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Corey et al. and Mukaiyama et al. have recently reported efficient routes

to synthesize medium and large ring lactones, 1,2

Intramolecular associations
in the reaction intermediates were assumed to play an important role in these
reactions., We wish to report herein convenient methods for the preparations of
lactones and cycloalkanes under mild neutral conditions.

In the previous papers we described the preparation of carboxylic esters
using reagent combinations of diethyl azodicarboxylate (I) and triphenylphos-
phine (II).3 The reaction could be explained by assuming an alkoxyphosphonium
carboxylate as a key intermediate. If a hydroxy acid is allowed to react with I
and II, a dipolar intermediate (III) would therefore be formed in which reaction

sites are brought so close together that would favor lactonization (Scheme 1).
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A series of w-hydroxy acids, Ho—(cnz)n-coon withn = 5, 7, or 11, was
utilized in the cyclization studies. The reaction of hydroxy acids with I and
IJ went to completion within 2 days at room temperature giving the correspond-
ing lactones and dilides in varying amounts as is indicated in Table I. The

identity of each lactone was proved by comparison (infrared, proton magnetic
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Table I. Formation of Lactones and Dilides by Cyclization of w-Hydroxy Acids,
HO-(CHz)n—COOH (1 mmol).

Reaction Time Isolated Yield, %
n Solvent* (ml)
(day) Lactone Dilide
5 THF (25) 2 (8]
B (25) 2 40 53
7 B (25) 2 ~0 [0.§] 70
11 B (25) 2 60 17
B (200) 1 63 32
B(25) + THF(4) 1 {5]

* THF = Tetrahydrofuran; B = Benzene. ** Glc yields are parenthesized.

resonance, and gas chromatography) with an authentic sample. The dilides were
jdentified by proton magnetic resonance and mass spectra.

Intermolecular dehydration between active hydrogen compounds and alcohols
has also been accomplished by the use of I and II.“ Since this reaction could
also be assumed to involve an alkoxyphosphonium salt, the preparation of cyclo-
alkanes from diols and ethyl cyanocacetate was attempted as expressed by Scheme 2
when diols, HO—(CHZ)n—OH (n = 4, 5, or 6), were allowed to react with an equi-
molar amount of ethyl cyanoacetate in the presence of excess I and II at room
temperature, the corresponding l-cyano-l-ethoxycarbonylcycloalkanes were iso-
lated by preparative layer chromatography (Table II). The cycloalkanes were

identified by infrared, proton magnetic resonance, and mass spectra.
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Table II. Formation of l-Cyano-l-ethoxycarbonylcycloalkanes from
Ethyl Cyanoacetate and Diols, HO—(CHZ)n-OH

n Ring Size Solvent (ml) Isolated Yield, %
4 5 THF (15) 46
Toluene (21) + THF (4) 60
5 6 THF (25) Lo
6 7 THF (25) 21

Experimental procedures for the preparations of lactones and l-cyano-l-
ethoxycarbonylcycloalkanes are as follows.

6-Hexanolide., To a stirred mixture of 6-hydroxyhexanoic acid (5 mmol) and

II (7.5 mmol) in benzene (125 ml) was added dropwise I (7.5 mmol) over a period
of 5 min at room temperature. After the solution was stirred for 2 days at room
temperature, the solvent was removed under. reduced pressure. The residue ‘was
chromatographed on silica gel column {Merck, 230 mesh; 3.3 cmXx 70 cm) with ether
as eluant, 3 g fractions being collected. Each fraction was monitored by gas
chromatography. Dilide appeared first and followed by diethyl hydrazinedicarbo-
xylate. 6-Hexanolide appeared in the third peak.

In the case of the cyclization of 1l2-hydroxydodecanoic acid or 8-hydroxy-
octanoic acid, the elution was carried out with ether-petroleum ether =1 : 9,
The lactone appeared first and was followed by dilide.

1-Cyano-l-ethoxycarbonylcyclohexanes. A solution of I (3 mmol) in THF
(1 ml) was added dropwise to a stirred solution of II (3 mmol) in THF (20 ml)

at -20°C, followed by addition of the diol (1 mmol) and ethyl cyanoacetate

(1 mmol) in THF (4 ml).5 After stirring was continued for 1 day at -20°C, 1 day
at -20°C~0°C, 1 day at 0°C, and then 1 day at room temperature, the solvent was
removed under reduced pressure. The l-cyano-l-ethoxycarbonylcycloalkane was
isolated by preparative layer chromatography (Merck silica gel pF25h; benzene-
methanol = 30 : 1), homogeneous by gas chromatography (SE-30, 10%, 1 m column).

Work is continuing to find optimum conditions and to study stereochemistry
of the cyclization method disclosed above as well as application of the present

. o« o -
reaction to the synthesize of complex macrolide systems.
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