renction mixture,
which turned brown, was stirred at this temperature for
1 h. Methy! iodide (2.3 mL, 36 mmol, 3 equiv) was then
added and the solution allowed to warm to 20 °C over 1 h.

ez varmmeadionan sw v vyyrsvnrl atinalnrd aniranig

T!lb readcuiGil uiu\‘:ulp Was pourca ul!-u & BaLuravcu aqucous
ammonium chloride solution (100 ml.), diluted with diethyl
ether (1650 mL) and the phases were separated. The aqueous
iayer was extracied with dieihyl ether (3 x 150 mi) and
the combined organic phases were washed with brine, dried
over anhydrous MgSQy;, filtered and concentrated in vacuo.
Purification by flash chromatography on silica gel gave a
50:50 mixture of diastereomeric products 21c (2.5 g, 75%
vield).



» Procedure B

To a solution of lodo compound 23c (scc below, 6a-H/
56-11 = 70:30, 1 g, 1.7 mmmol) in dry ‘THF (16 mL) cooled
to —78 °C wns added a 1.6 M MeLi solution In diethyl ether
(2.0 mL, 3.1 mmol, 1.8 equiv). The reaction mixture was
stirred at this temperature for 1 h and was then poured into
a saturated aqueous ammaonium chloride solution (20 L),
diluted with dicthyl ether (60 mL) and the phascs were sop-
arated. The aqueous plinse was extracted with diethyl ether
(3 x 100 mL) and the combined organic phases were washed
with brine, dried over anhydrous MgSQ., filtercd and con-
centrated In vacuo. Purification by flash chromatography on
silica gel gave a 70:30 mixture of Sa-l11 and 66-H diastere-
omeric praducts 21c (0.63 g, 80% yicld).

IR (CHCls) » 3085, 3 058, 3 022, 2955, 2870, 1490, 1463,
1376, 1056, 743, 703.

'H NMR (GDCly, 200 Mz, two isomers) & 0.71, 0.84, 1.08
1.24, 1.28 and 1.29 (6s, 18H, 2CHgz-3a, AC114-5), 1.38
and 1.50 (2d, J = 0.4 Hz, 6H, 2CH4-1’), 0.85-1.87 (m,
10H, 2H-d, 2[12-6, 2H2-7), 311 (dd, J = 0.5, 7.5 Hz, 1H,
Hn-1"), 3.34-3.75 (in, 5H, Hb-1", Ha-1", 2H-Tn}, 4.37 (i,
4H, 2112-2), 4.80 (m, 2H, 2H-1°), 7.3 (m, 1811, Ar-H), 7.5
(in, 12H, Ar-H).

130 NMR (CDCla, 50.3 MHz, two Isomers) § 14.5, 15.3, 17.4,
21.9, 22.7, 29.9, 32.9 and 33.7 (8CHa, 2CHa-5, 2CH3-3a,
2ClH13-1"), 22.1 and 24.4 (2C-G), 32.6 and 33,7 (2C-5),
34.3 and 38.0 (2C-7), 46.1 and 53.8 (2C-4), 45.0 und 48.0
(2C-3a), G1.4 and G2.3 (2C-1"), G7.7 and 68.3 (20-2),
84.4 and 86.8 (2C-7u), 87.1 [2C(Ph)s|, 113.8 and 114.7
(2C-1"), 127.7 (GCI, Ar), 128.9 (12CI, Ar), 127.6 (12CH,
Ar), 144.3 and 145.0 (6C, Ar), 141.3 and 145.1 (2C-3).

MS (Cl, NHa) m/z 484 (MH*+ + NHj), 467 (MHY),

[22(82,3aR*  4R*, TalR* )]-(1- Hydrozxymelhyl-
30,8, 5-trimethyl octabydrobenzafuran-3-ylidenc)
acetic acid methyl cster 22a Soc-IT

‘T'a a solution of ester 22b {see below, Ha-H/58-H = T0:30,
200 mg, 5.2 mmol) in THF (5 mL) at 20 °C wny added a
1 M TBAF solution in THF and the mixture was stirred
al this temperature for 12 h. The reaction was quenched
with water (10 mL) diluted with diethyl ether (50 mL)
ancd the phases wero separated. The nqueous phase was
extracted with diethyl ether (3 x 25 inL) and the combined
organic phases washed with brine, dried over anhydrous
MgSQ,, filicred and concentraled in vacuo. Purification of
the residne by flash chromalography on silica gel gave the
Sa-H isomer 22a 5a-11 (84 mg, G0% yield) as a ycllow oil.

IR (CHCl3) » 3404, 2949, 28506, 1 708, 1658, 1436, 1 350,
1224, 1 177, 1047, 1019, 90D, 733, G84.

'H NMR (CDCly, 200 MHz) 6 0.7-1.8 (1, 61, H-4", Ha-6',.

Ha-4', OH), 0.90, 1.0 and 1.03 (3s, OH, 3CH3, CHas-3'n,
2CHy-5'), 3.42 (i, J = 2.5 Hz, 1H, H-7'a), 3.62 (s, 3[I,
CHa, CO32CHg), 3.70 (1, 28, Ha-17), 4.68 (dd, J = 17.5,
2.5 Hz, 111, Hn-2"), 4.88 (dd, J = 17.5, 2.5 Hz, 111, 1bL.2"),
5.60 (t, J = 2.5, 1H, H-2).

o NMR (CDCls, 50.3 MHz) 6 16.3 (CHz-3'n), 20.7
(C-6"), 21.1 (CHs-8"), 32.2 (C-5), 32.5 (CH3-5'), 34.2
(C-7), 47.2 (C-3'a), 48.0 (C-4’), 50.5 (Clla, CO2GH;3),
59.4 (C-1""), 69.4 (C-2"), 82.3 (G-7'a), 110.2 (C-2), 165.8
(C-3'), 171.5 (C-1, CO2CHa).

MS (Cl, NHs) m/z 286 (MH* + NHj), 260 (MH*Y), 254,
181, 167, 153, 137, 123, 52,

Anal calc for CgH24Q4, 268.34: C, 67.13; H, 9.02. Found;
G, 67.55; H, 0.38.
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[RZ(3Z,2alt* 4R S*, Tult* )]- (4-{[(lert- Butyldimethyl-
silyljoxyfmethyl} -3a,5,6-trimethyl octahydrobenzo-
Juran-3-ylidene) acctic acid methyl ester 22b

e Procedure A

‘To 0 solution of stannyl compounds 19b (5a-H/58-11 =
70:30, 10 g, 16 mmol) in THF (75 mL) cooled Lo —~78 °C
was added dropwise o 1.5 M #-BuLi solution 1n hexnnes
{12 mL, 18 mmol, 1.1 equiv). Tho renction mixtire was
stirred at this teimnperature for 1 h and then transferred via
cnnnula Lo a cooled solution (0 °C) of methyl chloroformate
(6.3 mL, 82 mmol, 5 equiv) in 30 mL of THF. The mixture
was stirred at this temperature for 1 h and was allowed Lo
warm to 20 °C. After stirring for another hour at 20 °C,
the reaction was quenched with water (20 mL), diluted with
diethy} ether (50 L) and the phascs were separated. The
aqueous phasc was extracted with diethyl cther (3 x 50 inL)
and the combined organie phases were washed with brine,
dricd over anhydrous MgSOy, filtered and concentrated in
vactio. Putification of the residue by flash chromatography
on silica gel gave a 70:30 mixture of 5a-H and 58-11 isomeric
cater 22b (6.3 g, 86% yicld) ns a yellow ofl.

e Procedue B

To a solution of lodo compound 23b (sce below, ba-11/
58-11 = 70:30, 1.0 g, 2.2 mmol) In THE (10 mL) cooled
lo —78 °C was added dropwise a 1.6 M rn-13ulll solution
in hexanes (2.2 mL, 3.2 mmel, 1.2 cquiv). The reaction
mixture was stirred at Lhis temperature for 1 h and then
transferred vin cannula to a cooled solution (0 °C) of imethyl
chloroformate (0.85 L, 11 mmmel, 6 equiv) in THIF (2 mb).
T'he reaction was stirred at. Lthis temperaturoe for 1 h, allowed
to warm to 20 °C over 1 h and quenched with water
(6 ml). The resulting solutlon was diluted with diethy!
clher (50 mL) and the phases were separnted. ‘The nqueous
phasc was extracted with 3 x 50 ml, of dicthyl ether and
the combincd organic phascs were washed with brine, dried
over anhydrous MgSOy, filtered and concentrated in vacuo.
Puriflication of the residue by flash chromatography on silica
gel gave a 70:30 mixture of Ha-H and 58-1 Isomeric cslers
22b (145 mg, 17% yield) ns n yellow oil und a 70:30 mixture
of Ha-11 and 58-H isomncerie derivatives 20b (592 g, 83%
yicld).

& Procedure C
To a solution of lodo compound 23b (see below, 5a-H/
58-1 = 70:30, 2.2 g, 4.9 mmol) in DME (20 ml.) cooled
to —78 °C was added dropwise a 1.5 M (-BuLi solution
in hexanes (7.2 mL, L1l mmol, 2.2 equiv). The reaction
mixturo was slirred at this temperature for 1 h and then
transferred via cnnnula Lo a cooled solution (0 *C) ol methyl
chloroformate (1.9 mL, 24 mmol, 5 equiv) in DME (6 mL).
T'he reaclion was stirred at this temperature for 1 h, allowed
to warm to 20 °C over 1 h and quenched with water
(20 mL). The resulting solution was diluted with diethyl
cther (100 mL) and the phases were scparated. The nqueous
phase was cxtracted with diethy! cther (3 »x 50 mL) and
the combined organic phases were washed with brine, dried
over anhydrous MgSO., fillercd and concenirated in vacuo,
Purilication of the residue by flash chromatography on siliea
gel gnve a 70:30 mixture of 5a-H and 58-11 isomeric esters
22b (1.05 g, 57% yicld) as a yellow oil and a 70:30 mixturc of
S5a-H and 58-H isonicric derivatives 20b (0.54 g, 34% yicld).

» Procedure D
To a solution of iodo compound 23b (sce below, Sa-I1f
58-H = 70:30, 1.2 g, 2.7 munol) in THF (20 inl)) cooled
to —78 °C was added dropwise a 1.6 M MecLi solution in
dicthyl ether (2.5 mL, 4.1 mmol, 1.5 equiv). The reaction
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mixture was stirred at this temperature for 1 h and then
transferred vin eannula to a cooled solution (0 °C) of methyl
chloroformate (1.1 mbL, 13.6 munol, 5 equiv) in THF (6 mL).
‘I'he reaction was stirred at this temperature for | h, nllowed
to warm to 20 °C over | h and quenched with water
(20 mL). The resulting solution was diluted with dicethy!
cther (100 mL) and the phases were separated. The aguicous
phase was extracted with diethyl ether (3 x 50 mnl) and
the combined organie phases were washed with brine, dried
over anhydrous MgSO,, filtered and concentrated in vacuo.
Purification of the residue by flash chromatography on silica
gol gave a 70:30 mixture of Ha-tl and 53-11 isomeric esters
22b (135 mg, 13% yield) as a yellow oil and a 70:30 mixture
of Sa-11 and 53-1 isomerie derivatives 21b (760 mg, 83%
vield).
LR (CHCl) v 2061, 2856, 1 716, 1 G6Y, | 461, 1434, [ 485,
1354, 1305, 1256, 1220, 1 175, 1056, 1020, 950, 830,
775,

o Sov-IT isomer

1 NMR (CDCly, 200 MHz) 6 0.01, 0.02 [2s, GII, 2CI1y,
Si(Clls)z], 0.78 (s, 311, Clly), 0.80 (s, 311, Clly), 0.86 [3s,
Ol, 3Clly, SiC;Cll:;)u , 0.86 (s, 311, CHy), 1.08-1.79 (m,
5H, H-d’, Ha-G', H2-7'), 3.7 (1, J = 2.5 Haz, 1H, 1-7'n),
3.7 (m, 2H, 12-1"), 3.7 (s, 3H, CHy, CO2CIls), 4.76 (dd,
J = 17.8, 2.6 Hx, 11, Ha-2'), 4,93 (dd, J = 17.8, 2.5 11z,
1, Hb-2"), 5.62 (L, J = 2.5, 111, H-2).

Mg NMR (CDCly, 50.3 NMllz) 6§ —5.4 [2CH4, Si(Clla)a],

" 17.5 (CHy-3), 18.1 [C, SIC(CHa)as), 21.7 (CHa-5'), 22.5
(C-6%), 23.4 (C-5'), 25.9 [3CHg, SIC(CHy)al, 33.5 (C-5),
33.7 (CHgy-5), 356.5 (C-7"), 48.4 (C-3'n), 51.3 (C-4'), 60.1
(C-17), 70.3 (C-2'), 83.56 (C-T'n), [11.2 (C-2), 166.7
(C-3), 172.3 (C-1, CO:Clly).

e 53-H isomer

'TH NMIR (CDCly, 200 M1z) § 0.04 [21, 6H, 2CH, Si(Clly)2),
0.91 [3s, DH, 3CIHy, SiC(CHy)sl, 1.0, 103 and 1.13 (3s,
9tl, 3CHa, Cly-8'n, 2CI,4-5'), 1.21-1.66 (m, 511, H-4',
Ha-6', H2-7"), 3.61 (dd, J = 9.9, 5.8 Hz, 111, 11-7a), 3.67
(s, 3H, CHy, CO2Clly), 3.90 (dd, J = 10.4, 5.6 Hlz, 111,
Ha-1"), 4,05 (dd, J = 10.4, 3.2 Hz, 1H, 11b-1"), 4.88 (d,
J = 2.5 Huz, 211, 112-2'), .75 (1, J = 2.5 Hz, 111, 11-2).

MO NMR (CDCly, 50.3 Mlz) 6 =53 [2CHy, Si(CHa)z),
18.1 [C, SiC(Cly)s], 23.0 (Clls), 24.0 (C-6"), 26.0 [3C1 L4,
SiC(C'Hy)a], 20.7 (Clly), 31.9 (CHy), 33.7 (C-5'), 37.8
(C-7'), 50.9 (C-3'n), 51.2 (Clly, COaCly), 56.4 {C-4'),
60.9 (C-1"), 70.8 (C-2"), 85.5 (C-7'n), 110.8 (C-2), 166.7
(C-13'), 170.3 (C-1, CO2ClLy).

MS (C1, NHy) m/z 400 (MH* 4 NHy), 383 (MIIt), 367,
353, 325, 311, 267, 132, 184, 154, 132, 108, 91, 72, 52.
Anal enlc for Ca) Hys 0481, 382.59: C, 65.02; 11, 10.01. Found;

C, 65.G66; H, 10.07.

(3Z,3alt*,4 R*S*, TuR* )-4-Hydroxymethyl-3-iodomethy!-
idene-3a,5,5-trimethyl octahydrobenzofuran 23a

To a solution of a crude mixture ol stannyl derivatives
19a (5a-1/58-H = GO0:10, 5.9 g, 11.9 mmol) in dicthyl
cther (30 ml) was added dropwise a solution of iodine
(5.1 g, 20 mmol, 1.5 equiv) in diethyl cther (60 mL). Af-
ter 15 min, the mixture was treated with an aqueous KIF
solution (30 mL, 1 g/10 inL) and stirred for [ h, The phases
were then separated and the aqueous phase extracted with
diethyl cther (3 x 150 mnL). The combined organic phases
were washed with an aqueoits Nal1SOjy solution, then brine,
dried over anhydrous MgSO,, filtered and concentrated in
vacuo. Purification of the residue by flash chromatography

on silica gel gave a 60:40 mixture of Sa-H and 58-11 isoimers

23a (3.8 g, 95% yicld) as a yellow oil.

IR (CHCls) v 3423, 2936, 2867, 1 628, 1454, 1369, 1245,
1166, 1079, 10149, 1021, 999, 945, 768, G7G.

o Jo-I isomer

1 NMR (CDCly, 200 Mtlz) 6 0.96, 1.06 and 1.06 (3s, 911,
3CH3g, CHy-3a, 2 ClIy-5), 1.15-1.75 (i, Gl1, -4, 1{2-0,
H3-7, OM), 3.77 (L, J = 2.5 Hz, 111, H-Ta), 3.78 (m, 211,
Ha-17}, .22 (dd, J = 14.7, 2.5 Hz, L, Ha-2), 4.46 (dd,
J = 14.7, 2.5 Wz, 11, 11H-2), 5,956 (1, J = 2.5, 11, H-1"),

HO NMR (CDCly, 50.3 Mllz) § 16.4, 21.7 and 33,1 (3CH3,
Clly-3n, 2 Cly-5), 22,1 (C-6), 34.9 (C-5), 39.2 (C-7), 18.5
(C-4), 52.0 (C-3n), 60.3 (C-1"), 68.6 (C-Tn}, Td.1 (C-2),
85.3 (C-1'), 160.6 (C-3).

o 53-H isomer

11 NMR (CDCly, 200 Mllz) 6 098, 1.056 and 136G (3s,
Oll, 3Cllg, Clig-3un, 2CIH4-5), 1.1-1.8 (in, 51, H-d, Ha-G,
[a-7), 2.4 (m, [H, O}, 3.77 (dd, J = 7.2, 5.6 1z, IH,
11-7n), 3.85 (m, UH, Ha-17), 3.96 (n, 111, Hb-1"), 1.26
(dd, J = 150, 2.5 lz, 111, Ha-2), 436 (dd, J = 15.0,
2.5 Uz, 111, 11b-2), 5.88 (L, J = 2.5 Hx, 111, 1-1°).

3¢ NMR (CDCly, 50.3 Milz) 6 23.5 (C-6), 25.2 (CH3-3n),
28.1 and 31.7 (2CHy, 2CHy-5), 3.5 (C-5), 85.7 (C-7),
52,1 (C-3a), 56.8 (C-4), 61.9 (CG-17), 68.6 (C-7n), 75.8
(C-2), 87.9 (C-17), 158.3 (C-3).

MS (Cl, Nlig) m/z 337 (MH*F), 319, 301, 235, 209, 191, 163,
137.

Anal cale for CixH102l, 336.22 C, 46G.43; H, 6.29. Found;
C, 46.61; 11, 6.37.

(3Z,8uR* 4 R*S*, TaRR* )-4-{ [(lert-Butyldimetiylsilyl)-
oxyfmethyl}-3-iodomethylidene-3a,5,5-trismethyl
octahydrobenzofuran 23b

To o solution of stannyl derivatives 19b (5a-11/58-11 =
70:30, 7.0 g, 11 mmol) in diethyl ether (20 mL) was added
dropwisce a solution of iodine (4.34 g, 17.1 mmol, 1.5 equiv) in
diethyl ether (30 ml)., After 15 min an aqueous KIF solution
(30 mL, 1 /10 ml) was added and the reaction mixture
stirred for I h. The phases woere separated and the acue-
ous phase was oxtracted with diethyl cther (3 x 100 ml).
T'he combined organic phases were washed with a saturated
aquicous NallSOy solution, then with brine, dried over an-
hydrous MgSO,, fillered and concentrated in vacuo. Purifi-
cation of the residuce by flash chiromatography on silica gel
gave a 70:30 mixture of Ha-H and 54-1H isomeric compounds
23b (1.9 g, 95% yicld) as a yellow oil.

IR (CHCls) » 2055, 2027, 2854, 1 616, 1462, 1379, 1 2563,

1 066G, 836G, 774, 734.

e So-H isomer

111 NMR (CDCly, 200 MHz) 6 0.06 [2s, 6H, 2CHz, Si(Cla)z],
0.86 [3s, 911, 3CHu, SiC(Clla)a], 0.99, 1.00 and 1.05 (35,
911, 3CHz, CHy-3a, 2CH3-5), 1.08-1.79 (m, 41, Ha-6, 1,-
7), 1.22 (ddl, J = 5.8, 2.9 Hz, 111, Hd), 3.57 (t, J = 2.5 Hz,
1, H-7a), 3.68 (dd, J = 11.6, 5.8 Iz, U, la-1"), 3.73
(Ad, J =11.6, 2.9 1z, 1H, Ib-17), 4.17 (dd, J = 14.7,
2.5 Hz, 111, 110-2), 4.38 (dd, J = 14.7, 2.5 Ha, 111, 11h-2),
5.84 (1, J = 2.5 Lz, 111, 11-1°),

3G NMR (CDCly, 50.3 MHz) 8 —5.2 [2CHy, Si(CHa)a], 17.5
(CH3-3a), 22.3 and 33.5 (2CH3-5), 18.3 [C, SiC(CHa)s],
22.6 (C-G6), 26.1 [3CHy4, SiC(CHy)s], 33.5 (C-B), 35.7
(C-7), 47.9 (C-4), 51.0 (C-3n), 60.7 (C-1"), 68.3 (C-Ta),
74.7 (C-2), 86.1 (C-1'), 160.9 (C-3).



e 5A-H isomer

I NMR (CDCly, 200 Milz) § 0.89 [2s, GI1, 2CH3, Si(Clly)e],
0.91 [3s, 9, 3CIly, SiC(Cll3)s], 0.90, 0.97 and 1.35 (3s,
9H, 3Cils, Cll3-3n, 2CH3-5), 1.21-1.G6 (m, 511, 11-4, Ha-
6, 112-7), 3.84 (dd, J = 10.0, 5.9 Iz, 111, H-7a), 3.80
(dd, J = 10.6, 5.1 Hy, 1H, Ha-1"), 4.01 (dd, J = 10.6,
3.1 Hz, 11, Hb-1"), 1.36 (d, J = 2.3 Haz, 21, Ha-2), 6.01
(L, J = 2.3 Mz, 1H, H-1').

¥C NMR (CDCly, 50.3 MHz) § —5.4 [2Cly, Si(Clly)a),
18.1 [C, SiC(Clla)a], 23.0, 29.3 and 32.1 (3Cly, Cly-
3u, 2CHa-6), 24.4 (C-6), 25.9 [3CHy, SiC(Clia)s), 33.5
(C-5), 38.0 (C-7), 52.4 (C-3n), 56.0 (C-4), 61,2 (C-1"),
68.5 (C-7n), 75.9 (C-2), 88.6 (C-3), 157.0 (C-1').

MS (Cl, NH3) mn/z 451 (MH™), 323, 265, 191,

Anal eale for C1pHapO328il, 450.45: C, 50.66; H, 7.83. Found;
C, 50.28; H, 7.92.

(32,30R*, 4 R*5*, TaR* )-3-Todomethylidene-
30,8, 5-trimethyl-4-{ [(triphenylmethyl) oxy/methyl)
octalydrobenzofuran 23c

To a solution of a mixture of the stannyl compounds 19¢
(5a-H/58-11 = 50:50, 660 g, 0.9 mmol) in diethyl ether
(6 mL) was added iodine (160 mg, 1.4 mmol, 1.5 cquiv)
in diethyl ether (2 mL), The resulting brown mixture was
stirred at room temperature for 1 h and then treated with
a KI' aqueous solution (10 ml, 2 g/ml). The aqueous
phase wag extracted with diethyl ether and the combined
organic phases were washed with brine, dricd over anhydrous
MgSO., fillered and concentrated in vacuo. Purifieation by
flnsh chromatography on silica gel gave 495 g (95% yield)
of a 50:50 mixture of Sa-H and 58-H isomeric compounds
lodo derivatives 23c.

IR (CIICl3) » 3032, 2935, 2 857, | G645, 1 624, 1153, 1 166,
1072, 1 044, 940G, 769.

e Sau-H isomer

' NMR (CDCly, 200 MHz) 6 0.92-1.51 (1n, 5H, 11-4, Hz-6,
H»-7), 0.54 (s, 3H, CHy), 0.65 (s, 3H, Cll3), 0.80 (s, 3H,
CHa), 2.89 (dd, J = 10.0, 7.5 Hz, 1H, 11a-1"), 3.19 (dd,
J = 10.0, 5.0 Hz, 1H, H1-1"), 3.30 (broad s, 1H, [1-7a),
4.00 (dd, J = 15.0, 2.5 lz, 111, l1n-2), 4.20 (dd, J = 15.0,
2.5 1T, 111, Hb-2), 5.04 (t, J = 2.5 Hz, 1H, 1I-1'), 7.31
(m, 9H, Ar-I1), 7.52 (i, 6H, Ar-H).

BC NMR (CDCly, 50.3 MHz) 6 17.6 (Clly), 22.3 (ClHy),
22,3 (C-06), 33.6 (C-5), 34.0 (CHy), 35.4 (C-7), 46.0
(C-1), 50,7 (C-3u), 61.0 (C-1"), 70.0 (C-7a), 71.9 (C-2),
85.8 (C-1'), 87.3 (C-(Ph)y), 127.0 (3CII Ar), 127.9 (6CII
Ar), 128.9 (GCIl Ar), 144.0 (3C Ar), 159.5 (C-3).

e 50-H isomer

1 NMR (CDClg, 200 MHz) 6 0.78-1.91 (in, 5H, H-4, Ha-
G, Ha2-7), 0.50 (s, 311, CH3), 0.88 (s, 3H, CHa), L.15 (s,
3H, Clly), 3.12 (dd, J = 9.5, 5.5 Hz, IH, H-1"a), 3.40
(dd, J = 9.5, 3.0 Hx, 1H, H-1"b), 3.77 (dd, J = 9.7,
5.9 Hz, 11, H-7a), 4.13 (d, J = 2.5 Hz, 21, Hy-2), 5.25
(t, J = 2.5 Hz, 1H, H-1’), 7.31 (m, 9H, Ar-H), 7.62 (i,
GH, Ar-H).

13¢ NMR. (CDClg, 50.3 Mz) § 22.6 (CHa), 24.4 (C-6), 20.8
(Clla), 32.7 (CHy), 33.6 (C-5), 38.0 (C-7), 52.5 (C-3a),
63.7 (C-4), 62.5 (C-1"), 68.0 (C-Ta), 76.1 (C-2), 87.7
(C-(PPh)3), 88.7 (C-1'), 127.2 (3CIH, Ar), 127.8 (6CH, Ar),
129.0 (GCIH, Ar), 144.2 (3C, Ar), 156.9 (C-3).

MS (Cl, NH3) n/z 579 (MH*).
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(32,3aR* 4 R*, TaRR* )-4-{ [(tert-Butyldimethylsilyl )oxy/-
methyl}-3-cyanomethylidenc-3a,5,5-trimethyl
octahydrobenzofuran 24b (S5ce-H) and
(Falt* 4 R*, TaRR* )-4-{ [(tevt-butyldimethylsilyl)oxy)-
methyl}-3-cyanomethyl-3a,5,5-trimethyl-
3a,4,5,0,7, Ta-hexahydrobenzofuran 26b (5a-H)

A solution of KCN (180 mg, 2.8 mmol, 2 equiv) and
18-crown-G cther (30 mg, 0.01 mmol, 0.08 cquiv) in toluene
was concentrated in vacuo and dried at 50 °C under
0.1 mmHyg pressure for 2 h. Tetrakis(triphenylphosphine)
palladium (50 mg, 0.04 mmol, 0.03 cquiv) and vinyl iodide
23b (ba-11/66-H > 95:5, 610 mg, 1.4 numol, 1 equiv) in ben-
zene (20 ml) was added to the KCN and 18-crown-6 ether.
The resulting mixture was stirred at, 20 °C lor 20 min un-
der argon and heated to 70-75 °C for 12 h. After cooling
to 20 °C, the mixture was poured into water (10 mL) and
diethyl ether (50 mL) and the phases were separated. The
aqueous phase was extracted with diethyl ether (3 x 25 mL)
and the combined organic phases washed with brine and
concentrated in vacuo. Purification by flash chromatogra-
phy on silica gel gave a mixture of the 5a-H isomer 24b
(5a-H) (225 mg, 47% yicld) and the 5a-11 isomer 25b (5a-
H) (79 mg, 16% yield).

IR (CHICl3) v 2930, 2897, 2850, 2219, 1667, | 615, 1470,

1G1, 1385, 1255, 1099, 1074, 1059, 814,

o Compound 24b (5w-H)

TH NMR (CDClg, 200 M) 6 0.04 [25, GH, 2CH}, Si(Cila)a],
0.88 [3s, 911, 3CIly, SiC{Cl13)s}, 1.00, 1.02 and 1.15 (3s,
9H, CH3-3a, 2CI14-5), 1.19-1.86 (m, 41, 112-6, [12-7), 1.27
(L, J = Add Hz, 111, H-d), 3.58 (L, J = 2.5 Hz, 1H,!11-Ta),
3.72 (d, J = 4. Hg, 211, 112-1"), 4.57 (dd, J = 16,
2.4 1z, 111, Ho-2), .77 (dd, J = 1G4, 2.4 Hz, LH, 1H-2),
S5.14 (L, J = 2.0 11z, 11, 11-1"),

MO NMR (CDCly, 50.8 MH2) 6 —5.3 [2CIHs, Si(Clla)s], 17.1
(CHa, Clla-3n), 18.2 [C, SiC(Clly)a), 21.8 (C-6), 22.4 and
33.2 (2CH2»-5), 26.0 [3CHa, SiC(CHa)a), 33.4 (C-5), 35.3
(C-7), 47.5 (C-4), 48.8 (C-8n), 60.4 (C-17), 69.8 (C-2),
84.9 (C-7a), 90.4 (C-1'), 115.9 (CN), 176.9 (C-3).

o Compound 26b (Sa-H)

'If NMR (CDCly, 200 MHz) 6 0.05 [s, 611, 2CHy, Si(CHa)u],
0.8-1.8 (m, 4M, Il2-6’, H2-7'}, 0.00 [3s, OH, 3ClHy,
SiC(Clla)a), 1.10 (s, 3H, CHy), 1.13 (s, 311, CHa), 1.32 (s,
3H, CHy), 1.76 (m, 1H, 1-4'), 3.00 (dd, J = 15.1, 3.1 Hz,
1H, Ha-2), 3.21 (dd, J = 15.1, 3.1 Hz, [H, Hb-2), 3.81
(cddy J = 11.2, 4.9 lIz, 1H, Ha-1"), 3.87 (dd, J = 11.2,
2.6 Mz, U1, 1b-1"), 3.95 (1, J = 4.1 11z, 1H, H-7a), G.35
(s, 114, 11-2'),

e NMR (CDCly, 50.3 M) § —5.4 [2CH3, Si(CHa)z),
18.1 [C, SIC(CHa)a], 22.2 (CH1), 23.0 (Clly), 23.8 (C-6),
26.0 [3CHy, SiC(CHy)a], 32.6 (C-5), 33.7 (Cl3-5'), 36.2
(C-2), 36.2 (C-7), 48.2 (C-3'n), 54.4 (C-4), Gl.4 (T-1"),
90.5 (C-7'n), 116.8 (CN), 128.0 (C-2), 142.7 (C-3).

MS (Cl, NHy) m/z 384 (MH* + 2NI3), 367 (MHT + NHa),
350 (MIIF), 339, 309, 150, 131.

Anal cale for Caollys NO2Si, 349.55: C, 68.72; H, 10.09; N,
4.01. Found; C, 68.65; H, 10.12; N, 4.08.

(3Z,3aR*,JR* S*, TaR* )-3-Ethylidene-3a,5,5-trimethyl-
octahydrobenzofuran-4-carbaldehyde 26 (5a-H)

A solution of alcohols 21a (5a-H/58-H = (0:40, 1.9 g,
8.5 mmol) in dichloromethane (10 mL) at 20 °C was added
to a solution of the Dess—Martin reagent (3.87 g, 9.12 mmol,
1.1 equiv) in dichloromethane (20 mL). The reaction was
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stirred at 20 °C for 1 h, quenched with a saturated Na2SOs
nqueous solution (20 mL), diluted with diethyl cther (75 L)
and the phases were separated. T'he aqueous phuse was ox-
tracted with diethy! ether (3 x 50 mL). The comnbined or-
ganic phases were washed with saturated aqueous NaHCOg,
then with brine, dried over anhydrous MgSOy, filtered and
concentrated in vacuo. Purification by flash chromatography
on silica gel gave a 60:40 mixture of 5a-I and 58-H isomerlc
aldehyde 26a (1.86 g, 99% yicld).

To a solution of the above 60:40 mixture of Sa-H and
58-I aldehydes 26a (900 mg, 4 mmol) in methanol (6 mL)
was added KpCO; (2.8 g, 20 mmol, 5 equiv) and the
resulting suspension was stirred at reflux for 3 h and then
cooled to 20 °C. The reaction mixture was partitioned
between an aqueous 1 N HCI solution (20 mL) and diethy!
ether (50 mL) and the phases were separated. T'he aqueous
phase was extracted with diethyl cther (3 x 50 mL) and
the combined organic phases were washed with brine, dried
over anhydrous MgSQ., filtered and concentrated in vacuo.
Purification by flash chromatography on silica gel gave the
pure Sa-1 aldehyde 26a (5a-11) (850 mg, 94% yield).

e Compound 26a Sa-H isomer

IR (NaCl) v 2925, 2853, 1 718, 1458, 1384, 1077, 1064.

' NMR (CDCly, 200 MHz) & 095, 1.15 and 1.25 (3s,
9H, 2CH;-5, CH;s-3a), 1.52 (dt, J = 6.8, 1.5 Hz, 30,
CHa, CHj3-1"), 1.01~1.97 (m, 4H, He-6, H2-7), 2.02 (d,
J = 3.9 Hz, 1H, H-4), 3.44 (t, J = 2.8 Hz, 1H, H-Ta),
4.23 (ddq, J = 12.0, 2.5, 1.5 Hz, 1H, Ha-2) 4.47 (ddq,
J = 12.0, 2.8, 1.5 Hz, 1H, Hb-2), 6.05 (tq, J = 2.5, 6.8 Hz,
1H, H-1'), 9.83 (d, J = 3.9 lz, 1H, H-1").

136 NMR (CDCl3, 50.3 MHz) § 14.0 (CHs), 18.2 (CHs),
22,1 (C-6), 22.2 (CHa), 32.3 (CHjs), 32.9 (C-5), 35.0
(C-7), 45.2 (C-3a), 69.0 (C-4), 68.0 (C-2), 84.3 (C-7a),
115.4 (C-1'), 147.9 (C-3), 205.5 (C-1", CHO).

e Compound 26b 583-H isomer

' NMR (CDCls, 200 MHz) & 0.83, 1.06 and 1.28 (3s, 9H,
3CHg, 2CH3s-5, CHy-3a), 1.52 (dt, J = 6.8, 1.5 Hz, 3H,
CHa, CHa-1'), 1.0-2.0 (m, 5H, H-d, Hz-6, Hz-7), 3.52 (t,
J = 2.8 Hz, 11, H-7a), 4.21 (m, 2H, Hz-2), 5.20 (m, 1H,
H-1’), 9.46 (d, J = 6.3 Hz, 1H, H-1").

MS (CI, NHa) m/z 240 (MH* + NHg), 223 (MH*), 222,
207, 194, 179, 166, 151, 137, 123, 111, 95.

(82,3aR*,4S*, TaR* )-3-Ethylidene-4-hydroxymethyl-
8a,5,5-trimethyl octahydrobenzofuran 21a (Sa-H)

To a solution of aldehyde 26 (5a-H) (120 mg, 0.52 mmol) in
MeOH (1 mL) cooled to 0 °C was added NaBHa (6 mg,
0.1 mmol, 0.25 equiv). The reaction mixture was stirred
at this temperature for 1 h and partitioned between di-
ethyl ether (50 mL) and a 0.1 N aqueous HCI solution
(10 mL). The aqueous phase was extracted with diethyl
cther (3 x 25 mL) and the combined orgenic phases were
washed with brine, dried over anhydrous MgSQ4, filtered
and concentrated in vacuo. Purification of the residue by
flash chromatography on silica gel gave alcohol 21a (5a-H)
(100 mg, 86% yield) as a yellow oil (sece above preparation
of 21a).

(32,3aR* , 4R*, 7aR* )-3-Iodomethylidene-
3a, 5, 5-trimethyl octahydrobenzofuran-4-carbaldehyde
27 (5a-H)

To a suspension of PCC (1.5 g, 6.7 mmol, 1.5 equiv) and
celite (1.5 g) in dichloromethane (6 mL) was added via
cannula a solution of the alcohols 23a (5a-H/58-H = 60:40,

1.5 g, 4.6 mmol) in dichloromethane (156 mL). The resulting
dark brown solution was stirred at 20 °C for 1.5 h, filtored
over celite and concentrated in vacuo. Purification by flash
chromatography on silica gel gave n 60:40 mixture of 5a-H
and 58-H isomeric aldehydes 27a (1.3 g, 87% yield).

To this solution of aldehydes 27a (600 mg, 1.8 mmol}
in methanol (5 mL) was added K:CO3 (1.2 g, 9.0 mmol,
5 equiv) and the resulting suspension was stirred at reflux
for 3 h and cooled at 20 °C. The reaction mixture was par-
titioned between an aqueous 1 N HCI solution (10 mL) and
dicthyl cther (50 mL) and the phases were separated. The
aquecous phase was extracted with diethyl ether (3 x 50 i1nL)
and the combined organic phases were washed with brine,
dried over anhydrous MgSQ., filtered and concentrated in
vacuo. Purification by flash chromatography on silica gel
gnvz:.l)thc pure 5a-I1 aldehyde 27a (5a-H) (570 mg, 95%
yield).

o Compound 27a Sa-H isomer

IR (NaCl) v 2034, 2852, 1714, 1634, 1464, 1386, 1368,
1246, 1076, 1 054, 887, 774.

111 NMR (CDCls, 200 MHz) & 1.04, 1.23 and 1.34 (3s, 9H,
3CHj, 2CH3-5, CHz-3n), 1.00-1.98 (m, 4H, H2-6, Hz-7),
2.13 (d, J = 3.4 Hz, 1H, H-4), 3.64 (t, J = 2.9 Hz, 1H,
H-7a), 4.19 (dd, J = 14.9, 2.4 Hz, 11, Ha-2), 4.48 (dd,
J = 14.9, 2.4 Hz, 1H, Hb-2), 5.88 (t, J = 2.4 Hz, 1H,
H-1'), 0.91 (d, J = 3.4 Hz, 1H, H-17),

130 NMR (CDCls, 50.3 MHz) & 18.0 (CHg), 22.3 (C-6), 22.3
(CHy), 32.2 (C-5), 32.3 (CHa), 34.9 (C-7), 49.2 (C-3a),
8.3 (C-4), 69.8 (C-2), 74.8 (C-7u), 85.6 (C-1'), 159.3
(C-3), 204.3 (C1”).

MS (CI, NHy) m/z 352 (MH™* 4 NIig), 335 (MHt), 317,
280, 235, 207, 189, 179, 161, 123.

e Compound 27b 58-H isomer

[{ NMR (CDCla, 200 MHz) & 0.89, 1.07 and 1.30 (3s, 9H,
3CHj3, 2CH3-5, CH3-3a), 1.20-1.93 (m, 4H, Hy-6, H2-7),
1.95 (d, J = 6.0 Hz, 1H, H-4), 3.74 (t, J = 3.6 Hz, 1H,
H-7e), 4.12 (dd, J = 15.2, 2.6 Hz, 1H, Ha-2), 4.19 (dd,
J = 15.2, 2.6 Hz, 1H, Hb-2), 5.98 (t, J = 2.6 Hz, 1H,
H-1'), 9.59 (d, J = 6.0 Hz, 1H, H-1").

130 NMR (CDCl, 50.3 MHz) 6 23.1 (C-6), 26.1, 28.9 and
30.0 (3CHs, 2CHs-5, CHg-3a), 32,2 (C-5), 31.8 (C-7),
50.1 (C-3a), 66.5 (C-4), 70.9 (C-2), 75.6 (C-7a), 158.5
(C-3), 84.8 (C-1'), 203.4 (C1").

(32,3at*,4R*, 7at* )-4- Hydrozymethyl-3-iodomethy!l-
idene-3a,5,5-trimethyl octahydrobenzofuran 23a
(5c-H)

To a cooled solution {0 °C) of aldehyde 27 (5a-H) (760 mg,
2.2 mmol) in methanol (5 mL) was added sodium boro-
hydride (21 mg, 0.55 mmol, 0.25 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 HCI solution (20 mL), concentrated in
vacuo 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 50 mL).
The combined organic phases were washed with brine, dried
over anhydrous MgSOy, filtered and concentrated in vacuo.
Purification by flash chromatography on silica gel gave com-
pound 23a (5a-H) (653 mg, 87% yield, see above prepara-
tion of 23a).



(8Z,8aR* 4 R*, Talk* )-4-{[(tert- Butyldz‘metlwlsz'lyl)oa:y]-

rrna”ml/l Q..nn/lrm-nn liclomio. 20 i athadl

a1 I3
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octahydrobenzofuran 23b (5c-H)

To a cooled solution of alcohol 23a (6a-11) (1.98 &, 5.9 mnol)
and imidazole (1.0 g, 14 minol, 2.5 equiv) in DMF (2 L)
was added dropwise a solutlon of lert-butyldimethylsily!
chloride (980 g, 6.6 mmol, 1.1 equiv) in DMT (2 mL). After
gtirring at 0 °C for 4 h, Lhc reaction mixture was allowed

to warm up to room iemperature and stirred n\rrunnrl\i'

CIAPCIAavy ang sLirrec gvel

at 20 °C. 'l‘he reaction mixture was partitioned betwcen
alN aqueous hydrochloric acid solution (10 mL) nn(l
bhll_yl acebubb \OU llll.l) .Lllb [Jllub(.b were bC])HlﬂLLU ﬂl]u U"L
aqueous layer extracted with ethyl acelate (3 x 50 mL).
The combined organic phases were washed with brine, dried
over anhydrous MgSQy, filtered and concentrated in vacuo.
Purification by flash chromatography on silica gel gave the
tittle compound 23b (5a-H) (2.27 g, 85% yield).

(8Z,8aR* 4 R*, TalR* )-3- [(Tributylstannyl)methylidene)-
3a, §, 5-trimethyl octahydrobenzofuran-

4-carbaldehyde 28 (50:-H)

To a solution of compound 14 (2.0 g, 9.7 minol) in toluenc

(480 mL) were added AIBN (160 mg, 1.0 mmol, 0.1 equiv)
and BuzSnH (A 4 mL, 17 mmol, 1.7 nﬂniv\ ’I‘hn mixture

was stn'red al 1eﬂux for 3 h. The oily resndue obtained on re-

movmg toluene under reduced pressure was purified by flash

chi Gmﬁhﬁgi‘ﬁpuy ovar basic \p.ctrcatcd with NuHCOa) silica

gel to give a 98:2 mixture of Ba-11 and 58-11 diastereoiso-

meric compounds 28 (6a-f1) (4.2 g, 87% yield).

IR (CHCI3) v 2948, 2926, 1732, 1616, 1462, 1368, 1251,
1053, 836G, 777.

111 AAATY 2Ty nn AALT. n 1 11 f o l'l T A
L1 IMIViIw \UUUIJ, ‘UU LV.I.I.I.I:} U U, U L.Q1 \ Ul , 1d=y
Ha-6, Hz-7), 0.78 (s, 3H, CHy), 0.87 { 0 Haz,

9I1, 301'1.5, Sn[(CHz)aCIIa]d}, 0.90 [t, 6.0 I %, 6H,
3CHz, Sn{C#Hy-)s], 0.97 (s, 3H, CHa), i. 00 ( (s, 3i, b’l.,),
1. 30- 1.50 {m, 12[1 66]12, SX)[CI'IQ(CII*:)zCH:;]J}

(t, J = 4.3 Hy, 1H -7a), 4.22 (m, 211, H-2), 5.78 (t,
J = 2.6 Hz, 111, H- 1’ JH-Y8n=J II-”"Sn = 60.0 Hz),
9.61 (d, J = 6.24 Hz, 1H, CHO).

Bo NMR (ODOL;, 50,8 MHEzY § 0.7 30,
d%iviiv VUVIJ, (e ivyle ) l‘lllll, L~ T l!J\JIJ

]
)3, J C-1""8n = 350.0 Hz, J C-119g,, = 34
13.3 {30“3, Sn[CHz(ClIz)aCIIJ] }, 23.2 (CH3
\b 6), uu (Ctia), u .5 {3CHz, Sn{CH,Ci2ClH2

C-''8n = J C-'"9Sn = 57.0 11,.], 292 S[30112,
Sn(CHzCIIzCUzCHa)J, J C-1'"8n = 1
26.0 {z); 31.8 (C-5), 32.1 (CHy), 35.2 (0-7), 48.4 {C-
3a, J C-*178n = J C-''8n = 56.0 Hz), 66.8 (C-4), 72.1
(C-2, J C-1178n = J C.11%n = 20.0 Hz), 83.5 (C-Ta),
119.5 (C-1'), 165.0 (C-3), 204.5 (C-1", CHO).

MS (CI, NHy) m/z for major '2°Sn isotope 516

IEy) 1_ i NITT AnD /AATIHN
[ Q172 v Sl o 1‘4113) 4YuU (V1 ).

(32,3alt*,45*, 7aR* )-4-Hydrozymethyl-3-[(tributyl-
stannyl)methylidene/-3a, 5,5-trimethyl octahydro-
benzofuren 19a (5c-H)

To a cooled solution (0 °C) of aldehyde 28 (5a-H) (350 mg,
0.7 mmol) in methanol (5 mL) was added sodium borohy-
dride (7 mg, 0.18 mmol, 0.25 equiv). A further equal amount
of sodium borohydride was added 30 min later to complete
the reaction and the reaction mixture was concentrated in
vacuo 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 ('2 x B0 mL\

The combined organic phases were washed with brine, dried
over anhydrous MgSOy, filtered and concentrated in vacuo.

Purification by flash chromatography on stlica gel gave com-
pound 19a (5a- H) (207 me, 889 vicld sco a o,

ound 19a (8a-1) (207 myg, 85% yicld,
tion of 19a)

(3Z,8a1t*,45*, 7aR* )-4-{ [(tert- Butyldimethylsilyl)oxy)-
methyl}-3-[(tributylstannyl)methylidenc)-

&a, b, 6-trimethyl octuhydrobenzofuran 19b (So-H)
To a cooled solution (0 °C) of alcohol 19a (5a-H) (260 mg,
0.5 mmol) and imidazole (86 myg, 1.25 minol, 2.5 cqunv)

ion of leri-

in DMF (2 mL) was added dropwise & soluti
1

|11|1u|r|hnnllurlmlyl chloricda 00 m 18, 0.55 nunol, 1.1 ceauiv)

2UuLYyQuneily: Sl CiulhiGe vy il viGU NMHNGE, 1.1 CGUIVy

in DMF (2 mL). After st,lrnm, at 0 °C for 4 h, the reaction
mlxtune was n]]owccl to warm up to room l.cmpemtme and
stirred overnight at 20 °C. The reaciion mixture was parti-
tioned between a saturated aqueous NH4Cl solution (10 L)
and cthyl acetate (60 mL). The phases were separated and
the aqueous layer extracted with ethyl acetate (3 x 50 mL).
The combined organic phases were washed with brine, dried
over anhydrous MgSQy, liltered and concentrated in vacuo.
Purification by flash chromutography on silica gel gave the
title compound 19b (5a-11) (245 mg, 80% yield, sce above
preparation of 19b).

[1R* (8Z,8aS8*,4/5* ,7a8* )|-1-(3-Ethylidene-
3a, 5, 5-trimethyl octahydrobenzofuran-4-yl)prop-
2-yn-1-0l 29

To v solution of lithium ucet,yllde/ethylenedlamme complex
(4.29 g, 46.7 mmol, 6 equiv) in THI (20 mL) cooled to

0 °C was added uldehyde 26 (5a-H) (1.7 g, 7.6 mmol)
in 'THF (6 mL). The reaction mixture was stirred at this
temperature for 3 h and then at 20 °C for 12 h. The
reaction was quenched with 1 mL of a saturated acuecous
NH4Cl solution and diluted with diethyl ether (50 mL).

Mha nhnans worn sonarated and the aoionie nhnen wae
L1iC 2HiaSts W' Sgparaith alla uié ajjutous phniast wuas

extracted with diethyl ether (3 x 50 mL). The combined

organic phases were washed with brine, dried over anhydrous

MgS0Oa, filicred and concenitrated in vacuo. Purification by

flash chromatography on silica gel gave alcohol 29 (1.35 g,

70% yield).

IR (NaCl) v 3301, 3052, 2980, 2937, 2857, 1448, 1385,
1265, 1051, 738, 705.

~~ anm neeT - 4

'H NMR (uuuia, 200 MHz) 6 1.24, 1.35 and 1.58 \os, 9,
2CI1a, 2CIIs 5', CH;3-3'a), 1.01, 2.50 (m, 4H, H-d’, Hz-
6’, He-7'), 1.59 (dt J = 6.8, 1. 3 Iz, 3H, C[I.;-l"), 2.55
(d, J = 2.5 Hz, 1H, H-3), 2.25 (m, 1H, OH), 3.38 (ad,
J =2.5,3.2Hz, 1H, I-I 1),3.45 (t, J = 3. 1 Hz, 1H, H-7'a),
4.36 (dd, J = 12.5, 24 Haz, 1H, Ha-2') 4.49 (dd, J= 12,5,
2.4 Hz, 2H, Hb- 2), A4 (qt, J = 6.8, 2.4 Hz, 1H, H-1"),

13C NMR (CDCls, 50.3 MHz) 6 14 1 (C-2"), 18.00, 23.7 and
33.7 (3CHj, 2CHs-5, CH;-3'a), 22.3 (C-6'), 3’1 8 (C-5'),
37.8 (C—7'), 47.6 (C-3'a), 50.1 (C-4'), 61.5 (C-1), 67.4
(C-2' ), 73.2 (C-3), 85.0 (C-7'a), 87.7 (C-2), 115.9 (C-1"),
150.0 (C-3°).

MS (CI, NH3) m/z 266 (MH* + NH3), 249 (MH*), 248,
233, 215, 203, 176, 161, 147, 135, 121, 105, 91.

Anal cale for CygH2403, 248.30. C, 77.37; H, 9.74. Found;
C, 77.52; H, 9.77.

[IR"‘ (.?Z 3aS“,4S' 7aS* )/ 1- (3—Ethylz'dene-

3a, 5, 5-trimethyl octahydrobenzofuran-4 4-yt)-
3- (trimethylsilyl)prop-2-yn-1-ol 30

To a solution of (t,nmethylsxlyl)acetylcne (120 uL,
0.84 mmol, 2.1 equiv) in THF (1 mL) cooled to —78 °C
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was added a 1.5 M n-BuLi solution in hexanes (540 mL,
0.82 mmol, 2 equiv). The reaction mixture was warmed to
0 °C for 15 min whereupon aldehyde 26 (5a-11) (90 mg,
0.4 mmol) in THEF (2 mL) was added vin cannula. The re-
action was stirred at this temperature for 3 h and quenched
with a saturated aqueous NH4Cl solution (1 mL). The mix-
turc was diluted with diethyl ether (50 mL) and the phases
were scparated. The acqueous phase was extracted with di-
cthyl ether (3 x 50 mL) and the combined organic phascs
were washed with brine, dried over anhydrous MgS0,, fil-
tered and concentrated in vacuo. Purifieation by flash chro-
matography on silica gel gave alcohol 30 (109 myg, 84%
yield).
IR (NaCl) v 3444, 2933, 2856, 1462, 1384, 1156b, 1052,
842, 759, GG8.
TH NMR (CDCly, 200 MHz) § 0.14 [s, O, 3CHj, Si(Cla)s],
1,18, 1.20 and 1.32 (3s, 91, 3CIl3, 2CHy-5', Clly-3'n),
1.02-1.78 (m, 511, OH, H2-6', [12-7"), 1.57 (dt, J = 6.9,

1.3 Hz, 3H, CHy, CHs-1"), 2.29 (d, J = 7.1 Hz, LI, H-

d'), 3.42 (t, J = 3.0 Hz, 111, H-7'n), 4.33 (ddq, J = 14.9,
2.7, 1.3 He, 1H, Ha-2'), 4.46 (ddq, J = 14.9, 2.7, 1.3 Hz,
1H, Hb-2'), 4.84 (dd, J = 7.1, 1.7 Hz, 1H, H-1°), 5.35 (qt,
J = 6.9, 2,7 Hz, 1H, H-1"),

BC NMR (CDCls, 50.3 MHz) § —0.3 [3CHa, Si(CH3)a], 14.1
(C-2"), 18.3, 23.7 and 34.8 (2CHy-5', CHy-3'a), 22.3 (C-
¢'), 33.6 (C-5'), 37.1 (C-7'), 47.8 (C-3'a), 51.0 (C-4°),
62.4 (C-1), 67.5 gc-z’), 85.3 (C-7'n), 81.2 and 109.8 (C-2,
C-3), 116.8 (C-1¥), 150.5 (C-3').

MS (CI, NHg) m/z 338 (MH* + NHg), 321 (MH*), 320,
205, 201, 264, 235, 221, 193, 181.

Anal cale for C10H32028i, 320.51: C, 71.20; [1, 10.06. Found;
C, T1.18; H, 10.13.

(3Z,3aR* 4 R*, TaR* )-1-(3-Ethylidene-3a, 5, 5-trimethyl
octahydrobenzofuran-4-yl)prop-2-yn-1-one 31

A solution of alcohol 29 (180 mg, 0.72 mmol) in
dichloromethane (2 mL) at 20 °C was added to a solution of
the Dess--Martin reagent (450 mg, 9.1 mmol, 1.5 equiv) in
dichloromethane (2 mL). The reaction was stirred at 20 °C
for 1 h, quenched with a saturated NazSO3 acueous solution
(5 mL) and diluted with diethyl ether (30 mL). The phases
were separated and the aqueous phase extracted with di-
ethyl ether (3 x 25 mL). The combined organic phases were
washed with saturated aqueous NalICOy, then with brine,
dried over anhydrous MgSO,, [iltered and concentrated in
vacuo. Purification by flash chromatography on silica gel
gave ketone 31 (149 mg, 85% yield).

IR (NaCl) v 2975, 2942, 2 859, 2084, 1690, 1467, 1450,
1091, 1077, 1048, 1029, 879.

'II NMR (CDCl3, 200 MHz) 6 0.92, 1.05 and 1.15 (3s, 9H,
3CHj;, 2CH3-5, CH;;-S'n.), 1.05-2.01 (m, 4H, H2-6’, Ha-
7'), 1.53 (dt, J = 6.8, 1.4 Hz, 3H, CHj, CHs-1"), 2.89
and 3.21 (2s, 2H, H-4’, H-3), 3.49 (¢, J = 1.5 Hz, 1H,
H-7'n), 4.35 (ddq, J = 13.7, 2.3, 1.4 Hz, 1H, Ha-2'), 4.61
(ddq, J = 13.7, 2.3, 1.4 Hz, 1H, Hb-2"), 5.09 (qt, J = 6.8,
2.3 Hz, 1H, H-1").

13C NMR (CDCls, 50.3 MFz) 6§ 14.0 (CHg, CHs-1"), 18.0,
21.8 and 32.2 (3CHgz, 2CH3-5’, CH3z-3'a), 22.1 (C-6'), 34.8
(C-5'), 35.2 (C-7), 45.9 (C-3a’), 61.6 (C-4"), 68.0 (C-2'),
77.3 (C-3), 84.0 (C-7a’), 85.1 (C-2), 114.9 (C-1"), 1474
(C-3), 190.9 (C-1).

MS (CI, NH3) m/z 264 (MH* + NHa), 247 (MH*).

Anal calc for C16H2202, 246.34: C, 78.01; H, 9.00. Found;
C, 78.25; H, 9.13.

(82Z,3alt* 4R*, Talt* )-1-(3-Bthylidene-3a, 5,5-trimethyl
octahydrobenzofuran-4-yl)propan-1-one 32

To a solution of ketone 81 (11 s, 0,045 nunol) in methanol

(1 mL) cooled to 0 °C was added sodium borohydride (4 mg,

0.1 mmol, 2.2 equiv). A further equal amount of sedium

borohydride were added 30 min later to complete the reac-

tion and the reaction mixture was stirred for 30 min at 0 °C

and then treated with an I N aqueous HCI solution (1 mL)

and concentrated in vacuo. The mixture was partitioned be-

tween water (5 mL) and ethyl acetate (10 mL) and the aque-
ous layer was extracted with ethyl acctate (3 x 20 mL). The
combined organic phases were washed with brine, dried over
anhydrous MgSO,, filtered and concentrated in vacuo. Pu-
rifiention by flash chromatography on silica gel (petrolcum
cther/othyl acotate 9:1) gave kotone 32 (8 g, 74% yicld).

IR (NaCl) 2934, 28564, 1710, 1459, 1387, 1367, 1111,
1077, 1061, 1 030, 905, 880, 808.

' NMR (CDCly, 200 MHz) 6 0.84, 1.08 and 1.17 (3s, OH,
3CHjg, 2CH3-5’, CHy-3'a), 0.92 (t, J = 7.5 Hz, 3H, CHy,
M3-3), 0.78-1.83 (1n, 4H, Hz-G’, Ha-7'), 1.53 (dt, J = 6.8,
1.2 Hz, 3H, CHy, CH3-1"), 2.32 (q, J = 7.5 Iz, 211, Ha-
2), 2.69 (s, 1H, H-4"), 3.46 (t, J = 3.3 Hz, 1, [1-7'a),
4.33 (ddq, J = 15.0, 2.5, 1.2 Hz, 11, Ha-2'), 4.57 (ddq,
J = 15.0, 2.5, 1.2 Mz, 1H, H)L-2'), 4.85 (qt, J = G.8,
2.5 Uz, IH, H-1").

3C NMR (CDCls, 50.3 MHz) § 7.0 (C-3), 13.9 (C-2"), 17.9,
21.5 and 32.6 (3CHj, 2CH3-5', CHy-3"a), 22.1 (C-3),
33.9 (C-5'), 35.1 (C-7"), 42.3 (C-2), 45.7 SC-S’a), 58.2 (C-
4}, 67.9 (C-2'), 84.0 (C-7'n), 113.7 (C-1"), 148.7 (C-3"),
213.78 (C-1).

MS (CI, NHz) m/z 268 (MH* 4 NIy), 261 (MH™*).

[2R* (8aR* 4R*, TaRR* }]-2- (4-{[(tert- Butyldimethylsilyl)-
oxyfmethyl}-8a,5,5-trimethyl-2a, 4,5, 6,7, 7a-heva-
hydrobenzofuran-3-yl)propanoic acid methyl ester
33b (5a-H)

To a 1 M LDA solution in 'T'HIF (2,3 mL, 2.3 munol, 1.5 equiv)

cooled at —78 °C was added HMPA (410 mL, 3.0 minol,

1.5 equiv). The reaction mixture was stirred at this temper-

ature for 30 min and then ester 22b (pure 5a-H, 570 mg,

1.5 mmol) in THE (5 mL) was added via eannula. The re-

action mixture was stirred at —78 °C for 15 min and al-

lowed to warm to 0 °C for 15 min. After cooling to —78 °C,

Mel (290 pL, 4.5 mmol, 3 equiv) was added and then the

mixture allowed to warm to 20 °C over 2 h. The reaction

was quenched with an aqueous 1 N FCI solution (3 L),

diluted with diethyl ether (50 mL) and the phases were sep-

arated. The aqueous phuase was extracted with diethyl ether

(3 x 25 mL) and the combined organic phases were washed

with brine, then dried over anhydrous MgSOQy, filtered and

concentrated in vacuo. Purification of the residue by flash
chromatography on silica gel gave the 5a-H isomer 33b (5a-

M) (565 mg, 95% yield) as a yellow oil.

IR (CCls) 2958, 2930, 1739, 1632, 1470, 1461, 1254,
1138, 1100, 837,

'H NMR (CDCly, 200 MHz) § 0.08 [s, GH, 2CHy, Si(CHa)2],
0.73-1.84 (in, 4H, Hz-6’, H2-7’), 0.90 [3s, 911, 3CHs,
SiC(CHa)a], 1.00 (s, 3H, CHa), 1.03 (s, 3H, CHa), 1.21
(s, 3H, CHy), 1.31 (d, J = 7.0 Hz, 3H, CIIz, CH3s-2),
1.88 (m, 1H, H-4’), 3.30 (q, J = 7.0 Hz, 1H, H-2), 3.70
(s, 3H, CH3z, CO2CH3), 3.80 (dd, J = 11.2, 4.9 Hz, 1H,
Ha-1"), 3.85 (dd, J = 1l1.2, 2.6 Hz, 111, Hb-1"), 3.95 (t,
J = 4.3 Hz, 1H, [-7'a), 6.35 (s, 111, H-2').

13C NMR. (CDCla, 50.3 MHz) § —5.6 {2CHa, Si(CHz)z), 18.1
[C, SiC(CHs3)a], 21.0 (CHa), 22.1 (CHs), 22.9 (CHj), 23.0
(C-6'), 26.0 [3CHg, SiC(Cll13)s3], 32.3 (CHs), 32.6 (C-5'),
36.5 (C-2), 35.9 (C-7'), 48.2 (C-3'a), 54.4 (C-4'), 52.4



(CHa, CO2CHy), Gl.4 (C-1"), 90.5 (C-7'a), 128.0 (C-3'),
142.7 (C-2"), 176.7 (C-1, CO2CIHa).

MS (Cl, NHa) m/z 414 (MH* 4 NH3), 307 (MU*).

Anal cale for Cz2 H40048i, 396.62: C, 66.62; H, 10.16. Found;
C, G66.54; I, 10.22,

(SaR*,4R*, 7alt* )-2- (4-{ [(tert- Butyldimethylsilyl)oxy/-
methyl}-8a, 5,5-trimethyl-3a,4,5,06, 7, Ta-hexahydro-
benzofuran-8-yl)propanenitrile 34b (5a-H)

To & 1 M LDA solution in THI (600 uL, 0.6 mmol, 1.5 equiv)
cooled to —78 °C was added HMPA (100 pL, 0.6 mnmol,
1.6 equiv). 'The reaction mixture was stirred at this tem-
perature for 30 min and a solution of cyano compound 24b
(6a-H) (140 mg, 0.4 mmol) in THF (2 mL) was then added
via cannula. The reaction mixture was stirred at —78 °C for
15 min and allowed to warm to 0 °C for 156 min. After cool-
ing to —78 °C, Mel (75 mL, 1.2 mmol, 3 cquiv) was added

and the mixture was allowed to warm to 20 °C over 2 h.

The reaction mixture was quenched with a 0.1 N aqueous

1CI solution (10 mL), diluted with diethyl ether (50 mL)

and the phases were separated. The aquecous phase was ex-

tracted with diethy! ether (3 x 25 mL) and the combined
organic phases were washed with brine, dried over anhydrous

MgSQ., filtered and concentrated in vacuo. Purification by

flash chromatography on silica gel gave 84b (5a-H) (124 g,

84% yicld) as a yellow oil.

IR {CHCI;) 2934, 2897, 2219, 1667, 1623, 1381, 10903,
1 0G4, 8G4.

'H NMR (CDCls, 200 MHz) & 0.08 and 0.10 [2s, 6H, 2CHs,
Si(CHjy)a), 0.70-1.84 (m, 5H, 112-6', Ha-7', H-4'), 0.90 [3s,
oM, 3CHa, SiC(CHs)a), 1.00 (s, 3H, CHjy), 1.03 (s, 3H,
CHj), 1.21 (s, 3H, CHz), 1.41 (d, J = 7.8 Uz, 31, Cls,
CHay-1), 3.68 (dd, J = 11.1, 7.3 Hz, 1H, Ha-1""), 3.78 (dd,
J = 11.1, 3.4 Hz, 1H, HbL-1"), 3.95 (q, J = 7.8 Hz, 111,
H-1), 4.05 (t, J = 3.6 Hz, 1H, H-7a’), 6.53 (s, 1H, H-2').

MS (Cl, NHz) m/z 381 (MH* 4 NHs), 364 (MH*).

(3R* ,6aRR*,9aR*,90R* )-3,7,7,9b- Tetramethy!-
6a,7,8,8,9,9a,9b-hexahydro-
GH-fure[4,8,2-¢ef][2]-benzoxepin-4(3H)-one 35

1% a solution of the deconjugated ester 33b (5a-H) (1 g,

2,5 mmol) in THF (10 mL) at 20 °C was added a 1 M

I'BAT solution in THF (3.0 mL, 3.0 mmol, 1.4 equiv). The

reaction mixture was stirred at this temperature for 17 h,

partitioned between brine (15 mL) and diethyl ether (50 mL)

and the phases were separated. The aquecous phase was

extracted with diethyl ether (3 x 25 mL) and the combined
organic phases were washed with brine, dried over anhydrous

MgSOu, filtered and concentrated in vacuo. Purification by

flash chromatography on silica gel gave lactone 36 (590 mg,

95% yield) as a yellow oil.

IR (CCl4) v 2958, 2930, 1705, 1630, 1455, 1250, 1 130,
1100, 840.

111 NMR (CDCla, 200 MHz) § 0.7-1.9 (m, 2H), 1.65 (d,
J = 8.3 Hz, 1H, H-6a), 2.0 (m, 2H), 0.83 (s, 3H, CH3),
1.01 (s, 3H, CHa), 1.20 (s, 3H, CHa), 1.20 (d, J = 6.9 Hz,
3H, CHjs, CH3-3), 3.18 (qd, J = 6.9, 1.0 Hz, 11, H-3),

4.15 (d, J = 13.1 Hz, 1H, Ha-6), 4.29 (dd, J = 9.5, 7.4 Hz, |

1H, H-9a), 4.41 (dd, J = 13.1, 8.3 Hz, 1H, Hb-6), 6.10
(d, J = 1.0 Hz, 1H, H-2).

130 NMR (CDCls, 50.3 MHz) § 15.4 (CHs), 22.2 (CHa),
24.0 (C-8), 24.4 (CHs), 32.5 (C-3), 29.8 (CHs), 30.6
(C-7), 33.7 (C-9), 47.5 (C-9b), 48.0 (C-6a), 65.6 (C-6),
88.5 (C-9a), 119.1 (C-2), 141.0 (C-2), 174.4 (C-8).

MS (CI, NHz) m/z 268 (MH* + NHj), 2561 (MH*).
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Anal cale for Cy51120:04, 260.33: C, 71.97; I, 8.86. Found;
C, 71.82; 11, 8.93.

[3(1R* ),3aR* 4 R*, TaR* |- 4-{[(tert- Butyldimnethylsilyl)-
ozyjmethyl}-3-(2-hydroxy-1-methylethyl)-
3a, 8, 5-trimethyl-8a,4,5,6,7, 7a-hevahydro-
benzofuran 36b (Sc-H)

To a solution of ester 33b (5a-H) (pure Sa-l, 14 g,

3.5 mmol) in THF (16 mL) cooled to 0 °C was added a

1 M LiAlH4 solution in diethyl ether (3.6 inL, 1 equiv). The

resulting solution was stirred for 1 h at this temperature,

and the reaction quenched with an 0.5 N aqueous HCI solu-
tion (17 mL), diluted with diethyl ether (100 inL) nnd the
phases were separated. The acueous phase was extracted
with diethyl ether (3 x 50 mL) and the combined organic
phases were washed with brine, then dried over anhydrous

MgSOu, filtered and concentrated in vacuo. Purification by

flash chromatography on silica gel gave alcoho! 36b (5a-11)

(910 g, 70% yleld) as a yellow oil.

IR (CIICl3) ~ 3 420, 2 026, 1642, 1470, 1385, 1362, 1 161a,
1097, 1098, 1030, 836.

11 NMR (CDCl3, 200 MHz) § 0.06 [s, 611, 2CI3, Si(CHa)al,
0.84 [s, 9H, 3CHa, SiC(CHs)a], 0.91 (s, 31, CHy), 0.99 (s,
311, CHjy), 1.05 (d, J = 6.5 Hz, 311, CHjz-1'), 1.11 (s, 3H,
ClHjy), 1.21-2.20 (m, 6H, H-4, Ha-6, Ha-7, OH), 2.46 (in,
1H, H-1'), 3.62 (dd, J = 10.6, 2.5 Hz, 1H, Ha-2'), 3.55
(dd, J = 10.6, 7.3 Hz, 1H, Hb-2'), 3.72 (dd, J = 10.9,
3.6 Hz, 1H, Ha-1"), 3.78 (dd, J = 10.9, 3.5 Hsz, 1M,
Hb-1"), 3.88 (t, J = 3.6 Hz, 1H, H-7a), 6.19 (s, 1H, H-2).

130 NMR (CDCly, 50.3 MHz) § —5.4 [2CH3, Si(CHg)a], 18.3
[C, SiC(CHa)s), 20.2 (Clia), 21.8 (CH4), 22.7 (C-6), 22.7
(CHa3), 26.1 [3CH3, SiC(CHy)s), 32.2 (C-5), 32.7 (CHa),
33.4 (C-1'), 36.3 (C-7), 47.7 (C-3a), 54.5 (C-4), 62.0
(C-1"), 67.4 (C-2'), 90.0 (C-Ta), 131.7 (C-3), 140.9 (C-2).

MS (CI, NHa) m/z 386 (MIH™* + NHz), 369 (MH*).

[8(1R* ),8aR* 4 R*, TaR* |- 4- Hydrozymetlyl-
3-(2-hydrozy-1-methylethyl)-3a,5, 5-trimethyl-
3a,4,5,6,7 Ta-hezahydrobenzofuran 10

e Procedure A

To a solution of lactone 35 (200 g, 0.8 mmol) in THF
(2 mL) cooled to 0 °C was added a 1 M LiAlH, solution
in THF (0.8 mL, 0.8 mmol, 1 equiv). The reaction mixture
was stirred at this temperature for 1 h, quenched with an
aqueous 0.1 N HC! solution (10 mnL) and diluted with éthyl
acetate (50 mL). The phases were separated and the aqucous
phase was oxtracted with ethyl acetate (3 x 25 mL) and
the combined organic phases were washed with brine, dried
over anhydrous MgSOy, filtered and concentrated in vacuo.
Purification by flash chromatography on silica gel gave diol
10 (185 mg, 91% yield) as a yellow oil.

e Procedure B
To a solution of silyl alcohol 38b (5a-H) (420 mg, 1.9 mmol)
in THF (4 mL) at 20 °C was added a 1 N TBAF solution
in THF (2.1 mL, 2.1 mmol, 1.1 equiv). The cloudy reac-
tion mixture was stirred for 17 h, partitioned between brine
(15 mL) and ethyl acetate (50 mL) and the phases were sep-
arated. The aqueous phase was extracted with ethyl acctate
(3 x 256 mL) and the combined organic phases were washed
with brine, dried over anhydrous MgSO., filtered and con-
centrated in vacuo. Purification by flash chromatography on
silica gel gave diol 10 (240 mg, 83% yield) as a yellow oil.
IR (CHCIl3) » 3 378, 2953, 1634, 1453, 1383, 1366, 1 008.
1H NMR (CDCls, 200 MHz) § 0.83 (s, 3H, CHa), 0.97 (d,

J = 6.5 Hz, 3H, CHas-1'), 0.98 (s, 3H, CHz), 1.07 (s, 3H,



202

CHas), 1.4-1.92 (m, 7H, Hz-6, Hp-7, H-4, 2 OH), 2.65 (m,
1H, H-1'), 3.47 (dd, J = 10.2, 2.4 Hz, 1H, Ha-2'), 3.62
(dd, J = 10.2, 2.4 Hz, 1H, Hb-2"), 3.68 (dd, J = 11.8,
4,5 Hz, 1H, Ha-1"), 3.76 (dd, J = 11.8, 4.5 Iz, 1H,
Hb-1"), 3.88 (t, J = 2.9 Hz, 111, H-7a), 6.21 (s, 11, H-2).

C NMR (CDCls, 50.3 MHz) § 18.4 (CHs), 21.3 (CHa),
22,1 (C-6), 22.3 (CHs), 32.3 (C-5), 32.3 (CHgy), 35.7
(C-1"), 356.8 (C-7), 46.8 (C-3a), 56.3 (C-4), 61.6 (C-1"),
67.1 (C-2'), 89.9 (C-7a), 132.8 (C-3), 140.3 (C-2).

MS (CI, NHg) m/z 272 (MH* + NHa), 255 (MH*).

Anal cale for C15HucOa, 264.36: C, 70.83; H, 10.30. Found;
C, 70.45; H, 10.05.
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