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communication.
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the amino ketone undergoes dehydration, i.e. aromatization, when heated

with mineral acid. The product ii gives the substituted urea upon treatment

with cyanate.
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A New Synthetic Method for Medium- and Large-
Membered Lactones by Intramolecular Alkylation of
w-Haloalkyl Phenylthioacetates, and Its Application
to the Syntheses of Recifeiolide and 9-Decanolide
Using Butadiene Telomers Obtained by

Palladium Catalyzed Telomerization

Sir:
Synthesis of macrolides is a current problem of intensive
investigation.! The most crucial problem inherent in the

macrolide synthesis is the efficient method of cyclization which
is easy to be operated and gives high yields of lactones. The

0002-7863/78,/1500-7424$01.00/0

Journal of the American Chemical Society | 100:23 | November 8, 1978

most widely used method is intramolecular esterification of
w-hydroxy acids, and various methods for activation of acid
derivatives have been devised for this purpose.2-8 Recently a
new approach to this problem by intramolecular carbon-car-
bon bond formation has attracted attention, and a few ac-
ceptable methods are now known.?

In this paper, we report a new method of lactone formation
by carbon-carbon bond formation based on intramolecular
alkylation of a carbanion generated from phenylthioacetate
such as 1. Subsequent oxidative or reductive removal of the
phenylthio group leads to unsaturated and saturated lactones.
The present method of alkylation is rapid and irreversible, and
hence requires short reaction time.

At first, a 15-membered lactone was synthesized. The ester
1 was readily prepared by the acylation of 12-iodododecanol

o)
A S
Me Si) 3
57%
g
1 2

4

with phenylthicacetyl chloride in dichloromethane. The ester
1 (253 mg, 0.53 mmol) in THF (10 mL) was added slowly over
2.5 h at 65 °C under a nitrogen atmosphere to potassium
hexamethyldisilazane (0.8 mmol) in THF (25 mL). The re-
action mixture was stirred for 20 min and quenched. The
15-membered lactone 2 was isolated as an oil in 57% yield after
chromatographic purification (silica gel): IR (film) 1730 cm™1;
NMR (CCly) 6 4.0 (2 H, m, -CH,0), 3.5 (1 H, m, PhSCH).
Similarly, a 13-membered lactone was prepared by the cycli-
zation of 10-tosyldecyl phenylthioacetate in 49% yield by using
sodium hydride in HMPA. The reductive elimination of
phenylthio group from 2 by treatment with an excess of Raney
nickel (W-2) in boiling ethanol gave 14-tetradecanolide (3)
in 92% yield: IR 1735 cm~!; NMR (CCly) 6 2.25 (2 H, m,
CH,CO), 4.0 (2 H, m, CH,OCO); mass spectrum m/e 226
(M™). The oxidation of 2 with sodium periodate!© and heating
in toluene produced 2-tetradecen-14-olide (4) in 71% yield: IR
1720 cm~!; NMR (CCly) 6 6.8 (1 H, dt, J/ = 7 and 16 Hz,
olefinic), 5.65 (1 H, d, J = 16 Hz, olefinic), 4.1 2 H,t,J =4
Hz, CH,0); mass spectrum m/e 224 (M™).

Then we prepared 10- and 12-membered lactones, which
are generally regarded to be cyclized less efficiently than
15-membered lactones.2d As a 12-membered lactone, we se-
lected the naturally occurring recifeiolide (9) as a target.
Several known syntheses of this lactone were achieved by the
internal esterification of 11-hydroxy-trans-8-dodecenoic
acid.!’!2 We have reported the facile synthesis of this acid

NO, OH 82% 0.0
T I/Lsph
SPh

8 9

© 1978 American Chemical Society



Communications to the Editor

from the butadiene telomer 5.!3 The alcohol 6 was acylated
with phenylthioacetyl chloride to give the ester 7 in 82% yield:
IR 1730 cm™!; NMR (CCly) 6 5.3 (2 H, m, olefinic), 4.5-5.05
(1 H, m, CHOCO), 3.5 (2H,s,CH,SPh),3.1 (2H,t,J =7
Hz, CH;,I). The ester 7 (0.93 mmol in 15 mL of THF) was
added to a THF solution (35 mL) of potassium hexamethyl-
disilazane (1.4 mmol) at 60 °C in 3.5 h. The cyclized product
8 was obtained in 75% yield after chromatography: IR 1730
cm~!; NMR (CCly) 6 4.7-5.5 (3 H, m, olefinic and CHOCO),
3.3-3.8 (1 H, m, CHSPh). The high yield of the cyclization
seems to be due to the presence of the double bond in 7. The
cyclization of the corresponding saturated 12-membered ring
gave the lactone in 51% yield. Reductive elimination of the
phenylthio group with deactivated Raney nickel'? gave reci-
feiolide (9) as an oil in 80% yield: IR 1730 cm~!; NMR (CCly)
6 4.7-6.0 (3 H, m, olefinic and CHOCO), 1.9-2.4 (6 H, m,
=CCH; and CH»,CO), 1.2 (3 H, d, J = 6.2 Hz, CH3); mass
spectrum mi/e 196 (M*). Anal. Caled: C, 73.43; H, 10.27.
Found: C, 73.54; H, 10.36.

The 10-membered lactone 13 was then prepared from the
telomer 10, readily obtained by the palladium catalyzed telo-
merization of butadiene with acetic acid.!® The acylation of
the alcohol 11°¢ with phenylthioacetyl chloride afforded the
desired ester 12. The cyclization proceeded smoothly to give

the 10-membered lactone 13 in 71% yield. The treatment of
13 with Raney nickel afforded 9-decanolide (14) in 90% yield,
which is a natural product isolated from Phoracantha syn-
onyma by Moore and Brown:!7 IR 1725 cm™!; NMR (CCly)
6 4.6-5.1 (1 H, br, CHOCO), 2.0-2.8 (2 H, br, CH,CO); mass
spectrum mi/e 170 (M*). The double bond in 13 was hydro-
genated by using PtO- and the subsequent oxidative removal'?
of the phenylsulfonyl group produced the unsaturated lactone
15 in 91% yield, which was prepared by Wakamatsu et al. as
a precursor of (+)-diplodialide C:'8 IR 1710 cm~!; NMR
(CCly) 66.23 (1 H,dt,J = 7 and 11 Hz, olefinic), 5.75 (1 H,
d, J = 11 Hz, olefinic), 4.8-5.5 (1 H, m, CHOCO), 2.4-3.2
(2 H, m,=CCH>»), 1.3 (3 H,d, J = 6 Hz, CH3); mass spec-
trum m/e 168 (M),
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Arene-Transition Metal Complexes. 1.

Site Exchange and Chemical Characteristics
of 75-C¢(CH3)sRu-n%-Cs(CH3)s

Sir:

The implication of n%-arene-metal complexes as interme-
diates!-3 in coordination catalysis of arene hydrogenation has
raised a number of basic questions about arene-metal com-
plexes such as what factors affect n® = 74 interconversions,
intermolecular arene (#® or 7*) exchange, and hydrogen-
deuterium exchange between D, and the C-H bonds in the
arene complexes. Bis(hexamethylbenzene)ruthenium(0), 1,
is an excellent model for study—first and foremost because it
is a catalyst precursor for arene hydrogenation,? second be-
cause the ground-state structure in the solid* and solution®
states has both n*-arene and n®-arene ligands, and third be-
cause the molecule is fluxional. We describe here spectroscopic
and chemical studies for the ruthenium complex that resolve
some of the dynamic issues and also establish a unique alane
catalysis of a new fluxional process. The exchange studies have
implicated alkyl alanes as possible promoters for the ruthen-
ium-catalyzed arene hydrogenation reaction, and such a pro-
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