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difficulty by the fact that the compounds gave
elongated spots and had similar migrations
(RGatactose-values: methyl f galactoside: 1.74,
I~ 2.0and II ~1.6). After two fractionations
on thick filter paper I and II were obtained
ca. 80 Y pure (most of the impurity being the
unreacted methyl galactoside). The bulk of
the two fractions was reduced, but further
fractionation of aliquots of I and II on thick
filter paper gave amorphous but chromato-
graphically pure products. From these frac-
tionations the total yield of I and II could be
estimated as ca. 0.9 %, and 0.7 9%, respectively.

Characterisation of the oxo-galactosides. The
oxo-galactosides gave strong reducing reac-
tions with silver nitrate-sodium ethoxide
reagent, characteristic orange-brown coloura-
tions with anisidine hydrogen chloride and
orange-grey colourations with resorcinol-hy-
drochloric acid reagent.

The oxo-galactosides dissolved in 70 9%
aqueous ethanol were reduced by refluxing for
5 h with excess of Raney-nickel 3, The pro-
duct was hydrolysed with 0.5 N sulphuric acid
for 17 h and the sugars obtained fractionated
by chromatography on thick filter papers
(solvent C). Talose and galactose only were
obtained from I, and gulose and galactose
from II, together with small amounts of glu-
cose.

Part of the isolated gulose was reduced with
sodium borohydride at pH 9.5. The product
obtained, after deionisation, was chromato-
graphically indistinguishable from bD-gulitol.
The acetylated (acetic anhydride/pyridine)
product, after recrystallisation from aqueous
ethanol, had the same Rp-value as authentic
D-gulitol hexacetate on chromatographing on
dimethylsulphoxide impregnated paper using
1sopropyl ether-light petroleum (1:1) as irri-
gant ¢, and m.p. and mixed m.p. 98 —99°,

Talose was characterised by paper chroma-
tographic data (e.g., RGalactose-values in
solvent C: talose: 1.52, gulose: 1.29 and glucose
1.15), and as its methylphenylhydrazone, m.p.
147 —149° after recrystallisation from aqueous
methanol (literature value 7, 154°).

\ . conc. NaOH
B.CHy CHyOH ——— >
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Alkaline Decomposition of Some
Quaternary Phosphonium Com-
pounds Containing Oxygen
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Bergen, Norway

The alkaline decomposition of aliphatic
and aromatic quaternary phosphonium
compounds with hydroxides and alk-
oxides results in the formation of hy-
drocarbons, ethers and phosphine oxi-
des -3, The alkaline decomposition of some
oxygen-containing phosphonium com-
pounds is reported in this paper.

The phosphorus analogs of choline(I) and
choline acetate (II) were found to decom-
pose in the following ways:

0

(Offorones O
2

(@;P + CH,=CHOCOCH,
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The reason for the different behaviour of
(I) and (II) must be due to an easier ioniza-
tion of the hydrogen in the hydroxyl
group of (I) as compared with the hydrogen
of the methylene group adjacent to the
hydroxyl. A negative charge on the

_OH
P -+ Br-CH,C_
3

oxygen will thus prevent the attack of
hydroxyl ion on the methylene hydrogen
and the compound will therefore decom-
pose according to the usual scheme for
quaternary phosphonium compounds . In
the phosphonocholine acetate (II) the
attack of the hydroxyl ion must be easier
on the methylene hydrogen than on the
carbonyl carbon or phosphorus.

Michaelis and Gimborn ¢ and Worrall &
have claimed that the betaine analogs of
phosphorus can be obtained by treatment
of ka.the corresponding esters with strong
alkali:

Br

— |

//0

\/

conc, NaOH /
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phine. We have observed that bromo-
acetic acid reacts with triphenylphosphine
but that the reaction does not give the
expected betaine hydrobromide. Phos-
phine oxide and acetyl bromide are formed
in nearly quantitative yields:

e D)o+ onycon
3

The phosphorus analogs of “’propionbe-
betaine’” could be prepared from the cor-
responding ester by the use of moist silver
oxide or dilute alkali. Treatment of the
ester with concentrated sodium hydroxide
gave on the other hand chiefly phosphine
and the ester of acrylic acid. The ’phos-
phonopropionbetaine’ thus corresponds in
its behaviour with the “propionbetaine’”.
See p. 440.

’|\

Experimental. Phosphonocholine chloride (I).
10 g triphenylphosphine was added to 10 ml
B-chloroethanol. The mixture was boiled for

(@)’F"CHTC\
3 0C,Hs

(I

We have found that the compound iso-
lated by Michaelis and Gimborn ¢ does not
correspond to the above formula. Its phy-
sical and chemical data show that the
compound is & phosphorane and its forma-
tion is analogous to the formation of

hosphoranes described by Ramirez and
ershowitz ¢:

OC,H
conc.NaOH 3 o

(I¥)

%N H
flute "Nao \(@P=O+CH3'COON3
3

Treatment of (III) with dilute alkali or
moist silver oxide in water gives phosphine
oxide and acetic acid as already described
by Michaelis and Gimborn 4 The same
authors have reported that chloroacetic
acid does not react with triphenylphos-

jiiy
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2 h. The phosphonocholine chloride (I)
crystallized by cooling of the reaction mixture.
The compound was recrystallized from absolute
ethanol. Yield 10 g; m.p. 233°. (Found: Cl
10.2. Cale. for CyH,,POCI: Cl 10.4.)

Decomposition of (I) with conc. sodium hy-
droxide. 6 g of (I) was dissolved in 4 ml water.
To the solution was added 5 ml conc. sodium
hydroxide. Upon distillation 1.3 g benzene
was recovered from the distillate (87 9 of
theory). The benzene was characterized as
m-dinitrobenzene, m.p. 89°. Mixed melting
point with pure m-dinitrobenzene showed no
depression.

Acetylphosphonocholine chloride (II). 10 g
triphenylphosphine and 6 g f-chloroethylace-
tate was boiled under reflux for 4 h. Upon
diluting the reaction mixture with 5 ml acetone
the chloride crystallized. The compound recry-
stallized from acetone-alcohol gave small need-
les, m.p. 287°. (Found: C 68.5; H 5.7. Calc.
for Cy,H,,PO,Cl: C 69.2; H 5.6.)

Decomposition of (II) with conc. sodium
hydroxide gave 95 9, yield of triphenylphos-

7
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phine, m.p. 79—80°. Its infrared spectrum
was identical with that of an authentic speci-
men.

Ethylester of phosphonobetaine bromide (111 ).
5 g bromoacetic acid ethylester was added to
10 g of triphenylphosphine. The mixture was
heated to 80° and kept there for 56 min. The
crystalline mass which separated upon cooling
was recrystallized from alcohol-ether, m.p.
157°. (Found: Br 18.7. Cale. for Cy;HyyPO4Br:
Br 18.7.)

Preparation of the phosphorane (IV ). 4 g
of (ITT) was dissolved in 4 ml water. Five ml
cold conc. sodium hydroxide was added. The
thick oil which immediately separated was
extracted with ether. Upon evaporation of the
ether the phosphorane (IV) solidified. It was
crystallized from ether, m.p. 126-—-127°
(Michaelis and Gimborn ¢ 124 —126°), (Found:
C 175.7; H 6.06; P 9.15. Calo. for CygyHyPO,:
C 76.2; H 6.05; P 8.79.)

Treatment of (IV) with HBr in ether solu-
tion gave a crystalline compound, m.p. 157°
the infrared spectrum of which was identical
with that of (III). Treatment of (IV) with
excess ethyl iodide in alcohol gave a crystalline
compound, m.p. 162° presumably:

oc
Ofpeneion]r
3 NOC,Hs

(Found: I 25.0. Cale. for C,H,qPO,I: I 25.1.

Ethylester of *’phosphonopropionbetaine bro-
mide” (V). 7 g f-bromopropionic acid ethyl-
ester was added to 9 g triphenylphosphine.
The mixture was heated to 100° for 5 min. The
product was washed with ether and acetone
and recrystallized from 50 9, water-alcohol
mixture; small needles, m.p. 126°. (Found:
Br 18.0. Cale. for Cy3H,PO,Br: Br 18.0.)

Treatment of (V) with cone. sodium hydro-
xide gave triphenylphosphine, m.p. 79—80°.
Its infrared spectrum was identical with that
of an authentic specimen.

** Phosphonopropionbetaine” (VI), 2 g of
(V) was dissolved in 50 m! of water. The solu-

conc, NaOH 0
—~ P +CHy=CH-CT
3 0C,Hq
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/®5 CHycHyc”®
CHy CHye
(. N

tion was shaken with 3 g moist silver oxide.
The silver bromide was filtered off and the
solution concentrated to 5 ml in a vacuum.
A small amount of triphenylphosphine formed
during the hydrolysis was removed by shaking
with 10 ml of ether. The phosphonopropion-
betaine (VI) crystallizes from a concentrated
water solution in white plates. The compound
was dried at 140° for 1 h, m.p. 186°. (Found:
C 75.2; H 5.7; P 9.5. Cale. for C4H,,PO,:
C 74.5; H 5.5; P 9.0.)

The betaine (VI) was also formed on hydro-
lysis of (V) with hydrobromic acid followed by
treatment of the betaine hydrobromide with
moist silver oxide.

The reaction between triphenylphosphine and
bromoacetic acid. 2.5 g bromoacetic acid and
5 g triphenylphosphine (1 equiv.) was heated
to approximately 80°. The reaction started
with evolution of acetyl bromide (characterized
as othyl acetate). An almost quantitative
amount of triphenylphosphine oxide, m.p. 152°
was recovered from the residue. Its infrared
spectrum was identical with that of an authen.-
tic specimen of triphenylphosphine oxide.

My sincere thanks are due to the Norwegian
Defence Research Establishment for financial
support and to Senior Research Chemist
Arnljot Nerland at the same institute for
recording of the infrared spectra.
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