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fluorophosphate is described to illustrate the procedure used
in the preparation of the aminophosphonium hexafluorophos-
phates.

An aqueous solution of P-benzyl(f-butylamino)diphenyl-
phosphonium chloride was added with stirring to an aqueous
solution of potassium hexafluorophosphate. A granular precipi-
tate of the aminophosphonium hexafluorophosphate forms im-
mediately. The precipitate was washed with water and dried
in air.

Borohydrides.—The preparation of P-benzyl{i-butylamino)-
diphenylphosphonium borohydride is described.

A cold solution of 2.0 g. (5 mmoles) of P-benzyl(¢-butylamino)-
diphenylphosphonium chloride was added with stirring to a cold
solution of 0.3 g. (5 mmoles) of potassium borohydride in 25 ml.
of distilled water. The product ecrystallized immediately.
Stirring was continued for 0.5 hr. after the addition of the amino-
phosphonium chloride. The resultant product was filtered,
and the solids were washed twice with distilled water and dried
in vacuo. The white powder thus obtained melted with de-
composition at 167 ° and weighed 2.0 g. (quantitative yield).

The product hydrolyzed to benzyldiphenylphosphine oxide
(m.p. 191-192°)in 959 ethanol.

Physical and Analytical Data.—The physical properties,
analytical data, and yields for the various syntheses are sum-
marized in Table I.

Characteristic infrared bands, other than those already re-
ported,! which were useful in identifying the various amino-
phosphonium salts are listed in Table I1.

TaBrE II. INFRARED DaTaA

1 2210 (w) BH,~

15 840 (s) PFy—

A% 1630 (m) —(C=C—

VI 850 (s) —CeH,—

VII 840 (s) PFq—

IX 1070 (w) —8i—0—=8i—

Discussion

These results suggest that the method for producing
various substituted aminophosphonium salts by the
P-alkylation of the appropriate substituted amino-
phosphine has a wide range of application. Further-
more, the ready conversion of various substituted
aminophosphonium halides to the corresponding salts
with other amines has been demonstrated. Finally,
in view of the established fact that substituted amino-
phosphonium halides undergo hydrolysis to the cor-
responding substituted phosphine oxides,® the ready
synthesis of a variety of substituted aminophosphonium
halides suggests an interesting new path to complex
tertiary phosphine oxides.
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The action of alkali on pulegone dibromide is known
to afford pulegenic acid, 5-isopropylidene-2-methyl-1-
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cyclopentanecarboxylic acid (I).!~% The close struc-
tural relationship between pulegenic acid and various
naturally occurring alkaloids and terpene lactones
suggest its use as an intermediate in the elaboration of
these natural products. Consequently, we have re-
examined the formation of pulegenic acid from pulegone
dibromide and have found that a mixture of cis-Ia
and frans-Ib is produced with aqueous potassium hy-
droxide, where trans-Ib is the predominant product
when sodium methoxide is employed.

The formulation of the pulegenic acids as Ia and Ib
was supported by their spectral properties. The acids
showed end adsorption only in the ultraviolet and
did not exhibit n.m.r. signals characteristics of vinyl
protons. These observations rule out the presence of
compounds II, ITI, and IV.
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Attempts to separate acids Ia and Ib met with no
success. However, the action of dilute hydrochloric
acid on the acids afforded the lactones V, m.p. 48-49°,
and VI, m.p. 19°, which were readily separated by vapor
phase chromatography. The pulegenic acid prepared
by the use of aqueous potassium hydroxide gave a
lactone mixture comprised of 609, V and 40% VI,
whereas the acid obtained with sodium methoxide
afforded 89, V and 929, VI. The formation of iden-
tical ratios (60/40 and 8/92) of cis- and trans-2-hy-
droxymethyl - 3 - isopropylidene - 1 - methyleyclo-
pentane® by lithium aluminum hydride reduction of the
acids ensured that epimerization had not occurred
during their lactonization.
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The stereochemistry assigned to the lactones Vand VI
and their parent pulegenic acids was suggested by the
formation of lactone V, m.p. 48-49° on catalytic
hydrogenation of carvenolide (VII)" and lactone
VIII, obtained by dehydrobromination of the bromo-
lactone IX. Hydrogen addition should occur stereo-
specifically from the least hindered side of VII and
VIIT; this leads to the conclusion that the lactone m.p.
48-49° has a cis—cis configuration as depicted by V.
The lactone m.p. 19°, on the assumption it possesses a
thermodynamically stable ¢is ring-fusion, is formulated
as cis—trans V1.

The course of the Favorskil rearrangement reflects
the likelihood that pulegone dibromide is a mixture
of cis and trans isomers. Stereospecific rearrangement?
with aqueous potassium hydroxide affords a kinetically
controlled mixture of cis-Ia and trans-Ib.  With sodium
methoxide, on the other hand, methyl esters are pro-
duced initially and are subject to epimerization; the
more thermodynamically stable trans ester results and
is converted to trans-Ib during the reaction work-up.

Experimental®

trans-Pulegenic Acid-Ib.—To a stirred and cooled solution of
102 g. (0.67 mole) of (4 )-pulegone (n?¢p 1.4821, 95% by v.p.c.)
in glacial acetic acid was added dropwise 100 g. (0.626 mole) of
bromine. After stirring for 30 min. the solution was poured
onto crushed ice and the resulting oily dibromide was washed
with water. The combined water washings were extracted with
35-37° petroleum ether. The petroleum ether was added to
the dibromide and the resulting solution was washed with dilute
sodium bicarbonate solution and dried over anhydrous mag-
nesium sulfate. Attempts to purify the dibromide led to rapid
darkening and decomposition.

The dried petroleum ether solution obtained above was added
dropwise to a heated and stirred solution of 105 g. of sodium meth-
oxide in 500 ml. of methanol. The petroleum ether was distilled
from the reaction as the addition proceeded. After the addition
was completed and all the hydrocarbon had been distilled, the
solution was kept at reflux for 2 hr. Water, 300 ml., containing
20 g. of potassium hydroxide was added and the solution was
heated to reflux for 3 hr. and then steam distilled to remove
neutral by-products. The cooled distilland was extracted with
ether to remove polymeric products and then acidified with dilute
sulfuric acid. The resulting mixture was extracted with ether.
The ether solution was dried and distilled to give 66.0 g. (63%)
of Ib, b.p. 105-109° (1 mm.) [lit.} b.p. 144-150° (11 mm.)],

n¥p 1.4797, e 1,566; n.m.r. 60, 66 (CHB[_CH—)’ 98 [(CH;)e-
C=C)], 130, 140 (—CH,—), 170, 175 (—CH—), and 696 c.p.s.
(CO.H).

cis- and trans-Pulegenic Acids, Ia and Ib.—Pulegone dibromide
was prepared as described above except care was not taken to
dry the product. The crude dibromide, from 70 g. of (+)-
pulegone, was added to a heated and stirred solution of 130 g.
of potassium hydroxide in 21. of water. The undissolved organic
material floated to the top of the solution after 5 hr. After cool-
ing and extracting with ether, the alkaline solution was acidified
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and worked up as described above to give 32.7 g. of Ia and Ib,
b.p. 97-108° (0.5-0.7 mm.), n¥p 1.4767, e 1,740; n.m.r.
identical with that of Ib except for additional signals at 204

¢.p.8. (—CH—) and a shift of the carboxyl proton to 624 ¢.p.s.

cis—trans-Lactone VI.—trans-Pulegenic acid, 27 g., was heated
at reflux for 2 hr. with 200 ml. of 4:1 aqueous hydrochloric acid.
The mixture was extracted with ether and the ether solution was
washed free of unchanged acid with sodium bicarbonate solution.
The ether solution was dried and distilled to give 19.4 g. (719)
of lactone, b.p., 74-76° (0.5 mm.). Vapor phase chroma-
tography of this product indicated the presence of 8% of the cis—
cis-lactone V. A sample of VI isclated by v.p.c. showed m.p.

15-19°, vpax 5.70 g, [@]®D = 0, and n.m.r. 65, 71 (CH,—CH—),
81 (CHa—([“~CH3); and 98.4, 104.6, 145.7 and 153.4 ¢.p.s.

Anal. Caled. for C,0His0.: C, 71.39; H, 9.59.
71.71; H, 10.02.

cts-cis-Lactone V. A, From cis- and irans-Pulegenic Acids.—
The pulegenic acids obtained by rearrangement of pulegone di-
bromide with aqueous alkali were heated with 4:1 hydrochlorie
acid as described above to give a liquid b.p. 82-84° (2 mm.).
Repeated recrystallization from petroleum ether at —78° gave
a solid m.p. 30-32° which was shown to be a mixture of V and VI.
Analysis of the original product by v.p.e. indicated the presence
of 609, V and 409, VI. cis—cis-V isolated by v.p.c. showed m.p.
47-48° [alD —75.8%, vmex 5.72 u (lit.,14 m.p. 50-51°, [alD
—56.85°).

B. From the Unsaturated Lactone VIII.—To a solution of
0.99 g. of ¢is-Ia and ¢rans-Ib in carbon tetrachloride was added
1.28 g. of bromine. The resulting solution was washed with
water and sodium ecarbonate solution and the carbon tetrachlo-
ride was removed. The residue was crystallized repeatedly
from petroleum ether at —78° and distilled evaporatively to give
an oil, vmax 5.65 u, whose n.m.r. spectrum indicated the presence
of a mixture of stereoisomers.

Anal. Caled. for C,)H,;;BrO.: C,48.59; H,6.12.
48.75; H, 5.87.

Addition of bromine to trans-Ib afforded a crystalline bromo-
lactone, m.p. 30-31°; n.m.r., 77, 83 (CH,—CH—), 87.5, 97.5
l

Found: C,

Found: C,

((CH3)C), 123, 169, and 171 c.p.s.
AN

The mixture of stereoisomeric bromolactones obtained above
was heated for 4 hr. with triethylamine in benzene. The tri-
ethylamine hydrobromide was removed and the solution was
washed with water and dilute hydrochloric acid. The solvent
was removed and the residue recrystallized from petroleum
ether at —78° to yield a white solid, m.p. 39-39.5°. Subli-
mation ¢n vacuo raised the melting point of VIII to 40.5-41.5°
(lit.,’» m.p. 44-45°). The lactone VIII displayed Apax 222 mu,
€ 9,170, vmax 5.72 u, and n.m.r. signals at 68, 74 (CH,—CH—),

86.6 ((CHs)QC\), 149.6,152.2, and 170.6 c.p.s.

Anal. Caled. for C[oH14022 C, 7226, H, 8.49.
72.22; H, 8.45.

A solution of the lactone VIII in ethyl acetate was hydro-
genated using platinum oxide as a catalyst. After removing
the catalyst and solvent, the residue was recrystallized from
petroleum ether to give a white solid, m.p. 48.5°, [a]p —77.8°,
whose infrared spectrum was identical with that of the lactone V.

C. From Carvenolide VII.—Carvenolide (VII) was prepared
from d-carvone according to the procedure deseribed by Wallach”
and showed m.p. 41°, [«]p —183°, end absorption only in the
ultraviolet, ez 1,000, vy, 5.6? u, and a n.m.r. spectrum, 78.8,
85.4 ((CH,).C), 105:(CH3——(’3=|C——), 142 (—CH;—), an octet
centered at 187 (R,CH—), 196.9, 207 (CO——CH——C=(|J), and
302 c.p.s. (CH=C—), consistent with the assigned structure
VII. Hydrogenation of carvenclide in ethyl acetate using
platinum oxide as a catalyst afforded a white solid, m.p. 48-49°,
undepressed when mixed with lactone V, [a]p —48.1° (¢ 3.12,
EtOH), whose infrared spectrum was identical with that of
lactone V.

Found: C,



