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We have recently réported a new and highly effec-
tive method for the synthesis of aldehydes and ketones
by oxidation of primary and secondary alcohols which
utilizes complexes of a sulfide such as methyl sulfide
with chlorine or N-chlorosuccinimide.! The general
process may be outlined as

X
Ré +CHs C1- EtsN
R'R”"CHOH 25°—> R'R""CHOS+CH; Cl— —
e.g., toluene 1{»’ -2

R'R"’C=0 -+ Et;NHCI] + RSCH,

X = Cl or N-succinimido

We have now ascertained that this method of oxida-
tion is highly advantageous in the generation of two
key intermediates for the synthesis of prostaglandins,
the keto acid II (prostaglandin E; 11,15-bistetrahydro-~
pyranyl derivative), and the lactone ester alde-
hyde IV. In each of these cases the lability of the
gynthetic intermediates imposes severe restrictions on
the reagents and reaction conditions which may be
utilized.

The oxidation of the hydroxy acid I to the keto acid
IT has previously been accomplished using the Jones
(Cr0O;) reagent? at —20° in yields of ca. 709%,.34 The
conditions of the reaction are quite critical, since there
are several acid-sensitive units in II (e.g., B-ketal
system, tetrahydropyranyl ether system) which be-
come involved to a substantial degree if reaction
temperature and time are not carefully controlled.
All previously known nonacidic oxidizing agents (e.g.,
Colling reagent®) which were tried originally® were
found to fail. In contrast, the use of the newly de-
veloped methyl sulfide-N-chlorosuccinimide reagent!
under simple, standard conditions allowed the oxida-
tion of I to IT in >909, yield. Furthermore, the pro-
cess is extremely convenient and clearly suitable for
use on & multimolar scale.

In order to avoid reaction of the carboxyl function
of I with an equivalent of the oxidizing agent, the iso-
propyldimethylsilyl ester® of I was prepared for use
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in situ from equivalent amounts of I, triethylamine,
and isopropyldimethylsilyl chloride in toluene. The
solution of this ester of I in toluene was then subjected
to oxidation using the N-chlorosuccinimide-methyl
sulfide to afford the silyl ester of II as a chromato-
graphically homogeneous oil, which upon hydrolysis
under mildly acidic conditions (pH ~4.5) furnished

I
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R = p-C:H:CoH,CO

the 11,15-bistetrahydropyranyl derivative of prosta-
glandin E,.

The oxidation of the hydroxy lactone IIT using the
methyl sulfide-N-chlorosuccinimide reagent in tol-
uene-methylene chloride solution produced the alde-
hyde IV contaminated by variable amounts of the
starting alcohol III even when an excess of oxidizing
agent was employed, perhaps because of insolubility
of the sulfoxonium intermediate. Much better re-
sults were obtained, however, using as reagent the
1:1 complex of chlorine with methyl phenyl sulfide in
carbon tetrachloride-methylene chloride mixture. Us-
ing essentially the standard procedure,' the aldehyde
IV could be isolated simply in erystalline form in
>909, yield. The original®* preparation of IV from
III, which involved the use of Collins reagent,’ afforded
IV in 909 yield, but suffered from the disadvantage
of being difficult to carry out on a multimolar or even
molar scale.”

Experimental Section

Oxidation of I to II.—To a stirred solution of 56 mg (0.11
mmol) of the 11,15-bistetrahydropyranyl derivative of prosta-
glandin Fyq (I) in 0.5 ml of dry toluene and 0,11 ml of a 1.0 M
solution of isopropyldimethylsilyl chloride in toluene was added
dropwise at 0° 0.11 ml of a 1.0 M solution of triethylamine in
toluene vie syringe under an argon atmosphere. The reaction
mixture was used immediately for oxidation.

To a solution of 64 mg (0.50 mmol) of N-chlorosuccinimide in
2 ml of toluene was added at 0° 45 ul (0.6 mmol) of methyl sulfide
via microsyringe under an argon atmosphere. The stirred mix-
ture was cooled to —25° (carbon tetrachloride-Dry Ice), and the
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above-described solution of the silyl ester of I in toluene was
added dropwise by syringe. Stirring was continued for 2 hr at
—25°, and then a solution of 100 mg (0.99 mmol) of triethyl-
amine in 0.2 ml of pentane was added dropwise. The cooling
bath was removed, and after 5 min 5 ml of ether was added.
The organic layer was washed with 2 ml of ice-cold 19, aqueous
hydrochloric acid and twice with 3 ml of cold water., Removal
of dried (magnesium sulfate) solvents under vacuum produced
59 mg (92%) of the silyl ester of II as a colorless oil (homogeneous
by tle; R: 0.40, silica gel-methylene chloride): ir max (neat)
2970 (m), 1745 (s), 1710 (s), and 1150 cm ™ (br s).

To a solution of 246 mg (3.00 mmol) of sodium acetate in 3
ml of acetone and 1 ml of water was added 180 mg (3.00 mmol)
of acetic acid to give a standard solution of pH 4.5. To a solu-
tion of 59 mg of above-described silyl ester of II in 1 ml of acetone
and 0.3 ml of water was added at 0° 0.4 ml of sodium acetate—-
acetic acid standard solution, and the mixture was stirred for 45
min. After warming to 25°, stirring was continued for 30 min,
at which time tle analysis indicated the absence of silyl ester.
The solution was poured into 2 ml of ice-water and extracted
with three 5-ml portions of ether. Removal of dried (magnesium
sulfate) solvents under reduced pressure produced 48 mg (919
vield based on I) of the 11,15-bistetrahydropyranyl ether of
prostaglandin E,, chromatographically identical with authentic
material. The infrared and nmr spectra were also identical with
those of an authentic sample which had been prepared previously
in this laboratory.%:4

Oxidation of III to IV.—To a solution of 21.3 mg (0.30 mmol)
of chlorine in 1.5 ml of carbon tetrachloride was added at —10°
a solution of 37.2 mg (0.30 mmol) of thioanisole in 0.5 ml of
methylene chloride under argon. A white precipitate appeared
immediately after addition of the sulfide. The mixture was
cooled to —25°, and a solution of 56 mg (0.16 mmol) of the
lactone alcohol ITIin 1 ml of methylene chloride was added drop-
wise. Stirring was continued for 90 min at —25°, and then a
solution of 60.6 mg (0.60 mmol) of triethylamine in 0.5 ml of
methylene chloride was added dropwise. The cooling bath was
removed, and after 5 min 5 m! of ether was added. The organic
layer was washed with 1 ml of ice-cold 19, aqueous hydrochloric
acid. Removal of dried (magnesium sulfate) solvents produced
& white solid which was washed twice with 3 ml of cold pentane
to give 52 mg (93%) of IV as colorless crystals (R; 0.25, silica gel-
chloroform): nmr (CDCls) 4 2.0-3.6 (m, 6 H), 5.20 (br t, J =
5cps, 1 H), 5.6-5.8 (m, 1 H), 7.3-8.4 (m, 9 H, aromatic protons),
9.89 (s, 1 H, aldehyde); ir (CHCl;) 2950 (m), 2850 (m), 1775 (s),
1725 (s), 1720 (s), 1610 (m), 1270 (s), 1100 (br), 910 em™* (s).
The chromatographic and spectral data agreed with those ob-
tained for IV which had been prepared by Collins oxidation.
The product IV could be used for the synthesis of prostaglandins
as previously described®* without further purification.
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We have shown that keto lactones, including 7-
ketoundecanolide, the parent system present in meth-
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ymyecin, can be synthesized by the oxidation of bicyclic
enol ethers derived from the acid-catalyzed closure of
2-(w-hydroxyalkyl)eycloalkanones.2—*  Previously, six-
to eight-membered ring ketones have been utilized.
We now demonstrate the further utility of this method
in the synthesis of 8-ketododecanolide (1), 9-ketotri-
decanolide (2), and 12-ketopentadecanolide (3) from
cyclooctanone, cyclononanone, and cyclododecanone,
respectively, in overall yields of 46, 35, and 199,.

The C-alkylations of carbethoxycyclooctanone (4)
and cyclononanone (5) vig their sodium enolates with
1-bromo-4-acetaoxybutane (6) proceed as previously
described for smaller ring ketones? to lead to 2-(4'-
hydroxybutyl)cyclooctanone (7) and the corresponding
cyclononanone 8. Hemiketal formation and dehydra-
tion of 7 proceeds readily upon acid catalysis or slow
distillation in vacuo. The corresponding closure of 8
is more difficult and is best performed by distillation
from potassium pyrosulfate.’

The oxidation of the resultant bicyclic enol ethers
9 and 10 with excess m~-chloroperbenzoic acid (MC-
PBA)2—4 must be done for a short time period in order
to keep Baeyer-Villiger oxidation of the product keto-
lactone to dilactones as a minor side reaction. The
utilization .of other oxidation procedures (which avoid
dilactone formation but are not as good in yield) such
as reaction with tert-butylhydroperoxide and molyb-~
denum hexacarbonyl® or lead tetraacetate oxidation
of the corresponding glycol® was only briefly inves-
tigated for these cases.

It is noteworthy that 2 represents the parent system
of the erythromycin macrolides.®

Finally, 3 is readily synthesized from 2-(3’-hydroxy-
propyl)eyclododecanone (12), which is formed from the
pyrrolidine enamine of cyclododecanone (11) upon
reaction with ethyl acrylate, followed by lithium alum-
inum hydride reduction.?~

Experimental Section®

8-Ketododecanolide (1).—Treatment of the sodium enolate of
2-carbethoxyeyclooctanone® (from 4 and sodium hydride in
toluene at reflux for 30 min) with 1-bromo-4-acetoxybutane (6,
1.1 equiv) for 2 days at reflux gave crude 2-carbethoxy-2-(4'-
acetoxybutyl)eyclooctanone, which was hydrolyzed with potas-
sium hydroxide in agueous ethanol at reflux for 48 hr to give 2-
{4'-hydroxybutyl)cyclooctanone (7, 62% yield): bp 127-129°
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