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Two new routes to a-methylene-vy-butyrolactones starting from the corresponding a-methyl lactones are out-
lined. In the case of cis lactones, the conversion of a-methyl — a-methylene lactone has been realized by stereo-
specific introduction of bromine, & to the lactone carbonyl, followed by antidehydrobromination. In the case of
trans lactones the conversion has been realized by stereospecific introduction of the benzoyloxy group, a to the
lactone carbonyl, followed by pyrolytic syn elimination of benzoic acid. These conversions have been studied on
appropriate lactone models and their generality has been illustrated by the syntheses of (—)-frullanolide (1)

and (+)-arbusculin B (2).

The a-methylene-y-butyrolactone moiety characterizes
arapidly expanding group of sesquiterpenes, comprising
to date more than 400 lactones fused on various skele-
tons.2 These unsaturated lactones are very often biologi-
cally active, showing strong allergenic activity,? exhibiting
growth-inhibitory activity in vivo against animal tumor
systems and in vitro against cells derived from human
carcinoma of the nasopharynx (KB),* and/or effecting
regulation of plant growth and antimitotic activity.5 Very
recently some a-methylene-y-lactone sesquiterpenes have
been shown to have antischistosomal activity.® o-Methy-
lene-v-butyrolactone itself, isolated from tulips, is not
only an allergenic agent but also a fungicide in the white
tulip bulb.” In all these cases, the presence of an a-meth-
ylene-vy-butyrolactone is essential for significant activity.

Efficient construction of the a-methylene-y-butyrolac-
tone moiety is a synthetic challenge which has received
much attention during the past few years.® Many inge-
nious synthetic schemes have resulted but none permits
access. to this grouping vie the corresponding a-methyl
lactone. This transformation is of definite interest since
appropriate a-methyl lactones are often readily available
from synthetic procedures? and /or natural sources.?

We now report the synthesis of (—)-frullanolide (1), iso-
lated from Frullania tamarisci (L.) Dum.,32:b and (+)-
arbusculin B (2), isolated from Artemisia arbusculal®a
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and from Artemisia tridentata,’®® and thereby demon-
strate the utility of two potentially general techniques for
achieving the a-methyl — a-methylene conversion for cis-
and trans-fused lactones.

We envisioned an approach which consisted of introduc-
ing a group X « to the carbony!l of the methyl lactone, and
then eliminating HX to afford the a-methylene lactone
(Scheme I). We had shown earlier that a-methyl lactones
can be readily converted to the corresponding enolates
using triphenylmethyllithium and subsequently methylat-
ed (X = CHs).11

The method of introduction of X had to be compatible
with the presence of at least a double bond in the mole-
cule and the elimination of HX had to lead to the exocy-
clic olefin in preference to the isomeric endocyclic olefin.
Therefore X had to be introduced stereospecifically since

Scheme 1

it was anticipated that the direction of elimination for a
given X group would be governed by the stereochemical
outcome.

The viability of Scheme I was demonstrated by the con-
version of the a-methyl lactonesi? 3 and 4 to the corre-
sponding unsaturated lactones 5 and 6, which constitute
structural prototypes of naturally occurring cis- and trans-
fused sesquiterpene lactones.
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Bromine was first selected for the X group and could be
introduced by treatment of the a-methyl lactone enolates
with 1,2-dibromoethane. This reagent, which had been
used for the formation of cyclopropanes,®:1* in coupling
reactions,}® as an alkylating agent,'® as a protonating
agent,1” and as a brominating agent of 1-propenylli-
thium,® had never been previously used for the formation
of isolable a-bromocarbonyl compounds.

The carbanion A (Chart I), obtained by treatment of
lactone 3 in 1,2-dimethoxyethane (DME) with a slight ex-
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cess of triphenylmethyllithium, attacked bromine? rather
than carbon to afford a single isolable a-bromo lactone, 7,
in 85% yield.

The (r-2’,¢-2)29 configuration assigned to the C~Br bond
in lactone 7 is based on the following evidence: (a) this
configuration corresponds to the introduction of bromine
from the less hindered side; (b) the H-2’ proton is de-
shielded by 0.6 ppm with respect to starting material 3; this
deshielding is explained by a spatial proximity?! between
the H-2’ proton and bromine.

The a-bromo lactone 7 on treatment for a few minutes
with 1,5-diazabicyclononene (DBN) in refluxing toluene
afforded as the sole isolable product the known2¢ ¢-meth-
ylene lactone 5 in 80% yield (overall yield of conversion of
«a-methyl lactone — a-methylene lactone = 65%).

No endocyclic olefin could be detected from treatment
of the a-bromo cis lactone 7 under these anti (or trans)
dehydrobromination conditions, thus giving further evi-
dence for the assignment of the (r-2’,c-2) configuration to
the C-Br bond. [The relatively low reaction temperature
should preclude a syn-(or cis) elimination.]22

For the synthesis of (—)-frullanolide (1), (—)-a-santonin
(8)22 was choosen as starting material because of its avail-
ability. 1,2-Dihydro-6-episantonin (10) was secured from
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a-santonin in 90% overall yield via 1,2-dihydro-a-santonin
(9), by hydrogenation over tris(triphenylphosphine)chloro-
rhodium(I)?* followed by epimerization.in DMF saturated
with HCl gas?5 (Chart II).

Removal of the C-3 oxygen was effected using modifica-
tions of the general thioketalization-reduction proce-
dure.26 The known thioketal 11 was obtained in a much
improved yield?? (>90%) by heating 10 in benzene with
excess ethanedithiol in the presence of a catalytic amount
of p-toluenesulfonic acid. Initial attempts to reduce 11
with Raney nickel in absolute ethanol at room tempera-
ture led solely to acidic material by hydrogenolysis?® of
the axial C-6-O bond, in dramatic contrast to the trans
system 16 (vide infra).

However, the hydroxy salt 12, obtained by treatment of
11 with KOH in 95% EtOH, was much less prone to hy-
drogenolysis.?? The salt 12 was stirred with W-2 Raney
nickel (10 ml/g of 11) in 95% EtOH (or MeOH) contain-
ing KOH at —25° and the mixture was then acidified and
chromatographed to give 113(H),11,12-dihydrofrullanolide
(13)3° in better than 40% overall yield. A second nonacidic
product, tentatively identified as lactone 14, was formed
in about 10% yield. In the desulfurization reactions exam-
ined, higher yields were obtained by treatment of the
thioketals with active W-2 Raney nickel at low tempera-
tures than under the more often used desulfurization con-
ditions3? for sensitive systems (reflux for several hours
with deactivated Raney nickel in acetone or ethanol). In
the case of thioketal 11, the desulfurization is complete in
2 hr at —25°.

The carbanion A’ (Chart II), unlike that of the model
system 3, is very unstable, and could only be obtained
satisfactorily by treatment of 13 with excess triphenyl-
methyllithium in 1,2-dimethoxyethane in the presence of
N,N,N’, N’-tetramethylethylenediamine (TMEDA). Carb-
anion A’, when quenched with 1,2-dibromoethane, afford-
ed a single a-bromo lactone 15 in ca. 50% yield. The stere-
ochemical assignment of an « configuration for the C-Br
bond was made on the same basis as in the model experi-
ment (steric considerations, deshielding by 0.6 ppm of the
H-6 proton, and course of the subsequent elimination of
HBr). The a-bromo lactone 18 on treatment with 1,5-di-
azabicyclononene in refluxing toluene afforded (—)-frul-
lanolide (1) (mp 75-76°, [a]D —112°) in 80% yield, identi-
cal in all respects with natural (—)-frullanolide3a.p (in-
cluding skin tests).

Having found an efficient route for a-methyl — a-meth-
ylene conversion for cis-fused lactones, we attempted to
utilize the same method in a synthesis of (+)-arbusculin
B (2), an isomer of (~)-frullanolide with a trans-fused lac-
tone junction (Chart III).

The known?? 11,12-dihydro-vy-cyclocostunolide (17) was
secured in 70% overall yield from 1,2-dihydro-«-santonin
(9) by thioketalization to give 16 followed by treatment
with Raney nickel. Removal of the thioketal group in 16
with active W-2 Raney nickel was complete after 15 min
at room temperature and led to more than 80% of the de-
sired 11,12-dihydro-vy-cyclocostunolide (17).32 The same
thioketal 16, when treated with W-2 Raney nickel in re-
fluxing ethanol for 4 hr, led to only 33% of the deoxy com-
pound 17.27 Dihydro-y-cyclocostunolide (17), by succes-
sive treatment with triphenylmethyllithium followed by
1,2-dibromoethane, afforded a single a-bromo lactone 19
in 80% yield. The 3 configuration assigned to the C-Br
bond in 19 is based on the following evidence: (a) this
configuration corresponds to the introduction of bromine
from the less hindered side; (b) the H-6 proton is de-
shielded by 0.3 ppm with respect to starting material 17;
this deshielding is explained by a 1,3-diaxial interaction?!
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between the axial H-6 proton and bromine, which is only
compatible with a 8 configuration of the C-Br bond.

The «-bromo lactone 19 upon treatment with DBN does
not afford (+)-arbusculin B (2) but the endocyclic unsatu-
rated lactone 20 in 78% yield (Amax 289 nm). Endocyclic
.lactone 20 probably arises from 21 (formed via trans elim-
ination of HBr) through a facile enolization of the axial
and doubly activated H-6 proton in the presence of excess
DBN.

Since in the trans lactone series a trans-elimination of
HBr leading to the corresponding endocyclic unsaturated
lactones®? seemed to be the preferred pathway, a different
approach was investigated for the synthesis of a-methy-
lene-v-butyrolactones from trans-fused a-methyl butyro-
lactone precursors. It appeared that an X group that pos-
sessed the same stereochemistry but could undergo an
elimination in a syn manner (Scheme I) might give rise to
the desired products, e.g., via ester pyrolysis.3¢

A modification of the procedure of Larsen and Lawes-
son3® was used to effect benzoyloxylation (X = PhCO,).
By treatment of the enolate of lactone 4, formed as usual,
with dibenzoyl peroxide35:36 at 5°, the expected a-benzo-
yloxylactone 2287 could be isolated in 50% yield .38 Pyrolysis
at 600° of a-benzoyloxy lactone 22 gave after silica gel
chromatography a readily separated 3:1 mixture of the
known a-methylene-y-butyrolactones¢ 6 and the known??
endocyclic unsaturated lactone 23 in 60% yield (Chart
Iv).

For the synthesis of (+)-arbusculin B (2) the enolate of
11,12-dihydro-y-cyclocostunoclide (17) was added to a
cooled solution of dibenzoyl peroxide, the excess peroxide
was destroyed, and the product was chromatographed on
silica gel, affording the benzoyloxy lactone 24 (Chart V) in
50% yield (70% based on consumed '17). The 8 configura-
tion assigned to the C-OC(=0)Ph bond in lactone 24 was
based on the following evidence: (a) this configuration cor-
responds to the introduction of the benzoyloxy group from
the less hindered side; (b) the axial H-6 proton is deshielded
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by 0.65 ppm with respect to starting material 17. This de-
shielding is explained by a spatial 1,3-diaxial proximity
between H-6 and the benzoyloxy group which involved a
field effect*® due to either the carbony! or the phenyl group,
and is only compatible with a 8 configuration for the
C-0C(=0)Ph bond.

Chart V
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Pyrolysis at 450° of a-benzoyloxylactone 24 gave, after
silica gel chromatography, (+)-arbusculin B (2), mp 86-
88°, [a]p +46° (CHCl3), in 35% yield.*' Spectroscopict®
and chromatographic*? properties of the synthetic com-
pound were in full agreement with those of authentic ma-
terial.

Since the pyrolysis of carboxylic esters is a unimolecu-
lar syn elimination® (which may proceed in two
steps22b:43) the stereospecificity in which (+)-arbusculin
B was obtained (no trace of the endocyclic isomer could
be detected) from pyrolysis of benzoyloxylactone 24 gives
further evidence for the assignment of a « configuration to
the C-OC(=0)Ph bond.

In summary, both cis- and trans-fused a-methylene-v-
butyrolactones have been synthesized from the corre-
sponding a-methyl lactones by procedures which should
be capable of application to cis and trans «-methyl-vy-
butyrolactones in general. A high-yield synthesis of endo-
cyclic unsaturated methyl lactones is also available.

Experimental Section**

General Procedure for Preparation of Triphenylmethyllith-
ium Solutions. In a flame-dried flask under Nj, triphenylmeth-
ane (distilled, recrystallized from anhydrous methanol, and dried
under high vacuum for 24 hr) (1 mmol) was dissolved in dry THF
or DME (1 ml). To the stirred solution, kept under a static atmo-
sphere of dry nitrogen, was added dropwise through a serum cap
a solution of n-butyllithium in hexane (0.95 mmol, Fluka or
Merck). The solution, which became dark red immediately, was
stirred for 1 hr at room temperature prior to further use.

c-2-Bromo-r-2’'H,c-1'H,2(2'-hydroxycyclohexyl)propionic
Acid Lactone (7). A solution of cis-a-methyl lactone 312 (240 mg,
1.58 mmol) in dry THF (3 ml) was treated with excess triphenyl-
methyilithium (from 1 g of triphenylmethane, 1.7 ml of n-Buli
in hexane, and 6 ml of THF). The mixture was stirred for 2 hr at
room temperature and treated with dry 1,2-dibromoethane (2
ml). After 2 hr of continued stirring the product was isolated with
ether. The crude mixture was immediately chromatographed over
40 g of silica gel. Elution with benzene gave «-bromo lactone 7
(310 mg, 85%). Recrystallization from hexane gave an analytical
sample: mp 107.5-109° M.+ m/e 232-234; vmax (CCls) 2940,
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2860, 1785, 1204, 1178, 1117, and 968 cm~*; drms (CCla) 4.85 (t, J
= 4 Hz, 1 H), 2.38 (m, 2 H), and 1.80 ppm (s, 3 H). Anal. Caled
for CoH13BrO2: C, 46.37; H, 5.62; Br, 34.29. Found: C, 46.6; H,
5.5; Br, 34.0.

c¢-1"H-r-2'H,2-(2’-Hydroxycyclohexyl)propenoic Acid Lac-
tone (5). A solution of 104 mg (0.445 mmol) of a-bromo lactone 7
in 2 ml of anhydrous toluene and 250 gl of 1,5-diazabicyclononene
was refluxed under nitrogen for 45 min. The cooled solution was
extracted with ether and washed with a cooled (~5°) 10% hydro-
chloric acid solution, which was back extracted with ether. The
combined ether extracts were dried over potassium carbonate,
evaporated, and short path distilled, affording 54 mg (78%) of the
pure known8¢ methylene lactone 5: bp 70° (bath temperature,
0.05 mm); M-+ m/e 152; vmax (film) 2920, 2860, 1767, 1449, 1367,
1342, 1161, 1125, 1012, 977, and 963 cm~%; é1my (CDCls) 6.18 (d, J
=2,56Hz, 1H),552(d,J =2 5Hz 1H), 453 (q,J =5, 5Hz, 1
H), and 3.02 ppm (m, 1 H).

1,2-Dihydro-a-santonin® (9). Sims’2¢ modified procedure was
used in the preparation of 9. To a solution of 5 g of (—)-«-santon-
in (8) (20 mmol) in 250 mi of a 1:1 mixture of benzene and 95%
ethanol was added 110 mg of tris(triphenylphosphine(chlororho-
dium(I) (Fluka). The mixture was flushed with hydrogen and
then very efficiently stirred under hydrogen. After 12 hr the theo-
retical amount of hydrogen was absorbed. The solvents were
evaporated and the mixture was filtered over 50 g of neutral alu-
mina (grade II-II). Elution with 10% ethyl acetate in benzene
afforded a brown oil (5 g) which was crystallized from a1:1 mix-
ture of hexane-carbon tetrachloride, affording 4.95 g (98%) of
1,2-dihydro-a-santonin (9): mp 102° after a phase change at 95°;
Amax (EtOH) 244 nm (¢ 16,200); vmax (KBr) 1782, 1667, and 1619
cm~t; drms (CDClg) 4.69 (4, J = 9 Hz, 1 H), 2.00(d, J = 2 Hz, 3
H), 1.32 (s, 3 H), and 1.26 ppm (d, J = 7 Hz, 3 H). [lit.*3> mp
101-102°; Amax 244 nm (e 14,700); rmax (CCly) 1795, 1680, and
1628 cm 1],

1,2-Dihydro-63-santonin® (10). A modified procedure. of Piers
and Cheng?® was used for the preparation of 10. A solution of 2.48
g of 1,2-dihydro-a-santonin (9, 10 mmol, dried under vacuum for
one night) in 15 ml of dry dimethylformamide was treated with
7.5 ml of a solution of dimethylformamide containing 1.5 g of hy-
drogen chloride and was heated under nitrogen for 30 min at 85°,
The yellow solution was evaporated at 70° (20 mm), the residue
was taken up in 50 ml of a 1:1 mixture of benzene and ether, and
this solution was washed with ether. The residue of the organic
layer (2.55 g) was chromatographed over 100 g of silica gel and the
desired product was eluted with a 4:1 mixture of benzene and ethyl
acetate. It was obtained as a yellow syrup (2.41 g) which crystal-
lized from benzene-hexane as colorless, compact prisms: mp 125°;
Amax (EtOH) 245 nm (e 14,600), 327 (44); vmax (KBr) 1772, 1668,
and 1614 ecm~?; dtms (CDCl3) 5.49 (d, J = 6 Hz, 1 H), 1.96 (s, 3 H),
1.44 (d,J = 8 Hz, 3 H), and 1.33 ppm (s, 3 H) (1it.#® mp 127°).

Thioketal of 1,2-Dihydro-63-santonin (11). A solution of 5.28
g of 1,2-dihydro-68-santonin (10, 2.12 mmol) in 450 ml of anhy-
drous benzene, 15 ml of ethanedithiol, and 400 mg of p-toluene-
sulfonic acid was heated at reflux under nitrogen for 10 hr. The
cooled solution was extracted with chloroform, washed with a sat-
urated solution of sodium bicarbonate, and dried under vacuum
(0.01 mm) overnight. The crude mixture obtained was chromato-
graphed over 100 g of silica gel and the thioketal 11 was eluted
with chloroform and crystallized from hexane, affording 6.60 g
(95%) of pure thioketal 11: mp 163-164°; M:+ m/e 324; [a]D
~48° (¢ 0.11, CHCl3); vmax (KBr) 1772, 1615, 1455, 1277, 1236,
1212, 1200, 1185, 1165, 1012, 942, and 917 cm~%; érms (CDCla)
5.36 (d, J = 5 Hz, 1 H), 3.33 (m, 4 H), 2.05 (s, 3 H), 1.38 (d, J =
7.5 Hz, 3 H), and 1.10 ppm (s, 3 H). Anal. Calcd for C17H248203:
C, 62.95; h, 7.45; S, 19.75. Found: C, 63.0; H, 7.4; S, 19.7.

(=)-11,12-Dihydro-113u-frullanolide (13). A solution of 2.00 g
(6.17 mmol) of thioketal 11 in 95% ethanol was treated under ni-
trogen with 8.1 g of potassium hydroxide. After 90 min, the mix-
ture was cooled to —40° and 20 ml (~12 g) of W-2 Raney nickel*’
in precooled 95% ethanol was rapidly added. The vigorously
stirred mixture was kept for 2 hr between —25 and ~30° under
nitrogen. The cold mixture was filtered, washed with 95% etha-
nol, and acidified by slow addition of a 10% solution of hydrogen
chloride. The green filtrate was extracted with a 1:1 mixture of
benzene and ether, the organic phase was washed twice with a
saturated solution of sodium bicarbonate, and the combined
water phases were back extracted with ether. The combined or-
ganic phases were dried over magnesium sulfate and evaporated,
affording 1.2 g of an oil which was chromatographed over 100 g of
silica gel. Elution with benzene gave 590 mg (40%) of dihydrofrul-
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lanolide 13 and then 85 mg (6%) of its isomer 14. The analytical
sample of 13 was prepared by recrystallization from hexane: mp
119-121°; M.+ m/e 234; [a]D.—58° (¢ 0.12, CHCl3); ymax (CHCls)
1750, 1645, 1455, 1370, 1310, 1195, 1075, 1005, 940, and 910 cm~1;
stms (CDCls) 5.43 (d, J = 5 Hz, 1 H), 2.42 (g, J =.8 Hz, 1 H),
1.77 (s, 3 H), 1.33 (d, J = 8 Hz, 3 H), and 1.07 ppm (s, 3 H).
Anal. Caled for C15H2202: C, 76.88; H, 9.46. Found: C, 76.9; H,
9.45. The analytical sample of 5a,6a,113H-eudesm-3-en-6,13-
olide (14) was prepared by recrystallization from n-hexane: mp
102.5-103.5°; M-+ m/e 234; [alo —108° (¢ 0.14, CHCl3); vmax
(CHClg) 1762, 1450, 1382, 1340, 1208, 1170, 1082, 1000, and 975
em~1; drms (CDCls) 5.42 (s, br, 1 H) 4.45 (dd, J = 6.5 Hz, 1 H),
1.82 (s, br, 3 H), 1.22 (d, J = 7 Hz, 3 H), and 0.91 ppm (s, 3 H).
Anal. Caled for C15H2202: C, 76.88; H, 9.46. Found: C, 76.9; H,
9.5. . ‘
11a-Bromo-11,12-dihydrofrullanolide (15). A cooled (0°) solu-
tion of 190 mg (0.82 mmol) of lactone 13 in anhydrous 1,2-dime-
thoxyethane (2 ml) was added to a cooled solution (0°) of triphen-
ylmethyllithium (from 2.4 g of triphenylmethane, 6 ml of 1,2-
dimethoxyethane, 1.5 ml of N,N,N’,N’-tetramethylenediamine,
and 3.3 ml of n-butyllithium in hexane). The mixture, kept under
nitrogen, was stirred for 3 hr, treated with 4 ml of 1,2-dibromo-
ethane, and then stirred for an additional 75 min. The usual work-
up afforded a residue which was immediately chromatographed
over 75 g of silica gel. Elution with benzene afforded 115 mg
(48%) of bromide 15: M-+ m/e 312, 314; ymax (CHCl3) 1775 and
1650 cm~?; étms (CDCl3) 5.68 (d, J = 4 Hz, 1 H), 1.92 (s, 3 H),
1.80.(s, 3 H), and 1.01 ppm (s, 3 H).

(—)-Frullanolide (1). A solution of 70 mg (0.22 mmol) of bro-
mide 15 in 2 ml of anhydrous toluene and 150 ul of 1,5-diazabicy-
clononene was heated at reflux under nitrogen for 60 min. The
cooled solution was extracted with ether and washed with a cold
(~5°) 10% solution of hydrogen chloride and then with saturated
brine. The combined water phases were back extracted with ether
and the combined organic layers were dried over potassium car-
bonate and evaporated, affording a residue which was chromato-
graphed over 10 g of silica gel. Elution with a 24:1 mixture of ben-
zene-ethyl acetate afforded 41 mg (80%) of (—)-frullanolide. The
analytical sample was recrystallized from n-hexane: mp 75.5-76°
(no depression when mixed with authentic natural material);
M.+ m/e 232; [a]p —112° (¢ 0.155, CHClg); vmax (CCly) 1765,
1667, 1644, 1264, 1143, 1122, 1006, 940, and 915 cm~3; vrms
(CDCl3) 6.17 (d, J = 1.5 Hz, 1 H), 5.58 (4, J = 1.5 Hz, 1 H), 5.27
(d, J = 6 Hz, 1 H), 2.95 (m, 1 H), 1.75 (s, 3 H), and 1.08 ppm (s,
3H). Anal. Caled for C1sH2002: C, 77.55; H, 8.68. Found: C, 77.4;
H, 8.8 (lit.32: mp 76°, [a]D ~113°).

11,12-Dihydro-113H-y-cyclocostunolide (17). The procedure of
Barton and coworkers?”. was modified affording lactone 17 via
thioketal 16 in a substantially better yield. A solution of 2 g (6.17
mmol) of dihydrosantonin 9 in 20 ml of glacial acetic acid was
cooled under nitrogen to ~5° and sirred with 4 m! of 1,2-ethane-
dithiol and 0.3 ml of freshly distilled boron trifluoride etherate.
After 6 hr, an additional 0.3 ml of boron trifluoride was added
and the mixture was stored at 5° for 15 hr. The product was iso-
lated with ether and the residual ethanedithiol was removed
under high vacuum, affording 2.57 g (98%) of thioketal 16: mp
166-168°; M-+ m/e 324; vmax (CHClg) 1772, 1665, 1460, 1382,
1330, 1315, 1280, 1242, 1170, 1140, 1030, and 985 cm™?; dtms
(CDCl3) 4.58 (d, br, 1 H), 3.30 (m, 4 H), 2.10 (d,J = 1.5 Hz, 3
H), 1.18 (d,J = 7Hz, 3H), and 1,14 ppm (s, 3 H).

A 2.50-g sample (7.72 mmol) of the above thioketal 16 in 250 ml
of anhydrous methanol was stirred with 20 ml (ca. 12 g) of W-2
Raney nickel at room temperature for 15 min. The mixture was
filtered through Celite, washed with methanol, and dried. The
product was isolated with ether, affording 1.75 g of a clear oil.
This oil was chromatographed over 150 g of silica gel. Elution
with benzene gave 1.35 g (75%) of lactone 17 and 250 mg (14%) of
an isomer 18.

The analytical sample of 17 was obtained by crystallization
from n-hexane: mp 89-90°; M-+ m/e 234; vmax (CDClg) 1762,
1455, 1380, 1330, 1312, 1240, 1185, 1165, 1140, 1112, 1080, 1030,
and 980 cm~1; érms (CDClg) 4.55 (d, br, 1 H), 1.84 (s, br, 3 H),
1.22 (d, J = 6.5 Hz, 3 H), and 1.13 ppm (s, 3 H). The analytical
sample of 11,12-dihydro-53,118H-«-cyclocostunolide (18) was
obtained by recrystallization from n-hexane: mp 119-121°; M.+
m/e 234; [a]p —65° (¢ 0.100, CHCl3); ymax (CHCls) 1769, 1455,
1385, 1271, 1245, and 1005 cm~1; drms (CDCls) 5.50 (m, 1 H),
434 (q,J = 5, 9 Hz, 1 H), 1.67 (s, br, 3 H), 1.19 (d, J = 7 Hz, 3
H), and 1.11 ppm (s, 3 H). Anal. Caled for C15H2202: C, 76.88;
H, 9.46. Found: C, 76.7; H, 9.4.
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118-Bromo-11,12-dihydro-y-cyclocostunolide (19). A solution
of 54 mg (0.23 mmol) of diliydro-vy-cyclocostunolide 17 in 1 ml of
anhydrous 1,2-dimethoxyethane kept under nitrogen was added
dropwise to a solution of triphenylmethyllithium (from 300 mg of
triphenylmethane and 0.45 ml of n-butyllithium in hexane in 1.2
ml of 1,2-dimethoxyethane) at room temperature. After 15 min
the stirred solution was cooled to 0° and stirring was continued
for 75 min. The mixture was then treated with 0.5 ml of 1,2-di-
bromethane and stirred for 45 min at 0°. Extraction with ether
afforded a mixture which was immediately chromatographed over
15 g of silica gel. Elution with benzene gave 55 mg (77%) of a-
bromo lactone 19. The analytical sample was recrystallized from
n-hexane: mp 139-141°; M-+ m/e 312-314; [a]p —2° (¢ 0.12
CHCls); vmax (CHCl) 1780, 1455, 1381, 1293, 1130, 1065, 1032,
and 980 cm~1; drms (CDCl3) 4.87 (d, br, 1 H), 1.89 (s, 3 H), 1.84
(d, J = 1.5 Hz, 8 H), and ‘1.15 ppm (s, 3 H). Anal. Caled for
C15H21BrOg: C, 57.56; H, 6.76; Br, 25.23. Found: C, 57.7; H, 6.6;
Br, 25.4.

46H-Eudesma-5,7(11)-dlen-ﬁ,13-ohde (20). A solution of 78 mg
(0.27 mmol) of a-bromo lactone 19 in 1.5 ml of anhydrous toluene
or benzene was treated under nitrogen at reflux with 150 ul of
1,5-diazabicyclononene. for 30 min. The cooled: mixture was ex-
tracted with ether, washed with a cooled (~5°) hydrogen chloride
solution and then with saturated brine, dried over potassium car-
bonate, and evaporated. The crude oil was chromatographed over
10 g of silica gel. The product was eluted with a 98:2 mixture of
benzene and ethyl acetate, affording 47 mg (78%) of diene lactone
20. The analytical sample was recrystallised as long needles from
n-hexane: mp 114-115° (with beginning of sublimation); M.+
m/e 232; [alp — 206° (¢ 0.14, CHCls); Amax (EtOH) 289 nm (e
14,500); vmax (CHClg) 1738, 1650, 1283, 1108, 1070, 1025, 998, 943,
and 905 cm~1; drms (CDClg) 2.60 (m, 3 H), 1.84 (s, br, 3 H), 1.42
(d, J = 6.5 Hz, 3 H), and 1.18 ppm (s, 3 H). Anal. Calcd for
CisH2002: C, 77.55; H, 8.68, Found: C, 77.6; H, 8.7.

2-Benzoyloxy-r-2'H,t-1'H, 2-(2'-hydroxycyclohexyl)propionic
Acid Lactone (22). A solution of 290 mg (0.018 mmol) of trans-«-
methyllactone 412 in 4 m! of anhydrous 1,2-dimethoxyethane was
treated under nitrogen at room temperature for 2 hr with a solu-
tion of triphenylmethyllithium (from 1.2 g of triphenylmethane,
2.1 ml of n-butyllithium in hexane, and 10 ml of 1,2-dimethoxy-
ethane). The enolate solution was added dropwise (behind a safe-
ty screen) with a hypodermic syringe to a cooled (~5°) solution of
2 g of recrystallized dibenzoyl peroxide in 10 m! of 1,2-dimethoxy-
ethane. A white salt precipitated instantaneously. The stirring
was maintained for 45 min. The excess peroxide was destroyed
with a solution of 2 g of potassium iodide in 5 ml of water and 0.5
ml of acetic acid. Usual work-up afforded a residue which was
immediately chromatographed over 50 g of silica gel. Elution with
a 97:3 mixture of benzene and ethyl acetate afforded 330 mg
(60%) of w-benzoyloxylactone 22 as an oil which could not be in-
duced to crystallize, but was shown by tlc to be a single product:
vmax (CHClz) 1785, 1725, 1450, 1382, 1280, 1108, 1030, and 710
cm~1; dtms (CDCls) 8.01 (m, 2 H), 7.43 (m, 3 H), 4.25 (m, 1 H),
and 1.74 ppm (s, 3H).

t-1’"H,r-2’'H,2-(2'-Hydroxycyclohexyl)propenoic Acid Lac-
tone (6). The apparatus for vapor-phase pyrolysis used was al-
most identical with the one described by DePuy and King.3*

A solution of 540 mg (2 mmol) of benzoyloxylactone 22 in 2 ml
of anhydrous ether was introduced dropwise with a syringe on top
of a vertical 30-cm Pyrex column, which was packed with 4-mm
Pyrex beads, preequilibrated at 550° for 4 hr, and flushed with a
20 ml/min nitrogen stream. The products resulting from the py-
rolysis were trapped in a flask at —78°, appearing after a contact
time of about 20 sec. The cooled apparatus was washed with dry
ether and the ether solution was washed with a 5% sodium hy-
droxide solution and then dried over potassium carbonate. Evap-
oration of the solvent led to 217 mg of an oil which was distilled
and chromatographed over 15 g of silica gel. Elution with benzene
afforded 125 mg (45%) of the known3¢ methylene lactone 6 and
elution with a 4:1 mixture of benzene and ethyl acetate afforded
25 mg (~15%) of the known®? o, 3-unsaturated lactone 23.

The methylene lactone 6 was distilled, bp 65° (0.01 mm), to:

give a-sample identical in all respects with the one described by
Marshall and Cohen.2¢

Pure 2-(2’-hydroxycyclohexylidene)propionic acid lactone
(23) was obtained by distillation and was identical with the pre-
viously prepared sample (c¢f. ref 33): bp 65-68° (bath tempera-
ture, 0.05 mm); mp ~20° M-~ m/e 152; n?5p 1.5069; Amax
(EtOH) 217 nm (e 13,100); ymax (CHCls) 1745, 1678, 1450, 1095,
1038, and 1027 cm~?; dtms (CDClg) 4.58 (m, 1 H) and 1.78 ppm

Greene, Muller, and Ourisson

(s, br, 3 H) [lit.3° bp 121-124° (3 mm); n?%p 1.5060; Amax (EtOH)
217 nm (e 14,150)].

113-Benzoyloxy-11,12-dihydro-y-cyclocostunolide (24). A so-
lution of 700 mg (3 mmol) of dihydro-y-cyclocostunolide 17 in 7
ml of 1,2-dimethoxyethane was rapidly added at room tempera-
ture to a solution of triphenylmethyllithium (from 4 g of triphen-
ylmethane and -6 ml of n-butyllithium in hexane in 20 ml of 1,2-
dimethoxyethane). After 15 min, the stirred solution was cooled
to 0° for 2 hr and then added dropwise (behind a safety screen)
with a hypodermic syringe to a cooled (5°) solution of 5 g of di-
benzoyl peroxide in 20 ml of 1,2-dimethoxyethane. A white solid
precipitated almost instantaneously. The stirring was maintained
for 1 hr and then the excess peroxide was destroyed with a solu-
tion of 4 g of potassium iodide in 10 ml of water and-1 ml of acetic
acid. Formation of iodine was immediate. The mixture was
stirred for another 15 min at 0° followed by the usual work-up,
which gave a residue which was chromatographed over 150 g of
silica gel. Elution with benzene gave 550 mg of a-benzoyloxylac-
tone 24 and 150 mg of starting material (yield 67%). The analyti-
cal sample of 24 was obtained by recrystallization from n-hexane:
mp 139-140°; M.+ m/e 354; [aJp +17° (¢ 0.29, CHCl3); vmax
(CHClg) 1780, 1725, 1605, 1382, 1300, 1280, 1180, 1140, 1115, 1095,
1040, 985, and 705 cm~%; érms (CDCls) 8.00 (m, 2 H), 7.50 (m, 3
H), 5.10 (d, J =10 Hz, 1 H), 1.79 (s, br, 3 H), 1.88 (s, 3 H), and
1.01 ppm (s, 3 H). Anal. Calcd for CagHgog04: C, 74.55; H, 7.39.
Found: C, 74.6; H, 7.6.

(+)-Arbusculin B (2). A solution of 60 mg (0.17 mmol) of a-
benzoyloxylactone 24 in 1 ml of anhydrous ether was added drop-
wise onto the pyrolysis apparatus described earlier preequilibrat:
ed at 450° and flushed with a nitrogen stream of 30 ml/min. The
apparatus was washed with ether and the ethereal solution ob-
tained was washed with a 5% sodium hydroxide solution, dried
over potassium carbonate, and evaporated. The residue was chro-
matographed over 10 g of silica gel. Elution with benzene afforded
14 mg of (+)-arbusculin B and then 5 mg of starting material 24
(yield 35%, 40% based on consumed 24). The analytical sample of
(+)-arbusculin B was obtained by crystallization from n-pentane:
mp 86-88°; M.+ m/e 232; [a]p +46° (¢ 0.104, CHCls)}; vmax
(CHClg) 1763, 1665, 1452, 1290, 1254, 1146, 1133, 1034, 978, 941,
and 907 ecm~1; étmy (CDClg) 6.12(d, J = 3Hz, 1 H), 544 (d,J =
3 Hz, 1 H), 452 (d, br, J = 12 Hz, 1 H), 2.53 (m, 1 H), 1.85 (s, 3
H), and 1.11 ppm (s, 3 H) [lit.20a mp 86.5-88°; [aJp +47.3°
(CHCl3)]. Anal. Caled for CisH2002: C, 77.55; H 8.68. Found: C,
77.6; H, 8.75.
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