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A Thesis presented to the Department of Chemistry
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INTRODUCTICHS

The purpose of this research project was the preparation
of pure, symnetrical aromatic phosphines. These were to be
used in dipole woment measurements for the céiculatinn of
the spatial arrangevent of the earben~phﬁsyharus ?alence
bond in the phasphinaﬂ.l

Tri phenyl phosphine and tri biphenyl phosphine were
Prﬁ?ar&ﬁ and purified. The preparation of tri para tolwyl
phiosphine was atitempted but not completed.

A8 one would expect from the position of phosphorus

- in the table of the elenents, th& phiosphines show consider-
able sinllarity in chemical and physieal properties to
the Corresponding nitrogen compounds, the amines, 'Thﬁs
trl phenyl anine snd tri phenyl phosphine are both solids
lasoluble in water, having high boiling points and weak
basic properties,

The method of preparation of the phosphines differs
frow that of the amines because the phosphorus tri halide is
invarisble used whereas the nitrogen halides are too ex-—
Flosive and dangerous to work with.

Tri phenyl phosphine mas first prepared in 1882 by
#lchaelis and Gleichmann by the reaction of phenyl phosphenyl
chloride with sodium and chloraben&&asag
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Later Michaelis prepared it by the reaction of sodium,
chlorobenzene and phosphorus tri chloride in ether solution.®
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He also investigated derivatives of tri phenyl phosphine
such as the sulfide and the oxide and later prepared other
aromatic phosphines. While Michaelils (with various co-
workers) did the pioneer research on this class of compounds,
the aliphatie phosphines were investigated at a much earlier
period,

Benzene is a more satisfactory solvent for this reaction
than is ether for & number of reasons., The violent, very
exothermic reaction makes it difficult to keep the temperature
below the boiling point of seo volatile a solvent as ether.
dorrall, in reporting on the preparation of tri biphenyl
bhosphine4 reports a considerable decrease in yield when
ether instead of benzeme is used as a solvent and suggests
that the phosphorus tri chleride may attack the ether.

The reaction is essentially a Wurtz synthesis but
the rate of reaction 1s‘graater than that of the ordinary
Yurtz synthesis because a couparatively small amount of

biphenyl is formed by the competing reactiocn,
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Ihis 1s the ordinary Wurtz reaction.




The tri aryl phosphines are also made by the usual
method of synthesis of organo metallie compounds, the
addition of a Grignard reagent to a h&lagen.eompaﬂnd. This
wethod gives higher yields than the reaction using sodium
but is less easy to carry out aéina to the large number of
Steps involved and it canuot be readily adapted to the
preparation of large gquantities of phosphine,

vhile pure tri aryl phosphines are colorless and
odorless, their synthesis is always accompanied by the
formation of by-products which impart a yellow or reddish
color to the resction mirture and which have a character-
istie fishlike odor. If there is insufficient cooling
¥hen PCLy is adued to a @rignard solution, & vile smelling
yellowish brown mass separates out of the ether solution
404 no tri aryl phosphine is isolated.l This ook place in
the first run in the preparation of tri phenyl phosphine.

The investigations of Challenger and Pritchard® explain
the formation of at least part of these by-products as the
Fesult of a reaction between the phosphine and excess of

PCly .
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The tri phenyl phosphine di chloride formed is hydro-
lized after the pesction is over to tri phenyl phosphine
ﬂﬁiﬁ&, whieh frequently is formed as a by-product and indeed
Sometimes forms the prinsipla preductl, while PoCly and
its decomposition products give rise to the color and odor.

This reaction was found by Challenger and Pritchard
to take place with the eorresponding stibines, arsines, ete.
and the halides of these elements.

When a few grams of tri phenyl phosphine was mixed
“1th phospherus trichloride it first disseolved but upon
reflucing geutly for a few minutes a floecculent yellow

“0lid spparsted.



EXPERIMENTAL

Preparation éf Tri Phenyl Phosphine
Procedure Ig .

s grams (40 ec) of PClz, 157 grams of ehlorobenzene
and 70 grams of granulated sodium are added to 200 eec of
dry benzene in a 2 liter round bottom flask., The reaction
wixture is refluxed to start the reaction. The surface
of the sodium metal bluckens and a vielent reaction ensues,
#hich runs for about an hour. The flask is cooled by
lnsersion in an iee bath.

After the reaction has stopred the solution is refluxed
for two hours. The hot pixture is then flltered by suction
and the residue is washed with warm benzene, The benzens
and any biphenyl formed are removed by distiliing off in
Vacuun the fraction boiling below 100% at 20 mm pressure.

The Yellow, viscous oil remaining is allowed to stand,
Large transparent crystals of tri phenyl phosphine slowly
formeq, These are purified by several recrystailizations
Trom €therwaleghol., The melting point is given as 7950C.

The Product obtained in these experiments melted two degrecs
below thyg . Yields 80 grams of crude product.

Tri phenyl phosphine forms very regular erystals balong~.
ing to the monoelinie system. It is resdily soluble in
Non-polar solvents such as benzene., It has weakly basie
Properties, dissolving in eoncentrated hydrochlorie acid
but is precipitated out as a white eolloddal sol upon the
addition of water.



Procedure II: (Grignard Synthesis)t

85 grams of phenyl magnﬁaium,hramidﬁ are prepared in
4 Grignard flask provided with a mechanical stirrer and
under dry hydrogern, The solution is cooled with ice and
PCly (10.8g in 50ce of dry ether) is added dropwise in
the course of one-half hour with stirring and continuocus
Passing through of hydrogen gas. Immediately after the
last drop of PCL; has been added the Grignard mixture is
Wydrolyzed by pouring ahto crushed ice. 10Cee of 8
Normal HCl is added with stirring, the mixture is filtered
4nd the ether layer is separated. The aqueus layer is
SXtracted twice with ether, the ether extracts are cou-
bined ang ailowed to stand over dry CaClp. The ether and
Pipheny) are asstilled off in vaguum and the tri phenyl
£hosphine obtained is purified as in Procedure I.

 Procequre 117,

Preparation of Tri Biphenyl Phosphine4

The sawe procedurs is followsd as in I. A erystal
°f antimony trichloride is used however, as a eatalyst to
Start the reasction.

9 grams of granulated sodiug, 25 grams of para chlor
hiph%nyl-and 6.1 grams of PCly are reacted in 200 cc of
dry benzene to give 12 grams of tri biphenyl phosphine, a
Gream colored powder consisting of mieroscopic rod-shaped

Sfystals, melting point 1729,



Procedure IV: | T
Preparation of Para Toluyl Prssphi Hi
100 of pars brom toluene were prepar |
grans _ : | e
G ts to form the Grignard reag
Sandimeyer Reaction.® Attemp =
| | saibly due
from this compound were unsuccessful, possibly

incomplete drying.
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The Preparation of Come Aduition Compounds
Two grams of tri phenyl phosphime and Two ST gl

mereurie chloride were mixed in acetone solution. A double

Compound of the formula [(D)ﬁ \9] . ( H% u‘)z'

Separated cut as small colorless erystals.’ Tals is an

unusually stable eompound, neither melting nor
below 3009C. Tri biphenyl phosphine did not Torm

decomposing
an addition

Compound with HgCloe
Cadmium Chloride is an &

should show to some extent the act

nalogue of 7inc chloide and
iaﬁ of the latter as a

Condensing agent in organic reactions. ¥#hile the work done

“ith cadmium chloride has no direct bearing on the subject

of this thesis, it was carried out since research was being

done this year on organc gadmium compounds and a supply of

- andydrous salt was availablie.

CdiCls was found to form & double compound with guine
oline hydrochloride, When 40 grams of CdClp in 50 ec of
2 Normal HCl was added ﬁe 20 grams of quinoliﬁe in 50 e¢c
the addition compound forms s0O

Of HC1 and 20 ce of water,
About 80

Papidly that the solution set to a solid mass.

Brams of white powder are obtained.



The double salt consists of microscoplc needles which
Gecompose above 250°., On exposure tc alr the powder acuudres
pinkish coloration. CdClp does not reaet with aniline
hydrochloride, so it can be used like zine chiloride to
Separate quinoline from aniline,

#ihile nothing else‘was done on this subject, further
lnvestigation would doubtless reveal other interesting and
useful applications of anhydrous cadmium chloride to

Organie synthesis.



CUMMARY 3

Tri phenyl phosphine and tri biphenyl phosphine
were prepared and purified,

Some addition compounds of salts with erganie
compounds were prepared.
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