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Summary - f-ff-Compressanolide was obtained from the perhydroazulenic lactone 
6 via a S-step sequence. Lactone 8 could be used as an intermediate for the 
synthesis of f?l-estafiatin via epTmerieation of the dehydrated ketones 23 
and 24 to cis-fused 25. These constitute the first total syntheses in this - - 
area. 

The guaianolides, which constitute one of the 

.gest families within the sesquiterpene lacto- 
2 , have notoriously lacked an spproach by to- 

synthesis, in contrast with the related 
3 ‘udoguaianolides . 1n the preceding paper we 

‘e described a general and efficient entry of 

orrectly functionalized guaiane-skeleton 

h provision of the adequate relative stereo- 

mistry, as schematized by _I_. Central in our 

nning was the reductive opening of epoxides 

which led, after ozonolysis of the side- 

R *Me k R=Me 
R= H 1 R=H 

chain double bond and oxidation, to the corres- 

ponding Iaetones 6-9. -- 

The correct stereochemistry af all ring fu- 

sions (cf. L) is present in lactones 2 and 1, 

while it can be obtainebfrom 8 provided that 

an epimerization at C-l can be performed. The 

functionalities present at C-G and at C-10 

should allow for further transformation to na- 

tural products. This will be exemplified by 

the conversion of 6 into (z)-compressanolide 

(&, and of 8 into (“)-estafiatin (z)‘. 
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The synthesis of compressanolide. on which we 

reported previously, constitutes the first to- 

tal synthesis of a naturally occurring guaiano- 

lide in racemic form6. Estafiatin, which has 

been obtained previously by means of partial 

synthesis’, is also obtained for the first 

time by total synthesis8. The third key-lac- 

tone 2, to which we have access to, however, 

does not possess the correct stereochemistry 

pattern (cf. L) for general guaianolide syn- 

thesis. 

In view of its structural features (i.e., 

tertiary alcohol at C-4) and stereochemistry 

at C-l, C-4, C-5, c-6 and C-7, lactone a is 

an ideal intermediate for the synthesis of 

compressanolide (10). Deketelization to 12 

(sulfuric acid, acetone; 76 X yield), fol- 

lowed by Wittig reaction with methylenetriphe- 

nylphoaphorane in tetrahydrofuran gave the 

exocyclic olefin 13 in 55 1. yield. After pro- 

tection of the tertiary alcohol in 13 as tri- - 

methylsilylether (trimethylsilylchloride, tri- 

ethylamine and 4-dimethylaminopyridine in me- 

thylene chloride; 80 X), the lactone E was 

deprotonated (lithium diisopropylamide in te- 

trahydrofuran) and methylated with methyl io- 

dide in hexamethylphosphoramide. After acid 

work-up a mixture of diastereoisomers at C-11 

was obtained, i.e., 15 and (2)-compressnno- 

lide 2 in 63 X and 16 X yield, respectively 

(after separation on silicagel). The inver- 

sion of configuration et C-11 in the unde- 

sired2 was only partially achieved by 

treatment with lithium diisopropylamide, fol- 

lowed by quenching with ammonium chloride, 

leading to a 1:3 mixture of the desired (+)- 

compressanolide (10) and l5, respectively. 

The TLC behavior and spectral properties 

(%i NMN 360 MHz, IR, MS) of synthetic 2 

showed it to be identical with an authentic 

sample of compressanolide 
9 . 

15 R =Mc,R’=H 

10 R= H ,R’=Mc 

12 R=H 

1A R*TMS 

a, CH3COCH3, H2S04; b. CH2-Pf13, THF; c, TMSCL, 

Et3N, DMAP, CH2C12; d. LDA, THF, -78’C; MeI, 

HMPT. 

Scheme 1 

The 18 NMR spectral parameters of the lacto- 

nes within this series (i.e., a, 2, 13, g and 

2) show a marked constancy in the J patterns of 

H-l, H-5, H-6, H-7 and H-11. with average J va- 

lues for H-l/H-S, H-S/H-6 and H-6/H-7 of 12-12.5 

Hz, 11-11.3 Hz and 9.25-10 Hz, respectively. 

The down field shift of E-6 in ketal 5 (i.e., 4.52 

ppm) compared to the other products of this se- 

ries (i.e., 3.92-4.17 ppm) is in accord with the 

syn-diaxial position of the oxygen-atom at C-10 

in a C8 conformation, as found in the solid 

statelo. 

0 
1' 0 

H 

* 

5 6, P 
H HO 11 Ha 

LC6 

The availability of both isomers at C-11, i.e., 

E and lo, also allows for the unambiguous as- 

signment of the geminal protons at C-11 in this 

series : the B-oriented hydrogen at C-11 reso- 

nates at high field (6 2.2-2.3 ppm; J(HS-11/H-7)- 
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S-12.5 Hz) compared Ea the +orienteii proton 

2.6-2‘7 ppm: ~(Ro-~~/R-?~ - 7-8 Bz). 

The dehydrstacion of the tertiary elcohol 

C-4 would heve provided an entry ta e num- 

of guaianolides. This trensformetion (e.g. 

5, could, however, in our hands, n&t be re- 

sed in a synthetic useful way. For the 

pose of synthesizing gueianolides bearing 

unsaturation et C-4 we therefore turned 

attention first to the nor-derivative 7. 

one 3, expected upon oxidatioa of _i, 

old in principle be # possible substrate 

this purpose. 2 was indeed obtained 

n oxidation with ~yri~~~~~ dichromate 

wthylene chloride. Subsequent Wittig 

Einetion with methylene triphenylphospho- 

e (n-BuLi/THF or sodium tert-amylate/to- 

ne modifications), however, proved fully 

uccessful f Equally frustrating were si- 

er sttempts on g. The latter product 

obtained from3 by successive treatments 

n lithium in Liq. ~~~8/~~~~, dzone in 

nylene cblorideidimethylsulfide, and HCI- 

isation with methanoL/oxalie acid to 17 - 
2 overall yield frum zj,, followed by 

tins oxidation (quantitative). 

-Estafiatin (11) 

Phe successful use of key-lactone 8 for 

1tus1 guaianolide synthesis critically de- 

is on the outcome of two transformetians : 

the possibility for e~~merisat~on et C-l 

fame stage of the synthesis; (2) the sue- 

sful debydratation, preferably to a A 3*4 

Fin {cf. z), of the tertiary iilcobof at 

it the outset, it is interesting to note 

: ketone 2, obtained from jJ by acid hy- 

iysis (methanol, 3 N HC1, 30 min; 73 X 

.d) was not epimerized by further pro- 

vet 19. No. 19-D 

longed treatment (3 days) in the same medium. 

E !L 

In retrospect, this result is nut surprising 

in view of tbe severe nonbonded interactian 

between tbe C-4 methyl group and the a-oriented 

oxygen at C-6, that is present in the TCI_ form 

of the cis-fused isomer 2 that one would sx- 

pect CO be favored 11 . Relief of this non- 

bonded interaction is realized in e,g, the 

less stable C8 conformation. On the other 

band, an essentially strain-free conformation 

(i.e. ( ‘KS_) is available for the trans-fused 

isomer g+ 

Q 

0 

We therefore focused first on the dehydrata- 

tion of 2, since the corresponding A 3.4 olefins 

would be expected to be free of similar non- 

bonded interactions. Again, and in accord with 

literature precedents, dehydratatian at C-4 

proved troublesome 
12 

q Classical methods (thio- 

nyl chloride in pyridine or high temperature 

treatment in EMIT) proved unsuccessfuE. Reac- 

tion with Burgess reagent, however, yielded 

after purification on silica two fractions, one 

of which proved to be homogeneous in g (17 X 

yield), the other fraction consisted of a 3:1 

mixture of alefins 11 and 22 (61 X yield), 
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Acid hydrolysis of the mixture of 21 and 22 

(methanol, 3 N hydrochloric acid, 30 min) 

yielded the same 3:1 ratio of endo- and exo- 

cyclic olefins 23 and 2, respectively. Pro- - 
longed treatment under the same conditions 

(3 days) eventually led to an equilibrium mix- 

ture of 2, 23 and I?f? (ratio 12:3:1), clearly 

indicating a double bond migration (exe + 
13 endo) under the acidic conditions . From 

this mixture 25 is obtained via HPLC purifica- 

tion (60 % yield from 21/22). Comparison of -- 
the ‘H NMR spectral data shows a large shift 

difference for H-l in the cis- and trans- 

fused compounds : 3.55 ppm and 3.14 ppm for 

25 and 2, respectively. 

1:3 
w 

Ho 
‘. . 

\ @3 & 
6 

0 

25 - 

At this point it is interesting to note 

that dehydratation of 9 with Burgess reagent 

afforded the trisubstituted olefin 26 in 62 X 

yield. The coupling patterns observed for 

H-11, i.e., 9.0 and 1.0 Hz, indicate a lac- 

tone envelope conformation with C-7 up, in 

line with the prefef?d TC6_ form for the 

seven-membered ring . 

g TCg- 

The small J value found for H-6/H-7, i.e.. 

6 Hz, is also noteworthy. In view of its struc- 

ture, 26 can be regarded as a possible inter- 

mediate for the synthesis of (+)-pachydictyol-A 

(2). Greene recently described the partial 

synthesis of 2, which involved as an interme- 

diate the lactone 2, epimeric at C-6 when com- 

pared to 26 and 28 14 . 

29 

Further 

estafiatin 

transformation 

(2) proceeded 

of ketone 25 to (?)- - 
via Wittig reaction 

to diolefin 29 (75 X yield) and high yield in- 

troduction of the a-methylene moiety or. the 

lactone using Grieco’s method (78 X yield)15. 

The spectral data and TLC behavior of triene 

30 were identical with those of a sample ob- 

tained by Crabbe and coworkers en route to na- 

tural estafiatin from o-santonin 7a.16 . Selec- 

tive epoxidation (m-chloroperbenzoic acid, 

CHC13, -5Oc) yielded (?)-estafiatin (69 X) 

next to minor amounts of the isomeric B-epoxide 

(ca 2 X compound to the 20 X previously re- 

ported for the same epoxidation) . 7a 1H NMR 

data (360 MHz) and TLC behavior of the synthe- 

tic material were identical with (-)-estafiatin 

obtained by Crabbe and co-workers 7a.16 . It 
should be noted that the o-orientation of’the 

epoxide in the natural product now seems well 

established7b. 

EXPERIHENTAL SECTION 

The m.ps. are uncorrected. IR spectra were 
recorded on a Perkin-Elmer 337 spectrometer, 

rP 
ass spectra on a AR1 MS-50 spectrometer. The 
H NMR spectra were recorded at 90 MRz (Varian 

EM-390) or at 360 MHz (WH-Brucker) in CDC13 
unless otherwise stated with TMS as internal 
standard. Chemical shifts (6) are expressed 
in ppm. Rf values are quoted for Merck sili- 
cage1 60 GF254 TLC plates of thickness 0.25 sxn. 

Reaction products were isolated by the addi- 
tion of water and extraction with the speci- 
fied solvent. The combined extracts were 
washed with brine and dried over MgS04. The 
solvent was removed from the filtered solution 
on a rotary evaporator. Column chromatogra- 
phic separations were performed on silica gel 
with EtOAc-isooctane (ratio given between 
brackets) 6s eluent unless otherwise stated. 



32 in htxane)j 3nd ketane 12 f7Q mg; 0.28 
12) in TWF (5 ml) was stfrZd fur &Cl rain St 
‘C* The mixewe was poured into a satd 

dione rxsi. 
A soIn%! ketal 8 (&I 8; 0.35 nunoX) in 10 f 
3 N Xl-MeOW 15 $1) was stirred rrt 0°C for X kr, 
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J - 10 Hz), 3.55 (lH, dt, J - 6, 8.9 Hz), 3.08 
(lli, br t, J - 10 Hz), 2.81 (lli, m), 2.68 (lH, 
ABX, J - 16.5, 7.5 Hz), 2.7-2.4 (3H. m), 2.34 
TLH, m), 2.27 (lH, ABX, J +., 16.5, 12 He), 
2.18 (lli, dq, J - 13TS, 4.2 Hz), 1.84 (3H, br 
s). 1.53 (lH, m); MS m/z 220 (M+, 88), 150 
(15), 80 (100). 

9-Methyl-3aa 4 5 7 9a6,9ba-hexahydroazuteno 
14,5-b[furcm-2fjHj,~(JGaa)-dione 6-ethyZene 
ketal (261. 
A soln z the alcohol 9 (0.227 g; 0.8 mmol) 
and Burgess reagent (OTS71 8; 2.4 mmol) in 
benzene (30 ml) was stirred for 2 l/2 hrs et 
6O’c. The reaction mixture was poured into 
water (100 ml) and the aqueous phase ex- 
tracted with CH2C12. Work-up of the com- 
bined organic phases, followed by chromato- 
graphy (ether-hexane, 1:l) gave olefin 2 
(130 mg) in 61 2 yield. 
Rf (EtOAc-hexane, 1:l) 0.4; IR 1800 cm-‘; 
NNR 5.34 (lH, xi), 4.43 (LH, dd, 3 . 6, 9.75 
Hz), 24 (4H. m), 3.05 (lN, br t, J - 9.5 Hz), 
2.88 (LH, dd, J - 9. 17.5 Hz), 2.56 (1H. 
tddd, J - 1.25, 6, 9, 12 Hz), 2.22 UH, dd, 
J - 1, 17.5 Hz), 2.06 (lH, ddd, J - 1.5, 6, 
14 Hz), 1.79 (3H, s), 1.51 (lH, ddd, J - 2.3, 
13, 14 Hz), 1.32 (LH, ddt, J = 6, 14.5, 1.8 
Hz); MS m/s 264 (N++, 9), 202 (20), 151 (100). 

S-Methyl+-methylene-3aa, 4,5,6,6&, 7, Saa, 

9b%-octaky&oazulen~4,5-b~fwan-2~3H~-one (29). 
To a suspension of methylenetriphenylphospho- 
rane Ifrom methyltriphenylphosphoni~ bromide 
(0.66 g; 1.86 mmol) and a 1 H soln of sodium 
t-amylate in toluene (1.8 ml; 1.8 axsol) in 
toluene (10 ml) was added a aoln of ketone 5 
(0.1 g; 0.4 nsnol) in toluene (2 ml) at room 
temperature over 1 hr. After stirring for 
30 min, the reaction mixture was poured into 
a satd NH4Cl soln. Extractive work-up with 
ether and chromatography (ether-isooctane 
1:9) gave olefin 29 (0.074 8) in 75 X yield. 
Rf (ether, isooctane, 1:4) - 0.09; IR 3095, 
1790, 1660, 950 cm-l; NMR 5.54 (lli, br s). 
4.87 (lH, br s), 4.84 (lH, br s), 4.07 (lH, 
t, J - 10 HZ), 3.11 (lH, br dt, J - 5.5, 8.3 
Hz), 2.83 (llf, br t, J - 9 Hz), 2.62 (lH, 
ABX, J = 16.5, 7.5 Hz), 2.5-2.3 (4H, m), 
7.23 (lH, ABX, J - 16.5, 12 Hz), 2.12 (1X, 
dq, J - 13,-4.3 Hz), 2.01 (lH, m), 1.81 
(3H, br s), 1.77 (lH, ddt, J - 4.5, 13, 11.3 
Hz); MS m/z 218 (t@, 30). 159 (6S), 158 (77)) 
138 (100). 

3,6-~~t~ylene-S-m~thyZ-3~, 4,5,6,6aa, 7, 
@aa, So-octa~ydroueuZeno 14,5-b [furmt-Z(3Hi- 
one (301. 
To a zln of lithium diisopropylamide (0.37 
nrmol) in THF (4 ml) was added at -78QC a 
soln of lactone 29 (0.0s g; 0.23 ~1) in 
THF (3 ml). Aftz stirring for 45 min at 
-78°C the soln was brought to -3O’C over a 
period of 30 min. At this temperature, for- 
maldehyde was led through the mixture via a 
dry nitrogen stream, After 20 min a satd 
NH4Cl soln was added via syringe. Extrac- 
tive work-up with ether and chromatography 
(EtOAc-isooctane, 2:3f gave the intermediate 
alcohol (0.045 g) in 80 2 yield. 
Rf (EtOAc-isooctane, 2:3) 0.15; IR 3650-3450, 
1780, 1655, 1640 cm-l; NMR 3.54 (lH, m), 
4.88 (lH, s), 4.84 (lH, s), 1.83 (3H. 8). 
To a soln of this alcohol (0.02 g: 0.08 nm61) 
in CH2C12 (1 ml) were added at O*C mesyl- 
chloride (0.037 ml, 0.39 mmol) and triethyl- 
amine (0.067 ml; 0.48 aswl). The reaction 
mixture was stirred for 1 hr at O’C and 
warmed to room temperature. After 2 hrs l,S- 
diasabicyclol5.4.0lundec-S-ene (0.16 ml; 1.6 
umol) was added and the mixture further 
stirred for 2 hrs at room temperature. After 

pouring into water. the mixture was worked-up with 
CH2C12. Chromatography (ether-hexane, 1:4) gave 
olefin 30 (18 mg) in 97 X yield. 
Rf (e&h=-hexane, 1:4) 0.2; IR 3050, 1775, 1650t 
1440 cm-l; NMR 6.2 (1H. d, J = 3.3 Hz), 5.54 (lH, 
d, J = 3.3 Hz), 4.89 (lH, s), 4.86 (lH, s)r 4.05 
(lH, %t) J = 9 Hz), 3.15 (lH, tit, J - S,8 Hz), 
1.86 (3H, s); MS m/z 230 (@, 13), 150 (65), 91 
(loo). 

f*IEetafiatin (II). 
To a soln of olefirz (15 mg; 0.065 mmol) in 
CHCl3 (2 ml) was added at -1O'C m-chloroperben- 
zoic acid (38.5 mg; 0.19 assol). The reaction 
mixture was warmed to 5°C over 3 hrs and then 
poured into a satd NH4Cl sofn. Extractive work- 
up with CH Cl2 and chromatography (EtOAc-hexane, 
1:9) gave I._ +)-estafiatin (11 mg) in 69 X yield. 
Rf (ether-hexane, 1:l) 0.19; m.p. 92’-93’C; 
IR 3075, 1770, 1660. 1640 cm-l; NMR 6.21 (lH, d; 
J - 3.5 Hz), 5.48 (1H. d; J - 3.5 Hz)* 4.95 (IH, 
s), 4.86 (1H, s), 4.07 (1X, dd, J - 8.5, 11 Hz), 
3.37 (1X, s), 2.98 (lH, %dt, J - 10.5, 7,s Hz), 
2.87 (lH, m), 1.62 (3H, 6). 
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