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the trifluoroacetate (5.50 k), the malonate (5.61 and
5.64 u), and the oxalate (5.55 and 5.64 u). The
gem~dinitro absorptions occurred between 6.32-6.35
and 7.52-7.56 u except for the malonate (6.30 and
7.51 ), the trifluoroacetate (6.30 and 7.47 u), and
the 2-trifluoromethylacrylate (6.31, 7.45 u, and
7.54 sh).

EXPERIMENTAL

Trifluoroacetic anhydride (TFAA) esterification method.
One-fourth mole of the acid was slowly added to 55 g. (0.26
mole) of trifiucroacetic anhydride with stirring and cooling.
To this stirred solution an equivalent amount of the alcohol
was added at such a rate as to maintain gentle refluxing.
After the addition was complete the solution was maintained
at 60° for 4-5 hr., after which volatiles were stripped from
the reaction mixture at 60°/40-50 mm. The residue was
dissolved in ether, washed with ice water, washed free of
acid with 59, sodium bicarbonate solution, and finally with
water. After drying the solution with anhydrous magnesium
sulfate, the ether was removed, and the product distilled
through a 12-cm. vacuum-jacketed Vigreux column or a
Hickman molecular still. Several of the crystalline esters
were further purified by recrystallization from suitable
solvents.

Polyphosphoric acid (PPA) esterification method. To s
solution or suspeunsion of 0.25 mole of the acid or anhydride
in 150 g. of polyphosphoric acid at 50° an equivalent amount
of the aleohol was added in portions with stirring. When the
mildly exothermic reaction diminished, the reaction mixture
was warmed to 75° for 3-4 hr., poured over ice while still
warm, and the product extracted with ethyl acetate or
ether. After washing free of acid with 5% sodium bicarbon-
ate solution, the product was isolated and purified as de-
scribed in the above method.

2,2-Dinitropropyl N-ethylcarbamate. A solution of 8.2 g.
(0.114 mole) of ethyl isocyanate and 17 g. (0.113 mole) of
2,2-dinitropropanol in 200 ml. of chloroform was heated
under reflux for 18 hr. Removal of the chloroform under
reduced pressure and distillation of the residue from a
Hickman still at 78-80°/0.02 mm. gave the theoretical yield
of product with the properties given in Table 1.

2,2-Dinitropropyl N-ethyl-N-nitrocarbamate. To a solution
of 13.3 g. (0.06 mole) of 2,2-dinitropropyl N-ethylcarbamate
in 125 ml, of acetic anhydride was added 1009, nitric acid
(125 ml.) while the temperature was kept below 10°. After
0.5 hr. the nitration mixture was poured over ice and the
crude nitro eompound was filtered, washed with water, and
dried under vacuum giving 6 g. (37%) of product. After
one crystallization from 95% ethanol, the 2,2-dinitropropyl
N-ethyl-N-nitrocarbamate had the properties listed in
Table I. The carbonyl absorption occurred at 5.59 x and the
nitro at 6.30, 7.50, and 7.72 u in the infrared.®

Tris(2,8-dinitropropyl) phosphate. Phosphorus oxychloride
(15 g.; 0.1 male) was added to a solution containing 45 g.
(0.3 mole) of 2,2-dinitropropanol and 0.2 g. of phosphorus
trichloride in 100 ml. of toluene. After refluxing the mixture
for 16 hr., the volatiles were removed under reduced pres-
sure, 50 ml. of toluene was added, and the solution decolor-
ized by percolating through a small activated charcoal
column. Chilling the concentrated solution gave 13 g. (25%)
of the ester having the properties listed in Table I.

2.2-Dinitropropyl 2-trifluoromethylacrylate. A solution of
15 g. (0.1 mole) of 2,2-dinitropropanol and 75 ml. of benzene
was refluxed in a flask equipped with a water separator until
no more water collected in the separator. 2-Trifluoromethyl-
acrylic acid® (14 g., 0.1 mole) and 1 ml. of coned. sulfuric
acid were added and the mixture refluxed for 16 hr. while
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1.5 ml. of water (theory = 1.8 ml.) was collected in the
separator. After washing the reaction mixture with 5%
sodium bicarbonate solution, then with ice water, and drying
over calcium sulfate the solvent was removed under reduced
pressure giving 8.6 g. (32%) of crude white solid. Recrystal-
lization from isopropyl ether gave an analytical sample with
the properties given in Table 1.

2,2-Dingtropropyl 4-nitro-4-azahexanoale. Addition of ethyl-
nitramine to 2,2-dinitropropyl acrylate! by the method
previously described® gave this ester with the properties
listed in Table I in 639 yield. The carbonyl absorption
occurred at 5.65 4 and the nitro at 6.32, 6.56, 7.55, and
7.74 p in the infrared.s

Los ALaMos SCIENTIFIC LABORATORY
UNIVERSITY OF CALIFORNIA
Los Arnamos, N. M.

(8) T. M. Benziger, R. K. Rohwer, and W. H. Stein,
U. 8. At. Energy Comm. LAMS-1974 (1956), and references
to the original work by Aerojet-General Corp. cited therein;
Chem, Abstr., 54, 24363 (1960).

(9) L. W. Kigsinger and M. Schwartz, J. Org. Chem., 23,
1342 (1958).

Tris(n-butyl)phosphine Sulfide
Ravrru A. ZiNGARO AND RayMoND E. McGLOTHLIN

Received May 156, 1961

Davies and Jones! reported that tris(n-butyl)-
phosphine reaets vigorously with sulfur, and more
recently Chernick, Pedley, and Skinner? have
measured the heat of reaction of tris(n-butyl)yphos-
phine with sulfur. However, neither of these groups
of investigators isolated or identified tris(n-butyl)-
phosphine sulfide. This compound is not reported
by Kosolapoff,® and a careful search of the litera-
ture indicates that it has not been isolated or charac-
terized. We have had need for this material, and its
preparation and properties are herein reported.

Tris(n-butyl)phosphine reacts with bromine in
hexane to form a heavy white precipitate of tris-
(n-butyl)phosphine dibromide. Addition of hy-
drogen sulfide to the latter results in the formation
of tris(n-butyl)phosphine sulfide hydrobromide
which separates out as a heavy oil and leaves any
tris(n-butyl)phosphine oxide in solution, thus
simplifying an otherwise difficult separation.

EXPERIMENTAL

The reaction must be carried out in a dry, nitrogen atmos-
phere. Into a 2-1., three-neck, oven-dried flask containing
101 g. (0.5 mole) of tris(n-butylphosphine in 1 1. of dry hex-
ane, equipped with a stirrer, and gas inlet and outlet tubes
was added dropwise, 80 g. (0.5 mole) of bromine. A volumi-
nous white precipitate of tris(n-butyl)phosphine dibromide
was formed. Hydrogen sulfide gas was then bubbled through
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the suspension until all of the solid bromine addition eom-
pound was converted to the heavy orange oil, tris(n-butyl)
phosphine sulfide hydrobromide. The oil, following separa-
tion from the hexane layer, was taken up in ether, and washed
cautiously with aqueous sodium carbonate until carbon
dioxide evolution ceased. The ether layer was dried over
anhydrous sodium carbonate, and following evaporation of
the ether, the residue was carefully vacuum distilled. A
number of distillations were necessary to obtain a pure
product in yields of 25-40%,. Tris(n-butyl)phosphine sulfide
is a pale yellow oil possessing the following properties:
b.p. 137-138° at 1.1 mm.; n2® 1.4945; dy, 1.0339 g./ml.
Anal. Caled. for Ci;H»PS: C, 61.49; H, 11.61; P, 13.22;
S, 13.68. Found: C, 61.69; H, 11.76; P, 13.28; S, 13.83.
Tris(n-butyl)phosphine, tris(n-butyl)phosphine oxide, and
tris(n-butyl)phosphine sulfide are characterized by infrared
absorption bands at 718 and 742 em. ™! which is the region
of the P—C and the P—S stretch. However, tris(n-butyl)-
phosphine sulfide shows a much stronger intensity in the
742 em. "1 band than do the other compounds. This suggests
that the P—S8 and P—C vibrations in the tris(n-butyl)-
phosphine sulfide molecule overlap at this frequency.
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Studies have been initiated in this laboratory
into the biosynthesis of caldariomyein,*™ a chlo-
rine-containing metabolite of the mold, Caldario-
myces fumago. Clutterbuck et al.b isolated this
compound in 1940 and proposed 2,2-dichloro-1,3-
cyclopentanediol as the most likely structure for
caldariomycin. Caldariomycin is optically active,
therefore the natural product was designated as
one of the frans-hydroxyl isomers (VIa or VIb).
Since the structure assignment was based largely on
degradative studies and represented a choice be-
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tween possible alternatives, we proceeded to
establish the structure of caldariomycin by syn-
thesis.

We now wish to report the synthesis of a racemic
mixture of the #rans-hydroxy! isomers of caldario-
mycin by the following steps:
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3,5-Cyclopentenediol (I) was separated from a mix-
ture of 3,4- and 3,5-cyclopentenediols® by fractional
distillation and was oxidized with chromic acid in
acetone according to the procedure of DePuy
and Zaweski.” The product, 3,5-cyclopentenedione
(II), obtained in 459, yield, was then reduced with
hydrogen over 109, palladium-on-charcoal in
chloroform to yield 1,3-cyclopentanedione (III).
After recrystallization of III from ethyl acetate,
IIT was chlorinated with a slight excess of sulfuryl
chloride. After recrystallization from ether and
sublimation, s compound was obtained in 809,
yield giving the correct analysis of 2,2-dichloro-
1,3-cyclopentanedione (IV). In addition, the strong
ultraviolet absorption associated with III had been
almost completely eliminated, and a sole carbonyl
band was observed in the infrared spectrum at 5.62
u. Both these spectral features are indicative of the
hindrance of any resonance in the formerly highly
enolized g-diketone grouping. On the basis of this
evidence and the analytical data, the compound
was designated as 2,2-dichloro-1,3-cyclopentane-
dione.

Hantzsch® has proposed structure IV for a com-
pound, m.p. 118°, obtained from a base-catalyzed
chlorination of phenol. In contrast to IV obtained
by the chlorination of III, the Hantzsch product
exhibited color with ferric chloride reagent. This
latter result would not be expected of IV, since
enol formation is strongly inhibited in this com-
pound. In addition, prior to carrying out the pres-
ent synthesis, we attempted to prepare IV by
Hantzsch’s procedure without success. It seems
most probable, therefore, that Hantzsch incorrectly
assigned structure IV to his compound.

When the dichloro diketone (IV) was reduced
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