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(formed in reaction 2 below) with the amine salt
(formed in reaction 4 below) to produce chloro-
form and the free amine (reaction 5 below).!
In one run utilizing approximately a 2:1 molar
ratio of sodium trichloroacetate to p-chloroaniline,
a 60% yield of chloroform (based on acetate) was
obtained. In all runs black, tarlike material re-
mained after distillation.

These observations are consistent with the mech-
anistic sequence of reactions depicted in the follow-
ing steps:

CCLCO,~ —> CCL~ + CO, (1)
CCly~ —> CCl, + Cl- )
H
RNH, + CCl, —> R—II\T—G—-Cl (3)
&
H

9RNH, + R—I’\?—é—m —> RNC + 2RNH,-HCl  (4)

H Cl
RNH,-HCI 4+ CCl;- —> CHCL + RNH, + ClI= (5)

The over-all stoichiometry can be represented by
the following equation:

RNH; + 3CCL,CO:Na —>
RNC + 2CHCIs + 3C0; + 3NaCl

Further extensions of this reaction with other
amines are currently under investigation and will
be reported shortly.

EXPERIMENTAL

Preparation of isocyanides. (a) p-Tolyl tsocyanide. To a
solution of 5.4 g. (0.05 mole) of p-toluidine in 100 ml. of
1,2-dimethoxyethane (distilled from lithium aluminum
hydride) was added 28 g. (0.15 mole) of sodium trichloro-
acetate. A slight exothermic reaction occurred and a fine
pasty-white solid separated. On gentle warming, a clear
solution resulted which was refluxed for 30 min. During this
time a copious evolution of carbon dioxide cccurred, and after
refluxing for 15 min. a yellow solid separated. After 30 min.
the solid settled to the bottom and the mixture was colored
brown. The mixture was cooled, filtered, and the solid
(weight 10 g.) washed with ether. The reddish-black filtrate
was concentrated on a Rinco rotary evaporator. Near the
end of the evaporation a solid separated. Ether was added to
the pasty mass; the ethereal layer was washed twice with
water and dried over sodium sulfate. The ether was removed
by distillation and the residual red-black oil distilled under
reduced pressure to yield 2.5 g. (43%, based on amine) of a
pale yellow liquid boiling at 38°/1 mm.; m.p. 19-20°.
Reported:? b.p. 94°/25 mm.; m.p. 20°. The product
exhibited a strong isocyanide infrared absorption band at
4.69 u and contained no unchanged amine.

(b) p-Methozyphenyl isocyanide. As in procedure (a) above
using 6.2 g. (0.05 mole) of p-anisidine, 100 m!. of dry 1,2-
dimethoxyethane and 29 g. (0.16 mole) of sodium trichloro-
acetate. The mixture was refluxed for 30 min. On work-up

(11) F. H. Verhoek, J. Am. Chem. Soc., 56, 571 (1934) re-
ports that the decomposition of anilinium trichloroacetate
yields chloroform.

(12) D. Ll. Hammick, R. C. A. New, N. V. Sidgwick,
and L. E. Sutton, J. Chem. Soc., 1876 (1930).

NOTES

voL. 27

and distillation under reduced pressure there was obtained
2.5 g. (389, based on amine) of material boiling at 45°/1
mm. which solidified in the receiver. This material was
crystallized from ether at low temperature; m.p. 28-30°.
Reported:'2m.p. 30°. The infrared absorption spectrum (20%
solution in carbon tetrachloride) exhibited strong isocyanide
absorption at 4.70 u and the product contained no unre-
acted amine.

(c) Phenyl isocyanide. As in (a) above using 5.0 g. (0.05
mole) of aniline, 50 ml. of dry 1,2-dimethoxyethane, and
10.0 g. (0.05 mole) of sodium trichloroacetate. The mixture
was refluxed for 15 hr. On work-up and distillation under
reduced pressure there was obtained 2.8 g. of a pale yellow
liquid boiling at 43-44°/1.5 mm. The product on examina-
tion in the infrared was contaminated with unchanged
amine. From the intensity of the isocyanide band at 4.69 »
the product contained about 409, phenyl isocyanide. This
constitutes a 209, yield of phenyl isocyanide based on
amine.

(d) p-Chlorophenyl isocyanide. As in (a) above using 6.4 g.
(0.05 mole) of p-chloroaniline, 50 ml. of dry 1,2-dimethoxy-
ethane and 17 g. (0.09 mole) of sodium trichloroacetate. The
mixture was refluxed for 45 min., cooled, and poured into
ice water. The dark bottom layer was separated and dried
over sodium sulfate (weight 11 g.). On distillation there was
obtained 7 g. (649, yield based on acetate) of chloroform and
4 g. of a dark black pot residue. The infrared spectrum of
this undistilled material (in- KBr window) showed the
presence of an isocyanide band at 4.70 x and also unreacted
amine. No further work-up was effected.
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Preparation of Heterocyeclic
Dihydroxyphosphonium Salts
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Previous reports from this laboratory deseribed
the preparation of spiro-tetrahydroxyphosphonium
salts.!

H _OH
or
CH + CH
CHO NN
2 ((Hon + PHy + HOl ~ (GHip B XCHy
CHO CH CH
OH OH

n=2,3

We now report the preparation of a number of
monocyelic dihydroxyphosphonium salts (I and IT)
by the reaction of secondary phosphines with
succinaldehyde or glutaraldehyde in the presence
of hydrochloric acid. The heterocycles III and IV,

(1) 8. A. Buckler and V. P. Wystrach, J. Am. Chem. Soc.
80, 6454 (1958). J. Am. Chem. Soc., 83, 168 (1961).
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OH
CHO(CH,);,CHO + R.PH + HClI — R} Cl™
I OH
R = n-CH,, i-CH,
OH

+
CHO(CH;);CHO + R,PH + HCl— R,P. CI-

I OH
R = n-CH,, i-CHj,, cyclo-CeH,y, n-CsHyy

in which the phosphorus atoms are parts of spiran
as well as adamantane ring systems were also ob-
tained readily by this method. The secondary phos-
phine (V) used in these cases is produced by the
reaction of phosphine with 2,4-pentanedione.?

P P
cr
o] 20
A I
HO—\ 4 —OH
Ve
o)
v

In carrying out this heterocycle synthesis, the
order of addition of reagents proved to be critical.
The general method adopted after detailed study
of the reactions of di-n-butylphosphine and di-:-
butylphosphine with glutaraldehyde, was to add
concentrated hydrochloric acid to an alcoholic
solution of the phosphine and aldehyde reactants.
This technique produced 30-509, yields of the
crystalline heterocyelic phosphonium salts. Other
modes of addition resulted in lower yields or com-
plex mixtures of products.

Aside from correct analyses and reasonable in-
frared data, support for the proposed cyclic struc-
tures was obtained from molecular weight measure-
ments (Table I). The results show that the salts
are dissociated in aqueous solution. On the other
hand, values obtained in the less polar solvents
ethanol and chloroform are generally in good
agreement with those calculated for the formula
weight.

(2) M. Epstein and S. A, Buckler, J, Am. Chem. Soc.,
83, 3279 (1961).
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EXPERIMENTAL?

Materials. Di-n-octylphosphine, diisobutylphosphir.e and
dicyclohexylphosphine were prepared by the method of
Stiles, Rust and Vaughan.* Di-n-butylphosphine was ob-
tained from Food Machinery and Chemical Corp. Glutaral-
dehyde and succinaldehyde (2,5-diethoxytetrahydrofuran)
were Carbide and Carbon Chemicals Co. materials.

1,1-Diisobutyl-2,6-dihydroxyphosphoniacyleyclohexane
chloride. To a solution of 9.0 g. (0.062 moale) of diisobutyl-
phosphine, 24.7 g. (0.062 mole) of 259, aqueous glutaralde-
hyde, 50 ml. of methanol and 25 ml. of tetrahydrofuran
under a nitrogen atmosphere was added dropwise 7 ml. of
concentrated hydrochloric acid. The solution was heated
under reflux for 2 hr. and then evaporated under reduced
pressure. The residue was recrystallized from acetone to
give 6.0 g. (34%,) of product, m.p. 150-152°,

Other Heterocyclic Dihydrozy Phosphonium Salts. These
were prepared using minor variations of the above pro-
cedure. The pertinent information is given in Table I.

AmEeRICAN Cyanamip Co.
CENTRAL REsEARCH DIv.
CaewmicaL ResearcH DEPT.
StamrorDp, CONN.

(3) Melting points are uncorrected. Analyses and molecu-
lar weight measurements were carried out under the super-
vision of Dr. J. A. Kuck.

(4) A. R. Stiles, F. F. Rust, and W. E. Vaughan, J. Am.
Chem. Soc., 74, 3282 (1952).

Isomeric Hydroxyacetanilides by Reductive
Acylation of Nitrophenols

Mogrr1s FREIFELDER

Received September 26, 1961

The need for some pure hydroxyacetanilides in
this laboratory prompted an investigation into
reductive acetylation of the isomeric nitrophenols.
While aminophenols are readily acylated their
well known propensity for darkening on storage
leads to colored reaction products unless the
starting materials are freshly prepared. It was
thought therefore that reduction of the nitro-
phenols in the presence of acetic anhydride might
lead to better products.

This procedure has been used for the para
derivative employing platinum oxide catalyst.}
In our hands the same reduction with this catalyst
led to a colored product. The use of palladium-on-
carbon, on the other hand, gave not only good
yield, but also a product that required little puri-
fication. Similarly, excellent quality o~ and m-
hydroxyacetanilides were prepared from the cor-
responding nitrophenols.

(1) J. H. Burckhalter et al., J. Am. Chem. Soc., 70, 1363
(1948) obtained a 589, yield. Obviously since it was an
intermediate in synthesis the authors reported no attempt
to increase yield.,



