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Studies to elucidate details of the metabolism?3 of
the physiologically important ecyclopropenoiec acids
have made the availability of these acids highly de-
sirable. Several devised syntheses have provided pos-
sible routes but the low overall yield realized in these
procedures offered no satisfactory solution to the prob-
Iem.*~7 Recently, however, Gensler and his asso-
ciates™® published a method for the synthesis of methy]
sterculate with an overall yield in the order of 309,
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A vital sequence in their synthesis was the decarbonyla-
tion of 2 to 7 via the corresponding biacid chloride 4.

We have now developed an alternate method (reac-
tion 2 — 7) for a direct decarbonylation of 2 by em-
ploying either fluorosulfonic or chlorosulfonic acids®
and we have arrived at the final methyl sterculate 7 in
a three-step synthesis (60-65%, yield). Fluorosulfonic
acid in methylene chloride reacted upon 9,10-(car-
bethoxymethano)-9-octadecenoate and the reaction
proceeded with gas evolution and formation of cyclo-
propenium cation ester 6. The obtained yield as a
function of the amount and the concentration of the
reagent are given in Table 1.

TasLe I
DeTerMINATION OF THE PER CENT DECARBONYLATION
oF THE CYCLOPROPENIUM CARBONYL BY
Fruorosurronic Acip AT Room TEMPERATURE®

Amount of FSOsH Cyclopropeniod  Decarbonyla-

FS0:H, in CH:Cl,, diester, tion,
mmol M mmol %

5.25 0.28 5.25

5.25 0.53 5.25

5.25 1.72 5.25 10
34.58 1.72 5.25 25
43.74 4.37 5.25 20
43.74 17.50 5.25 100

¢ The extent of decarbonylation was followed by monitoring
the disappearance of the cyclopropenium carbonyl absorption at
1730 em~* after complete work-up of the solution., * Reaction
time 1 hr.

The analogous reaction with a solution of chlorosul-
fonic acid in methylene chloride was difficult to predict.
In that respect, the difference in performance between
chlorosulfonic and fluorosulfonic acids may be due to
the high ionizing power and low nucleophilicity of the
latter.® However, when chiorosulfonic acid was added
without any previous dilution it performed better than
fluorosulfonic acid and the reaction proceeded and af-
forded cyclopropenium cation ester. We elected to
use fluorosulfonic acid in methylene chloride as our
standard decarbonylation reagent.

Experimental Section

Melting points and boiling points are uncorrected. Elementary
analyses were performed by Clark Microanalytical Laboratory,
Urbana, I1I. Infrared analyses were made in CCl, solution on a
Beckman 1R-7 spectrophometer. All nmr spectra were taken on
a Varian A-60A instrument as saturated solutions in chloroform-d,
using tetramethylsilane as the internal standard. Chemical
shifts are reported in = units (r 10.00 for tetramethylsilane).
Glpc analyses were carried out on a Barber-Coleman Model 5000
equipped with a flame ionization detector. The column (6 ft X
1/gin. glass) was packed with 109, EGS on Chromosorb W 60-80
mesh. The temperature was 175° and the helium flow was 45
ml/min.

Methyl Stearolate (1).—Stearolic acid, mp 45.5-46.0°, was
synthesized according to the method of Butterfield and Dutton.!?
Methyl stearolate prepared with diazomethane gave a single peak
on glpe with a relative retention time of 1.90 (methyl stearate
1.00).

(9) Decarbonylation with sulfur trioxide in sulfuric acid, fluorosulfonic
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and aromatic cyclopropenium carbonyls [D. G. Farnum, G. Mehta, and
R. G. Silberman, 1bid., 89, 5048 (1967)]. Also, the possibility that this kind
of decarbonylation could be applied to their compounds was suggested by
Gensler, Floyd, Yanase, and Pober (see ref 8).
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Preparation of 9,10-(Carbethoxymethano)-9-octadecenoate (2).
—Ethyl diazoacetate (3.4 g, 29.3 mmol) in the presence of 0.2 g
of powdered copper bronze!? was allowed to react with 5.9 g (20
mmol) of methyl stearolate to form the corresponding cyclo-
propenoid diester 2 as previously described.® Subsequently it
was cooled to room temperature, filtered to remove the catalyst,
and distilled in vacuo, bpt 174-176° (0.05 mm). The desired
diester 2 was obtained in this way as a yellowish oil (3.9 g, 15.4
mmol, 77% yield).

Preparation of the Fluorosulfonic Acid Decarbonylation Re-
agent.—This reagent was prepared by mixing 2.5 ml of fluoro-
sulfonic acid in 2.5 ml of methylene chloride at room temperature.
The resulting 509, (v/v) solution contained 43.7 mmol of fluoro-
sulfonic acid (17.5 3).

Decarbonylation of 9,10-(Carbethoxymethano)-9-octadeceno-
ate (2).—Throughout the experiment a current of argon blanketed
the reaction mixture. Decarbonylation was accomplished by
slowly dropping 5 ml of the 17.5 M fluorosulfonic acid solution
on 5.25 mmol of cyclopropenoid ester over a 0.5-hr interval at
room temperature. After the solution had stood for an additional
0.5 hr, 20 ml of cold (—78°) methylene chloride was added and
5 g of type 4A or 5A molecular sieves.’® The cold solution with
the molecular sieves was allowed to stand for 1 hr under argon.

Preparation of the Sodium Borohydride Reducing Solution.—
A three-necked round-bottomed flask equipped with a magnetic
bar stirrer was placed in a Dry Ice-trichloroethylene bath main-
tained at —50°. Sodium borohydride (1 g) was charged in the
flask followed by 25 ml of a stock solution of methanol saturated
with sodium hydroxide. The reaction was blanketed by argon
all the time and the solution was stirred and allowed to stand at
—50°. This solution was designated as a 1.05 M sodium boro-
hydride reducing reagent.

Methyl Sterculate (7).—Under a blanket of argon, the cyclo-
propenium cation solution was slowly dropped into the 1.05 M
sodium borohydride reducing reagent. The mixture was stirred
for 20 min at —50°. After stirring for an additional 10 min, the
reaction mixture was allowed to warm to room temperature.
During the reduction of the brown cyclopropenium cation solu-
tion, gas evolved and the solution was placed in a separatory
funnel containing 10 ml of cold (—78°) petroleum ether (bp 55—
60°) and 50 ml of saturated sodium bicarbonate. The ethereal
layer was removed and further extraction was accomplished with
two 50-ml portions of petroleum ether. The combined extracts
were washed with water and dried over anhydrous sodium sulfate
at room temperature for 2 hr. The dry petroleum ether solution
was filtered and the solvent was evaporated under reduced pres-
sure. The residual yellow oil in a small volume of petroleum
ether was placed on top of a 1.2 X 100 cm column of 200-325
mesh silicic acid (Unisil)* prepared as a slurry in petroleum ether
under a blanket of argon and water jet pump vacuum. A total
of 750 ml of petroleum ether was passed through the column.
Fractions of 50 ml were collected and the elutions were monitored
by using silica gel G tlc and a solvent system. consisting of petro-
leum ether-diethyl ether (95:5, v/v). All eluates which furnished
a compound with the same R: value as a reference methyl stercu-
late were combined. Ewvaporation of the solvent under vacuum
at room temperature yielded a colorless oil (1.03 g, 65%,).

The synthetic methyl sterculate (Anal. Caled for CoyHsOs:
C,77.82; H,11.76. Found: C,77.72; H, 11.61) gave a positive
Halphen test. In infrared absorption spectra it showed peaks
at 1750 (carbonyl), 1880 (cyclopropene), and 1020 cm ! (cyclo-
propene). In the last case, the vibration given by cyclopropenes
normally at 1010 was shifted to 1020 cm™ due to the way the
spectra were taken, Masson®® also reported a value of 1020 cm ™
for methyl sterculate when its infrared spectrum was taken in
carbon tetrachloride. A check using pure methyl sterculate pre-
pared from natural sources!® verified this observation.

In nmr is showed signals at 9.23 (s, 2 H, cyclopropenyl CH,),
9.10 (m, 3 H, distal terminal CHj3), 8.63-8.71 (m, 22 H, internal
CH,), 7.61-7.78 (diffuse m, 6 H, « to cyclopropeny! and —CO;-
CH;), and 6.32 ppm (s, 3 H, methyl ester CH;). Generally,
the spectra were identical with those obtained with pure methyl
sterculate obtained from sterculia foetida. ¥urthermore, the
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synthetic and natural materials gave single spots with the same
R: value on thin layer plates and identical gas chromatographic
curves.t
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The Cotton effect associated with the 1Ly 7— 7* transi-
tion? has been reported to be a reliable guide to the ab-
solute configuration of both the ephedrine and the
chloramphenicol stereoisomers.? This 'L; absorption
band, as measured via circular dichroism (CD), is now
used to assign the absolute configuration of the phenyl-
2-piperidylearbinols (1 and 2).
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The diastereomeric carbinols (1 and 2) were prepared

2a
vie the reduction of phenyl 2-pyridyl ketone with
Brown catalyst,* which is a modification of the method
of Crook and McElvain,® and separated via fractional
crystallization. Diastereomers 1 and 2 were demon-
strated to be erythro and threo, respectively, by acyl
migration studies.® This conclusion is confirmed by
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