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Part I

Organic Intermetallic Derivatives of Tin

Some reactions of trialkyltin alkali metal derivatives
were studied with the view to their use as synthefic reagents
for the}introduction'of the trialkyltin radical into other
molecules and ultimately for syntheses of compounds in which
tin would be covalently bonded to a metal_from another
chemical group.

The reactions studied in ether-like solvents indicated
that reaction between trialkyltin lithium compounds and
organo-metallic halides led either to occurrence of metal-
halogen exchange reactions or dissociation of the trialkyltin
lithium. In the former case the symmetrical organo-~-dielement
compounds were formed, e.g. hexamethylditin, cacodyl; and in
the latter case, the alkyl lithium, produced by dissociation,
reacted with the organo-metallic halide resulting in
replacement of the halogen with an alkyl group. When,
however, reaction between a trialkyltin lithium and an alkyl
halide was carried out the expected reaction occurred, since,
in this case, the reaction between the halide and any alkyl
lithium produced by dissociation would be relatively slow,
thus enhancing the chance of reaction between the alkyl

halide and the trialkyltin group.



Reactions carried out with elements from Group VI,

sulphur énd selenium, led to formation of the desired
compounds methyltrimethyltin sulphide and methyltrimethyltin
selenide. The latter compound contained a tin-selenium
bond which does not appear to have been reported previously.
In these reactions the trialkyltin radical was present in
cétionic form (as the bromide) and the Group VI elements

in anionic form, so that metal-halogen exchange reactions
would be most unlikely to occur.

As the reactions with tin in cationic form had been
suecessful a reaction between dimethylarsenic sodium and
trimethyltin bromide was studied in ligquid ammonia. However,
results from this reaction again indicated that formation
of the symmetrical di-element compounds occurred rather
than combination of the trialkyltin radical with the
dimethylarsenic group.

As the reactions studied with trialkyltin alkali metal
derivatives in ether-like solvents had shown that they
behaved in a complex manner with a variety of reagents
attention was directed to the rather limited use of liquid
ammonia as a solvent for effecting reactions of the type
discussed.: In this solvent most organo-metallic halides
are rapidly ammonolysed, tin and gallium however being
exceptions, the reaction between trimethyltin sodium and

dimethylgallium chloride mon-ammine was investigated. There



was no indication that a tin-gallium bond was formed, tin
being recovered as hexamethylditin and gallium as dimethyl-

galliﬁm amide.



Part II

Copperacetylide Complexes

Some new co-ordination complexes of copperacetylides and
of silveracetylides, which appear hitherto unknown, were
prepared and some of their properties investigated.

In the series nitrogen, phosphorus, arsenic it was found
that the order of stability of the co-ordination complexes
was N <<P> As, those of phosphorus being by far the most
stable, Animportant difference between the alkyl:s and aryls
copperacetylide triethyl- phosphine complexeabwas observed
in their behaviour in solution, in which the former dissociatec
(R-c20Bu-B(C,l,), === R-C=C0u + (CgH.),P). Such
dissociation was also exhibited by the phenylsilver;acetylidei
triethylarsine and -iso-propylamine complexes. The |
alkylcopperacetylide’complexes oxidised rapidly in ailr, wherea:
the corresponding arylcopperacetylide compounds were much
more stable, There was no indiéation that co-ordination
of the metal acetylides occurred with sulphur co-ordinating
reagents.

Molecular weight determinations, where possible, showed
that the co-ordination complexes were generally highly
assoclated, the alkyls more so than the aryls, but the silver
compounds less so than the corresponding copper co-ordination

complexes, In the case of t-butylcopperacetylide, which



is solub}e in organic solvents, molecular weight
determiﬁations confirmed earlier results, and showéd that
the copperacetylide was also highly associated.

The.relative stability of the copper- and silver-
acetylides and théir co-ordination compounds has been
discussed and attributed to co-ordination of the metal with
an acetylene group from another molecule, in accordance with
the conclusitns of earlief work on irbutylcopperaéetylide.
Any formation of a complex R~ CECL ML (M=Cu or Ag, L = ligand)
must be the result of successful competition between the
M-acetylene co-ordination, which leads to the polymerisation
of R-CSCM itself, and the co-ordination ~M-L. Since
the acetylides are, in general, only depolymerised b& those
ligands known to be the strongest donors to copperI and
silverl (namely aliphatic tertiary phosphines), and since
the resulting compounds R-C=CM-L are themselves associated
in solution, presumably by metal-acetylene group interaction,

the last must be supposed to be very strong;
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1. Introduction

The main purpose of the present work was to study the
use of alkali metal derivatives of the trialkyltin radical
(AlkSSnM) as synthetic reagents for the introduction of the
trialkyltin radical into other molecules, and particularly
into combination with other metals. It was anticipated by
analogy with the already known reaction1 between tri-pn-butyl-

tin lithium and p~butyl iodide,

(g,c4H9)58nLi + n-C HyI = (g;04H9)4Sn 4 LiI,

and numerous metathetical reacﬁions of similar type carried
out in liquid ammon:i.a,z';4 that reaction with alkyl-metal
halides would afford desired compounds of the type
AlkSSn—Metal—Alkn_l (n = covalency of the metal concerned).
Although much more information is available about the
formation and reactions of alkali metal derivatives of trialkyl
(and even dialkyl)-tin in liguid ammonia, attention was
primarily directed to the use of ether solvents since
most of the organic metal halides that might be studied are
rapidly ammonolysed in liquid ammonia, €.g., cacodyl chloride
trimethylchlorsilane. |
Three methods for obtaining alkali metal derivatives of

the trialkyltin radical were studied:-

a) Preparation of the alkali metal derivative in

liquid ammonia, by.known methods, followed by
V\\“\\ SUIERCE /7D
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replacement of the ammonia by ether, ..,
AlKBSnBr + 8Na = Alk58nNa + NaBr,

) The use of an ether such as tetrahydrofuran,
which has a stronger solvating effect than
that of diethyl ether on alkali metal ions,
and facilitates the formation of a variety of
alkali metal derivatives of organic compounds,
to carry out a reaction essentially similar to
a) above.,

¢) Gilman and Rosenberg's method,1 starting from
stannous chloride and using diethyl ether as

solvent, €.Z.

3 n~C,HLi + SnCl, = (Q,C4H9)58nLi + 2LiCl,

Methods a) and b) have been used sﬁccessfully in other
(unpublished) work on triphenyltin sodium and —lithium carried
out in this laboratory.

Since this investigation was of an exploratory nature,
it appeared reasonable, to begin with, to bring the tin
compounds Alk58nM into reaction only with the most readily
aceessible organo-halides of other metals; in fact much of
the work was carried out with compounds of the semi-metals
arsenic and silicon.

Since the exploratory experiments involving the use of
cacodyl chloride and trimethylchlorsilane led to anomalous

and unexpected results or to unpromising mixtures of products,



and there was some evidence for the partial dissociation
of the alkali metal-tin compounds, the work was developed
by studying the reactions of the last with the simplest
reagents such as alkyl halides and carbon dioxide, These

experiments confirmed the dissociation,

H ) Sn + n-C H Li,

(Q—C4H9)SSnLi == (n—C4 oo

and indicated that, for example, tri-n-butyltin lithium in
ether is not a good reagent to synthesize covalent bonds
between tin and other metals. The reason for this conclusion
is essentially that the requisite halide would normally be
expected to react so quickly with p-butyl lithium (an
exceedingly reactive compound) that dissociation of the
tri-p-butyltin lithiuwm would be driven towards completion.

For example, reaction with trimethylchlorsilane afforded

n-butyltrimethylsilane,

(g,c4ﬂg)58nL¢ = (g,c4H9)2Sn-+ n-C, H L,
n-C Holi + (CHS)SSiCl = 1n-C,H,(CH ) Si + Lici,

3

instead of trimethylsilylitri-p-butyltin,

(n-GC,H ) SnLl + (CH,),8iCl = (CH Si-Sn(g—C4H9)5 + LiCl.

5)5 5)5
As there was evidence for the presence of the trialkyltin
radical in the products of many of the reactions studied it

was concluded that the dissociation of the tri-pn-butyltin
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lithium was not always completed. Experiments designed in
order to evaluate the use of tri-pn-butyltin lithium and
related compounds as synthetic reagents were then carried
out, it being considered important to establiish in what
types of reaction they behaved as AlkgsnLi on the one hand,
and as a mixture of AlkZSn and Alk-Li on the other. Results
from these experiments were rather inconclusive and unexpected,
€ +£.y unpromising mixtures were produced and the reaction
between tri-pn-butyltin lithium and water, where the
reaction between wateér and n-butyl lithium is extremely
rapid, yielded a relatively small amount of n-butane, Thus
it seemed that the reactions of trialkyltin lithium solutions
in ether are even more complex than anticipated earlier,
These serious objections to the use of alkali metal
derivatives of organo-tin compounds in ether héving‘been
established, attention was directed to the rather limited
possibilities of using liquid ammonia as a solvent, The
guestion of dissociation of the type just discussed does
not occur in liquid ammonia, since the resulting alkali
metal alkyl would react. ~ instantly with liquid smmonia and
this is not observed. The results of a reaction carried
out in liquid ammonia between trimethyltin sodium and dimethyl-
gallium chloride monammine showed that reactions leading to
formation of the symmétrical organo-ditin compound occurred

rather than establishment of a metal to metal bond between tin

and the other metal.



2. Previous Work on Alkali Metal Derivatives of

Organo-Tin Compounds

Not only do organo-tin radicals of the type R,Sn and

3
stn take on a positive charge, thereby becoming cations,
they can also take on a negative charge giving the anions
Rssn; and R28h=. They are most satisfactorily obtained by
adding sodium to a liguid ammonia solution of the organotin

mono- or di-~ halide,
RgsnX + Na = Rsana + NaX,

or by the addition of an organo-lithium compound to a

suspension of stannous halide in ether,

3RLi + SnXé = RgsnLi + 2LiX,

They can also be prepared by addition of alkali metal to

liquid ammonia solutions of tin compounds.of the types R4Sn,

Rgan and RgsnpSnR

3
The alkali metal deBivatives are coloured (RZSnMg deep
red, and R,SnM uéually yellow), and are highly reactive.
They are not usually isolated since they decompose readily
and are very sensitive to alr and moisture, but are used

immediately. Their main reactions are of the following

types,

R.SnM + NE * = RySnH + NH + M

S 4 S



R,SnM + R'X = RZSnRﬁ + MX
and

. 1 - o 1
RssnM + R5vSnX = Rssn SnR15+ MX.,

Trimethyltin sodium ((CH5)53nNa) is obtained when

sodium is added to a liquid ammonia solution of trimethyltin

bromide,
(CHS)ssnBr + 2Na = (GHS)SSnNa + NaBr,

Evaporation of the yellow solution affords yellow crystals
of the salt, which is unstable at room temperature and
decomposes rapidly at higher temperatures into hydrocarbons
and a tin sodium.alloy.2

Tetramethyltin also reacts rapidly with sodium in liquid
ammonia yielding trimethyltin sodium, for which the proposed

reaction mechanism is:-

C ) = (c *
(CH,),Sn + Na = (CH),Sn'+ CHylNa
GH5Na + NH, = CIi, r o+ NaNHz

. _ — +
(CH5)5Sn + Na = (0H5)53n Na .

Addition of methyl iodide to a liquid ammonia solution of
trimethyltin sodium immediately discharges the yellow colour
of the solution with formation of tetramethyltin,

p-Dichlorobenzene reacts similarly:-

p-CgH,Cl, + 2(CHg) SnNa = 2NaCl + 1:4 [(CHg).Sn] ,C.H,.



7.
Trimethyltin sodium also reacts with organo-tin halides.
Thus hexamethyldi-tin is precipitated from liquid ammonia when

trimethyltin bromide is added to trimethyltin sodium,

(CH, ). SnBr +-(CH5)SSnNa = (CHs)gsn-Sn§CH5)5 + NaBr.

5)5
This product is in fact the primary product when only one

mole of sodium is added to one mole of halide,

(CH,).SnBr + Na = (CH,).Sn + NaBp

5)5 5)5

2(0H5)3Sn' = (CH,)_ Sh-Sn(CH

5)5 5)5’

and can be isolated in good yield. The product reacts

with more sodiumzz—

(CH, ).Sn=8n(CH

5)5 + Na = (CH

5)5 5)53n + (CHB)Sana

SnNa .

(CHB)ssn + Na = (CH5)5

Kraus and Greep5 showed that addition of an ammonium
salt to a solution of trimethyltin sodium in liquid ammonia

caused trimethyltin hydride to separate as a heavy oil:-

sn” + Ng,¥ = (cH

(CHz ) g 4

Triphenyltin sodium is prepared conveniently by the
addition of sodium to either hexaphenylditin or triphenyltin
bromide in liquid ammonia. It can be isolated as a yellow,
air—-sensitive powder. Kraus and Kahler6 have shown that

the product is a good conductor in liquid ammonia, being



8.
more dissociated than sodium bromate, although the limiting
equivalent conductance is less. Trimethyltin sodium also
conducts in liquid ammonia but has been shown to be less
dissociated than triphenyltin sodium by Kraus and Johnson.7

Dimethyltin disodium is prepared from dimethyltin
dibromide and sodium in liquid ammonia. The reaction is
complex since Kraus and Greer.3 have shown that several
products are formed in turn. When sodium is added to a
solution of dimethyltin dibromide in liquid ammonia a

yellow precipitate of polymeric dimethyltin forms initially:-
(CHS)zsnBrz + 2Na = [(CHg)g8n]  + 2NaBr,

On addition of a further gram atom of sodium the precipitate
dissolves completely giving a deep red solution, which
contains [(CHS)zsn-Sn(CHS)g] Na2+ since addition of methyl

iodide causes precipitation of hexamethyldi-tin:-

: - +
(CHS)zsn + Na = (CHS)zsn + Na
2(CH5)2Sn‘ = (CHs)zsnpSn(CHz)g
(CHz)gsn—Sn (CH5)2 + 2CH,I = (CHS)zsn£Sn(CH5)5 + 217,

Addition of more sodium gives a very deep red solution.
When one more gram atom of sodium has been added per gram
atom of tin the solution contains (CHS)ganag since addition

of methyl iodide results in formation of tetramethyltin:<



Sno S S = +
(CHB)zsn-Sn(CHB)z + eNa = (CH5)2§n + 2Na

5)2Sn + 2CH51. = (CH5)4Sn + 2T .

(cH
Dimethyltin disodium has proved useful for prepafation
of compounds containing chains of tin atoms.

1 have reported that triethyltin

Gilman and Rosenberg
lithium ((02H5)5SnLi) is formed in a reaction in which
ethyl lithium is added to a suspension of stannous chloride
in ether at —100. When two moles of ethyl-lithium have
been added, the solution is deep red, and does not comtain

any ethyl lithium but diethyltin, which then reacts with

more ethyl lithium:-

2C H.Li + SnCl

ol 2 = (c H5)2Sn + 2LiCl

2.

(02H5)2Sn + C2H5L1 = (02H5)38nL1

Addition of ethyl bromide‘discharges the deep red colour
of the solution with formation of tetraethyltin. Solutions
said to contain triphenyltin lithium and tri-p-butyltin
1ithium have also been pfepared similarly.8’1

Compounds containing tin-tin bonds have been prepared
by reactions between organo-tin alkali compounds and organo-
tin halides. Kraus and Bullard® have reported that the
compound (CHB)SSnSn(02H5)5 ié formed when tri-methyltin
sodium reacts with triethyltin bromide in liquid ammonia.

Triphenyltrimethyldi-tin was prepared by Kraus and
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Bu'llard9 from triphenyltin sodium and trimethyltin bromide
in ligquid ammonia. The reverse reaction between trimethyltin
sodium and triphenyltin bromide led to a mixture of products
cohsisting of hexamethyldi-tin, triphenyltrimethyldi=tin
and hexaphenyldi-tin,

The compound diethylhexamethyltri-tin was prepared by

3.

Kraus and Greer® by the following reactions:-

2(CH5)28nNa2 + (CH5)28n3r2 = Na(CHS)ZSn;(CHS)ZSnFSn(CHs)zNa
‘ .+ 2NaBr
Na(CH, ),Sn=(CHy ) ,Sn=Sn(CHy ) Na + 2CoH Br = 2NaBr
+ (CH )20 H Sn-(CHS)gsn—SnC H (CH5)2

A compound analogous to fully methylated n-butane has also
been prepared by Kraus and Neal,4 and Kraus and Greer5 have
reported a compound analogous to n-pentane. These compounds

are viscous liquids, which quickly absorb oxygen.
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3 Experimental

(2) Drying snd Purification of Solvents in General Use

Ether

_ Magneéium (24.3 gms., 1 mole) was stirred with dry
ether (approximately 100 c.c.'s)‘in a 5-litre three-necked
flask fitted with a dropping fumnel, reflux condenser, and a
étirrer fitted with a nitrogen inlet. Some of the magnesium
was activated by heating with a few crystals of iodine.
The apparatus was filled with nitrogen and a solution of
bromobenzene (140 gms., 0.9 mole) in dry ether (200 c.c.'s)
was added slowly. When reaction began the stirrer was
started and the rest of the bromobenzene solution was added
at such a rate that the ether refluxed gently. The amounts
of magnesium and bromobenzene were such that the magnesium
was in excess thus ensuring complete reaction with the bromo-
benzene,. Commercial ether, distilled from sodium, was then
added until the volume of solution was approximately three
litres. Dry ether was then distilled from the Grignard
solution into receivers and stored over sodium wire, The
presence of Grignard reagent was shown by removing samples
of solutioﬁ by pipette and adding to a solution of Michler's
ketone (tetramethyldiaminobenzophenone) in dry benzene.
The solution was then hydrolysed by the addition of water

and then a few drops of 0.2% iodine in glacial acetic acid
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were added. The development of an intense greenish-blue
colour indicated the presence of Grignard reagent.lo Generally
it was possible to add more ether to the b5-litre flagk, after
the first distillation, before all the Grignard reagent was
exhausted.,

At later stages ether was also dried much more conveniently
by standing the ether over sodium wire. When evolution of

gases ceased the ether was ready for use.

Tetrahydrofuran

About three litres of tetrahydrofuran were stirred in a
5-1itre three-necked fiask with a small émount of potassium
under nitrogen. The solution was refluxed gently, heat
being supplied from an isomantle. After one hours refluxing
a small gquantity of benzophenone was added. The development
of a blue colour indicated the absence of water, The dried
tetrahydrofuran was then distilled off and collected in a
receiver over sodium wire, An adaptor was fitted to the
recelver so that the solvent was blown out of the flask by
the application of a pressure of nitrogen. In this way
contamination ot the solvent by moisture was kept to a

minimum.,

Benzene
Benzene (of low sulphur content and high purity) was
dried in exactly the same way as that used for tetrahydro-

furan, The dried distilled benzene was stored over sodium
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wire as in the previous case. The adaptor fitted to the
flask was arranged so that benzene was removed by blowing

dry air into the flask.

Methyl Alcohol

Magnesium (24.3 gms., 1 mole) was placed in é 2-litre
flask fitted with a stirrer, dropping funnel, and a reflux
condenser. A drying‘tube filled with anhydrous calcium
sulphate was fitted to the condenser., About 200 c.c.'s
of methyl alcohol (dried previously by this method) was added
slowly to the magnesium with stirring. When reaction
(formation of magnesium methoxide) had nearly ceased about .
one litre of methyl alcohol, dried over anhydrous magﬁesium
sulphate, was added. Dried methyl alcohol was thén”distilled
from the flask. The alcohol was stored inva receiver fitted

with a silicone~greased stopper.

(b) Preparation of Lithium Shot

In heterogeneous reactions between an organic halide,
usually in an organic solvent, and metaliic lithium it is
advantageous to have the lithium in a fine form with a
large clean surface area. This was achieved as follows.

Lithium, cut into suitable squares, was placed in a
250 c.c. two-necked flask fitted with a stirrer with an
argon inlet, and a short air-condenser. A tap of large bore
(10 m.m,'s) was fitted to the bottom of the flask. Petroleum

oil, olefin free, b.pt. 210-230°C. was added to cover



APpPaRAaTYS For PrarapaTion of Livmivn “PELLETS

1 15
B
Rrjou;) J,.._ ens.
\ 4
\ I+
B.13
&= r |
J B-24
N5 ems. ir 9 cms.
Argen
inlef
L4
Lithivm

PP e v FanFolom wire

oil

0

3 \ 7;"3 ‘vrner /

"o o

——— TAP 1O m.&a. beve

&Sems.




14,

the stirrer, which was made of stainless steel or tantalum
wire, (Unsaturated products had been removed from the oil
by treatment with concentrated sulphuric acid followed by acid
permanganate; the oll was then washed with water and finally
distilled). Two or three drops of oleic acid were then
added to the oil (to prevent coalescing of the lithium).  The
apparatus was flushed out with argon and then heated by
means of a small ring gas burner, maintaining a slow flow

of argon through the apparatus. The lithium being less
dense than the oil floated on the surface. When the 1lithium
melted heating was discontinued and the stirrer speed was
increased in order to break up the lithium, After the
lithium was broken up stirring was maintained at such a rate
as to prevent coalescing of the pellets formed. When the
oil was cooled well below 18600. (m.pte. of lithium) stirring
was stopped leaving clean pellets of lithium floating on

‘the oil, while impurities settled to the bottom of the flask,
The excess oil and impurities were then drawn off from the
bottom of the apparatus. GCGenerally the lithium shot stuck

to the sides of the vessel so that it was possible to recover
almost all the oil., The lithium shot Waslthen washed with
the soivent to be used in the reaction, e.g., ether
tetrahydrofuran etc., and then the solvent was drained off

as before. The washing process was repeated and finally

the lithium shot was washed through the tap at the bottom of
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the apparatus into the reaction vessel, against a counfef
current of nitrogen. |

Nitrogen Could not be used when the lithium was heated
because of the danger of formation of lithium nitride.
However, for reactions at room temperature and slightly above,
the rate of formation of nitride is slow and so it is

permissible to use oxygen-free nitrogen.

(¢c) Manipulation of end Apparatus Used in Reactions with
Air-Sensitive Compounds ‘

As the major part of this research involved the use of
air-sensitive compounds it was necessary to develop various
techniques and types of apparatus in order to handle such
compounds. Commercial oxygen-~free nitrogen from cylinders,
dried by passage through potassium hydroxide pellets, was
used to maintain an inert atmosphere in the reaction vessels
(only in the preparation of lithium shot was another atmosphere
required pp. 13 ).

a). General Reaction Assembly and Method of Maintaining
an Inert Atmosphere

The diagram (Fig. 1) shows a general reaction assembly -
for preparation of an air-sensitive compound. Before
reaction was started a rapid stream of oxygen-free nitrogen
was passed through the apparatus to remove air (ca. 3 mins.),
the nitrogen being led in yia the stirrer; after this stage
only a slow stream of nitrogén was maintained. The “

winchester served two purposes, one to increase the capacity
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of the system and thus reduce fluctuations due to pressure
changes in the system, and secondly ih the event of air
being sucked into the system to dilute it considerably with
a large volume of nitrogen, The traps were made from
| Drechsel wash-bottles arranged in pairs as shown, one of
which contained heavy white oil, thus, in the event of any
suck-back, 0il was 6nly displaced into the empty Drechsel and
not any other part of the apparatus. A side~tube was attached
to the top of the dropping funnel to serve as a pressure
equaliser.

When the reaction vessel was heated, and then allowed
to cool on completion of the reaction, it was: necessary to
increase the flow of nitrogen into the system during cooling
to prevent air being drawn into the system. This also
applied when the reaction vessel was cooled prior to reactions
carried out below room temperature.

). Transference of Air-Sensitive Solutions

i).  VWhen large volumes of solution ( D 1 litre) were
transferred under nitrogen the apparatus used was arranged
as shown in Fig. 2. Both flasks were fitted with nitrogen
gas inlets and outlets connected to the same trap system._
The connecting tubing between the flasks was elther of rubber or
polythene, The empty flask‘was purged with nitrogen before
connection to the other flask. A rapid stream of nitrogen was

passed through both systems while connection was being made
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to prevent entry of air, after which the flow of nitrogen
was kept to a minimum. To force liquid into the empty flask
taps B and C were closed with A left open, As the pressure
in the first flask was above atmospheric the adaptors on this
flask were clamped securely. A mercury sealed T-piece
prevented too large a pressure developing in the system.

The rubber: sleeve fitted to the long lead in the first flask
allowed it to be adjusted to fit flasks of varying
capacities. The opening of either tap B or C stopped
transference of liquid to the second flask immediately, by
equalizing the pressure in both flasks.,

ii). Smaller amounts of air-sensitive solution (ca.
500 c.c.) were transferred to other flasks by decantation
under nitrogen. The apparatus used was practically the
same as that described previously. The liquid was poured
through the connecting polythene or rubber tubing into the
other flask (Fig. 3). If solid impurities were present in
the liquid a loose glass~wool plug in the connecting tubing
proved advantageous in keeping back large amounts of the
solid while allowing transference of the liquid.
iii). If the liquid to be transferred was not

particularly air-gsensitive it was often possible to pour

the liquid rapidly from one flask to the other against a
vigorous counter current of nitrogen (Fig. 4). The

stoppering of the receiver caused the nitrogen stream to be
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diverted through the trap system thus preventing any
development of excess pressure in the receiver,

c). Measurement of Air-Sensitive Solutions

i).  Small amounts of liguid (ca. 10 c.c.) were measured
by means of graduated Excelo pipettes (Fig. 5). Immediately
befbre use the pipette was purged out with nitrogen and
then placed in the flask against a counter current of
nitrogen. The required volume of solution was then drawn
into the pipette, which was then withdrawn quickly and the
liquid ejected into the other flask against a counter current
of nitrogen. In this way it was possible to measure out
small volumes of inflammable materials such as cacodyl and
tri-ethylphosphine, The diagram also illustratés the method
of storing air~sensitive compounds in stoppered two-necked
flasks fitted with a gas lead, which was closed by means of
a tape. When required the gas lead on the flask was connected
to a suitable nitrogen supply.

ii). Large volumes of air-sensitive liquids or
solutions were measured in graduated dropping funnels by
decantation under nitrogen (Fig. 6). The flask and dropping
funnel were fitted with nitrogen inlets and outlets so that
the whole system was maintained at the same pressure. The
dropping funnel which usually contained air initially, was
burged out by passing nitrogen through it with the tap of

the dropping funnel open and then closing the tap when the
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air had been expelled. The connecting tubing and adaptor,
usually joined only to the dropping funnel initially, was
also purged with nitrogen and the adaptor on the end of the
tubing stoppered with a rubber bung until required. When
required the rubber bung was removed in a vigorous stream
of nitrogen and quickly joined to the flask through which a
vigorous stream of nitrogen also passed. The flow of
nitrogen was then kept to a mininmum. When the-desi?ed
quantity of liquid had been transferred to the dropping
funnel the inlet tube to it was replaced by a cap. The
dropping funnel was then connected to the reaction vessel,
the nitrogen inlets and outlets being connected as before
to maintain an equal pressure in the whole system. The
dropping funnel waslthen used in the normal way.

d). Distillations under Nitrogen

The apparatus used for distillétion of an air-sensitive
compound, or removal of solvent from such a compound, was
essentially that used in ordinary circumstances with the
addition of a nitrogen inlet and outlet (¥Fig. 7). As the
liquid was air-sensitive pieces of porous pot were not |
generally used. If the flask was heated up slowly distillation
generally proceedéd without violent bumping. The apparatus,
except the flask, was assembled tirst and then the flask was com
‘ected to the system with a rapid stream of nitrogen passing

through it. After the apparatus had been purged with nitrogen
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the flow was cut down to a minimum. Distillation was then
carried out in the normal way. The apparatus could also be
adapted for distillations under reduced pressure. In this
case the receiver was connected by pressure tubing, via
two traps cooled in liquid nitrogen, to an oil pump.
Either the apparatus, under nitrogen, was pumped down slowly
to the required pressure, in order to prevent bumping,
isolated from the pump, and the liquid distilled, or a leak
connected to the nitrogen supply was used with continuous
pumping. In both cases when distillation was completed the
apparatus was refilled with nitrogen to atmospheric
pressure.

e). Filtration of Air=Sensitive Solutions

The apparatus described here was used to separate aipr-
sensitive liquids from solid impurities. The liquid/solid
mixture was transferred to the apparatus (Fig. 8) in one of
the ways described previously, the apparatus being filled with
nitrogen in the usual way. If/filtration was slow under
gravity. pressure was applied by closing tap B, the mercury
sealed T-piece being used to prevent too large a pressure
being applied. _In this case the apparatus was clamped securely
to prevent joints being broken due to the applied pressure
of nitrogen. The rate of filtration could also be increased
by reducing the pressure in the flask below the sintered

plate (Fig. 9). Tap B was closed and clip C, on the tubing
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leading to a water pump, was opened occasionally to reduce
the pressure in the flask.

f). Recrystallisation of Air-Sensitive Solids

The apparatus used to recrystallisé aif—sensitive solids
consisted of a modified double Schlenk tube (Fig. 10).
The solid was placed in one limb of the apparatus, which was
filled with nitrogen. A suitable solvent was added through
one of the standard joints (A) by means of a fitted dropping
funnel. The solid was then recrystallised from the solvent,
whiéh was heated by a water bath placed around the limb, or
the solid was frozen out from a saturated solution at room
temperature, The latter method was used to recrystallise
substances which were thermally unstable, Solvent was
removed by tilting the apparatus and allowing the liquid to
run into the other limb vig the sintered plate, which held
back recrystallised material. If this was done carefully
the bulk of recrystallised material could be left in the
bottom of the limb, €.g., sSmall amounts of material were
usually collected on the sintered plate and walls of the
limb when the apparatus was tilted. The solvent, if volatile,
could be re-used; the apparatus was evacuated by means of
a water pump and solvent condensed onto the solid by cooling
the 1imb with a solid carbon dioxide/acetone bath.
Recrystallisation was then carried out as before. Finally
e purified solid was freed from traces of solvent by

pumping in vacuo; this also removed the solvent collected in
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the other limb,

(d) Reactions in Tetrahydrofuran with Trimethyltin Bromide

Preparation of Tetramethyltin11

4CH, MgI + SnCl (CH5)4Sn + 2MgI, + 2MgCl

3 4 = 2 2°

Di-n~-butyl ether was dried and purified by refluxing
with sodium under nitrogen and then distilling off the
ether,

Magnesium (200 gms., 8.2 moles), some of which was
warmed with a few crystals of iodine, was stirred in a three-
necked flask (5 litres capacity) with ~ 2% litres of dry
di-n-butyl ether. Dry oxygen-free nitrogen was led into
the flask via the stirrer. Methyl iodide (400 c.c.'s.,

6.4 moles) was slowly added, When reaction had started the
flask was cooled in a large tub: of water, and the rest of

the methyl iodide added over a period of two hours. The
reaction mixture remained at A/500—4O°C. during addition but
was allowed to warm to 50°-60°C, towards the end to ensure
that all the methyl iodide was used up. The reaction

mixture was then cooled in cold water to which some ice was
added, and stannic chloride (redistilled, 162 c.c.'s, 360 gms.,
1.38 moles) was added over a period of one hour; during

the addition the temperature was maintained at ~~ 500—4000.

When the addition had been completed the cooling bath was

removed and replaced by an isomantle and the reaction mixture
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was refluxed for one hour. The reaction mixture was then
distilled, and liguid boiling up to 135°C. was collected

( ~ 1,000 c.c.'s). Fractionation gave tetramethyltin
(100 gms., 0.55 mole, 40% yield), b.pt. 77.5-78°C,

In another preparation methyl magnesium iodide was
prepared from magnesium (150 gms., 6.15 moles) and methyl
iodide (350 c.c.'s, 5.6 moles) in ~s 2F litres of di-n-butyl
ether. A.mixture of stannic bromide (454 gms.; 1,03 moles)
and stannic chloride (44 gms., 0.17 mole), liquid at
room temperature was used in this case instead of stannic
chloride, The magnesium bromide formed on reaction with
the methyl magnesium iodide was more soluble in the ether
than magnesium chloride (when stannic chloride was used)
thus making the stirring of the reaction mixture easier,
After working up, tetramethyltin (162 gms., 0.91 mole, 76%
yield) b.pt. 77.5-78,5°C. was obtained.

Preparation of Trimetgyltin‘Bromide?

(CH,).SnBr + CH_Br

(CH5)4Sn + Br 5)5 "

g =
Tetramethyltin (257.5 gms., 1l.44 moles) was stirred in
a 500 c.c. three-necked flask fitted with a stirrer, |
reflux eondenser and dropping funnel. The flask was cooled
by means of an ice-bath. Bromine (230.5 gms., led4 moles)
was dropped slowly into the stirred reaction mixture over
three hours. After the reaction mixture had warmed up to

room temperature it was distilled through a short vacuum-
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jacketed columm, a fraction of trimethyltin bromide (290 gms.,
1.19 moles 83% yield) bept. 165—16500. was collected
(Literaturezz- b.pt. 165°C., m.pt. 27°C.). Further
purification was effected by melting the product, alloWing

the bulk of liquid to recrystallise and pouring off the
residual liquid. Trimethyltin bromide (252 gmse., 1l.04 moles

2% yield) m.pt. 27°C. was obtained.

Attempted Preparation of Trimethyltin Lithium from Trimethyl-
tin Bromide and Lithium in Tetrahydrofuran

(CH,).SnBr + 2Li = (CH,).SnLi + LiBr.

6)5 5)5

Réactions between trimethyltin bromide and lithium were
carried out under oxygen-free nitrogen as compounds of the
type RssnLi were expected to be both oxygen and moisture
sensitive.

When trimethyltin bromide (12.2 gms., .05 mole) in dry
tetrahydrofuran (40 cece's) was added to a stirred suspension
of lithium shot (1 gm., 0.15 mole) in tetrahydrofuran
(60 c.ce.'s) some heat was generated and the solution b ecame
yellowish-green in colour. When addition was completed
stirring was continued for another 15 minutes. |

The yield of trimethyltin lithium was estimated by
removing 2 c.c. aliquots, by pipette, and hydrolysing them

in turn with wet ether, alcohol and then water. This

provided a means of smooth hydrolysis:-

(CH5)5SnLi + H0 = (CHB)SSnH + LiOH,
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The alkali was then determined by titration with 1N
hydrochloric acid using methyl red as indicator, Although
trimethyltin hydride does react with concentrated hydrochloric

acid,5

| (CHB)SSnH + HC1 = (CHS)SSnCl + H,

it was théught that in dilute solution, especially where the
solution.remained alkaline until all lithium hydroxide had
been titrated, and where only normal hydrochloric acid was
used this reaction would be slow. The result obtained in
this case indicated a yield of 124% of trimethyltin bromide
which was thought to be due to the removal of excess lithium
as Well as solution by pipette, and not due to reaction of

trimethyltin hydride with the acid.

Reaction with Trimethylchlorosilane

(CHS)SSnLi + (CH,),8iC1 = (CH,_).Sn-Si(CH + LiCl.

5)5 5)5 5)5
Trimethylchlorsilane (5.4 gms., .05 mole) equivalent
to 100% yield of trimethyltin lithium was slowly added, in
tetrahydrofuran (40 c.c.'s) with stirring, to the
trimethyltin lithium solution prepared as just described.
The yellowish-green colour disappeared on addition of the
silane, Thén the solution was blown through rubber tubing,
containing a glass-wdol plug to keep back excess lithium,

into a flask flushed out with nitrogen.

The reaction mixture was then distilled under nitrogen.
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A fraction, b.pt. 650-9000, was collected when the bulk of
solvent (b.pt. 6500.) had been removed. The residue in the
flask, mainly solid, was evacuated to .03 m.m.'s., and heated,
all volatile liquid being collected in a trap cooled in
liquid nitrogen. This amount was very small, The fraction
collected previously was then distilled through a short
vacuum-jacketed column, without exclusion of air. The
desired product (CHB)BSn'Si(CHB)s was not expected to be
particularly oxygen-sensitive, Only a very small amount of
ligquid was collected after removal of more solvent; no
higher fraction was observed although the flask was heated

to ~190°C. A fraction of liquid b.pt. 112°C. was collected
(hexamethyldisilane, b.pt. 112°C.).  The observed boiling
point suggested that reactions of the type shown below

might occur:-

(CH,),SiCl + (UHs)asnLi = (CH.),Sili + (CH,),SnCl,

5)5
+ LiCl,

5)5 5)5

(CH,).SiLi + (CH,),SiC1 = (CH,),Si-Si(CH

5)5 5)5 5)5 5)5
This reaction was not proceeded with as very little volatile
product had been obtained other than solvent. The product

(cH SnSi(CH5)5 was expected to be a ligquid boiling about

5)5
160°C,
Reaction with Triphenyltin Bromide

The reaction between trimethyltin bromide and lithium

was carried out as in the previous preparation. In this
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case, however, the solution was blown through a rubber tube
containing a glassfwool prlug into a graduated dropping ifunnel.
This served to obtain an accurate known volume of solution
and to remove excess lithlum particles., From the volume oI
solution and titration of aliquots, as described, the yield
of trimethyltin lithium, calculated from alkali generated on
hydrolysis, was estimated (86%). This solution was then
run into a calculated quantity of triphenyltin bromide
(18,5 gms., 043 mole) in tetrahydrofurén (40 c.c.'s) under
nitrogen. The greenish~-yellow colour of the trimethyltin
lithium solution disaﬁpeared leaving a colourless solution.
After this stage working up was carried -out without exclusion
of air as the expected product (C6H5)5Sn8n(CH5)5 was not
oxygen sensitive, From the concentrated tetrahydrofuran
solution diluted considerably with water there was obtained
insoluble material. This was extracted with cyclo-hexane
when 7.5 éms. of solid dissolved. This was recovered
and after recrystallisation from benzene the melting point
was found to be 231°C. This indicatéd formation of
hexaphenylditin (m.pt. 282°C.), and represented 51,4% recovery
of the tin from the triphenyltin bromide used.

As the total recovery of tin was small the aqueous phase
was extracted to remove anj matter soluble in ether (such as
organotin halides). However, no solid or liquid was

extracted. There was no indication of the formation of
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(C6H5)SSnSn(CH (mept. 106°C.), nor could the loss of

5)5
tin be accounted for,

Reaction with Cacodyl Chloride

(CH,).SnLi + (CH5)2As01 = (CHS)SSn-As(CH + LiCl.

5)5 5)2

The reaction between trimethyltin bromide (12.2 agms, ,
0.05 mole) in tetrahydrofuran (40 c.c.'s) and lithium (about
1.1 gms., about 0.15 mole) in tetrahydrofuran (60 c.c.'s)
was carried out in the usual way, the soiution filtered,
and the amount of trimethyltin 1lithium found by titration
(88% yield). When this solution was run into an equivalent
amount of cacodyl chloride (6.2 gms., 0.044 mole) in
tetrahydrofuran ( ~ 40 c.c.'s), under nitrogen, some heat was
generated, the green colour disappeared, and a cloudiness
developed in the solution. After removing the bulk of
solvent by distillation the remaining ligquid was condensed
into a trap cooled in liquid nitrogen at ~~ ,03 mm.
pressure. This was carried out to remove volatile matter
from lithium halides. On working up, this liquid, however,
was found to consist élmost entirely of tetrahydrofuran and
it was decided to repeat the reaction using double concentra-
tions of material.,

Trimethyltin lithium was prepared from trimethyltin
bromide (24,4 gms., O.1 mole) in tetrahydrofuran (40 c.c.'s)

and lithium (2.3 gms., 0.3 mole) in tetrahydrofuran ( ~ 50

ceCe's)s The yield indicated by titration was 91%. In
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this case the lithium suspension was cooled in ice during
addition of the trimethyltin bromide solution as heat was
evolved, Reaction with cacodyl chloride (12.8 gms., 0,91 mole)
in tetrahydrofuran (45 c.c.'s) was carried out as before,

and the concentrated reaction material was condensed into a
trap cooled in liquid nitrogen, at about .03 m.m. pressure,
this time however the flask was heated to about 100°C, A
colourless residue remained behind, From this stage onwards
the material condensed into the trap was handled in a vacuum
apparatus as the products of reaction were very oxygen
sensitive.

Residual solvent was removed from the liquid using a
small vecuum-jacketed column in the apparatus-and then an
attempt was made to obtain a pure componént from the remaining
liguid. The liquid was allowed to evaporate up the short
vacuum-jacketed column, which was cooled at the top by
acetone to which pieces of solid carbon dioxide were added
such that the liquid refluxed steadily. Volatile products
were trapped in two traps connected in series to the top of
the column., The trap nearest the column was cooled to
0°C. and the other to liguid nitrogen temperature, No
ligquid condensed in the first trap but a mixture was
obtained in the trap cooled in liguid nitrogen. When this
trap was allowed to warm to room temperature it was found

that besides liquid in the bottom of the trap a ring of white
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crystalline solid remained in the inlet to the trap. This
slowly dlssolved due to the solvent action of the liquid
in the bottom of the trap. A further attempt was made
to separate this mixture by allowing it to pass through
a trap at elOOC. and into a trap cooled in liquid nitrogen.
When all the liquid had evaporated from the first trap
liquid was found in both the other traps, and also a ring
of white solid in the inlet to the final trap (A).

The solid in the trap was probably hexamethylditin,

m.pt. 23°C., since cacodyl [(CH As—As(CHs)é] melts at

6)2
24°C,  The mixed compound (CH5)5Sn—AS(CH3)2’ an unsymmetrical
molecule, would be expected to melt at an even lower
temperature. Separation by distillation under reduced
pressure would be difficult if the mixture consisted of
hexamethylditin and cacodyl or even (CHS)3
the former two have boiling points which only differ by

Sn—As(CHs)z, as

12° at atmospheric pressure, It would be inadvisable to
distil atnatmospheric pressure as the compounds tend to
decompose.,

An attempt was made to estimate the relative amounts of
tin and arsenic in a sample of the liquid from trap A,
mentioned previously. A thin tube was attached to the
vacuum system, evacuated, and some of the liquid was condensed.
into it by cooling in liquid nitrogen. The neck of the tube

was then sealed up by heating with a hand gas-torch, After



31,

allowing the tube to Warm‘to room temperature the tube

and contents were weighed. The tube was then broken
under anhydrous methyl alcohol, under nitrogen, to dissolve
out the liquid. The solution was then titrated with
approximately normal ipdine in methyl alcohol to a
permanent brown cplour. By this method organo-tin and

~arsenic compounds would be converted to the corresponding

6)2A315, (CHs)SSnI or (CHS)Z

which could be handled in the air,. Approximately two normal

iodides (probably (CH Snlg)

sodium hydroxide (aqueous; equal to four times the

volume of iodine solution used) was then added to convert the
iodides to the corresponding hydroxy-compounds. The main
bulk of solution was then decanted into a conical flask and
the rest filtered through a weighed sintered crucible to
collect the glass from the tube used to weigh out the sample,,
The sintered crucible was then dried to constant weight and
the weight of élasg obtained. Subtraction of this weight
from the weight of the tube and ewontents gave the weight |

of sample (0.6270 gm.). All washings Were collected in the
conical flask which was then heatéd on a water-bath until only
a small amount of liquid remained. Fuming nitric acid (25 c.c.'
was added to the cooled solution which was then boiled gently.
This procedure was repeated twice‘to ensure complete

oxidation of tin to stannic oxide.? The arsenic, which Waé

expected to be present‘as cacodylic acid, was not expected

to be oxidised as the acid was reported to be resistant to
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oxidation by nitric agid. The solution was diluted with
distilled water (30 c.c.’s), boiled with macerated filter-paper,
and left to stand for a few hours. Solid was then

collected on an ashless filter-paper, washed with dilute
nitric acid, the filter-paper then being transferred to a
weighed silica crucible and ignited to constant weight. The
solid was weighed as SnOg (0.1384 gm.). The solution left
which was expected to contain the arsenic was made alkaline
to sodium bicarbonate, then slightly acid to niifric acid

and finally alkaline to sodium hydroxide (about twice normal).
At this stage arsenic was expected to be present as sodium
cacodylate (or if any cacodylic acid had broken down as
sodium arsenate). Ammonium persulphate (32 gms.) was

added and the solution was boiled for 10-15 minutes to
oxidise all arsenic to arsenate. Excess persulphate was
destroyed by adding two normal oxalic acid (200 c.c.'s) and
boiling until a co%ourless,solution was obtained. After
cooling, the solution was saturated with sulphur dioxide to
reduce any arsenic to the trivalent state.,” Excess sulphur
dioxide was boiled off, and the solution chilled by ice-water
was saturated with hydrogen sulphide gas. No precipitate

of arsenic trisulphide was obtained. By this method the
amount of tin found in the sample was 16.7%. The calculated
amount of tin in (CH5)5Sn-As(CH5)2 is 42.6%. The arsenic

presumably was lost during estimation,
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(e) Reactions with Sodium Methylsulphide and Sodium
Methylselenide

Reaction between Sodium Methylsulphide and Trimethyltin Bromide

Methyl mercaptan was prepared by the method of Windus

and Shildneck.12

A 280 c.c. three-necked flask was fitted
with a dropping funnel, a reflux condenser, and a nitrogen
inlet leading to the bottom of the flask. The end of the
condenser was connected in series to:-~ a safety trap,
consisting of ah empty 100 c.c, flask, another\ioo co.Ce flask
containing sulphuric acid (concentrated), a tower containing
calcium chloride and an empty flask (100 c.c.) which acted
as a trap; a 260 c.c. flask containing sodium (2 gms., .0875
mole) in methyl alcohol (40 ce.c.'s); an empty flask

(100 c.c.) and a flask (100 c.c.) containing saturated lead
acetate (20 c.c.'s).

Methyl isothiourea sulphate (13.9 gms, .05 mole) was
placed in the three-necked flask, a slow current of nitrogen
was blown through the apparatus, while sodium hydroxide (4 gms,
0.1 mole) in water (40 c.c.'s) was added to the methyl
isothiourea sulphate from the dropping funnel, The solution
was warmed gently for 1% hours to generate methyl mercaptan.
The reaction was completed by heating more vigorously for
twenty minutes, The solution of sodium in methyl alcohol,

which was weighed before reaction, was then re<weighed.

The increase in weight was due to the methyl mercaptan absorbed
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(3.5 gmses 073 mole)..

(CH SnBr + CH_,SNa = (CH5)58nSCH + NaBr,

5)6 3 3

The flask containing the absorbed methyl mercaptan was

fitted with a stirrer, dropping funnel and a reflux condenser.,
Trimethyltin bromide (18.5 gms., 076 mole) in methyl alcohol
(40 c.c.'s) was added slowly with stirring. The solution
was concentrated by distilling off solvent and then volatile
material at ~ .03 m.m. pressure was condehsed in a trap
cooled in liquid nitrogen, the reaction vessel being heated

to about 70°C. This separated organic matter from sodium
bromide. The liquid collected in the trap was redistilled

to remove more solvent and then an attempt was made to distil
the residual liquid at 5 m.m.'s, when sublimation was
obgerved to oceur. An attempt to collect this sublimate

at 5 m.m.'s proved unsuccessful as the solid was moistened

by the liquid present. The liquid was, however, successfully
diétilled at 3.5 m,m.'s most boiling at 55.5—54;5°C.Vand

| no liquid boiling above 45.500; was collected. Solid
remained behind in the flask. As the amount of liquid
distilled was small and was suébected to be the desired
compound the reaction was repeated. The solid which sublimed
was probably trimethyltin hydroxide, which sublimes at 80°c,
and melts at 118°C, Slight fuming was noticed to occur when
the liquid was exposed to the air,

Methyl mercaptan was prepared, as before, by the reaction
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between methyl isothiourea sulphate (27.8 gms., 0.1 mole)

and sodium hydroxide (8 gms., 0.2 mole) in water (80 c.c.'s).
This time, however, the dried methyl mercaptan was collected
in a trap cooled by a solid carbon dioxide acetone mixture.
The mercaptan was then transferred and stored in the vacuum
system., Methyl mercaptan was then condensed into a trap,
into which a solution of methyl alcohol (40 c.c.!s) containing
sodium (2.4 gms., .107 mole) was run. The volume of methyl
mercaptan was calculated approximately from the volume of the
storage vessel and pressure of gas such that an excess of
mercaptan was present. This was to ensure that complete

formation of sodium methylsulphide occurred, €.g.,

CH,ONa + CHBSH = CH,OH + CHBS.N@,

3 3
as otherwise the compound (CHB)BSnOCH5 might be formed:=
CH,ONa + CH,SnBr = (CHB)BSnOCHB + NaBr,

Trimethyltin bromide (26 gms. 107 mole) in methyl
alcohol (60 c.c.'s) was then run slowly into the stirred
solution of sodium methylsulphide, This reaction was carried
out under nitrogen to prevent any reaction with air or moisture.
The reaction mixture was worked up as before and distilled
finally at 3.5 mem.'s. Some solid again tended to sublime
and solid remained behind in the distilling flask, melting
point 110°-112°C, (trimethyltin hydroxide m.pt. 118°C.).

The liquid collected was redistilled at 3.5 m.m.'s using a
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small vacuum-jacketed column, three main fractions were

collected:-

1) B31.5 - 32.5°C., 1.2 gms. )
2) 32.5 & 339C.,, 3.4 gme. Jtotal 6.1 gms.
%) 33°C, , 1.5 gms.

Samples of the middle fraction were used for analysis.

Analysis:-
Tin
Tin was estimated using the method of Gilman and King

described on page 95.

Sulphur

The sulphur was estimated by making use of the fact
that ﬁethyl mercaptan was liberated from the compound by
the action of dilute acid.

_A%weighed sample of liquid was mixed with bench diluted
hydrochloric acid (10 c.c.'s) and the methyl mercaptan
liverated was carried by a stream of nitrogen bubbled through
the solution into four tfaps containing mercuric cyanide

(4% vy weight). The precipitate of (CHSS)zHg was filtered

off and weighed after drying over phosphorus pentoxide in

Vacuo.

Carbon and hydrogen were estimated in the usual way.
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Element l Observed %%ﬁ;&;gzggHzo#
% Sn 55,94 6.5 |
% S 15.85 . 15.19
% H 6.16 5.70
% C 23,49 23,78

The preparation of (CHE)ESnSCH was confirmed, The

3
yield of product based on the three main fractions collected

at 3.5 m.m.'s was 27%.

Reaction between Sodium Methylselenide and Trimethyltin Bromide

CH_SeNa + (CHS)SSnBr = (CHS)ESnSeCH

- NaB
3 +‘ aBr

3
Dimethyl diselenide (CHsseSeCHB) was prepared as

13 Selenium (64 gMSae

described by Bird and Challenger.
0.81 méle) was completely dissolved in a mixture of sodium
hydroxide (32 gms. 0.8 mole) and sodium formaldehyde- |
sulphoxylate (50 gms., 0.42 mole) in water (500 c.c.!s) in a
three-necked one litre flask fitted with a stirrer, condenser
and a dropping funnel. Methyl sulphate (44 c.c.'s, 0.34 mole)
was added and after heating for one hour the reddish~brown
colour had almost completely gone and a heavy oil separated,
This was extracted with chloroform, dried over anhydrous
sodium sulphate and fractionated to give the diselenide as

an orange oil. 22 gms. of diselenide b.pt. 56—5900./21 m.m,'s

was collected (30% yield).
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Sodium methylselenide was prepared in liquid ammonia.
Ammonia wes dried by distilling from sodium and condensing
in a reaction vessel cooled by a solid carbon dioxide/acetone
trap. Sodium (2.2 gms., 096 mole) was then added. A
solution of methyl diselenide (9.4 gms., .05 mole) in
tetrahydrofuran (10 c.c.'s) was run slowly into the liquid
ammonia solution, keeping the latter_well agitated by
bubbling nitrogen through it. When the bulk of diselenide
had been added the remaining solution was diluted‘by the
addition of more tetrahydrofuran ( ~ 10 c.c.'s). This
solution was added dropwise until the blue colour due to the
sodium disappeared, leaving a slightly cloudy rose-pink

solutions: -

CHgseSeCH5 + 2Na = 2CH58eNa.

More tetrahydrofuran (50 c.c.'s) was added and the bulk
gf‘the ammonia was allowed to boil off, by removing the
cooling bath from the reaction vessel. A short helices
column was then fitted to the top of the reaction vessel (in
place of the dropping fumnel). At the top of this column
a solid carbon dioxide/acetone trap was fitted to condense
tetrahydrofuran while allowing ammonia to be removed via
the water pump . In this way a mixture of sodium methylselenide
in tetrahydfofuran was obtained, the gpparatus being refilled
by nitrogen, The ammonia was removed to prevent any

ammonolysis of products. A cloudy yellow solution with
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yellow solid at the bottom remained behind in the reaction
vessel, A solution of trimethyltin bromide (25 gms., «094 mole
in tetrahydrofuran (40 c.c.!s) was added such that the
mercaptide was in slight excess. Some heat was generated

and the yellow colour and solid disappeared being replaced

by a white solid.

The mixture was tranéférred, under nitrogen, to a flask
from the reaction vessel, concentrated, and volatile matter
condensed into a trap cooled in liquid nitrogen, in vacuog,
in order to separate from the inorganic salts,. The flask
was heated to ~ 100°C, This liquid was then distilled,
under nitrogen, to remove more tetrahydrofuran and the
remainder was distilled at 5.5 m.m.‘'s, most of the liquid
boiliné at ~ 48°C. The liquid was pale yellow in colour,
This liquid was then redistilled using a small vacuum-
jacketed column at 5.3 m.m.'s, the following separate

fractions being collected:-

1) up to 46.5°C.

2) 46,5 - 4700., 3 gms.,
3) a7 - a7™%c., 3.7 gms.
4) a4t - 47.4%C., 4.2 gus.
5) 47.4 - 4a7,8%C, )

6-0 gMmse.
6) 47.8 - 48°C,

The last five fractions boiled within 1.5° this

presumably being due to small changes in pressure, The total



40.

weight of the five fractions was 16.9 gms. Samples of 3)

were used for analysis.

Apnalysis

Tin analyses were carried out by the method of Gilman
and King as described on page 95 . One of the results was
AJO.G%* low this being due to slight spattering of solid

while boiling off concentrated sulphuric acid.

Carbon and hydrogen were analysed in the usual way.

Element Observed Calculated for
(055)53nSeCH5
% Sn 45,41%; 46.30 46,07
% G 18,98 18.62
% H 5.1l - 4,66

The formation of (CHS)SSnSeCH5 was confirmed. The yield

(based on the trimethyltin bromide used) was 69.5%
(f) Reactions of Cacodyl and Sodium in Liguid Ammonig

Preparation of Cacodyl

Cacodylic acid [(CHS)gAsOOH, 55.2 gms., 0.4 mole] in
water (100 c.co.'s) was placed in a 250 c.c., three-necked
flésk fitted with a stirrer (with a nitrogen inlet), dropping
funnel and condenser. Sodium hypophosphite (NaH2P02.H20,
37 gms., 0.31 mole) in concentrated hydrochloric acid (33

c.C.'s) was added, as a suspension in one portion as little

heat was generated initially. After a few minutes the
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solution became cloudy and heat was evolved. The flask
was then cooled in water. After stirring for two hours the
mixture was blown out of the flagk into a dropping funnel,
under nitrogen, where the bottom layer was run into a flask,
under nitrogen, containing calcium sulphate. The dried
liquid was redistilled at 17 m.m.'s, a small amount of liguid
(4.5 gms.) boiled at 49°C., the rest was condensed in a liguid
nitrogen trap connected to the sysﬁem (Literature:-14
Cacodyl b.pte 45.8244.4°C./11 m.m.'s). The liquid which
distilied at 49°C. was inflammable in air (cacodyl) but the
liquid collected in the trap was not (probably cacodyl
chloride).

| As the yield of cacodyl was small (11%) another prepara-
tion was attempted using a modified procedure. Sodium
hypobhosite (NaHQEOQ'H202 54 gms., 0.5 mole) was dissolved
in water (50 c.c.'s) and concentrated hydrochloric acid
(50 c.c;'é) was added slowly. The mixture was filtered (to
remove sodium chloride) and poﬁred into the reaction vessel
used previously. To the stirred solution, under nitrogen,
was added a solution of cacodylic acid (27.6 gms., 0.2 mole)
in water (36 c.c.'s). Cloudiness,developed after a few
minutes and the solution was kept warm by slow addition of the
cacodylic acid solution ( ~ 2% hours). After cooling, the
mixture was blown into a dropping funnel, as before,

separated, and the heavy liquid_dried and distilled, 16,1
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gms. of liquid b.pt. 54,5°C,/19.5-20 m.m.'s was collected
(7% yield).

The agueous hypophosphorous acid solution from the
reaction was replaced in the reaction vessel and.all the
distilled liquid collected in the first reaction was run into
it. The heavy layer produced was then worked up as in the
second reaction. 11.5 gms. of liquid b.pt. 53°C./18-18.5 m.m.'
was obtained (28% yield). |

There was no indication of formation of cacodyl chloride

in this case or the previous reaction.

Reaction of Dimethylarsenic Sodium with n-Propyl Halides

(CH, ) Ashs(CHy ), + 2Na = 2(CH,)AsNa
(CHS)gAsNa # p-CHI = (CH5)2QrCBH7As + Nal
(CH5)2Q,CSH7Asl+ CH,I = (CH5‘53r05H7ASI

The object of these reactions was to investigate the
formation of dimethylarsenic sodium in liquid ammonia with g
view to the use of thié reagent to form tin-~arsenic bonds.
Ammonia was dried by distilling from sodium and condensed
into the reaction vessel. Sodium (0.7 gms., .034 mole) was
added to the liquid ammonia. A solution of cacodyl in ether
(20 c.ce's) was run into the ammonia until the blue colour
of the sodium waé displaced. The end point was uncertain
as‘the colour change from blue to a dark—brown was not sharp

but changed gradually as the cacodyl was added, Ammonia



43,
was removed as in the preparation of sodium methylselenide
in liquid ammonia (page 38). n-Propyl iodide (5.2 gms.,
.034 mole) in ether (40 c.c.'s) was then added to the
reaction vessel. The reaction vessel had to be cooled at
this stage as considerable heat was evolved. Volatile
products were then condensed, in vacuo, into a trap cooled
in liguid nitrogen, to separate from inorganic salts. Then
the contents of the trap were transferred to a flask, under
nitrogen, and a solution of methyl iodide (4.5 gms., .034 mole)
in ether (40 c.c.'s) was added. After this stage working
up was carried out in air as the products were no longer
oxygen sensitive. Solid (2 gms.) was filtered off from the
concentrated ether solution. = After repeated reqrystallisation

from alcohol the melting point was 207°C, ((CHS) n-C.H AsI,

5= "3
m.pt. 211°C.). The solid (2 gms.) represented a 25% yield
of (CH5 3g,05H7AsI. |

As the &ield was small the reaction was repeated using
n~-propyl bromide instead of n~propyl iodide, The arsonium
~ilodide obtained in this case was much purer, m.pt. 210—21100.,
after crystallising twice from absolute alcohol. The
arsonium iodide obtained (2.9 gms.) represented a yield of

26%.

Bromide

As in the previous reactions a solution of cacodyl in

ether (10 c.c.'s) was run into a solution of sodium (1 gm.,
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.044 mole) in liquid ammonia,. Although the blue colour of
the sodium changed to green and then brown the end point

was sharp. ‘The solution suddenly turﬁed a bright, clear,

- orange-red colour. Addition of trimethyltin bromide

(10.65 gms., .044 mole) in ether (10 c.c.'s) caused immediate
precipitation of white solid, the solution becoming pale
yellow in colour. The ammonia was not removed in this
reaction as organo-tin halides are not ammonolysed by ammonia
and the products of reaction\which might occur, €.g.,
SnSn(CH5)5, (CHS)ZASAS(CH and (CH

(CH SnAs(GH5)

5)5 5)2 5)5 27
would also be stable to liquid ammonia. Ammonia was allowed
to boil off and then the reaction mixture was transferred to
a flask, under nitrogen, where the mixture was concentrated
by removal of ether, Volatile materials were then
condensed into a trap cooled in liguid nitrdgen, in vacuo, to
separate from inorganic halides, More ether was distilled
from this liquid, under nitrogen, and then the residue was
distilled at 16-17 m.m.'s. A fraction, boiling point
58=66°C. was collected. A second fraction boiling 5945~
61°C./10 m.m.'s was also collected, In this case an air
condenser was used as solid formed in the water condenser.,
Little liquid remained undistilled. On standing, under
nitrogen, solid was observed to form in both fractions.

The second fraction was redistilled at 9.4 m.m.'s but

no steady boiling point was observed indicZating the presence



Preparation of Anhydrous Stannous Chloride
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of a mixture. A sample of some of this liquid was used to
try to ascertain the relative amounts of tin and arsenic.
The results were not quantitative but indicated the presence
of more tin than arsenic.

As in the previous reaction between tin and arsenic

'no gingle product was obtained. In the preparation of
cacodyl the folldwing boiling points had been obser&ed,
54.5°C./19.5-20 m.m.'s and 53°C,/18-18.5 m.m.'s, however, the
first fraction in the reaction mixture distilled at 58°C/
16-1% m.m.'s, which was probably caused by distillation

of cacodyl with a slightly less volatile material, The
presence of another component was suggested by the formation
of a low melting substance. This in turn suggested
formation of hexamethylditin, m.pte. 23°C, Thus it seemed

probable that a mixture of cacodyl, hexamethylditin and

probably (CH SnEAs(CHS)z had been formed., As in the

5)5
previous reaction between tin and arsenic it was impossible
to separate any one component because of the similarity of
boiling points. In view of this fact, and the fact that

a mixture had resulted from the reaction this line of

approach was abandoned.

(g) Reactions with Tri<p-Butyltin Lithium.

15

A mixture of acetyl chloride (160 c.c.'s) and acetic

anhydride (250 c.c.fs) was added slowly to stannous chloride
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dihydrate (86 gms., 0.38 mole). The mixture was then
refluxed for two hours. The liquid at this stage was a
light brown in colour. After cooling the mixture was
filtered and the solid washed twice with dry ether to remove
any residual acid chloride or anhydride. The solid was then
placed in a vacuum desiccator for two hours over phosphorus
pentoxide. Finally the solid was heated by toluene vapour
in a drying pistol, in vacuo, for two hours. A sintered
plate was placed in the apparatus to prevent solid being
drawn into the pump. The anhydrous stannous chloride was
then sealed in tubes in approximately twenty gram quantities

and used as required,

Reaction with Trimethylchlorsilane

Lithium (7.5 gms., 1.07 mole) was converted to shot
in the way described on page 13, and added with ether (100
c.Cs's) to a 500 c.c., three-necked flask fitted with &
gstirrer (containing a nitrogen inlet), dropping funnel and a
thermometer. n~-Butyl lithium was prepared by the following
method.16 A solution of n-butyl bromide (51.4 gms.
0.375 mole) in ether (100 c.c.'s) was added to the stirred
suspension of lithium keeping the mixture at —10°C. by means
of a solid carbon dioxide/acetone bath at about -40°C, When
all the nrbutyl bromide solution had been added the reaction

mixture was allowed to warm to 0°C. for 1} hours. The

solution was then poured through a polythene tube, containing
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a glass-wool plug, into a graduated dropping funnel. The
yield of n-butyl lithium was then calculated by titration
of a 2 c.c. aliquot, after hydrolysis, with normal
hydrochloric acid. A Dblank was carried out by adding a
~sample to dry ether containing benzyl chloride.17 After
gtanding for a few seconds the solution was hydrolysed and
titrated with normal hydrochloric acid. The difference

of the two titers represented a measure of the amount of

n-butyl lithium, The blank measured alkali other than

n~-butyl lithium, which was removed as shown:-

g&C4H9Li + C6H5CH201 = C6H5 CHzLi + ng4H901
C6H5CH2L1 + CGH5CH201 = C6H5CH20H206H5 + LiCl,

The yield of n~butyl lithium was 85%.

Based on this, a weight of stannous chloride (18.6 gms.,
.098 mole), which was equivalent to 200 c.c.'s of the above
solution, was stirred in a flask with ether (100 c.c.'s)
under nitrogen, The n~butyl lithium was run into the

suspension at about -50°C.
n-C HLi + SnCl, = (ng4H9)5SnLi + 2LiCl,

An equivalent amount of trimethylchlorsilane (10,7 CeCo.! Sy
.098 mole) in ether (100 c.c.'s) was then added to the

mixfure in accordance with the equationi-

- i 5101 = (n- =51 (¢ i
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The initial deep-brown colour of the solution remained
unchanged after standing overnight. A.small sample exposed
to air became paler in colour.

The solution was stirred with water to remove lithium
halides. The two layers were separated, the ether
layer being dried over anhydrous magnesium sulphate, and
ether distilled off under nitrogen. A pale orange solution
remained. This solution was then pumped fo 1 m.m. for
about 45 minutés and all volatile matter collected in a trap
cooled in liguid nitrogeh. The liquid collected was colour-
less. On distillation, under nitrogen, through a short vacuum-
jacketed column most liquid boiled between 87° and 90°,
~especially at the latter temperature (trimethylsilanol,
b.pt. 90.5°C). The amount of liquid obtained, assuming it
to be trimethylsilanol, represented over 70% of the
silicon used in the reaction.

An attempt to distil the orange liquid at O.1 m.m.
was unsuccessful, as bumping occurred, and very 1ittle’
liquid distilled.

Tests for tin were carriéd out on the volatile material
aﬁd the ofange solution. Tin was present in the orange
liguid but not in the volatile liquid.

In view of the fact that little reaction appeared
to have taken place with trimethylchlorsilane (recovery

of trimethylsilanol) another reaction was carried out using



49,

more rigorous conditions.

Tri-n-butyltin lithium was prepared as previously
using similar quantities of materials (yield of n~butyl
lithium 83.9%). The amount of stamnous chloride used
was 17.4 gms. (0.092 mole). The equivalence point.of
addition of n-butyl lithium to the stannous chldride was
determihed by application of the colour.test18 with

pfbromodimethylaniline. This only becomes positive when

a slight excess of n-butyl lithium is present. The

-calculated quantity of trimethylchlorsilane (11.5 ce.c.'s, 0.92

mole) in ether (100 c.c.'s) was then added to the sdlution
at about ;4000. No colour change was observed.

Ether wag removed Dby distiilation at atmospheric
pressure, under nitrogen. The residual mixture was then
evacuated to 0.1 m.m. and volatile material,éollected in a
trap cooled in ligquid nitrogen. This liquid (A) was then
distilled; under nitrogen, and a main fraction boiling point
114°C. (6.4 gms.) was collected; about half the liguid did
not distil. This liquid was then left while the orange
coloured liquid was examined as trimethylsilyltri-n-butyltin
((CHy)4S1-8n(n-CyHy);) was expected to be present.

The coloured solution was pumped to about .02 m.m.
and heated to aboul 145°C. but only 2 gms. of liguid was
collected in a trap cooled in liquid nitrogen. As none

of the expected product had been obtained in appreciable
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yvield the residual coloured mixture was washed .into a beaker
of water with alcohol. The resultant mixture was extracted
with benzene. After drying over magnesiﬁm Sulphéte, benzene
was removed by distillation. The residual ligquid (B)
was distilled at 3.5 m.m.'s, a fraction boiling point 130°z
150°¢. being collected. On redistillation of this liquid

at 2.9 m.m.'s the following fractions were collected:-

1) up to 182.5°C., 1.2 gms.
2) 122.5-123.5°C, 1.9 gms.
3) 123.5°C, , 1.2 gms.

Fractions 1) and 5) were slightly cloudy. Samples of
2) were used for estimation of tin and silicon. Weighed
samples were broken down and ignited to constant weight
by the method of Gilman and King as described on page 99.
The residue was weighed as Sn02 and SiOz. The tin was
removed by repeated heating with ammonium iodide leaving
behind silica. The values obtained,‘however, were not.

consistant with the formula (n-C,Hy).Sn-81i(CH the tin

)
| 3°3°
value being of the right order but the silicon being almost
negligible. This, together with the fact that the
percentage of tin was similar to that in (Q¢C4H9)4Sn as well

- -S4 ) - - :
as (n C4H9)58n sl(cH5 3 ((n: 04H9)5Sn Sl(CHS)B, 32.73% tin),

suggested that the liquid was probably tetra-n-butyltin,
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although this was reportedl to boil at 18000/2 m.m. 's.

Turther confirmation was obtained from carbon and hydrogen

analysisf
%C %H
. S
(2704H9)58n— 1(CHy), | 49.64 9.93
(g§c4H9)4Sn 55,38 10.39
Sample 54,80 11.60

The identity of the liguid (B) was confirmed by the following
method, A welghed sample of liquid was dissolved in
methylene chloride and standard bromine in methylene chloride

was added in accordance with the egquation®-

(n-"Hg) 5SnS1(CHy) g + Brg = (CHg)SiBr + (27,H5)  rPr,

assuming the sample to be (grO4H9)SSani(GH The

5 ) e
solution was coloured when all the bromine had been added
but the colour disappeared on standing (about 48 hours).
Volatile material at 2 m.m.'s was then condensed into a
trap cooled in liguid nitrogen, keeping the liquid mixture
at room temperature. At this pressure trimethylbromsilane
bept. 80°C. (and methylene chloride) would condense into
the trap leaving behind tetra-n-butyltin. The solution
from the trap was washed out with water gnd methyl red was
agdded, Two drops of 0.1N potassium hydroxide were found

to colour the solution yellow indicating an excess of

alkali., This in turn indicated absence of acid (hydrogen
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bromide), and consequently absence of trimethylbromsilane,

(CH,),SiBr + H,0 = (CH

2 SiOH 4+ HBr.

5)5 5)5

This suggested the absence of (Q-CéHg)ssn—Si(CH The

5)5‘

methylene chloride was treated with thiourea and picric

; acid in order to obtain an isothiouronium picrate from any
grbﬁtylbromide (bept. 101.4°C.) present. This would be
obtained from tetra—grbutyltin on treatment with bromine.
The producf obtained was purified and a mixed melting

- point with authentic n~butylisothiouronium picrate obtained.

The sample melted at 175°C; the authentic specimen melted

at 174-5°C, and the mixed melting point was 175°C, An

acetate was prepared from the liquid left behind in the
reaction vessel by shaking an ethereal solution of it with
potassium hydroxide solution and heating the residue left
after removal of ether with glacial acetic acid at 125°C.,
The product was purified by recrystallisation from 40°260°
petroleum ether, An authentic specimen of tri-n-butyltin
acetate was also prepared.l9 The acetate obtained from
the reaction melted at 85-8400; the authentic specimen of>
tri-n-butyltin acetate melted at 83,5-84°C. and the mixed

melting point was 83-84°C, This confirmed the absence of

(E—C4H9)5SnSi(CH5)5 and presence of tetra~n-butyltin. It

was found also that if the oxide obtained from a weighed

sample of the liquid (B) was assumed to be stannic oxide and



" 53,
not a mixture of stannic oxide and silica the percentages
of tin were 34.29% and 34.79%. The percentage of tin
in tetrasp-butyltin is 34.25%.

The amount of tin recovered as tetra-n-butyltin from
the reaction (weiéht of fractions boiling at 2.9 m.m.'s,
4.3 gms.) was 15%.

The low boiling liquid (4) ~ 114°C. was then examined.
It was first distilled through a short helices column and
the greater part of it boiled at 116-116.5°C, The
properties of this liquid were not consistent with those of
hexamethyldisilane, a possible product, as this liquid did
not freeze at 12°C. and its refractive index was of the
wrong magnitude. However, in view of the fact that reaction
had involved use of n-butyl lithium the formation of

n-butyltrimethylsilane was then considered, g.g.,

(0H5)53i01 + n-C HIi = pn-C Hy(CHg),81 + LiCl.

The liquid had very similar properties to n-butyltrimethyl-

silane,
Boiling Refractive
Point Index
: 50 4a 20 24,4
(CHs)GSiZ : 112°-114"C. 1.42077
1n-C,Hy (CH, ) .81 115.3°-115.5°¢C, 1.403020
Sample 116°-116.5°C. 1.40825°*°
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Values obtained for carbon and hydrogen confirmed the

formation of n-butyltrimethylsilane,

- 90 A FH
(CH5)6312 49,25 12.40
g¢C4H9(CHS)5Si 64460 13,92
Sample 65419 13.75

The amount of n-butyltrimethylsilane obtained (6.4

gms.) represented 54% of the silicon used in the reaction.,

Reaction with Methyl Iodide

piButyl lithium was prepared in the usual way using
similar quantities of materials used previously (yield of
n-butyl lithium 83.1%). The solution of p~butyl lithium
was then added to stannous chloride (18.1 gms., 095 mole)
in ether (100 c.c.'s) until the colour test with p-bromdi-

methylaniline became positi-ve..l8

To the resulting
solution at about -40°C. there was added methyl iodide
(15 gms., .011 mole) in ether (25 c.c.'s), 10% excess

in accordance with the equation:-
(Q§C4H9)5SnLi + CHgI = (ggc4H9)5QH35n + LiI,

The solution changed‘from a deepsbrown colour to
yellow almost immediately on addition of the methyl

iocdide, When the solution was allowed to warm to room
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temperature the colour of the éolution became a pale grey.
On refluxing the solutibn became brown.

Lithium halides were removed by stirring the solution,
under nitrogen, with water (200 c.c.fs). The aqueous layer
was then removed. Some grey solid, insoluble in either
layer, was collected in the aqueous layer, The dried
ether layer was filtered and concentrated by distillation
under nitrogen using a short helices colum. A clear
deep red liquid remained., Liquid (A) distilling up to
98°C. was then collected at 2 m.m.'s. This liquid welghed
6.9 gms, The distillation at this pressure was expected
to remove tri-n-butylmethyltin. Although the temperature
of the distilling flask was raised to about 180°C. no liquid
b.pt. 130°C./2 m.m.'s corresponding to tetra-n-butyltin was
collected. The remaining liquid was deep red in colour.

The liquid (A) was redistilled at 9.8 m.m.'s when a
lower boiling fraction (B) boiling up to 124°C.was
collected (tri-n-butylmethyltin, b.pt. 122°C./10 m.m.'s). On
redistillation of the liquid (B) at 9.6 m.m.'s the following

fractions were collected:-

1) up‘to 84°c,

2) 84-88°C,

3) 88-90°C, 1.1 g. 1), 2) and 5) weighed 1.2 g.
4) 90-91.5°%C, 0.7 g.

5) 91.5-98°C,
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These lower boiling fractions did not contain tin, but

higher boiling fractions obtained from liquid (A) at 10 m.m.'s

contained tin:-

1) up to 120°%.

2)  120-122°C./10 m.m.'s, 0.8 g.
'3)  122-123°C./10 m.m.'s, 0.9 g.
4)  123-125°C./10%m.m.'s, 2.7 g.
5) 125-127°C./10%m.m. s,

A sample of 4) was used for tin analysis. The tin was
estimated volumetrically by the method described on page 97.
The percentage of tin found in the sample was 38,.64%. The
calculated percentage of tin in tri-n-butylmethyltin is
38.,91%. ‘The yield of tri-p-~-butylmethyltin, based on the
combined weights of fractions 2), 3), and 4) (4.4 gms.) was
14.45%. | |

A sample of the red liquid was found to deposit a white
solid in air,vwhich was probably due to formation of
di-n-butyltin oxide from di-p-butyltin, As this red liquid
was suspected to contain di-p-butyltin an attempf wag made

to characterise it by means of formation of di-n-butylmethyl-

tiniodide,
(Q¢C4H9)28n + CHzI = (g—C4H9)20H5SnI.

The remaining red solution was therefore refluxed gently

with methyl iodide, under nitrogen, until the solution was
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almost colourless (about 2 days). The mixture from the
reaction was shaken in ether with sodium hydroxide solution,
and, after removal of ether, the residue was treated with
acetic acid and heated to about 125°C. After working up
a solid was obtained which melted at 80°C, although
goftening occurred below this temperature and the final melt
was not clear. As the melting point was close to that
of trisn-butyltin acetate (85.5-8400.) a mixed melting point
with authentic tri-p-butyltin acetate was tried but the
result was inconclusive, there being no indication of'én
increase in the melting point of the solid. The white
solid obtained by oxidation in air was also treated with
acetic acid. Again on working up a solid was obtained,
which melted at 82°C. Further recrystallisationdid not
improve this melting point. A mixed melting point with
authentic tri-n-butyltin acetate was again not decisive.
The formation of the solid acetates from material in the red
liquid, which appeared to be impure tri-p-butyltin acetate,
suggested the presence of some tri-n-butyltin compound in
the red liguid.

As the amount of tin recovered from the reaction was
small (14.4%) an attempt was made to account for the rest
of the tin. Even taking into account the red liquid,
which was suspected to be mainly di-p~butyltin, only half

the tin used in the reaction could be accounted for. An
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estimation of tin in the agueous solution (used to remove
lithium halides frdm the ether) by the volumetric method
(page 97 ) showed that the amount of tin present was very
small, It was noticed that the ligquid collected in a trap
cooled in liquid nitrogen during the first distillation at
2 m.m.'sh meinly residual ether, and the ether distilled
from the reaction mixture had small amounts of solid im
them. This solid had formed on exposure to air and was
found to contain tin. = The only possible tin compounds
which could be volatile enough to come over with ether would

be tin hydrides.

Reaction with Carbon Dioxide

n-Butyl-lithium prepared from n-butylbromide (51.4 gms.,
0.375 mole) and lithium (7.5 gms., 1.07 mole) was added to
stannous chloride (17.5 gms., 0.092 mole) in ether (lQO CeCe's)
until the colour test with p-bromdimethylaniline became

18 This occurred when 15 c.c.'s less than the

positive,
calculated amount of n-~butyl lithium solution had been added.
Carbon dioxide was then bubbled into the solution, which was
stirred continuously at -10° to -2O°C.Vfor 3% hours. By
this time the original deep red colour had disappeared, giving
place to a lighter orange coloured solution containing

solid matter. On standing, unstirred, a clear orange-red

supernatant liquid formed. The mixture was stirred, under

nitrogen, with water (125 c.c.'s), some heat being generated
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initially and solid appeared to be thrown out of solution.
The whole mixture was filtered under nitrogen. An
attempt to disgolve the solid in chloroform proved
unsuyccessful. After filtration the two layers were
separated., The ether layer, kept under nitrogen, was
orange-red in colour.

The agqueous layer was acidifled and extracted with ether.
A test on a neutrahhportion of the solution with calcium
chloride showed the absence of oxalate (p.p./154). The dried
ether extract was then distilled. Only a trace of liquid
boiling at about 176°C. (n-valeric acid, b.pt. 176°C,) was
observed. No other material could be extracted from the aqueou:
solution. This showed that only a small amount of n-butyl
lithium, as such, was converted to n-valeric agid.

The ether/chloroform mixture was concentrated by
distillation under nitrogen. Residual volatile matter at
about .Oi m.m. was condensed into a trap cooled in a golid
carbon dioxide acetone mixture. This ligquid was distilled undex
nitrogen leaving behind about 1 c.c. of liguid (&), with a
pleasant odour. Tests on samples of the residual
red liquid (31.7 gms.) showed that it was miscible with
benzene (and ether) but not in absolute alcohol. This
Wouig be expected of a di-alkyltih compound, in this case
di-n-butyltin. Colourless solid was also left when
a sample of the red liquid was allowed to stand in air.

Analysis of tin in a sample of red liquid, by the
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volumetric method (page :97), give a value of 35.60%, which
accounted for all the tin used in the reactibn.
As the red solution was suspected to contain di-n-butyltin,
an attempt was made to separate it as such. A sample (4 c.c.'s)
was shaken with absolute alcohol when about 3 c.c.'s dissolved.
The alcohol layer was removed by pipette and the residual
liquid was shaken with more alcohol, which was again removed.,
At this stage the residual red liquid had become very viscous.
This liquid was then run into a weighed flask, under
nitrogen, and then the flask was pumped down to‘a hard vacuum
(with a mercury diffusion pump), for about 2% hours to
remove residual volatile matter., The flask was reweighed
after refilling with nitrogen. The tin in the sample
was then estimated volumetrically (43.80%). The percentage
of tin in di-p-~butyltin is 51.0%. Although the tin
content was low for di-n-butyltin it was noticeable that
the percentage of tin had increased markedly suggesting the
initial presence of material other than di-n-butyltin.
A small amount of liquid remained when the alcohol
extract from the red 1iqﬁid was distilled, This was
¢ombined with the liquid A and distilled at 2.7 m.m.'s;
when a fraction (0.9 gm.) boiling at 50°C. was collected.
This liquid which was believed to be an ester was shown,
however, to contain no ester as no hydrolysis occurred on

warming with alcoholic potassium hydroxide.
It had been reported that carbonation of alkyl lithium

compounds with carbon dioxide, especially where the alkyl



lithium was in excess, led to formation of a ketonekagg 61.

RLi + 0O, —> RCOLI BLi,  por  -H299  ReoRr + oLioH.

oLi OLi

If this had occurred the ketone would 'be di-n~butyl ketone,
boiling point,18547°c., which would correspond approximately
to a boiling point of 50°C. at 2.7 m.m.'s. As the liquid
(b.pt. 50°C./2.7 m.m.'s) had been used the red liquid

was pumped down to a hard vacuum for 3 hours and left over-
night,to condense all volatile matter into a traﬁ cooled

in liquid nitrogen. On distilling the liquid collected,
most of the liquid proved to be chloroform, a small

amount of ligquid (0.7 gms.) boiling point 18500; was collected;
this afforded a semi-carbazone m.p. 89°C. (di-nibutyl ketone
semicarbazone, m.pt. 90°C.), which confirmed the formation of

di=n-butyl ketone.  Assuming the equilibrium,

(n-CyHg)z8nLi == (p~-C,Hy)oSn + g—-C. 2HgLL,

to occur, the amount of n-butyl lithium accounted for as
'di;g;bﬁtyl ketone (1.6 gms.) was 37%. |

A sample of the red liquid (2 c,c.'s) was heated,,
under nitrogen; to about 70°C. with an excess of n=butyl-
iodide until the solution became colourless (3 days).
Then the reaction mixture was pumped to about 0.5 m,m. to
remove exceés n-butyl iodide (b.pt. 131°%Cc. at atmospheric
préssure) and fhé residual liquid was distilled at 10 m.m.'s,

. . . . . 0]
liquid distilling up to 65°C, being collected. No higher
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boiling fractions corresponding to tri-g#butyltin iedide
(b.pt. 172°C,/10 m.n.'s) were obtained. However, a solid
acetate was obtained from the liquid which distilled at
10 mem.'s by treatment respectively with alkali and acetic
acid (pagel00); this melted at about 76°C. after repeated
recrystallisation (tri-n<butyltin acetate, m.pt. 84°C.).

An =éttempt to show that the solid was impure tri-p-butyltin
acetate by means of a mixed melting point with authentic
tri-g?butyltin acetate was unsuccessful, since there wag no
apparent increase in the melting point of the mixture.

The reaction between tri-n-butyltin lithium and carbon
dioxide was repeated.

In this reaction n-butyl lithium was prepared in
n-pentane, n-Butyl 1ithium in such a solvent can be kept

for extended periods without decrease of strength.25

Lithium
(10.5 gms., 1.5 mole) was converted to shot and stirred, under
nitrogen, with n-pentane (260 c.ce's)e A solution of n~butyl
chloride (60.1 gms., 0.65 mole) in n-pentane (500 c.c.'s) was
added at such a rate to keep the solution refluxing gently.
Occasional cooling with cold water was necessary. The
solution was stirred for 1 hour after addition of n~butyl
chloride was completed and then the mixture was left to
stand overnight under nitrogen.

The solution was then blown over into another flask

leaving most of the lithium chloride behind, Then the

solution was concentrated somewhat by distilling off some
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n-pentane (about 250 c.c.'s), and the cooled solution.was
filtered under nitrogen to remove residual solid. Another
advantage of this method is that the halide formed (1ithium
chloride in this case) is insoluble in the pentane; there
is a marked solubility in ether., The strength of the
solution can usually be estimated by a single titration as
there should be virtually no lithium present other than as
n-butyl lithium. As, however, the final solution was
somewhat gbey in colour, the strength of the solmtion
was estimated by the method used for n-butyl lithium in

17 Tne yield of n<butyl lithium indicated by titration

ether,
was 47.9%. By this method it was hoped to prepare a stock
solution of p~butyl lithium which could be kepf and used for
reactions as required.

The solution of n-butyl lithium was then added to
stannous chloride (17.7 gms., 093 mole) in ether (100 c.c.'s)
until the colour test with p-bromdimethylaniline became
positive.18 Ag in ﬁhé previous reaction the colour test
became positive before the calculated volume of n<butyl
1ithium solution had been added. The tri-n-butyltin
lithium mixture was then run ohte a slurry of solid carbon
dioxide and ether. By carbanation inthis manner, where
the carbon dioxide was in excess, it was hoped to obtain

some n-valeric acid from n-butyl lithium. When addition

was complete the mixture was left to warm to room temperature.
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It was noted that if the blank in the estimation
of n-butyl lithium was neglected the yield became 54.8%.
Assuming that 17.7 gms, of stannous chloride (.093 mole)
were equivalent to the volume of n-butyl lithium used and
then calculating the total amount of p-butyl lithium
in the original solution, the yield of p-butyl lithium
became 52.5%. As the error was only 2.,3% it appeared
hat the blank estimation with benzyl chloride, at least
in n-pentane, was misleadingf

The reaction mixture was stirred, under nitrogen,
with water (150 c.c.'s) to remove lithium salts and any
1ithiﬁm valerate, - As solid was present the whole mixture
was filtered, under nitrogen. The two layers were then
separated,

The agueous layer wag tested for carbonate (lithium
carbonate), which was found to be present, and oxalate,

which was found to be absent (Walker and scott?L

reported
formation of carbonates when iithium alkyls react with carbon
dioxide to give ketones). The solid filtered from the two
phases was also lithium carbonate.. The agueous solution

was made acid, extracted with ether, the ether extract separated,
dried over magnesium lsulphate, and distilled. A small

residue remained, This was distilled from a smaller

apparatus, and a fraction beiling at 185-7° C. was collected,

meinly at 186.5°C. (n-valeric acid, b.pt. 186-7°C.). The
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- liquid collected weighed 3.6 gms. The equivalents found

by titration of welghed quantities of this liquid with O.1N
potassium hydroxide ﬁere 106.1 and 105.5 (theoretical value

for n-valeric acid 102.3). Another sample of the liquid

was heated with p-toluidine for 8 hours.at 160°C.  After
working up a p~toluidide was obtained which melted at 71-71.5%¢C.
(Beilstein reports the melting point of the p-toluidide of
n-valeric acid as 7200.). The presence of n-valeric acid was

confirmed in 37.8% yield (based on the equation):-

(Q-C4H9)5SnLi o (Q,C4H9)2Sn + . n-C,HyLi.

The ether and pentane mixture was concentrated by
distillation, under nitrogen, leaving a deep red solution
behind. The residual solution was then pumped down to a hard
vacuum, and volatile liquid collected in a trap cooled in
ligquid nitrogen. The deep red liquid, non-~volatile at
room temperature, weighed 19.8 gms. This liguid was shaken
with methyl alcohol touextraét any di-n-butyl ketone present.
The methyl alcohol extract was removed by pipette and then
the red liquid was pumped to remove any residual methyl alcohol.
1.6 gms. of liquid was extracted (loss in weight of red
liquid).

An attempt to isolate di-n~butyl ketone from the methyl
alcohol extract was not successful as no steady boiling
point was observed. A fraction b.pt. 185-195°C. collected

weighed 2.1 gms., A semicarbazone obtained from a sample
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of this liquid melted at 87.5-88°C, Further recrystallisation
did not increase the melting point (di—grbutylketone
semicarbazone, m.pt. 9000.). An authentic specimen
prepared from known di-n-butylketone melted at 89.5-90°C,
A mixed melting point was 89°cC. This confirmed the presence
of di~-n-butylketone. An indication of the yield of ketone
from thé reaction was obtained by weighing the semicarbazone
(0.9 g.) obtained from a weighed amount of the liguid fraction
(0.9 g.). From this the yield of di-n~-butylketone was
calculated to be 22.6%.

The deep red ligquid was dissolved iﬁ cyclo-hexane
and left to oxidise in the air, ' As the reaction was slow
4% hydrogen peroxide solution was added and the solution

was shaken and left until it was almost colourlesse.

' The mixture was then shaken with concentrated hydrochloric

acid. Then the dried cyclo-hexane layer was distilled to
remove the solvent, On chilling the residual liquid (A)
solid (2.7 gms.) was obtained. After purification by
recrystallisation from p-pentane and sublimation the melting
point of the solid was 39:=39.6°C. A sample of authentic
di-n~-butyltin dichloride was purified similarly and melted
at 39-39.5°C, The mixed melting point was unchanged and
gonfirmed the presence of di-n-butyltin dichloride. This

confirmed the presence of di-p-butyltin radica124,

« , HC1 :
(g—C4H9)2Sn + 0y —> (g,c4H9)2Sno--—+> (ng4H9)2Sn012.
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The liquid (A) was distilled at ~ ,01 m.m, but the distilled
liguid did not solidify. Practically all the liquid (4)
distilled. Another amount of dichloride (0.8 gms.) wag,
however, obtained by chilling the liquid (A) and filtering
while cold. The total amount of di<p-butyltin dichloride
obtained was 3.5 gms, A small sample of the residual liquid
(A) was dissolved in ether and shaken with sodium hydroxide
solution. The residue left after distillation of ether from

the ether layer was heated to 125°C. with glacial acetic acid.

~ After purification an acetate was obtained which melted at 84°¢,

An aﬁthentic specimen of tri—gﬁbutylfin acetatelg melted at
84.500. The mixed melting point was;84.5°C. The presence
of the tri-n-butyltin radical was thus confirmed.

Another 3.7 gms. of chloride mixture was obtained by
chcentratingAthe aqueous hydrochloric acid phase, The
total weight of chloride mixture was 12.9 gms. As
the separation of the chlorides is difficult no attempt
was made to separate the mixture further. The 12.9 gms.
of chloride mixture obtained represented about 44% of the
tin used in the reaction.

In the reaction between tri-p-butyltin lithium and

carbon dioxide assuming the equilibrium,

(n~C, Hy),SnLi === (n~C,Hgy)oSn + n-C,H,Li,

to occur 60.4% of the n-~butyl lithium was recovered as a

mixture of n-valeric acid and di-p-butylketone. About 44%
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of the tin used in the reaction was receovered as a mixture

of tri-n~butyltin chloride and di-n~butyltin dichloride.

Reaction with A -Phenylethyl Bromide

Before the reaction between A -phenylethyl bromide and
tri-pn-butyltin lithium was carried out a sample of
2 =phenylethyltri-n-butyltin was synthesised as this
compound has net previously been reported and
was expected to be one of the main products of reaction.

Tri-n-butyltin chloride was prepared from the oxide:-

0.

[(z-C Hg) z5n ] O+ BHCL = 2(0-Cyfg)ySnCl + Hy

Tri-n-butyltin oxide (60 g., 0.1 mole) was shaken
with concentrated hydrochloric acid (100 c.ce's., ~ 1 mole),
the solution extracted with n-pentane, the n-pentane extract
washed with a small amount of water, dried over magnesium.
sulphate and the n-pentane removed by distillation. The
residual liquid was distilled at 9 mem.'s and a fraction
bepts 140-151°C, was collected (40 g., 0,122 mole, 61% |
yield).56 As this liquid was slightly cloudy it was
redistilled before use and the main fraction b.pt.
151-152°C. /9 m.m. was collected.

J2; -Phenylethylmagnesium bromide was prepared by addition
of B-phenylethylbromide (17.5 g., 0.095 mole) in ether (60
c.Ce's) to magnesium (2.5 g., 0.103 mole) and ether (20 c.c.'s)

under No. A solution of tri-n=butyltin chloride (15.3 g.,



.047 mole) in ether (20 c.c.'s) was then added over

20 minutes and then the reaction mixture was refluxed for
another 50 minutes. After working up a liquid b.pte.
155416500./1.942+ m.m.'s was collected., On refractionation
at 1.6 m.m.'s this liquid boiled at 145-149 °C, (1l.1 g.)
the fraction b.pt. 148-149°C,/1.6 m.m.'s being retained for

analysis:-
found:~ C = 61.62%, H = 9,36%.

The liquid b.pte 145414900./1.6 m.m. 'z was therefore
again fractionated, a fraction Db.pt. 14800./1.5 m.m, being

used for analysis:-

% C FH %sn

Sample 61.16 9.04 | 29,.86% * volumetrically
Calc., for | page 97.
3‘C6H9"Bugsn 60.78 | 9,18 | 30,04

The preparation of F?-phenylethyltriagrbutyltin_Was
confirmed, The yield (1ig. b.pt. 145-149°0/1.6 m.m.'s) was
60%.

A large scale preparation of n~butyl lithium was carried
out in n-pentane so that the product could be stored and used
for various reactions. A solution of n~butyl chloride (60.1 g.,
0.65 mole) in gépentane (200 c.c.'s) was added to a stirred
sugpension of lithium shot ( ~10.5 g., ~ 1.5 mole) in p~pentane

(250 c.c.'s) under nitrogen. \When reaction started the butyl



| 70.
chloride was further diluted with n-pentane (300 c.c.'s).
After working up in the usual way and concentrating by
distillation, under nitrogen, a 72% yield of n-butyl lithium
was obtained (final volume of solution 330 c.c.'s).

B =C H_ CHoCH

o5 Br + (p-C,Hg),Snli =

2

B -C6H50H20H2(Q-C 4Hg)z5n + LiBr.

" The grbutyl iithium solution, prepared above, was added
to stannous chloride (13.3 g., 0,07 mole) in ether (150 c.c.'s),
under nitrogen, at =10 to <20°C. until the colour testl®
with p-bromdimethylaniline was positive (116 c.c.'s of
n~butyl lithium solutien).  The calculated volume of n-butyl
lithium solution required was 113 c.c.'s. A solution
of @ ~phenylethyl bromide (13 g., 0.073 mole) in ether
(100 c.c.'s) was added to the tri-p-butyltin lithium solution
at 210 to -20°C. over ~ 30 minutes. The deep red-brown colour
of the tri-n~butyltin lithium solution.gradnally became a pale
yellow, Then the reaction mixture was allowed to warm slowly
to room temperature and was refluxed gently for 2 hours, but
no further change in colour occurred. After this stage
working up was carried out in air as the products of reaction
were not expected to be air-sensitive,

The reaction mixtﬁre was stirred with an ammonium chloride

solution and the ether/n-pentane layer separated. This was a

very pale yellow in colour and rapidly became almost colourless.
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- The aqueous phase wasrcolourless with a small amount of white
solid present. A small amount of dark greyish solid was

also collected from the aqueous phase. After drying over
magnesium sulphate the ether/ﬁrpentane mixture was concentrated
by distillation. An attempt to fractionate the residual
liquid using a vacuum-jacketed column at 1.4 m.m.'s was then
made. An initial fraction b.pt. 60-64°C./1.4 m.m.'s (1.5 g.)
was obtained but no liquid corresponding to ’ﬁ;-phenylethy1~
tri-nsbutyltin (b.pt. 148°C./1.5 m.m.'s), although the oilbath
was raised to 18000. The lower fraction was probably unreacted
B-phenylethyibromide (b.pte. 94°C./11 m.m,.'s). An attempt

was then made to collect higher boiling fractiohs without a
column but no liquid distilled when the oilbath was again
raised to 180°C. However, a liquid fraction (13.4 g.) b.pt.
125416000./1,4 m.m.'s was collected when the flask was heated
with a naked flame. A sample of this liquid (6.8 g.)

was redistilled at 1.4 mem.'s using a small vacuum- jacketed

column the following fractions being collected:-

1)  wp to 112°C./1.4 m.m.'s; oilbath ~ 190°C.
2)  113-127°C./1.4 m.m.'s

le)
3) 127°¢./1.4 m.m.'s; oilbath ~ 220 C.

More liquid was collected at a much lower pressure:-

4) 93-108°C./ .01 m.m.'s
5) 108420°c./ .001 m.m.'s; oilbath ~ 230°C.

6) 1252149°C, less than ,001 m.m.'s; oilbath ~ 300°C.
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Fractions 1), 2) and 3) were redistilled at 1,5 m.m.'s:-

o .
1)} up to 109 C./1.5m.m.'s ) ; ollbath ~ 170°C.
109-113°C. /1.5 mom. ' s +6), 1 ¢

3)L  113-117°C./1.5™m.m.'s

2)} 1172119°C./1.5"m.m. 's ; oilbath ~180°C.

1 2 1.1 g

5)1  110-120°C./1.5"m.m.'s

6)  119-121°C./1.5 m.m.'s  ; oilbath ~185°C.

Fractions 4), 5) and 6) were redistilled, in vacuo:=

1) up to 100°C. 2 3 oilbath ~190°C.

2)2  100-113°C. s oilbath ~200°C,

5)°  1182116%. ) s oilbath ~200°C,
2 : 0 1.6 g.

4) 116-117-C,

5)°  117%4

Fraction's 4)1 and 5)1 were refractionated at 1.5 m.m.'s
and a middle fraction b.pt.»1172119°C. was collected for
carbon and hydrogen analysis. Similarly fractions 5)2
and 4)2 were refractionated and a middle fraction b.pt. 117-
119°¢, in vacuo, was collected for carbon and hydrogen
analysise.

The liquid b.pt. 117-119°C./1.5 m.m.'s gave the
following analysis, carbon 57.23% and hydrogen 10.48%, and
that distilling at 117-119°C, in vacuo, carbon 63.46%

and hydrogen 9.26%. The corresponding values for
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pA-phenylethyltri-n-butyltin and tetra-n-butyltin are as

showns -
%C y/Asi
ﬁ:06H5cH20H2(g,c4H9)5Sn_ 60,78 9,18
(grc4H9)4Sn 55,35 10.45

The q@@itative tin test on these fractions was positive.

As the separation of any pure B =phenylethyltri-n-butyltin
(or tetra;gébutyltin) did not appear feasible by distillation

in this reaction an attempt was made to show the presence of
the ﬁalphenylethyl radical in the higher boiling fraction
( ~120°C. in vacuo). A sample of the combined fractions 1)?
and 2)2 was treated with 4% bromine in carbon tetrachloride
until the solution was permanently red, Carbon tetrachloride
was then removed and neat bromine added and then the excess
bromine and any n~butyl bromide was removed by ‘heating
to ca. 120@0; the residue was dissolved in ether and the
solution shaken with aqueous potassium hydroxide solution to
remove tin (e.g. as organo-tin oxides gﬁg;). After washing
and drying the ether solution ether was removed by distillation.
The residual liquid was then distilled in a micro-distillation
apparatus at 9 m.m.'s and an oil-bath temperature of 100°C.
The colourless distillate solidiffed on cooling. As

B ~phenylethyl bromide is a liquid (bepts 9806./12‘m.m.?s),
and the tri-n~butyltin halides are liquids it was suspected

that the solid might be an organo-tin dibromide. An attempt
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was therefore made to prepare an "oxine" derivative (pp. 101 )

from the solid but this was unsuccessful.
Asfﬂ;hadqbﬁ.provédspossible to separate any single

component from the reaction products this reaction was

- abandoned.

Resction -with Benzophenone

a) (n-CyHg)z8nLi = (n-C Hg)oSn + n-C,HyLi

D) (06H5)2CO + n-C,H L1 = (C6H5)2?JQTC4H9
OLi

479

- _Ho0
gt (06H5)2?-C H
' OH

c) (CﬁHs)zF-C4H9, = (06H5)20 = CH-C,H, + Hy0
OH
n-Butyl lithium in g—penténe, prepared prior to the
previous reaction, was added to stannous chloride (13.3 g.,
0.07 mole) in ether (150 c.c.'s) until the colour test with

18 This occurred when

p-bromdimethylaniline was posifive.
the theoretical volume of n-butyl lithium had been added

(113 c.c.'s)s A solution of benzophenone (12.8 g., 0.07 mole)
in ether (100 c.c.'s) was added to the tri-p-butyltin lithium
solution at -15°C. over 25 minutes. The solution appeared

to darken. After the reaction mixture had warmed to room
temperature it was stirred for‘another two hours. On

standing unstirred, the supernatant liquid was olive green in

colour. Orange solid was present at the bottom of the flask.



After standing for two days under nitrogen the olive green
colour had disappeared leaving an orange-red solution with
orange solid present.

As di-n-butyltin was expected to be formed in this
reaction and would interfere with the separation of other
reaction products a stream of oxygen was bubbled through the
solution. In this way di-n-butyltin would form the insoluble
oxide which could be removed by filtration. After bubbling
oxygen through the solution for 24 hours the reaction mixture
was shaken with ammonium chloride solution containing
hydrogen peroxide (10 vol., 20 c.c.'s). In order to remove
solid from the resultant liguid phases the whole mixture was
filtered through "hyflo super cel", and the ether/n-pentane
layer collected. The solid on the "hyflo super cel" was
then washed with 2N hydrochloric acid to decompose any
lithium carbinol derivative present and the acid washings
extracted with ether, which was added to the ether/gépentane
mixture collected previously. After drying over magnesium
sulphate, ether and n-pentane were removed by distillation.
A slightly cloudy golden yellow liquid remained.

The "hyflo super cel™ which was expected to gonbain
di-n=-butyltin oxide was treated with warm concentrated
hydrochloric acid and the mixture extracted with n-pentane.
However, no di-n~butyltin dichloride was left after removgl
of n-pentane, In view of this the "hyflo super cel"

was retreated with concentrated hydrochloric acid and the
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mixture heated for 30 minutes. This time 2.8 g. of brownish
sollid was extractcd by n-pentane. The solid was shown to be
di-n-butyltin dichloride by subliming, in vacuo, after
recrystallising from n-pentane, m.pt. 55236°C.=(di;g4butyltin.
dichloride, m.pt. 40.5°C.). A semple of the sublimed solid
was converted to the "oxine"™ derivative (pp. 101 ) and
recrystallised in turn from ethanol and petroleum ether (80-10001
m.pt. 153-153.5°C.  An authentic sample of the di-p<butyltin
arine derivative melted at 154-154,5°C, The miXed m.pt.
was 153415400. An attempt to obtain more di-n-butyltin
dichloride from the "hyflo super cel" by treatment with‘écid
followed by extraction with n-pentane was unsuccessful.

The dichloride extracted, 2.8 g., represented 13.2% of
the tin used in the reaction. ‘

The colour of the liguid left from the ether/n-pentane
solution remained unéhanged on standing in air on treatment
with hydrogen peroxide, i.g., the colour wés not apparently due
to di~n-butyltin. This liquid weighed 17.9 g. On distillation
at 1 m.em, the fractions b.pt. 119-127°C. (547 g., pale yellow
in colour) and 127-135°C. (2.9 g., yellow in colour) were
collected. The liquid, which remained undistilled, was a
deép red~brown in colour, the colour becoming progressively darker
as distillation continued. A very viscous liquid was |
eventually left undistilled, Further purification of the

liquid distilled was then attempted using a small vacuums
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jacketed columna.

First fractionation® of liquid bepte. 119-127°C./1 m.m.:-

)Y up to 104°C./1 mem., plus liquid undistilled in
second fractionation®, 0.6 g.
1 o O, ‘ P O
2)~ 105<106 C/1 m.m. } , oilbath 180°C.
)%

106=110°¢/1 m.m. 1§ 3 g
. "0

4)l 110111 C/1 m.m.

5)1  111-123°c/1 m.m., 1.3 g., oilbath 200°C.

Undistilled liquid, which was viscous and yellow in
‘colour, was added to the fraction b.pt. 127-135°C./1 m.m.

The fractions 2)1 to 4)1 were redistilled:-°

1)% up to 107°C./1 m.m., 0.8 g.
2)%  107-108°C./1 m.m., 0.6 g.

3)%  10821097°C./1 m.m., 0.8 ge

| The qualltative tin test on these fractlons was only
positive with fractions 2)2 and 5)2

A carbon and hydrogen analysis on 5)2 gave the values,
carbon 64.82% and hydrogen 8.68%. The most probahle tin
compound formed in the reaction and boiling in this range
would be tetra~n-butyltin, (b.p.t.'s 127°/1.7 m.m.,109°/0.5 m.m.
which contains 55.35% carbon and 10.45% hydrogen. However,
the compound, (C6H5) C=CH-CH, , another expected product
of reaction has a simllar boiling point 125-126°C./1 m.m.
The presence of the latter compound in tetra—g?butyltin as

impurity would also account for the inerease of carbon content
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and decrease of hydrogen in tetra-p-butyltin. Thus
it seemed probable that the 1iciuid consisted of a mixture
of tetra-n-butyltin and the compound (C6H5)20=CH-'05H .
The liquid b.pt. 127-15500/1 mem, and liguid undistilled

from the lowerrboiling fraction was redistilled, using

the vacuum-jacketed column, in vacuoi-

1) wup to 100°C., 1.8 g., oilbath ~ 190°C.
2) 1200-110°C.f) , 1.2 ge., oilbath ~ 230°C.

No steady boiling‘point was obgerved, The qualitative
tin test applied to 1) was negative. However, both
fractions yielded a 2:4-dinitrophenylhydrazone, although neither
fraction crystallised after cooling in an acetone/carbon
dioxide bath. The 2:4~dinitrophenylhydrazone melted at
255.5425700; a_2:4—dinitrophenylhydrazone prepared from
benzophenone melted at 236-237°C. The mixed melting point
was 235.5-236.5°C. Assuming the fractions distilled to be
benzophenone (3 g.), this accounted for ~23% of the benzo-
phenone used in the reaction.

The red viscous ligquid (5;6 g.), which was undistilled
at 1 m.m., remained unchanged in colour after standiné in
air and was soluble in alcohol, indicéting the absence of
di-g—butyltin, although the qualitative tin test was
positive. This liquid did not appear to contain benzophenone
as no 2:4-dinitrophenylhydrazone was obtainéd.

As the fractions 2)2 and 5)2 were suspected to contaih
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some, (C6H5)2C = CH'CSHV’ an attempt was made to obtain a
gualitative indication of the presence of the compound.
The combined fractions were dissolved in acetone and
oxidised with a saturated solution of potassium permanganate
in acetone by gentle warming. Acetone was then distilled
off and the residue was extracted with ether, which was then
dried over magnesium sulphate, The residue left after
removal of ether was used in an attempt to prepare s
2¢4-dinitrophenylhydrazone, No derivative was formed, In
the presence of (06H5)2C = CH-CgzHy, breakdown to benzophehone
was expected.

Thus from the reaction between tri-n~butyltin lithium and
benzophenone approximately 13% of the tin was recovered as
di-n-butyltin dichloride and approximately 23% of impure
benzophenone recovered. A small‘amount of liquid which probably
contained impure tetra-n-butyltin (decomposition of di-n-—
butyltin) was also formed and a red viscous ligquid containing

tin which did not appear to be air-sensitive,
Reaction with Water '

a) 3nC,HyLi +8nCl, = (g¢C4H9)SSnLi + 2LiCl.
D) (Q¢C4H9)SSnLi = (QrC4H9)2Sn + (Q¢C4H9)Li.
c) n-CyHgLi + Hy0 = n~C,H, o + LiOH.

a) 2(QAC4H9)58nLi + 2Hy0 = 2(g-c4H9)53n‘ + 2LiOH + Hz.

- 2(nsC H -
e) 2(n-C, glzsn” = (2#04H9)5Sn8n(ng4H9)5.

As n-butane was expected to be formed in this reaction

the n~butyl lithium was prepared in ether to facilitate
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n-bufane
separation from the solvent (i.e. separation of m-pembene
from ether rather than a mixture of ether and n-pentane),
n-Butyl lithium was prepared from n-butyl bromide (51,4 e
0.375 mole) in ether (90 c.c.'s) énd lithium (7.5 g., .
over 1 mole) in ether (100 c.c.'s). The yield found by
titration in the usual way was»80.7%. The solution of
n-butyl lithium so prepared was then added to stanndus chloride
(16.8 g., 0.089 mole) in ether (100 c.c.'s) until the

colour test18

with prbromdimethylaniline was positive

(180 c.c.'s of n-butyl lithium solution)., A mixture

of tetrahydrofuran (100 c.c.'s) and water (100 c.c.'s) was
added slowly to the stirred solution at -10 to 52000. There
was no apparent change in- colour. Volatilé products were
collected in traps connected to the reaction vessel via

the water-condenser, the first cooled in a solid carbon
dioxide/acetone mixture and the second cooled by liquid
nitrogen., When addition of the aqueous tetrahydrofuran was
completed the reaction mixture was allowed to warm to room
temperature and was then refluxed gently for 15 minutes to
ensure complete removal of n-butane. Tﬂé residual mixture
was a deep brown in colour. Liguid collected in the trap
cooled. by acetone/solid carbon dioxide was trahsferred to
the other trap by gentle heating, The material in the trap
was then transferred to a vacuum system.

The liquid in the vacuum apparatus was allowed

to evaporate up a short vacuum-jacketed helices column cooled



at the top to —VOOC. and connected to. two traps cooled ‘81-
by toluene slush baths (-95°C,) and finally to a trap
cooled in liquid nitrogen. When all the liquid had passed
through the helicés column liquid wag found in the first
trap cooled by a toluene slush bath and solid in the trap
cooled by liquid nitrogen; The first trap cooled by the
toluene slurry was fhen removed and the liquid was allowed
to pass into the second trap cooled by a toluene slurry,
while allowing any n-butane to pass into the final trap cooled
in liquid nitrogen.. The vapour pressure of the liguid
collected by thetoluene trap was ca. 1-2 m.m.'s at the
temperature of a solid carbon dioxide/acetone bath (v.p.
of ether 0.7 m.m. at 27890.). The more volatile material
was measured in a gas volume measuring bulb and was found
to be 111.4 N c.c.'s. The vapour pressure of this material
however was found to be 166 m.m.'s at -33.5°C, while that
reported for n-butane is 181 m.m.'s. In view of this
the material was refractionated usiﬁg the same system'as before.
The amount of gas then measured was 69.2 N c.c.'s. As the
volume of the measuring bulb was too large to enable a vapour
pressure measurement being'made at -35.500., the vapour
pressure at -79.5°C. using a solid carbon dioxide/acetone bath
was determined and found to be 12,6 m.m.'s (v.p. of
n-butane 9.1 m.m.'s at -78.5°C.).

The aqueous phase was separated from the ether/tetrahydro-

furan mixtufe, dried over magnesium sulphate, filtered, and

distilled under nitrogen. When the temperature of the
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distilling liquid rese to A{4O°C. heating was discontinued
as grey éolid}startéd to form in the red liquiq. A small
amount of grey solid (tin) collected in the agueous phase
welghed O.1 g. More solvent was removed from the red liquid
by evacuating to ca. O.1 m.m. and collecting volatile material
in a trap cooled in carbon dioxide/acetone. Finally the
trap was cooled in liquid nitrogen and the pressure reduced
to ca. 0,005 m.m. for 45 minutes and the red liquid heated
to 5000. The liquid collected was coloured due to bumping
over of some of the residual liguid. The collected liquid
was then distilled under nitrogen to remove ether and tetra-
hydrofuran, 8.1 g. of liquid remained. An attémpt to distil
this liquid at 1.7 m.m.'s was unsuccessful, a very small amount
of liguid b.pt. ~ 127°C. was observed ((a-C,Hy) 805 D.pt.
127°C./1.7 m.m.'s), the distilling flask being heated to
~ 170°C.  Solvent (mainly tetrahydrofuran) collected in a
trap cooled in liquid nitrogen comnected to the distillatian
apparatus. :The liquid left (4 g.) was red in colour.

This liquid was added to the other red liquid, which was left
aftér pumping,in vacuo, at 50°C.  The total weight of red
liquid was 16.4 g. On standing in air a sample of the.re@
liquid left a white solid, indicaﬁing the presence of

di~-fi-butyltin. A sample of this white solid was dissolved

in warm concentrated hydrochloric acid, and the cool solution
extracted with n-pentane. The residue left after removal

of n-pentane was used to prepare an oxine deriVative (pagelol),
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The yellow solid obtained after crystallising from ethanol
and petroleum ether (80-100°) melted at 153-154°C. A
mixed melting point with authentic di-n-butyltin oxine
derivative (m.pt. 15200) was 153-154°Ce  Another sample of
the whife s0lid was dissolved in glacial acetic acid and
heated to 125°C. for 30 minutes. After removal of excess
acetic acid the solid remalning was recrystallised
from petroleum ether (60-80°), m.pt. 84-84.5°C. A mixed
melting point with authentic tri-n-butyltin acetate (m.pt.
84.5°C. )was 84.82.5°C. These two tests confirmed the
presence of the tri~p-butyltin radical in the red liquid.

As the amount of n-butane formed in this reaction was
small ( ~ 100 N c.c.'s of gas instead of ~ 2,000 N c.c.'s
in accordance with equation c¢) the reaction was repeated
using a more gas-tight system. A copper oxide furnace was
also coupled to the system to convert any hydrogen, formed by
reactions d) and e), to water, which was to be estimated
gravimetrically after absorbing by "anhydrone',

n-Butyl lithium was prepared from n-butyl bromide (651.4 g.,
0.375 mole) in ether (90 c.c.'s) and lithium (7.5 g., over
1 mole) stirred in ether (100 c.c.'s). The yield of
n-butyl lithium was 79.5%. Tri-n-butyltin lithium was then
prepared by adding the n~butyl lithium to stannous chloride
- (17.1 g., 0,091 mole) in ether (100 c.c.'s) until the colour

18

test with p-bromdimethylaniline was positive. A small

amount of stannous chloride was then added to the mixture

¢
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and caused the test to become negative. In this way an
excess of n-butyl lithium, which would give rise to formation
of n-butane on hydrolysis, was avoided. A set of traps,
connected by pressure tubing to the reaction vessel in order
to have a gas-tight system, were cooled, the first in a solid
carbon dioxide/acetone mixture and the other two in liguid
nitrogen. The apparatus was purged with nitrogen to remove
any ether vapour beyond the traps and then the apparatus was
connected to a copper oxide furnace (20 cms.long and 1.5 cms.
diameter) and two previously weighed U-tubes filled with
"anhydrone", The furnéée was then heated by means of two
fish-tail burners and a mixture of water (100 c.c.'s) and
tetrahydrofuran (90.c.c.'s) was added slowly to the reaction
vessel, which was swirled by hand; a steady evolution of gas
was observed, When all the aqueous tetrahydrofuran had been
added nitrogen was passed thfough-the system for three hours
to ensure complete passage of hydrogen through the furnace,
after which the U-tubes were isolated from the reaction
system. The reaction vessel was then heated to reflux
temperature for ca. 30 minutes to ensure removal of any
n-butane dissolved in the ether/tetrahydrofuran mixture.
About 50 c.c.'s of ether was collected in the solid carbon
dioxide/acetone trap and a small amount Qf water, This was
heated and about half the ether transferred to the final trap
cooled in liquid nitrogen.a In this way any n-butane

dissolved in the ether would be collected in the trap cooled
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in liquid nitrogen.

The material collected in the liquid nitrogen trap
was then transferred to'a vacuum apparatus. Initial
fractionation was carried out as before using the helices
column, two toluene slush baths and a liquid nitrqgen trap.
When, however, all the liquid had been removed from the
helices column all the cooling baths were removed one trap
foreward. Thus liquid collected in the first toluene
trap now redistilled into the first toluene trap again
and the material frozen out in the liquid nitrogen trap
was allowed to distil from the trap, this time cooled by a
toluene trap, into the 1i§pid nitrogen trap again. In this
manner a better separation of ether and n-butane was
anticipated. The vapour pressure of the liquid retained by
the toluene traps was 2-3 m.m.'s when cooled by a solid
carbon dioxide/acetone bath (vo of ether 0.7 m.m. at -78,6°C.).
Thé more volatile component was measured as gas (154.6 N-c.c.'s,
0.0069 moleg). The@%apour pressure of the product was then
measured when cooled‘by an acetone/solid carbon dioxide bath and
by acetone at2£52.5°@5 the values being 9.8 m.m.'s and
180.1 m.m.'s respectively. The corresponding values for
n~butane at -78.5°C., and -33.4°C are 9.1 m.m.'s and 181.0 m.m.'s
regpectively. Formation of n-butane was indicated in 7.6%

yield based on the equations:-

(n=C,Hy),SnLi === (n-C,Hg)o5n + n-C HylLi.

Q—C4H9L1 + Hzp = Q¢C4Hlo + LiOH.
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‘The amount of water collected in the first U-tube
filled with Yanhydrone" was 0.260 g., none collected in the
second U-tube. The amount of water collected represented
'31.7% of the theoretical amount of hydrogen formed by the
reactions d), and e€). This value would be high if any
metallic lithium was present in the n-butyl 1ithium solution.n

The red ether/tetrahydrofuran layer was separated from
the aqueous layer, the ether layer being dried over magnesium
sulphate and kept under nitrogen. Grey solid formed in this
reaction on hydrolysis as in the brevious one, After
filtration under nitrogen the red ethereal layer was
concentrated by distillation. Residual volatile liquid was
removed, in vacuo, using a nitrogen leak to prevent bumping.
The liquid was maintained at ca. 80°C, for 2% hours. On
distillation of the liquid collected in the'liquid}nitrogen
trap most boiled at 64-66°C. (tetrahydrofuran), about 1 c.c.
of liquid remained. The residue (0.7 g.) was distilled
at 1.3 m.m.'s using a micro~distillation apparatus and a
middle fraction b.pt. 90°C. (oilbath temperature) was
collected, A small amount of viscous material remained
undistilled. A carbon/hydrogen analysis of this liquid
gave the results 76.4% carbon and 14.0% hydrogen. These
values did not fit any expected product. A sample of the
red liquid remaining after pumping, in vacuo, was analysed
for tin (35.5%). The weight of red liquid was 18.4 g. The

results of the analysis were not consistent with a mixture
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of di-n-butyltin (51.0% tin) and hexa-p-butylditin (40.9%
tin) or an organo-tin chain compound. The amount of tin in
the red liquid represented 60.5% of that used in the reaction.
As the solution of tri-n-butyltin lithium had behaved
in a compiex manner with a variety of reagents, particularly
with a simple reagent such as water, further experiments

with it were abandoned.

(n) Reaction between Trimethyltin Bromide and Lithium

(CHg)uBnBr + 2Li = (CHg),SnLi + LiBr

503

(CH, ),Snli + (Cﬁs)SSnBr = (CHg),5n8n (CHg), + LiBr.

5)3 5)5

This reaction was desigﬁed rarticularly to show whether
the greenish-yellow solution obtained by the reaction between
lithium and trimethyltin bromide in tetrahydrofuran contained
trimethyltin lithium.

Trimethyltin bromide (18.0 g., 0.074 mole) in tetrahydro-
furan (30 c.c.'s) was added to lithium ( ~ 2.5 g.,~ 0.3 mole)
stirred in tetrahydrofuran (60 c.c.'s) under_nitrogen. |
The solution was maintained at ca. -20°c, The green solution
produced was étirred for 20 minutes to complete the reaction
and was then filtered through a glass-wool plug (in a rubber
tube) into é graduated dropping funnel. 20 c.c.'s of
soiution were lost at this stage, the final solution amounted
to 75 c.c.'s. On addition of the green solution to

trimethyltin bromide (18.0 g., .074 mole) in tetrahydrofuran
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(40 c.c.s8) at -20°C. the green colour disappeared leaving an
almost colourless solution, The solution was allowed
to warm to room temperature and‘stirred for 1 hour.

An attempt to concentrate the solution by distillation
was only partially successful as the solution/became a
deep red-brown in colour, indicating decomposition, when
about 60 C.Ce'scf tetrahydrofuran had distilled. Heating
was discontinued at this stage. In view of the fact that heating
appeared to cause decomposition of the reaction mixture an
attempt was made to remove residual solvent by evacuating
the reaction vessel to 5 mem.'s and condensing volatile liquid
into a trap cooled by liquid nitrogen. However, only a
small quantity of liguid was condensed. In view of this
fact the reaction mixture was diluted with ether (150 c.c.'s)
and stirred with 2N sodium hydroxide (250 c.c.'s) under
" nitrogen., A red solid was observed at this stage in the
mixture. The aqueous layer was removed, and the ether layer,
kept under nitrogen, was stirred with 2N sulphuric acid
(250 c.c.'s) and the acid layer removed as before. (This
procedure using alkali and acid had Dbeen shown previously
to remove trimethyltin bromide completely from ether), 1 The
ether layer was then filtered under nitrogen and the small:
amount of red solid collected,

After drying over magnesium sulphate the ether solution
was concentrated by distillation and pumping at ca. 3 m.me.'s.

Pinally the residual material was distilled at 5.2 m.m.'s,
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when liquid b.pt. 54.58°C. was collected (10 g.). A
fraction of this liquid was purified by distillation through a
short vacuum-jacketed column, b.pt. 49.5-50°C./4.5 m.m.'s
(all the liquid b.pt.,54-58°0./5.2 m.m.'s on redistillation
at 4.5 mem.'s boiled at 4945000.). All the liquid collected
crystallised on local cooling with a piece of solid carbon
. dioxide, The sample collected was then analysed for carbon,
hydrogen and tin: (Found: C, 21.82; H, 5.54; Sn, 71.99.
Calc. for CgH,  Sn: C, 22.00; H, 5.54; Sn, 72.47%).

The formation of hexamethylditin was thus confirmed in
55.2% yield (1ig. b.pt. 54.58°C./5.2 m.m.'s, 10 g.), based
on the proportion (75/95) of trimethyltin lithium solution
used.

| The small amount of red solid filtered from the reaction
mixture gave a white solid on exposure to air. An attempt
to prepare a dichloride from this solid (suspected to be
dimethyltin oxide) was unsuccessful.

(1) Reaction between Trimethyltin Sodium and Dimethylgallium
Chloride in Liguid Ammonia

Although the pre#ious experiment had indicated that the
yellow-green solution produced by reaction between trimethyltin
bromide and lithium contained trimethyltin lithium, it seemed
that the origiﬁal object of this work, i.e., to establish metal
to metal bonds, could only be achieved in ligquid ammonia,.

The existance of trialkyltin alkali metal compounds in liquid
2,5-7,9

ammonia is well established. However, since nearly
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all suitable organo-metallic halides are rapidly ammonolysed
the choice was practically limited to galliﬁm. Dimethyigallium
chloride forms a stable ammine, which is not readily ammonolysed,
and is freely soluble in liquid ammonia and ether (a diammine
being insoluble in ether).
mano

The preparation of dimethylgallium chloride afasammine

involved a three stage process:Z

2Ga + 3Cl, = 2GaC-15

2

2(CH3)\’Ga + GaCl, = 5(GH5)2Ga01.

- : in wvacuo
(CH5)2Ga01 + eNH, —> (lCHg)z,Gg(_NHg)zcl o>

(CH, ) Ga(NH, )01,
Gallium (3.5 g., 0.0503 mole) was introduced into the
apparatus shown in the diagram, vwhich was swept out by
nitrogen dried by passage through concentrated sulphuric acid.
A mixture of chlorine, dried by passage through concentrated
sulphuric acid, and nitrogen was then passed through the
apparatuse. The gallium was heated gently, when formation
of gallium trighloride ocecurred, most of which condensed in the
second bulb. When the‘rate of reaction decreased more vigorous
heating was employed to complete reaction. The bulk of
chlorine was then swept out of the apparatus with nitrogen
and residual traces removed by evacuating the apparatus for
a few minutes. The gallium chloride was then distilled

in a slow current of nitrogen into the third bulb leaving

behind a deep brown residue. Finally the product was melted
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and allowed to run into the reaction vessel and the side-arm
sealed at A. The reaction vessel was then attached to the
vacuum syStem by side-arm B, evacuated, and trimethylgallium
(11.54 g., 0.105 mole) was condensed into the reaction vessel,
which was sealed at C. On warming up to room temperature
reaction occurred with evolutionvof heat and the reaction
vessel was cooled in ice~-water.  Finally reaction was
completed by warming to ca. 45°C for 1% hours. Unreacted
trimethylgallium was removed from the dimethylgailium chloride
by attaching the reactiﬂn vessel, via the_centre lead, to the
vacuum apparatus, breaking the seal by dropping = stainless
steel ball-bearing onto it, evacuating, and condensing out
at -30°C, Residual traces were removed by allowing the
reaction vessel to warm to -15°C. for 15 minutes. The
reaction vessel was then filled with nitrogen, removed from
the vacuum system, and connected to a vessel containing
liquid ammonia and sodium (to dry the ammonia) zig one of the
side-arms, the centré lead being used as an outlet for the
system. Condensation of dry ammonia onto the dimethylgallipm
chloride yielded the diammine, which in turn, after |
removal of the bulk of excess liquid ammonia, yielded the
- monammine by pumping,vlg vacuo, at ca. 60°C. for 5 hours.

Dimethylgallium chloride monammine (14.6 g., 0.096‘mole) in

61.8% yield was obtained.
(CHz)zSnNa + (CHg)Ga(NHg)@l = (CHg)zSn-Ga(CHg), + NaCl

+ NHS.
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Trimethyltin sodium was prepared in dry liquid ammonia
(ca. 70 c.c.'s) from trimethyltin bromide (17.6 g., 0.072 mole)
and sodium (3.3 g., 0,194 mole) kept cool by an acetone/carbon
dioxide bath and under nitrogen. An équivalent amount of
dimethylgallium chloride monammine (11.1 ge, 0,073 mole)
in ether (50 c.c.'s) was then added to the stirred solution
of trimethyltin sodium. A white precipitate formed
immediately. Ammonia was allowed to boil off overnight and
then the residual mixture was filteréd under nitrogen to
remové solid (NaCl, NaBr), yielding a pale yellow solution.
Concentration of this solution by distillation under nitrogen
left liquid (23 g.) which was slightly cloudy with a small
amount of grey solid present.

A sample of the liquid (2 c.c.'s,, 2.5 g.) was placed
in a small distillation apparatus, which was kept at 50°C.
while the pressure wag slowly decreased. A small amount
of 1liquid distilled at ca. 1.7 m.m.'s, further reduction
of pressure having little effect on distillation. About
0.25 ceco of liquid distilled and that remaining solidified
on cooling. A tin analysis on the remaining solid gave the
result of 17.5% tin. The corresponding values; for the
compounds (CHSISSn,Ga(CHS)z and (CHa)SSn;éa(ﬁHs)(cHS)g are
45.,1% and 40.8% tin respectively. A test for nitrogen
on a sample of the solid (after breakdown by sodium) was
positive and halogens were absent,

The 1liquid remaining (20.5 g.) was then pumped down to
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_ca. 0.1 m.m, to remove residual ether leaving a viscous

liquid (13.7 g.). A very small amount of solid was
collected with the ether in a liquid nitrogen trap (probably
hexamethylditin, m.pt. 25°C.). A sample of the viscous liquid
(7.4 g.) was placed in a double Schlenk tube (page 21 ), under
nitrogen. This sample solidified on local cooling with &
piece of solid carbon dioxide as did the remaining viscous
liguid. An egual mixture of grpentane and methylene chloride
was used to recrystallise the solid by freezing out from
the saturated solution at room temperature using a solid
carbon dioxide/acetone bath. The solid obtained,melted at
97-100°C, ( [(CHS)géaﬁnz] g+ MeDt. 97°c.). A sample of this
solid was sublimed at 100°C. and 14.5 m.m.'s (calculated
vapour pressur657 of RCH5)2aa§H2] o at 100°C, is 14.46 m.m.'s),
however, the melting point of the product decreased to 74-88°C,
Both the qualitative tin test and analysis for tin showed that
the element was absent,

The solvent remaining in the Schlenk tube was removed
by pumping, in vacuo. Solid remaining was extracted with cold
cyclo-hexane, in which the solid of m.pt. ~97°%C. was

- not appreciably soluble. The residue after removal of

cyclohexane distilled at 46-49°C./5.2 m.m.'s, On redistillation
at 3 m.m.'s a fraction (0.8 g.) Db.pt. 43-24°C. was collected
which crystallised on cooling. A test for tin after
breakdown and carrying out a Group II separation was positive.

There was no.indication of gallium in Group III. The liguid
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which @istilled at 43-44°C./3 m.m.'s .. was found to melt
at 22-23°C, hexamethylditini~ m.pt. 23°C. (Found: C, 21.91;
H, 5.59. Calc. for 06H188n2:
An analysis for gallium was carried out on a sample of

C, 22.00; H, 5.54%).

the solid m.pt. ~ 97°C. by the method of Fetter and
Swinehar£58 involving titration of a gallium solution with
potassium ferrocyanide usging a dead-stop end point technique.
The result obtained gave the value of ca. 57% gallium
(calculated value for [(CHS)zéaﬁﬁzj o 18 60.2%) although
this was not accurate as the deflections Qf the galvanometer
used were small.

Another sample”of the solid remaining after removél of
ether amounting to 5.8 g. was used to ascertain theamounts
of hexamethylditin and the soiid, which was suspected to be
dimethylgallium amide, and, in the latter case, to obtain
a pure sample for analysis. Extraction of the solid with
cyclohexane, under nitrogen,land then removal of solvent
followe@:by distillation at 3 m.m.'s yielded liquid (1.7 g.)
D.pt. 42-44°C, (this solidified on cooling). This solid
represented, by proportion, 38.1% of the tin used in the
reaction as hexamethylditin.

Solid remaining unextracted by cyclohexane and some solid
left after the distillation at 3 m.m.fs above was sublimed
at 100°C./14.5 m.m.'s yieldihg 2 g. solid., Grey material

(tin) remained unsublimed. A sample of the sublimed solid

. 0 -+ | 0
melted at 96.597.5%C. ( lKCH5)2GaNH2]Ef m.pt. 97°C.).
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Another sample of solid recrystallised from cyclo-hexane was
used for carbon/hydrogen analysis (Found: C, 19.97; H, 6.72.
Calc., for C4H16N2Ga2 C, 20.74; H, 6.81%).

The rest of the sublimed solid, after recrystallisation,
was used for a gallium estimation by a gravimetric method.
A weighed sample of the solid in a silica crucible was
decomposed by 50% nitric acid. When all solid had dissolved
concenﬁrated nitric acid was added. After the solution
had stood for ca. 1 hour an attempt was made to remove excess
nitri¢ acld by gentle heating. A vigorous reaction occurred
gsuddenly causing losses by spattering and the final value
obtained ca. 54% gallium was very low. As no more of the
gsolid remained, and there was no indication of the formation

of the compound (GHs)ssn-Ga(CHs)z (or (cH Sana(NH )(CH ) R

55
it was decided not to repeat the reaction. The sublimed
solid (2 g.) assuming it to be dimethylgallium amide
represented, by proportion, 63% of the gallium used in the
reaction.

In the reaction betweén trimethyltin sodium and dimethyl-
gallium chloride in liquid ammonia ca. 38% of the tin was

recovered as hexamethylditin and 63% of the gallium as dimethyl<

gallium amide,

(3) Analysis of Orgeno-Bin Compoundg

2.

Gravimetric Analysis of Tin (Method of Gilman and Xing

About 0.5 gm. of sample was placed in a previously weighed
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60 c.c. silica crucible. The crucible was then partially
immersed in an evaporating dish containing cold water, A
golution of bromine in carbon tetrachloride (about 4% by
weight) was added slowly with shaking until a permanent red
colour persisted. It was found advanfageous.to add neat
bromine when a few c.c.'s of the carbon tetrachloride solution
had been used. Two c.c.'s 6f a mixture of concentrated nitric
acid (one part) and concentrated sulphuric acid (six parts)
was then added dropwise with shaking or agitating, A
reaction generally set in with the first few drops of the
acid mixture and a white precipitate formed and rose to the
surface; After the first few drops of acid mixture had
been added the mixture was left until reaction started.
Then the rest of the gcid mixture was added slowly. In
like manner there was added 354 c.c.'s of a mixture of 1:1
concentrated nitric and sulphuric acids. There was then
added 2 c.c.'s of concentrated nitric acid and 4-5 c.c.'s of
fuming nitric acid.

The crucible was then covered by a clock glass in a
manner to permit ready escape of fumes, and allowed to stand
on a water-bath for 30 minutes. The contents were then

heated on an air-bath to expel residual oxides of nitrogen and

the carbon tetrachloride until a clear solution remained.

The watch glass was then removed and the crucible was heated
until there was a slow evolution of sulphuric acid fumes.

This was continued to remove all the acid, A grey residue
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was 1eft. The crucible was then heated by means of a small
direct flame until no more white fumes were evolved.
Finally the cruciblé and contents were heated to constant
weight using a Meker burner. The solid was weighed as
stannic oxide ( Shoz).

Volumetric Estimation of Tin26

This method was found to be muchrmore convenient than the
metﬂ;d of Gilman and King25, whiéh has serious disadvantages.
The grévimetric method implies removal of all involatiié
materials other than tin. The evaporation of the sulphmric
acid was slow and made difficult by the fact that‘Spattering
occurred readily. In the volumetric method déscribea the
removal of many elements was unnecessary and the break-down
procedure was carried out in a kjeldahl flask;“thus
preventing loss by spattering.

A sample of the tin compound (0,5-1 gm.) was placed
in a kjeldahl flask (100 c.c.'s capacity). The break-down

procedure was essentially that of Gilman and King25

as described previously, except that a greater amount of

concentrated sulphuric acid was used. The mixture was
heated by means of a micro burner until the bulk of nitrogen
fumeStwere expelled. As the presence of nitrates interfered
with the subsequent titration residual nitrates were removed
by adding solid ammonium oxalate to the mixture and heating

until a clear solution resulted and no more brown fumes

were visible on continued heating. If, after expelling



VOLUHETRIC 4 Es'rmﬁ'no)v oF . 'fIN

n-'f;ojcn ’\——-f

—

A

niﬁ-ojln




98.
the bulk of nitrogen fumes by heating, the solution was not
clear more fuming nitric acid was added and the heating was
continued to give a clear solution. The final clear
solution was diluted by the addition of a few c.c.'s of water
( ~5 c.c.'s) and cooled under the tap. Too great a
dilution is to be avoided as precipitation of hydrated stannic
oxide occurs. Then concentrated hydrochloric acid was:
added, cooling, as necessafy, under the tap. The solution
was then transferred to a graduated flask (usually 100 c.c.'s)
with concentrated hydrochloric acid and made up to the mark
with this acid. It was generally found that by this method
no precipitation of tin occurred, If, however, solid formed
in the kjeldahl warming with concentrated hydrochloric acid
was sufficient to dissolve it.

Aliquots of the solution (10 c.c.'s or 20 c.c.'s) were
transferred, by pipette, to the apparatus shown in the diagram.
A large volume of concentrated hydrochloric acid was theﬁ
added (80100 c.ce's). A short air condenser was fitted
in place of the burette. Reduction by nickel was carried
out with vigorous stirring under nitrogen to prevent
atmospheric oxldation to the stannic state. The nickel -
used was in the form of Mond pellets (about 3 m.m.'s diameter).
It was found that vigorous boiling (40=50 minutes) was
necessary to complete reduction of tin to the stannous
state. Af'ter reduction was complete the solution was cooled

with cold water to room temperature, when evolution of
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hydrogen ceased completely. The air-condenser was
removed, in a vigorous stream of nitrogen to preventvingress
of air, a c.c. bf atarch solution was added and then the
burette was fitted to the apparatus. The‘solution was then
titrated with iodine-(about 0.1N) to a permanent blue
colour. The solution was stirred continuously during
titration. As the presence of dissolved oxygen in the iodine
affects the end point the iodine was sﬁandardised'agaiﬁst
a standard tin solution before each estimation, The
standard tin solution was made by dissolving a known weight
of tin (analar purity) in concentrated hydrochloric acid and
making up to a known volume.(abdut BN to hydrochloric acid).
Aliquots (20 c.c.'s) of this solution were reduced in the
way described and titrated with the iodine solution.

This method was also adaptable to estimation of
air~-sensitive tin compounds. The sample was weighed
in a stoppered flask under nitrogen. An air-condenser,
lubricated with éoncentrated sulphuric acid at the standard
joint, was fitted to the flask.v After weighing break-
down in air was carried out as described using a kjeldahl

flask.

Characterisation of Di- and Tri- Alkyltin Compounds

The halides and dihalides of the lower tri- and di-
alkyltin compounds cannot generally be used for characterisa-

tion of the alkyltin radical since they are usually low
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melting solids or liquids. Corresponding fluorides being
ionic are high melting solids which usually sublime below
their melting points and are therefore also unsuitable as
derivatives for charsacterisation.

The chemistry of some of the lower trialkyltin acetates?
which has been reviewed recently,lg showed that they were
suitable derivati#es for the characterisation of trialkyltin
radicals. The oxide or hydroxide was usually heated with
glacial acetic acid to about 120-130°C, for 30 minutes to

remove water formed in the reaction:-

(Rssn)zo + 2CH,COOH = 2R,;5nOCOCH, + H,O0.

3 2
Trialkyltin halides were converted to the oxide or
hydroxide by shaking on ethereal solution with sodium
hydroxide salution. Evaporation of the ether afforded the
oxide or hydroxide. The acetate was recrystallised

from light petroleum. in this research the tri-n-butyltin
radical was characterised as its acetate, m.pt. 84%¢c.

The characterisation of dialkyltin compounds, with
particular reference to the di-n-butyltin radical, presented
gsome difficulties as suitable derivatives did not appeér
to have been reported. However, alkyltip complexes with

27’28. This fact

ammonia and pyridine had been reported
was made use of for the preparation of two new compounds for

the identification of the di-n-butyltin radical.
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Dipyvridyl Complex

(n-C,Hy)58nCl, +

The complex was prepared by adding dipyridyl (1 mole)
in alcohol to di-n-butyltin dichloride (1 mole) algo in
alcohol. A white precipitate formed immediately. This
solid could be recrystallised in colourless needlesvfrom
either alcohol or a mixture of petrol ether (80-100°) and
benzene, m.pt. 1?9.5218000. " (Found: C, 46.89; Hy 5489

C,glogNoClySn requires C, 47.00; H, 5.70%).

Oxine Derivative

Y N\ ,9 N\
(Q¢C4H9)2Sn0121+ 2\ >= <z, 7Zj8/,s"’/'N + 2HCL.
HOQ\ é> <> N | -0

The oxine derivative was prepared by adding oxihe (2 moies)
in alcohol to di-n-butyltin dichloride (1 mole) ih alcohol
and adding sodium acetate in agueous alcohol. A small
amount of aqueous ammonia was added to decrease the acidity
further. A yellow solid was precipitated. The solid was
recrysﬁﬁilised from either alcohol or petrol ether (80-100°)
as yellow plates, m.pt, 154.5-1565. 5°c. (Found: C, 59.53;

H, 5.84. 026H50 5 28n requires C, 59,92, 5.80%).
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4. Piscussion of Results

(a) Reactions in Tetrahydrofuran with Trimethyltin Bromide

The reaction between trimethyltin bromide and lithium
in tetrahydrofuran was studied as a possibly convenient way
of obtaining a tri-alkyltin alkali metal compound; the

reaction which was expected to occur was,

(CHs)SSnBr + 2Li = (CH,).SnlLi + LiBr,

5)3
by analogy Wiﬁh the reaction which is known to occur in
ligquid ammonia. Lithium was used in preference to sodium
since the lithium ion would be stabilised relative to the
sodium ion by stronger solvation. The solvent used,
tetrahydrofuran, has also a stronger solvating effect

than diethyl ether on alkali metal ions, The pale yellow-
green solution which was obtained after reaction between
lithium and trimethyltin bromide was then used in reactions
with organo-metallic halides. In the reactions carried out
the pale yellow-green colour was discharged after reaction
with the organo-metallic halides.

Silicon was used in the first reaction studied. As
there were chemical similarities between tin and silicon
(being members of the same group) and the fact that the
compound triphenylsilicontriphenyltin had been reported?8
it was expected that formation of the compound trimethyl-

silicontrimethyltin would oceur readily by the reaction:-
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(CHS)SSnLi + (CH,),5101 = (CH Si—Sn(GHs)a + LiCl.

5)5 5)5
However there wes.mo indication of such a compound although
there was some indication of the formatioﬁ of hexamethyldisilan.
in very small yield. No other tin compound was isolated
from the reaction mixture.

As the first reaction had not yielded any expected
product a reaction was then studied which was expected to
yield a known compound. The pale yeliowagreen solution

was allowed to react with triphenyltin bromide when the

reaction,

(CHg) zSuLi + (06H5)5SnBr = (OH;),5n-Sn(CgHg) 45
was expected to occur, The compound, trimethyltriphenyldi-
tin, had been prepared from triphenyltin sodium and trimethyltin
bromide in liquid ammonia.9 Reaction again did not yeld
the expected product but hexaphenyldi-tin was isolated from _
the reaction mixture. This result pointed to a metal-halogen

exchange reaction having ocecurred since this was the only

conceivable mode of formation under the conditions of the

reaction,
(CHa)asnLi + (CGHE)SSnBr o (GH5)SSnBr + (06H5a58nLi
(06H5)5SnLi + (06H5)5SnBr = (06H5)58n-8n(06H5)5 + LiBr,

An analogous reaction carried out in liquid ammonia between
trimethyltin sodium and triphenyltin bromide also resulted

in formation of hexaphenyldi-tin, hexamethyldi-tin and
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trimethyltriphenyldi—tin.9 As mentioned above reaction
between triphenyltin sodium and trimethyltin bromide yielded
the expected product alone,

Although the previous reactions had not yielded any
expéctedwproduct, a reaction was carried out with an
element ffom another group. The element used, arsenic,
though not a metal, was a convenient element to start with
before reactions with the more metallic members of the
group antimony and bismuth, since a suitably reactive
halogen derivative was readily available. A midture
resulted from the reaction between trimethyltin lithium and
cacodyl chloride, This contained at least two components
which could not be separated by distillation, one component
being,a low melting sqlid and soluble in the liquia mixﬁure.
This result sgain pointed to a metal-halogen exchange reaction
having occurred, since the physical characteristics of the
mixture were in acdo%dance with the formation of cacodyl

and hexamethyldi-tin:-
(CH,),SnLi + (Gﬂg)zAsCI <= (CHg),SnCl + (CHg)oASLi
(CHz)zS0Li + (CHg)gzSnCl = (CHs)ssn-Sn(CHB)S + LiCl,
(CHg)phsli + (CHg) AsCl = (CHg)oAs-As(CH,)g + LiCl.

The boiling points of cacodyl (170°C.) and hexamethylditin
(182°C.) at atmospheric pressure are close, thus making

separation by distillation difficult, especially as a reduced

pressure is necessary to prevent decomposition occurring.
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Hexamethyldi=<tin (m.pt. 23 C.) is a low melting solid while
cacodyl is a liquid (m.pt. -4°C,); the mixed compound
trimethyltindimethylarsenic, an unsymmetrical molecule,
would be expected to melﬁ lower than either of the above
temperatures. Even if trimethyltindimethylarsenic were
in the mixture its boiling point, which would be similar to
hexamethyldi—tin and cacodyl, would make separation by
distillation most unlikely.

Since the reactions using the yellowish-green solution
produced by the reaction between trimethyltin bromide
and lithium in tetrahydrofuran yielded neither expected nor
desired products, 1t was decided that at such an early
stage of the research further study of such reactidns would
be unprofitable. Therefore reactions that would confirm
that the yellowish-green solution contained trimethyltin
lithium were not carried out. From the reactioﬁs studied,
however, it appeared that such was the case, since metal-
halogen exchange reactions would seem to have been the most
_probable mode of formation of the reaction products, and these’
necessitated the existence of trimethyltin lithium,.

(b) Reactions with Sodium Methylsulphide and Sodium Methyl-
gselenide '

The reactions studied again involved the use of the
trimethyltin group. The elements of Group VI being more

electronegative than those of Group V, and consequently less
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metallic in character, it was expected that bonding of such an
element to tin would ocecur readily. Some evidence of this

was already known,lcompounds of the type RssnOR', had been

reported being prepared by the reactions=<°*%0

RssnX + R'ONa = R5SnOR' + NaX.

These compounds are hydrolysed immediately by weat er to

3
prepared, and recently compounds similar to methyltriethyltin

R,SnOH and ROH.  Compounds of the type (RS),Sn had been

sulphide ((02H5)5SnSCH5) have been described, The latter were
prepared from the oxide ( KCZHB)Ssn] 29) and mercaptan.51’62
Other compounds of the type (RSSn)zs and (R2§n8)5 have also

been described.65

There appeared to be no literature
describing analogous compounds of selenium or tellurium.

The reaction between trimethyltin bromide and sodium
methylsulphide, in methyl alcohol, yielded the expected
product, methyltrimethyltin sulphide, in rather low yield
(27%), which was probably due to losses incurred during
wofking up rather than by side reactions.

Reaction between trimethyltin bromide and sodium methyl-
selenide also yielded the expected product (approximately
70% yield). The product,»mefhyltrimethyltinﬁselenide,
contained a tin-selenium bond, which does not appear to have
been described in pfevious literature.

Thus, in the reactions carried out with the Group VI

élements, sulphur and selenium, the expected reaction occurred.
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BEvidently there were no metal-halogen exchange reactions
occurring in these cases, This may well have been due

to the fact that the electronggative Group VI elements
were in anionic form and thus most unlikely to undergo such

exchange,

(¢) Reactions of Cacodyl and Sodium in Ligquid Ammoni g

As the previous reactions, in which the trimethyltin
radical was present'in a cationic form, had been suceessful,
the reaction between tin and arsenic was studied again, now
using tin in cationic and arsenic in aniomic form, the
latter as dimethylarsenic sodium. Therefore, before the
'reaction between the tin and arsenic could be undertaken,
evidence of the formation of the dimethylarsenic anion was
required. Some evidence of the formation of a sodium or
potassium derivative of diphenylarsenic had been reported
by the addition of tetraphenyldiarsine to a sodium/potassium

54 An intensely yellow-brown coloﬁration

alloy in benzene.
was produced, Addition of bromo~-benzene to the solution
afforded triphenylarsine, which was more conveniently handled
and identified as triphenylmethylarsonium iodide, since this
substance was easier to purify, in small amounts, than
triphenylérsine. The similar reaction between cacodyl and

sodium was studied in liquid ammonia, a much more convenient

solvent for reactions of this type, €.g.,

(CHS)gAsAs(CH + 2Na = 2(CHg) AsNa,

5)2
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The addition of an ethereal solution of cacodyl to
sodium in liguid ammonia led to reaction in which the colour
of the solution gradually changed from blue to a dark red-
brown. The solvent was then replaced by ether and n-propyl iod
ide was added. In the presence of dimethyl-arsenic sodium

the expected reaction was:-~

(CHz)oAsNa: + n-CoH,I = (CHg)on-CgliyAs.

Volatile material from this reaction was removed in
vacuo and then allowed to react with methyl iodide to

yieid trimethyl-n-propylarsonium iodide:=
(CHg)n=CgH A8 = CH,I = (CHg).n-C,HyAsI.

The yield of the arsonium iodide however was low (23%).
A similar reaction cérrie@ out using n-propyl bromide instead
of n-propyl iodide yielded trimethyl n-propylarsonium iodide
also in small yield (26%).

Although the above yields were low it was thought that
they might be attributed to the following causes. There
was the possibility of reaction between the n~propyl iodide
(or bromide) and dimethylarsenic sodium yielding dimethyl-
di-n~-propylarsonium halide, which would not have been isolated
under the conditions of reaction used, The arsonium halide,
being a high-melting solid, would not be volatile, in vacuo,
and would therefore not be removed from the reaction vessel,

There was also the possibility of ammonolysis:-

(CH5)2AS"+ Nat 4+ NH, = (CH5)2ASH + NalH,.

3
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Any such arsine produced (dimethylarsine boils at 55°C.)
would then probably have been lost during the removal of
ammonia as considerable amounts of ether were also lost at
the same time.

The fact that some of the expected arsonium iodide was
obtained from the reactions suggested that dimethylarsenic
sodium had been formed by the reaction between amcodyl and
. sodium in liquid ammonia. The reaction with trimethyltin
bromide was therefore attempted. .

In the preparation of dimethylarsenic sodium, the colbur
change indicating the end point when all the sodium had
reacted was sharp; the solution suddently changed to a
bright clear orange-red colour. The ethereal trimethyltin
bromide solution was then added without removal of liquid
ammonia as both it and the expected di—elemcnt.compound
would not be ammonolysed. A mixture resulted from this
reaction, containing at least two components, which could
not be separated by distillations under reduced pressure.

The physical characteristics of the mixture were again congistan
with formation of at least hexamethylditin and cacodyl as in the

previous reaction between tin and arsenic, (pagelo4).

(d) Reactions with tri-n-Butyltin Lithium

1,8 when

The compounds RSSnLi are reported to result
an alkyl- or aryl- lithium compound is added to a suspension

of stannous chloride in ether at -10°C. The reaction
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proceeds via the dialkyltin stage, since when two moles
of alkyl lithium have been added to one of stannous halide,
the solution contains no alkyl lithium but dialkyltin.
The dialkyltin then reacts with more alkyl lithium to

yield the trialkyltin lithium:-

2RLi + SnX2 = R,Sn + 2LiX

2

RQSn 4 RLiI = RSSnLi.

gﬁButyl tin compounds were used in preference to the
ethyl compounds for two reasons. By the use of butyltin
compounds with other compounds containing methyl groups
it was hoped that the products of reaction would be of
widely differing boiling points, thus facilitating ease
of separation, There was some indication that dissociation
of triethyltin lithium occurred, since a colour test with
p-bromdimethylaniline be&ame positive when only 2.5 moles of
ethyl lithium had been added to one of stannous halide.18 |
The colour test. only becomes positive in the presence of an
alkyl lithium (there is also evidence that triphenyllead
lithium dissociates similarly in ether°°), In the case of
tri-n~butyltin lithium the colour test with p-bromdimethyl-
aﬁilinc only becomes positive when three moles of n-butyl
lithium have been added to one of stannous chloride.

When trimethylchlorsilane was added to a solution
of tri-n~butyltin lithium there was no apparent colour change.

No reaction appeared to have tgken place in the first

reaction (over 70% recovery of silicon) but the results of
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a second reaction indicated that tri-n-butyltin lithium
dissociated in a similar manner to that of triphenyllead

lithium and triethyltin lithium:=
(g-C4H9)SSnLi g;z=(g;C4H9)28m1+ n-C,HoLi.

The silicon was recovered as trimethyl-n=butylsilicon

(54% yield) which must have resulted from the reaction:-

n~C,HoLi + (CH3)3SiCI = (CH5)394C4H93i + LiCl.

This would be expected to occur in preferencé to the reaction,
(n~C,Hg)oSnld + (CHg)oS1Cl = (n~C,4Hg)zSn~81(CHg), + LiCl,

if dissociation had occurred, since p~butyl lithium (an

éxtremely reactive compound) would be expected to react

rapidly with trimethylchlorsilane, a reactive halide,

This would drive dissociation of (n- C4H9)SSnLi towards

completion forming difp~butyltin, There was, indeed,

some evidence of this as a small amount of tetra-ma~butyltin

Was obtained. Such a product would have resulted»from

decomposition of di-n-butyltin, especiglly on heating, as in

this case, by the reaction:-
2(Q;C4H9)2Sn = (gﬁC4H9)4Sn 4 Sn.
Gilman and Rosenberg® used tri-n<butyltin 1ithium
to prepare tetra-n-butyltin and tri-n-butylphenyltin by ‘
the addition respectively of n~butyl iodide and iodobenzene,
In the latter reaction it is interesting to note that an

amount of tetra-n-butyltin equivalent to that of triip-butyl-
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phenyltin resulted.
The formation of tetra-pn-butyltin in this reaction would

in fact be expected if the dissociation,

(;1_-04119)53111,1 == (n-C,Hy)Sn + n-C,H Li,

occurred, since the metal-halogen exchange reaction,

Q§C4H9Li + C6H51 =S EF.C4H91 +-C6H5Li,

would then most likely occur with formation of another
organic halide (in this case n-butyl iodide). This type
of reaction is well known to be both rapid and

42-46 The position of

reversible even at low temperatures.
equilibrium is dependent on the relative electronegativities
of the organic radicals. In the case congidered the amounts
of iodobenzene and ngutyliodi@e, from an equimolar mixture

of g;butyl-lithium and iodobenzene, have been shown to be

almost equal by carbonation and estimation of the organo=lithiums

as carboxylic acida.gs Competitive reaction of the organic

halides with the tri-n-butyltin lithium can then occur:s

SnC_.H + LiX

(g-c4H9)3SnLi + Cglgl = (Q-C4H9)5 ol

(nC Hy)Snli + n<CHI = (n*CH,)Sn + ILil,
The reaction with methyl iodide was étudie@ in order
to obtain information about the nature of tri-nibutyltin
lithium. Addition of methyl iédideﬁtb a solution of

triégﬁbutyltin lithium dischafged the brown colour immediately,

the solution becoming yellow. On warming to room
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temperature the solutlion became in turn milky white and
then greyish, and finally on refluxing a brown colour.

Only a small amount of methyltri-n-butyltin (14.4%) resulted

from the expected resction:-
(g,¢4HQ)SSnLi + CHI = CHy(n-C,Hy)Sn  + Lil.

Resctions on the red involatile liquid produced in this
reaction, which was suspected to be di-p-butyltin, with
methyliodide indicated that the tri-n-butyltin radical
was also present in some form or other. Tri-np~butyltin
acetate, which could not be purified, was obtained.

The amount of tin which could be accounted for in this
reaction was less than half that used. This‘coﬁld not be
explained. It was noticed. however that ether removed from
the reaction mixture by distillation became cloudy on exposure
to air. This solid was found to contain tin, The
formation of n-butyltin hydrides was suggested, these being
the only products which would be volatile enough to be
removed with ether. The hydrogen required for the formation
of tin hydrides would probably come from the solvent with
the formation of unsaturated material. In fact a small
amount of unsaturated liquid (not containing tin) was
obtained in this reaction. It thus seemed probable
that some of the tin might have been lost in such a way.

The formation of both tri-p-butyls and di-p=butyltin
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compounds in this reaction could arise from the following

reactions:-

(n-C,Hy)zSnli === (n-C,Hy)oSn + pn-C,H L1,

9)5 4 4 ,
: ! R ‘ e +
(ng4H9)2Sn + (n~C,Hy ) SnLi === (n-C,Hy) z8n-8n(n-C,Hy) L™,
2(gAC4H9)28n + (Q¢C4H9)SSnLi = (g—C4ﬁ9)SSn~Sn(g¢C4HQ)2-

gn(g—04H9)2L1+, etc.

n-Butyl-lithium, formed by dissociation of the frialkyltin

lithium, could then react with the methyl iodide,
Q;C4H9Li + CHsI = g—Csﬂlo + LiI,
yielding n-pentane, or undergo a metal-halogen exchange reactiom:-

Li.

2-04'9141 + CH5I = Q;CéﬂgI + C'H',5

Either the latter reaction did not occur to any appreciable
extent, there being little indication of the formation of |
tetra-n~-butyltin,

et L H S
(n-C4Hg)zSnLi + nC HoT = (n-C,"%g) S0 + LiI,
or the n-butyl iodide was removed rapidly by the reaction&é
ng4H9I + CHsLi = ggcsﬁlo + LiT.

Thus the amount of methyltri-n-butyltin would be
dependent on the relative rates of the reactions leading to

formation of n~-pentane, or tetra-n-butyltin and reactions
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of the type,

o <+ -
(n-C,Hg) »5n-8n(n-C 4Hg)oli” + CHI = (n-CyHg) z5n-8n(n-C,H), CH,
+ LiT,

and the reaction:-
(n-C,Hg),Snli + CH;I = CHy(n=C,Hg),Sn + Lil.

Any n-pentane (b.pt. 36°C.) formed in this reaction
would have remained undetected in the ether (b.pt. 35°C.).

The reactions with carbon dioxide were expegted to
furnish mofe information about the nature of tri-n-butyltin

lithium especially with regard to the dissociation:-

(QT;C4H9)58nLi . (Q¢C4H9)2Sn + n-C,HyLi.

When carbon dioxide was bubbled into a solution of
tri-n-butyltin lithium at approximately -10 to -20°C. the

solution became more orange in colour. In the event of

an equilibrium p-valeric acld was expected to form:-

——> n-C,H 00,11 —2%s n-c H COOH.

2 479

gfc4H9Li + CO
However no valeric acld was formed in this reaction and
there was no indication of the'formation of oxalic acid.
In other work carried out in this laboratory it had been
shown that resction between triphenyltin sodium and carbon

dioxide in ether resulted in the formation of hexaphenylditin

and sodium oxalate. Such a reaction was consistent with the
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| s 5. .
formation of [(C6H5)3Sn-8n(C6H5)5] Nag", e.g.,
2(CgHy) zSnla === [(06H5)5Sn—3n(C6H5)5] Nag",

- - whe i = :
[(CGHs)ssn—Sn(06H5)5] Nag™ + 200, = (C6H5)5sn,3n(csg5)5

-

+ 2002“ + Na ,

This does not apply in such a solvent as ligquid ammonia,
which has a high dielectric constant, where it would be
present as (C6H5)SSn;,I\Ta+ as shown by the properties and reaction
of such salts in liquid ammonia.

Di-n~butyl ketone was however produced in the reaction
(37% yield) and identified as its semi-carbazone. The
formation of ketones by carbonation of alkyl lithiums has
been reporte@zo_zz, especiallyiwhere the alkyl lithium

was in excess, as in this reaction:=-

n~C, HoLi
Li > n-C H, ~C-n-C H
4 %/\\\ 479

OLi OL1i

n~C,HoLi + CO, ~—> n-C, H,CO,

0
-G H=CC H 220 (n-C4Hg)5C0 + 2LiOH.

4 %/n\\4 9

OLi OLi

Analysis of the non-volatile red liquid produced in
the reaction showed that all the tin was present there.
)

Solubility tests on this liquid showed that it was soluble
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in benzene and ether but insoluble in alcohol, which suggested
a dialkyltin or alkyl tin~chain compounds. A reaction
between a sample of this liquid and n-butyliodide in an attemptv

to prepare tri-n-butyltin iodide,

(3-041{9)2311 + n-C,H.I = (g—C4H9)3SnI,

was unsuccessful, although an impure acetate obtained from
the reaction mixture suggested that the tri-n-butyltin
radical was present.
| Thé presence of the tri;grbutyltin radical in the reaction

mixture, however, could have arisen from esfablishment of the

equilibrium already discussed (page 114):-
. . o G
(3-04119)38::51'@ (n C4H9)2Sn + n-v,Hi,

. ! - ' ok - : 1 .'{"‘ - '...- o » +
(g—C4ﬁb)28n + (o Q4H9)ZSnL1 g;er(g_C4H9)3Sn sn(n Q4H9)2Li ,

2(_13-04119)2511 + (2-504H9)5Sn1.i = (g—CéHg)SSn-Sn(Q-C‘ng)g
_§n(g-c4ﬂg)2Li“, ete.
(3-04119)SSn-én’(g-%Hg)zLi* + n-CHoT = (n-G,Hg),Sn-Sn(n-C,Hy)g
+ IiI,
(g-C4H9)SSn-Sn(g—C4H9)2—§n (p-C, Hg ) Li™ + -G H I

= (§-04H9)5Sn—8n(g_1-04ﬁ9)2—Sn(g-C4H9)5 + LiI, ete

—C _ _ e - __NaOH ,
(n-C,Hg) z8n=-5n(n~C Hy ) o-Sn(n 04;{9)5 ~CH, CO0R” 2(n~C4Hg ) 5SnOCOCH,,

+ (g—C4H9)2 Sn(OCOCHS)g, ete.
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In a second experiment the ethereal mixture of
tri-p-butyltin lithium was run onto a slurry of solid carbon
_ dioxide and ether. By carbonation in this way it was hoped
to keep formation of ketone to a minimum and obtain
n-valeric acid.®®  From this reaction n-valeric acid (37.8%)
and di-n-butyl ketone (22.6%) was obtained.

The red liquid from this reaction was dissolved in
cyclo-hexane and oxidised by hydrogen peroxide. After
treétment with concentrated hydrochloric acid and working up
a 1iquid mixture was obtained which was shown to comtain
di-p~butyltin dichloride and tri-n-butyltin chloride (as its
acetate). It was not possible to separate the mixture
completely. The ¢hloride mixture obtained contained about
half the tin used in the reaction.

The formation of tri-n-butyltin chloride and di-p-butyltin

dichloride in this reaction,;especially where the dissociation,

(g-c4H9)5SnLi p— (gc4H9)2Sn + n~C,HoLi,

does not appear to have gone to completion (as shown by the
yields of n-valeric acid and di-n-butylketone) can be
explained in terms of the following reactions:-
0 - =
(n-CyHg)oSn + (ng4H9)5SnL1 @(_11-04H9)ssn-Sn(g-C4H9)2L1 ’
2(n= CgHlg)gSn + (n-CyHy)gSnLi === (n-C ) ySn-Sn(n-C M),
-5n(n-C,Hy) L%, ete.

After oxidation and treatment with hydrochloric acid the
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tin compounds would then yield the mixture of mono-~ and
di- chlorides:-

H20,H (¢]

_ - s ¥ 22, (ne .
(2-C,H,y ) z50-8n" (a-C,Hy ) L1 > (o C4H9)§§nCl
+ (n-C,Hy)p8nCl,,
H,0,H,0
' " (s 4+ 22278
- — pay 3 — g we (- .._...—-—.--—-—-*9
(n-CyHg ) 5Sn-5n(n-C Hy ) o-Sn" (0-CyHg ) gL HOL

(n-C,Hg)zSnCl + 2 (n-CyHg)o8nCl,, ete.

| As the reactions already discﬁssed in this section had
shown that tri-gébutyltin'lithium solutions in ether do not
react entirely in the trialkyltin form, but also as a mixture
of di-p-butyltin and p-butyl-lithium, the study of them was
developed by bringing them into reaction with compounds, which
were egpected io give characteristic and well definéd reactions
with either the alkyl-lithium or the trialkyltin radical. The
firs£ reaction studied was that between tri-pn-butyltin lithiﬁm

and B -phenylethylbromide, where the reaction,

(p-C Hy)zSnLi + C HZCHoCH Br = CoHsCHoCHSN(n-CyHy ), + LiBr,

was expected to occur predominately, since the reaction,

-G Hgli + CgHSCHpCHgBr = CgHg(CH,) CH, + LiBr,
was expected to be relati#ely slower. | It was therefore

necessary to synthesize the unknown compound.,g-phenylethyl— :
tri—grbutyltin. The'synthesis having proved succéssful, the

reaction was carried out, but no single pure component was

separated from the reaction mixture. The higher bhoiling
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liquids distilled from the mixture contained tin, and carbon
and hydrogen values obtained from different fractions were
reasonabiy consistent with mixtures of tetra-n-butyltin
and 3pheny1ethyltri-g—butyltin, although the high percentage
of carbon recorded in one fraction suggested that another
component was present. Formation of such products is

consistent with a metal-halogen exchange reaction,
gﬁC4H9Li + C6H50H20H2Br === n-C,H,Br +VG6H50H20H2L1,
occurring, followed by reaction of the halides with the

tri-alkyltin group:-

(gfc4H9)SnLi + CglgCHoCHoBr =  CgHCH,CHSn(n=C,Hy), + LiBr,

(n-CyHg)zSnLi + #-C,HoBr = (u-C,Hg),Sn + LiBr.
The exchange reaction is known to be rapid in contrast
to the reactions which occur in a Wurtz-Fittig reaction,
which would be expected to be relatively slow, e€.g., in the

general case,

RLi + R'X === RX + R'Li (rapid)

RLi + R'X = R-R' + LiX (slow)
RX + R'Li = R-R' + LiX (slow)
RLi + Rx = R-R + LiX (slow)
R'Li + R'X = R'-R' &+ LiX (slow)

As the separation of the mixtures produced in the reaction
was not feasible by distillation this reaction was not studied
further. There was no indication of formation of large

amounts of involatile red liquid in this reaction, indicative



121.
of organotin-chain7compounds, s0 that the tin had evidently
reacted predominantly in the trialkyltin form.

Addition of benzophenone to tri-n-butyltin lithium was

expected to cause dissociation of the latter, EeBey
(g704H9)58nLi q;e:(g¢C4H9)2Sn + n-C,HLi,

since the reaction,

(C6H5)2CO + n-C,HoLi = (C6H5)2€—QL1,
n-C,H,

was expected to be relatively rapid. Analogous reactions
carried out with the triphenylmetal lithium complexes of
beryllium, magnesium, zinc and cadmium have been shown to
yield appreciable amounts of triphenyl carbinol and the
diphenylmetal. In the cases of beryllium and magnesium

the diphenyl metal so forﬁed can also react with benzophenone

40 Subsequent hydrolysis of the

to yield more carbinol.
reaction mixture in this case was then expected to yield the

dehydration product 6f the carbinols -
(06H5)2?OL1 + Ho0 = (06H5)2?OH + LiCH
i-Hzo
(06H5)2C=CH-CSH7.
The olive green colour produced on the addition of the

benzophenone might have been due to an ion-radical electron trans

fer reaction of the type,
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2 . y . . 1] - .
(n-CyHg)gSnLi + (CgHy)oC0 == (n~C Hg)zSn* + (CgHg)oCT-0" } Li¥,
red-orange blue:

occurring, similar to the known reaction,69

(Cl5)C } TNa* + (CgHg)CO == (Cglg)yC" + (Gglg)C'-0" } Na¥,
red colourless yellow blue
which also yields a green colour in ether, Such a colour,
however, could have resulted from formation of (CgHz)5C"-0" } it
caused by the presence of small amounts of metallic lithium ;n
the n-butyl lithium solution. On standing the green colour
disappeared leaving an orange-red solution indicative of the
formation of di-n-butyltin or orgsnic tin-chain compounds
(page 114). After oxidation of the reaction mixture, to
convert the di-n-butyltin group to the insoluble oxide, the
di-n-butyltin radical was characterised as both dichloride
and the "oxine" derivative. Approximately 13% ofvthe tin
used in the reaétion was recovered as the dichloride.

The ether soluble part of the reaction mixture on distilla-
tion yielded a high boiling fraction containing tin. The
most probable tin‘compound boiling in this fraction
(108°C/1 m.m.) was tetra-n-butyltin which has a similar
boiling point (127°C/1.7 m.m., 109°C/0.5 m.m.). As however
the carbon andvhydrogen contents of the compound were
respectively high and low for tetra-n-butyltin the presence
of another compound of simiiar boiling point was suspected.

The compound,. (06H5)2C=CH-C Hy, an expected product of

3
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reaction, with a boiling point (125-600/1 m.m. ) similar to |
that observed, and which would probably not be separated from
tetra-n-butyltin by distillation, was therefore suggested.
Further, the présence of such a compound as impurity in
tetra~-n-butyltin was in aécordance with the high carbon and low
hydrogen values found.

A higher boiling fraction (100-110°C, in vacuo) was
found‘to consist of impuré benzophenone, which was identified
as its 2:4-dinitrophenylhydrazone, and represented approximately
23% recovery of the benzophenone used in the reaction. The red
viscous involatile liquid produced in the reactidn was Of unknown
constitution. It contained tin, which suggested di-n-butyltin
-or organic tin-chain compounds, but remained unchanged ‘in
colour after standing in air for an extended period and was
soluble in alcohol (unlike di-n~butyltin). There was no
indiqation that benzophenone was present.

As no well deffhed reaction had occurred between
benzophenone and tri=n-butyltin lithium, although formation of
the di-n-butyltin radical suggested that dissociation of
tri-grbutyltin lithium occurred, further study of the reaction
was discontinued.

Since the reaction between water and an alkyl-lithium is
extremely rapid it was anticipated that reaction between
wafer and tri-n-butyltin lithiﬁm would yield large amounts

of n-butane, the dissociation of tri-p-butyltin being driven,
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towards completions-
(n-GyHg ) z8nLi === (n~C4Hg)gSn + n-C,HgLi,

n-C Hgli + Hp0 = n~C H, + LiOH.

However, only about 5% of the theoretical guantity of
impure n-butane, in accordance with the above equations, was
obtained. From the ether/tetrahydrofuran mixture there was
obtained a red involatile liquid and a very small amount
of liguid b.pt. 127°C/1.7 m.m.'s, which corresponded to
that of tetra-n-butyltin (127°C/1.7 m.m.'s) and probably

formed via decomposition of di-p-~-butyltins-
2(g~c4H9)gsn + = (Q¢C4H9)4Sn + Sn.

There was also evidence of the formation of tin since a small
amount of grey solid, insoluble in either water or ether .
layers, was formed when reaction was carried out, The red

involatile liquid was shown to contain the di-n-butyltin

radical by oxidising a sample and converting the product, via the

dichloride, to the "oxine" derivative. Similarly the
tri-n-butyltin radical was shown to be preseht by the formation
of the acetate.

Formation of tri-n-butyltin hydride,

(ng4H9)5SnLi + Hg0 = (g-c4H9)5an + LiOH,
evidently did not occur, since there was no indication of

any other volatile material other than tetra-n-butyltin.

Wittig, Meyer and Lange40, who carried out the analogous
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hydrolysis of triphenyltin lithium reported that hexaphehylditir
was produced principally with hydrogen evolution, although

some diphenyltin was also produced, The reaction was

contrary to that which was observed to occur when the tri-
phenylmetal lithium salts of beryllium, magnesium, zinc and
cadmium reacted with water, since benzene and the metal
hydroxides were usually produced. Wittig, Meyer and Lange40
proposed that in hydrolysis of triphenyltin lithium, the
lithium reacted as an alkali metal, liberating hydrogen with

water and producing triphenyltin radicals, which dimerised

to hexaphenylditin:=
B(CgHy) xS0l + Hgp0 =v2(c635)5$n + SL1OH + Hg

2(CgHg) 550" = (C6H5)33n3n (CGH5)5.

5)5
Therefore in the second reaction between tri-p~butyltin
1ithium and water provision was made for detection of
hydrogen. The n-butane produced in this reaction was much
purer and amounted to about 8% of the theoretical quantity
in accordance with the equations mentioned previously.
Hydrogen producéd in the reaction was detected as water by
passage through a heated copper oxide furnace, the water
 produced being absorbed by "anhydrone" and then weighed,
The hydrogen collected in this way represented about SQ%

of that possible by the reactions:-

2(n-CyHy) ;S0 + 2H,0 = 2(n-CyHy),Sn + SLiOH + Hy
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The formation of the red involatiie liqﬁidvcould arise
from polymerisation of di-n-butyltin, formed by dissociation
of tri-pn-butyltin lithium, being initiated by the trifg-butyltin

radicals: -
(g-c4H9)3Sn‘ + (g—C4H9)28n = (g-c4H9)58n-Sn(g-c4H9)2,
(Q-C4H9)33n-8n(g-C4H9)2 + (g—C4H9)2Sn = (g-c4H9)3sn-Sn(p_-c4H9)§
Sn(C4H9%? etc.
The reactions being terminated by tri—grbutyltin>radicals

or dimerisation:-

(Q;C4H9)58nrén(g-c4ﬁg)2 + (ng4H9)58n' = (QA04H9)58n-Sn(ng4H9h§
sn(n-CyHg) g5
(g-q4H9)ssn;Sn(g-c4H9)2-én(g-c4H9)2 + (2-CHy ) 8n" =
(1_1504H9)53n-3n(z_1— C4Hg)g-8n(n-C,Hy) o
| 8n(n-C,Hg)zy etc.
Formation of such products could also oceur via establishment

of the equilibria mentioned previously,

(_1_1_—C4H9)58nLi e (Q—C4H9)2Sn + n-C,HoLi,

V : . - __ - +
(g-c4H9)53nLi + (g—C4H9)2Sn = (n CgHy ) zSn-5n(n-C, K )21;1
(g'-c4H9)SSn-Sn(g-c4H9)2Li + (_q-c4H9)28n == (I_1-C4H9)5,,Sn—Sn-
(gac4H9)§Sn(g-04H9)2pi+, etc.,
since, although the lithium of the tri-n-butyltin lithium
would be expected to react very rapidly with water, in this

case the lithium salts were in excess, i.e., addition of
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water to the tri-alkyltin lithium. Reaction of the
compounds with water could then lead to radical formation -
with loss of hydrogen:<

—‘ _ .['. ] - - ;o -
2(_{1_—04H9)58n-8n(_1_1_ C4H9)2Li + SH0 = 2(n; C4H9)58n Sn(n 04:119)2
‘ + 2Li0H + Hy, ete.

Since tri-n-butyltin lithium solutions had been shown
to behave in a complex manner with a variety of reagents,
and were not suitable for metal to metal bond syntheses,

further investigations of such solutions were discontinued.
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| (e) Reaction between Trimethyltin Bromide and Lithium

Sinée the reactions in ether—like solvents had proved
that‘trialkyltin alkali metal salts were not suitable reagents
for metal to metal bond syntheses, a final reaction using
the green solution produced when ﬁrimethyltin bromide and
lithium reacted in tetrahydrdfurén was carried out in order
to produce further evidence that trimethyltin lithium was
formed.

To a green solution produced by reaction between
trimethyl bromide and lithium in tetrahydrofuran at -20°C.
was :@dded trimethyltin bromide, the green colour diéappeared
leaving an almost colourléss solution. The reaction,

(CHg) zSnL1 + (CHg) gSuBr = (CHS)ESnSh(CH5)5 + LiBr,
was expected to dccur. During concentration of the reaction
mixture by digtillation decomposition appeared to occur,
the solution turning a deep red-brown colour. Heating was
therefore discontinued;ﬁ “As the presence of any frimethyltin
bromide in the reaction mixture was objectionable, its
boiling point being similar to that of hexamethylditin made
removal necessary. The most suitable method involved treatmen
with dilute alkali and acid in turn; such treatment had been
; shown to remove trimethyltin bromide completely from
ether, However, since tetrahydrofuran was completely miscible

with water replacement with ether was necessary. An
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attempt to remove more solvent under reduced pressure

proved unsuccessful as there was indication that loss of
hexamethylditin occurred. Therefore the reaction mixture
was diluted with a large volume of ether and the trimethyltin
bromide was removed as described. Losses of hexamethyldifin
may have occurred at this stage because of the increased
solubility of water and ether in each other due to the
presence of tetrahydrofuran, which is compietely miscible

in each. A small amount of red solid was observed at this
stage in the reaction mixture. From the ethef layer there
was obtained on working up hexamethylditin in about 55%}
yield, Although this indicated that the green solution did
contain trimethyltin lithium the possibility that the
hexamethylditin, in such yield, could have originated by the

reaction,

2(CH,).SnBr + 2Li = (0115)5Sn3n(0H + 2LiBr,

5)5 5)5
could not be ruled out. However the‘fact that the reaction
mixture produced by trimethyltin brémide and lithium wap
coloured; while the reaction above would yield a colourless
solution, was\further evidence in favour of the formation
of trimethyltin lithium,

The small amount of red solid formed in the reaction
was found to be air-sensitive, but an attempt to show that it

was dimethyltin was unsuccessful.

Further study of tri-alkyltin alkali metal solutions

in ether-like solvents was discontinued, since it was felt



130,
at this stage that only by the use of a liquid ammonia solvent

that synthesis of metal to metal bonds might be achieved.
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(f)  Reaction between Trimethyltin Sodium and Dimethylgallium
Chloride

Since the use of alkali metal derivatives of the
trialkyltin radical as a synthetic reagent for coupling with
reactive (especially organo-métallic) halides had been
shown to be complicated by metal-halogen exchange reactions or
by dissociation, it seemed that the original purpose of the
work could only be achieved by the means of reactions in
liquid ammonia. In this solvent no dissociation of the type
discussed (RgSnLi == RSN RLi) can occur, since alkali metal
alkyls react instantly with ammonia and in fact solutions of
trialkyltin alkali metal derivatives are stable in liguid
anmonia.

Unfortunately nearly all of the halides with which
alkali metal derivatives of the trialkyltin radical might
usefully be brought into reaction with in order to
establish metal to metal bonds are rapidly ammonolysed in
liquid ammonia. The few exceptions to such amenolysis

are the organo-halides of some of the Group IIIB metals and

- mercury. Since compounds of the more noble metals,

thallium and mercury, are readily reduced, the choice

was even more limited and experiments with gallium were
indicated, Dimethyl-gallium chloride forms a stable ammine,
is not readily ammonolysed, and is freely soluble in liguid

ammohla,
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Addition of dimethylgallium chloride monoammine in
ether to trimethyltin sodium in liquid armonia resulted in
- instant precipitation of a white solid, and, after allowing
ammonia to boil off, left a pale yellow supernatant solution.
There was no- indication of the formation of a compound
containing a tin-gallium bond, and about 40% of the tin was

recovered as hexamethylditin and about 60% of the gallium

as dimethylgallium amide.

Formation of such products could have probably

resulted by two mechanisms. The most probable reaction would

involve an electron~transferrence reaction with formation

of free radicals:-
/ﬁﬂs
(CHg) SN~ + (Clg)ga" = (CHg) 80" + (CHy),0a " -HiHg
+
NH,

+ NH5 ’

2(CH5)5Sn = (CHs)SSnSn(CHS)S .
2(CHy ) e "-NHy = { (CHy)g afir, | o+ Hp -
An alternative reaction scheme involving metal-halogen exchange

reactions,

(CHg)zS0Na + (CHz)oGall = (CHz)ssncl + (CH, ) Gela

(CHg)zSnNa + (CHg)zSnCl = (CHz);SnSn(CHz)y + NaCl

(OHg)GaNa + (CHg) GaCl = (CHy) taGa(GH,), + NaCl
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(CHg ) GaGa(CHy), + 2NHy = 2(CH, ) Ga " -fim,

2(CHg) o~ -NH, { (cuy) oo, ] ,+ o

n

seems more unlikely. There is evidence of the formation
of an unstable substance Nag [(CHS)BGaGa(GHS)SJ containing
a galliume-gallium bond in liquid ammonia which decomposes

41 On the other hand reduction of

above about =33°C.
dimethylgallium chloride monosmmine by sodium is known to

i ‘
occur in liquid ammonia,

~ * -0,;+ .
(CH5)5G3(01)NH5 + Na = (CHS)SGa ~NH; + NaCl,

the orange colour of the solution being consistent with free

radical formation.41

Formation of_(CHS)gGaGa(CHS)2 does
not appear to occur, since such a compound would be expected
to be colourless. The compound (CH5)29af74ﬁH5 decomposes

- at room temperature,

- L - 4 ‘
2(cHy) oa =T, = ¢ {(cHy) faliy ) + T,

with evolution of hydrogen.41

As the study of reactions of the trialkyltin alkalil
metal derivatives in ether solvents and liquid ammonia had
not resulted in formation of metal to metal bonds between
metals from different groups, further study of such
reactions was Tfelt to be unprofitable and the research topic

was therefore concluded,
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1. 5 Introduction

The Present Investigation

The préseht investigation was concerned with the
preparation of co-ordination compounds of organic copper- and
gsilver~ acetylides. Little work has been published on this
subject, although recently Nast and Pfab1 have shown that
phenylcopperacetylide forms a weak co-ordination compound with
anmonia. In other work carried out in these laboratories it

has been shown that phenylcopper acetylide forms a much more

|
|
i
!
|

stable triethylphosphine co-ordination com;pound._2 Research
was therefore directed towards the study of co-ordination
compounds of copper and gilver derivatives of mono-substituted
acetylenes with emines, phosphines and arsihés.

Co-ordination Chemistry of GCopper™

and'SilverI Compounds

Copper and silver have a great tendency to form co-
ordination compounds as might be expected from their high
defdrming power and position in the electrochemical series.

T ana siiver® halides (with the exception of the

The copper
fluorides) are in some ways similar to the copper and silver
acetylides in that they are essentially covalent in nature
(silver chloride and bromide are ionic in the solid state but
covalent in the vapour state5) and insoluble in agueous and organi

media. Thus, the co-ordination chemistry of copperI and

silverl halides serves as a guide to the behaviour of the



2.
metal acetylides with various‘donor atoms.

Carbon Complexes

The alkyl and aryl compounds of copper and silver are
ill-defined. Their stability decreases rapidly in the order
ary1:> ialkyl'an@‘copp@r.:> silver,>> gold.

Thus cuprous iodide will dissolve in ethereal ethyl-
magnesium bromide at -18°C., yielding a green sblution, which
behaves as if it contains ethyl copper, but is extremely
unstable énd decomposes ¥epiddy above --_50°C.4 Similarly Semeran

and Riccoboni5

prepared alkyl silver compounds from alcoholic
 silver nitrate and tetra-alkyl lead at -60° to -80°C.  The
products were precipitated from solution, but decomposed
rapidly above-—55°C. Phenyl copper was prepared from
phenylmagnesium bromide, in ether, and cuprouS’iodidé; a

grey precipitate of the composition C6H5Cu being obtained.4’6’7
This compound decomposed on heating to 8000., or on standing,
in vacuo, for two days, when a blaék mass resulted. Bolth
gg_gl,s have prepared various aryl coppers from copper and

diazonium borofluorides at 80°C. These were only isolated-
as their pyridine complexes ArCuPy4;ﬁ » Phenyl silver can be
made from ethyltriphenyl lead or tin, 02H5(06H5)3M, (but not
tetraphenyl- tin or -lead) and silver nitrate, a bright
yellow, unstaﬁle powder of the composition (C6H5Ag)2.Ag1\TO5

9

being obtained. The aryl silver itself is precipitafed as

a dark solid when phenylmagnesium bromide reacts with silver
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6,10

éhloride or bromide suspended in ether, Phenyl silver

decomposes violently when the ether evaporates, yielding

diphenyl. Gardnerl1

"has made use of this decomposition to

prepare various diaryls by the addition of the appropriate

Grignard reagent to silver bromide suspended in ether, which

was then'refluxed; although the intermediate silver compounds

‘were not isolated it is obvious that they imust have been formed.

Aurous alkyls and aryls are extremely unstable and have not

'been igsolated from solution, but Kharasch and Belllz have

shown that they are formed and obtained a solution of one of them.
It has long been known, however, that cuprous halides

13

c¢omplex with ethylenes. Berthelot showed that ethylene

dissolves in a solution of cuprous chloride in hydrochloric

14

acid and later Manchot and Brandt ~showed that the compound

formed approximated to the formula CuCl.GgHé. Tropsch

and Mattox15 and later Gilliland gg_glu16 showed that solid
cuprous chloride will absorb olefins, mostly under pressure,

the dissociatioh pressures of cuprous chloride complexes with
ethylene, propyleﬁe and iso-butylene being 1 atmosphere
respectively at -8.3°, -11.5 and 26¢O°C.F The complex formed.
between cuprous bromide and ethylene has a dissociation pressure
of 17.5 atmospheres at 0°¢. Lucas and his colleaguesl7’18
have shown that sillver also complexes with olefins. The

structure of these compounds has been attributed to the formation

of a resonance hybrid between the three structures,
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this being supported by the Raman spectra of the complexes.19
Acetylenes also co-ordinate in a similar Way.zo Approximate

calculations have shown that the strain energy (gg, 4.5 Kecals, )
is less than the resonance energy (ca. 10 K.cals.) of the
silver-~-ethylene complex. No eorresponding aurousg compounds
are known.

Cuprous halides form complexes with carbon monoxide,
in the presence of water, ammonia, or bases such as aniline,
piperidine and pyr1d1ne.21 ~23 Dry cuprous chloride will
only absorb carbon monoxide under high pressure, as compared
with ethylene, which is absorbed readily, although no ethylene
complex can be isolated. Since the empirical formula of the
complex from water or concentrated hydrochloric acid solution
is CuCl.CO.H

e
with dehydrating agents such as concentrated eulphuric acia

O, and the solid product decomposes when treated

or alcohol, it is presumed that the complex is dimeric:
+ | +
O
ﬁ/ \ |
+/ \+l/ \

2 2

The central copper atoms have attained an effective
atomic number of a rare gas (36), a phenomenon which appears

to be common to most carbon monoxide complexes. This
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explains why the presence of water or a base‘is necegsary in
the carbon monoxide complex but not in the ethylene complex.
No corresponding silver compounds have been isolated, but

24 has shown that silver sulphate, in fuming sulphuric

Manchot
acid, will absorb cafbon monoxide at 0°C,

(ca. 0.86 mol. per Ag2804). The reaction is reversible
since carbon monoxide is expelled on warming.

Manchot and G81125 haﬁe shown that gold forms a compound
AuCl.CO from carbon monoxide and aurous chloride at 9000;
the same product results from carbon monoxide and auric
chloride dissolved in fetrachloroethylene at 100-14000.12 Phis
compound is, unlike the copper complex, decomposed by moisture
yielding carbon monoxide and metallic gold.

Copper,'silver and gold form a series of complex cyanide
anions. The most steble cy ano-copper ion is Cu(CN)z, but

26
the solid salts M [bu(CN)z] and M, [Cu(CN)s] are also known.éw

28 has shown,by e.m.f. measurements, that the anion

Knﬁschert
Cu(CN):'exists mainly in solution, but some Cu(GN); is also
present, espécially in dilute solutions. This tendency of
copperI to form a 4~covalent complex is more pronounced with

the cyanides than with any other cuprous complex. Silver also . -

forms cyano-complexes, but in this case only the complexes
27

M [Ag(CN)2] and Mz[:Ag(CN)s] are stable. Brigando

has shown that the 4-co-ordinated silver complex is

unstable. Gold only appears to form a dicovalent ion

An(CN);u which is more stable than the corresponding cuprous
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or argentous complexes.
Copper and silver, unlike gold, form complexes with

iso-~cyanides. Guillemand29

prepared these compounds as early

as 1908 by direct combination of the cyanide and';ggfcyanidé.
Compounds of the type Cu(Ag)CN.RNG result (where R is an alkyl
group) as colourless crystalline solids, which smell strongly

of iso-cyanide, The copper complexes dissociate very readily
and, on heating, the silver'compbunds;decompose, a mixture

of cyanide and igo-cyanide being liberated.  The silver complexes
are insoluble in water and manj organic solvents, bu£ soluble

in alcohol. They are decomposed by strong acids and boiling

agqueous alkalies..

Nitrogen Complexes

Both cuprous and argentous but not aurous compounds
co~ordinate with cyanides. Rabautzo prepared the compounds
from the cyanide and solid cuprous chloride. Similar compounds
resulted when MQPg&HSl added copper fo a solution of cupric
halide in a cyanide. These compounds are nearly all 1:1
complexes, S.ge GuClaCHSCN, except those of succinonitrile,
which, having two cyanide groups, takes up two molecules of
cupfous halide. The broducts are soluble in nitrile, but
not in water,.which slowly decomposes them. If the copper
is oxidised to the cupric state with ferric ion:: the cyanide

30

is liberated. Evidently only’cuprous compounds can

co-ordinate with cyanides. These halide complexes do not appear
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to be ionised, but a different type of complex results if a
nitrate is used.

Thus, if copper is added to silver nitrate in acetonitrile,
silver is precipitated and the copper replaces it. After
removal of excess solvent é compound of the composition

[cu(cH,CN), | MO, 48 left. This is stable while in
acetonitrile solution, even in air, but if éome nitrile is
removed from the solid by passing an inert gas over it,
decomposition occurs, even when alr and moisture are excluded.
A green solid and metallic copper are formed, This is a
characteristic reaction of the cuprous ion, which is
protected from the reaction by the weakly attached cyanide,
Since decomposition occurs as soon as the cyanide content
falls below four molecules, it appears that only the one
complex is forméd. Silver forms compounds with cyanides which
are similar to those of copper, although few of them have
been isolated. Silver pitrate'is very soluble in acetonitrile,
the solution being highly conducting, a compléx salt of the

32 gilver nitzate

R A
type EAg(CHSCN)n] NO, being indicated.
forms complexes With bromo- and iodo-acetonitrile and even
methylene iodide. These compounds are destroyed by water but
otherwise reasonably stable, g.g. the compound AgNO,.CH,I,

88 Diels and Koll54 have shown that reaction of trt

melts at 80°C.
diacetate of hydrazomethane with copper sulphate leads to

formation of a dark red solidy which with hydrochloric acid or
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gsodium chloride ylelds the compound CH5~N=N—CH5.2CuCI. An
iso-propyl compound containing water, (CHs)ch-N=N;CH(CH5)2.
CuCl.2H

2
Silver and aurous complexes of this type appear to be unknown,

O, was also prepared, but this was very unstable.

Both cuprous and argentous compounds form ammines
containing up to three molecules of base., These compounds are
generally soluble in water and conducting so that they are
evidently of the type [M(NH;) ] *X". From dissociation
pressures Biltzg5 concludes that 4-co-ordinated cuprous

56

ammines do not exisgt, although Abegg has recorded a list of

these salts which includes such compounds,  Similarly Weinland57
has described complexes containing four aniline or toluidine
molecules, €.Z. EAg(06H5NH2)4] N05, but gives no references
or data e

Aurous ammines of the type EAu(NHg)n] ¢l (n= 1 to 3)

are also known, being prepared from aurous chloride and liquid

ammonia.ss’59 These complexes decompose in water.
+—
Non-ionised ammines of the type HSN-Au-Gl were also prepared

b -
by Herrmann.58 He obtained& the complex HsN—Au—Cl by

evaporating down an agueous ammonia solution of aurous chloride.
The product is colourless, insoluble in water, but dissolves

in liquid ammonia probably with formation of the ionic

compound [Au(NHs)zj *c1”. It decomposes at 150-200°C.
without melting. This di-covalent aurous complex is

eVidently similar to the much better known phosphine and arsine
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compounds, €.ge (02H5)5X8-Ku-01.

Phosphorus and Arsenic Complexes

Monovalent copper, silver”and gold form complexes
with phosphines, arsines and with the strongest donor,
phosphorus, the trichloride and trialkyl ester.

Addition of phosphine to an acid solution of cuprous
halide in alcohol yields_complexes of the type'gu01,PH5,
CuBr.PH, end Cul.2PH,.*C They are less stable then’ the ammines,
which they resemble, phosphine being lost readily, EE,XQEEQ?
and the compounds decompose readily to copper phosphide (GusP).
The order of stability is Gl:> Br:> I, as found for the ammines,
but cuprous iodide, which should form the least stable complex,
alone can take up two molecules of phosphine. Arbusov41
prepared complexes of the silver halides by reaction with
triethyl phosphite, €.g. AgCl.P(002H5)3. Lindet*? prepared
the complex AuCl.PCl5 by the addition of phosphorus trichloride
to auric chloride in ether, which yields the compound on 
evapofation. This complex is insoluble in water, with which
it reacts forming phosphorus acid. Alcohol converts the

compound to the ester complex, AuCl.P(OC The

of5) 50
last compound also results from reduction of auric chloride

with the alkyl phosphite in alcohol,

Mann et g;,43 and Burrows and colleagues44‘have

described some particularly interesting complexes of cuprous
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and silver halides with trialkylphosphines and trialkylarsines,
in which the copper appears ﬂbwbe 2-covalent. They were
prepared by the action of the base on a concentrated solution
of the cuprous or argentous halide in concentrated potassium
halide solution. The products are obviously not ionic,
gince they are insoluble in water, but readily soluble in
solvents such as benzene and acetone, Molecular weights
carried out ebullioscopically in acetone and benzene and
cryoscopically in benzene showed they were tetrameric, e€.g.

- 45
Eesi-oul] 4+ Wells

confirmed their structure by X-ray
analyéis of the triethylarsine-cuprous iodide complex.

The analysis showed that the four cuprous atoms occupy

the corners of a regular tetrahedron, with the four iodine
atoms above the planes of the faces. The afsenic atoms
lie on the line joining the centre of the tetrahedron to the
copper atoms, their valencies being tetrahedrally arranged.
Thus the copper atom is in fact 4-covalent, being attached
to one arsenic atom and three iodine atoms, the valencies
being tetrahedrally disposed, The analogous silver
iodide complexes were also shown to possess the same
structure by molecular weight and X-ray analyses. It is
interesting to note that, although 3-~co-ordinated cuprous
complex .amines are not generally stable (NHS)BcuI looses

ammonia readily,46 amihes of stronger donor powgr, such as

dipyridyl (Dipy.), react with the complexes, [RSP.CuI] 42
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yielding compounds of the type Dipy.CuI.PRs, which are
monomeric, Such products by loss of alkyl phosphine yield

+
I

lynuclear com 6unds €.£. Dipy. Ca~~  ~Cd.Dipy. the
poly \Y s E.8 by —~ DY+
co-ordination number remaining unchanged. Similar compounds
formulated as CuI.2PR5 described by Arbusow are undoubtedly

similar:45

R.P I r
® \\\\E,/// \\\EE/// 3
Gu Cu |

+ n +
RaP_-/ \}/ \PR5

The complexes of the type R5£—Eu—Cl were prepared by
Levi-—Malvano47 from the alkyl phosphine or arsine and én
aqueous alcoholic solution of chloroauric acid. These
compounds differ from those of coppér and silver, being
monoméric and the gold thus 2-covalent. This is typical of
goldI, which rarely forms 4-covalent compounds, an example of
the stability of the 2-covalent compounds which are peculiar
to this part of the Periodic Table. &This is marked in the two
succeeding elements mercury and thallium (as in

+ .
[bHS-Tl-CHsl I") and to = much less extent by bismuth.

Oxygen Complexes

Since cbpper and silver do not possess a great affinity
for oxygen, the number of oxygen comolexes is very small. In

fact no cuprous open-chain complexes appear to be known,
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although certain chelate compounds containing oxygen are
known (page:lS); Silver is very like copper in this respect.
The small affinity of silver for oxygen is shown by the féct
that most silver salts are anhydrous, i.gq, in the solid state.
In solution this does not hold true where weakly co-ordinated

oxygen links may exist. Bathe48

has in fact concluded,
from the mobilities of complex silver cations containing
ammonia, alkylamines and pyridine, and the mobility of
the silver ion, that the latter is [Ag(OHz)g]%.
Willstdtter and Punmerer > have obtained evidence that
pyrone forms complex salts with silver nitrate, although they
did not obtain a pure product.
MacDougall and Allen50 have shown that the solubility
of argentous acetate is increased by addition of alkaline

écetates, or even silver nitrate or perchlorate. They

conclude that formation of a complex acetate, M’[Ag(OCOCHS)z] e

occurs, although no salt of this tYpe appears to have been isolatel

No aurous complexes of gold, in which gold is bonded to

oxygen, appear to be known.

Sulphur Complexes

The affinity of copper, silver and gold for sulphur is
much greater than thét for oxygen, a considerable number of
complexes being known. There are three mgin types of complex
derived from thioéthers, thioureas and polysulphides, such

as M(CuS ),
2
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Not many thioether complexes are known. The best
P
known of this type, (02H5)28-Au01, was prepared by Mann, Wells

and Pur-die51

by the action of diethyl sulphide on auric
chloride in hydrochloric acid. The product, a low melting,
colourless, crystalline solid, is monomericy ebullioscopic
measuréments in acetone showed that the association was 1.01
and cryoscopically in ethylene dibromide 1.09 and bromoform
1.10. A rather unstable;?aimorphic complex, (C6H5QHQ)2§;Eu01,

was prepared by Herrmann58 from excess of the sulphide and

auric chloride. Analogous silver compounds are also known.sa
The complexes derived from compounds with the -C=S
grouping are more numerous. Both coppér and silver form
complexes With‘thioacetamide of the type, [M(SC(NHz)CH%)4] x., 98
The analogous gold complex is characteristically 2-covalent,
Sefe [An(SC(Nﬁz)CHs)g] x, 54
The cuprous thiourea (Tu) and ethylene—thiourea (Etu.)
complexes are numerous. Copper co-ordinates with up to
three molecules of thiourea. Kohlschﬂtter,55 who hasg examined

these complexes in detail, has found that the copper is

generally 3-covalent. An acid, probably,

| NHz\\\ MHg
i ' C-8-Cu-8-C

2N

NH:

can be prepared and also a complex, Cu(iu.)201. This latter

is insoluble in water and therefore covalent as shown by
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conductivity and transport experiments. Some of the cuprous
thiourea compounds are very compleX, €.ge [?qéTu)vj (Noa)s,
and it has been suggested that the amino group might take
part in the formation of the complex, when it contains more than

56 have prepare@‘a

one copper atom.56 Morgan and Burstall

series of cuprous ethylene-~thiourea complexes,containing up to

four molecules of the urea. The formulae of these complexes

are rather peculiar, e.g. [Cu(Etu.)4] NO; [?u(Etu.)g] 250,
[Cu(Etu.)-z] X (where X = Cl, Br or I) and [Cu(Etu.)] 50+

The compleies, with the exception of the latter, are strong

electrolytes. = 1In these compounds it is unlikely that the

nitrogen in the ethylene-thiourea takes part in.co-ordinatidn,

since it would involve the formation of a four-membered ring.

Morgan and Burstall5§ have also prepared the éhalogous

silver ethylene-~thiourea complexes, which are very similar to

those of copper, containing up to four molecules of fhe urea

to one of silver, The latter authors also preparedlgold

complexes, which are of two types and remarkably stable, not

being reduced to gold by formaldehyde. The complexes of

the type [Au(Etu‘)zjl X (where X = NOg, CL , Br ) are soluble

in water and alcohol, but not ether or benzene, and are clearly

ionic. Other complexes of the type Au(Etu.)I were also

prepared, these being almosf insoluble in water, covalent,

- and analogous to the émine, phosphorus and arsine complexes,

Thus, the covalency of two is maintained in both types of

complex..
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Only copﬁer and gold form complex sulphides, each
forming one disfinct type of complex. Hofmann and H‘c':chtlenf’,7
first established the formula of the complex copper sulphide,
| NH4|:GuS4] » although the existence of tlie ammonium salt has
long been known. Various alkali metal salts have been prepared .
and potassium and rubidium also form black salts of the type

X , 58 M 67,59
Mz 5810. Hofmann and Hochtlen

prepared the complex,
NH4 [AnSSJ s from auric chloride and ammonium polysulphide.

The product is yellow and almost insoluble in water.

Chelate Complexes

There are very few chelate complexes, and it is surprising |
thaﬁ none of the metals will readily chelate with nitrogen
compounds, although they all co-ordinate readily with ammonia.
In fact the equilibrium, 203 === cutt ¢ Cu, lies well over
to the right in the presencé of ethylene-diamine, although
ammonia stabilises the cuprous state. Most of the complexes
are therefore those involving oxygen or sulphur or both, and,
as mentionedpreviously, the affinity for sulphur is much
stronger than that for oxygen.

Both copper and silver form complex sulphites, although

the silver compoundstare only known in solution. The
copper complexes of the type Na(CuSOS) evidently contain the

0 .
:: ::SO, the copper being 2400va1ent.60 Copper and

0
silver also form carbonate-complexes. Donohue and Helmholz;61

ring Cu

have shown that the silver complexes contain the ring
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0
‘Ag:: :;C=o, by X-ray analysis. Haase62 as early as 1869 des-
O .
cribed an aurous complex sulphite of the composition Na5Au(803)2.
o
2}!2 L

A1l three metals form complex thiosulphates. The cuprous
thiosulphates are made by the action of alkaline thiosulﬁhate
on a cupric salt. A complex series of thiosulphate complexes
can be made, but simple complexes}of the type KCu(SQO5) are
known.60 The stability of the complexes probably arises ffom
formation‘of the ring Cu:iij:sqg, and the affinity of copper fo
sulphur.

The analogous silver complexes were discovered in 1819

63

by Herschel g and have been used extensively in photography

as a means of removing unreduced silver halide. Rosenheim

60,64

and colleagues and Meyer and Eggeling65 have indicated

that. three types of complex are formeds

1) Mf(AgS'QOS),, M = Li.{ngO; Na, K, NH, anhydrous.
2) M, _[Ag(s.zos)gj s M = K.HO
3) My [Ags(8,0,),] » ¥ = NH,, Na, K.

Of type one the lithium salt is readily soluble in water,,
but with the larger metal ions the solubility im markedly

reduced., Gold forms 2-covalent salts of the type

M‘[An(szos)] , but these are less stable than the 4-covalent com=

) 66,67
plexes M, [An(Sgog)g] . !

Here the chelation evidently
stabilises the complex resulting in formation of a unusual

covalency number of fouf for gold.
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Copper and gold halides were shown to form sulphur-sulphur
chelate complexes by Morgan and Ledbury.68 Addition of
dimethyldithiolethylene (thi.) to a cuprous salt yiélded
the pale blue complex [Cu(thi.)] Br, which is insoluble in
water and organic solvents other than pyridine. The compounds

evidently contain a five-membered ring and are formulated:-

H
CH ,zrg’/c S

éﬂz + Su(Br)"
2 = 5C
CH,y

Complex Halides

A1l the monovalent metais of Group 1B form complex halides.

Copper forms a sefies of halide complexes of the types
m [cuo1 ], ug [ouc1, ], m, [ouc1, ] . szabo and szabo®® have
shown, by E.M.F. measurements, that in fairly strong potassium
chloride solution (2 to 4 Normal) the chief complex ion is

B3u015]= s the amount of [Cu014]E prresent being negligible,
Silver forms similar complexes, but there is doubt‘whether
the type Ksl:AgI4] exists, 012 »
the type M [AuClg, the covalency of the metal being limited

Gold only forms complexes of

to 2. These complexes are unstable and aqueous solutions

of them rapidly decompose ylielding metallic gold.75

Elliot and Pauling74 have shown that the highly complex

2
ions as well as planar ions AuCl™, These salts are black, a

Cs.AuAuClé and Csg AgAuCly contain linear AgCly and AuCl
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conmon occurrence when one of the metal atoms is present in

two different valency states.

Covalency NUmbers of the Complexes

In these monovalent complexes the maximum covalency of
gopper, silver and gold is four. The chelate complexes
are essentially more stable, this being due to the fact
ﬁhat if the chelate group has one ofbits bonds broken the ligand
gtill remains attached by the other. The chelate complexes
mugt necessgrily form an even covalency, so that if the most
favourable metal covalency is three then 1t is not sﬁrprising
that either a 2 or 4-covalent complex 1s formed. Thus,
even gold can form a 4-covalent chelate complex, although
copper and silver also form them with sulphur cémpounds and the
cyanides. Generally in the metal qpmplexes the metal is
2 or 3-covalent, but there is a tendencytfor lower covalencies
to be favoured as the group is descended and gold rarely

exceeds the covalency of two.
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e - Experimental

a) DPreparation of Starting Materials

Preparation of 1:2 Dibromopropane

CH Br,

3 2
1l:2-dibromopropane (193.3 g., 100 C.Ce, 0,958 mole)

CH = QHz + Br2‘: CHs-CHBrhCH

was placed in a l-litre &-necked flask fitted with a gas inlet
(pelow the liquid level), stirrer, dropping funnel and a.gas
outlet leading to a Drechsel bottle containing mercury arranged
so that a pressure slightly above atmospheric was maintained
in the apparatus. The flask was immersed in an ice/salt bath
at 21000. and a stream'of propylene was passed into the
1:2+dibromobropane, which was stirred vigorously. Bromine-
(152 g. 0.953 mole) was then added from the dropgng funnel at
such a rate that the liquid was never deeply coloured by
unreacted bfomine. When the theoretical quantity of propylene
(as measured by a gas flow-meter) had been added, the flask and
contents were allowed to warm up to room temperature.

The reaction mixture was washed in turn with water and
sodium carbonate solution, dried over magnesium sulphate, and
distilled. A fraction b.pt. 139-141°C. amounting to
300.8 g. was obtained.

1:2 Dibromopropane (107.5 g. 0.532 mole) was obtained in

56% yield, after allowance was made for the initial amount used

as solvent for the propylene, Further preparations led to
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formation of 1:2-dibromopropane in 66% and 67% yield
respectively. A total of 1:2 dibromopropane (918.3 Zey 4455

moles) was obtained.

Preparation of Methylacetylene

(1). CH,CHBr-CHgBr + 2KOH = CHyCSCH + 2KBr + 2H,0.
1:2-Pibromopropane (141.3 g., 73.3 ce.Cus 0.7 mole) was

dropped slowly (over 2% hours) onto a mixture of powdered

potassium hydroxide (150 g., 2‘68 moles) and g—butyl_alcohdl

75 Volatile

(300 c.c.) in a 1-litre flask heated to 160°C.
material, after passage in turﬂ thrbugh a vertical air-
condenser and water¥condenser, was collected in two traps cooled
by an acetone/solid carbon dioxide mixture (methylacetylene,
b.bt.‘i25.190.). Liquid collected only in the first trap.

| The methylacetylene so preparéd was then converted to the
mercury derivative for storage purposes,

2CH, C=CH + K figl, + 2KOH = (CHBCEC)QHg + 4KI + 2B, 0.

3 2

The liquid in the trap was diluted with alcohol (20 c.c.) and
added, while cold, to a stirred alkaline solﬁtion of'

po tassium mercuriAiodide”(132vg. 0,972 equiv. of mercuric
chloride; 326 g., 1l.22 equiv. of potassium iodide;

25 g., 0.62 equiv. of sodium hydroxide; 600 c.c. of water)
cooled by an ice~bath. Whité solid was precipitated and,

after stirring for b minutes after addition of the acetylene

golution was completed, the solid was filtered and washed with

50% alcohol.76 Methylmercuryacetylide (20 g., 0.072M)
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was @btained in 20.5% yield.

(ii). As the yield of methylacetylene from the first reaction

wag small, a preparation using liquid ammonia Was carriedxout.V?

2Na + 2NH5 z»2NaNHb'+ Eg.

CH5CHBr£CHbBr + SNaNHb = CHsC 2 CNa + 2NaBr + BNH%.

CH,C=CNa + H,O = GH,C=CH + NaOH.

3 2

Liquid ammonia (1,200 c.c.) was poured into é 2-litre
3-necked flask fitted with a dfopping funnel, a stirrer
containing a nitrogen inlet and a gas outlet, The flask was
placed in a saucepan containing solid carbon dioxide, Air
was excluded from the system by meens of Dreghsel wash-bottles
containing heavy white oil. Sodium was catalytically
decdmpoéed to sédamide in the following manmer.78 Hyadrated

ferric nitrate (catalyst) 1 g. was added to the stirred

liquid ammonia followed by sodium (2 g., 0.087 mole). On

subsidence of the vigorous reaction a rapid stream of oxygen was -

passed into the liquid ammonia for a few seconds. This forms
a small quantity of sodium peroxide, which activates the
ferric nitrate. More sodium (76 g., 3.3 moles) was then
added in ca. 15 g. quantities, time being allowed for all the
sodium to react (loss of blue colour). The addition was
completed in ca. 50 minutes. A grey solution (colloidal iron)
resulted containing a fine suspension of reactive sodamide.

1§2-Dibromopropane (202 g., 1 mole) was then run into the
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liquid ammonia over 1 hour. Large amounts of liquid ammonia
boiled off at this stage so that it was necessary ﬁo add
more liquid ammonia, which was dried by the addition of a
small piéce of sodium, When addition of 1l:2-dibromopropane
was completed stirring was continued for an hour before the
ammonia was allowed to boil off, Residual ammonia was removed b}
heating the reaction mixture on a water-bath, in a stream of
nitrogen. The reaction vessel was then connected in turn to
a gas wash—botﬁle containing 2N sulphuric acid (ca. 200 c.c.),
a drying tower containing calcium chloride and two traps cooled
by acetone/solid carbon dioxide mixtures. Mefhylacetylene was
then liberated by decomposing the sodium salt with a saturated
brine solution, The reaction was vigorous initially, but
gradﬁally moderated (addifion of ca, 1000 c.c. of brine
solution in 1 hour). Stirring was started as soon as the
stirrer became free. Finally the reaction mixture was heated on
a water-bath in a stream of nitrogen. It was found necessary
to replenish the 2N sulphuric acid, the second portion of
which was Jjust alkaline at the end of the reactibn. All
the methylacetylene was collected in the first trap,

The methjlacetylene was then convérted to the mercury
derivative as described in (i). Yellow solid was obtained
in this case. After extraction with benzene & slightly pink
solid (12.1 g., 0,043 mole) was obtained in 8.7% yield. The
melting point of a samplé after recrystallising twice from

benzene was 200~2010¢,, with decomposition
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(iii). The yields from the previous preparations were very
low, but it was suspected that formation of the mercaryacetylide
occurred in extremely low yield, since the preparation of
methylacetylene in liquid ammonia is reported in 87% yield. '
Another preparation was therefore carried out, in which the
methylacetylene was stored as such in a vacuum apparatus.

Sodamide was prepared from sodium (47 g., 204 mole) in
liquid ammonia (750 c.c.) as described'previously. In this
case, however, the reaction mixture was maintained at ;5000.,
by means of an acetone bath to which pieces of solid carbon
dioxide were added, thus preventing large losses of 1iquid‘
ammonia.  1l:2-Dibromopropane (121 g., 0.60 mole) was added to
the sodamide over 45 minutes, the liquid ammonia solution being
maintained at -5000. After stirring for another 30 minutes,
ammonia was allowed to boil off. The methylacetylene was
collected as described . previouslye.

Since the product was to be converted to the cuprous and
silver acetylides, the presence of acetylene (CgHQ) was
undesirable. The methylacetylene was therefore allowed to

reflux up a short helices column, which was cooled at the

top to -6000., thus allowing any acetylene (b.pt. —88;503.)

to escape (30 minutes). The remaining liquid was transferred
to a vacuum apparatus, where it was stored as vapour.

Methylacetylene (14.2 g., 0.364 mole) was obtained in 60% yield.

Preparation of Ethyl@cetylen379
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CHECH + NaNH, = CH=CNa + NH,.

SO4 + CH=CNa = C,H_.C=CH + 02H5Na804.

(CoH ol

52

Sodamide was prepared from sodium (25 g. 1 mole) in
liquid ammonia (600 c.c.) by the method described previously
in a 2-litre 3-necked flask, fitted with a gas inlet below
the level of the liquid (this was later replaced by a dropping
funnel), a stirrer with a nitrogen inlet and a gas outlet,
the solution being maintained at 45000. Acetylene, purified by
passage in turn through a trap cooled by an acetone/solid
carbon dioxide mixture and a Drechsel bottle containing concentra-
ted sulphuric acid, was bubbled rapidly into the stirred suspen-
sion of sodamide, The reaction mixture assumed a milky
appearance initially but became darker after ca. So‘minutes
and indicated that formation of sodium acetylide was complete.so
Little loss of gas frbm the reaction vessel was observed up to
this point. Complete formation of sodium acétylide was
ensured by bubbling in acetylene for another 15 minutes.
The outlet of the reaction vessel was then connected to an empty .
Drechsel bottle (acting as a safety trap) followed by an ammonia
scrubber (a tower packed with.glass heliées down which
water trickled, see Fig. 1), a conical flask containing 2N. sul-
phuric acid (i litre) and phenolphthalein, a calcium chloride
drying tower, two traps cooled to ca. =80°C and a Drechsel

bottle containing heavy white oil, which excluded air from the '

system. Freshly distilled diethyl sulphate (170 g. 1.1 mole) was
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then added over 1 hour. After stirring for another hour
the ammonia was allowed to boil off. Water was then run into
the reaction vessel, there being no evolution of heat.
Complete removal of ethylacetylene (b.pt. 8.5°C.) was assured
vby heating the reaction vessel to ca. 7500. for 15 minutes and
passing a stream of nitrogen through it. Liquid was
condensed only in the first trap cooled to.;BOOC. Any
dissolved acetylene in the liquid was removed by refluxing the
liquid up a short helices column cooled ét the top to -50°C.
(30 minutes), The residual material was then sealed in glass
tubes after first cooling the ethylacetylene to ca. -80°C.
Ethylacetyl ene (25.6 ey 0.437 mole) was obtained in 43.7%

yield.

Preparation of iso=Propyl Sulphate81

2CH ,~CH=CH

3 g ¥

550, = (i705H7)2804.

Concentrated sulphuric acid (294 ey 160 coCo, 3.0 moles)
was placed in a 2-=litre 3-necked flask fitted with a gas
inlet below the surface of the acid, a stirrer and a:gas outlet
leading to a Drechsel bottle containing mercury, arranged so
that a pressure slightly above atmospheric was maintained in the
apparatus. Propylenevwas then passed into the acid, which
was stirred vigorously, at a rate of about half a mole per
hour, as measured by a gasvflow-meter, the reaction vessel being

maintained at ca. -3°C. by means of a salt/ice bath. After
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6 moles of propylene had been passed into the acid (ca. 11}
hours), the contents of the flask were poured gnto ice=water,
Difficulty was experienced in separating the iso-propyl
sulphate from the water because of emulsification. On
washing the sulphate with cold water (3 times), the initial
brown colour of the reaction liquid disappeared leaving
a pale yellow, cloudy liquid. Finally the oily material was
dried over a mixture of anhydrous potassium carbonate and
magnesium sulphate. The cloudy appearance of the ligquid
disappeared, leaving a clear yellow liguid. After
distillation under reduced pressure, 1§g-pro§yl sulphate
(149.6 g., 0.82 mole) b.pt. 72°C./3 m.m. was obtained in
27.4% yield, as an almost colourless liquid. The distilling
flask was not heated above 95°C., since it was found that
‘decomposition was fapid'; above such a temperature. In a
repeated run using sulphuric acid (184 g., 100 c.c., 1,88 moles)
there was obtained iso-propyl sulphate (11ll.4 g., 0.61 mole)
bept. 71°C./2.9 m.m. in 32.5% yield.

From a later preparation using sulphuric acid (368 g.,
200 c.c., 3.76 moles) there was obtained iso-propyl

Sulpha‘te (24:5 Ees 1.356 mOle) in 55.8% yield.o

Attempted Preparation of {fo-Propylacetylene.sl

CH=CH + NaNH, = CH=CNa + NH,

(1-C§L7)2SO + CH=CNa = i— 5H,?C-—CH + 1-05H7NaSO4



[ e waler

‘ 4:1}»-'4_., )
| nilregen
| efc.
%
a ia
p——
Prkoch
— waler
waler " anel
fevel dissolyed
J/ dmmonia
—iF Fap
0 I |
[0ems.
| ) l/
f rebber
Fems:> | Fobing
1Sews A43ems. |
1 ]
1 L}
!
| U
I
1
| y
A

_Fl'sure 2.




7.

Sodamide was prepared ffomvsodium (21.8 go, 0.948 mole)
in liquid emmonia (500 c.c.) at =50°C. in the usual way.
Sodium acetylide was then prepared as described previously.
The apparatus was then connected to a l-litre conical flask
acting as a safety trap, followed by an ammonia scrubber
(Fige. 2), a conical flask containing 2N sulphuric acid (ca.
1 litre), a drying tower of calcium chloride, two traps
cooled to ca. 48000, and g Drechsel bottle containing heavy
white oil (to exclude air from the system). The ammonia
scrubbér was not filled during the add@ition of freshly
distilled iso-propyl sulphate (177 g. 0.974 mole), keeping
the reaction vessel at -50°C, After the addition was
completed (ca. 1% hour), the solution was stirred for another
15 minutes and then the ammonia was allowed to boil off, keeping
a continuous head of water in the ammonia scrubber. This
head of water (ca. 10 cms.) was controlled by means of the tép
(A) and the height of the exit tube. Vhen no more ammonia
was evolved the reafition mixture was hydrolysed by addition
of a saturated brine solution (1 litre), after which the
reaction vessel and contents were heated on a water-bath
(1 hour). Liquid was collected only in the first trap cooled
to =80°C, This liquid was distilled through a short
helices column and liquid D.Dpte 31.5-32.5°C (13.0 g., a 20%
yield of iso-propylacetylene) was obtained. From a second

reaction starting from sodium (36 g., 1.57 moles) and using

iso-propyl sulphate (240 g., 1.32 mole), there was obtained



liquid b.pt. 32—550G. (15.7 Sey & 12.&%‘yie1d of iso-

ac.ef}ffcne.
propylacetylene). The boiling point of iso-propyl s&}gha%e

is reported to be 29.300. All the liquid was stored in a

vacuupy apparatus.

Preparation of Pingcoloneaz

(CHS)zc(OH);c(OH)C(cH

5)g —2504, (CHS)SC—g-CHS + H.
Piﬁacol (130 g. 1.1 mole) was added to 6N sulphuric acid

(750 c.c.) in a 2-litre flask arranged for distillation.

The flask was heated by means of an oll-bath at ca. 140°¢.

A mixture of water end pinacolone was distilled and separated

into two layers. After 15 minutes the bulk of pinacolone

had distilled and heating was discontinued. The water

and pinacolone layers were separated, the former being mixed with
concentrated sulphuric acid (60 c.c.) and-more pinacol
(130 g. 1.1 mole) and returned to the 2-litre flask. Pinacolone
was distilled as described before, the combined product being
dried over magnesium s ulphate. After fractionation by
distillation through a short column, a main fraction b.pte.
101—10700. was collected. More liguid b.pt. 101—10800. was
obtained on redistilling the initial and final fractions from

the first distillation. Pinacolone (132.8 g., 1.33 mole) was

obtained in 60% yield. From a second run there was obtained

from pinacol (199.3 g., 1.52 mole), pinacolone (104.6 g.,
1,05 mole) in 63% yield.

Pinacol (437 g., 3.7 mole) was converted in a later
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preparation to pinacolone (233.5 g., 2.34 mole) in 63% yield.

83,84

Preparation of 2:2-Dichloro-3:3=dimethylbutane

0
' ]
(CHg) zC~C~CHy + PClg = (CHg,)z0-CCl,~CH, + POCL

2 3 3°
Pinacolone (132.8 g., 1.33 mole) was dropped slowly on
to phosphorus pentachloride (280 g., 1.34 mole) in a 1-litre

3-necked flask fitted with a stirrer, dropping funnel and a
water condenser with a drying tube containing calcium sulphate
on the end. The flask and contents were cooled to 0°C.
bymmeans:of an ice-bath. Stirring was only possible when
sufficient pinacolone had been added to cause formation of

a thick paste. The addition of pinacolone required ca.

3 hours. A deep red solution containing white solid was
formed at this stage. After removal of the ice-bath the
solution was stirred for another 5 hours, the solution becoming
homogeneous and deep green. After standing overnight the
solution was poured on to ice (800 g.) and stirred vigorously.
The residual ice was allowed to melt and the mixture was
filtered to collect the solid dichloride, which was air-dried.
The agueous phase was then neutralised with sodium bicarbonate
and extracted with ether (2 x 200 c.c.). From the dried ether
extract there was obtained, after distillation, a brown

liguid, which deposited more of the solid dichloride on cooling.
Crude 2:2-dichloro—5:3—dimethy1butane (110 g., 0.71 mole) was
obtained in 53.5% yield. The brownish liquid also produced

in the reaction consists mainly of 2-chloro-3:3-dimethylbutene-1
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((CHg) zC~CCl=CH,), which in this case amounted to 35 g.
(0.295 mole), a 22.2% yield of crude material. From a second
run using pinacolone (125.5 g., 1.26 mole) and phosphorus
pentachloride (266 g., 1.275 mole), there was obtained
2:2-dichloro-3B-dimethylbutane (98 ge, 0.632 mole) in 50.2%
yield and 2<chloro=3:3-dimethylbutene~l (27.6 g., 0.273 mole) in
18.5% yield.

From a later reaction pinacolone (233.5 g., 233 mole) was
converted to 2:2-dichloro-3:3-dimethylbutane (151.5 g., 0.98
mole) in 42% yield and 2-chloro-3:3 dimethylbutene-1 (79 g.,

0.666 mole) in 28.6% yield.

Preparation of t-Butylacetylene

, ¢ S .
(i) (CHs)&CClz—CH?) + 2KOH = (CH5)50-0_0H+ 2KCl + SHK0

20.

(cgs)ggm:CHz + KQH = (BHy)g0-C=CH + KC1 + H

2:2-Dichloro-3:3-dimethylbutane (110 g., 0.71 mole) was
mixed with powdered potassium hydroxide (395 g., 7.1 mole)
in a l-litre flask, fitted with a vertical reflux condenser,
the top of which was conneéﬁed to another condenser, to

83,84 The flask

which an ice-cooled receiver was attached.
Waé heated to 16000., the flow of water in the vertical
reflux condenser being adjusted so that the‘temperature at
the top was about 4000;, thus allowing t-butylacetylene

(Depte 35.5-36.5°C.) to escape and condense in the receiver,

while retaining all other material in the flask.
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The temperature of the reaction vessel was allowed to rise
to 220°C. over a period of 6 hours. Only a small amount of
liquid was collected in the receiver, Alcohol (45 c.c.)
was therefore added to the cooléd reaction products, which
were reheated to 150°C. for 2 hours and 200°C for another 3
hours. All liquid collected in the receiver from this and
the initial heating was combinedﬁand distilled@ through
a colum and liquid b.pt. 85.5:50°C. was collected. The
contents of the reaction vessel were dissolved in water and
extracted with ether, but little material remained after
removal of ether and indicated that all the organic material
had reacted or been destroyed.

The liquid left undistilled, after fractionation of
t-butylacetylene, which consists of 2-chloro—5:5£dim§tﬁylbutene¥£%
was added to more 2-chloro~3:3-dimethylbutene~1 (35 g., 0.295 mole
prepared from the reaction between pinacol and phosphorus
pentachloride, and mixed with powdered potassium hydroxide
(300 gey 5436 mole). Ethyleneglycol (150 c.c.) was added
to provide a medium which‘would allow more intimate mixing of
the chloride and potassium hydroxide. The mixture was
heated in a 1-litre flask as described ﬁreviously (7 nours),
allowing the temperature to rise from 160-200°C.  About 40 c.c.
of liquid cbllected in the cooled receiver, This liquid was
combined with the liquid from the initial heating and

fractionated by distillation through a glass spiral column
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(ca. 50 cms. in height), the fraction b.pt. 56.0-36.59C.
being collected. 1-Butylacetylene (10.6 ., 0.129 mole)
was obtained in 12.9% yield.

A second run was carried out using a slightly modified
procedure. The solid dichloride (98 g., 0.63 mole)
was heated as before with a mixture of potassium hydroxide
(890 g., 6495 mole) and ethyleneglycol (250 c.c.). In this
case, however, a stirrer was used to provide mixing when
ﬁhe mixture was hot and in a molten state, Liquid collected
in the receiver was fractionated as before, . the liquid boiling
up to 36.5°C. being retained and that remaining being combined
with the unsaturated chloride (27.6 g., 0.273 mole) and
heated wit 'h a mixture of powdered potassium hydroxide
(800 g., 5.36 mole) and ethyleneglycol (150 c.c.) as
before. Liquid collected in the cooled recei#er was then
fractionated and liquid boiling up tov56,5°C. was collected.
Finglly the combined low boiling fractions were refractionated
and‘liquid~b.pt. 35.5-36.5°C. was collected. t-Butylacetylene
(22,6 g+ 0.275 mole) was obtained in 30.4% yield.

(ii). 2Na + 2NH, = 2NaNH, + H

3 2 2°
(CH5)50-0012fCH5 + BNaNHg = (CH5)50—CECNa + 2NaCl + 3NHg.
(CH5)5C—001‘= CH, + 2NalNH, = (CH5)5C-CECNa + NaCl + 2NHg.

(CH5)5CACECNa + HgO = (CHs)SC-CECH + NaOH.
As the previous preparations of t-butylacetylene had

yielded only small amounts of product, a modification of the
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reactionvused to prepare t-butylacetylenecarboxylic acid
(£-C,H,CZC-COOH) via the sodium acetylide was attempted.>®
As this involved reaction in 1iqpid ammonia with sodamide,
an attempt was made to dry the 2:2-dichloro-3:3-dimethylbutane

in order to keep losses of sodamide, via the reaction,

NalNH, + Ho0 = NaOH + NHg,
to a minimum, The presence of small amounts of water in
the previous preparations were not critical, since some water
was also produced by the reaction. An attempt to dry the
solid diéhloride by pumping, in vacuo, was not pos&ible gince
it was found to be volatile. Some water was removed, however,
by drying in a desiccator over phosphbrus‘pentoxide. When
the solid dichloride was dissolved in toluene a cloudy
solution was produced, but addition of a small amount of anhydrous
magnesiﬁm sulphate, followed by filtration, yielded a clear
solution,

Sodium (71.5 g., 3.1 moles) was converted to sodamide
using ferric nitrate, in the usual way, in liquid ammonia
(1200 c.c.) in a 5-litre B-necked flask fitted with, a dropping
funnel, a stirrer with a nitrogen inlet, and a gas outlet leading
to a Drechsel bottle containing heavy whité oil arranged to keep
alr out of the system. The reaction vessel was maintaimed at
ca. 40°cC. by meahs of an acetone bath to which pieces of solid

carbon dioxide were occasionally added, A mixture

" of 2:92-dichloro-53: 3<dimethylbutane (80 g., 0.516 mole) and
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2-chloro-3: 3-dimethylbutene=1 (40 g., 0.338 mole) in toluene
(200 c.c.) was added over 50 minutes. Stirring was
continued for another hour and then the ammonia was allowed
to boil off overnight. Residual ammonia was removed by
heating the reaction vessel to 70°C. (30 minutes). The
cooled reaction vessel contents were then hydrolysed by the
addition of a saturated brine solution, volatile products
being passed in turn through 2N sulphuric acid (1 litre),

a tower containing calcium chloride and then condensed in two
traps cooled to ca. -80°C.  When about 1 litre of brine
solution had been added and the vigorous reaction had moderated,,
the reaction vessel was heated to 100°C, (30 minutes).

Ligquid was collected in an empty flask, acting as a safety trap,
next to the reaction vessel and also on the surface of the
dilute sulphuric acid. This liquid (ca. 100 c.c.) was
separated from water and dried over magnesium sulphate. Finally
thedried liguid and that colleeted in the traps cooled to -80°cC,
was distilled through a column. A fraction b.pt. B37.2~37.8°C.
was collected. 1-Butylacetylene (42 ge, 0.512 mole) was
obtained in 60% yield. The acetylene was stored in ab

vacuum apparabus.

Preparation of p-Nitrophenylacetylene

i).  CgHCH=CHCOOH + HNOgz = o- and R-NOgCgH  CHi=CHCOOH + Hy0.

2rN0206H40H =CH00002H5<ester1fication
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Cinnamic acid (50 g., 0.338 mole) was added in portions
to fuming nitric acid (700 c.c.) at 0°C. with vigorous
stirring (1 hour).86 A voluminous precipitate formed
rapidly after the addition of the first portion of cinnamic
acid. After the addition of cinnamic acid waz completed,
the reaction mixture was allowed to warm up to room temperature
and was stirred for 1 hour. The reaction mixture was then
poured into cold water (2,000 c.c.) and the white nitro-
cinnamic acids were filtered off, and washed repeatedly with
water to remove residual nitric acid. The mixture of
o= and p-nitrocimmamic acids so obtained was then refluxed
with alcohol (600 c.C. ) containing concentrated sulphuric
acid (30 c.c.), a clear yellow solution being obtained (2 hours
reflux). On cooling pale yellow crystals of crude
p-nitrocinnamic ethyl ester (25.8 ge., 0.117 mole), which
is much less soluble in cold alcohol than the ortho ester;“
were obtained in 35% yield (based on cinnamic acid)e A
sample recrystallised from alcohol melted at 158-140°C.

(anitrocinnamic ethyl ester: m.pt. 15800.

ii). E‘N0206H4CH=CHC0002H% + Br2 £~N0206H4CHBr-CHBr00002H5'

QﬁN02C6H4CHBr-CHBr00002H5 + 3KOH

+ ZKBr + 02H50H + 2H20.

- p-NO,CgH, C=C-COOK

HoS0yg =
p-NO,C.H C=C~CO0K —& %y p-NO,C H, C =CH + CO
2764 boileop" 276°4 2

The cinnamic ester (25.8 g., 0.117 mole) was pounded in
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a mortar with a slighﬁ excess of bromine (19,5 Z.y 6¢5 CoCey
0.122 mole), a hard brown crust forming élmost immediately.
This was finely powdered and left in the air until the excess
bromine had disappeared, leaving crude -8 ~dibromo-p-
nitrocimamic ethyl ester (44.6 g.) in almost quantitative
yield.88 The dibromide was then dissolved in hot alcohol
(50 c.c.) and hot potassium hydroxide (20 go, 0.357 mole) in
alcohol (50 c.c.) was added slowly with stirring. A brown
solution containing solid was produced. After boiling
for 5 minutes the reaction mixture was left to stand (4 hours).
The mixture was acidified with dilute sulphuric acid, diluted
with water (400.-c.c.), and filtered, yielding crude
Efnitrophenylpropiolic acid.88 A sample recrystallised from
water melted‘at 180°C. (Beilstein: p~nitrophenylpropiolic
acid, m.pt. 181°C; 198°C.).  The acid so thainedywas
suspended in water (1000 c.c.) and then heated on a water-bath,
under reflux, for 20 hours. Solid was filtered from the
cooled solution, shaken with aqueous sodium carbonate and
then refiltered. After Washing with water, the brown solid
was recrystallised from alcohol yielding pale yellow crystals
of p-nitrophenylacetylide (4.5 g., 0.036 mole) in 26% yield
(pased on.the amount of p-nitrocimnamic ethyl ester).  The
acetylide melted at 148;15000., but a sample recrystallised
again from alcohol melted at 1522153°C. (p-nitrophenyl-

acetylene, m.pt. 162°C.5°)
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Preparation of Guprous Chloride®’
20uCl, + NagS0_ + 2H,0 = 20uCl + 2NaHSO, + 2HCL.
A filtered solution of sodium sulphite (Na2805.7H20.,

76 g., 0.301 mole) in water (250 c.c.) was added slowly

with stirring to a filtered solution of cupric chloride
(CuClg.2H 0., 5O g., 0.264 mole) in water (50 c.c.). The
precipitate of cuprous chloride settled readily leaving a green
supernatant liquid, The mixture was then poured into a large
volume of water (4 litres) containing sodium sulphite

(10 g., 0.0396 mole) and concentrated hydrochloric acid

(10 c.c.). After stirring for a few minutes, the solid

was allowed to settle and the pale blue supernatant liguid

was decanted carefully. Then the residual mixture was

washed onto a sintered filter-plate which was connected to a
water-pump, with dilute sulphurous acid. The solid was washed
with glacial acetic acid (260 CeCe) in 50 c.c. portions., When
the solid was only covered by a thin film of liquid the next
portion of acid was added. This procedure was then repeated
with three washings of absolute alcohol (3 x 100 c.c.)

followed by six washings of anhydrous ether (6 x 50 c.c.)s The
solid was then sucked dry for about 30 seconds and dried im

an oven at 80°C. for 20 minutes. The dry solid was then

sealed in a glass tube. Cuprous chloride (23 g., 0.232 mole)
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was obtained as adightly grey cr&stalline powder in 89.7%
yield. Various gquantities of cuprous chloride were made
" from time to time by this method, the yields of product being

in the region of 85-90%.

Preparation of Triethylphosphine

02H5Br + Mg = CSHSMgBr.

BC HEMEBr + PBry = (CgHy)sP + 3MgBrg.
Magnesium (159.g., 5.7 mole), some of which was activated

by heating with a crystal of iodine, was stirred with

dry ether (1000 o.o.) in a 5-litre 3-necked flask fitted with,

a dropping funnel, a stirfer with a nitrogen inlet and a

reflux condenser, A solution of ethyl iodide (78 g., 0.5 mole)

and ethyl bromide (562 g., 5.16 mole) in ether (500 c.c.)

was added over 2 hours, allowing the ether to reflux gently.

Reaction was completed by fefluxing the reaction mixture on

an isomantle for 1 hour. The reaction mixture was then

cooled to ca. —1500. by means of an acetone bath to whioh

pieces of solid carbon dioxide were occasionally added.,

Phosphorus tribromide (406.5 g., 1.5 moles) in ether (1000 c.c.)

was then added over 3 hours, The use of phosphorus bromide

rather than thechloride facilitates stirfing at this stage,

because of the greater solubility of magnesium bromide _

in the reaction mixture. The reaction mixture was then allowed

to warm up and was left to stand overnight, under nitrogen.

The apparatus was then set up for distillation and connected



39,
to a b-=litre dropping funnel, acting as a receiver,
Water (50 c.c.) was added slowly to the stirred reaction
mixture, the heat of reaction causing ether to distil into

the receiver. About one-sixth of a mole of a mixture
of ammonium chloride and disodiumhydrogen phosphate

(NagHPO .2H20) in water (100 c.c.) was then added., This

4
solution was added to precipitate some of the magneSium:

in the form of the granular magnesium ammonium phosphate}and
thus facilitate the sﬁirring of the solution. More water
was added until the reactionumoderafed and then the reaction
vessel was heated on’an isomantle, the volume of the mixture
being kept at ca. 2%—1itres by adding water occasionally. A
mixture of ether; triethylphosphine (dissolved in thé ether)
and water (ca. 500 c.c.) was'collected in the receiver, The
ether layer was separated and concentrated someﬁhat bj |
distillation under nitrogen, dried over calcium sulphate and
then distilled through a short vacuun-jacketed column. Vhen
the residual ether had distilled off, é liquid fraction be.pt.
1932127°C, was collected (triethylphosphine b.pt: 12800.).
Triethylphosphine (129 g., 1.09 mole) was obtained in 67.5%

yield and stored in a 2-necked flask under nitrogen.
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b) Reactions of iso-Propenylacetylene

Preparation of isg:Propenylcopperacetylide

Before carrying out reactions using the acetylenes

prepared, some reactions of the copper derivative of the
readily available iso-propenylacetylene were conveniently
studied as a means of obtaining information with regard to

the formation of co-ordination compounds of copper acetylides,

CuCl + 2NH, = Cu(NH

5 = 5)2CL
CH2 | CH,,
CHp-C-C=CH + Cu(NH5)201 = CHS—C-C=CCu + NH401 + NES

Cuprous chloride (14 g., 0,142 mole) was placed in a
6500 c.c. 3-necked flask fitted with a dropping funnel, a

reflux condenser, and a stopper. The flask was then
evacuated and refilled with nitrogen and the procedure repeated,

The stopper in the flask was then replaced by a stirrer, maintain:
ing a flow of nitrogen sd that air was excluded from the flask.

- Water (200 c.c.) was added to the cuprous chloride and

sufficient concentrated ammonia (ca. 20 c.c.) to yield a

clear, very pale blue solution, the colour being due to the
presence of small amounts of the intensely blue Cu(NH3)4f+

ion caused by small amounts of oxygen in the apparatué.

Addition of iso-propenylacetylene (9.0 g., 0.136 mole) in
-alcohOI“ (100 c.c.) caused immediate precipitation of a bright

vellow solid (30 minutes)., The mixture was stirred for
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another 30 minutes and then the Yellow solid was collected
on a sintered filter-plate, After four washings with water
the filtrate was colourless indicating removal of all soluble
copper salts. The solid was then washed in turn with alcohol
and acetone and dried, in vacuo (2 hours). iso-Propenylcopper-
acetylide (13.7 g., 0.107 mole) was obtained as a fine .
bright yellow powder in 78.5% yield and stored in a flask

under nitrogen.

Reaction between iso-Propenylcopperacetylide and Phenyldimethyl-
phosphine
}CH2 N CH

2,

CH ‘ . C ) C / =
C,,-.c:-c--c:cu + CgH (CH P = CH -c-c CCu-P(CH5)2 o H e

The reaction between the copperacetylide and a phosphine
was first studied, since it had been shown in other work
carried out in these laboratories that the reaction between
phenylcopperacetylide and triethylphosphine yielded the com=-
pound triethylphosphinecopper phenylacetylidez. - Preliminary
experiments showed that little if any reaction occurred between
1§g§propenylcopperacetylide and triphenylphosphine, since the
copperacetylide remained undissolved in the benzene
suspension, although reaction with phenyldimethylphosphine
occurred rapidly.

iso~Propenylcopperacetylide (2 gey 0.0156 mole) was placed

in one limb of a double Schlenk tube and the apparatus was

filled with nitrogen. A mixture of phenyldimethylphosphine
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(2.2 g., 0.0159 mole) in benzene (20 c.c.) was added.

Some heat was generated and the benzene solution became
coloured red. As solid remained more benzene (10 c.c.) was
added, but some solid still remained in suspension, However,
addition of more phenyldimethylphosphine (2.2 g., 0.0156 mole)
in benzene (10 c.c.) resulted in formation of a deep red,
clear solution. The mixture was filtered into the other limb
of the Schlenk tube and the benzene was removed, in vacuo,
%eaving a deep red viscousg liquid, which contained smali red
crystals, Addition of n-hexane (30 c.c.) to the viscous
liquid led . to formation of a deep red solid, Theiliquid
was therefore transferred to the other limb of the apparatus
an&rcooied to ca. -80°C., but no solid was precipitated,
although an oily liquid was produced. The n-hexane was
therefore pumped off but only a small oily residue remained,
this being dissolved in benzene and the solution removed by
pipette. The red solid remaining in the Schlenk tube was
dissolved in a mixture of benzene (15 c.c.) and
methyleyclohexane (15 c.c.) at ca. 60°C. On cooling red
crystals were obtained and the red supernatant liguid was
filtered into the other limb of the apparatus. Solvent was
removed, in vacuo, and a sample was analysed for carbon

and hydrogen (Found:s Cy 51.403 H, 5.19. 015H16CuP requires:
C, B8.51; H, 6.05%).

As the amount of recrystallised material was small another
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similar quantity of the compound was made, twolmoles of
phosphine to one of copperacetylide being used as before,
since it was found that the equimolar mixture still contaiqed
material insoluble in benzene after standing overnight. The
red material was recrystallised twice from a mixture of benzene
and methyigxglghexane and analysed for carbon and hydrogen as
before (Found: C, 50.20; H, 5.03%).

The red solid was found to decompose slowly in air,
a ‘white solid being produced in about two days.

Since this copperacetylide complex was not '~ one of
the main acetylenes to be studied in this research, and
it appeared not easily purified, further work on the red

compound was abandoned.

Redaction between iso-Propenylcopperacetylide and Triethylarsine

CHo CHg

IR INes
CH,-C-CE0Cu + (CgHg)zAs = CH -G~ C=00u-As ( Col ) 5o

3
Initial tests using small amounts of the copper-
acetylide and triethylarsine in benzene showed that complex
formation was slow. The suspension of the copperacetylide
dissolved slowly on standing, especially with an excess of
arsine present.

iso~-Propenylcopperacetylide (2g., 0.014 mole) was
suspended in benzene (10 c.c.,), in a flask filled with nitrogen,
and triethylarsine (12.7 g., 11 c.C., 0.078 mole) was added.

to the mixture, which was left to stand for 3 days, by which
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time a.deep‘yellow gsolution containing a little solid
had resulted. The reaction mixture was transferred to a
double Schlenk tube filled with nitrogen and filtered through
into the other limb. A slightly cloudy yellow solution was
obtained. After pumping off solvent and excess triethylarsine,
in vacuo, yellow solid remained. Tests on this solid
showed that it was insoluble in benzene, methyl-cyclo-hexane,
acetone, n-hexane and ether. In each case the yellow solid
settléd leaving a clear supernatant liquid. - This suggested
that the solid was probably iso-propenylcopperacetylide,
since the co—ordination compound would be expected to be
soluble in benzene and similar solvents, Sampleé of the
s0lid were therefore Washed with acetone and ether (to
remove adhering triethylarsine) filtered and dried in vacuo.
The samples were then analyse& for copper by the copper
thiocyanate method, (Found:- Cu, 37.60, 38.67. Cli apAsCu
requires: Cu, 21.86.  CgHiCu requires: Cu, 49.41%).

The values obtained were low for iso-~-propenylcopperacetylide
although the insolubility of the yellow solid in organic solvents
suggested that it was the impure copperacetylide, On the
other hand the percentage of copper in the yellow solid was
very high for the complex, and, since the stab;lity of" any
complex formed with triethylarsine appeared to be small, work

on this copperacetylide was concluded.
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c) Reactions of Methylcopperacetylide

Preparation of Methylecopperacetylide

~C=CCu + NH,, + NH,Cl

‘-CECH = CH5 3 4

Gu(NHs)zcl + CHg

Cuprous chloride(16.4 g., 0.166 mole) was placed in a
500 c.c. 3-necked flask, fitted with a dropping funnel, a
stirrer with a nitrogen inlet, and a cold-finger attached to
the nitrogen outlet. The apparatus was filled with nitrogen
as described préviously. Water (200 Cc.C.) was then added to
the cuproué chloride and sufficient concentrated ammonia
(ca. 20 c.c.) to yield a clear, pale blue solution. This
solution was kept cool by an ice-~bath. A cold solution of
methylacetylene (6.4 ges 0.161 mole) in absolute alcohol (75 c.c..
was added to the solution in the reaction.vessel with vigorous
stirring (10 minutes ). Yellow solid formed immediately.
The cold finger was maintained at ca. -80°C. in order to
prevent loss of methylacetylene (b.pt. -2500.) occurring.
After stirring for 1% hours the yellow solid was filtered
off, washed with water until the filtrate was colourless, then
washed in turn with alcohol and acetone and finally dried, in
vacuo (2 hours). Methylcopperaéetylide (1545 g., 0.151 mole)
was obtained as a bright yellow powder in 94% yiéld. |

Samples of the yellow solid were analysed for copper by the
copper thiocyanate meghod (Founds Cu, 61.81, 61.97. 05H50u

requires Cu, 61.94%)x
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The Behaviour of Methylcopperacetylide with Various Donor

Molecules

A series of reactions was studied in order to find
which electron~-donor compounds co-ordinate readily with
methylcopperacetylide. h |

Samples of methylcopperacetYlide (ca. 0.1 gey 9.7 x 10™4
mole) and toluene (ca. 2 c.c.) were placed in 2-necked flasks
£illed with nitrogen. The following series of reagents
were then added to the various flasks:- - phenyldimethylphosphine
(2 molar equivalents), triphenylphosphinev(z molar equivalents),
dipyridyl (1 molar eqﬁivalent), pyridine (2 molar equivalents),
triethylamine (2 molar equivalents), ethylenethiouresa (2-molar
equivalents), diethyldithiolethylehe (1 molar equivalent),
triethylarsine (2 molar equivalents), and 9:10«phenanthfoline
(1 molar equivalent). In the cases of ethylenethiourea and
9: 1l0~phenanthroline the reagent was not readily solﬁble in the
toluene so more toluene (ca. 20 c.c.)kwas}added and the
flasks were warmed to ca. 60°C. Only in the case of
phenyldimethylphosphine did a yellow colour form in the toluene,,
in all other cases, with the possible exceptibn of the
triphenylphosphine, where the toluene appeared to be slightly
yellow, the toluene remained colourless and the acetylide res
mained undissolved, Thus from the compounds studied it
appeared that phosphorus was the strongest donor element and

co-ordingted most readily with the copper-acetylide.
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Reaction between Methylcopperacetylide and Triethylphosphine

— - + '.
CHy-C20Cu + (CoHg) P = CHS—c:ccu-P(ca;Hs)5

Methylcopperacetylide (2 g., 0.0195 mole) was placed in
one limb of a double Schlenk tube and the apparatus was Tilled
with nitrogen. Toluene (25 c.c.) was then added, followed
by triethylphosphine (2.4 g., 3 C.Ce, 0.024 mole) and
the apparatus was shaken vigdrously. After 15 minutes'most.
of the copperacetylide had dissblved, a smali amount of
greenish solid being produced together with an oily liquid,
which stuck to the sides of the apparatus. More triethyl—v

phosphine (0.4 e, 0.5 CoCey 364 X 10™%

mole) was added and
the apperatus was shaken for another 15 minutes, by which
time little solid remained. - The solution was therefore
filtered into the other limb of the Schlenk tube yielding

a slightly cloudy yellow solution; some orange-yellow solid
remained in the other 1imb. - Solvent was pumped off,

in vacuo, leaving yellow crystals, which were still slightly
viscous, This material dissolved in n-hexane (15 c.c.), which
on cooling to gg,AABOOC. yielded a crystalline solid,

Solvent was removed by filtration into the other limb of the
Schlenk tube and the solid was recrystallised from more

n-hexane, n-Hexane was removed by pumping, in vacuo,

leaving pale yellow crystals in one limb of the Schlenk tube

and viscous yellow material in the other, The recrystallised

material was removed from the Schlenk tube to a 2-necked flask
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filled with nitrogen and weighed (1.1 g., ca. 25% yield of
product assumed to be CHSGECCu.P(Q2H5)3). A small sample
of this material rapidly turned gréen on exposure to air 80 that
it was necessary to store the product under nitrogen.. It
was found on attempting to recrystallise this solid
from n-hexane that :yellow solid was precipitated, The material
was therefore transferred to a double Schlenk tube and the
 n~hexane solution was filtered into the other limb. White
crystals were then obta ined as described above. This material
~was then used for copper (page=88r), carbon and hydrogen
analyses (Foundi Cu, 28,97, 28.92; C, 48;07; Hy, 8.23.

CgH, gOuP requires: Cu, 28.78; G, 48.97; H, 8.22%).

The fbfmation of the compound methylcopperacetylidetriethyl~-
phosphine, [CHsﬁcéCCu.P(02H5)5] ,» Wes thus confirmed.

An attempt was made to ascertain the degree of
association,‘"n", from freezing point data in benzene. It
was found however, that on addition of a sample of the
complex to benzene that a fine yellow powder was precipitated,
Addition of a small amount of triethylphosphine to the
benzene then resulted in formation of a clear colourless

solution. This indicated that the reaction,

3 5)3’
is an equilibrium reaction, the precipitation of the insoluble
copperacetylide from solutions being suppressed in the presence

of a small excess of triethylphosphine. Thus it was
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possible to carry out molecular weight determinations.of

samples of the complex using a benzene solvent containing ca.
1% of triethylphosphine:-

1.7204 g. of CHuCECCU.P(CoHy), was dissolved in 25 c.c.
of benzene solution containing ca. 1% of triethylphosphine.
The original volume of benzene/triethylphosphine sélutiom
used in the apparatus was 12 CeCo |

a) Total volume of CH50§CCu.P(02E'5)5 sol. added to
' ' above = 3 C.Ce

b) Total volume of CH5G§CCu.P(02}-15)5 sol. added to
’ above = 7 cC.cCs

sol. added to
ahove = 11 c.cC.

- ¢) Total volume of CHBC;CCu.P(C2H5)5

d) Total volume of CHzC=CCu.P(CoHiz),; sol. added to
above = 16 c.c.

a) Freezing point'depression = & 0.005°C. Mol. Wt. = 2
b) Freezing point depression = + 0.023°C, Mol., Wt. = 6,442,
¢) Freezing point depression = + 0.058°C. Mol. Wt. = 3,316,
d) Freezing point depression = 4 0.095°C. Mol., Wt. =

2,418,

If the depressions of freezing point were imeasured from

the previous addition of samples of the complex, the '

following intermediate values were obtained.

a)-b) Freezing point depression = +0.028°C. Mol. Wt. = 3,024

I

b)-c) Freezing point depression = +0,035°C, Mol. Wte =:1§998‘

c)-d) Freezing point depression = +0.037°C. Mol. Wt. _»1,941

|
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As the maximum depression for the most concentrated
solution was only 0.095°C, the results obtained were not
accurate. The results do however indicate that the complex

is highly associated and that "n" >9.,
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a) Reactions with the Product from the igo-Propylacetylene

Preparation

Attempted Preparation of iso-Propylcopperacetylide

Gl ?Hs

Cu(NH5)201 + CHy=CH=C=CH = CHg=CH-C=CCu + NH,Cl + NHj.

Cuprous chloride (16.4 g., 0.166 mole) was pladed in a
500 c.c. 3-necked flask fitﬁed with, a dropping funnel, a
stirrer with a nitrogen inlet and a gas outlet, to which a
cold-finger cooled to ca. -80°C, was attached to prevent loss
of Volatile material, The apparatus was filled with
nitrogen, as described previously, and then water (200 CeCa)
end sufficient concentrated ammonia (ca. 25 c.c.) was added
to yield a clear solution. A solution of the product from
the igo-propylacetylene preparation (11 Sey 0.162 mole)
in alcohol (75 c.c.) was then added, but no solid was
precipitated although the solution became colouréd a deep
red-brown. As it was thought that the acetylene might be
soluble in ammonia solutiong the reaction mixture was rendered
neutral by the slow addition of 2.5N acetic acid (ca. 85 c.c.)
as shown by universal indicator paper. Yellow solid was
precipitated at this stage. This solid was filtered off,
washed with water until the filtrate was colourless, then
washed in turn with alcohol and acetone and dried in xgggé

(2 hours). A fine yellowish powder (10 g., 0.076 mole) was
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obtained, a 47% yield of iso-~propylcopperacetylide

Attempted Preparation of the Triethylphosphine Complex of

iso-Propylcopperacetylide

?Hs | ?Hs

- . : D . - 3

CH4=CH~C=CCu + (02H5)sp,_ cH5-CH-CECCu-P(02H5)5.
A sample of the solid (3 g., 0,023 mole) obtained from

the previous_reaction was placed in a double Schlenk tube

filled with nitrogen. Benzene (25 c.c.) was added

“and triethylphosphine (3.2 g., 4 CeCay 0,027 mole)., Heat

was evolved and on shaking a yellow colour wag developed
in the benzene, =~ After 1 hour solid still remained undissolved,
but the benzene was filtered into the other limb of the Schlenk
tube leaving orange solid behind. After removal of benzene
by pumping, in vacuo (2 hours), a viscous yellow liquid remained.
An attempt to crystaliise this liquid by cooling was
unsuceesaful as also an attempt to crystallise a sample dissolved
in Qﬁhexane by cooling it to cae. éBOOC. Samples of the liquid
were then analysed for copper, which was weighed as the
thiocyanate (Founds Cu, 19.68, 19,72. ClﬂﬁgzcuP requires:
Cu, 25.45%).

After standing for 3 days the viscous liquid began to
crystallise and it was then possible to recrystallise the
material from n-hexane by cooling the solution to gg.-BOoCm

The material was recrystallised three times and the almost
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white material was dried, in vacuo (2 hours), énd stofed under
nitrogen. Samples of this material were then analysed for
copper, carbon and hydrogen (Found: Cu, 19.91, 19;65; C,
42.98, 42.87; H, 8.96, 9.00. CllezcuPﬁrequires: Cu, 25.45;
C, 53,093 H, 8.92%). As the copper content of the material
remained unchanged after reCrystaliisation and the carbon
“content was low for the desired compound (1703H7C§CCu.P(02H5)5)
it appeared that purification by recrystallisation could not
readily be achieved. _ |

The fact that a sample of the liquid from the attempted
iso-propylacetylene preparation, did not yield a precipitate
with alkaline potassium mercuri<iodide solution suggested.that
the substance was not in fact an acetylene,” This formation
of an ihsoluble mercuryacetylide derivative76 is common to
the simpler acefylenes_which contain the group -C=CH. Samples
of the liquid were therefore analysed for carbon and
hydrogen using a vacuum apparatus.

Each sample was‘measured Qut in a gas burette at constant
volunme, The gas was then spanked with an excess of oxygeh, also
measured at the same volume, in a combustion bulb. Condensable
products (water and cafbon dipxide) were collectedin a trap
cooled by liquid nitrogen and the excess oxygen was transferred
to the gas burette by means of a T8pler pump. The excess oxygen
was then measured at thé gsame volume as before. The

eondensed'material was then allowed to warm up to the temperature

of an acetone/solid carbon dioxide bath and the released
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carbon dioxide was measured in the gas burette as before,
Since all pressure measurements were made at constant volume and
at room temperature the amounts of gas were proportional to
their pressures, Thus for a sample the following data were
obtaimeds~

Pressure of sample 2.286 cms,

Pressure of oxygen = 19570 cms.

Pressure of excess oxygen after combustion 5+824 cmse.

Pressure of carbon dioxide formed = 8,993 cmse
Since,

then the number of carbon atoms in‘the sample is ZF-5z¢ or 6193.
The amount of oxygen used up in carbon dioxide formation

was profortional to (19.570-8993) or 10,577 cms. Since a
pressure of oxygen of 5.824 cms. remained then (10.57745.824)

or 4.753 cms. of oxygen equivalents must have been used up

in formation of water. Now,

2Hy + O, = 2H,0,

2 2
therefore 4,753 cms., of oxygen are equivalent to 4x4.753 cms,
or 19,012 cms. of hydrogen "atoms", Therefore the number of
hydrogen atoms in the sample is 8.33.

Similarly, further analyses showed that the number of

carbon atoms were 3.21 and 3,34 and the number of hydrogen

atoms 6,62 and 6.,91. The infra<red adsorption spectrum
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indicated that the iso-propyl group and acetylene group
(C=C~H) were present, but other beaks could not be
satisfactorily accounted for. One peak indicated the
presence of the olefinic group —C:CH2, however, comparison
with the spectrums of 3-methyl-l-butene, the isomeric
2=methyl-l-butene and 1l:1 dimethylallene, possible products
from the iso-propylacetylene preparation, showed that they
did not fit the spectrum observed.

In view of the results obtained by analysis and the
infra-red spectrum, it was concluded that the product from the
g§grpropyiacety1ene preparation consisted of a mixture of
products,. The non-formation of a mercury derivative suggested
the absence of acetylene, which, however, c§ntradicts the |
infra-red data. Further study of this liquid Was therefore

abandoned.
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e) Reactions of %-Butylacetylene

Preparation ofvgr-;-'{Bu't;ylcopper*ace’cylJ‘.cjteg:L

(CHS)SC—CECH + Cu(MH,),Cl = (CHS)&C—OECCu + NH,CL + 3NH,

5)4
Cuprous chloride (8.6 g., 0.087 mole) was placed in a

d-necked 500c.c. flask fitted with, a dropping funnel, a

stirrer with a nitrogen inlet and a gas outlet fitted with a

cold-finger cooled to ca. -80°C, in order to cut down losses

of acetylene. The apparatus was filled with nitrdgen as

described previously. Concentrated ammonia (ca. 25 c.c.)

and water (75 c.c.) was added yielding a pale blue solution.

t-Butylacetylene (7 g., 0.085 mole) in alcohol (75 c.c.) was

élowly added, Although red solid was formed, a layer of

the acetylene floated on the surface of the water, After

an hours stirring, however, this layer had disappeared and

the reaction mixture was diluted by the addition of water (200c.c

The solid was then filtered off, washed with 4N ammonia and

water until a colourless filtrate was obtained and then dried,

in vacuo. The dried solid was then extracted with cold

benzene and the benzene solution was filtered from insoluble

material (probably cuprous chloride), yielding a clear red

solution, Removal of benzene, in vacuo, yielded the red

modification of Eﬁbutylcopperacetylide‘(8.5 g.s 0,059 mole)

in 69% yield. From a second preparation using t-butylacetylene

(25.7 g., 0.314 mole), t-butylcopperacetylide (26.4 g., 0.183



57.
mole) was obtained in 58% yield. A sample of the solid was
decomposed with concentrated nitrie¢ acid and silver nitrate
was added. The absence of any turbidity indicated the
absence of chloride, i.€., absence of cuprous chloride,

Some of the copperacetylide was recrystallised from hot
n-hexane and dried, in vpcuo, yielding the orange-red
modification of t-butylcopperacetylide. As the copper-
acetylide appeared to be stable in air recrystallisations
were carried out in stoppered flasks. A sample of the
orange-red solid so obtained was then analysed ¥olumetrically
for copper (Found: Cu, 42,23. CgHCu requires:~ Cu, 43.91%).
As the result obtained was ra ther low some of the red—orange}
solid was again recrystallised from hot n-hexane. A sample
of the dried material was then analysed for carbon and
hydrogen.  Another gample of the red-orange solid from the
first recrystallisation wag dissolved in ether, which was
then cooled to ca. -80°C, when the yellow modification of
t=butylcopperacetylide was obtained as a fine powder. Samples

of this yellow material were analysed for copper, carbon and

hydrogen.
%Cu %G Al
Red-orange Sample o 50, 34 6643
Yellow Sample 45,38 49,52 6443
£-CgHgC=COu 43,91 49.79 6.27
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Both red-orange and yellow modifications of t-butylcopper-
acetylide decomposed at 147—15090; yielding a dark red viscous
oill, which darkened on continued heating. The yellow form
gradually turned orange on heating, this being noticeable at
ca. 95°C., although the colour was still paler than that of the
red-orange form Jjust below the decomposition point.

Since this copperacetylide was soluble in organic
solvents, unlike the other copperalkylacetylides, it was
"posgible to carry out molecular weight determinations in
benzene. The red modification of t~butylcopperacetylide was
used, this being moré soluble than the yellow forms=-
t-Butylcopperacetylide (1¢57§5 g.) was dissolved in benzene

(18 c.c.) of density 0.877 g./c.c.

The original volume of benzene used in the apparatus was 12 c.cC.

a) Total volume of t-C,H CZCCu eol. added to above

b) Total volume of E;C4H90§00u sol. added to above = 8 c.c.

4 C.Ce

c) Total volume of t-C,HyC=CCu sol. added to above = 12 c.ce.

d) Total volume of 3-C,H,CECOu sol. added to above = 14.5 c.c.

IH
u

a) Freezing point depression 0.111°C. Mol. Wt. 1,1b4.

b) Freezing point depression = 0.176°C. Mol. Wt. = 1,165.

I

¢) Freezing point depression = 0.218°C. Mol. Wt. = 1,176.

d), Freezing point depression = 0.220°C. Mol. Wt. 1,276,

1

The last value recorded d) was not accurate since crystalligation

of g—butylcopperacetylide occurred, The average molecular
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weight obtained from the first‘three results was 1,165. Since
the molecular weight of t-butylcopperacetylide is 144.7, the
degree of association in benzene is 8.05, i.e. n = 8,

[i;c4ﬂgc§00u] g This result was in accordance with those

redorded by earlier workers.

Reaction.bétween QFButylcopperacetylide and Triethylphosphine

(CHg) 5G-C2C- O + (CgHg)oP = (OHy)C-02GCu=B(cty) .

A sample of the orangeired form of t-butylcopperacetylide
(2 go, 0.014 mole) was placed in one limb of a double Schlenk
tube and the apparatus was filled with nitrogen. Benzene
(80 c.c.) was added yielding an orange-red solution. Addition
of triethylphosphine (1.68 ey 2 CueCey 0,014 mole) led to the
formation of a pale yellow solution. Benzene was removed
by pumping, in vacuo, and n-hexane (30 c.c.) was added
to the yellow solid which remained forming a yellow solution,
The solution was filtered into the other limb of the
Schlenk tube. On cooling this solution to ca. -80°C. a
whitish crystalline solid separated and the n~hexane was
transferred into the other limb of the Schlenk fube. The
golid was recrystallised from n-hexane and then the solvent was
removed by pumping, in vacuo (2 hours), leaving palé yeliow
recrystallised solld in one limb of the Schlenk tube and
yellow impure material in the other. Samples of the

purified solid were then analysed for copper, carbon and
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hydrogen (Found: Cu, 22.8; C, 48.53; H, 9.12. Gy gHlg 4 CUP

requires:— Cu, 24.18; C, 54.84; H, 9.20%).

Although both the copper and carbon values were low they
suggested that the yellow material was the impure co-ordination
complex,

As it seeme& probable that preparation of the pﬁre
co-ordination compound might be difficult it was decided to
detect such cowordination via the adsorption spectrum of suitable
mixtures of t-butylcopperacetylide and triethylphosphine in
cyclo-hexane.

As the most probable co-ordination compound was expected
to be one containing equimolar amounts of iﬁbutylcopperacetylide
and triethylphosphine, the adsorption spectrum of sucﬁ‘a
mixture in cyclo~hexane was first determined. A second
solution‘containing ﬁwo molar equivalents of triethylphosphine
was determined similarly to‘see if further co-ordination
occurred. Solutions of t-butylcopperacetylide and triethylphos~
phine in cyclo-hexane were also determined for comparison
purposes, The results obtained weére combined on one graph
(fig. 3), the molecular extinction coefficient "e¢" being
plotted against'the wavelength in millimichons (mm ), The
values of "g¢" below ca. 230 mu . were not accurate, because
of the sensitivity of the inétrument, so that it was not possible
to draw any definite conclusions from the composite graph

obtained, although it appeared that only a 1:1 co-ordination com=
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pound formed. It was also noted that although addition of
triethylphosphine to t-butylcopperacetylide, in a suitable
solvent, caused a change of colour from orange to yellow (a
decrease in adsorption at longer wavelengths), the graph
(fig. 3) showed that the solution containing a equimolar mixture
of Eﬁbutylcopperacetylide and triethylphosphine possessed a
higher}extinction than a solution 6f t-butylcopperacetylide,
This phenomenon was investigated further at higher wavelengths
using more concentrated solutions. The gréph obtained
(fig. 4) showed clearly an initial decrease in the adsorption
of the solution containing triethylphosphine, so that it was
concluded that fhe first results were not aceurate, the
discrepancy noted probably being due to weighing errors incurred
in making up the dilute solutions. It was also found that the
reaction between t-butylcopperacetylide and triethylphosphine
was‘only completed after standing'overnight (the adsorption
of mixtures changed on standing, but becameksteady after
standing overnight) in the more concentrated solutions, so that
errors due to this slow reaction were probably alsoc incurred
in the initial experiments, since the adsorption of the t-
butylcopperacetylide and triethylphosphine solutions were
determined after standing ca. 2 hours.

~ The number of molecules of triethylphosphine co-ordinating -

‘with a molecule of t-butylcopperacetylide was shown by

determining the molecular extinction coefficient of solutions
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of Erbutylcopperacetylide containing.various amounts of
triethylphosphine at a gonstant wavelengthe. Each solution
contained the same weigﬂt'of EébutylcoPPeracetylide and was
made up to the same volume, all the mixtures being allowed
to stand overnight before their adsorptions were determined.
The second graph (fig. 4) showed that the greatest change in
adsorption between a solution of grbutylcopperacetylide
containing triethylphosphine and one of t-butylcopperacetylide
occurred at gg. 400 mu o Adsorptions were therefore carried
out at &00 n and 425 myL . A graph (fig. 5)‘of molecular
extinction coefficiént against number of equivalents of phosphine
was then plotted. From the graph it can be seen that there is

an abrupt change in the adsorption for the solution containing

‘equi-molar amounts of triethylphosphine and t-butylcopper-

acetylide. Thus it appeared that a_I:lvco—ordination
complex was formed as indicated previously. The decrease of
adsorption for solutions containing over one equivalent of
triethylphosphine suggested that the co-ordination compound

dissociated in solution, i.e.,
o=
E—‘C4H90=-CCU.—P(02H5)5 === 1-C,H 0=CCu + P(CEH%)S.

The excess triethylphosphine drives the equilibrium towarés;ﬁhe
formation of the co-ordination compound, which alsorbs less
stfongly than t-butylcopperacetylide in this region, thus

producing the decrease in adsorption observed,
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The Behaviour of EfBﬁtylcopperacetylide with Various Donor

Elements

Initial experiments with E}butylcopperacetylide showed
that it dissoived in diethylamine but not pyridine. Benzene
solutions of the acetylide became‘paler in colour on addition
of triethylarsine. Removal of benzene yielded a viscous yellow
material, which would not dissolve readily in ether or n-hexane.

As the study of the adsorption of mixtures of
t-butylcopperacetylide and triethylphosphine indicated that
a co-ordination compound formed, similar experiments were carried
out with pyridine and tniethylarsine (Figs. 6-9). From the

graphs obtained it appeared that there was no indication of the

- formation of any definite co~ordination compound. There was

no abrupt drop in the extirction of the solution?containing
equimolar amounts of t-butylcopperacetylide and.ﬁhe donor
compound. An initial drop in the extinction appeared to occur
on addition of either pyridine and triethylarsine to the t-
butylcopperacetylidé.

| As it was thought that co-ordination of the copper in

the acetylide might occur with the acetylene grouping, i.€.,
ReC=CCu
R-CECCu
R—CéCCu,w adsorption experiments of
ﬁ-butylcopperacetylide solutions containing various amounts of

diphenyldiacetylene were carried out. Again there was no
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indication of formation of a definite co-ordination complex,
although the graphs obtainéd (#igse 10~11) showed a gradual
drop in extinction as diphenylacetylene was added.,  Such a
phenomenon might be attributable to weak co-ordination of
the acetylene group of diphenylacetylene with some of the

copper atoms from the acetylide, i.e.,

-G, Hy=0=00u

49 .
i

CeHg~Cx0-CgHy, ete.



'65;

f) Reactions with Phenylcopperacetylide

Reaction between Phenylcopperacetylide and Triethylphosphine

| .
CgHgC=CCu  + (02H5)5P =:C6H5GECCu~P(02H5)3

Thg compound resulting from the reaction between
phenylcopperacetylide and triethylphosphine was first prepared
in other work carried out in these_laboratorieawz Analysis
show that the compound was [06H50§CCu.P(C2H5)3] 0t

Phenylcopperacetylide (0g., 0.016 mole) was suspended
in benzene (50'0.0;) in a double Schlenk tube, under nitrogen.
Triethylphosphine (8;8 ey 11 cuocey 0,093 mole) was added in
two equal portions. After shaking for ca. 30 minutes mdst
of the solid had dissolved producing a deep yellow solution.
The solution was heated - to ggtéooc. and filtered into the
other limb of the Schlenk tube, leaving behind a small amount
of yellowish solid. Benzene was removed by pumping, in vacuo.
The yellow solid remaining was diséélved in hot n~hexane, which we
allowed to cool to room temperature and was then cooled to
ca. £80°C, the recrystallised solid being collected on the
gsintered plate of the double Schlenk tube. This material
was again recrystallised from n-hexane and the solid dried,
in vacuo. Yellow needles of the purified product were
obtained (9 g. 0.032 mole, 523% yield).

A sample of the co-ordination compound was exposed-.to

air over 2 days before turning green in colour (gﬁ.
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methylcopperacetylidetriethylphosphine compound., page 48 ).

Phenylcopperacetylidetriethylphosphine melted at 168.5&159,500.”

with some decomposition, the melt turning slightly brown in

colour.

The degree of assoclation of the compound "n" was

ascertained by molecular weight measurements in benzene and

nitrobenzenecs=-

The original volume of benzene in the apparatus was 12 CeCa

a) .

b)

c)
d)

&)

b)

c)

a)

675

Total volume of C.H CéCCu.P(CzHS)

3 sol, added to
Total volume of C6H50éCCu.P(CéH5)5 sol. added to

Total volume of C.H CECCu.P(CzH5)5 sol. added to

676

Total volume of C6H50£-:CCu.P(02H5)5 sol. added to

Freeging point depression
Freezing point depression
Freezing point depression

Freezing point depression
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2.200 g. of C6H5C.:_CCu.P‘(02H5)5 were dissolved in benzene (20 c.c.)

C.C

CeC

CeC

CaC

were dissolved in benzene (20 c.c.)

in the apparatus was 12 CeCa

Total volume of C6HSCECCu.P(02H5)5 sol. added to above

Total volume of C6H50§‘;00u.P(02H5)5 sol. added to above
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From the results obtained
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i §

i

1,

67,
042.
972,

1.,009.

the degree of association of the

compound, C.H C;CCu.P(02H5)5, in freezing benzene is "n" =

65

368y 343, 346, 304, 3.7, 3e4, 3.6 at-0.097, 0,168, 0,197, 0.222,

0.082, 0.131, O.161M.

1.692 g. of C6H5GéC.P(Cgﬁs)3 were dissolved in nitrobenzene

(20 c.ce), & deepired solution being produced. The original

volume of benzene in the solution was 12 c.c.

h)
1)
3)
h)
i)
3)

Total volume of 06H150200u.P(02H5)3 sol., added to above

50=

5c4

‘Total volume of GgH CieCu.P(02H5)5 sol, added to above = 10ci

1

Total volume of CgHLC=CCu.P(CgHy), sol. added to above = Lliac

Depression of freezing point
Depression of freezing point

Depression of freezing point

I

i

+0,215°C, Mol. Wt.
+0,270°C. Mol. Wt.

+0.306°C, Mol. Wt

—

i

663,
816.
880.

The results obtained from nitrobenzene show an inerease in.

molecular weight with increasing concentration.

From the results obtained from freezing nitrobenzene the

degree of association of the compound is "n" = 2.3, 2.9, 3.1 at '

0.088, 0.136, 0,166M. An a ttempt to obtain the molecular

weight of the compound in boiling ether was abandoned, since

yellow solid formed on heating.
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Molar polarisation measurements carried out in other
work in these 1aboratoriesgz indicated that the total
polarisation was small (ca. 125 c.c./mole). In view of the
lack of data for molar refractions of some of.the bonds
(copper—phosphorus,Acopper-carbon), and the fact that the
compound adsorbed in the visible region, it was not possible
to asceryain the electron polarisation accurately.  However,
the measurement obtained indicated that the dipole moment
(gg. 1.40) was small as expected for such an associated

compound,

The Behaviour of Phenylcopperacetylide with Various Donor
Compounds

Phenylcopperacetylide did not dissolve in cold or hot

triethylamine. The copperacetylide was insoluble in
cold pyridine, but dissolved in hot, producing a black solution.
Addition of cold piperidine to phenylcopperacetylide led to
formation of a dark green solution,-which turned brown on
warming. The copperacet&iide also dissolved‘in_igg—propylamine.
A sample was extracted with boiling 1ggfpropy1amihé under nitrogen
Yellow solid fonmed in the iso-propylamine, which turned
black on standing; The yellow solid was not soluble in ether
or benzene, i.g., phenylcopperacetylide.

A sample of phenylcépperacetylide was found to react slowly
with triethylarsine ih benzene, producing a pale yellow solution.

The copperacetylide reacted slowly with o-phenylene-bisg-dimethyl-
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arsine, a pale yellow solution béing produced (ca. 5 hours).
Addition of benzene led to formation of a cloudy solution..
When, however, the benzene was removed by pumping, in jéggg,
white crystals were slowly deposited from the excess of the
diarsine. There was no opportunity to follow this observation

any further.
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g) Reactions using Phenylsilveracetylide

Preparation of Phenylsilveracetylide

CgHZCECH + AgNO, = CgH C=CAg +  HNO

6B 3

Silver nitrate (40 g., 0,235 mole) was dissolved in a
mixture of water (100 c.c.) and methanol (100 c.c.) in a
500 c.c. 3~necked flask fitted with, a stirrer (with a nitrogen
inlet), a dropping funnel and a nitrogen outlet. Air was remove
from the apparatus by passing a rapid stream of nitrogen through
it for a few mihutes. After this stage a minimum flow of
nitrogen was passed through the apparatus. Sufficient
concentrated ammonia (sp. g. 0.880) was then added to redissolve
the precipitate of silver oxide formed. A solution of
phenylacetylene (20 g., 0.196 mole) in methanol (20 c.c.)

was added over 20 minubes with vigorous stirring, White

solid was precipitated immediately. After stirring for another
30 minutes the solid was filtered, washed repeatedly with

water and then in turn with methanol, acetone and finally ether.
The @lid was then dried, in vacuo (2 hours). The very pale
yellow solid was then powdered, there being obtained phenyl-
gilveracetylide (43.% g., 106% yield)., The high yield was
probably due to the inclusion of silver nitrate (or ammonium

nitrate) in the silveracetylide.



Ti.

Reactions of Phenylsilveracetylide with Donor Compounds

As with the copperacetylides, the phenylsilveracetylide
was theated with varioﬁs electronﬁdonor compounds to see
with which co-ordination occurred most readily.

Phenylsilveracetylide dissolved in cold iso-propylamine,
piperidine and pyridine yielding colourless or pale brown
solutions. The silveracetylide was not soluble in cold
or hot triethylamine, No reaction appeared to occur with
a concentrated solution of dipyridyl in benzene, since the
phenylsilveracetylide remained undissolved on standing overnight.

Addition of phenylsilveracetylide to diéthyldithioethylene
led to formation of a red solution, but large amounts of
silveracetylide remained undissolved,

Reaction of triethylphosphine and triethylarsine with
phenylsilveractylide resulted in immediate formation of aimost
colourless solutions.

Thus from the readédtions studied it was concluded that
co-ordination of phenylsilveracetylide occurred most readily
with triethylphosphine, triethylarsine and nitrogen containing

. compounds such as iso-propylamine, piperidine and pyridine.

Reaction between Phenylsilverﬁ@h@&iide and Triethylphosphine

CgHgO=CAg + (CgHg) P = GgHLC = Chg -*‘;ii(cgns)st

Phenylsilveracetylide (16 g., 0.077 mole) was stirred

in a 250 c.c. 3-necked flask fitted with, a stirrer (with a
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nitrogen inlet), a dropping funnel and a nitrogen outlet.
A solution of triethylphosphine (12 ge., 15 CeCe, 0,103 mole) in
toluene (30 c.c.) was added over 15 minutes. After stirring
for another 15 minutes a yellow solution was formed, with
small amounts of grey solid and a white oily liquid. After
this stage in the preparation the reaction material was handled
in air, but keeping such exposure to a minimunr. The grey
gsolid was removed by filtration through hyflo super cel and
addition of anhydrous magnesium sulphate, followed by
filtration, removed the oily liquid, yielding a clear yellow
solution. Addition of a large volume of n-hexane
(ca. 200 c.c.) to the clear solution caused precipitation of
pale pink needle-like crystals. On warming a clear yellow
solution reSuited, which, on cooling, deposited pale pink
crystals. YThese were filtered off,  Another crop of
crystals was obtained by cooling the filtrate to ca. -8000.
and then refiltering. After pumping, in vacuo, pale pink
crystals (14.5 g., 64% yield of co-ordination compound)
remained. About half of the solid was then recrystallised from
hot n-hexane, containing a little toluene, colourless
crystals being obtained. Samples of this material were then
analysed (Found: Ag, 30.68, 30.44; C, 46.88; H, 6.10.
G 4HooheP requires: Ag, 32.98; C, 51.89; H, 6el6%).
Although the values obtained for silver aﬁd carbon were low they

indicated that the compound, [F6H5050Ag,P(02H5)5] , had been
' n
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formed,

Solubility tests carried out on samples of this solid
showed that it was very soluble in acetone, benzene, toluene,
ethylacetate, chloroform, methylethylketone and dioxan. When
samples of the solid were warmed with alcohol a feathery
"white precipitate formed, which was insoluble in the solvents
mentioned above, i.e., breakdown to phenylsilveracetylide. The
solid, however, crystallised readily from hot methylcyclo-hexane.

When an attempt was made to recrystallise some of the
material analysed previously from hot n-hexane, a small amount of
grey insoluble solid was obser¥ed (silver), This suggested
that the compound decomposed on standinge The solid was
removed by filtration and the material wasrecrystallised and
pumped dry as before. Samples of this material were then
analysed for silver (Found: Ag, 3228, 32.08. 014H20AgP’requiret
Ag, 32.98%)e Another sample of material recrystallised
from methyl;gzglg?hexanehwas analysed for carbon and hydrogeni

(Found: C, 49.39; H, 6.14. C 4H AgP requires: C, 51.39; H,

20
6416%)e . Although the carbon value was .‘rather low, the
melting point of the compoung 77.5478,5°C., (from n-hexane)
was sharp, confirming formation of the compound,
[C6H5C=CAg.P( 6, Hy) l R
A sample of the compound was found not to be particularly

air-gensitive, thus allowing recrystallisation in air, but the

golourless crystals turned pink rapidly in bright sunlighte.
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The degree of association of the compound, "n", was
determined in freezing benzene and nitrobenzene. |
2.212 g. of CgHgC=CAg.P(CoHy), were dissolved in benzene
(20 coc.) of density 0.877 g./c.c. The original volume of

benzene in the apparatus was 16 c.c.

a) Total volume of CgH CZCAg.P(CoH;), sol. added to above

= 4:00
b)  Total volume of CgHyC2CAg.P(CgHg), sol. added to above = 9ce
c) Total volume of C6HSCE$Ag.P(CgH5)3 sol. added to above = IBe.c

it

a) Freezing point depression - 0.154°C, Mol. Wte = 839.

b) Freezing poimt depression = 0.267°C. Mol. Wt.

(H

871.

c) TFreezing point depression = 0.361°C, Mol. Wt. = 894.

1
it

Thus, from the results obtained, the degree of association
of the compound, CGHSCECAg.P(Cgﬂ%)S, in freezing benzene, "n" =
2eBgs Bebgy 275y at 0,068, 0,122, 0.170M.

2.024 g. of CgH C=CAg.P(C.Hg), were dissolved in
nitrobenzene (20 c;c.); the solution rapidly turned red-
viélet onvstanding although no solid was precipitated. The
ofiginal volume of nitrobenzene in the apparatus was 12 c.c.

The density of the nitrobenzene was 1.199 g./C.Ce

d) Total volume of C H5cécAg.P(02H5)3 sol. added to above = 4c.c
(&) !

‘e) Total volume of C6H5CEGAg,P(Q'2H5)5 Sol. added to above = 9c.c

£) Total volume of CzH.C=CAg.P(CgHz), sol. added to above = ldc.c



75,

d) Freezing point depression = 0.220°C. Mol. Wt, = 659..

.

672

1
.

e) Freezing point depression = 0.370°C. Mol. Wt.

]

) PFreezing point depression 0.455°C. Mol. Wi. = 686,

Frbm the results obtained the degree of gssociation of
the compound, C6H5CéCAg.P(02H5)5, in freezing nitrobenzene,
"a" = 2.09, 2.05, 2e1 at Q.078, 0¢133, 0.167M.

Ebullioscopically in benzene the degree of gssociation of
the compound, "n" = 1.59'over the concentration range 0.016<
0.100M, and in ether, '"n" = ca. 1.3 (best slope of graph) at
0.0l?-O.léOM; The results obtained from boiling ether, which
were plotted graphically (page 95), were very scattered so
that the value obtained was not very aceurate. Ebullioscopic
measurements in acetone were abandoned, since decomposition

(precipitation of silver) was observed,

Réaction between PhenylsilVeracetylide and Triethylarsine

S e S v
CgH5C=CAg + (Collg) zAs = CgH5C=CAg-AB(CH )

Phenylsilveracetylide (4 ga, 0.019 mole) was placed in a
double Schlenk tube, which was filled with nitrogen in the
usual way. Benzene (15 c.c.) and triethylarsine (4.6 ges 4 C.Cs,
0.035 mole) were then added. After standing Qg, 3 hours some
solid still remained so the mixture was warmed $Ho 6000, when
a cloudy yellow solution containing a small amount of oily

ligquid was produced. The solution was filtered into the



76,
other limb of the Schlenk tube, a yellow solution being
obtained, which deposited a white solid when cooled. The
liquid was removed from the solid by filtration and the
s0lid was digsolved in a mixture of toluene containing
triethylarsine (ca. 551 by volume). On cooling to ca. -80°¢.
white solid wag precipifated, filtered and removed from the
Schlenk tube and dried by pumping, in vacuo (2 hours). It
was found that in the absence of excess triethylarsine
addition of toluene ﬁo the solid led to formation of insoluble

phenylsilveracetylide, indicating that the reaction,

Cgl50=Chg-As (Gl ) 5 == CgH 02CAg + (CgH) s,
waé reversible. Samples of the white solid were then analysed
(Found: C, 45.10; H, 5.49; Ag, 27.91, 27.90, CygHgohehs
requires: C, 45.30; H, 5.43; Ag, 29.08%). A sample of
the compound melted at 89°¢C. The Tormation of‘the compound
phenylsilveracetylidetriethylarsine, v[b6H5CEd2g—Ks(02H5)éJ 2’
was confirmed.

As found with the triethylphosphine snalog, the arsine

compound was not particularly air-sensitive, but turned pink

rapidly in bright sunlight.

Reaction between Phenylsilveracetylide and iso-~Propylamine

l — . \ . - .; +
CollCECAg + (CHy ) CHNH,, = 06H5050Ag-NH20H(CH5)2.

Initial experiments had shown that phenylsilveracetylide
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dissolved readily in iso-propylamine, A sample of phenyl-
silveracetylide (4 g., 0.019 mole) was therefore -extracted with
iso-propylamine (20 c.c.), under nitrogen. After 2 hours
extraction was completed and a brown solution was formed.

No solid was precipitated on cooling to room temperature
theréfore iso-propylamine was removed, using a water-pump
vacuum; until the residual material was almost solid. Addition
of benzene to a sample of the material resulted in formation

of a whité precipitate, which was insoluble in boiling benzene,
However, when iso-propylamine was added a clear solution was
obtained. This indicated that the co-ordination compound

dissociated in solution, i.€.s

-~ ;‘+ - .
CgHC=CAg=NHCH(CH, ), == CgHzC2CAg + (CHj),CHNH,,

the dissociation being suppressed in the presence of excess
iso-propylamine. The remaining solid was thérefore dissolved
in the minimom amount of iggfpropylamine and the solution
produced was cooled to cae. -80°C,  Vhite cr&stalline material
was obtained. After filtration and drying by pumping,
in vacuo (1 hour), samples were analysed (Found: Ag, 50,18,
50.46, 08H5Ag requires: Ag, H51l.64. 011314AgN requiress:
Ag, 40.25%). The results showed that loss of iso-propylamine
from the co-ordination compound ocecurred in a vacuum.

Another sample of phenylsilveracetylide (4 g., 0.019 mole) |
was extracted with igo-propylamine (30 c.c.), as before,,

and the brown solution was transferred to a double Schlenk
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tube,

About 15 c.c. of igso-propylamine were removed, using
a water-pump vacuum, but no solid was precipitated after
standing for 2 hours. Heating at this stage produced a
feathery solid, which was not very soluble in iso-propylamine.
This solid dissolved on cooling to ca. -4000. and shaking.
On warming up to room temperature again white needle-like
crystals were formed, which did not redissolve on cooling to
=80°C. These crystals were filtered in the Schlenk tube
and dried at 400 m.m. in an atmosphere of iso-propylamine
in order to suppress dissociation of the co-ordination compound
(1% hours). Semples were then weighed quickly and analysed
(Found: Ag, 42.41, 43.51, 08H5Ag.requires: Ag, 51.64,

¢, .H., AN requires: Ag, 40.25%). As found previously,

124

thesevéé}ues;were high for the adduct showing that loss of
iggrpropylamine}héd ocecurred. Another sample of the_crystaliine
adduct, which had remained overnight in contact with iso-
propjamine, was filtered rapidly on a sintered plate and
weighed in a gealed vessel, The sealed vessel was attached

to a vacuum apparatus, evacuated, and volatile material was
collected and measured as gas; the residual involatile solid
was also.weighed'(0m4815 ge of adduct, pumped, in vacuo, evolved
40,4N c.C., 22.1% iso-propylamine., The involatile solid'
(phenylsilveracetylide) weighed 0.3683 g. or 76.5% of the

sample, The 1:1 adduct requires: 22.1% iso-propylamine,
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77.9% phenylsilveracetylide). The gas, which could not be
identified satisfactorily by v.p. measurements as iso-propylamine
was ldentified by its infra-red spectrum, The formation of
the co-ordination compound, [b6H50§CEg—ﬁH20H(CH3)2] o

was thus confirmed,
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h) Reactions using Methylsilveracetylide

Preparation of Methylsilveracetylide

CIiSCéCH + ANO, = CHSC‘;CAg + HNO

5
Silver nitrate (40 g., 0.235 mole) was dissolved in é

mixture of water (100 c.c.) and methanol (100 c.c.) in a

d-necked 500 c.c, flask fitted with, a dropping fumnel, a

stirrer with a nitrogen inlet and a nitrogen outlet, to which

a cold finger, filled with solid carbon dioxide, was attached

in order to prevent loss of methylacetylene, The flask was

filled with nitrogen and concentrated ammonia was added

until the initial precipitate of silver oxide was Jjust redissolved

A solution of methylacetylene (7.8 g., 0.195 mole) in methanol

(30 c.c.), cooled to 240°C, was then added to the stirred

ammoniacal silver nitrate solution, which was cooled to 0°c.

(10 minutes). A white precipitate formed immediately. After

stirring for 30 minutes water (200 c.c.) was added and the

golid was filtered, washed well with water, and then in turn

with acetone and ether. Methylsilveracetylide (32.4 g.,

113% yield) was obtained‘as a white powder after drying by

pumping, in vacuo (3 hours). The product turned brown

in sunlight and was therefore stored under nitrogen and

kept in the dark. The high yield was probably due to the

inclusion of some silver nitrate in the precipitate.
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The Behaviour of_Methylsilveracetylide with Various Donor

Molecules

Samples of methylsilveracetylide were treated with various
electron-donor compounds, to see with which co-ordination
most readily occurred.

The silveracetylide did not dissolve in triethylamine,
pyridine, iso-propylamine or piperidine, either cold or hot.
There was no apparent reaction between dipyridyl dissolved in
benzene, and methylsilveracetylide.

Methylsilveracetylide did not dissolve in diethylthioethyler
although the liguid turned black on warming.

Methylsilveracetylide dissolved readily in triethylphosphine
but more slowly in triethylarsine; producing rather cloudy

brownish solutions.

Reaction between Methylsilveracetylide and Triethylphosphine

| X .,
CHLC=CAg + (02H5)5P = CHzCECAg~P(CH

3 5)5‘
Methylsilveracetylide (4 g., 0.027 mole) was suspended in
benzene (25 c.c.) in a double Schlenk tube filled with nitrogen
and triethylphosphine (4.8 ge, 6 c.C., 0.041 mole) was added.,
After shaking for 30 minutes 511 the white solid had dissolved
leaving a small amount of black residue. The solution was
filtered into the other limb of the Schlenk tube and benzene was

removed by pumping, in vacuo, a brown solid being left. Samples

of this solid dissolved readily in benzene and toluene, but not
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n-hexane or methyl-cyclo-hexane. There was an indication
that dissociation occurred, since on heating the toluene solutio:
a white precipitate (methylsilveracetylide) was formed. A
mixture of toluene and n-hexane (1:1 by volume) was used to
recrystallise the brown solid by cooling a saturated solution
at room temperature to 28000. A greyish solid was obtained.,
As the grey colour was thought to be due to finely divided
silver, the solid was dissolved in a toluene/gghexaﬁé mixture
and filfered ﬁhrough hyflowguper cel. The clear colourless
filtrate was then returned to the double Schlenk tube,
recrystallised as before, a white crystalline product being
obtained. When the white solia was dried by pumping, in vacuo,
a brown colour was developed, indicating that decomposition
had occurred.,

Another quantity of methylsilveracetylide (8 g., 0,054 mole)
was therefore suspended in toluene (40 c.c.) in a flask, under
nitrogen, and triethylphosphine (9.6 ge., 12 c.c., 0.081 mole)
was added. The resultant reaction material was then filtered
quickly through hyflo.super cel intb a double 8chlenk tube,
filled with nitrogen, a clear solution being obtained.
n-Hexane (20 c.C.) Was added and the solution was cooled to

LSOOC., when white crystals were obtained. The solid was
filtered in the Schlenk tube and then washed out on to a
sintered plate'and dried by suction (2-3 minutes), and sealed

up under nitrogen. Samples were dried finally by pressing



83,

on a filter-paper and analysed (Found: C, 24.45; H, 64673
Ag, 38.88, 59.46. 09H18AgP requires: C, 40.78; H, 6.84y
Ag, 40.70%)., The material stored under nitrogen and out of
sunlight turned brown after standing overnight and after a
few days was a very dark grey in colour.

As methylsilveracetylidotriethylphosphine could not be
prepared readily in a pure state, and was not very stable,

further study of methylsilveracetylide was discontinued,
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i) Reactions using p-Nitrophenylcopperacetylide

PreparatiOn. of ErNitrophenylcopperacetylide

Since the previous work had shown that phenylcopperacetylide
formed a much more stable phosphine compound than the
alkylcopperacetylides, it was of interest to discover the
effect of an electron attracting group in the aromatic
nucleus on the stability of the co-ordination compounds, i.€.s

by the use of an acetylene such as p~nitrophenylacetylene.

P-NOGCgH, CECH + Cu(NHz)oCl = p=NO,CpH,CEC0U + NH,CL + NH,.
Cuprous chloride (3 g., 0,030 mole) was placed in a

500 c.c. flask fitted with a dropping funnel, a stirrer with

a nitrogen inlet, and a nitrogen outlet. The flask was
filled with nitrogen in the usual way. Water (200 c.c.) and
sufficient concentrated ammonia‘was added until a clear

very pale blue solution resulted, p-Nitrophenylacetylene

(3 g.5 0,020 mole) dissolved in ethyleneglycol dimethylether
(30 c.c.) was then slowly added with vigorous stirring

(30 minutes). A brick-red precipitate formed immediately.
After stirring for another 30 minutes the solid was filtered,
washed well with water, followed by alcohol, acetone and éther,
and alir dried, p-Nitrophenylcopperacetylide (4 g., OQ019
'mole) was obtained in 95% yield as a brick-red powder, which

was stable to blows, but decomposed vigarously on heating

in a bunsen flame.
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Reaction of p-Nitrophenylcopperacetylide with Various Donor

Compounds

Samples of p-nitrophenylcopperacetylide were treated
with various electron donor compounds, in sealed flasks, in
order to find with which co-ordination occurredﬁmost readily.

There was no apparent reaction between QrNitrophenylcopperE
acetylide and triethylamine, pyridine, iso-propylamine
or dipyridyl, dissolved in benzene, The pyridine solution
darkened on standing but solid remained undissolved. Addition
of diethyldithioethylene to p-nitrophenylcopperacetylide
resulted in the slow formation of a pink colour in the liquid
but there was no indication that the copperacetylide was
dissolving,

The copperacetylide dissolved slowly in triethylarsine
on standing overnight, but the reaction with triethylphosphine

was much faster resulting in formation ef a deep-red solution.

Reaction between p-Nitrophenylcopperacetylide and Triethylphosphir

pr0206H4CECCu + (02H5)5P’=:E—NQ206H4C§CBu-§(CQH5)5.
p-Nitpophenylcopperacetylide (3.5 g., 0.017 mole) was
placed in a double Schlenk tube, which was filled with
nitrogen, and'behzene (25 c.c.) was added. Triethylphosphine
(4.8 g., 6 c.c., 0.040 mole) was added. After sheking the
Schlenk tube for 1 hour a deep red solution containing a small

amount of oily brown solid resulted. The benzene was removed
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in a water-pump vacuum and the solid remaining was shaken
with n~hexane (85 c.c.), which was then filtered into the
other limb of the Schlenk tube. On cooling the solution to
—8000. crystals were deposited, and the n-hexane was filtered
back into the other iimb of the Schlenk tubes, and removed

by pumping, in vacuoe. Very dark red, almost blick, crystals
(7.2 g.), which appeared dark green by reflected 1ight;

were obtained and stored under nitrogen. bThese melted at
5700., a sample left overnight in air decomposing to leate a
brick-red powder,

A ssmple was analysed for copper, by the volumetric (
method (Found: Cu, 14.86. C, 4H,oCUNOSP requires: Cu,
19.38%). The crystalline material was therefore'recrystallised
twice from hot n —hexane, dried by pumping, in vacuo, and
reanalysed.(Found: Cu, 11.96, 11.89; C, 39.95; vH, 7e1l0a
Cy 4H, JUNOP requiresr Cu, 19.88; C, 51.30; H, 5.84%).

As the analysis did not fit the 1:1 adduct and the copper was
very low, although somewhat uncertain, since the colour

of the solutions analysed @bscured the end—point of the
titration with ethylendiamminetetra-acetic acid, the formation
of a 1:2 adduct containing two moles of phosphine was
congidered. The adduct was‘therefore recrystallised once
more from hot n-hexane, which contained some triethylphosphine

(5% by volume) in order to suppress any dissociation of the

adduct which might‘occur; After drying the material was
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again analysed, copper being determined gravimétrically as
the thiocyanate (Found: Cu, 14.81, 14.59; C, 50.47; H, 7.5%.
Coolig,CUNO P, requires: Cu, 14.85; C, 53.87; H, 7.69%).
Although the carbon value was low the analysis suggested
that reaction between p-nitrophenylcopperacetylide and
triethylphosphine led to formation of a 1:2 adduct instead

of the usual 1:1 adduct.
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j) Determination of Copper

i) Gravimetric Determination as Cuprous Thiocyanate95

2CuCly + 2NH,CNS + SO, + 2H 0 = BCuClNS + (NH4)2804 + 4HCL.

About 0.1 g. of sample was weighed in a beaker (100-150 c.c.
which was covered by a watch glass. Initial decomposition
of the sample was carried 6ut by the dropwise addition of 5N
nitric acid (ca. 1 c.c.). When the reaction moderated
concentrated nitric acid (ca. 7 c.c.) was added, and the
contents of the beaker were boiled until a clear blue solution
resulted (5-15 minutes). The solution was allowed to cool
somewhat, concentrated hydrochloric acid (gg, 10 c.c.) was
added, and the solution was reboiled until no more oxides of
nitrogen were evolved. If, on cooling, solid was formed
(this generally.occurred with arylcopperacetylides, which
formed nitrobenzoic acids), the solution was filtered and the
solid on the filter paper was washed well with water. A
clear solution then resulted. After dilution to about
150 c.c. a saturated solution of sulphur dioxide (20 c.c.)
was added and the solution was heated on a hot-plate for 30
minutes. If the smell of sulphur dioxide persisted
(indicating that reduction of copper to fhe cuprous state was
completed) the solution was removed from the hot-plate, but
if not more sulphur dioxide solution was added and the heating

process was repeated until an excess of sulphur dioxide was
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present. The solution was neutralised by the addition of
sodiumkwdroxide solution until a permanent precipitate
startedto form. At this point the solution was cleared by
the addition of 8-10 drops of éoncentrated hydrochloric acid,
and then, for every 50 mg. of copper present, 10 c.c. of
% ammoﬁium thiocyanate solution saturated with sulphur
dioxide was added from a burette with constant stirring.

After standing overnight, the precipitate of cuprous thiocyanate
was collected in a previously weighed sintered glasé crucible
(grade 4). The precipitate was washed with 1% ammonium sulphate
solution, 20% alcohol, and finally alcohol, and dried to
constant weight.in an oven at 110-115°¢. The precipitate

was weighed as cuprous thiocyanate.

1i)  Volumetric Determination of Copper 4

A suitable weight of sample (ca. O@i—.5 g.), such that
a subsequent titer of 10-20 c.c. of ca. 0,02M EDTA
(ethylenediammine tetra~acetic acid) was expected, was
weighed in a beaker (100-150 c.c, ). The sample was destroyed
with nitric acid, and filtered if necessary, as described
previously. The resultant clear solution was then made
weakly acid as described in i), the volume of solution being
adjusted to about 40 c.c. To each 10 c.c. of solution 0.5-1 c.c
of concentrated ammonia Was added and two drops of indicator

(Fast Sulphon Black F). A violet colour, masked somewhat
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by the blue colour of the cuprammonium ions, was produced.
The solution was titrated with ca. 0.02M EDTA. to a pale blue.

to bright green end point..
65.45 g. of copper = 1000 c.c. of 1.0M EDTA.

The strength of the EDTA solution was determined by
titration using a standard solution of dopper sulphate. As
EDTA reacts slowly with glass the solution was stored in a
polythene container.

It was found that some of the copperacetylide/bhosphine.
compounds, which still possessed a phosphine-like smell after
boiling with concentrated nitric acid, tended to produce green
solutions that were sufficiently coloured enough to mask
the colour change of the indicator. For suchzcases method

i), although much slower, is to be recommended.



9l.

k) Determination of Silver

AgNOS + KBr = AgBr + KNos.

Silver was determiﬁed by potentiometric titration of silver
ion with potassium bromide,

A suitable weight of sample (O.5~1,5 g.) was weighed
in a beaker (400 c.c.), covered with a clock glass., Initial
decomposition was carried out with BN nitric acid (ca. 1 c.c.),
and, when the reaction had moderated, concentrated nitric acid
(ca. 7 c.c.) was added. The mixture was then boiled until
a clear solution resulted. After cooling, the solution was
diluted with water (50 c.c.), a few drops of litms solution
were added, and the solution was neutralised with ammonia,
Addition of about 10 drops of concentrated nitric acid then
rendered the solution acid. More water was added to yield
a solution of about 200 c.c.

Determination of silver was carried out using the
apparatus shown in the diagram (Fig. 12). The silver electrode
was coated with silver bromide, deposited by electrolysing
an acid solution of potassium bromide with the silver as the
anode. The glass electrode was filled with 1N potassium
chloride solution, When not in use the electrodes were held
in beakers of water, the silver electrode being kept in the
dark. The e.m.f. of the system was meaéured after each

addition of about 0.2 potassium bromide solution from a
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burette, time being allowed (10-15 seconds) for the mixture
to be stirred thoroughly. WWhen the end point of the titration
was approached the increments of titer addition were decreased
progressively to 0.05 c.c. It was found that near the end
point, when coagulation of the silver bromide started to
occur, the mixture had to stir for 2-3 minutes before the
e.m.f. reading became steady. A graph of e.m.f. in
millivolts against volume of potassium bromide solution was
plotted. The point of inflection of the curve obtained was
taken as the end point of the titration. The potassium
bromide was standardised, by this method, with silver
nitrate of known normality.

Organic solid was generally formed in the solutions
prepared for analysis. It was found, however, that removal
of the solid, by filtration, was unnecessary, since the end
point of the’titration was unchanged. Similarly the use of
an acetone/water solvent, which dissolved the organic solid,

did not affect the end point.
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1) Molecular Weight Determinations

i) In Preezing Solvents

The apparatus used was set up as shown in the diagram
(Fig. 14). When in use the apparatus was immersed in a
41. beaker containing an ice/water mixture, which Was stirred
mechanically. Alr was excluded from the apparatus, when
air-sensitive compounds were determined, by means of a
stream of nitrogen, which escaped from the top of the freezing
point tube. The nitrogen ﬁas saturated with the solvent used
in the determination by passage through two traps cooled to
about the same temperature as the ice/water bath.,

A known volume (usually 12 c.c.) of solvent was added
to the apparatus, and its freezing point was determined with
the Beckmann thermometer, The solvent was stirred gently
until it was supercooled (ca. 0.02°C.), when brisk stirring
sufficed to induce crystallisation.

The ice/water bath was maintained 1-3°C. below the
freezing point of the solvent, A pgraph of temperature
against time was plotted. Extrapolation of the straight
line, which occurred after crystallisation, to the
original curve yielded the correct freezing point .-

Various volumes of solution (a known weight of compound ca. 1 g
was dissolved in 20-25 c.c. 0of solvent, the density of the
solvent assumed to be unchanged) were then added and their

freezing points were determined similarly. Although air-sensi-
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tive solids were sometimes determined, the reaction with air
in solutions was slow enough to permit addition from a
burette or pipette. The solution was, however, kept ih a
flask under nitrogen as much as possible, Thus, from the

. 96
expression "z

M=K %W’ where "w" is the weight of solute dissolved in
"W"e, of:solvent, "d" the depression of the freezing point and
"K" the freezing point constant, a series of molecular weights
at various concentrations was obtained,

The following example illustrates the method.

A sample of t-butylcopperacetylide (1.5795 g.) was weighed
in a conical flask (50 c.c.). 4 known volume of benzene
(18 c.c.) of known density (0.877 g./c.c.) was added yielding
a deep red solution. Another known volume of benzene (12 c.c.)
was added to the apparatus and its melting point was determined
using a Beckmann thermometer (4.2980 in arbitrary Centigrade
units). Known volumes of the t-butylcopperacetylide solution
(4, 8, 12 and 14.5 c.c. total volumes added respectively)
were added to the benzene in the apparatus, the freezing point
of the solution being measured after each addition of 3?buty1~
copperacetylide solution. A #teries of freezing points for
solutions containing increasing concentrations of t-butylcopper-
acetylide was obtained (4.1870, 4.1220, 4,080° and 4.078°
for 4,8,12 and 14.5 c.c. of Erbutylcopperacetylide added to

the 12 c.c. of bengzene in the apparatus). Thus, if the density
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of the t-butylcopperacetylide solution is assumed to be the

same as the benzenes

H.C=CCu sol, added to 12 c.c. of benzene =

«361 g., Total vol, = 16 c.cC.

b) Wt. of 3-C,H C=CCu sol. added to 12 c.c. of benzene =
’ .702 g.’ TOtal VOl. = 20 C.C.

¢) Wt. of t-C,HoC=CCu sol. added to 12 c.c. of benzene =
1.063 g., Total vol, = 24 c.cC.

d) Wt. of t-C,HyC=CCu sol. added to 12 c.c. of benzene =
1.273 g., Total vol. = 86.5 c.c,

[

a) Freezing point'depression of above solutions = 0,111°C.

) Freezing point depression of above solutions = 0.17600.

¢) Freezing point depression of above solutions = 0.218°C.

d) Freezing point depreséion of above golutions = 0.22000.

Uging the expression,

M’::K'j%f , Wwhere the letters denote the quantities
described previously, thens

| . 1. '
a) M= 5,120 x 0,851 X 355 To77 % o111~ = 1,154
. ' 1 :
b) M= 5,120 x 0.702 x -5 % ST = 1,168
_ s _
¢) M= 5,120 x 1.055 X 55X 67T % 818 = 1!;76
1

d) M= 5,120 x 1.273 x SR 5T = a0 = La275

ii) In Boiling Solvents

The ebullioscopic molecular weight measurements were

carried out in a Swietoslawsky type ebulliometer. The
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apparatus and circuit are shown in the diagram (Fig. 15).
The boiler of the aspparatus has an area of roughened
glass, which facilitates boiling of the solvent. Two
matched thermistors are fitted into the thermometer wells,
good thermal contact between vapour and liguid being maintained
by a pool of heavy white oil in each well, The boiler
and syphon tube were protected from draughts by a metal tube
and the apparatus was well lagged with cotton wool. Two
condensers, connected in series, were fitted to the apparatus.
Aknown volume of solvent (25-30 c.c.) was boiled steadily

with a micro-burner. The boiling solvent (or solution)
syphoned up the tube A and heated the thermistor B. The
pure solvent vapour digtils further, heats thermistor C and
finally refluxes at a constant height in the lower condenser.
The two thermistors B and C are therefore at the temperature
of the solvent (or solution)and solvent vapour, and the
difference in their resistances is proportional to the elevation
of the boiling point (of the solution)..

 After fhermal equilibrium is attained (ca. 45 minutes) the
resistance R, in the Wheatstone bridge, is adjusted until the .- -
galvanometer deflection is zero. This balances slight
temperature differences between liquid solvent and its vapour;
the resistance, RO, was noted. A known weight of solute was
introduced from the top of the lower condenser, so that noﬁe

adhered to the ground glass joint. The upper condenger was
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replaced and the water was drained from the lower condenser.
Solvent vapour then climbed up the lower condenser; disggsolving
the adhering solute and washing it into the apparatus.

The lower condenser was then refilled with water and
the apparatus was left to settle down to thermal equilibrium
(ca. 7 . 10 minutes). The bridge was now out of balance,
due tb B being af a higher temperature and R was increased to
glve zero deflection of the galvanometer, the reading Rl being
obtained.

The increase in resistance (Rl—Ro)is proportional to the
elevation of the boiling point, which is also proportional
to the number of moles of solute. This procedure. was repeated
giving a series of resistarice increments (R1-Ro)s (Rg-Ro), £tc.,
corresponding to a series of total weights of solute.

The apparatus was calibrated with a partieular solvent
using a solute of known molecular weight (diphenyl or
benzophenone ). A graph of A R in ohms against total number
of moles of solute added was then drawn. The graphs obtained
are linear in the concentration range used (0-3 m. moles of solute
in 25 c.c. Of solvent) and pass through the origin. Thus,
with a solute of unknown molecular weight, the number of
moles corresponding to the resistance increment is read off
the calibration graph. This value divided into the weight of
solute then yields the molecular weight.

It was found that with certain solvents (such as benzene,
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methylene chloride and tetrahydrofuran) frothing occurred,

This brought solution into contact with the vapour temperature
well, thus rendering results invalid, since the thermistor C

no longer measured the temperature of the pure vapour. However,

this difficulty was overcome by dispensing with the thermistors

- and placing a Beckmann thermometer in well B. The reading

of the thermometer was then noted for the boiling solvent, TO,
and with various increments of solute, Tl’ Tg...., yiélding

a series of elevations in boiling point, (Tl—TO), (Tz'To)’ coeey
for various weights of solute. A calibration graph was
constructed using a compound of known molecular weight, plotting,
in this case, the elevation of boiling point instead of

increase in resistance against moles of solute. A similar
linear graph resulted, since each elevation of the boiling

point (TI-TO) was proportional to the number of moles of

solute, Molecular weights were calculated as before.
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m) Purification of Cyclo-hexane

Cyclo~-hexane was purified, as described below, in order
to remove traces of benzene, which would have absofbed light
in the region where some of the adsorption experiments
were carried out.

i) Cyclo-hexane (1.5 1.) wés shaken mechanically with a
nitrating mixture (400 c.c. concentrated sulphuric acid;
200 c.c. concentrated nitric acid) over 6 hours,96 The
cyclo-hexane Waé then washed with water and potassium hydroxide
solution, until the aqueous phase was colourless. Finally
the cyclo-hexane was washed with water (3 times) and then
dried over magnesium sulphate. The dried product was distilled
through a helices column (60 cms. ). The initial fraction
was yellow and nitrogen oxide fumes were observed in the
apparatus, but these disappeared on conﬁinued distillation,
a clear colourleSSndistilléte being obtained, b.pt. 7945°C.
The initial yellow distillate-(250 C.C.) and undistilled
1iquid (250 c.c.) were rejected. The purity of the middle
fraction (cal. l.) was ascertained by its light adsorption dowﬁ
to 200 m s , a comparison cell of distilled water being used
(Fig. 13). |

ii) Cyclo-hexane was also purified96 by passage through

a silica—gel column (gbout 400 g, of silica-gel per 1-1.5 1, of

cgcloahexane). The product was only slightly less pure than

that prepared in i), and the method was much simpler.
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Be : Digcussion of Results

s ervavs
.

a) Alkylcopperacetylide Complexes

Reactions studied with methylcopper- and t-butylcopper-
acetylides showed that the co-ordinating strength of Group V
donor atoms is in the order B¥<<Pj> As, There were
indications that reaction occurred with triethylarsine and
t-butylcopperacetylide but co-ordination must have been very
weak, since it could not be detected by ultra-violet adsorption
spectroscopy (page 68). Reactions with sulphur compounds also
showed that little or no co-ordination occurred. On the other
hand the reaction between methylcopperacetylide and triethyl-
phosphine resulted in formation of a new co-ordinatipn compound,
methylcopperacetylide triethylphosphine., Similarly the reaction
between t-butylcopperacetylide and.triethylphosphine yielded
a product, which could not be purified satisfactorily, but
which probably contained the desired co—ordination compound..
Ultra-violet adsorption measurements on various mixtures of
t-butylcopperacetylide and triethylphosphine in cyclo-hexane
supported this conclusion. As the mixtures containing over
one molarvequivalent of triethylphosphine showed decreases in

adsorption from that of an equimolar mixture of t-butylcopper-
acetylide and triethylphosphine, it was concluded that in

solution the following equilibrium was set up:

-
1~C,HgC=C0u + (02H5)5P =g==x 1-C,H,C=CCu~P( 02H5)5.
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The reaction of methylcopperacetylidetriethylphésphine-
in solution confirmed this, since, on addition to benzene,
the yellow insoluble methylcopperacetylide was precipitated.
Addition of a small amount of triethylphosphine to the solution
then resulted in formation of a clear colourless solution,
Evidently in solution, at least, an excess of triethylphosphine
is necessary to prevent dissociation of the alkylcopperacetylide

complex by driving the equilibrium,

RrGECCu-P(Czﬁs)S === R-C=CCu +-P(02H5)3,

to the left. This effect was not noticeable with
t-butylcopperacetylide, since the copperacetylide is soluble
in organic solvents such as benzene and cyclo-hexane.

Since t-butylcopperacetylide is soluble in organic
solvents it was possible to carry out molecular weight
determinations in freezing benzene, The results confirmed

earlier work91

and indicated that the copperacetylide was
highly assocliated, "n" being about 8. Similarly it was
possible to carry out molecular weight measurements of
methylcopperacetylidetriethylphosphine in freezing benzene by
making use of the fact that a small excess of triethylphosphine
prevented precipitation of methylcopperacetylide. These
results showed that the complex was also highly associated,

"m" peing about 9.

The polymerisation of E—butylcopperacetylide‘has been

attrivuted to bonding between the copper and the acetylene
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91
group:
1-C,HyC=CCu : «ss.. partial or weak bonding
; .
$-C4H1gC=COu
[
t-C HyC=CCu, ete.

Such bonding between copper and unsaturated hydrocarbons
13-16

is known to occur with cuprous halides. It has also
been shown that the more alkyl groups are attached to the
carbons of the unsaturated linkage the weaker is the

co—ordinétion compound formed. Thus it is reasonable to

suppose that the polymerisation of the phosphine complexes

arises from a similar phenomenon, €.ge.,

C=CCu-P(CH,.)
OH - 0= CGu-P(CoHs)
CH - C2BCu~P(CH,. )
g~ =G o5l

L -
CH —C=CCu—P(02H5)5, etc.

3
nejahve cﬁqrje on
The increased efeectreo-wmeogetivityof the copper atom, due to
a A A

co-ordination, in this case would be expected to weaken

the bond between the copper and acetylene groupe. FMurther,
the t-butyl group, which is a much stronger electron repelling
group ﬁhan the methyl, would be expected to yield a weaker
co-ordination complex, and less highly associated
copperacetylide, because it would tend to make the copper
relatively more electronegative than the methyl group. Thus
methylcopperacetylide would be expected to be more associated

than t-butylcopperacetylide, which is supported by the

L]
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fact that t-butylcopperacetylide is soluble in organic
solvents but not methylcopperacetylide. Formation of
methylcopperacetylidetriethylphosphine yields a complex
soluble in organic solvents, probably by partial depolymerisatio
due to reduction of the metal-acetylene grbup interaction,
although ﬁhe co-ordination compound is still highly associated.
The complex t-butylcopperacetylidetriethylphosphine would be
expected to be less associated than t-butylcopperacetylide and
methylcopperacetylide.

The difficulty in preparing a pure t-butylcopperacetylide
triethylphosphine éomplex suggests that it is more highly dissoc.
iated in solution than the analogoué methyl compound. The resul-
of the adsorption experiments between t-butylcopperacetylide
and. diphenylacetylene (page 63) are also relevant to this
discussion, since‘it was found that the extinctions of
solutions of t-butylcopperacetylide in cyclo-hexane gradually
decreased as more diphenylacetylene was added. Such a
phenomenon might be attributable to weak co-ordination of the

acetylene group of the diacetylene with some of the copper

- atoms from the acetylide, i.€.,

!
C6H5C=CC6H5, etce
The alkylcopperacetylides are generally stable in air,

but it was found that methylcopperacetylidetriethylphosphine
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raﬁidly turned green~blue after gtanding in air for a few
minutes., ‘Thus, if the stabillity of the alkylcopperacetylides
is dependent on the bonding between the copper and acetylene
group, any weakening of this bond, as in co~ordination, would
be expected to yield a less stable product; The oxidation of
t-butylcopperacetylide by alkaline potassium ferricyanide can

be expressed by the equationrgl .
21-C,HoC200u + Hg0 + 8 [0] —— (-0 H CH 000),0u + Cuo
This reaction only occurred slowly at room temperature.
In the co-ordination compounds, however, there is the
possibility thét oxidation occurs in moist air in a
manner similar to that of the oxidation of copper acetylides in
ammoniacal solution, by air or alkaline ferricyanide, when

the diacetylene resultg, ~ Thus in the case of methylcopperacetyli

triethylphosphine a reaction of the type,

[o]

-+
CH50=CCu—P(02H5)3 —~5—> CH C‘C~C—CCH5 + Cu(OH)2
+ (02H5)5PO,
probably occurs, the green-blue colour indicative of fermation
of a cupric salt being observed, the triethylphosphine

functioning in a manner similar to that of the ammonia mentioned

above,

D) -Aromatic copperacetylide Complexes

The same trend of stability of co-ordination complexes

was shown by phenylcopper— and'pfnitrophenylcopper- acetylides
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with nitrogen, phosphorus and arsenic as with the alkylcopper-
acetylides., |

The reactions with triethylphosphine occurred much more
readily than those with triethylarsine, and, in the case of
phenylcopperacetylide, even with o-phenylene-bis-dimethylarsine,
There was, héwever, no opportunity td follow these observationg

any further. It was found that phenylcopperacetylide dissolved

in plperidine and iso-propylamine, but not p-nitro~-phenylcopper-

acetylide, although no products were isolated. A weak
co-ordination compound, 06H50500u.NH5, has been reported,
which rapidly looses its ammonia at room temperature and
reverts bagk to the yelIOW'phenylcopperacetylide.l This
compound resﬁlted when liquid ammonia was condensed on to
phenylcopperacetylide, a colourless solid beihg obtaihed.
Research on the aromatic=copperacetylides was thus
practically confined to the triethylphosphine complexes, which
were the most readily accessible, There were some
important differences in properties between the aromatic and
alkyl complexes. The compound phenylcopperacetylide~
triethylphosphine, which was isolated as yellow needles (the
corresponding methyl compound was colourless), was unlike

the analogous alkyl complexes in that it was reasonably stable

in air. A sample only turned green after exposure to air for
about two days. The compound did not dissociate in solution

like methylcopperacetylidetriethylphosphine, even in boiling
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benzene or cyclo-hexane, from which it was possible to
recrystallise. Molecular weight determinations in benzene
and nitrobenzene indicated that the association of
phenylcopperacetylidetriethylphosphine was much less than
that fouﬁd for the analogous methyl compound, being
about 3 to 3.5. Although the association is similar to
that found for the cuprous iodide trialkylphosphine complexe&f5”4
the structure,45 which was discussed previously (page 10),
is unlikely to be the same, since it would involve large
straining of the acetylene group. The product is pfobably

assoclated in the manner postulatéd for the alkyl cdmpounds:

06H5C=Cgu-?(cgﬂ5)5

q =+

C6H5C=CCu-P(CZH5)3, etc.
In this case, however, it is possible for stabilisation of

the product to occur by reduction of the formal charge on the

copper via induction and formation of a resonance hybrid

between the two forms:

= ..k » ' + -~ 4+
<:::>—CECC?maP(CZH5)6 —<:::>=C=C-Cu—P(CZH5)5

: 1
Such a contribution to the bonding might also be expected to
lead to adsorption of light in the visible region, as found in
the phenyl compound.

In the case of the p-nitrophenylcopperacetylide

co-ordination with t riethylphosphine caused a colour change

from a brick-red to deep red, almost black colour. Such a
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deepening of colour would be expected by formation of a
longer conjugated system, is€s, by an increased contribution

l\T — DC"C'C‘-J -B(CyH,) 5,

l

in the conanical form,

O
to the final resonance hybrid. It is interesting to note that
a deepening of colour from yellow to red occurs when a
nitro group is added to phenylcopperacetylide. Again this

is consistent with formation of a longer conjugated system, e.g.,

_®=c:é— cu \+ V= 0=C-Cu
L e ';

0

In the coppéracetylides the weak bond between the copper and
the acetylene group would reduce the induced positive charge

on the copper atoms, €ege,

=C=C-Cu movement of electrons —

The phosphine in the co-ordination compounds, however would be
expected to be a much greater electron donor than the acetylene
group and thus be expected to be much more strongly bonded,
This would increase the electronegativity of the copper and
thus tend to reduce the partial bonding between the copper

and acetylene groupse. However, since it was not possible

to determine moleculaf weights, due to the insolubility of

the copperacetylides, this effect could not be demonstrated.
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The p-nitrophenylcopperacetylide differed from the other
acetylides in that it appeared that co-ordination with up to
two molecules of triethylphosphine could occur. It was
not, however, possible to carry out further research on this

reaction.

c) Co-ordination Compounds of Phenylsilveracetylide

The donor strength of the Group V elements with
phenylsgilveracetylide was similar to that found with the
copperacetylide, i.e., N<<P> As, the reaction with
triethylarsine beihg almost as fast as that with triethylphosphiz
This appears to be a case in which co-ordination with arsenic
is much stronger than that found with both aryl- and alkyl-
copperacetylides. The reactions of phenylsilveracetylide
with iso-propylamine, piperidine and pyridine were also
relatively fast, but there appeared to be no reaction with the
sulphur-containing ccmpound diethyldithioethylene (2,5-
dithiohexane).

Phenylsilveracetylidetriethylphoéphine was isolated as
& colourless crystalline solid, which was not apparently
oxygen sensitive, although a pink colour was developed
in strong sunlight. On long standing some breakdown to silver
was observed, This complex, like the analogous copper
compound, did not dissociate in solution and could be recrysta}li

1 _
sed from boiling solvents such as n-hexane or methy-cyclo-hexane.
: ' N
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Molecular weight determinations showed that the association
(n) varied with the polarity and the temperature of the
solvent, g.g;,‘n’was ca. 2.7 in freezing benzene, ca.
‘2.1 in freezing nitrobenzene, 1.6 in boiling benzene and
approximately 1.3 in boiling ether. The degree of association
ig lesg than that found for the analogous copper complex in
freezing benzene, Variations_in the degree of assoclation with
the polarity and temperature of the solvents is in accordance
with the formation of weak bonds between the silver and
acetylene group, ;.g,,uasséciation decreases with increasing
polarity and temperature of the solvent, The structure of
the cqmplex is probably similar to that postulated for the

copper compounds,

6786

; +
06H5C=C—Ag;P(02H5)5, etc.

IS
C.H CEC-@@—P(C 35)5

the bonding between the silver and acetylene group evidently
pbeing weaker in the silver compounds. Again there isi |
the possibility of stabilisation of the compound by formation
of a resonance hybrid as discussed earlier.

Although no co-ordination complex of phenylcopperacetylide
with triethylarsine was isolated, the analogous phenylsilver-
acetylide complex&Was readily prepared, This complex was less
atable than the triethylphosphine compound, since it
dissociated in solﬁtion with precipitation of phenylsilver-

acetylides
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- 4+
CeHC=CAg-As(Collg)y === CgH0=CAg + (CgHg) As.

The complex was stabilised in solution by the presence of
excess triethylarsine, this effect being similar to that
which was observed with methylcopperacetylidetriethylphosphine.
The co-ordination complex formed by reaction between
phenylsilveracetylide and iso-propylamine was only stable in
the presence of excess igo-propylamine. iso-Propylamine
was lost rapldly from the complex, in vacuo, or on standing in
air or nitrogen,
Thus it appears that phenylsilveracetylide co-ordinates
more readily with nitrogen, phosphorus and arsenic than the
arylcopperacetylides, the relative donor strengths of the

elements being the same in each case,

da) Co-ordination Compounds of Methylsilveracetylide

The alkylsilveracetylide co-ordination compounds were
expected to be less stable than the aromatic ones by
analogy with the copperacetylides. Thus it was found that
methylsilveracetylide did not react with iso-~propylamine,
piperidine or dipyridyl dissolved in benzene and the reaction
with triethylarsine was noticeably slower than that with
triethylphosphine.

The reaction between methylsilveracetylide and triethyl-
phosphine yielded a colourless, crystalline adduct, which

turned brown rapidly, in vacuo, or under nitrogen and could
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not be purified satisfactorily. Even methylsilveracetylide
was appreciably less stable than the alkylcopperacetylides,
since it turned brown répidly on standing under nitrogen,
even in the dark.

The instability of the methylsilveracetylide complexes
can be explained in terms of the electron repelling effect
of the methyl group, which opposes the electron acceptance
of the gilver with ddnor elements, by increasing its

electro-negativity,

CH,~C=C-Ag-P(CoH),

and even co-ordination of the silver with the acetylene group:

— =

CH,-C=C-Ag
A

1 b~

CH,CECAg, gtc.
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