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The carboxylation of v-lactones at the o position is, in most cases, easily accomplished by means of Stiles’ re-
agent (methyl methoxymagnesium carbonate). This combined with a simplified decarboxylative methylenation
procedure, namely treatment of the a-carboxylactones with a mixture of formaldehyde and diethylamine, usu-
ally in a buffered acidic medium, affords a relatively simple method of synthesizing «-methylenelactones. These
methods have been used in a new synthesis of di-protolichesterinic acid. Free-radical addition of tetradecanal to
dimethyl maleate led to methyl 3-methoxycarbonyl-4-oxoheptadecanoate, which was reduced by borohydride
and cyclized to a 50:50 mixture of the methyl esters of cis- and trans-3-carboxy-4-n-tridecylbutyrolactones, 20b
(R = CHs) and 20a (R = CHj), respectively. Carbonylation of the acid from the latter isomer afforded 2,3-di-
carboxy-4-n-tridecylbutyrolactone, which when treated with formaldehyde and diethylamine at room tempera-
ture afforded dl-protolichesterinic acid. Acylative decarboxylation of tricarballylic acid by tetradecancic anhy-
dride gives the di-y-lactone of 3-(1,1-dihydroxytetradecyl)glutaric acid. The action of alkaline borohydride on
the latter leads to trans-3-carboxymethyl-4-n-tridecylbutyrolactone (24, R = H). The methyl ester of this acid
is also obtained almost exclusively when 20a (R = H) is subjected to an Arndt-Eistert homologation sequence.
The cis acid 20b (R = H) on homologation gives varying mixtures containing both 24 (R = CHj) and its cis iso-
mer. The latter results together with other evidence allow the tentative assighment of stereochemistry to the

carboxylactones 20a and 20b (R = H), the former being trans and the latter cis.

In a pair of communications®? in 1969 we reported
briefly a new method for the preparation of a-methylene-
butyrolactones. This paper describes that work in detail
and reports its application to a new synthesis of protoli-
chesterinic acid.

The origins of our research lay in our need to methylen-
ate the bislactone 1 in order to obtain avenaciolide (2),

0 0
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CsH;- 0" ~0 CsHy; 0”70

2

the object of an earlier synthetic program.2 The methods
available to us at that time left much to be desired. The
early procedure due to van Tamelen and Bach®® de-
manded the construction of a butyrolactone such as 3, al-
ready provided with an alkoxycarbonyl group at the « po-
sition. Subsequent steps involved hydrolysis and relacton-
ization of 3 to give 4, which when subjected to a Mannich
reaction led to 5. Quaterization of 5 followed by heating
with base gave the desired 6 (Chart I).

Two quite different methods began with a butyrolac-
tone of structure 7. In the first, due to Marshall and
Cohen,* the sodium salt of 3, derived directly from the al-
koxycarbonylation of 7, was reduced mainly to 8 with lith-
ium aluminum hydride. Manganese dioxide oxidation of

* Department of Pharmacology, State University of New York at Stony
Brook, Stony Brook, N. Y. 11790,
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8 gave 6 directly. The second procedure, reported by Mi-
nato and Horibe,5 involved formylation of 7 give 9, which
was reduced and tosylated, affording 10. Refluxing pyri-
dine converted 10 to 6.

Subsequent to our initial reports, Behare and Miller®
reported that a-methylene lactones could be synthesized
by first treating lactones such as 3 (R, R = -(CH3)4—; R”
= Et) with formaldehyde and diethylamine to give 11, fol-
lowed by heating the methiodide of the latter in dimethyl-
formamide. An entirely different approach has been taken
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by OQurisson, et al.,” who a-brominated the anion of 12
with 1,2-dibromoethane and dehydrobrominated the prod-
uct with diazabicyclononene. The trans isomer of 12, how-
ever, gave only the product with endocyclic double bond.

On our part, an attempt to alkoxycarbonylate 1 led to
extensive decomposition and we were discouraged from
trying a formylation under what are similar conditions.
We, therefore, looked for an alternate method. Realizing
that the acidity of the a position in a vy-butyrolactone lies
somewhat closer to that of a methylene group adjacent to
a ketone rather than of a methylene adjacent to a simple
ester group, we decided to subject 1 to the very mild
Stiles’ reagent,® methyl methoxymagnesium carbonate
(MMC). This proved to be eminently successful and pro-
vided the desired acid 13 in excellent yield. Subsequent
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efforts to apply the conditions of van Tamelen and Bach?
to 13 in an attempt to obtain 2 were unsuccessful, but by
treating 13 with a mixture of diethylamine, formalin, so-
dium acetate, and acetic acid, avenaciolide (2) was ob-
tained directly in good yield.

Thus a method became available which it appeared
would permit us to go in two steps from 7 to 6 via the acid
4,

Application of the Stiles’ carboxylation method to a se-
ries of lactones 7 (R = H; R’ = Ph, n-C4Hy, or n-CgHia)
was then tried and in all cases proceeded to give 4 in
yields of better than 95%. A somewhat reduced yield of 15
was obtained in the carboxylation2-? of 14 but none of the
reactions were complicated.
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Decarboxylative methylenation of the 2-carboxylactones
4 (R = H; R" = Ph) and 15 was easily accomplished by
treatment with a mixture of formalin, diethylamine, sodi-
um acetate, and acetic acid followed by a brief period of
heating. In the case of the lactones 4 (R = H; R’ = n-
C4Hy or n-CgHqys) better results were obtained by treat-
ment first with a formalin and diethylamine mixture and
subsequently, after isolation of the crude product, with a
solution of sodium acetate in acetic acid. Dalton and
Elmes® in a recent variation of this methylenation proce-
dure have claimed that the acetic acid and sodium ace-
tate are not necessary. However, in our experience this
seems to depend on the carboxylactone in question. In the
synthesis of avenaciolide (1) we observed that, in the ab-
sence of sodium acetate-acetic acid, virtually the only
product that we could obtain was the product of addition
of diethylamine to the double bond. On the other hand, in
the synthesis of protolichesterinic acid (16) described
below, the final step was certainly best accomplished by
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treatment with formalin and diethylamine alone at room
temperature. In this case any heating of the mixture on a
water bath, as recommended by the Australian workers,
simply destroyed the desired product. It seems likely that
except in strictly analogous cases the methylenation
should be followed by nmr to achieve the best results.

We now attempted to use the a-methylenelactone syn-
thesis in a new preparation of protolichesterinic acid (16).

COH o, COCH, COH

n-Cy3Hy 0 v

16 17

We initially thought that the carboxylation procedure
might be mild enough to produce 17 from 18 (R = CHj),
although van Tamelen and Bach® had obtained only
ring-cleavage products when they had attempted carbo-
ethoxylation or formylation of 18. The required lactones
18a (R = CHj) and 18b (R = CHj) were synthesized
using a new procedure shown in Chart II. Free-radical ad-
dition'* of n-tetradecanal to dimethyl maleate afforded
methyl 3-methoxycarbonyl-4-oxoheptadecanoate in good
yield. Reduction of the latter by means of potassium bor-
ohydride in aqueous methanol followed by treatment of
the crude product with a trace of p-toluenesulfonic acid in
boiling benzene led to a good vield of a mixture of 18a (R
= CHj) and 18b (R = CH3). Direct crystallization cleanly
allowed the isolation of one of the isomers, mp 65.5-68°,
in moderate yield whose stereochemistry proved to be cis
but which we did not know at the time. Extensive crystal-
lization of the material in the mother liquor permitted the
isolation of a crude sample of the second component,
which required an extensive chromatography to give the
pure material, mp 43.5-44°.

Attempts to isomerize either of these materials by
means of a variety of basic catalysts either left them un-
touched or produced complex mixtures. Fortunately we
were able to effect a reasonable stereochemical proof in an
unexpected way. In attempting to approach the synthesis
of 17 by an aiternate method we carried out a Raney nick-
el catalyzed hydrogenation of 19, the product of the free-
radical addition of tetradecanal to trimethyl ethenetricar-
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boxylate. This gave a rather complex mixture, obviously
containing some 20 in view of its spectral characteristics,
but which could not be purified easily. Direct hot acid
catalyzed hydrolysis of the mixture led only to a 50:50
mixture of the acids 18a (R = H) and 18b (R = H). How-
ever, it was found that if the crude mixture containing 20
were allowed to equilibrate in the presence of sodium
methoxide in methanol, prior to hydrolysis and decarbox-
ylation, the acid 18a (R = H), mp 100-102°, could be iso-
lated pure after one crystallization of the crude product,
although in poor yield. Methylation of this acid with dia-
zomethane led to 18a (R = CHj), proving its correspon-
dence with the lower melting ester. Acid-catalyzed hy-
drolysis of 18b (R = CHj) gave a new acid2 18b (R = H),
mp 115-116.5°, reconverted easily by diazomethane exclu-
sively to the starting ester 18b (R = CHj).

The successful equilibration of 20 but not of 18a (R =
CH3) or 18b is in keeping with van Tamelen’s observa-
tion32 that in this series a substituent at the 2 position of the
lactone seems to inhibit base-catalyzed fragmentation of
the ring. It also strongly suggested to us that the lower
melting acid and ester had trans geometry while the high-
er melting isomeric compounds belonged to the cis series.
Tentative evidence for the correctness of this viewpoint
was obtained by carrying out a correlation of the suspect-
ed trans acid with its next higher homolog 22 (R = H).
The latter was obtained as virtually the only product
when 21 was treated with highly alkaline sodium borohy-

0
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(CH,,C0%0 + HO,CCH(CH,COH), —> C H,
0
)
21
CO.R
COH o
—
n-Cy;Hy 0 0 n-Ci3Hyy 0 0.
18a 22

dride, followed by acidification. The precursor 21 was eas-
ily synthesized from tridecanoic anhydride and tricarbal-
lylic acid according to previously described work?:9-13,
and the stereochemistry of 22 is assigned on the basis of
work with lower homologs.® In any case Arndt-Eistert
reaction in methanol of the diazo ketone derived from the
chloride of the lower melting acid led to the methyl ester
22 (R = CHj). Surprisingly, the same series of reactions
when applied to the higher melting acid proved capricious
and also produced varying quantities of 22 (R = CHjs) to-
gether with up to 50% of a compound with a higher R;.
Although we did not completely characterize the second
component, its assignment as the cis isomer (23) seems
justified, since its molecular weight and fragmentation
pattern as determined mass spectrometrically (from a
sample obtained pure by glc) were those expected. The
exact intermediate in this second homologation sequence
that suffers isomerization more or less is open to specula-
tion, but we believe that the change occurs during the
final step, when the diazo ketone is heated with the basic
silver benzoate-triethylamine complex in methanol. Here
on account of Pitzer strain a base such as CH30~ which
must be present in small concentration) might easily pro-
duce intermediate 24, which could then be expected on
stereochemical grounds to favor 22 in a recyclization pro-
cess.
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Returning now to protolichesterinic acid, we observed,
in keeping with the results of van Tamelen,? that the
ester 18a (R = CHj) simply underwent fragmentation
when treated with Stiles’ reagent. However, it was with
some gratification that we found, true to our expecta-
tions,** that the corresponding carboxylic acid 18a (R =
H) underwent carboxylation smoothly (if somewhat slow-
ly) and afforded a very soluble dicarboxylic acid 25 in
good yield. This seems to be a single isomer, since meth-
vlation with diazomethane gave a beautifully crystalline
diester in high yield. The dicarboxylic acid now when
treated at room temperature with a mixture of formalin
and diethylamine rapidly evolved carbon dioxide and af-
forded dl-protolichesterinic acid (16) as a highly crystal-
line white solid, mp 92-93.5°, identical in all respects with
an authentic sample and with which, when admixed, it
showed no depression in melting point.

CQZR
1'C1aH27'(O>=O -
18a
CQZH CO.H Cng CH,
n-CisHyy 0 0 n-CysHy, 0 0O
25 16

Several attempts were made to carboxylate the cis acid
18b (R = H) with the intention of synthesizing the cis iso-
mer of 16, but no discreet product could be isolated.
Spectroscopic evidence from the reaction mixture, how-
ever, suggested that the lactonic ring was being opened,
rather than carboxylation taking place, a result that
would be in accord with the strain that exists in the mole-
cule.

Finally it should be noted that recently Drieding, et
al.,15 have synthesized dl-protolichesterinic acid in 12%
vield by a Reformatsky reaction between 2-bromomethyl-
maleic anhydride and tetradecanal, thus introducing vet
another method for the synthesis of a-methylenebutyro-
lactones. Similar work has also been reported by Oehler,
et ol 16

Experimental Section

Melting points are not corrected. Nmr spectra were recorded in
deuteriochloroform on a Varian A56-60 and are not calibrated. In-
frared spectra were recorded on a Perkin-Elmer 337 spectrometer.
Silica gel used for tlc was Brinkmann PF-254.

2-Carboxy-4-phenylbutyrolactone. 4-Phenylbutyrolactone (5.0
g) was added to MMC (45 ml) and the mixture was heated
at 140° for 6 hr while a stream of dry nitrogen was passed through
the flask. After cooling, the contents of the flask were carefully
added to cold 6 N HCI (100 ml) and ether (100 ml). The mixture
was stirred and after the vigorous gas evolution had subsided the
ether layer was separated and the aqueous layer was again ex-
tracted with ether (100 m!). The combined ether extracts then
were washed four times with water, dried over anhydrous magne-
sium sulfate, and evaporated to small bulk at <40°. The residual
vellow oil (5.49 g) by tlc showed virtually no starting material to
be present. The nmr spectrum indicated that two isomers were
present, one in dominant amount. The latter could be obtaiqed
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pure by crystallization of the product from ether-petroleum ether
(bp 30-60°) as a white solid (2.2 g): mp 103-104° (lit.%-19 mp
149.3-150°); nmr 2.0-3.2 (CHj, m), 3.7-4.2 (COCHCO, m), 5.4-
5.9 (PHCHO, m), 7.4 (Ph, s), and 10.2 ppm (COgH, s); ir (film)
1770 {lactonic CO) and 1735 cm~* (COzH).

Anal. Caled for C11H1004: C, 64.07; H, 4.89. Found: C, 64.11;
H, 4.91.

2-Carboxy-4-(1'-hexyl)butyrolactone. v -Decanoic lactone (2.0
g) was carboxylated using MMC solution (20 ml) according to the
above procedure. The product was worked up in the usual way,
the crude material (2.77 g) was dissolved in ether, and the acidic
component was extracted with sodium bicarbonate solution.
Acidification of the extract and reisolation of the product using
ether led to a pale yellow oil (2.47 g, 98%) whose tlc (1:1 benzene-
ether) showed the absence of a spot for starting material but the
presence of two merging spots for the two expected isomers of the
product. Crystallization of a sample of this material from ether-
petroleum ether (bp 30-60°) afforded one isomer pure (1.1 g): mp
60.5-61.5°; nmr 4.50 (m, 1, >CHO), 3.80 (m, 1, COCHCO), and
11.00 ppm (s, 1, CO2H); ir (film) 1770, 1735 cm~— 1.

Anal. Caled for C11Hy504: C, 61.66, H, 8.47. Found: C, 61.56;
H, 8.73.

2-Carboxy-4-(1’-butyl)butyrolactone. v-Octanoic lactone (2.0
g) was treated with MMC (20 ml) as described above for v-deca-
noic lactone and the product was isolated in the same way. This
afforded 2.56 g (98%) of a pale yellow, viscous oil which failed to
crystallize. It displayed almost identical behavior with that of 2-
carboxy-6-hexylbutyrolactone, again appearing to be a mixture of
the two expected isomers; absorption bands in the nmr spectrum
were also extremely similar to the higher homolog, ir (film) 8700~
2500, 1775, and 1735 cm— 1,

Anal. Caled for CgH1404: C, 58.05; H, 7.58. Found: C, 57.95; H,
7.61.

2-Methylene-4-phenylbutyrolactone. 2-Carboxy-4-phenyl-
butyrolactone (1.50 g) was added with stirring to 7.28 ml of a
stock solution prepared from glacial acetic acid (40 ml), formalin
(29.2 ml), diethylamine (10 ml), and sodium acetate (1.1 g). The
mixture, after 5 min at room temperature, was heated on the
steam bath for 10 min, then diluted with water and extracted
with ether. The ether extract was washed with saturated sodium
bicarbonate solution. 1.0 N HCI solution, and then water and
dried over anhydrous magnesium sulfate. The ether was removed
at reduced pressure and yielded a clear, colorless, mobile oil (0.76
g) which rapidly crystallized. One recrystallization from ether af-
forded the pure material (0.71 g), mp 52.5-53.5° (lit.%-16 mp 46
and 49-54°), ir (film) 1760, 1660, and 935 cm~1.

Anal. Caled for C11H1009: C, 75.84; H, 5.79. Found: C, 75.84;
H. 5.84.

2-Methylene-4-(1’-hexyl)butyrolactone. 2-Carboxy-4-(1’-hex-
yl)butyrolactone (0.469 g} was treated with a mixture of formalin
(0.75 ml) and diethylamine (0.25 ml), and after mixing the solu-
tion was allowed to stand at room temperature until no more CO
was evolved (45 min). The mixture was then poured into saturat-
ed sodium chioride solution and ether. The ether layer was sepa-
rated, washed with water, and then evaporated to small bulk at
<40°. The residual oil (0.452 g) was then warmed for 20 min on
the steam bath with a solution of sodium acetate (0.1 g) in acetic
acid (1.0 ml). The solution was treated subsequently with a mix-
ture of ether and sodium bicarbonate solution and the ether layer
was separated and washed consecutively with 1 N hydrochloric
acid, water, and sodium bicarbonate solution, then dried over
magnesium sulfate. Removal of the solvent at room temperature
afforded 0.27 g (68%) of the desired product, whose tlc (9:1 ben-
zene-ether) showed essentially only one component to be present,
nmr 5.5 ((=CHo, t, J = 3 Hz), 6.3 (C=CHy, t, J =~ 3 Hz), ir
1760 (lactone), 1660, and 935 cm~1 (C=CH,). The mass spec-
trum of the material showed a small molecular ion peak at m/e
182 (caled for C11H1502, 182.25). At low voltages, in addition to
this peak, fragments were present at m/e 140 and 97 correspond-
ing to M — C3Hg and M — CgHis. The material became resinous
on long standing.

2-Methylene-4-(1’-butyl)butyrolactone. When 2-carboxy-4-
(1-butyl)butyrolactone (0.53 g) was subjected to exactly the same
conditions as described above for the 4-n-hexyl homolog, a 62.4%
vield of 2-methylene-4-(1’-butyl)butyrolactone was obtained. This
showed only one spot on tlc (4:1 benzene-ether)., The mass spec-
trum showed a molecular ion peak at m/e 154 (caled for
CoH1403, 154.20) and at low voltages this was the only peak evi-
dent in the spectrum apart from a peak at m/e 97 (M — C4Hy).
Its infrared spectrum (film) showed significant bands at 1760,
1660, and 935 cm~*! and was all but identical with that of the n-
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hexyl analog described above. The material polymerized on
standing.

2-Methylene-3-[(1’-pyrrolydinylcarbonyl)methyl}-4-(1-oc-
tyl)butyrolactone [2-Hydroxy-1’-(1-pyrrolidinylcarbonyl)methyl]-
decylmalonic acid y-lactone2-® (15, 0.77 g) was treated with the
stock solution (2 ml) as described above for the preparation of 2-
methylene-4-phenylbutyrolactone. After isolation of the product
in the usual way there was obtained 0.29 g (48%) of a viscous, col-
orless oil which showed only one spot on tle and whose nmr spec-
trum showed the presence of two coupled doublets at 5.60 and
6.25 ppm (J = 3.0 Hz) typical for a methylene group at the o po-
sition of a butyrolactone. The mass spectrum showed a parent ion
peak at m/e 321 (mol wt 321.25) and at low voltages this was the
only peak of significance above m/e 278, the latter corresponding
toM — CsHz; ir (film) 1760, 1640, and 955 cm~—1.

Anal. Caled for C19H31N03i C, 7099, H, 9.72; N, 4.36. Found:
C,71.11: H, 9.84; N, 4.21.

Methyl 3-Methoxycarbonyl-4-oxoheptadecanoate. Redistilled
tetradecylaldehyde (40.0 g) and dimethyl maleate (18.0 g) were
mixed and heated to about 84° under a nitrogen atmosphere.
Benzoyl peroxide (62.5 mg) was added in one portion and stirring
and heating were continued. A short time later the temperature
rose to ~86°, remained there for 3.5 hr, then fell to 84°. A second
addition of benzoy!l peroxide (62.5 mg) was then added and again
the temperature rose to 86°. Heating was then continued for an
additional 16 hr. The mixture was then distilled and the fraction
(30.3 g, 68%) that boiled at 175-185° (0.05 mm) was collected
using a steam-jacketed condenser. The product, mp 39-43°, crys-
tallized in the receiver. A sample recrystallized for analysis had
mp 44-45° nmr 2.61 (-CH2CO2CHs, d, J = 3.5 Hz) coupled to
the signal at 4.0 (-COCHCO2CH3, t, J = 3.5 Hz), and 2.88 ppm
(RCH,CH,CO-, d of d, J = 3.5 and 1.1 Hz), the latter probably
being due to hindered rotation about the C-4 and C-5 methylene
groups; ir (Nujol) 1725 and 1745 cm~ 1, It gave only a faint violet
color with ferric chloride solution,

Anal. Caled for CyoHg0s: C, 67.38; H, 10.18. Found: C, 67.67;
H, 10.14.

Timethyl 1,1,2-Ethenetricarboxylate. Trimethyl 1,1,2-ethane-
tricarboxylate (87.3 g, 0.43 mol) and selenium dioxide (34.3 g,
0.435 mol) were added to acetic acid and the mixture was heated
at reflux with stirring for 7 hr. The solution was cooled and fil-
tered through Celite to remove selenium, and the acetic acid was
removed in vacuo. The residue was taken up in ethyl acetate (500
ml) and the solution was washed successively with brine (100 ml)
and sodium bicarbonate solution (2 X 50 ml) and then dried over
anhydrous magnesium sulfate. Removal of the solvent left an oil
which was distilled. The fraction (60 g) which distilled at 88-98°
(0.2 mm) was crystallized from ether-hexane to give the pure
product (46.0 g, vield 53%), mp 37-39°, nmr 7.0 (vinylic H, s) and
~4 pPpm (COzCI‘Is7 3 S).

Anal. Caled for CgHq100¢: C, 47.53; H, 4.99. Found: C, 47.75; H,
5.12.

Methyl 2,3-Bis(methoxycarbonyl)-4-oxoheptadecanoate.
Freshly distilled tetradecanal (46.64 g, 0.22 mol) and trimethyl
1,1,2-ethenetricarboxylate (46.0 g, 0.227 mol) were mixed and
heated together to 81°, To the homogeneous melt there was added
benzoyl peroxide (50 mg) and an immediate exotherm was ob-
served, the temperature rising to 85°. After 1 hr a second addition
of benzoyl peroxide (50 mg) was made and 30 min later a third.
Heating was then continued for 17 hr at 80-90°. At this point nmr
analysis of a sample indicated complete reaction, and the mixture
was diluted with methanol (500 ml). When crystallization ap-
peared complete the white precipitate was removed by filtration,
washed with methanol, and air dried: yield 79.1 g (85%); mp 80~
82° nmr 3.67 (CO2CHsg, 3 s), 4.22 (g, J = 12 Hz), and 2.68 ppm
(RCH,CH2CO, m).

HAnal, Calcd for CopH3ss07: C, 63.74; H, 9.24. Found: C, 63.72;

,9.18.

cis- and trans-3-Methoxycarbonyl:4-n-tridecylbutyrolactone
(18a and 18b, R = CHj). Methyl 3-methoxycarbonyl-4-oxohepta-
decanoate (30.2 g) was dissolved in methanol (100 ml) and the so-
lution was cooled in an ice bath. Potassium borohydride (5.4 g)
dissolved in water (50 ml) and methano! (50 ml) was then added
dropwise with stirring over 30 min. The mixture was allowed to
warm to room temperature, stirred overnight, and then acidified
carefully with 1 N hydrochloric acid. Isolation of the organic ma-
terial by ether extraction led to an oil (26.9 g) which was added to
benzene containing a trace of p-toluenesulfonic acid and then
boiled for 12 hr. Again an oil was produced (23.81 g, 86%) which
by tle (10:1 benzene-ether) showed the material to consist princi-
pally of two components which ran very close together. Direct
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crystallization of the product from methanol yielded the desired
cis ester (8.1 g), mp 65.5-68°, corresponding to the compound
with the lower R;. A sample recrystallized for analysis had mp
65-66.5°; ir (neat) 1770 (y-lactone) and 1730 cm~1 (ester); nmr
pair of doublets at 2.79 (J = 8.5 Hz) and 2.88 (J = 5.5 Hz) indic-
ative of the a hydrogens of the lactone ring, and multiplets cen-
tered at approximately 3.5 and 4.5 ppm representing the 3- and
v-hydrogen atoms, respectively, 3.8 ppm (CHjs, s).

Anal. Caled for C19H3404: C, 69.90; H, 10.50. Found: C, 69.97;
H, 10.52.

Extensive crystallization of the material in the mother liquors
using the triangulation method led to a still impure fraction (2.29
g) of the lactonic ester with the higher R;. Further purification
was effected by chromatography over silica gel using benzene con-
taining 1% ether as the eluent. Ninety fractions (35 ml each) were
collected and those (63-82) containing only the faster running
component (detected by tlc) were combined. This afforded 0.975 g
of the trans lactonic ester, which was recrystallized from metha-
nol to give plates: mp 43.5-44°; nmr 2.88 (multiplets correspond-
ing to the three hydrogens adjacent to ester carbonyl) and 4.60
ppm (>CHOCO); ir (CHCl3) 1775 (y-lactone) and 1735 c¢cm™1
(ester).

Anal. Caled for C19H3404: C, 69.90; H, 10.50. Found: C, 69.84;
H, 10.49.

cis-3-Carboxy-4-n-tridecylbutyrolactone (18b, R = H). Meth-
yl cis-3-methoxycarbonyl-4-n-tridecylbutyrolactone (1.2 g) was
dissolved in dioxane (35 ml), and 6 N hydrochloric acid (20 ml)
was then added. The mixture was refluxed for 5 hr, cooled, and
diluted with ether and water. The organic layer was removed and
extracted with sodium bicarbonate solution and the extract was
then reacidified with 6 N hydrochloric acid. Extraction with ether
in the usual way then led to a crystalline white powder (1.0 g),
mp 114-116°. A sample recrystallized for analysis from benzene
formed nacreous plates, mp 115-116.5°. Its nmr spectrum was
very similar to that of the starting ester except for the presence of
the OCHj band, while its infrared spectrum showed carbonyl ab-
sorption at 1775 and 1720 em~ 1.

Anal. Caled for CygH3004: C, 69.19; H, 10.32. Found: C, 69.06;
H, 10.32.

trans-3-Carboxy-4-n-tridecylbutyrolactone (18a, R = H).
Methyl 2,3-bis(methoxycarbonyl)-4-oxoheptadecanoate (21, 20 g),
ethanol (200 ml), and Raney nickel (W4, 50 g) were placed in a
stainless steel high-pressure bomb and hydrogenated at 1300 psi
and 150° for 36 hr. When the product was worked up, tlc (10%
Et;0 in benzene) showed starting material still to be present and
the hydrogenation was repeated using 2 g of catalyst for an addi-
tional period of 42 hr. Isolation of the product afforded a thick oil,
which was dissolved in methanol (200 ml) containing dissolved
sodium (0.2 g). The solution was set aside for 6 days to allow
equilibration to occur. The mixture was then diluted with water
(50 ml) containing potassium hydroxide (10 g) and stirred for 15
hr at room temperature. The methanol was removed in vacuo at
<40° and the residual liquid was then diluted to 250 ml with
water, cooled in ice, neutralized with 2 N hydrochloric acid, and
then heated briefly to effect decarboxylation. Isolation of the
product by ethyl acetate (3 X 100 ml) extraction afforded a thick
oil (9.5 g) which partially crystallized on standing. Crystallization
of the material from methanol then afforded the desired lactonic
acid 18a (R = H) as plates (1.6 g), mp 100-102°. A sample pre-
pared for analysis had mp 101-102.5°.

Since decarboxylation did not seem complete, the remaining
material, after removal of the methanol, was dissolved in a mix-
ture of 5 N hydrochloric acid and dioxane (100 m}) and the solu-
tion was refluxed again for 3 hr. Acidification of the cooled liquid
and isolation of the organic material by ethyl acetate extraction
(2 X 50 ml) led to a waxy solid, which afforded additional lacton-
ic acid (1.5 g), mp 99-102°, when crystallized from methanol:
total yield 20%; nmr 2.96 (H adjacent to carboxylic carbonyl, m),
4.67 (>CHO, m), and 11.23 ppm (COzH, s); ir (CHClg) 1775 and
1715 em~—1,

Anal. Caled for C15Ha204: C, 69.19; H, 10.32. Found: C, 69.14;
H, 10.25.

A sample of the acid was esterified using diazomethane and af-
forded the methyl ester, mp 40-42°, undepressed in melting point
when mixed with a sample prepared recording to the previous
method. The infrared spectra of the two samples were also identi-
cal.

3-(1,1-Dihydroxytetradecyl)glutaric Acid Di-y-lactone. Tri-
carballylic acid (2.1 g) was added in three portions over 3 hr to
tetradecanoic anhydride containing a trace of calcium chloride,
maintained at 185°. After 8 hr no more CO; was evolved and the
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reaction mixture was cooled to room temperature. Hexane (~25
ml) was added and the mixture was stirred at 0° until crystalliza-
tion was complete. The solid was removed by filtration, washed
with hexane, and dissolved in ether. The ether solution was
washed quickly with sodium bicarbonate solution, dried
(MgS0,), and decolorized with charcoal. Concentration of this
solution afforded white crystals (4.5 g) of the desired product, mp
95-97°, ir (Nujol) 1785 and 1810 em~ 1.

Anal. Caled for C19H3504: C, 70.33; H, 9.94. Found: C, 70.41;
H, 9.93.

trans-3-Carboxymethyl-4-tridecylbutyrolactone (22, R = H)
and Its Methyl Ester (22, R = CHs). The bislactone 21 (1.3 g)
was dissolved in 1.0 N potassium hydroxide solution (12 ml) by
warming on a steam bath. Sodium borohydride (0.38 g) was then
added in small portions over 10 min, and heating was continued
for 4 hr. The solution was cooled to room temperature, acidified
with 6.0 N hydrochloric acid (10 ml), and then extracted with
ether. Isolation of the product in the usual way led to 1.26 g of a
white solid, mp 65-72°, Recrystallization of this material from
methanol afforded the desired product (0.8 g): mp 78-80°% ir
(CHCl;3) 1710 (CO2H) and 1770 cm~1 (y-lactone); nmr ~2.556 (-
CH>COs, 2 multiplets superimposed), 4.13 (>CHO, m), and 14.75
ppm (CO2H, s).

Anal. Calced for C19gHg404: C, 69.90; H, 10.50. Found: C, 70.08;
H, 10.38.

A sample of the acid was treated with ethereal diazomethane
and the neutral product was isolated in the usual way. Two crys-
tallizations from petroleum ether (bp 20-60°) afforded the pure
methyl ester, mp 42-43°, ir (CHCl3) 1735 and 1770 cm~—1,

Anal. Caled for CooHas04: C, 70.54; H, 10.66, Found: C, 70.18;
H. 10.82.

Homologation of trans- and cis-3-Carboxy-4-n-tridecylbutyr-
olactone. The acid lactone 18a (R = H) (377 mg) together with
about 0.5 ml of benzene was treated dropwise with thionyl chlo-
ride (0.65 ml). A microdrop of dimethylformamide was added and
the mixture was heated on a steam bath for 3 hr. The solvent and
excess reagent were removed under reduced pressure, leaving a
yellow liquid which quickly crystallized. Without further purifica-
tion the material was dissolved in dry ether (5 ml) and added
dropwise to a cold, stirred solution of excess diazomethane in
ether. The solution was allowed to warm to room temperature
and then left for 15 hr. Traces of polymethylene were removed by
filtration and the solvent was removed under reduced pressure at
<40°. The resulting diazo ketone (450 mg), an off-white powder,
was dissolved in methanol (25 ml) and to this solution was added
slowly a solution of ~0.5 g of silver benzoate in triethylamine (5
ml). The mixture rapidly became dark brown in color and a little
N2 was evolved. It was then refluxed for 15 hr to complete gas ev-
olution, and allowed to stand overnight. Ether and water were
added to the mixture and the ether extract (~400 ml) was
washed with 6 N hydrochloric acid, saturated sodium bicarbonate
solution, and water, then finally dried (MgSO4). Removal of the
ether left an oil which crystallized when scratched. A gle (QF-1,
250°) of this material revealed the presence of two components in
the ratio ~90:10, both having substantially longer retention times
than those of either of the methyl esters of the starting trans acid
or its cis isomer. Admixture of a small quantity of the trans ho-
molog 22 (R = CHj3) prepared via the Fittig reaction augmented
the larger and faster moving of the two peaks. Crystallization of
the product from petroleum ether (bp 30-60°) then afforded pure
22 (R = CHj), mp 42.5-48.5° (207 mg), whose spectral character-
istics did not differ from those of the authentic specimen. On ad-
mixture no depression in melting point was observed.

When cis-3-carboxy-4-n-tridecylbutyrolactone (18b, R = H)
was subjected to the exact same homologation procedure, a mix-
ture of the same products was obtained as judged by glc and
spectral methods. The ratio of the products varied, however, de-
pending on the run, being 50:50 on one occasion and 80:20 in favor
of the trans isomer on another. Attempts to obtain substantial
quantities of the slower running component (cis isomer) in a pure
state were unsuccessful. However, a few micrograms were isolated
by glc and submitted to low-resolution mass spectrometric analy-
sis. This revealed a small molecular ion peak at m/e 340 and a
substantial peak at M — 183 indicative of the loss of the Ci3Hzy
side chain.

Carboxylation of trans-3-Carboxy-4-n-tridecylbutyrolactone.
The acid (716 mg) was mixed with methyl methoxymagnesium
carbonate solution (30 ml) and heated at 130-135° for 60 hr under
a slow stream of dry, oxygen-free nitrogen. The mixture when cool
was poured into ether (100 ml), then acidified with 6 N hydro-
chloric acid. The ether extract was separated and extracted with



Metal-Catalyzed Reaction of 8-Quinolyl Sulfate

saturated sodium bicarbonate solution. The latter in turn was
acidified in the cold with hydrochloric acid and the desired com-
pound was isolated by ether extraction. Removal of the ether af-
forded a tan-colored, -crystalline material (761 mg, 92.5%), mp
80-85°, whose tlc (1:1 ether-benzene, containing a trace of formic
acid) showed only one spot. Because the diacid 25 was very solu-
ble in all of the common solvents, a specimen was purified by
preparative tle, mp 84-86°, ir (neat melt) 1785, 1735, 1220, 1165,
and 970 cm~ 1.

Anal. Caled for C19H3204: C, 64.02; H, 9.05. Found: C, 64.39;
H, 9.23.

2,3-Bis(methoxycarbonyl)-4-n-tridecylbutyrolactone. The di-
carboxylic acid (124 mg) was treated with a solution of diazo-
methane in ether until a faint yellow color persisted. The solvent
was removed under reduced pressure and the residue was recrys-
tallized from methanol. This afforded the pure diester: mp 43-
45°; ir (film) 1635 (CO2CHsg) and 1675 cm~ 1! (y-lactone); nmr 3.63
(CO2CHjs, s), 3.87 (CO2CHjg, s), and 4.47 ppm (CHO-, m). Both
signals due to the hydrogens o to the ester functions lie partially
under the methoxy hydrogen peaks and could not be accurately
identified.

Anal. Caled for C19H3404¢: C, 65.59; H, 9.44. Found: C, 65.57;
H, 9.48.

d{-Protolichesterinic Acid (16). The dicarboxylic acid (504
mg) was treated at room temperature with a solution prepared
from 0.6 ml of formalin and 0.2 ml of diethylamine. As the solid
dissolved a substantial amount of gas evolution occurred. Stirring
was continued for 3.5 hr and ether, followed by saturated sodium
chloride solution containing a few drops of hydrochloric acid, was
added to the reaction mixture. The ether extract was washed
with salt solution and then dried (MgSOy). Removal of the ether
under reduced pressure then led to an oil which rapidly crystal-
lized. The crude solid (192 mg, ~40% yield) had mp 65-83° and
after one crystallization from acetic acid had mp 90-92° (160 mg).
Further crystallization from the same solvent provided the ana-
lytically pure di-protolichesterinic acid: mp 92-93.5% ir (CHCls)
1715 (COzH), 1760 (v -lactone), 1665, and 960 cm~ 1 (=CH,); nmr
3.64 (CHCO2H, m), 4.80 (CHO, m), 6.0 =CH, d, J = 3.0 Hz),
6.43 =CH, d, J = 2.8 Hz), and 15.3 ppm (CO2H, s). Both spec-
tra were identical with that of an authentic specimen. When the
latter was mixed with our material no depression in melting point
was observed, mmp 92-93°.

Anal. Caled for C19H3204: C, 70.33; H, 9.94. Found: C, 70.18;
H, 9.91.
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The effect of Cu(Il) and 8-hydroxyquinoline~Cu(Il} complex on the hydrolysis and alcoholysis of 8-quinolyl
sulfate in polar solvents was examined. The hydrolysis rate of 8-quinolyl sulfate in dimethylformamide contain-
ing water (1%, v/v) at 20° gave good pseudo-first-order plots (kgpsa 6.5 X 1073 hr-1), while it was markedly en-
hanced by the addition of Cu(II) (0.5 molar equiv) or 8-hydroxyquinoline-Cu(II) complex (0.1 molar equiv), al-
though no satisfactory pseudo-first-order plots were obtained in these cases. Both Cu(Il) and its 8-hydroxyquin-
oline complex also accelerated the alcoholysis of 8-quinolyl sulfate in dimethylformamide or pyridine contain-
ing ethanol (10%, v/v each). The effect of 8-hydroxyquinoline-Cu(Il) complex was more than that of Cu(Il) in
both the hydrolysis and alcoholysis of 8-quinolyl sulfate, The factors (water content, solvent, metal ion) which
affect this metal-catalyzed reaction were examined and a possible mechanism for this reaction was discussed.
This metal-catalyzed reaction of 8-quinolyl sulfate was applied successfully for the preparation of p-galactose

6-sulfate, adenosine 5'-sulfate, and dextran sulfate,

Recently, the reactions of 8-quinolyl derivatives of
amino acids® and phenylphosphoric acid? and their appli-
cation to the synthesis of peptides and phosphate esters
have been reported. In 1967, Hay and Edmonds3 reported

a kinetic study of the hydrolysis of 8-quinolyl sulfate cata-
lyzed by cupric ions in aqueous media, and, in 1971, Mu-
rakami and Sunamoto? reported the solvolysis of 8-quino-
lyl dihydrogen phosphate in the presence of some bivalent



