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tinued at 94° for 1.25 hr., whereupon all the zinc had dis-
solved. Dilution with water, filtration, and recrystallization
from hexane afforded 1.94 g. of androstane17p-ol16-0ne (VII),
m.p. 137-139.5°, [alp —144.7° (chloroform). The analytical
specimen showed a m.p. of 139-141°, \&**2.84 and 6.72 k,
ACHOE 9207 my, log ¢ 1.67; R.D. in methanol (¢, 0.10): [ Jus
—162°, [alim.s —4168°, [alim.s +40656°, [l +-26656°.

Anal. Caled. for CisHzQs: C, 78.67; H, 10.41. Found: C,
78.22; H, 10.57.

Acetylation of 533 g. of VII with acetic anhydride—
pyridine and crystallization from methanol provided 5.16 g.
of androstan~178-ol-16-one acetate (VIII), m.p. 152.5-153.5°.
The analytical specimen, obtained by double sublimation at
130°/0.02 mm., exhibited a m.p. of 153-153.5; ASE 5.68,
5.73, and 8.05 u, ASX ¥ 294-300 my, log « 1.59.

Anagl. Caled. for CuHi05: C, 75.86; H, 9.70; O, 14.44.
Found: C, 75.82; H, 9.73; O, 14.94.

A solution of 3.00 g. of the above acetate VIII in 100 cc.
of dry tetrahydrofuran was added dropwise over a period of
15 min. to s stirred solution of 5.77 g. of calcium in 750 cc.
of liquid ammonia. The mixture was stirred for an additional
15 min. and the blue color was discharged with methanol.

The ammonia was allowed to evaporate overnight and the
residue was taken up in ethyl acetate, washed with water,
and evaporated. The resulting semisolid (2.24 g.) containing
an appreciable amount of androstan-16-0l® was directly
oxidized for 15 min. at 7° in acetone solution (160 cc.) in the
presence of 3.0 g. of anhydrous sodium sulfate with 3.00 cc.
of 8N chromium trioxide in sulfuric acid.** The crude product
was chromatographed on neutral alumina and the hexane
eluted material was recrystallized from methanol to give 1.52
g. of androstan-16-one (IX), m.p. 108-109.5°. Two distilla-
tions at 150°/0.02 mm. yielded the analytical sample, m.p.
109-110°, AE¥ 5.74 », NCF°H 290 my, log e 1.55; R.D. in
methanol (¢, 0.114): [alus —224°, [ahws —4050° [ahwe
—4003°, [alne.s —4592°, [alm.s +4203°, [alw +3407°.

Anal. Caled. for C1iH»0:C, 83.15; H, 11.02. Found: C,
82,74; H, 10.86.

The dibenzylmercaptal was prepared as described above for
androstan-17-one (IV) in acetic acid solution with benzyl
mercaptan and concentrated hydrochloric acid. Recrystalli-
zation from isopropyl alcohol afforded colorless crystals,
m.p. 79-81°, {«lp +8.7° (chloroform), which did not exhibit
any carbonyl band in the infrared.

Anal. Caled. for CyHuS,: C, 78.51; H, 8.79. Found: C,
78.38; H, 8.67.
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New Catalysts for the Conversion of
Isocyanates to Carbodiimides
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Aluminum isopropoxide and a variety of metal
naphthenates have been found to be catalysts for

[€Y)] From— the Ph.D. thesis, University of Delaware, of
Robert E. Read, Armstrong Cork Co. Research Fellow,
1957-1960.
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the conversion of isocyanates to carbodiimides
and carbon dioxide, as shown in Table I.

A
2 ArNCO ~=> COs 4 ArN=C=NAr
eat.

Although these new catalysts appear less active
than the phosphorus compounds,? they are some-
what more readily available.

At temperatures above 255° Il-naphthyliso-
cyanate yielded the carbodiimide and carbon
dioxide in the absence of an external catalyst.?
The evolution of carbon dioxide was an autocata-
lytic reaction, accelerated by the carbodiimide.
However, at these high temperatures the carbodi-
imide was unstable and formed oligomers.? In
the metal ion-catalyzed reactions of Table I, on
the other hand, carbon dioxide evolution followed
a pseudo-first-order rate law, and high yields of
carbodiimide were obtained at temperatures slightly
above 135°.

Isocyanates are known to form complexes with
metal alcoholates.* The intermediate leading to
the formation of carbon dioxide might involve a
complex of the metallic catalyst with the isocyanate
or with the unsymmetrical isocyanate trimer.’
The symmetrical isocyanate trimer is thought to be
a coproduct rather than an intermediate in carbo-
diimide formation. A recent paper® reports that at
room temperature the metal naphthenates are
excellent catalysts for trimer formation; however,
at the somewhat higher temperatures of the cur-
rent work the predominant product was the carbo-
diimide.

The inactivity of 1,4-diaza[2.2.2]bicyclooctanc
(DABCO) as a catalyst (Table I) indicates that
the ability to catalyze other reactions’ of isocya-
nates is not always accompanied by the ability to
catalyze the conversion of isocyanates to carbodi-
imides.

EXPERIMENTAL

To a mixture of freshly distilled isocyanate and solvent
was added the catalyst, and the mixture was heated at
reflux under a stream of dry nitrogen. Organic materials
were removed from the sweep stream (postreaction system)
by passing it through traps cooled by Dry Ice-acetone,
and carbon dioxide was determined by passage through
tared Ascarite-filled weighing tubes. Removal of unchanged
isocyanate and solvent from the reaction mixture by evapo-
ration under reduced pressure gave a mixture of catalyst and
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TABLE 1
THE CatavyzED CONVERSION OF IsocYaNATES To CARBODIIMIDES

Metal Salt, Isocyanate, Solvent,=

Moles % 10¢ Moles Moles Time, Hr. CO;, % Carbodiimide, %
None NIP  0.0415 0.325 43 2
Al 50.0 NI 0.0415 0.325 72 08 034
Mn?* 174. NI 0.15%0 0.325 157 092 904
Fe® 4.8 NI 0.0524 0.450 95 29
Co® 8.0 NI 0.0673 0.325 48 4
Cu® 11.9 NI 0.0478 0.325 165 12
Pbe 131 NI 0.0249 0.405 46 11
Ale 30.0 MDI” 0.0249 0.405 93 67 647
Als.® 20.0 MDI’/ 0.0129 0.221 20 56 41¢
DABCO’! 71.0 NI 0.041 0.024 19 0

¢ Dried and distilled xylene mixture, b.p. 135-137°, used at reflux temperature under nitrogen. ® 1-Naphthylisocyanate.
¢ Aluminum isopropoxide, which must be freshly distilled. 4 Di-1-naphthyl¢arbodiimide, m.p. 89-90°. ¢ Metal naphthenate
solution in hydrocarbon solvent (Nuodex Corp.), dried before use; concentration calculated for metal ion. 7 Methylenebis(4-
phenylisocyanate). ¢ Product, 3.8 g., had strong carbodiimide band (4.75 ) and bands characteristic of isocyanate (4.4 u)
and of isocyanate trimer (5.9 u). » Solvent was dried and distilled tetralin in this case. * Product, 1.3 g., had strong band at
4.75 u and weak bands at 4.4 u and 5.9 . ¢ 1,4-Diaza[2.2.2] bicyclooctane, Houdry Process Corp.

products. The N, N’-di-1-naphthylcarbodiimide® was a
green oil that solidified on cooling to a tan solid. The solid
carbodiimide was extracted with hot ether and the insoluble
isocyanate trimer filtered off. Cooling of the ether filtrate
gave the carbodiimide as white needles, m.p. 89-90°.
The polymeric products [from methylenebis(4-phenyliso-
cyanate) ] were washed with ether or petroleum ether
(b.p. 30-60°) before obtaining infrared spectra. The poly-
mers were a mixture of materials soluble and insoluble in
cold xylene. The insoluble portion was similar to the product
reported by Dyer and Newborn,? whereas the soluble por-
tion more closely corresponded to the recently reported low
molecular weight polycarbodiimide-isocyanates.i

Although aluminum isopropoxide had the highest activity,
manganese naphthenate was the preferred catalyst due to
the formation of fewer by-products than with the naphthe-
nate. The alcoholate gave products contaminated with
isocyangte trimer and traces of isopropyl N-naphthylear-
bamate.
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Cyclohexanecarboxaldehyde from the
Selective Hydrogenation of 3-Cyclo-
hexene-1-carboxaldehyde
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Cyclohexanecarboxaldehyde has been prepared

by many methods. However, the reported methods
require a multistep synthesis or a single step syn-

thesis under rather extreme conditions (e.g., the
oxo process). The selective hydrogenation of
readily available 3-cyclohexene-1l-carboxaldehyde
(the Diels-Alder adduct of butadiene and acrolein)
was reported by Heilbron e¢f al.! However, their
process involved slurrying the aldehyde with Raney
nickel and then hydrogenating the ‘“treated alde-
hyde” with a palladium on calcium carbonate cat-
alyst. This method was recently repeated by Naza-
rov and Zaretskaya.?

We wish to report that 3-cyclohexene-1-car-
boxaldehyde may be selectively hydrogenated to
cyclohexanecarboxaldehyde in 819, yield and
99.09 purity {gas chromatography) using comimer-
cially available 5% palladium on carbon catalyst
(Baker and Co., Inc.) without a prior treatment as
described by Heilbron et al,! provided one uses
proper reaction conditions and a hydrogenation ves-
sel with good agitation. A reaction temperature of
75-80° and a hydrogen pressure of 200 Ib./in.2
appeared to be the optimum conditions in our ex-
periments. The hydrogenation stopped abruptly
when an equimolar amount of hydrogen had been
absorbed. Higher reaction temperatures gave in-
creasingly higher amounts of eyclohexanemethanol.
No solvents were used in this study and pressures
in excess of 200 lb./in.? were not investigated.

This hydrogenation was carried out in a Parr
Series 4500 medium pressure stirrer type pressure
reaction apparatus. Hydrogenation in a rocker
bomb was unsuccessful; the reaction rate was so
slow at a reaction temperature of 75-80° and at a
pressure of 200 1b./in.? that the method was im-
practical. The selectivity of hydrogenation in the
rocker apparatus was decreased when the attempt
was made to increase the rate of hydrogenation by
increasing the reaction temperature.

(1) 1. Heilbron, E. R. H. Jones, R. W. Richardson, and
F. Sondheimer, J. Chem. Soc., 737 (1949).

(2) I. N. Nazarov and 1. 1. Zaretskaya, Zhur. Obshchei
Khim.. 27, 624 (1957), English translation.



