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FOREWORD 

The work described i n t h i s thesis was carried out i n 

the Chemistry Department of the Durham Colleges i n the University 

of Durham, between 1958 and 1960. 

The main e f f o r t was directed towards the formation of 

stable organo derivatives of copper and s i l v e r i n which the metal 

i s simultaneously co-ordinated to TT-bonding ligands, especially 

t e r t i a r y phosphines. 

Two subsidiary topics were studied, both of which f a i l e d 

to develop into positive research problems. One was concerned 

with attempts to obtain substituted derivatives of nickelocene, 

and the other involved the use of a l k a l i metal-hydrocarbon con^jounds, 

such as sodiiim naphthalene, as a means of introducing a l k a l i metals 

i n t o the graphite l a t t i c e . Both of these topics are reported, 

since a considerable amoiint of time was devoted to them. 



( i ) 

C O N T E N T S 

Part 1. SUMMARY 

Part 2. 

Organic derivatives of copper 

Organic derivatives of s i l v e r 

Page 

1 

2 

Reaction between graphite and a l k a l i metal naphthalene 
compounds 4 

Attempted preparation of a substituted derivative of 

nickelocene 6 

OR&ANIC DERIVATIVES OF COPPER AND SILVER 

Introduction 7 

Organic derivatives of copper. Discussion 18 

1. Preparation of copper Aryls 19 

(a) Phenyl copper 19 

(b) Lithium diphenyl copper 19 

(c) Mesityl copper 20 

2. Reaction of copper Aryls with Donor Molecules 23 

(a) Phenyl copper 23 

(b) Mesityl copper 26 
3. Comparison of products obtained from reaction of 

Triphenylphosphine with Phenyl copper and with 
Mesityl copper 28 

4. Reaction of Methyl copper with Donor Molecules 29 

Organic derivatives of s i l v e r . Discussion 31 

A. A i y l and a l k y l - s i l v e r compounds 31 

Recovery of start i n g material 35 

B. Ethynyl silver-phenyldiethyl phosphine complexes 37 

Cryoscopic measurements 38 



( i i ) 

Page 

Infra-red measurements 40 

Organic derivatives of copper. Experimental 42 

Preparation of Phenyl copper 1^2 

Preparation of Lithium Diphenyl copper ( l ) 44 

Preparation of Mesityl copper 45 

Reaction between phenyl l i t h i u m and tris-(phenyldiethyl-
phosphine) bis-monoiodocopper (PhPEt2)^(Cul)2 52 

Reaction of Copper Aryls with donor molecules 53 

1. Mesityl copper 53 

(a) Reaction with Triethylphosphine 55 

(b) Reaction with Triphenylphosphine 56 

2. Phenyl copper 58 

(a) Reaction with pyridine 58 

(b) Reaction with Bipyridyl 58 

(c) Reaction with Phenyldiethylphosphine 58 

(d) Reaction with Triethylphosphine 60 

(e) Reaction with Triphenylphosphine 6l 

Preparation of methyl copper and subsequent reaction 
with donor molecules 63 

Organic derivatives of s i l v e r . Experimental 65 

A. Preparation of &rignard, organo-lithium, and 
organo-sodium reagents 65 

B. Reaction of G-rignard, organo-lithium, and organo-
"sodium reagents with trisCphenyldiethylphosphineJ 
bis(monoiodosilver). CPhPEto)^(AgI}^ 67 

1. Reaction between mesityl magnesium bromide and 
(PhPEt2)^(Agl)2 i n tetrahydrofuran 68 



( i i i ) 

Page 

2. Reaction between mesityl l i t h i i i m and 
(PhPSt2)3(Agl)2 71 

3. Reaction between s t y r y l magnesium bromide and 
(PhPEt2)3(Agl)2 72 

4« Reaction between methyl magnesium iodide and 
(PhPEt2)j(Agl)2 i n benzene-ether mixture 72 

5- Reaction between methyl l i t h i u m and (PhPEt2),(Agl)2 
i n ether 73 

6. Reaction between cyclopentadienyl l i t h i u m and 
(PhPEt2)3(Agl)2 i n tetrahydrofuran 74 

7. Reaction of cyclopentadienyl sodium with 
(PhPEt2)3(Agl)2 i n ethanol-benzene 74 

C. Reaction of G-rignard and organo-lithium reagents 
with s i l v e r halides, and subsequent reaction with 
donor molecules 75 

1. Reaction of mesityl l i t h i u m with s i l v e r iodide i n 
tetrahydrofuran 75 

2. Reaction of s t y r y l magnesium bromide with s i l v e r 
halides i n tetrahydrofuran 76 

D. Ethynyl silver-phenyldiethyl phosphine complexes 78 

1. Preparation of phenylethynyl(phenyldiethylphosphine)-
s i l v e r 78 

2. Preparation of p-nitrophenylethynyl (phenyldiethyl-
phosphine)-silver 80 

3. Preparation of t e r t i a r y b u t y l ethynyl(phenyldiethyl-
phosphine)-silver 80 

4. Cryoscopic measurements on p-nitrophenylethynyl-
(phenyldiethylphosphine)-silver 81 

Part 3« Reaction between graphite and a l k a l i metal-^naphthalene 

compounds 85 

Introduction 85 

Discussion IO4. 

Estimation of a l k a l i metal-naphthalene compounds 105 



( i v ) 

Page 

Reaction with solvent IO7 

Nature of the graphite products 109 

Reaction of potassium naphthalene with graphite i n 

pure ethylene glycol dimethyl ether 121 

Experimental 

A. Preparation of a l k a l i metal-naphthalene compounds 
i n ethylene glycol dimethyl ether 123 

1. Sodium naphthalene 123 

2. Potassium naphthalene 124 

3. Lithium naphthalene 124 

B. Reaction between a l k a l i metal-naphthalene 

compounds and graphite 125 

1. Reaction between sodium naphthalene and graphite 125 

2. Reaction between potassium naphthalene and graphite 127 

3. Reaction between lithium naphthalene and graphite 128 

C. Analysis of Products 129 

(a) Direct hydrolysis of the product 129 

(b) Back t i t r a t i o n of excess a l k a l i I3O 

(c) Carbon and hydrogen analysis I 5 0 

(d) Sublimation of metal from the product I 3 0 
(e) Vacuum line hydrolysis and estimation of hydrogen 

produced I 3 I 
( f ) X-ray powder d i f f r a c t i o n photographs 132 

D. Reaction between a l k a l i metal naphthalene compounds 
and ethylene glycol dimethyl ether 133 

S o l u b i l i t y of sodium methoxide i n ethylene glycol 
dimethyl ether I 3 5 



(v) 

Page 

Detection of a small amount of naphthalene i n a 
mixture of graphite and naphthalene 135 

E. Preparation of lamellar compounds of potassium and 
graphite by direct reaction 135 

F. Reaction of potassium graphite with naphthalene i n 
ethylene glycol dimethyl ether I36 

&. Attempted preparation of NaCg^ I38 

Part 4. Attempted preparation of a substituted derivative of 

nickelocene 140 

Introduction 140 

Discussion 144 

Experimental 147 

1. Preparation of nickelocene 147 

2. Attempted metallation of nickelocene by butyl 
l i t h i u m 149 

References 154 



PART 1. 

SUMMARY 



OR&ANIC DERIVATIVES OF COPPER 

SUMMARY 

The preparation of organo-copper compounds and subsequent 

attempts at s t a b i l i s a t i o n of these compounds by co-ordination with 

donor molecules i s described. The organo-copper compounds used were:-

( i ) Phenyl copper 

( i i ) Methyl copper 

( i i i ) Mesityl copper 

Methyl- and phenyl copper have been described previously, 

while mesityl copper has not. The donor molecules used were mainly 

phosphines, such as phenyldiethylphosphine, PhPEt2, and 

triphenylphosphine, Ph^P. A l l attempts at i s o l a t i o n of a co-ordination 

stabilised organo-copper compo\ind f a i l e d , although there was evidence 

that co-ordination took place i n solution, the complex formed evidently 

being too unstable to be isolated. 

The most s t r i k i n g feature of the work i s the i s o l a t i o n of a 

soluble organo-copper compound, which, although not f u l l y characterised, 

appears to be mesityl copper. The soluble nature of t h i s compound i s 

i n d i r e c t contrast to that of the insoluble methyl- and pheryl copper, 

over which the mesityl copper also shows increased s t a b i l i t y . 

I n addition, reaction was attempted between excess of phenyl 

l i t h i u m and the phosphine-cuprous iodide complex (PhPEt2)^(Cul)2 i n the 

hope that a phosphine stabilised phenyl copper compound would be produced, 

with elimination of l i t h i u m iodide. However, no evidence f o r the 

formation of an organo-copper compound was obtained, and indeed, t:t̂ e'v. 

phosphine-cuprous iodide complex was recovered i n high y i e l d , b e i n ' g ^ ' ^ ' ^ 

evidently f a r too stable to react under the conditions used. 



OR&ANIC DERIVATIVES OF SILVER 

SUMMARY 

The attempted preparation of organo-silver compounds.by 

reaction of the well known phosphine-silver iodide complexes or a 

s i l v e r halide with a &rignard or organo-lithium reagent i n 

tetrahydrofuran, ether, or tetrahydrofuran-ether mixtures i s 

described. I n t h i s way, mesityl magnesium bromide, mesityl 

l i t h i u m , and cyclopentadienyl l i t h i u m were used with a 

phenyldiethylphosphine complex of the type (PhPEt„) Agl, while 

mesityl l i t h i u m and s t y i y l magnesivim bromide were used with s i l v e r 

halides, followed by addition of phenyldiethylphosphine, PhPEt2, 

i n order to s t a b i l i s e any organo-silver compound formed. 

However, the phosphine-silver iodide complexes proved to 

be extremely unreactive towards organo lithi\im and Crrignard reagents 

even i n homogeneous solution, except i n the case of methyl lithium, 

where extensive decomposition to metallic s i l v e r occurred at 0°C. 

The conclusion reached i s that the mildest conditions 

under which the phosphine-silver iodide complexes react also result 

i n decomposition to s i l v e r , hence no stable organo-silver complexes 

of t h i s type can be expected. 

Of some interest was the f a c t that during p u r i f i c a t i o n of 

recovered phenyldiethylphosphine complexes by r e c i y s t a l l i z a t i o n , i t 

was observed that phosphine was l o s t i n successive stages, a range 

of compositions being fovmd, only one of which, the 1:1 complex, 

has previously been described:-



71°- 72°C 

m.p 

(HiPEt2)2 Agl 

(PhPEt2)3(Agl)2 83°- 84°C 

(HiPEt2) Agl 138°- 139°C 

(HiPEt2)(Agl)2 200°C 

I n contrast to the low s t a b i l i t y of the a r y l - or a l k y l 

s i l v e r compounds, even when complexed to a phosphine, the analogous 

s i l v e r acetylides, which are polymeric, insoluble compounds, give, with 

phenyldiethylphosphine, c r y s t a l l i n e solids, soluble i n some organic 

solvents (related complexes of s i l v e r have previously been prepared). 

Fh PEt2 + R-C2C-Ag ^ R-CiC-Ag- Ha PEt2 

The s t a b i l i t y of these compounds appears to depend on the 

nature of the group R, and i n general, reversible dissociation i s 

possible. I n some cases, e.g. with p-nitrophenylethynyl 

(phenyldiethylphosphine)-silver O2N CgH^~C=C-Ag- Fh PEt2 

the tendency to dissociate was so great that satisfactory molecular 

weight determinations could not be performed. The phenyldiethylphosphine 

complex of phenylethynyl s i l v e r Hi-C=C-Ag Fh FEt2 was found to 

be dimeric i n freezing benzene. 



^2™LJg^g!JMggi;rE î ,ND ̂ L I O L I METAL^NAPHTHALENE COiviPOIMDS 

SUMMARY 

The main object of t h i s work was the preparation of an 

int e r c a l a t i o n compound of sodium with graphite, of which only one has 

been reported previously, by the reaction between dry graphite and 

a l k a l i metal-naphthalene compounds ( l ) i n specially p u r i f i e d ethylene 

glycol dimethyl ether:-

&raphite .+ * [&raphite] Na"*" + 

(1) 

These reactions are described, together with subsequent 

analysis of the graphite products by several methods:-
1. Hydrolysis with water and t i t r a t i o n with standard acid. 

2. A.cid hydrolysis and back t i t r a t i o n of excess a l k a l i metal-

hydrocarbon with standard a l k a l i . 

3. Carbon and hydrogen analysis. 

4. Sublimation of metal from the prod.uct, followed by hydrolysis 

and t i t r a t i o n . 
5. Vacuum l i n e hydrolysis, and estimation of hydrogen evolved. 

6. X-ray powder d i f f r a c t i o n photographs. 

Agreement between the d i f f e r e n t methods was not good, due to 

complication by the reaction between the a l k a l i metal-naphthalene compound 

and the solvent, r e s u l t i n g i n contamination of the products by insoluble 

a l k a l i metal methoxides, which are completely inseparable:-

C^QHQ- + CH3OCH2CH2OCH3 C^oHg + CH3O- + = CHOCH3 



The extent of t h i s contamination was investigated by numerous 

experiments which showed that contamination was greatest i n those 

experiments conducted under more drastic conditions. 

I t was f i n a l l y shown that the electron transfer from naphthalene 

to graphite w i l l take place and i n two cases. X-ray evidence indicated 

a l t e r a t i o n of the basal spacing of graphite, although i n only one of these 

cases was formation of a d e f i n i t e i n t e r c a l a t i o n compound l i k e l y , while 

t h i s compound did not show a similar X-ray analysis to that of the previous 

sodium graphite compound reported by Asher and Wilson. 

I t was also demonstrated f a i r l y conclusively that the electron 

transfer reaction w i l l not take place i n the opposite direction, i . e . 

from graphite to naphthalene, by investigation of the reaction between 

the well known potassium graphite compounds and naphthalene, i n ethylene 

glycol dimethyl ether. 



SUMMARY 

Biscyclopentadienyl nickel, ( i ) (nickelocene) was prepared by 

acknowledged methods and, i n small y i e l d , by two methods not previously 

described f o r t h i s compound:-

1. From anhydrous nickel bromide and cyclopentadienyl sodium i n 

ethanol i n 2C^ y i e l d . 

2. From anhydrous nickel bromide and cyclopentadienyl l i t h i u m 

i n tetrahydrofuran i n 12^ y i e l d . 

L i Mcn^)^ 

Ni Ni Ni 

( i ) ( i i ) ( i i i ) 

L i t h i a t i o n of nickelocene was attempted using butyl lithium, 

usually i n tetrahydrofuran-ether mixtures, i n the hope of producing 

compound ( i i ) , which could then be used to prepare a range of derivatives, 

Subsequent reaction of compound ( i i ) was generally attempted with 

cacodyl iodide, {CE^)2AsI, followed by methyl iodide, CH^I, ar r i v i n g at 

compound ( i i i ) ; or by carbonation. 

These attempts f a i l e d , the conclusion being drawn that butyl 

l i t h i u m w i l l degrade nickelocene at temperatures close to -78°C, while 

at -100°C, no reaction occurs. 



PART 2. 

ORGANIC DERIVATIVES OF COPPER AND SILVER 



ORGMIC DERIVATIVES OF COPPER SILVER 

INTRODUCTION 

A l l three elements of Group IB form organic derivatives. 

With gold, auric and aureus compounds are known, a l l of which are 

stah i l i s e d by co-ordination to a suitable donor molecule. In contrast, 

the organic compoimds of copper ( l ) and silve r , apart from the 

characteristic acetylides, are few i n number, unstable, and often 

poorly characterised. No organo-copper ( l l ) compounds are known. 

Copper 

Copper ( l ) methyl, ethyl and phenyl have been described. 

S t a b i l i t y of these compounds varies according t o : -

phenyl ̂  methyl ^ ethyl 

as i s usually the case. The only suitable preparative method available 

i s the reaction between an organo-lithium or Grignard reagent and a 

copper ( l ) halide. I n t h i s way, methyl copper"^ has been prepared as 

a yellow insoluble solid, from the reaction between methyl l i t h i u m and 

cuprous iodide at -15°C. The methyl copper decomposes i n boil i n g ether, 

with formation of metallic copper, while methane and ethane are evolved. 

The dry s o l i d w i l l explode v i o l e n t l y at room temperature. Addition of 

a fu r t h e r mole of methyllithium to an ethereal suspension of methyl 

copper results i n the formation of an almost colourless solution, which 

gives a positive colour test (Mischler's ketone), and probably contains 

the solvated salt Li"'"(CuMe2). Phenyl copper^ can be prepared 

s i m i l a r l y as a grey powder from the reaction between copper ( l ) iodide, 

and phenylmagnesium iodide or phenyllithium. At about 80°C, t h i s 

powder decomposes rapidly to metallic copper and biphenyl, and, although 



insoluble i n most organic solvents, w i l l give a yellow solution i n 

pyridine. Haenylcopper i s slowly hydrolysed by water to copper ( l ) 

oxide and benzene, and i s s u f f i c i e n t l y reactive to form benzophenone 

from benzoyl chloride. 
Methyl copper can be detected i n the reaction between methyl 

chloride and copper at 350°C, as a stream of gas w i l l redeposit a 

copper mirror on a glass tube. At 250°C the h a l f - l i f e of methyl 

copper i s 2 X 10 '̂ sec.'̂  
Reaction between copper ( l l ) n i t r a t e and tetramethyl lead 

i n ethanol at -60°C to -45°C, also results i n formation of methyl 

copper i n a two-stage reaction;-
Cu^* + Me.Pb » Me.Pb"̂  + Cu"̂  + Me* 

Cu"*" + Mê Pb ^ Mê Pb"*" + CuMe | 

Attempted i s o l a t i o n of ethylcopper from the reaction of 

eth y l chloride with copper and s i l i c o n , and from the reaction between 

t e t r a ethyl lead and copper ( l l ) salts, has led to the formation of 

ethane and ethylene, doubtless by the interaction of ethyl radicals. 

Triethylphosphinecyclopentadienylcopper,^ Ĉ Ĥ CuPEt̂ , 

formed by the addition of triethylphosphine to a suspension of 

copper ( l ) oxide i n cyclopentadiene and petroleum ether, i s the most 

stable of the organo-copper compounds. I t reacts rapidly with 

ferrous chloride i n tetrahydrofuran to give an almost quantitative 

y i e l d of ferrocene. On the basis of t h i s reaction, and of i t s 

spectra, i t i s regarded as a o--complex. 

Silver 
The brown a l k y l and a r y l compounds of s i l v e r are a l l 



thermally unstable, coloured solids, generally prepared by reaction 

of a t e t r a a l k y l - or te t r a aryl-lead compound with s i l v e r n i t r a t e 

i n ethanolic solution at low temperature^-

R̂ Pb + Ag"*" > R̂ Pb"̂  + RAg ( l ) 

The s t a b i l i t y of the organo-silver compounds^ depends partly 

on the nature of the radical, R, more stable radicals giving less stable 

organo-silver compounds. Thus, while benzyl-silver has only a 

tra n s i t o r y existence above -100°C, phenyl-silver i s comparitively 

stable. 

I t has been shown^ that the reaction ( l ) i s not quantitative 

at -78°C, and that composition of the products i s probably close to 

(RAg)2 AgHÔ . Methyl, ethyl, and n -propyl s i l v e r have been prepared 

i n t h i s form as yellow solids, which decompose at about -60°C. Methyl 

s i l v e r ^ ' ^ i s remarkable i n that i t decomposes to si l v e r and ethane. 

Complex salts, (ArAg)2 AgNO^ (Ar = phenyl or o-t o l y l ) are 

is o l a t e d as unstable yellow or orange solids from the reaction between 

alcoholic s i l v e r n i t r a t e and various organo-lead, t i n or bismuth 
g 

compounds e.g. Hi,PbEt-
9 

Compounds of the,type, RCH = CHAg appear to show increased 

thermal s t a b i l i t y , e.g. isobut-l-enyl silver, (CH^)2C : CHAg i s stable 

to about -30°C, while s t y r y l s i l v e r i s reasonably stable at 0°C. 

Impure phenyl s i l v e r , HiAg, has been isolated from the 

reaction between s i l v e r halides and cooled solutions of 

phenylmagnesiura bromide. I t i s explosive when dry, and decomposes 

at about -18°C to s i l v e r and biphenyl?''''^ 

Olefin complexes of copper and s i l v e r 
A l l copper ( l ) and s i l v e r mono-olefinic complexes are comparatively 



10 

unstable. Ethylene and propene are absorbed by hydrochloric acid 

solutions of copper ( l ) c h l o r i d e , w h i l e the compound C2H^CuCl i s 

isolated when ethylene reacts with solid copper ( l ) chloride a t 

60-62 atmospheres. Propene i s not absorbed under comparable 

conditions. "̂^ 

A pale yellow butadiene complex^^ C^H^CuCl (and the bromide) 

are formed from reaction between l i q u i d butadiene and the copper ( l ) 
halide a t -10°C. 

I n the case of s i l v e r , a wide range of o l e f i n i c compounds 

forms 1:1 complexes which are usually too unstable to be isolated, 

evidence f o r t h e i r existence being available from experiments i n 

sol u t i o n } ^ I t i s i n t e r e s t i n g to note that i n the case of the 

cyclo-octadiene-silver complexes, the chelating 1,5-diene, 

CgĤ 2'̂ Ŝ *̂ '̂ colourless needles, m.p. 135°C, and i s stable to 

90°-100°C, while the 1,3, and 1,4 complexes have the composition 

CQH 2̂ 2AgN0 ,̂ and are considerably less stable, evolving the diene 

on warming}^ The s t a b i l i t y of the o l e f i n e - s i l v e r complexes evidently 

depends mainly on ste r i c effects, and p a r t i a l l y on the presence of 

electronegative or electropositive groups conjugated with the double 

bond. 

Copper and s i l v e r acetylene complexes 

Almost a l l of these are acetylides, MCSCR, but a few copper 

and s i l v e r complexes''"^of disubstituted acetylenes, of the t3rpe 

CgEĵ QAgNÔ  (formed by the slow reaction between s i l v e r n i t r a t e and 

3-hex3me), i n which the t r i p l e bond i s not greatly altered, are known. 

The yellow, red, or brown copper ( l ) acetylides, and the 



11 

colourless s i l v e r compounds, are formed by the reaction between 

acetylene or mono-substituted acetylenes and copper or sil v e r salts, 

usually i n ammoniacal solution. The explosive compounds Cû Ĉ  and 

Ag2C2 have been long known, the dry s i l v e r compound being p a r t i c u l a r l y 

shock-sensitive. From the low temperature reaction between copper ( l ) 

iodide and potassium acetylide i n l i q i i i d ammonia the orange mono-

copper ( l ) acetylide, CUC2H can be isolated. Above -45° i t decomposes 

i n t o acetylene and the black c r y s t a l l i n e copper ( l ) acetylide}^ 
NH -45° 

Cul + KC„H ^ CuC_H r» CuC„ + C_H„ 
2 _^Q0 2 2 2 2 

The mono acetylides of copper and s i l v e r are useful intermediates 
18 

i n the preparation of di-acetylenes from mono-acetylenes, but have 

been l i t t l e investigated due to t h e i r i n s o l u b i l i t y , and the d i f f i c u l t y 

of obtaining single crystals f o r crystallographic work. They are 

evidently polymeric, the metal atom of one RCECM uni t combining with 

other acetylenic groups. I t can be interpreted by the formation of 

twoo^(sp) bonds by the metal atom, the extra electron being provided 
by a donating acetylene group:-

R 
A' I 

C 
R - C = C - Cu < g 

f C 
R _ C = . C - Cu C 

I 
Cu 

Back co-ordination from f i l l e d metal d -or b i t a l s to empty 

antibonding T - o r b i t a l s of both acetylene groups i s possible, resulting 

i n a near neutral metal atom. I f another polymer chain was placed 



12 

above and below that i l l u s t r a t e d above, then additional bonding between 

metal d - o r b i t a l s and acetylenic TT-orbitals would result. 

Several co-ordination complexes of copper and s i l v e r acetylides 

have been described. Hienylethynylcopper ( l ) w i l l form a colourless, 

unstable ammine HiC=CCuNH^, but the use of stronger donor molecules, 
19 

namely t e r t i a r y phosphines and arsines, results i n the formation of more 

stable complexes. For example, FhC=CCu dissolves i n a benzene solution 

of triethyIphosphine, to give the yellow co-ordination compound 

FhĈ :CCuPEt̂ , which i s associated i n solution (2-4 times). The s i l v e r 

analogue, HiC=CAgPEt^ forms colourless crystals, and i s reasonably 

stable i n a i r . The suggested structure f o r the s i l v e r complex i s : -
Hi 

/ 

PEt^ *. Ag Ag <—PEt^ 

The t e r t i a r y butylethynyl copper ( l ) and silver compounds are 

exceptional i n that they are not high polymers, being readily soluble 
20 

i n non-polar solvents, while the copper compound appears to be 
19 

octameric i n freezing benzene. 
Factors a f f e c t i n g the s t a b i l i t y of metal-carbon o-bonds 

A characteristic of the t r a n s i t i o n metals i s the small 

energy difference which exists between the ( n - l ) d o r b i t a l s , and the 
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ns and np o r b i t a l s , t h i s being evident i n the square planar complexes 

of nickel, palladium and platinum, which use hybrid dsp^ <3^-orbitals. 

The s t a b i l i t y of the metal-carbon bonds depends on the ease 

with which an organic radical i s formed; t h i s radical then being free 

to react with neighbouring molecules, and the complex being i r r e v e r s i b l y 

decomposed. In considering the s t a b i l i t i e s of (T-bonded organic 

complexes, i t i s therefoi*e necessary to f i n d out how easily an electron 

t r a n s i t i o n w i l l occur from the highest energy non-bonding o r b i t a l , to 

the lowest energy antibonding. Clearly, the smaller the energy 

difference between the two, the more easily w i l l the t r a n s i t i o n take 

place. 

Any factor which tends to increase t h i s energy difference 

must r e s u l t i n s t a b i l i s a t i o n of the metal-carbon os-bond. For a 

complex of the type {'R^I>)^}iB^, four possible combinations of ligand 

o r b i t a l s (two sp^ of carbon and two sp^ of phosphorous) exist, with 

correct symmetries f o r combination with metal o r b i t a l s . These are 

shown i n Fig. 1 and are labelled ag, e^ (one of a conjugate pair e^) 

and bg. 

The metal o r b i t a l s shown i n dotted lines have the correct 

symmetries f o r bonding. The four bonding combinations of metal and 

ligand o r b i t a l s are therefore:-

ag + s 

+ Px + py 

bg . d^2 - y2-
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Four antibonding o r b i t a l s are produced by reversing the signs of either 

the metal or ligand o r b i t a l s . For nickel, p a l l a d i m and platinum, only 
2 2 

the dbc - y o r b i t a l i s used i n bonding, the other four being f u l l y 

occupied. Relative energies of o r b i t a l s are shown i n Fig.1 

I f we take the four bonding orb i t a l s as ly i n g along the xy 

axes, then the energies of the non-bonding d-orbitals w i l l depend on t h e i r 

positions re l a t i v e t o these regions of high electron density. The only 

non-bonding o r b i t a l i n the xy plane i s the dxy o r b i t a l , and electrostatic 

repulsion between t h i s and the bonding orb i t a l s w i l l be greater than f o r 

any other, the dxy o r b i t a l thus being the highest energy non-bonding 

o r b i t a l . Thus, the lowest energy t r a n s i t i o n possible,AE, i s from dxy, 

and i s shown i n the diagram. A E may be increased by use of ligands which 

can formTT-bonds with the dxy o r b i t a l , and preferably also with the dxjj 

and dyz, thereby reducing the energy of these o r b i t a l s . Of the TT-

bonding ligands (e.g. phosphines, arsines, and sulphides) the most suitable 

are t e r t i a r y phosphines, which combine strong donor character with I T -

bonding tendency. I t might thus be expected that these considerations 

would apply f o r any organo-transition metal complex i n which the highest 

energy non-bonding o r b i t a l i s a d- o r b i t a l , i . e . almost certainly to those 

t r a n s i t i o n metals i n which the d-orbitals are more than h a l f - f u l l . 

I n the a r y l series of organo-niokel complexes, s t a b i l i t y varies 

greatly with the nature of the a r y l group, the most s t r i k i n g feature being 

the low s t a b i l i t y of phenyl, and meta- and para- substituted 

phenylderivatives, w i t h ortho-substituted phenyl or other a r y l groups. 

For example, the complex {'St^F)2^±Ph.^, decomposes rapidly i n ethanolic . 



solution and melts with decomposition at 125°-130°, while the complex 

(Et^P)2Ni (mesityl)2, i s much.more stable, and melts at 148°-150°. The 

effect i s purely s t e r i c , as s t a b i l i t y i s not greatly influenced by the 

electronic nature of the substituent. The bulky (chloride, methyl or 

larger) ortho substituents prevent free rotation of the a r y l groups about 

the metal-carbon bonds, and, i f the substituents are large enough, keep 

the plane of the a r y l rings roughly perpendicular to the dsp2 nickel 

bonds. Under these conditions, the TT-electrons of the aromatic rings 

i n t e r a c t exclusively vriLth the d xy o r b i t a l of nic k e l , thereby lowering i t s 

energy, and further enhancing s t a b i l i t y of the metal-carbon o^-bond. 

I t was hoped that both of the above factors would assist i n 

s t a b i l i s i n g any organo-copper or organo-silver compound formed. 

Cuprous halide- and s i l v e r halide- phosph±ne complexes 
21 

Trialfcyl phosphines w i l l react with s i l v e r halides and 
22 

copper ( l ) halides to form trialkylphosphine-metal halide complexes 

of the type (R^P—> Agl)^, the preparation being carried out by shaking 

the phosphine and metal halide i n concentrated aqueous potassium iodide 

solution. X-ray evidence suggests that the s i l v e r halide complexes are 

tetrameric i n the s o l i d state, while the degree of association i n freezing 

benzene i s 3-4, some dissociation possibly occuring i n solution:-

M. Pt. 

(Et^PAgl)^ 208°-209°C 

(n.Pr^PAgl)^ 258°-265°C 

(n.Bu^PAgl)^ 43°C 
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Similar results were obtained f o r the a l k y l phosphine-

oopper ( l ) iodide complexes ( R^P—»Cul)^:-

R. M. Pt. n. i n benzene 

Et 236°-2W°C 3.47 (ebullioscopic) 

n.Pr 207°C 3-57 ) 

n.Bu 75°C 3*36 ) cryoscopio 

n.Am 27°C 3.62 ) 

The co-ordination number of copper and si l v e r i n a l l of these 

compounds i s thus four. 
23 

Work on phenyldialkylphosphine-metal halide complexes showed 

that 3-co-ordination of copper ( l ) and s i l v e r i n these complexes was 

possible, as some compo\mds of the type ( A r y l P Alkyl2)2 Agl were found 

to be monomerio i n solution e.g.:-
ra.p* Degree of association 

i n nitrobenzene 
(PhPMe2)2AgI 114-5°C 0.93 

Although t h i s indicates a co-ordination number of 3, i t gives 

no i n d i c a t i o n of the structures of the solids. Only one of the phosphines 

used, (NMe2CgH^PEt2) afforded both types of complex (the tetrameric 1:1 

and monomeric 2:l) with s o l u b i l i t i e s and s t a b i l i t i e s adequate f o r molecular 

weight measurement, while one 3:1 complex was obtained (CP,Ĉ H, PEt„), C\il, 
3 o 4 23 

which dissociates.in solution. 

I n t h i s work, molecular weight measurements on some of the 

coii5>lexe3 were impossible due to lack of s o l u b i l i t y ( i n the case of 

copper ( l ) ) and lack of s t a b i l i t y i n solution ( i n the case of s i l v e r ) . 
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I t i s presumably because of the lack of s o l u b i l i t y , that l i t t l e 

work has been done on complexes of the type (R,P - Ml) where R=Me, Ph, 

and M=Cu, Ag, the only mention of a triphenylphosphine-copper ( l ) halide 

complex (Ph^P)^ CuCl, m.p. 173°-175°G, being made i n a paper on 
24 

polymerization of acetylenes, where i t was used as a catalyst. 
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ORGANIC DERIVATIVES OF COPPER 

DISCUSSION 

Since few organo-copper compounds, other than the acetylides 

or t h e i r complexes with donor molecules have been reported, the present 

work was undertaken to study the formation, and possible s t a b i l i s a t i o n 

of organic derivatives of copper. Although phenyl copper ( l ) and 

methyl copper ( l ) have been described, no co-ordination complexes of 

these compounds have been reported. I t was proposed, therefore, to 

attempt s t a b i l i s a t i o n of these compounds, p a r t i c u l a r l y phenyl copper, 

w i t h donor molecules such as triphenylphosphine, triethyIphosphine, 

phenyldiethyIphosphine, and to a lesser extent, b i p y r i d y l . I n addition, 

the preparation of mesityl copper v/as to be attempted, using methods 

analogous to the preparation of phenyl copper, i n the hope that the 

product may then be s i m i l a r l y stabilised by co-ordination. 

St a b i l i s a t i o n of phenyl copper was attempted by direct 

reaction between a benzene solution of the donor molecule and phenyl 

copper as a so l i d or suspension, or as the ether-soluble solvated s a l t , 

l i t h i t i m diphenyl copper, Li''"(CuPh2). The only exception to th i s 

procedure was one experiment i n which the reaction of excess of phenyl 

l i t h i u m was attempted with the phosphine-cuprous iodide complex, 

(PhPEt2)^(Gul)2, i n the hope that a phosphine stabilised phenyl 

copper would be formed. However, 80^ of unreacted phosphine-

ouprous iodide complex was recovered, and no evidence f o r the formation 

of an organo-copper compound v/as obtained. 

Only one reaction involved the preparation of methyl copper, 

and w i l l be dealt with separately. 
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1. Preparation of Copper Aryls. 

(a) Phenyl copper, CuPh. 

Phenyl copper was obtained as a grey powder from the reaction 

between anhydrous cuprous iodide and phenyl magnesium iodide i n ether. 

The product was never halogen-free, and never showed the presence of 

excess G-rignard reagent (Cilman colour test l ) . 

Phenyl copper was also obtained as a pale grey, green, yellow, 

or pink powder i n Q%-30fo 3rield from the reaction between anhydrous 

cuprous iodide and phenyl l i t h i u m i n ether. The product once more was 

always contaminated with halide, not always i n the form of iodide, 

although some unreacted cuprous iodide usually remained i n the reaction 

f l a s k a f t e r decantation of the l i g h t e r suspension of phenyl copper. 

The ethereal f i l t r a t e always contained excess of unreacted phenyl 

l i t h i u m (Oilman colour test l ) . P u r i ty of the washed and dried 

samples of phenyl copper seemed to vary considerably, since some 

could be weighed quickly i n a i r with no apparent change, while others 

glowed red-hot on exposure. A sample of phenyl copper thus prepared 

decomposed rapidly above 80*̂ C at 0.04 mm. Hg pressure to biphenyl and 

metallic copper. 

(b) Lithium diphenyl copper, Li"*^ (CuPh^) " 

I t has been reported by tilman that addition of an extra mole 

of methyl l i t h i u m t o an ethereal suspension of methyl copper yields an 

almost colourless solution, giving a positive colour tes t , thought to 

contain the solvated sal t Li'*' (Cu Me^) "*. I t may be expected that 

phenyl copper w i l l behave s i m i l a r l y . Consequently, reaction of a 
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f o u r - f o l d excess of phenyl l i t h i u m with cuprous iodide gave an ether 

soluble product, giving a positive colour t e s t , no doubt containing 

l i t h i u m diphenyl copper Li"*" (CuPhg ) ~, as expected. This solution, 

although f i l t e r e d to remove unreacted cuprous iodide, always gave a 

positive test a f t e r hydrolysis f o r water - i n soluble iodide, which 

could only be cuprous iodide. I t i s probable, therefore, that 

cuprous iodide i s being reformed on hydrolysis, the necessary iodide 

being obtained from the ether-soluble l i t h i u m iodide present i n the 

solution. The hydrolysis may be broadly represented by:-

Li'^CCuPhg)" + 2H2O + L i l > 2Li0H + 2PhH + Cul 

I t may wel l be that some cuprous bromide i s also formed 

from the li t h i u m bromide o r i g i n a l l y present i n the phenyl lithium 

solution. 

(c) Mesityl copper. 

Mesityl copper has not previously been reported, and, i n 

the hope that i t may be more susceptible to s t a b i l i s a t i o n by donor 

molecules than i s phenyl copper, preparation was attempted from 

anhydrous cuprous iodide and mesityl magnesium bromide i n 

tetrahydrofuran-ether siixture, and cuprous iodide and mesityl l i t h i u m 

i n tetrahydrofuran. The o r i g i n a l deep, red-brown solution of the 

Grignard eventually gave a deep green solution containing a grey or 

white suspension. The behaviour of the sol i d , which contained 

magnesium, iodine, and copper was consistent with tha-t of a mixture 

of magnesium halide - tetrahydrofuran complexes and unreacted 
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cuprous iodide. In addition, presence of the compoxmd 
CĤ  

CĤ  ^— ^̂ ^̂ 2̂ 4 ~ '̂ ^̂  formed by hydrolysis of the compound resulting 

from attack of the tetrahydrofuran by mesityl lit h i u m , was detected 

by i t s characteristic sweet sickly smell. 

Analysis of two small samples of the deep green solution 

showed that 64.2^ of the copper (precipitated as cuprous thioyanate) 

o r i g i n a l l y used was now present i n organic solution. Removal of most 

of the s o l i d was effected i n vacuo, the las t traces being d i f f i c u l t 

to remove, no doubt due to retention i n the form of magnesium halide-

tetrahydrofuran complexes. The tacky, dark green, almost black mass 

was investigated:-

( i ) Burned with a s t r i k i n g l y aromatic flame, and showed the 

presence of copper by the green flame colour. A red-brown residue 

was probably copper oxide. 

( i i ) Hydrolysis yielded copper oxide (by comparison of X-ray 

powder photographs), while the f i l t r a t e contained magnesium, which 

could be obtained as a white precipitate of i t s hydroxide, soluble 

i n ammonia. 

( i i i ) Thermal decomposition i n vacuo at an o i l bath temperature 

of 190°C gave a residue of metallic copper (again proved conclusively 

by X-ray powder photographs) with some impurity, certainly magnesium 

halides. The colourless d i s t i l l a t e was shown to contain the alcohol 
mention previously, C H ^ ^ ^ ^̂ ^̂ 2̂ 4 " (infra-red spectrum), 

CĤ  

probably as a mixture with mesitylene, which has a very similar 
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i n f r a - r e d spectrum. 
I t appears therefore, that a soluble organo-copper compound, 

namely, mesityl copper, has i n f a c t been formed, and, from ( i i i ) , 

shows increased thermal s t a b i l i t y over phenyl copper. However, the 

d i f f i c u l t y of removal of magnesium halides, held i n complexes with 

tetrahydrofuran, increase the d i f f i c u l t i e s of a more rigorous 

q u a l i t a t i v e analysis, and would appear to render quantitative analysis 

impossible. 

Unfortunately, the above results were obtained only from the 

two i n i t i a l preparations of mesityl copper and much time and e f f o r t 

was wasted i n attempts to repeat the experiment successfully. The 

numerous subsequent attempts d i f f e r e d from the f i r s t two i n that a 

buff-coloured G-rignard solution was obtained instead of the red-brown 

solution mentioned previously. Large amounts, 8C^, of unreacted 

cuprous iodide were always reclaimed, and furthermore, during 

working-up of the reaction mixtures, iodine was frequently liberated, 

presumably by oxidation of cuprous iodide, which seems highly improbable 

i n what i s primarily a reducing medium. I n fact the only feasible 

ejqjlanation i s that oxidation i s being effected by peroxides present i n 

the tetrahydrofuran.' However, t h i s p o s s i b i l i t y was eliminated, as, 

i n one reaction, a l l of the tetrahydrofuran used was d i s t i l l e d d i r e c t l y 

from potassium diphenyl k e t y l , K"*" ~0-C-Ph2, i n t o the reaction vessel, 

no a l t e r a t i o n i n the course of the reaction taking place. A sample 

of the mesityl magnesiixm bromide was also successfully carbonated to 

give mesitylene carboxylic acid i n 7 ^ y i e l d . Despite rigorous 

precautions to ensure p u r i t y of a l l reactants and solvents, the 
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reaction could not be successfully repeated u n t i l the trouble was 

traced to the source of bromomesitylene used. I t was found that 

only by using mesitylene supplied by L. Light and Co., Payle 

Trading Estate, Colnbrook, Bucks., could the deep green solution 

described previously be prepared. 

This suggests that the reaction i s being either encouraged 

or i n h i b i t e d by a catalyst present i n one of the two types of 

G-rignard reagent used, and that t h i s catalyst or the substance from 

which i t i s derived, i s present i n one or other of the samples of 

mesitylene. 

Mesityl l i t h i u m , made from the same mesityl bromide used 

i n the unsuccessful experiments described above, was used with cuprous 

iodide i n attempts to prepare mesityl copper, no significant colour 

change being obseirved. I s o l a t i o n of mesityl copper was not attempted, 

triphenylphosphine being added d i r e c t l y to the reaction mixture i n 

order to s t a b i l i s e by co-ordination, any organo-copper compound present. 

The results are discussed i n the next section. 

2. Reaction of Copper Aryls with Donor Molecules. 

(a) Phenyl Copper 

( i ) Pyridine. As reported by Gilman, phenyl copper, l i k e 

cuprous iodide, gave a yellow solution i n pyridine. 

( i i ) B i p y r i d y l . An attempt to complex b i p y r i d y l with phenyl 

copper was unsuccessful, merely resulting i n recovery of b i p y r i d y l , 

and inorganic copper. 
( i i i ) PheAyldiethylphosphine. PPh Et^. 

Reaction of phenyldiethylphosphine with phenyl copper 
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resulted i n recovery of copper i n the f o m of a phosphine - cuprous 

iodide complex (either as PhP Et2.CuI or (PhP Et^ ) ^ (Cul)2 ) i n 

amounts of 21^-43^ of the o r i g i n a l cuprous iodide used. The aimount 

of metallic copper formed on hydrolysis seemed to depend on the 

severity of conditions used, more being formed i f the hydrolysis was 

carried out at higher temperatures, t h i s being consistent with an 

increase of thermal, rather than hydrolytic dissocation. This was 

confirmed by the i s o l a t i o n of a small amount of biphenyl from one 

of the reactions. 

Reaction of phenyldiethylphosphine with phenyl copper i n 

the form of the solvated s a l t , l i t h i u m diphenyl copper, L i * (Cu Ph^)" 

gave a 3'ifo recovery of cuprous iodide as the phosphine - cuprous 

iodide complex PhP Etg'CuI, together with some inorganic material 

containing copper, probably as cuprous oxide. This would again 

suggest that cuprous iodide i s being reformed from lithium iodide 

and l i t h i u m diphenyl copper. 

( i v ) Triethylphosphine, PEtj;. 

Reaction between a benzene solution of triethylphosphine 

and s o l i d phenyl copper resulted i n formation of a solution from 

which only insoluble, copper-containing inorganic residue could be 

obtained, suggesting that, although co-ordination takes place 

s u f f i c i e n t l y to enable solution of the phenyl copper, the complex 

formed i s too unstable to be isolated. 

A 58̂  recovery of copper i n the form of triethylphosphine 

monoiodo copper, PEt^GuI, was obtained by reaction of a solution of 
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l i t h i u m diphenyl copper with triethylphosphine. 

I n a further reaction of the l a t t e r type, ethyl acetate 

was used to remove excess of phenyl lithium, leaving the phenyl 

copper free f o r co-ordination purposes:-

2Li (Cu Ph^) " + CĤ COO Et-*CH^CO L i + LiO Et + 2PhCu 

Subsequent reaction with triethylphosphine, however, again 

resulted i n i s o l a t i o n of PEt^ Qui, cuprous oxide, and the carbinol 

Ph^ - C - CH,. 2 I 3 

OH 

These experiments once more demonstrate the reformation of 

cuprous iodide. I t i s l i k e l y that t h i s reformation takes place on 

hydrolysis, rather than on addition of the donor molecule, since 

cuprous iodide can be isolated from a solution of li t h i u m diphenyl 

copper to which no donor molecule has been added (previous work). 

(v) Triphenylphosphine, PPh,. 

Reactions carried out between large (-^'four-fold) excess of 

benzene solutions of triphenylphosphine and benzene suspensions of 

phenyl copper generally resulted i n formation of large eimounts of 

inorganic, copper-containing decomposition product, especially i f 

exposed to the atmosphere, together with small yields ('̂ ' 10.) of 

air - s t a b l e , colourless needles containing copper, bromine, and 

triphenylphosphine, thought to be a triphenylphosphine-cuprous bromide 

complex, m.p, l65°-l66°C. This compound w i l l be discussed more 

f u l l y at a l a t e r stage. Large recovery of triphenylphosphine, 

usually ^30% was effected i n each case. Thus, once more, although 
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co-ordination must take place i n solution, no organo-copper compound 
can be isolated. 

At various stages during working up of the products, small 

yields of colourless materials were obtained, beginning to melt at 

lower temperatures than 165°C, often with decomposition, although 

otherwise i d e n t i c a l (e.g. infra-red spectrum) to the triphenylphosphine-

cuprous bromide complex above. 

The low y i e l d of phosphine-cuprous halide complex i s easily 

explained i f i t i s assumed that the sample of phenyl copper i s f a i r l y 

pure (a reasonable assumption, since, although halide could always be 

detected i n the s o l i d , i t was not always i n the form of iodide). 

Therefore, as the phenyl copper was normally washed and dried, only 

a small amount of halide would be available f o r coinplexing with the 

phosphine, hence the low yields , 

(b) Mesityl Copper. 

Reaction between mesityl copper and donor molecules was 

carried out a f t e r f i l t r a t i o n of the deep green solution from any 

precipi t a t e d magnesium halide-tetrahydrofuran complexes and unreacted 

cuprous iodide. 

( i ) Triethylphosphine. 

Reaction between triethylphosphine and mesityl copper 

resulted i n a colour change from deep green to deep red. Hydrolysis 

led to extensive formation of cuprous oxide and recovery of free 

triethylphosphine, together with colourless crystals of 

triethylphosphine-cuprous bromide complex, PEt^ Cu Br, while a l l 
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attempts at c r y s t a l l i z a t i o n of a sol i d organo-copper complex merely 

resulted i n i s o l a t i o n of magnesium halide-tetrahydrofuran complexes 

and triethylphosphine-cuprous halide complexes, once again indicating 

that although co-ordination may take place i n solution, i t i s not 

strong enough to allow i s o l a t i o n of the s o l i d complex. 

Triphenylphosphine was added to a benzene solution from 

the reaction between triethylphosphine and mesityl copper, resulting 

i n the slow formation of colourless needles, m.p. l67°-l68°C, found 

t o be i d e n t i c a l t o those previously obtained from phenyl copper and 

triphenylphosphine. 

( i i ) Triphenylphosphine, PPh^. 

Reaction between a benzene solution of triphenylphosphine 

and mesityl copper resulted once more i n i s o l a t i o n of colourless . 

needles, ra.p. 170°G, containing copper, bromine, and triphenylphosphine, 

shown to be iden t i c a l to those obtained from the reaction between 

triphenylphosphine and phenyl copper. 

I t i s once more of interest to note that, although the 

copper was presumably i n solution as mesityl copper, i t was eventually 

obtained so l i d as cuprous bromide i n a complex with triphenylphosphine. 

Moreover, the reformation of a cuprous halide, namely the bromide, 

shows that t h i s reaction w i l l take place without hydrolysis, the source 

of bromide probably being magnesium halide-tetrahydrofuran complexes, 

which are very d i f f i c u l t to remove completely. 

The cuprous bromide-triphenylphosphine complex w i l l be 
discussed i n the next section. 



28 

3. Comparison of the products obtained from reaction of 

Triphenylphosphine with Phenyl Copper and with Mesityl Copper. 

I n each case, reaction of triphenylphosphine with either 

phenyl copper or mesityl copper resulted i n formation of a compound 

whose melting point varied from l65°C to 170°C. The samples from 

each source were shown to possess i d e n t i c a l i n f i ^ - r e d spectra, both 

closely resembling that of triphenylphosphine and showing no 
-1 -1 

a l i p h a t i c CH frequencies i n the range 2900 cm - 2850 cm , which 

would be expected from the methyl groups of a mesityl r i n g . I n 

addition, carbon and hydrogen analyses of both compounds were i n 

agreement:-
Carbon Hydrogen Copper 

Sample from PhCu + Ph^P 73.^. 5 . ^ 

Saii5)le from Mesityl Cu + Ph^P (73.^ 
5 . ¥ 6.26}̂  

Required f o r : PPh^ Cu Br 3.7fo 

(PPh^)2 Cu Br 64.7/0 

(PPh^)^ Cu Br 69.6^ 6.8f. 

(PPh^), Cu Br 3 4 72.^ 5.c^ 5 . ¥ 

I t i s immediately obvious that, although the compounds are 

i d e n t i c a l , the analyses do not correspond to any of the cuprous 

bromide-triphenylphosphine complexes tabulated. When a sample of 

the compound, which had already been shown to contain copper, 

bromine, and triphenylphosphine, was thermally decomposed i n vacuo, 

i t gave only a sublimate of triphenylphosphine, and a pale yellow 

residue r i c h i n copper and bromine (obviously mainly consisting of 
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cuprous bromide) with no trace of metallic copper, which would, of 

course, be expected i f the crystals were those of an organo-copper 

compound. 

The compound i s obviously a triphenylphosphine-cuprous 

bromide complex, a more extensive investigation of i t s exact 

composition being outside the scope of t h i s work. 

I t i s of interest to note that i n none of these reactions 

involving mesityl copper and phosphines was any phosphine-cuprous 

iodide complex formed, although large excesses of phosphine were 

often used. I t may be explained by the fact that the magnesium 

iodide-tetrahydrofuran complexes are less soluble than the magnesium 

bromide-tetrahydrofuran complexes, the former thus being removed i n 

the i n i t i a l f i l t r a t i o n of the mesityl copper solution. This, 

however, does not explain the f a c t that a cuprous bromide-phosphine 

complex was obtained from reaction between triphenylphosphine and 

phenyl copper, while cuprous iodide-phosphine complexes were obtained 

from reactions between phenyl copper and other phosphines, v i z . 

triethylphosphine, phenyldiethylphosphine. An alternative explanation, 

adequate f o r reactions involving phenyl copper, may be that 

triphenylphosphine shows a tendency to complex with cuprous bromide 

rather than with cuprous iodide. 

4. Reaction of Methyl Copper with Donor Molecules. 

The yellow insoluble methyl copper dissolved i n an ethereal 

solution of b i p y r i d y l , but slowly deposited an inorganic decomposition 

product containing copper. Similarly, methyl copper dissolved i n 
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ether when phenyldiethylphosphine, PhPEt^, was present. Hydrolysis 

of these solutions, however, resulted merely i n extensive formation 

of cuprous oxide, and the i s o l a t i o n of a small amount of 

phenyldiethylphosphine monoiodo-copper, PhPEtgCuI, doubtless formed 

from some unreacted cuprous iodide, while attempted c r y s t a l l i z a t i o n 

of a product, avoiding hydrolysis, yielded only the highly explosive 

methyl copper. 

I n conclusion, i t may be said that co-ordination must take 

place i n solution with a l l of the donor molecules used, since the 

normally insoluble phenyl copper and methyl copper would dissolve i n 

a solution of a donor molecule. Furthermore, the deep green colour 

of the soluble mesityl copper was usually changed i n some way when 

a donor molecule was added, again suggesting that co-ordination has 

taken place. However, i n a l l cases, i s o l a t i o n of a co-ordination 

sta b i l i s e d organo-copper compound proved impossible, while slow 

decomposition, greatly accelerated by exposure to the atmosphere, 

or by hydrolysis, always took place i n solution. 

The most important factor to emerge from t h i s work i s the 

formation of mesityl copper, as a soluble compound, i n direct contrast 

t o phenyl copper and methyl copper. I n addition, mesityl copper 

possesses greater thermal s t a b i l i t y than either methyl or phenyl 

copper. From these considerations alone, i t would appear to off e r 

f a r more scope f o r s t a b i l i s a t i o n by co-ordination than the previously 

isolated organo-copper compounds, and there i s obviously room f o r a 

more extensive study i n t h i s f i e l d . 
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OR&AMC DERIVATIVES OF SILVER 
DISCUSSION 

A. A r y l and a l k y l - s i l v e r compounds 

The object of t h i s work was the preparation of organo-silver 

compounds of the type R-Ag(PhPEt2)^, ( l ) , i n which, the normally unstable 

s i l v e r aryls or allcyls could be stabilised s u f f i c i e n t l y by a donor 

molecule such as phenyldiethylphosphine, PhPEt2, to allow i s o l a t i o n of 

the co-ordination complex ( l ) . 

This was attempted using the reaction between s i l v e r halides 

on one hand, and mesityl li t h i u m and s t y r y l magnesium bromide on the 

other, i n tetrahydrofuran, subsequent addition of the donor molecule, 

phenyldiethylphosphine, and i n one case, b i p y r i d y l , then being carried 

out:-

Agl + R l i * RAg L i l 
unstable 

x(PhPEt2) 
RAg(PhPEt2)^ 

The reaction between mesityl lithixim and s i l v e r iodide, carried 

out at low temperature as was the addition of b i p y r i d y l and 

phenyldiethylphosphine to separate portions of the reaction mixture, 

yielded much unreacted s i l v e r iodide and a l i t t l e metallic s i l v e r . 
g 

Compounds of the type RCH = CHAg show increased thermal s t a b i l i t y over 

a r y l s i l v e r compounds, s t y r y l s i l v e r being reasonably stable at 0°C, 

while phenyl s i l v e r decomposes at about -18°C to s i l v e r and biphenyl. 

I t might be expected, therefore, that a compound of the type 

Styryl - Ag - (PhPEt„) might be much more stable than a corresponding 
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a r y l silver-phosphine complex. The reactions involving the possible 

formation of s t y r y l s i l v e r were therefore carried out a t 0°C. However, 

i t was found that only i n the reactions between s t y r y l magnesium bromide 

and s i l v e r iodide could s t y r y l s i l v e r have been formed, no reaction 

taking place when s i l v e r bromide or s i l v e r chloride was used. 

Reaction between s t y r y l magnesium bromide and s i l v e r bromide at room 

temperature led to extensive formation of si l v e r over a prolonged period 

while use of si l v e r chloride instead of si l v e r bromide under similar 

conditions resulted i n formation of only a small amount of silver, 

large amounts of s i l v e r chloride being recovered. These results give 

a very rough indication that the order of r e a c t i v i t y of si l v e r halides 

towards s t y r y l magnesium bromide i s A g l ^ AgBr^ AgCl, although t h i s may 

easily be affected by a number ofikctors such as re l a t i v e purity of 

samples. Although, i n one case addition of phenyldiethylphosphine 

to what was apparently a solution of s t y r y l silver i n toluene resulted 

i n a change of colour from deep red to yellow, the e f f e c t of the donor 

molecule on the s t a b i l i t y of the organo-silver compound was never great 

enough to allow i t s i s o l a t i o n , since hydrolysis led to extensive 

decomposition- Support f o r the intermediate formation of an organo-

s i l v e r compound comes from the appearance of varying amounts of si l v e r , 

and i s o l a t i o n of a sample of b i s t y r y l , probably formed by thermal 

decomposition of s t j r r y l s i l v e r , i n solution. 

Failure to prepare a r e l a t i v e l y stable compound by t h i s method 

led to another approach to the possible i s o l a t i o n of a co-ordination 

complex of the type ( l ) , namely, by use of the well-kno?m phosphine-

s i l v e r iodide complexes. I n a compound of t h i s type, f o r example 
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(HiPEt2)^AgI, the s i l v e r atom i s already bonded to a phosphine donor, 

and, by reaction with a G-rignard or organo-lithium reagent, i t was 

hoped that the required compound could be prepared:-

RLi + (HiPEt ) Agl •(PhPEt ) AgR + L i l 

( I ) 

The reactions were carried out i n tetrahydrofuran, ether, or 

tetrahydrofuran-ether mixtures, and involved the use of the phosphine-

s i l v e r iodide complex (FhEEt2)^(Agl)2 (which i s dealt with l a t e r i n t h i s 

work) with mesityl magnesium bromide, mesityl lit h i u m , s t y r y l magnesium 

bromide, methyl magnesium iodide, methyl lit h i u m , and cyclopentadienyl 

l i t h i u m , while i n one isolated case, reaction was attempted with 

cyclopentadienyl sodium i n ethanol-benzene mixture. The l a t t e r reaction 

may be considered separately from the remainder. 

I n general, a l l of these reactions were carried out at low 

temperature (*>» -60°C) and allowed to warm up slowly. The presence of 

organo-lithium or G-rignard reagent was investigated using Gilman Colour 

Test 1, and immediately t h i s test became negative,, indicating that the 

reagent had been used up i n some way, or at the f i r s t appearance of 

s i l v e r , due to thermal decomposition of the organo-silver compound, 

the reaction mixture was cooled down i n order to stop further decomposition, 

hydrolysed, and rapidly worked up. However, i n a l l reactions involving 

mesityl magnesium bromide, mesityl l i t h i u m , s t y r y l magnesium bromide, 

or cyclopentadienyl lit h i u m , large amounts of unreacted phosphine-

s i l v e r iodide complex were recovered, and only small amounts of s i l v e r 

produced, indicating that l i t t l e reaction had taken place, even i n 
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experiments carried out over prolonged periods of time ( 84 hours). 

I n the hope of speeding up the reactions, some were warmed up, and 

even refluxed, but, generally, l i t t l e increase i n the rate was noticed. 

This technique involved increased d i f f i c u l t i e s , i n that the rate of 

reaction of the organo-lithium or &rignard reagent with the solvent, 

p a r t i c u l a r l y with tetrahydrofuran, i s greatly increased with temperature, 

much of the reagents therefore being wasted, while working up was also 

complicated due to the presence of by-products from solvent attack. 
CĤ  

Indeed, the presence of one of these by-products, CH^^^^-(CH^)^ - CĤ OH, 

a viscous o i l , could be detected by i t s characteristic ^ sweet smell, 

during the working up of a l l reaction mixtures involving use of mesityl 

magnesium bromide or mesityl l i t h i u m with tetrahydrofuran. In order 

to compensate rapid loss of G-rignard or organo-lithium reagents by 

solvent attack, large excesses of these reagents were frequently used, 

but no improvement was found. 

In the hope that any organo-silver compound formed would be 

ad d i t i o n a l l y stabilised, excess of free phenyldiethylphosphine was used 

i n some reactions, with the additional advantage of increasing s o l u b i l i t y 

of the (RiEEt2)2(Agl)2, so that reaction could be carried out i n 

homogeneous solution, even at low temperature, where previously the 

complex had tended to precipitate. The presence of excess of the free 

phosphine complicated use of the G-ilman Colour Test 1, as excess of 

iodine must be added to oxidise the phosphine to phosphine oxide. IVhen 

t h i s was done, however, the test seemed f a r less r e l i a b l e than under 

normal conditions, only very pale colours being obtained even when a 
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large excess of Grignard was known to be present. 

Reaction of the complex (iPhl^t^^)-^(^sl)2 with methyl magnesium 

iodide and methyl lit h i u m , the l a t t e r i n the presence of excess of 

free FhPEt2, yielded veiy similar results, both reaction mixtures being 

rapidly cooled on the f i r s t appearance of metallic s i l v e r (at 30°C and 

7°C respectively) and both giving large recovery (90^+) of unreacted 

phosphine-silver iodide complex. This indicated that, although 

reaction had commenced, i t was immediately followed by thermal 

decomposition of any methyl-silver compound. Reaction of (FhPEt2)^(Agl)2 

with a twofold excess of methyl l i t h i u m , carried out e n t i r e l y at 0°C, 

led to rapid and extensive decomposition to s i l v e r , a metallic mirror 

being formed on the walls of the flask. I t thus appears that the 

presence of free phosphine i n the reaction mixture results either i n 

s l i g h t l y increased s t a b i l i t y of the organo-silver complex foimed, although 

not s u f f i c i e n t l y to allow i t s i s o l a t i o n , or i n decrease of r e a c t i v i t y 

of the phosphine-silver iodide complex towards methyl lithium. 

Attempted reaction between (HiPEt2)^(Agl)2 and cyclopentadienyl 

sodium i n ethanol-benzene mixture was carried out at room temperature 

and 50°C, but large recovery of st a r t i n g material was obtained i n each 

case. 

Recovery of sta r t i n g material, (PhPEt^),(Agl)2 

The only phenyldiethylphosphine-silver iodide complex reported 

i n the l i t e r a t u r e i s the tetrameric 1:1 complex ((HiPEt2) Agl) ̂, 

m.p. 138°-139°C, prepared by Cass, Coates, and Hayter?^ However, 

preparation of t h i s material, attempted by addition of excess of sil v e r 

iodide to the steam d i s t i l l a t e from a bulk preparation of 
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phenyldiethylphosphine, resulted i n the i s o l a t i o n of colourless crystals, 

m.p. 83°-84°C, which gave carbon and hydrogen analyses consistent with a 

formula of (HiFEt2)^(Agl)2. Further, during p u r i f i c a t i o n by 

r e c r y s t a l l i z a t i o n of material recovered from the preceding experiments, 

i t was observed that phenyldiethylphosphine was l o s t by the complex i n 

successive stages, a range of compositions, including that of the 1:1 

complex previously reported, being obtained:-

m.p. Composition 
Found Required 

m.p. Composition Carbon Hydrogen Carbon Hydrogen 

71°-72°C (HiPEt2)2 Agl 42.65̂  e.ofo 42.4^ 5.3?? 

83°-84°C (HiEEt^)^ (Agl)2 37.9?? 4.9^ k.7%' 

138°-139° HiEEtg Agl 23.6% 23.9% 3.7% 

200°C HiEEt^ (Agl) 2 19.9^ 2.6% 18.9^ 2.10c 

The f i r s t three were obtained as colourless crystals, while 

the l a s t was obtained as a white, insoluble powder, although i t was 

fr e e l y soluble i n solutions containing phenyldiethylphosphine. Solutions 

of the f i r s t three complexes usioally smelled of phenyldiethylphosphine, 

especially on warming, e q \ i i l i b r i a probably existing i n solution. As 

no molecular weight determinations were attempted l i t t l e evidence on 

these e q u i l i b r i a i s available, but since no si l v e r iodide was precipitated 

on r e c r y s t a l l i z a t i o n , they may be of the form:-

(a) 2(EhEEt2)2AgI ^==^ (RiEEt2)^(Agl)2 +. EhPEt2 

(b) (FhPEt2)3(Agl)2 2(HiPEt2)AgI + HiPEt2 

(c) 2(HiPEt2) Agl (HiPEt2)(Agl)2 + FhPEt2 
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The 1:1 complex formed as a result of dissociation of 

(PhPEt2)^(Agl)2 w i l l be tetrameric ((PhPEt2)Agl)^, as found by 

Cass et a l , while the complex (PhPEt2)AgI i s probably monomeric i n 

benzene, by analogy with the phenyldimethyl-silver iodide complex 

(PhPM92)2-A-Sl isolated by Cass et a l . 

The above workers fo;md that only one of the phosphines, 

viz (Me2CgH^PEt2), afforded both the tetrameric 1:1 complex and the 

monomeric 2:1 complex with s o l u b i l i t i e s and s t a b i l i t i e s adequate f o r 

molecular weight measurements, and i n no case obtained a 3:2 complex. 

B. Ethynyl silvei^phenyldiethylphosphine complexes 

I n direct contrast to the low s t a b i l i t y of a l k y l or ar y l 

s i l v e r compounds, even when complexed to a phosphine, the analogous 

s i l v e r acetylides, which are polymeric, insoluble compounds, give, i n 

some cases with phenyldiethylphosphine, c r y s t a l l i n e solids, soluble i n 

some organic solvents. (Related compoimds have previously been 

prepared. )''"̂  

Preparation of the complexes was carried out i n benzene or 

toluene solution:-

PhPEt2 + R-CEC-Ag R-C=C-Ag-(Ph)PEt2 

Only the complexes where R^phenyl, p-introphenyl, and t e r t i a r y 

b u t y l - were prepared. A l l were li g h t - s e n s i t i v e , decomposing to a dark 

o i l with a smell of free phenyldiethylphosphine. The phenyldiethyl

phosphine complex of p-nitrophenylethynyl s i l v e r was the most stable of 

the three to l i g h t and was obtained as yellow needles, while the t e r t i a r y 

butyl-ethynylsilver- and phenyl ethynylsilver- phenyldiethylphosphine 
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complexes were c o l o u r l e s s . 

The s t a b i l i t y o f t hese compounds i n s o l u t i o n appears t o depend 

on t h e n a t u r e o f t h e g r o u p R- a t t a c h e d t o t h e a c e t y l e n i c c a r b o n a tom, and , 

i n g e n e r a l , r e v e r s i b l e d i s s o c i a t i o n i s p o s s i b l e . T h i s t endency i s 

g r e a t e s t i n t h e case o f t h e t e r t i a i y b u t y l s i l v e r a c e t y l i d e - p h o s p h i n e 

complex ( C H ^ ) ^ C - C = C - A g - ( H i ) E E t 2 , and l e a s t i n t h e case o f t h e 

p h e n y l s t h y n y l s i l v e r - p h o s p h i n e complex PhC=C-Ag(Ph)EEt2. S o l u t i o n s o f 

t h e complexes p-N02C^H^C=CAg(Ph)EEt2 and (CHj )^C-C=C-Ag- (Ph)PEt2 s m e l l e d 

o f f r e e p h o s p h i n e , and e v e n t u a l l y became c l o u d y due t o r e v e r s i b l e 

d i s s o c i a t i o n and f o r m a t i o n o f t h e i n s o l u b l e a c e t y l i d e : -

R-CHC-Ag-(:ph)PEt2 , " R - C = C - A g | + PhPEt^ 

T h i s d i s s o c i a t i o n r e n d e r s p u r i f i c a t i o n d i f f i c u l t , as a t t e m p t e d 

r e c r y s t a l l i z a t i o n l e a d s t o t h e i s o l a t i o n , a l o n g w i t h t h e c r y s t a l l i n e 

complex , o f t r a c e s o f t h e i n s o l u b l e a c e t y l i d e . The f o r m a t i o n o f t he 

a c e t y l i d e can be i n h i b i t e d , b u t n o t c o m p l e t e l y e l i m i n a t e d , b y a d d i t i o n 

o f a l i t t l e f r e e p h e n y l d i e t h y I p h o s p h i n e t o the r e c r y s t a l l i z i n g s o l u t i o n . 

C o n s e q u e n t l y , f i g u r e s f o r a n a l y s e s were l o w i n c a r b o n due t o t h e presence 

o f f r e e a c e t y l i d e , t h i s d e f e c t , as m i g h t be e x p e c t e d , b e i n g g r e a t e s t i n 

t h e case o f t h e complex , (CH^)^C-C=C-Ag- (F ih ) l5 : t2 . 

C r y o s c o p i c measurements 

As a f u r t h e r r e s u l t o f t h e t endency t o d i s s o c i a t e i n s o l u t i o n , 

o n l y t h e p h e n y l e t h y n y l ( p h e n y l d i e t h y l p h o s p h i n e ) s i l v e r , Ph-C=C-Ag(Fh)PEt2 

c o u l d be s u c c e s s f u l l y u sed f o r a r e a s o n a b l y r e l i a b l e m o l e c u l a r w e i g h t 

d e t e r m i n a t i o n , and was f o u n d t o be d i m e r i c i n f r e e z i n g benzene . A t t e m p t s 

t o o b t a i n c r y o s c o p i c measurements on t h e o t h e r two complexes i n b o t h 
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n i t r o b e n z e n e and benzene were a l m o s t i m p o s s i b l e due t o t h e i r l a c k o f 

s t a b i l i t y i n b o t h m e d i a . 

One o f t h e m a i n o b s t a c l e s i n t h e use o f t h e p -N02CgH^C£CAg(Ph)PEt2 

c o m p l e x was t h e d i f f i c u l t y i n mak ing up a s o l u t i o n o f reasonablie s t r e n g t h , 

as d i s s o c i a t i o n t e n d e d t o s e t i n b e f o r e s o l u t i o n was c o m p l e t e . 

A c c o r d i n g l y , f o u r v e r y d i l u t e s o l u t i o n s ( - ^ 0 . 0 1 m o l a r ) o f t h e complex 

were made up i n benzene , and u sed i m m e d i a t e l y t o m i n i m i s e d i s s o c i a t i o n . 

However t h e a p p a r e n t m o l e c u l a r w e i g h t s i n s o l u t i o n s o f a p p r o x i m a t e l y 

e q u a l s t r e n g t h were f o u n d t o v a r y c o n s i d e r a b l y , g i v i n g v a l u e s o f 414; 

465; 604; 297* These r e s u l t s may i n d i c a t e t h a t t h e complex ( E m p i r i c a l 

M.W. = 420) m i g h t be monomeric i n benzene s o l u t i o n , b u t t h e s o l u t i o n s are 

so d i l u t e , and t h e r e s u l t s so d i v e r s e , t h a t l i t t l e r e l i a n c e may be 

p l a c e d upon them. 

As m e n t i o n e d p r e v i o u s l y , s t a b i l i t y o f t h e p-N02-CgH^C=C-Ag(Ph)PEt2 

c o m p l e x i n s o l u t i o n i s enhanced b y t h e presence o f f r e e p h o s p h i n e , and 

i n t h e hope t h a t more i n f o r m a t i o n on t h e m o l e c u l a r w e i g h t o f t he complex 

m i g h t be o b t a i n e d , t h e f r e e z i n g p o i n t s o f s o l u t i o n s o f t h e complex i n 

b e n z e n e , i n t h e p resence o f a known amount o f f r e e p h e n y l d i e t h y l p h o s p h i n e 

were d e t e r m i n e d . A s o l u t i o n o f p h e n y l d i e t h y l p h o s p h i n e ( l . O m l ) i n 

benzene ( lOO m l ) was made up a c c u r a t e l y , and u sed t o d i s s o l v e t h e 

p - N 0 2 C g H ^ - C £ C - A g ( P h ) P E t 2 c o m p l e x , o n l y weak s o l u t i o n s b e i n g o b t a i n e d . 

See T a b l e 1 on f o l l o w i n g page . 

The f r e e z i n g p o i n t d e p r e s s i o n o f t h e s o l u t i o n s c o n t a i n i n g t h e 

pN02-CgH^C=C-Ag(Ph)PEt2 complex o v e r t h a t c o n t a i n i n g t h e f r e e phosph ine 

a l o n e i s much l e s s t h a n e x p e c t e d i f s i m p l e s o l u t i o n was t a l d n g p l a c e . 
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The r e s u l t s w o u l d appear t o c o r r e s p o n d t o a p h o s p h i n e : a c e t y l i d e m o l a r 

r a t i o o f j u s t l e s s t h a n 2:1 i . e . i f i t was (PhPEt2)2Ag-CsC-CgH^-N02 

i n s o l u t i o n , t h e r e w o u l d be no change i n the number o f m o l e c u l e s ' p r e s e n t 

i n t h e s o l u t i o n , and w o u l d t h e r e f o r e be no a d d i t i o n a l f r e e z i n g p o i n t 

d e p r e s s i o n . 

C o n s e q u e n t l y , t o o b t a i n more i n f o r m a t i o n on the p o s s i b i l i t y 

o f a d d i t i o n a l p h o s p h i n e - a c e t y l i d e c o - o r d i n a t i o n i n s o l u t i o n , a s e r i e s o f 

f r e e z i n g p o i n t d e t e n n i n a t i o n s was c a r r i e d o u t u s i n g s o l u t i o n s i n w h i c h 

t h e p h o s p h i n e : complex r a t i o was g r a d u a l l y i n c r e a s e d : - See T a b l e 2 on 

p r e v i o u s p a g e . , 

The r e s u l t s t h u s o b t a i n e d are o b v i o u s l y n o t due t o s i m p l e 

s o l u t i o n o f t h e a c e t y l i d e - p h o s p h i n e complex i n t h e phosphine-benzene 

s o l v e n t ; n o r t o any s i m p l e i n c r e a s e i n t h e r a t i o o f moles o f phosph ine 

c o n r p l e x i n g t o one mole o f a c e t y l i d e . I n d e e d , t h e r e s u l t s w o u l d appear 

t o d e f y a r e a s o n a b l y s i m p l e i n t e r p r e t a t i o n . 

I n f r a - r e d measurements 

The C5C s t r e t c h i n g f r e q u e n c y shows up s t r o n g l y i n t h e i n f r a - r e d 

a b s o r p t i o n s p e c t r u m o f n o n - s y m m e t r i c a l l y s u b s t i t u t e d a c e t y l e n i c compounds,, 

u s u a l l y i n t h e r e g i o n 2000-2300 cm."*" Compar ison o f t h e p o s i t i o n o f t h i s 

a b s o r p t i o n band i n t h e s p e c t r u m o f a m e t a l a c e t y l i d e , e . g . p-N02-CgH^-C=CAg, 

and t h e c o r r e s p o n d i n g p - n i t r o p h e n y l e t h y n y l s i l v e r - p h o s p h i n e complex , 

e . g . p -N02-CgH^-CsC-Ag(Ph)PEt2 , shows a s h i f t t o w a r d s a h i g h e r f r e q u e n c y 

i n t h e case o f t h e p h o s p h i n e c o m p l e x . F o r example , i n t h e case o f t h e 

l a t t e r compounds, t h e s h i f t i s f r o m 2042 cm""'' t o 2070 cmT"^ I t m i g h t be 

e x p e c t e d t h a t i f c o - o r d i n a t i o n t o o k p l a c e be tween a s i l v e r a c e t y l i d e -

p h o s p h i n e c o m p l e x and a d d i t i o n a l m o l e c u l e s o f f r e e phosph ine i n s o l u t i o n , 
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t h e n t h e a b s o r p t i o n b a n d may be moved t o an even h i g h e r f r e q u e n c y . 

T h e r e f o r e , i n an a t t e m p t t o e x p l a i n t h e anomalous o r y o s c o p i c d a t a , 

a s e r i e s o f s o l u t i o n s o f t h e p-N02-CgH^-C=C-Ag(Ph)PEt2 complex i n 

b e n z e n e , w i t h v a r y i n g known amounts o f f r e e p h e n y l d i e t h y I p h o sph ine 

p r e s e n t was made u p , and t h e p o s i t i o n o f t h e C=C s t r e t c h i n g f r e q u e n c y 

d e t e r m i n e d a c c u r a t e l y i n each c a s e : -

Moles PhPEtg 
(Pure Benzene) 0 0 .57 1.16 1.93 2.88 3.86 

Moles complex 
(Pure Benzene) 0 0 .57 1.16 1.93 2.88 3.86 

CHC 
s t r e t c h i n g 
f r e q u e n c y 

2095~cm 2095~cm 2095"cm 2095"cm 2095"cm 2095~cm 

I t i s i m m e d i a t e l y o b v i o u s t h a t v a r i a t i o n o f c o n c e n t r a t i o n o f f r e e 

p h e n y l d i e t h y l p h o s p h i n e i n t h e s o l u t i o n has no e f f e c t on t h e C=C s t r e t c h i n g 

f r e q u e n c y , no l i g h t b e i n g t h r o w n on t h e p o s s i b l e a d d i t i o n a l c o - o r d i n a t i o n 

o f p h o s p h i n e w i t h t h e p - n i t r o p h e n y l e t h y n y l ( p h e n y l d i e t h y l p h o s p h i n e ) - s i l v e r , 

e x c e p t t h a t , i f i t does t a k e p l a c e , t h e e f f e c t i s v e r y much l e s s t h a n t h a t 

o f t h e m o l e c u l e o f p h o s p h i n e o r i g i n a l l y c o - o r d i n a t e d . I t may be n o t e d 

t h a t t h e f r e q u e n c y o b t a i n e d i n benzene s o l u t i o n (2095 cm) i s a p p r e c i a b l y 

d i f f e r e n t f r o m t h a t o b t a i n e d f r o m t h e s o l i d p-N02-CgHj^-C=CAgPhPEt2 i n a 

p o t a s s i u m b r o m i d e d i s c (2070 c m ) . 
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ORGAMC DERIVATIVES Og COPPER 
EXPBRItJBNTAL 

T h r o u g h o u t t h i s w o r k , s t i r r i n g o f cup rous h a l i d e suspens ions 

was e f f e c t e d w i t h a t a n t a l u m w i r e H e r s h b e r g s t i r r e r . A l l s o l v e n t s used 

were c a r e f u l l y p u r i f i e d and s t o r e d o v e r m o l e c u l a r s i e v e . 

P r e p a r a t i o n o f P h e n y l Copper 

1 . F rom c u p r o u s i o d i d e and p h e n y l magnesium i o d i d e 

Magnesium t u r n i n g s ( l . 4 g , 0 .0576 m o l e s ) and iodobenzene 

( l 0 . 2 g , 0 . 0 5 m o l e s ) were u sed i n e t h e r (50 m i s ) t o make p h e n y l magnesium 

i o d i d e ( 0 . 0 4 9 m o l e s , 9 8 ^ y i e l d ) . A f t e r f i l t r a t i o n t h r o u g h a g l a s s w o o l 

p l u g and e s t i m a t i o n , t h e t r a n s p a r e n t l i g h t b rown s o l u t i o n was t r a n s f e r r e d 

t o a 250 m l , t h r e e - n e c k e d f l a s k , and c o o l e d t o 0°C i n an i c e - w a t e r b a t h 

b e f o r e a d d i t i o n o f c u p r o u s i o d i d e ( 8 g , 0 .042 m o l e s ) , t h e m i x t u r e b e i n g 

s t i r r e d v i g o r o u s l y w i t h a H e r s h b e r g s t i r r e r . S t i r r i n g was c o n t i n u e d f o r 

5 h o u r s a t 0 ° C , t h e c o l o u r c h a n g i n g f r o m d a r k b rown t o d a r k g r e e n , a l i t t l e 

u n r e a c t e d c u p r o u s i o d i d e b e i n g p r e s e n t t h r o u g h o u t . On a l l o w i n g t h e s o l u t i o n 

t o s e t t l e , a l i g h t c o l o u r e d p r e c i p i t a t e , p h e n y l c o p p e r , was obse rved 

above t h e h e a v i e r c u p r o u s i o d i d e . The p h e n y l coppe r was c a r e f u l l y 

d e c a n t e d f r o m t h e u n r e a c t e d h a l i d e and f i l t e r e d as a p a l e g r e y s o l i d on 

a s i n t e r e d g l a s s d i s c (Crade 3 ) , b e i n g washed s e v e r a l t i m e s w i t h e t h e r . 

The w a s h i n g s gave a n e g a t i v e r e s u l t t o Cilmem C o l o u r T e s t 1 . The s o l i d , 

as a s l u r r y w e t w i t h e t h e r , was t h e n used f o r t e s t s o r r e a c t i o n s w i t h 

d o n o r m o l e c u l e s . 

Excess o f p h e n y l magnesium i o d i d e was p r e s e n t i n t he r e a c t i o n 

m i x t u r e t h r o u g h o u t . The p r o d u c t a lways gave a n e g a t i v e c o l o u r t e s t f o r 

G-r ignard and a p o s i t i v e B e i l s t e i n t e s t f o r h a l o g e n . 
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2. From cup rous i o d i d e and p h e n y l l i t l i i u m 

L i t h i u m s h o t ( l . 6 g , 0.23 m o l e s ) and bromobenzene (l5.7g, 

0.1 m o l e s ) were u s e d t o p r e p a r e p h e n y l l i t h i i i m (0.0936 m o l e s , 93.6^ 

y i e l d ) i n e t h e r (90 m i s ) , a t room t e m p e r a t u i ^ and a l l o w e d t o r e f l i i x . 

A f t e r f i l t r a t i o n t h r o u g h a g l a s s w o o l p l u g , t h e p h e n y l l i t h i u m s o l u t i o n 

was a l l o w e d t o s e t t l e f o r a f e w h o u r s b e f o r e e s t i m a t i o n , g i v i n g a c l e a r 

r e d s o l u t i o n . T h i s s o l u t i o n was t h e n added o v e r 30 m i n u t e s t o a 

w e l l s t i r r e d s u s p e n s i o n o f anhydrous cup rous i o d i d e (l6.1g, 0.085 mo le s ) 

i n e t h e r (50 m i s ) , p r e v i o u s l y c o o l e d t o 0°C, i n a 500 m l , t h r e e - n e c k e d 

f l a s k . D u r i n g t h e a d d i t i o n , t h e c o l o u r o f t h e m i x t u r e changed f r o m 

w h i t e , t h r o u g h y e l l o w and m u s t a r d , t o d a r k g r e e n , b e i n g s t i r r e d a t 0°C 

f o r a d d i t i o n a l p e r i o d s o f f r o m 4 h o u r s t o 24 h o u r s . On s e t t l i n g , a l i g h t 

c o l o u r e d s o l i d was o b s e r v e d , w h i l e u n r e a c t e d cuprous i o d i d e remained i n 

some c a s e s , p r o b a b l y due t o c o a t i n g b y t h e p r o d u c t . I n many cases , 

e s p e c i a l l y t hose s t i r r e d f o r l o n g e r p e r i o d s , m e t a l l i c c o p p e r was o b s e r v e d 

as a t h i n r e d - b r o w n d e p o s i t on p a r t s o f t h e f l a s k . The m i x t u r e was 

f i l t e r e d , t h e p h e n y l c o p p e r a p p e a r i n g as a p a l e c o l o u r e d g r e y , g r e e n , 

y e l l o w o r p i n k powder on t h e s i n t e r e d g l a s s d i s c . I t was washed 

r e p e a t e d l y w i t h e t h e r , b e i n g s t i r r e d w i t h a g l a s s r o d d u r i n g each washdLng. 

The f i l t r a t e was a l w a y s a r e d o r r e d - b r o w n c o l o u r , o f t e n b e i n g 

f l u o r e s c e n t , i n v a r i a b l y d e p o s i t i n g m e t a l l i c coppe r on s t a n d i n g and g i v i n g 

a p o s i t i v e t e s t f o r p h e n y l l i t h i u m ( & i l m a n C o l o u r T e s t l ) . The s o l i d 

was pumped d r y on t h e h i g h vacuum pump and w e i g h e d , b e i n g r e a d y f o r use 

i n subsequen t r e a c t i o n s . Y i e l d s were o f t he o r d e r o f 85^90?^. 
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As m e n t i o n e d p r e v i o u s l y , u n r e a c t e d cup rous i o d i d e remained i n 

some c a s e s , b u t t h e m a j o r i t y o f t h i s c o u l d be l e f t i n t h e r e a c t i o n f l a s k 

b y d e c a n t a t i o n . I t i s n o t s u r p r i s i n g , t h e r e f o r e , t h a t t h e p r o d u c t 

a l w a y s c o n t a i n e d some h a l o g e n . I n some cases , however , no i o d i n e c o u l d 

be d e t e c t e d i n t h e p r o d u c t , w h i l e & i l m a n C o l o u r T e s t 1 was a lways n e g a t i v e . 

P u r i t y o f t h e samples v a r i e d c o n s i d e r a b l y ; some c o u l d be w e i g h e d 

i n a i r w i t h l i t t l e a p p a r e n t change , w h i l e o t h e r s g lowed r e d - h o t when 

e x p o s e d . 

A sample o f p h e n y l c o p p e r was h e a t e d i n a c o l d f i n g e r appa ra tu s 

i n an o i l b a t h , a t a p r e s s u r e o f 0.04 mm m e r c u r y , and decomposed s u d d e n l y 

above 8 0 ° C , l e a v i n g a c o p p e r m i r r o r , w h i l e b i p h e n y l , m . p . 69-71°C, 

s u b l i m e d . 

P r e p a r a t i o n o f L i t h i u m D i p h e n y l Copper ( l ) , la" ' ' (CuPh^) 

Cuprous i o d i d e (6g, O.O316 m o l e s ) was added t o a s o l u t i o n o f 

p h e n y l l i t h i u m (O.I263 m o l e s ) i n e t h e r ( l l O m i s ) a t 0°C, i n a 250 m l 

t h r e e - n e c k e d f l a s k , w i t h r a p i d s t i r r i n g , t h e v e r y d a r k c o l o u r o f t h e 

s o l u t i o n m a k i n g o b s e r v a t i o n d i f f i c u l t . S t i r r i n g was c o n t i n u e d f o r 

p e r i o d s o f 1-g- h o u r s and 12 h o u r s a t 0°C i n two cases , and f o r 12 h o u r s 

a t room t e m p e r a t u r e i n a n o t h e r . S m a l l p o r t i o n s (2 m l ) o f t h e s o l u t i o n 

were t e s t e d f o r t h e p r e s e n c e o f w a t e r - i n s o l u b l e i o d i d e ( i . e . cuprous 

i o d i d e ) a t i n t e r v a l s t h r o u g h o u t t h e p r e p a r a t i o n , b e i n g p o s i t i v e i n 

e v e r y c a s e , as was G-ilman C o l o u r T e s t 1. 

I n one i n s t a n c e , b e f o r e r e a c t i o n w i t h donor m o l e c u l e s , t h e 

w h o l e s o l u t i o n was f i l t e r e d t o remove any \ i n r e a c t e d cuprous i o d i d e , w h i l e 

i n a n o t h e r c a s e , e t h y l a c e t a t e was added t o t h e s o l u t i o n a t OOQ t o remove 
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excess p h e n y l l i t h i \ i r a and l e a v e t h e p h e n y l c o p p e r f r e e f o r subsequent 

r e a c t i o n w i t h donor m o l e c u l e s : -

f a 

2 L i ' ' ' ( C u P h ^ ) " + CH^COOEt » CH^COId + L i O E t + 2PhCu 

T h i s r e a c t i o n t o o k p l a c e so v i g o r o u s l y , however , t h a t abou t 

h a l f o f t h e s o l u t i o n was l o s t b y b o i l i n g o v e r . 

P r e p a r a t i o n o f M e s i t y l Copper 

M e s i t y l c o p p e r was made b y r e a c t i o n o f m e s i t y l magnesium 

b r o m i d e and cup rous i o d i d e i n t e t r a h y d r o f u r a n - e t h e r m i x t u r e . The 

p r e p a r a t i o n was a l s o a t t e n r p t e d u s i n g m e s i t y l l i t h i u m i n t e t r a h y d r o f u r a n . 

a . P r e p a r a t i o n o f M e s i t y l Magnesium Bromide 

M e s i t y l magnesii im b romide (0.0447 m o l e s , 89.6^ y i e l d ) was 

p r e p a r e d f r o m magnesitim t u r n i n g s ( l . 4 g , 0.057^ m o l e s ) and b r o m o m e s i t y l e n e 

(9«93g> 0.0499 m o l e s ) i n a m i x t u r e o f e t h e r (50 m i s ) and t e t r a h y d r o f u r a n 

(30 m i s ) , b e i n g i n i t i a t e d a t room t e m p e r a t u r e w i t h e t h y l e n e b r o m i d e , and 

a l l o w e d t o r e f l u x . From t h e f i r s t . t w o p r e p a r a t i o n s , t r a n s p a r e n t , r e d -

b r o w n s o l u t i o n s were o b t a i n e d a f t e r f i l t r a t i o n t h r o u g h a p l u g o f g l a s s w o o l . 

M e s i t y l c o p p e r was s u c c e s s f u l l y p r e p a r e d f r o m t he se s o l u t i o n s . Numerous 

subsequen t p r e p a r a t i o n s , u s i n g nev; b a t c h e s o f t e t r a h y d r o f u r a n , b romo

m e s i t y l e n e , and magnesium m e t a l , y i e l d e d a b u f f c o l o u r e d s o l u t i o n , w h i c h 

w o u l d n o t g i v e m e s i t y l c o p p e r , a l t h o u g h i t gave m e s i t y l e n e c a r b o x y l i c 

a c i d , m . p . 152°C, i n 74^ y i e l d , when c a r b o n a t e d b y p o u r i n g on t o a d r y 

i c e - e t h e r s l u r r y . The p r e p a r a t i o n o f m e s i t y l c o p p e r , was however 

e v e n t u a l l y r e p e a t e d and i t was d i s c o v e r e d t h a t t h e s u c c e s s f u l p r e p a r a t i o n s 

u s e d b r o m o m e s i t y l e n e w h i c h had been made f r o m m e s i t y l e n e s u p p l i e d b y 

L . L i g h t & Co., P a y l e T r a d i n g E s t a t e , C o l n b r o o k , B u c k s . , w h i l e t he 

u n s u c c e s s f u l p r e p a r a t i o n s were a t t e n ^ i t e d u s i n g two d i f f e r e n t b a t c h e s o f 
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b r o m o m e s i t y l e n e f r o m a n o t h e r s o u r c e . 

b . P r e p a r a t i o n o f M e s i t y l L i t h i u m i n t e t r a h y d r o f u r a n 

L i t h i u m s h o t (0.9g, 0 .128 m o l e s ) i n t e t r a h y d r o f u r a n (5O m i s ) 

was u s e d w i t h a s o l u t i o n o f b r o m o m e s i t y l e n e (9.95g, 0.05 mo le s ) i n -

t e t r a h y d r o f u r a n (50 m i s ) t o p r e p a r e m e s i t y l l i t h i i i m as a deep r e d s o l u t i o n , 

t h e r e a c t i o n b e i n g i n i t i a t e d a t room t e m p e r a t u r e . The a d d i t i o n o f a r y l 

h a l i d e was c a r r i e d o u t a t -60°C o r -30°C o v e r p e r i o d s o f f r o m one t o t h r e e 

h o u r s , s t i r r i n g b e i n g c o n t i n u e d f o r a f u r t h e r l | - hou r s t o ensure c o m p l e t i o n 

o f t h e r e a c t i o n . Y i e l d s v a r i e d f r o m kB% t o 96%, i n c r e a s i n g i n p r o p o r t i o n 

t o t h e t i m e o f r e a c t i o n . The c o o l i n g b a t h had t o be removed a t i n t e r v a l s 

t o e n s u r e t h a t t h e r e a c t i o n was p r o c e e d i n g . 

c . R e a c t i o n o f c u p r o u s i o d i d e w i t h m e s i t y l magnesium b romide 

The deep r e d - b r o w n s o l u t i o n o f m e s i t y l magnesium bromide 

(0.036 m o l e s ) i n t e t r a h y d r o f u r a n - e t h e r m i x t u r e , was added t o a w e l l s t i r r e d 

s u s p e n s i o n o f c u p r o u s i o d i d e (6g, O.O316 m o l e s ) i n e t h e r (30 m i s ) , 

p r e v i o u s l y c o o l e d t o 0°C, i n a 500 m l f l a s k . The c o l o u r o f t h e m i x t u r e 

changed s l o w l y f r o m p a l e g r e e n i s h - b r o w n t o v e r y d a r k g r e e n . A t t h i s 

s t a g e , Ci lmein C o l o u r T e s t 1 was p o s i t i v e . S t i r r i n g was c o n t i n u e d f o r 

30 m i n u t e s i n one c a s e , and o v e r n i g h t i n o t h e r s , b e f o r e f i l t e r i n g t h r o u g h 

a s i n t e r e d g l a s s d i s c (&rade 3), a- g r e y o r w h i t e s o l i d , and a deep g reen 

f i l t r a t e b e i n g o b t a i n e d . The s o l i d was washed w i t h e t h e r u n t i l t h e 

w a s h i n g s were c o l o u r l e s s , and t h e s o l i d examined . I t was f o u n d t o c o n t a i n 

magnes ium, i o d i n e and a s m a l l amount o f c o p p e r . On a l l o w i n g a l i t t l e o f 

t h i s s o l i d t o s t a n d i n a i r , o r on h y d r o l y s i s o f a s m a l l sample , a s m e l l 

o f t e t r a h y d r o f u r a n was n o t i c e d , t o g e t h e r w i t h a sweet s m e l l , o f t e n n o t i c e d 

a f t e r use o f m e s i t y l l i t h i u m o r m e s i t y l magnesixim b romide i n t e t r a h y d r o f u r a n , 
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CH, 

and t h o u g h t t o b e : - CH. 

f o r m e d b y r e a c t i o n o f 

compound w i t h t e t r a h y d r o f u r a n : -

CH2CH2CH2CH2OH. T h i s w o u l d be 

t h e G-r ignard o r o r g a n o - l i t h i u m 

C H ; ^ C H ^ 

I ' I ' 
CH y^H^ 

0 

f 2 - f 2 

^?2 ^ ^ 2 — 0 ' " 3 
O L i W~ 

CH, 

H2O 

C H ^ \ _ / — C H 2 C H 2 C H 2 C H 2 O H + LLOH 

The b e h a v i o u r o f t h e s o l i d i s t h e r e f o r e c o n s i s t e n t w i t h t h a t 

o f a m i x t u r e c o n t a i n i n g magnesium h a l i d e - t e t r a h y d r o f u r a n complexes and 

u n r e a c t e d c u p r o u s i o d i d e . 

The deep g r e e n f i l t r a t e was t h e r e f o r e a n a l y s e d f o r c o p p e r : -

Two samples ( l O m i s ) o f t h e s o l u t i o n ( t o t a l volume = 194 m i s ) 

were w i t h d r a w n , t h e s o l v e n t pumped o f f , and t h e coppe r e s t i m a t e d as cuprous 

t h i o c y a n a t e : -

W e i g h t o f Moles o f copper T o t a l Moles 
CuSCN p e r 10 mis o f copper 

s o l u t i o n i n s o l u t i o n 

0.1272g 1.047 X 10"^ 0.0205 

0.1274g 1.048 X 10"^ 0.0205 

I t was t h u s shown t h a t 64.2^ o f t h e t o t a l copper u s e d was p r e s e n t 

i n t h i s deep g r e e n o r g a n i c s o l u t i o n . 
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The s o l v e n t was pumped o f f u n d e r h i g h vacuum, the 

t e t r a h y d r o f u r a n b e i n g r e l u c t a n t t o do so i n t h e l a t e r s t a g e s , as i t was 

p r o b a b l y b e i n g h e l d i n a complex w i t h magnesium h a l i d e s , l e a v i n g a t a c k y 

d a r k g r e e n , a l m o s t b l a c k , mass. T h i s was i n v e s t i g a t e d : -

1 . I t b u r n e d on a n i c k e l s p a t u l a w i t h a s t r i k i n g l y a r o m a t i c f l a m e , • 

a l s o g i v i n g a g r e e n c o p p e r c o l o u r . A r e d - b r o w n r e s i d u e , p r o b a b l y o f 

c u p r o u s o x i d e , was o b t a i n e d . 

2 . A s m a l l amount was d i s s o l v e d i n benzene , b e i n g f r e e l y s o l u b l e . 

On a d d i t i o n o f a f e w d r o p s o f w a t e r , i t was s l o w l y h y d r o l y s e d , -a y e l l o w i s h 

p r e c i p i t a t e b e i n g o b t a i n e d . T h i s was f i l t e r e d , washed, pumped d r y , and an 

X - r a y powder p h o t o g r a p h t a k e n . Compar ison o f t h i s w i t h a s i m i l a r 

p h o t o g r a p h o f c u p r o u s o x i d e showed t h e two t o be i d e n t i c a l . , The 

c o l o u r l e s s f i l t r a t e f r o m t h i s h y d r o l y s i s c o n t a i n e d magnesium, w h i c h c o u l d 

be p r e c i p i t a t e d as i t s h y d r o x i d e , w h i c h d i s s o l v e d i n ammonia. 

3 . A f u r t h e r sample was h e a t e d i n a c o l d f i n g e r appa ra tu s u n d e r 

h i g h vacuum t o an o i l b a t h t e m p e r a t u r e o f 1 9 0 ° C , a c o l o u r l e s s l i q u i d 

d i s t i l l i n g o f f t o l e a v e a r e d - b r o v m m e t a l l i c l o o k i n g r e s i d u e , c o n t a i i n i n g 

c o p p e r and magnesium. An X - r a y powder p h o t o g r a p h , u s i n g copper K ot 

r a d i a t i o n , was p e r f o r m e d on a sample o f t h i s m a t e r i a l , and compared w i t h 

a p h o t o g r a p h o f p r e c i p i t a t e d c o p p e r - see T a b l e on o p p o s i t e p a g e . 

O n l y t h e bands f r o m t h e copper p h o t o g r a p h c o i n c i d i n g w i t h those i n 

t h e d e c o m p o s i t i o n p r o d u c t a re shown, b u t t hese i n c l u d e a l l o f t h e s t r o n g 

bands o f c o p p e r , t h e e x t r a l i n e s no doub t b e i n g due t o t h e p resence o f 

magnesium h a l i d e s . 

V e r y l i t t l e o f t h e c o l o u r l e s s s w e e t - s m e l l i n g d i s t i l l a t e was 
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i s o l a t e d , and a n i n f r a - r e d spec t rum p e r f o r m e d on i t . The spec t rum 

r e s e m b l e d t h a t o f m e s i t y l e n e , b u t c o n t a i n e d a s t r o n g OH s t r e t c h i n g 

f r e q u e n c y a t 3390 cm"''". I t was t h o u g h t t o be a m i x t u r e o f m e s i t y l e n e 

a n d t h e r e a c t i o n p r o d u c t o f m e s i t y l magnesium b r o m i d e w i t h t e t r a h y d r o f u r a n , 
CH 

n a m e l y : - ^ ^ ^^^^ ) - OH ^ ^ ^ ^ ^ ^ > i n f r a r e d spec t rum was 
^ 5 ^ v-.2y^ 

CH3 

f o u n d t o be i d e n t i c a l t o t h a t o f a p r o d u c t i s o l a t e d b y o t h e r w o r k e r s i n 

t h i s d e p a r t m e n t a f t e r use o f m e s i t y l magnesium b romide i n t e t r a h y d r o f u r a n . 

The b u l k o f t h e deep g r e e n s o l i d was t h e n t a k e n up i n benzene 

(30 m i s ) , and hexane (20 m i s ) was added t o reduce s o l u b i l i t y o f magnesium 

h a l i d e - t e t r a h y d r o f u r a n complexes . The l i q u i d was decan ted o f f , t he 

s m a l l amount o f d a r k r e s i d u e b e i n g washed w i t h benzene-hexane m i x t u r e 

(10 m i s ) , and t h e s o l v e n t s pumped o f f a t room t e m p e r a t u r e , t h e d a r k 

g r e e n s o l i d b e i n g used f o r r e a c t i o n w i t h dono r m o l e c u l e s . 

As m e n t i o n e d p r e v i o u s l y , t h e r e a c t i o n succeeded o n l y when t h e 

G- r ignard r e a g e n t was p r e p a r e d u s i n g t h e b r o m o m e s i t y l e n e made f r o m m e s i t y l e n e 

s u p p l i e d b y L . L i g h t & C o . , IP&jle T r a d i n g E s t a t e , C o l n b r o o k , Bucks , I n 

t h e o t h e r a t t e m p t s , no r e a c t i o n w i t h cup rous i o d i d e t o o k p l a c e : -

M e s i t y l magnesium b r o m i d e (O.O5I8 m o l e s ) i n t e t r a h y d r o f u r a n -

e t h e r m i x t u r e ( lOO rals) was added t o a su spens ion o f cuprous i o d i d e 

(6g, 0.0316 m o l e s ) i n e t h e r (5O rals) e x a c t l y a s p r e v i o u s l y , no r e a c t i o n 

t a k i n g p l a c e , even a f t e r s t i r r i n g a t room t e m p e r a t u r e f o r two days , a t 

w h i c h s t age & i l m a n C o l o u r T e s t 1 was s t i l l s l i g h t l y p o s i t i v e . I t was 

t h e r e f o r e f i l t e r e d a n d t h e p a l e r e s i d u e washed w i t h t e t r a h y d r o f u r a n - e t h e r 

m i x t u r e , t h e w a s h i n g s c o n t a i n i n g i o d i n e , p r e sumab ly f o r m e d b y o x i d a t i o n 
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o f c u p r o u s i o d i d e . The p a l e s o l i d was d r i e d and we ighed (5g) b e i n g 

s o l u b l e i n s t r o n g p o t a s s i u m i o d i d e s o l u t i o n . T h i s was o b v i o u s l y 

cup rous i o d i d e and had t h e r e f o r e been a t l e a s t 83^ u n r e a c t e d . 

D e s p i t e r i g o r o u s p r e c a u t i o n s t o ensure t h a t a l l r e a c t a n t s and 

s o l v e n t s were pure and d r y , t h e p r e p a r a t i o n o f m e s i t y l copper c o u l d 

n o t be r e p e a t e d u s i n g t h i s b r o m o m e s i t y l e n e . 

M e s i t y l magnesium b romide ( O . I O mo le s ) p r e p a r e d f r o m t h i s 

b r o m o m e s i t y l e n e , gave m e s i t y l e n e c a r b o x y l i c a c i d , p . p . 152° (l2g, 

74.2^ y i e l d ) . 

The p r o d u c t i o n o f i o d i n e d u r i n g w o r k i n g up o f these r e a c t i o n 

m i x t u r e s was v e r y s t r a n g e , b u t w o u l d be e x p l a i n e d b y t h e presence o f 

p e r o x i d e s i n t h e t e t r a h y d r o f u r a n . However, one r e a c t i o n was c a r r i e d 

o u t i n w h i c h a l l t e t r a h y d r o f u r a n used was d i s t i l l e d f r o m p o t a s s i u m 

d i p h e n y l k e t y l , K"*" 0-CFh2J d i r e c t l y i n t o t h e r e a c t i o n f l a s k , b e f o r e 

p r e p a r a t i o n o f t h e G r i g n a r d s o l u t i o n . However, t h i s d i d n o t a l t e r 

t h e c o u r s e o f t h e r e a c t i o n . The o r i g i n a l c u p r o u s i o d i d e was t e s t e d 

f o r p o s s i b l e c o n t a m i n a t i o n b y c u p r i c i o d i d e , w h i c h w o u l d decompose 

t o g i v e c u p r o u s i o d i d e and i o d i n e , b y s i m p l y a d d i n g w a t e r , no change 

b e i n g a p p a r e n t . 

d . R e a c t i o n be tween c u p r o u s i o d i d e and m e s i t y l l i t h i u m and subsequent 

r e a c t i o n w i t h t r i p h e n y I p h o s p h i n e 

A l l r e a c t i o n s o f t h i s t y p e were c a r r i e d o u t u s i n g t h e b a t c h e s 

o f b r o m o m e s i t y l e n e w h i c h were u n s u c c e s s f u l l y used i n the a t t e m p t e d 

p r e p a r a t i o n s o f m e s i t y l coppe r f r o m cuprous i o d i d e and m e s i t y l 

magnesium b r o m i d e . 
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( i ) M e s i t y l l i t h i u m (O.O36 m o l e s ) i n t e t r a h y d r o f u r a n ( lOO m i s ) , 

was added w i t h v i g o r o u s s t i r r i n g t o a s u s p e n s i o n o f cuprous i o d i d e 

(6g, 0.0316 m o l e s ) i n e t h e r (50 m i s ) , a t 0°C, t h e a d d i t i o n t a k i n g 1 h o u r . 

On a l l o w i n g t o s t a n d f o r 1 h o u r , a d a r k d e p o s i t s e t t l e d o u t f r o m the 

deep r e d s o l u t i o n , and i n a d d i t i o n , a s m a l l d e p o s i t o f m e t a l l i c copper 

had f o r m e d where the m e s i t y l l i t h i u m s o l u t i o n had made d i r e c t c o n t a c t 

w i t h t h e f l a s k b e l o w t h e d r o p p i n g f u n n e l . The s o l u t i o n was f i l t e r e d 

t h r o u g h a s i n t e r e d g l a s s d i s c (&rade 3)> g i v i n g a d a r k - c o l o u r e d , i n o r g a n i c , 

c o p p e r - c o n t a i n i n g r e s i d u e , and a r e d f i l t r a t e . To t h e f i l t r a t e , was 

added a s o l u t i o n o f t r i p h e n y l p h o s p h i n e (8.3g, 0.O316 m o l e s ) . A f t e r 

s t a n d i n g o v e r n i g h t , t h e s o l v e n t was removed i n vacuo , l e a v i n g a b l a c k , 

s t i c k y r e s i d u e . Benzene ( lOO m i s ) was added, and t h e s o l u t i o n h y d r o l y s e d , 

f i l t e r e d ( h y f l o super e e l ) , and s e p a r a t e d , t h e benzene s o l u t i o n y i e l d i n g 

a y e l l o w c r y s t a l l i n e m a t e r i a l (7.5g), w h i c h c o n t a i n e d t r i p h e n y l p h o s p h i n e , 

coppe r and i o d i n e . A s m a l l sample o f t h i s m a t e r i a l was r e c r y s t a l l i z e d 

f r o m benzene-hexane m i x t u r e t o g i v e w h i t e c r y s t a l s w h i c h m e l t e d w i t h 

d e c o m p o s i t i o n a t 225°-230° t o g i v e a c l e a r b r o w n s o l u t i o n . An i n f r a r e d 

spec t rum c l o s e l y r e s e m b l e d t h a t o f t r i p h e n y l p h o s p h i n e , w h i l e c a r b o n and 

h y d r o g e n a n a l y s i s g a v e : -

C H 

Found 57.6^ 4.0^ 

R e q u i r e d f o r ( a ) (Ph^P) C u l kl.Tfo 3.32^ 

( b ) ( H i ^ P ) 2 C u I 60.6^ 4.21^ 

( c ) ( P h ^ P ) ^ ( C u l ) 2 55.6?? 3.865? 

T h i s a n a l y s i s was n o t r e a l l y s a t i s f a c t o r y f o r any o f t h e 
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complexes shown, i t s c o m p o s i t i o n b e i n g c l o s e s t t o compound ( c ) , and 

p r o b a b l y c o n s i s t i n g o f a m i x t u r e . F o r c o m p a r i s o n , cup rous i o d i d e 

(0.6g, -^0.00316 m o l e s ) was shaken w i t h a s o l u t i o n o f t r i p h e n y I p h o sphine 

(3.6g,'^0.0137 m o l e s ) i n e t h e r (25 m i s ) , and the w h i t e i n s o l u b l e p r e c i p i t a t e 

was f i l t e r e d o f f , washed t h o r o u g h l y w i t h e t h e r , and pumped d r y . I t s 

i n f r a - r e d s p e c t r u m was f o u n d t o be i d e n t i c a l t o t h a t o f t he compound 

a b o v e , w h i l e a c a r b o n and h y d r o g e n a n a l y s i s gave C=57.fi^, H=4.3? ,̂ very-

s i m i l a r t o t h a t o f t h e l a s t compound. 

( i i ) I n a s i m i l a r r e a c t i o n , c a r r i e d o u t a t l o w e r ' t e m p e r a t u r e 

( /v_70°C) 12.8g o f m a t e r i a l i d e n t i c a l t o t h a t o b t a i n e d i n t h e l a s t 

e x p e r i m e n t was i s o l a t e d ( c o n f i r m e d b y i n f r a - r e d spec t rum and m e l t i n g p o i n t ) . 

R e a c t i o n b e t w e e n p h e n y l l i t h i u m and t r i s - ( p h e n y l d i e t h y l p h o s p h i n e ) b i s -

m o n o iodocoppe r ( P h P E t p ) , ( C u l ) 2 

A s o l u t i o n o f p h e n y l l i t h i u m (0.0264 m o l e s ) i n e t h e r (40 m i s ) 

was added d r o p w i s e , w i t h v i g o r o u s s t i r r i n g , t o a s u s p e n s i o n o f 

( f h F E t 2 ) ^ ( C u l ) 2 ( l O g , 0.0114 m o l e s ) i n e t h e r (70 m i s ) a t -50°C, G i l m a n 

C o l o u r T e s t 1 b e i n g p o s i t i v e a f t e r comple t e a d d i t i o n . The m i x t u r e was 

s t i n t e d f o r 2 h o u r s a t t h i s t e m p e r a t u r e b e i n g p e r i o d i c a l l y t e s t e d f o r 

o r g a n i c a l l y combined i o d i d e , b y h y d r o l y s i s o f a s m a l l sample, the o r g a n i c 

phase b e i n g washed w e l l w i t h w a t e r , d r i e d , and t h e s o l v e n t removed, t h e 

r e s i d u e b e i n g t e s t e d f o r i o d i n e i n t h e u s u a l way. As the t e s t was 

p o s i t i v e , more p h e n y l l i t h i u m (0.0143 mo le s ) i n e t h e r (20 m i s ) was added, 

a n d t h e s o l u t i o n k e p t a t -78°C o v e r n i g h t . I t was t h e n a l l o w e d t o warm 

u p , t h e s u s p e n s i o n d i s s o l v i n g a t -20°C. A f t e r s t i r r i n g f o r 2 h o u r s a t 

room - tempera ture , some p h o s p h i n e - c u p r o u s i o d i d e complex s t i l l r e m a i n e d 
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i n so lu t ion . I t was s p l i t i n t o two parts , the f i r s t being s t i r r ed wi th 

a f ou r f o l d excess of phenyl l i t h i u m , and the second refluxed overnight. 

However, i n nei ther case did the reaction proceed, s ta r t ing material 

being i so la ted as white c rys ta l s , m.p. 5 9 ° C - 6 L 5 ° C , i n a combined y i e l d 

of 8g, 80^. The crystals were subjected to carbon and hydrogen analysis:-

Carbon Hydrogen 

Found 41.0^ 5.2?2 

Calculated ( f o r (PhPEt^)^ (Cul)2) i f l . O ^ 5.13^ 

Reaction of copper aryls wi th donor molecules 

1. Mes i ty l copper 

Only three preparations were performed i n which the deep green 

mes i ty l copper was produced and these w i l l be discussed separately. The 

react ion w i t h donor molecules was normally carried out a f t e r the i n i t i a l 

f i l t r a t i o n of the deep green solut ion from precipi ta ted magnesium halide-

tetrahydrofuran complexes and any unreacted cuprous iodide. 

( i ) Triethylphosphine (4.'66 mis, O.O3I6 moles) was added to the 

deep green f i l t r a t e containing mesi tyl copper (O.O316 moles based on 

100^ y i e l d ) i n tetrahydrofuran-ether mixture (200 mis) . A f t e r standing 

overnight, the resu l t ing deep red solut ion was s p l i t i n to two equal parts 

and t reated separately:-

Part 1 . This was hydrolysed wi th d i s t i l l e d water, an orange, inorganic, 

copper-containing s o l i d , probably cuprous oxide, appearing i n the aqueous 

layer , while a pale green organic layer was formed. The ethereal layer 

was washed throughly w i t h water, and a f t e r being f i l t e r e d , separated, dr ied, 

and pumped down, yielded a yellow o i l w i t h some yellow so l id present i n i t . ' 
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This mixture smelled strongly of triethylphosphine and had an i n f r a - r e d 

spectrum i d e n t i c a l to that of the triethylphosphine-cuprous iodide complex, 

PEt^CuI. The whole mixture was t ransferred to a small double Schlenke 

tube i n pentane so lu t ion , cooled to -kO'^C and the pentane poured through 

the s in t e r , leaving a pale yellow s o l i d , which was washed once more wi th 

pentane at -kO°0. This so l id contained copper and halogen and smelled 

of triethylphosphine when burned, while i t s i n f r a - r e d spectrum was 

i d e n t i c a l to that of triethylphosphine-monoiodocopper, PEt^CuI. However, 

i n contrast to the l a t t e r {m,-p. ^2Lfi°C), the yellow compound begain to melt 

at litJO°C, darkening, and not melting completely over a considerable range 

of temperature. The compoimd could not be r eo iys t a l l i zed s a t i s f a c t o r i l y , 

being insoluble i n most organic solvents. I t was analysed i n duplicate 

f o r carbon and hydrogen:-

Carbon Hydrogen 

Found ( 27,14 5.9fo 
( 
( 27.0?^ 5.7?^ 

Required f o r PEt^CuBr 27.5% 5.7% 

PEt^CuI 23.4?^ li..9fo 

I t i s thus tri.ethylphosphinemonobromo copper, accounting f o r the 

d i f ference i n melting po in t . 

The pentane solut ion which had been removed from the above so l i d , 

on pumping down, yielded a brown o i l , smelling strongly of triethylphosphine 

and having an i n f r a - r e d spectrum i d e n t i c a l w i th that of the compound above. 

I t was therefore thought to consist largely of triethylphosphine wi th a 

l i t t l e dissolved phosphine-cuprous halide complex. 
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Part 2. The solvent was removed from th i s por t ion of the solution under 

high vacuum leaving a red viscous copper-containing o i l which was washed 

w i t h benzene containing some pentane to i n h i b i t s o l u b i l i t y of magnesium 

halide-tetrahydrofuran complexes, in to a double Schlenke tube. The dark 

residue was pumped dry leaving a pale green powder, white i n parts , which 

d id not b u m , but contained copper, magnesium and iodine. Repeated 

attempts at r e c r y s t a l l i z a t i o n on the solut ion i n the Schlenke tube gave 

only an o i l , so the solvent was removed i n vacuo to give a viscous, pale 

green o i l which looked brown on the sides of the tube. Addit ion of dry 

hexane gave a red-brown so lu t ion , and precipi ta ted an o f f -whi t e s o l i d , 

which was f i l t e r e d and washed w i t h hexane. The small amount of so l id 

contained copper, magnesium, halogen, and smelled of triethylphosphine 

when burned, and was thought to be a mixture of magnesium halides and 

triethylphosphine-cuprous halide complex. 

The red hexane solut ion gave colourless, almost insoluble 

c rys t a l s , containing copper, halogen, and triethylphosphine. These 

crys ta ls began to melt at 115°C to give a dark coloured semi-solid over 

a considerable range of temperature, and were once more thought to be 

a triethylphosphine-Gupreus halide complex. 

2. a. Triethylphosphine 

Triethylphosphine (0.5 mis, 0.003h- moles) was added to a 

so lu t ion of the dark green so l id (0.5g, 0.00274 moles, assuming i t to 

be mes i ty l copper) i n benzene (30 mis) , forming a pale yellow solution 

w i t h some pale, insoluble , f locculen t material present. The so l id was 

thought to be a trace of magnesium halide and was f i l t e r e d o f f . The 
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benzene was removed i n vacuo, leaving a pale yellow o i l wi th a small 

amount of yellow so l i d present. This mixture contained copper and 

halogen, and smelled of tr iethylphosphine, probably consisting of a 

l i t t l e phosphine-cuprous halide complex i n an excess of free phosphine. 

Repeated attempts at removal of f ree phosphine by washing wi th hexane, 

hexane-benzene mixtures, and by pumping at 10~-̂ mm Hg pressure and 40°C 

were unsuccessful, each step resu l t ing i n formation of more dark brown 

decomposition product. 

A f u r t h e r sample of mesi tyl copper ( i g ) , a f t e r s imilar treatment, 

f i n a l l y was obtained as a dark brown benzene solut ion, to which a l i t t l e 

triphenylphosphine was added. On standing f o r seven days, colourless 

needles, m.p. l67°- l68°C, separated. These were a i r - s tab le , contained 

copper, triphenylphosphine, and bromine, but no iodine. They were 

eventually shown to be the same compound as that obtained i n the next 

sect ion. 

b . Triphenylpho sphine 

A solut ion of triphenylphosphine ( l . 44g , 0.0055 moles) i n 

benzene (lO mis) was added to a solut ion of mesityl copper ( l .Og , 

0.0055 moles) i n benzene (20 mis) , the deep green colour pers is t ing , and 

a few white needles coming out of solut ion. Addit ion of more 

triphenylphosphine (2.0g, 0.007^4 moles) resulted i n formation of more 

needles, but s t i l l d id not discharge the green colour. The crystals 

were f i l t e r e d and washed wi th a small amount of benzene to remove the las t 

traces of green colour. More triphenylphosphine (2.0g, O.OO764 moles) 

was added to the green f i l t r a t e w i t h no fu r the r e f f e c t . The crys ta ls . 
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m.p. l68°- l69°C contained copper, triphenylphosphine and bromine, but 

d id not contain iodine . A sample recrys ta l l i zed from benzene gave 

colourless needles, m.p. 170°C, whose i n f r a - r e d specti*um contained no 

a l ipha t i c CH frequencies i n the range 2900 cm""'' - 285O cm~~, which would 

be expected from the methyl groups of the mesityl r ing i n a compound of 

the type: Mesityl-Cu-PPh^. Indeed, the spectrum closely resembled that 

of triphenylphosphine and v/as almost i d e n t i c a l to that of a t r ipheny l -

phosphine-cuprous iodide complex. Carbon and hydrogen analysis gave:-

Carbon Hydrogen 

Pound 73.2?S 5.6?S 

A small sample of the compound was heated under high vacuum 

at 230°C f o r 1 hour i n a cold f i n g e r apparatus, a pale yellow residue 

containing copper and bromine, obviously consisting mainly of cuprous 

bromide, remaining. The sublimate was triphenylphosphine, m.p. 78°C. 

The remainder of the compound was used up when an attempted copper 

analysis f a i l e d . 

3. Triphenylphosphine ( l6 .55g, O.O632 moles) i n benzene (50 mis) was 

added to a f i l t e r e d solut ion of mesi tyl copper (O.OI58 moles assuming 

100^ y i e l d ) , and a f t e r p a r t i a l removal of the benzene i n vacuo, colourless 

c rys ta l s , m.p. l69°-170°C were obtained. These were iden t i ca l to those 

obtained from the l a s t experiment ( i n f r a - r e d spectrum). A sample was 

r ec rys t a l l i z ed from benzene and tes ted:-

a. A sodium fus ion was carr ied out on a small sample, the solution 

g iv ing a f a i n t prec ip i ta te w i t h s i l v e r n i t r a t e , indica t ing the presence 

of halogen. 

b , A f u r t h e r sample of sodium fus ion solut ion, on heating wi th a 
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l i t t l e chromic acid, evolved bromine, wliich turned f luorescein paper red. 

c. Carbon and hydrogen and copper analyses were performed:-

Carbon Hydrogen Copper 

Found 73.4?̂  5.¥ 6.28^ 

Required f o r PPh^CuBr 53.3?̂  3-1% 15.2^ 

(PPh^)2GuBr 6k.lfo K.bio 3.5fo 

(PPh^^CuBr 69.8^ 6.82^ 

(PPh^)^CuBr 72.6^ 5.0^ . 5-36?̂  

2. Phenyl Copper 

a. Pyridine As reported by Cilman, phenyl copper, l i k e cuprous iodide, 

gave a yellow solut ion i n pyr id ine . 

b . B i p y r i d y l A solut ion of b i p y r i d y l (2.5g, 0.016 moles) i n benzene • 

(50 mis) was added to phenyl copper (2.21g, O.OI58 moles), a deep red 

so lu t ion , w i t h a dark f loccu len t precipi ta te being formed. On working 

up, the react ion mixture yielded only b ip ; r r idy l (2.5g, 100^ recovery) 

together w i t h dark coloured residue containing inorganic copper. 

c. Phenyldiethylpho sphine 

( i ) A solut ion of phenyldiethylpho sphine (4.6 mis, O.O265 moles) 

i n benzene (30 mis) was added to phenyl copper (O.O263 moles, assuming 

100^ y i e l d ) , as a s lu r ry wet w i t h ether, to give a dark coloured, opaque 

so lu t ion . Once more, inorganic copper was obtained i n dark coloured 

residues, while cuprous iodide was recovered (O.OII4 moles, 43*3^) as yellow 

crysta ls of the complex, [VYiP-^t^)^{<::,uL)^, (5g), m.p. 59°-6l.5°C. 
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( i i ) I n other experiments, the phenyl diethylphosphine was added 

d i r e c t l y to the reaction mixture from the preparation of phenyl copper, 

once at room temperature, and once at -60°C. The f i r s t of these was 

hydrolysed at room temperature a f t e r s t i r r i n g f o r 10 minutes, becoming 

hot , and extensive decomposition to metal l ic copper taking place. Working 

up of the hydrolysate yielded a mixture (3g) of biphenyl and phosphine-

cuprous iodide complex. The lower teii5)erature reaction was allowed to 

warm up, being s t i r r e d f o r 90.minutes at room temperature. The dark 

green so lu t ion was then cooled to-5°C and hydrolysed, some metal l ic 

copper forming. Working up yielded phenyldiethylphosphinemonoiodo-

copper (2g, O.OO562 moles), m.p. 149°-151°C, recrys ta l l i zed from ethanol, 

representing a 21,1^ recovery of cuprous iodide. 

( i i i ) Phenyldiethylphosphine was also added to phenyl copper as 

a f i l t e r e d solut ion of l i t h i u m diphenyl copper ( l ) , Li ' ' ' (cuPh^~, at 

-50°C, being allowed to warm to room temperature, s t i r r ed f o r 1 hour, 

cooled to -20°C, and hydrolysed wi th a mixture of water (20 mis) and 

THE" (50 mis) . Very l i t t l e insoluble inorganic material was obtained 

on f i l t e r i n g , the aqueous layer having a d i s t i n c t cupric colour. White 

crystals of phenyldiethylphosphinemonoiodo-copper,m.p. 149°-151°C 

(6.0g, 0.0168 moles, 5J>»2%) were obtained, being conf imed by a carbon 

and hydrogen analysis : -

Carbon Hydrogen 

Pound 33-1% k ' j f o 

Required f o r PhEEt2CuI 33.8^ Z f . 2 ^ 
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d. Trie thyIpho sphine 

( i ) A solut ion of triethylphosphine (4.66 mis, O.O316 moles) 

i n benzene (80 mis) was added to s o l i d phenyl copper (O.O316 moles 

assuming 100^ y i e l d ) , g iving a very dark brown opaque solut ion, a small 

amount of dark so l i d being f i l t e r e d o f f . The benzene was pumped o f f , 

a dark brown o i l containing copper and triethylphosphine being l e f t . 

A l l attempts at c r y s t a l l i z a t i o n , mainly wi th benzene-ligroin mixtures, 

f a i l e d , each attempt y i e ld ing more dark coloured, inorganic, copper 

containing residue. 

( i i ) Triethylphosphine was also added to phenyl copper i n the 

form of the f i l t e r e d solut ion of l i t h i u m diphenyl copper ( l ) , Li'*'(CuPh2)~, 

i n ether at -60°C, the solut ion being allowed to warm up to room 

temperature and s t i r r e d f o r 2 hours, before cooling to -20°C f o r hydrolysis 

w i t h THF-water mixture (-^100 mis, 2 : l ) . F i l t r a t i o n of the solut ion 

y ie lded triethylphosphinemono-iodocopper, m.p. 240°C + (3'Og) as a wl i i te , 

insoluble powder. The blue aqueous layer , no doubt containing cupric 

copper, was discarded, the organic layer y i e ld ing more phosphine-cuprous 

iodide (2.7g) complex, found to be i d e n t i c a l vd-th the f i r s t by i t s i n f r a 

red spectrum and melting po in t . A carbon and hydrogen analysis of th i s 

sample confirmed i t s composition:-

Carbon Hydrogen 

Found 22.1% 1,,% 

Required f o r PEt^CuI 23.1$ h-.Sfo 

Recovery of cuprous iodide was thus O.OI85 moles, 58.5^-
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( i i i ) E thy l acetate (lOg, 0.1134 moles) was added at 0°C to a 

solut ion of l i t l i i u m diphenyl copper ( l ) , made by adding excess of phenyl 

l i t h i u m (0.1263 moles) to cuprous iodide (6g, O.316 moles) i n ether, as 

described previously. A v io len t react ion, which caused loss of about 

ha l f of the reaction mixture, took place. A f t e r 30 minutes, a solut ion 

of triethylphosphine (4.66 mis, O.O316 moles) i n ether (30 mis) was added 

at 0°C and the solut ion hydrolysed at t h i s temperature. Working up as 

usual, y ie lded a l i t t l e cuprous oxide, triethylphosphine-monoiodocopper 

(2.0g, 0.0065 moles, 20.5?S), i d e n t i f i e d by i t s melting po in t , 240°C, 

and i n f r a - r e d spectrum; and the carbinol Ph_-C-CH,, m.p. 82°C, (4.5g, 
"̂OH ^ 

0.0288 moles), p u r i f i e d by sublimation i n vacuo, 

e. Triphenylphosphine 

( i ) A solut ion of triphenylphosphine (3.8g, 0.01450 moles) i n 

benzene (50 mis) was added to a suspension of phenyl copper (2g, 

0.01428 moles) i n benzene (10 mis) , the o r i g i n a l red colour of the 

so lu t ion , probably due to the presence of some c o l l o i d a l copper, changing 

to deep green. The solut ion was kept overnight at -78°C, allowed to 

warm to room temperature, and more triphenylphosphine (3.8g, O.OI45 moles) 

added w i t h shaking, and the solut ion allowed to stand f o r 1 hour. The 

solut ion was f i l t e r e d from some dark decomposition product, probably 

cuprous oxide, and the benzene was pumped o f f , leaving a brown, semi-

c ry s t a l l i ne material (8g) . This was dissolved i n benzene, and the 

solut ion concentrated, some pale yellow c rys ta l l ine so l id ( i g ) being 

obtained. A hot benzene solut ion of t h i s material deposited long 

colourless needles (0 .5g) , m.p. l65°- l66°C, on cooling. They were 

unstable i n benzene solut ion i n the a i r , g iving a brownish-red deposit. 
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almost c e r t a i n ly cuprous oxide, but the needles themselves were 

completely stable, containing copper, triphenylphosphine, and bromine, 

but no iod ine . They were i d e n t i c a l to the compound obtained from 

triphenylphosphine and mesi tyl copper ( i n f r a - r e d and carbon and hydrogen 

ana lys i s ) : -

Carbon Hydrogen 

Found 75.4^ b.bfo 

Found ( f o r compound f o r mesi tyl 

copper) 73.2?? 5.6^ 

Addi t ion of hexane to the mother l iquors precipi ta ted 

triphenylphosphine (5«6g, 0.0214 m o l e s , 7 4 ^ ) . No diphenyl was found 

i n the f i n a l hexane-benaene mother l iquors . 

( i i ) I n a l l of the l a t e r experiments, a f o u r - f o l d excess of 

triphenylpho sphine over phenylcopper was used, tlie reaction mixture 

becoming warm i n at least one case v/lien the phosphine solution was added. 

Attempted c r y s t a l l i z a t i o n usually led to extensive decomposition i n 

so lu t ion , especial ly i f canded out i n the a i r . Small amounts of pure 

samples ( - ^ 0.7g) were eventually obtained by taking up the so l id i n 

warm benzene, f i l t e r i n g , and allowing the solvent to evaporate slowly i n 

a stream of ni t rogen. Even so, to remove large quantities of dark green 

or brown decomposition products, (probably cuprous oxide), the 

rec3rystallization had to be repeated, large losses of material were 

encountered at each stage. Yields of the colourless needles, m.p. 

l65° - l66°C, were usually very low ( " ^ 4^) , while recovery of 

triphenylpho sphine was high ( 9 0 ^ ) . 

At various stages during r e c r y s t a l l i z a t i o n , samples of material 
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were i so l a t ed , which began to melt , sometimes w i t h decomposition at 

temperatures ranging from 140°C to l60°C, none of which gave a clear 

solut ion at any temperature up to 190°C, and which were otherwise 

i d e n t i c a l to the higher melting compound. 

The crystals melting at l65°-l66°C had an i den t i c a l i n f r a - r e d 

spectrum to the compound obtained from the reaction between mesityl 

copper and triphenylphosphine. 

Preparation of methyl copper and subsequent reaction wi th donor molecules 

1 . To a w e l l s t i r r e d suspension of cuprous iodide ( l9 .05g, 0 .1 moles) 

i n ether (50 mis) , at -15°C, was added a solut ion of methyl l i t h i u m 

( O . l moles) i n ether (lOO mis) , a b r igh t yellow precipi ta te of methyl 

copper being formed. Small portions ( ' ^ 1 ml) of the reaction mixture 

were vnithdrawn and examined:-

( i ) A sample ( 1 ml) was added to a solut ion of b i p y r i d y l (0.05g, 

0.03 moles) i n ether (5 mis) at room temperature, a yellowish s o l i d , 

tu rn ing red-brown on standing, being produced. This so l id was f i l t e r e d 

and foTind to be inorganic, containing copper, probably as cuprous oxide. 

( i i ) Another sample was added to a solution of PhPEt^ ( 1 ml) 

i n ether (5 mis) and a greyish s o l i d , which did not change on standing, 

being produced. 

To the bulk of the solut ion at -20°C was added 

phenyldiethylphosphine (17.5 mis, 0.101 moles), the dark brown solution 

being kept at -78°C overnight. A white so l id was then present i n the 

so lu t ion , but on s t i r r i n g at -15°C f o r 15 minutes, the solut ion became 

uni formly black, f i l t r a t i o n giving only a small amount of black residue. 

The clear brown f i l t r a t e was hydrolysed, large amounts of gas being 
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evolved, and a large amount of dark coloured inorganic decomposition 

product, containing copper, being formed. 

2. I n a s imi la r react ion, phenyldiethylphosphine ( l 7 . 5 mis, 0.101 moles) 

was added to the suspension of methyl copper ( O . l moles) at -20°C, a 

clear brown solut ion being obtained. The solution was then concentrated 

to a small volume by removal of the ether i n vacuo, when benzene ( l 5 mis) 

was added, and the process repeated, the s t icky residue being dark green 

i n colour. Samples were withdrawn and tested:-

( i ) Shaking vdth a small volume of benzene-ether mixture ( l : l ) 

i n a i r at room temperature caused f a i r l y rapid decomposition to a brown 

product, probably cuprous oxide. 

( i i ) Similar treatment i n an i n e r t atmosphere caused less rapid 

decomposition. 

( i i i ) A f u r t h e r small sample, allowed to dry i n the a i r at room 

temperature, decomposed wi th a v io len t e3q)losion, a characterist ic of 

methyl copper. 

Ether (50 mis) was added to the bulk of the solut ion, and the 

solu t ion hydrolysed at room temperature, large volumes of gas, and 

large amounts of cuprous oxide being formed. The organic layer 

yielded a few white crystals of phenyldiethylphosphinemonoiodocopper, 

m.p. 139°C, fomed by a l i t t l e unreacted cuprous iodide . 
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OR&AMC DERIVATIVES OP SILVER 
EXPERIMENTAL 

A l l solvents used were c a r e f u l l y p u r i f i e d and a l l work carried 

out i n an atmosphere of dry ni trogen, unless otherwise mentioned. When a 

phosphine-silver iodide complex i s expressed i n moles, i t i s wi th respect 

to gramme-atoms of s i l v e r present. 

A. Preparation of G-rignard, organo-lithium, and organo-sodium reagents 

1. Preparation of mesi tyl magnesium bromide i n tetrahydrofuran 

Mesi ty l magnesium bromide (0.047 moles,"94?o y i e l d ) was 

prepared from bromomesitylene (9.9g, 0.0497 moles) and magnesium turnings 

( l . 4 g , 0.0576 moles), as a brownish red-solution i n tetrahydrofuran (lOO mis). 

The react ion was i n i t i a t e d by ethylene dibromide, and the solvent allowed to 

r e f l u x . The yields estimated by t i t r a t i o n (85^96^) were much higher than 

those by carbonation {Syfo-ILtfo) to mesitylene carboxylic acid, m.p. 151°C. 

2. Preparation of mesi tyl l i t h i u m 

The preparation of mesi tyl lithiiom i n tetrahydrofuran i s 

described under the section on organo-copper compounds. One preparation 

was- attempted i n a benzene-ether mixture, but gave only y i e l d , and 

was subsequently abandoned. 

3. Preparation of methyl magnesium iodide 

Methyl magnesium iodide was prepared from methyl iodide 

(2.50 mis, 0.04 moles) and magnesium turnings ( l . 2 g , 0.0495 moles) i n 

ether (80 mis) . The reaction was i n i t i a t e d by addit ion of a l i t t l e 

iod ine . The solut ion was not estimated. 

4. Preparation of methyl l i t h i u m i n ether 

Methyl l i t h i u m (0.04 moles) was prepared from a solut ion of 
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methyl iodide (2.5 mis, 0.04 moles) i n ether (40 mis), and l i t h i u m 

shot ( l .Og , 0.144 moles) i n ether (40 mis). The reaction was i n i t i a t e d 

by ethylene dibromide and allowed to r e f l u x . The solution was not 

estimated, as methyl l i t h i u m was normally used i n large excess. 

5. a. Preparation of s t y r y l magnesium bromide i n tetrahydrofuran 

S t y r y l magnesium bromide ( O . l l moles, 92^ y i e l d ) was prepared 

from magnesium turnings (4g, O.I65 moles) andto-bromostjrrene (22g, 0.12 

moles) i n tetrahydrofuran (200 mis), as a dark red or dark green solut ion. 

The react ion was i n i t i a t e d by ethylene dibromide; addi t ion of the hal ide-

tetrahydrofuran solut ion took 1 hour at 0°C, wi th s t i r r i n g f o r a fiurther 

15 minutes before f i l t r a t i o n and estimation. 

b . Preparation of s t y r y l magnesium bromide i n ether 

S ty ry l magnesium bromide (0.117 moles, 78^) was prepared as a 

dark brown solut ion from«o-bromostyrene (27.5gj O.I5OO moles) and 

magnesium turnings ( l l g , 0.45 moles) i n ether (I60 mis). The reaction 

was i n i t i a t e d by r e f l u x i n g i n the presence of a l i t t l e iodine, and 

add i t ion of the ethereal solution of ©-bromostyrene took 1 hour, with 

continuous r e f l u x i n g and s t i r r i n g . The solution was reflvixed f o r a 

f u r t h e r I5 minutes to complete the reaction. 

6. Preparation of cyclopentadienyl sodium 

Freshly d i s t i l l e d cyclopentadiene (6.6g, 0.10 moles) was 

added dropwise to a s t i r r e d solut ion of sodim ethoxide, prepared from 

sodium (2.3g, 0.1 moles) and dry ethanol (lOO mis), a yellow solut ion of 

cyclopentadienyl sodium being formed. 

7. Preparation o f cyclopentadienyl l i t h i u m i n tetrahydrofuran 

A solut ion of f r e s h l y d i s t i l l e d cyclopentadiene (8 .1 mis, 0.1 moles) 
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i n tetrahydrofuran (40 mis) was added dropwise to l i t h i u m shot (2g, 

0.288 moles) i n tetrahydrofuran (50 mis), the reaction s ta r t ing 

immediately, a yellow colour spreading throughout the solution from the 

surface of the l i t h i u m . Addi t ion of the cyclopentadiene solution took 

1 hour a t 0°C. The brownish yellow solut ion was s t i r r ed f o r a fu r ther 

hour before f i l t r a t i o n from excess metal; no estimation was necessary, 

since a large excess of cyclopentadienyl l i t h i u m was used i n each case. 

B. Reaction of G-rignard, organo-lithium, and organo-sodium reagents 

wi th tr is(phenyldiethylphosphine)- bis(monoiodosilver), 

1^1^*2)3 i M ) 2 

Preparation of phenyldiethylphosphine and phenyldiethylphosphine-silver 

iodide complex, (FhPEt^)^ Agl 

Phenyldiethylphosphine had been prepar-ed i n these laboratories 

from PhPCl^ (4 moles) and EtMgBr (8 moles). A f t e r hydrolysis, steam 

d i s t i l l a t i o n was carr ied out, the i n i t i a l part of the d i s t i l l a t e being 

extracted wi th ether and r e d i s t i l l e d (56°C at 0. O5 mm pressure) to give 

phenyldiethylphosphine, PhPEt^ (385g, 2.32 moles). To the remainder of 

the steam d i s t i l l a t e was added s i l v e r iodide (excess) being s t i r r ed f o r 

two days before being washed wi th water and rec rys ta l l i zed from alcohol, 

(the excess s i lve r iodide thus being removed), to give white crystals 

(300g) m.p. 83°-84°C. A carbon and hydrogen analysis gave:-

C H 

Found 11.Wo 5.1?^ 

Required f o r (PhPEtg)^ (Agl)2 37-2?? 4-7^ 

Total y i e l d of phenyldiethylphosphine i s therefore 3.25 moles, 

81^ . 
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1. Reaction between mesi tyl magnesium bromide and (PhPEt^)^(Agl)^ 
i n tetrahydrofuran 

A solut ion of mesi ty l magnesium bromide (0.047 moles) i n 

tetrahydrofuran (80 mis) was added dropwise to a w e l l - s t i r r e d suspension 

of the phosphine-silver complex, (PhPEt2)j(Agl)2, ( l 6g , 0.0352 gm. atoms 

Ag) i n tetrahydrofuran (50 mis) at -15°C, w i th no apparent change. A f t e r 

s t i r r i n g f o r 15 minutes, i t was allovred to warm to room temperature, when 

the phosphine-silver iodide complex dissolved. The solut ion v/as s t i r r e d 

overnight, and, on standing, a grey s o l i d , probably a mixture of magnesium 

halide-tetrahydrofuran complexes coated w i t h s i l v e r , was observed. Since 

a tes t sample showed that large amounts of the phosphine-silver iodide 

complex were unreacted, the temperature was gradually raised u n t i l the 

solvent r e f luxed , during which time only a l i t t l e more s i l ve r was produced. 

G-ilman Colour Test 1 remained posi t ive throughout. Hydrolysis of the 

solut ion was carr ied out at 0°C, no addi t ional s i lve r being produced. 

Ether (lOO mis) was added to the f i l t e r e d solut ion (hyf lo super ee l ) , and 

the yellow organic layer separated, dr ied , and d i s t i l l e d , the las t traces of 

solvent being removed i n vacuo. A yello?/ o i l ( l5 .7g) which c rys ta l l i zed 

p a r t l y on standing, was obtained. Crys ta l l i za t ion from ether, y ie ld ing 

colourless crystals (8g) , which, when recrys ta l l i sed from ethanol, were found 

to be phenyldiethylphosphinemonoiodosilver, PhPEt2AgI, m.p. 138°-139° 

(0.0199 moles). The mother l i quo r s , on cooling i n dry ice-acetone, 

gave a yellow c rys t a l l i ne s o l i d (4g) which was recrys ta l l ized from 

petroleum ether to give colourless crystals of the s ta r t ing mater ia l , 

iPhPEt^)^{AsL)^, m.p. 83° -84° , (O.OO83 moles). This represented a 
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(total recovery of s t a r t i n g material of 0.0282 moles, 

The petroleum ether was pumped o f f from the f i n a l mother 

liquors, leaving a yellow o i l with the characteristic sweet smell thought 

to be associated with the compound:- Mesityl-(CH2)^-CH20H, formed by 

reaction of mesityl magnesium bromide with tetrahydrofuran. The main 

f r a c t i o n of the yellow o i l , d i s t i l l i n g at l64°-171°C, was characterized as 

mesitylene (b.p. I64.6°C). The yellow semi-solid residue from the 

d i s t i l l a t i o n gradually darkened on heating, and smelled of 

phenyldiethylphosphine, probably consisting of a small amount of s i l v e r 

iodide-phosphine complex which had not been removed by the low temperature 

treatment. 

( i i ) The reaction was also carried out using as much as a s i x f o l d 

excess of mesityl magnesium bromide, the &rignard solution being added 

at temperatures as low as -60°C. The mixture was always allowed to warm 

up, at least to room temperature, while some reaction mixtures were even 

refluxed overnight. 
( i i i ) Similar reactions were performed i n the presence of a threefold 

excess of free phenyldiethylphosphine, i n the hope that any organo silver 

compound produced would be additionally stabilised. A further advantage 

was that because of the increased s o l u b i l i t y of the phosphine-silver 

iodide complex i n the presence of excess phosphine, the reaction could 

be carried out i n homogeneous solution, even at low temperatures. I n 

order to make G-ilman Colour Test^l work i n the presence of free phosphine, 

excess of iodine was added to oxidise the phosphine to phosphine oxide. 

However, the t e s t seemed less r e l i a b l e under these conditions; only pale 

colours being obtained. 
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Hydrolysis of a rieaction mixture was usually carried out 

with d i s t i l l e d water at 0°C, but some were done as low as -40°C.-

Working up of reactions was carried out as quickly as possible i n the 

a i r , but, i n a l l cases, no appreciable reaction had taken place; small 

amounts of s i l v e r , and large amounts of starti n g material (jOfo-SOfo) 

being obtained. 

Pour phenyldiethylphosphine-silver iodide complexes of di f f e r e n t 

compositions were isolated from reaction mixtures during working up only 

one of which, PhPEt2AgI, has previously been described. These were 

characterised:-
Found Required 

m.p. Composition C H C H 

71°-72°C (PhPEt2)2AgI 42.( 6.0^ 5 . 1 % 

83°-84°C (PhPEt2)3(Agl)2 37.! Wo 37.2?S k.1% 

138°-159°C PhFEt2AgI 29.( yfo 23.35% 3.7^ 

200°C PhPEt2(Agl)2 19.! Wo 2 . & f o 2.hr% 

The f i r s t three were obtained as colourless crystals, while the 

la s t was usually obtained as a highly insoluble white powder, which 

melted at 200°C to give a cloudy l i q u i d , turning yellow at 250°C. 

So l u b i l i t y decreased i n the series towards the compound of highest s i l v e r 

iodide content, i . e . PhPEt2(Agl)2 which was, nevertheless, f r e e l y 

soluble i n solutions containing phenyldiethylphosphine. Solutions of 

the f i r s t three compounds usually smelled of phenyldiethylphosphine, 

especially on warming. A l l four compounds possessed ide n t i c a l infra-red 
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spectra, very closely resembling that of the free phosphine. 

2 . Reaction between mesityl l i t h i u m and trisCphenyldiethylphosphine)-

bis(monoiodosilver). (PhPEtr,)AAgl)r,, i n tetrahydrofuran and i n 

tetrahydrofuran-ether mixture 

( i ) A solution of the phosphine-silver iodide complex, 

(PhPEt2)^(Agl)2, (9 .68g , 0.02 moles) i n tetrahydrofuran (70 mis), 

was added dropwise to a w e l l - s t i r r e d solution of mesityl l i t h i u m 

(0.042 moles) i n tetrahydrofuran (90 mis) at -60°C, the phosphine-silver 

iodide complex being precipitated. During the addition, the red-brown 

colour of the mesityl l i t h i u m solution changed to dark brown. During 

warming to 0°C, the solution became even darker i n colour, and consequently 

was cooled to -20°C and hydrolysed, a l i t t l e s i l v e r being produced as a 

grey-black powder. Working up i n tl;ie usual way yielded crystals of 

sta r t i n g material, ( 9 . 0 g , 93%), confirmed by melting point (83°-84°C) 

and infr a - r e d spectrum. 

( i i ) A f u r t h e r reaction was carried out between mesityl li t h i u m 

(0 .0741 moles) and'the complex (PhPEt2)^(Agl)2, (6g, 0.0124 moles), as 

previously, but a f t e r mixing at -60°C, ether (15O mis) was added, and the 

solution allowed to warm up to room temperature. The deep port wine-

coloured solution was s t i r r e d overnight. Despite a considerable colour 

change, almost to orange, large amounts of the phosphine-silver iodide 

complex were s t i l l present i n solution. I t was therefore refluxed f o r 

one hour, cooled to 0°C, and hydrolysed, a small amount of si l v e r being 

formed. Working up of the organic layer gave a 73% recovery of st a r t i n g 

material, as a mixture of the phenyldiethylphosphine complexes:-
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(PhPEt.)3(AgI)2, m.p. 8 3 ° - 8 4 ° , and PhPEt2 Agl, m.p. 1 5 6 ° - 1 3 7 ° . 

( i i i ) A reaction using a two-fold excess of mesityl li t h i u m was 

s t i r r e d at 0°C f o r 84. hours, giving a dark green, opaque solution. 

Hydrolysis at 0°C produced a small amount of metallic s i l v e r , while 

subsequent working up recovered G~l% of s t a r t i n g material, (PhPEt2)3(Agl)2, 

i d e n t i f i e d by melting point (83°-8li.°C) and infra-red spectrum. 

3 . Reaction between s t y r y l magnesium bromide and tris-(phenyldiethyl-

phosphine) bis-(monoiodosilver), (PhPEt2)7(AglX i n ether. 

S t y r y l magnesium bromide ( 0 . I I 7 moles) i n ether (15O mis) was 

added to a w e l l - s t i r r e d solution of tris-(phenyldiethylphosphine), b i s -

(monoiodosilver) ( l 8 . 8 g , 0.039 moles) i n ether (80 mis) at room 

temperature. A white precipitate was formed i n i t i a l l y , but addition of 

more Grignard reagent caused formation of what appeared to be a black 

c r y s t a l l i n e p recipitate. Hydrolysis at 0°C resulted i n formation of some 

s i l v e r , and a white p r e c i p i t a t e , which proved to be soluble i n benzene, 

to give a yellow solution. On removal of benzene and re c r y s t a l l i z a t i o n 

of the residual pale yellow s o l i d (6g, O.OI5 moles), from ethanol, white 

needles, m.p. 139°C, of phenyldiethylphosphine monoiodocopper were 

obtained, together with a small ajnount of the highly insoluble complex, 

PhPEtg (Agl)2, m.p.~200°G. The ethereal solution jdelded vmchanged 

st a r t i n g material ( ^ . I g , O.OO85 moles), m.p. 83°-82f° , giving a t o t a l 

recovery of 0.0235 moles (60^). 

it-. Reaction between methyl magnesium iodide and (PhPBt^)^ (Agl)2 

i n benzene-ether mixture 

A solution of methyl magnesium iodide was added to a solution 

of (PhPEt2)3(Agl)2 (9.6lfg, 0.02 moles) i n 50-50 benzene-ether mixture 
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(80 mis) at 0°C. On allowing the mixture to warm to room teiiq)erature, 

i t changed from yellow, then orange, to a brown colour, and when warmed 

to 30°C s i l v e r began to form. I t was therefore quickly cooled to -10°C 

before hydrolysis and working up, star t i n g material (9g) being reclaimed 

(95^). 

5. Reaction between methyl l i t h i u m and (PhPEt^)^(Agl)^, i n ether 

( i ) A solution of methyl l i t h i u m (0.08 moles) i n ether (lOO mis) 

was added to a w e l l - s t i r r e d suspension of the phenyldiethylphosphine-silver 

iodide complex, (PhPEt2) ̂ ( Agl) 2, (9.68g',: 0.02 moles) i n ether (lOO mis), 

at -70°C, and s t i r r i n g continued overnight below -55°C. Large amoimts 

of the phosphine-silver iodide complex were s t i l l present i n solution, 

no s i l v e r or smell of free phosphine being detected on hydrolysis of a 

small sample. The reaction mixture was allowed to warm up slowly, 

phenyldiethylphosphine (lO mis, 0.0572 moles) being added at -40°C. 

At 7°C, the solution began to darken slowly, and was therefore qiiickly 

cooled to -10°C and hydrolysed, l i t t l e s i l v e r being formed. Crystals of 

s t a r t i n g material (8 .8g, 91?^), i d e n t i f i e d by melting point (82°-83°C) 

and i n f r a - r e d spectrum, were recovered on working up. &ilman Colour 

Test 1 remained positive throughout. 

( i i ) I n another reaction, addition of a solution of methyl l i t h i u m 

(^,-0.24 moles) i n ether (100 mis) to a w e l l - s t i r r e d suspension of 

tris-(phenyldiethylphosphine) bis-(monoiodosilver), (9.68g, 0.02 moles) 

i n ether (lOO mis) at 0°C, led to rapid and extensive decongiosition, a 

s i l v e r mirror being formed on the walls of the flask. 
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6. Reaction between cyclopentadienyl l i t h i u m and (PhPEt2),(Agl)2 

i n tetrahydrofuran 

( i ) A solution of cyclopentadienyl l i t h i u m (O.IO mis) i n 

tetrahydrofiiran (lOO mis) was added, with vigorous s t i r r i n g , to a 

suspension of the phenyldiethylphosphine-silver iodidei complex, 

(20g, 0.0413 moles) i n tetrahydrofuran (lOO mis) at -60°C, the mixture 

becoming progressively darker during the addition. I t was allowed to 

warm up to -10°C and s t i r r e d f o r 1 hour at t h i s temperature, before 

being hydrolysed, no s i l v e r or free phosphine being detected, and 

tris-(phenyldiethylphosphine) bis-(monoiodosilver), m.p. 83^-84°C 

being recovered i n 80^ y i e l d (l6g), by r e c r y s t a l l i z a t i o n from 

propanol, together with a brown, insoluble, organic powder, (l.6g), 

probably polymerised cyclopentadiene. 

( i i ) I n a reaction carried out, using exactly the same quantities, 

but at room temperature, the same progressive darkening of the solution 

was observed as the cyclopentadienyl l i t h i u m solution was added. Hydrolysis 

at 0°C, followed by working-up i n the same way as above, yielded starting 

material ( 15g, 15%°), and a similar brown polymeric powder (2g). At 

no time during working up was a smell of free phosphine noticed. 

7,. Reaction of cyclopentadienyl sodium with (PhPEt2)7(Agl)2 i n 

ethanol-benz ene 

To a yellow solution of cyclopentadienyl sodium (O.l moles) 

i n ethanol (lOO mis), was added a solution of phenyldiethylphosphine-

s i l v e r iodide complex, (PhPEt2)3(Agl)2, (20g, 0.0413 moles) i n benzene 

(50 mis), at room temperature. The mixture was heated at 50°C f o r 
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4 hours. Working up of the brown solution isolated what was probably 

a mixture of silver, polymerised oyclopentadiene (0.7g) and unreacted 

phosphine-silver iodide conqjlex (l4.3gj 71.5^) m.p. 83°-85°C. 

G. Reaction of G-rignard and organo-lithium reagents with s i l v e r halides, 

and subsequent inaction with donor molecules 

1. Reaction of mesityl l i t h i i i m w ith s i l v e r iodide i n tetrahydrofuran 

Silver iodide (9.5g, 0.0405 moles) was added, with vigorous 

s t i r r i n g , to a solution of mesityl l i t h i u m (O.O8I moles) i n 

tetrahydrofuran (17O mis), at -60°C. The mixture was allowed to warm 

up s l i g h t l y , and at -50°C went a very dark colour, although unreacted 

s i l v e r iodide was s t i l l present. The solution was divided roughly i n 

half and treated separately:-

Part 1:- A solution of phenyldiethylphosphine (8.5g, O.O52 moles) i n 

ether (90 mis) was added at -60°C. The dark brown solution was aLlowed 

to warm up to room temperature, s t i r r e d overnight, and hydrolysed. 

Working up jrielded \inreacted s i l v e r iodide (4.5g, 47«^) (soluble i n 

strong potassiiim iodide solution), coated with s i l v e r (insoluble i n dilu t e 

but soluble i n concentrated n i t r i c acid), and colourless crystals, m.p. 

72°-73°, of bis-(phenyldiethylphosphine)-monoiodosilver, (3.5g, O.OO62 

moles, 15.3^). 

Part 2:- A solution of b i p y r i d y l (6.25g, O.O4 moles) i n ether (lOO mis) 

was added, ?n.th s t i r r i n g , to tlie deep red solution at -60°C, the solution 

warmed up to room temperature, s t i r r e d overnight, and hydrolysed. 

Isolated from the reaction mixture were s i l v e r iodide, (2g, 21^), coated 
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w i t h s i l v e r , and b i p y r i d y l (4-.5g, 72?2), m.p. 72°C, p u r i f i e d by sublimation 

i n vacuo. 

Total recovery of s i l v e r iodide was. therefore Qyfo. 

2. Reaction of s t y r y l magnesium bromide with s i l v e r halides i n 

te t rahydrofursin 

a. S i l v e r Iodide 

( i ) A solution of s t y r y l magnesium bromide (O.IO moles) i n 

tetrahydrofuran (200 mis), was treated at 0°C with excess of f i n e l y 

powdered s i l v e r iodide (30g,'^0.128 moles), and s t i r r e d f o r 4- hours at 

t h i s temperature, Gilman Colour Test 1 being negative. At t h i s stage, 

a greyish s o l i d settled out, probably a mixture of tetrahydrofuran-

magnesium halide complexes coated with s i l v e r . The supernatant l i q u i d 

was a deep green colour, and, a f t e r standing overnight at 0°C, san^jles 

were tested as follows:-

a. Hydrolysis produced a dark brown s o l i d , insoluble i n toluene. 

The s o l i d , on heating, turned almost white, with only s l i g h t burning. 

b. Addition to toluene gave a deep red solution, which became pale 

yellow on addition of excess phenyldiethylphosphine. 

The bulk of the solution was treated as i n (b) after decantation 

from most of the excess Agl, much s i l v e r being present. The f i l t e r e d 

solution was hydrolysed, and on working up, phenyldiethylphosphine-

monoiodosilver, m.p. 138°-139°, was obtained as colourless crystals 

(6.5g, 0.0162 moles) by r e c r y s t a l l i z a t i o n froia ethanol, together with the 

highly insoluble phosphine-silver iodide complex, PhPEt2 ^^^^2' 

200°C (0.5g,-^0.002 moles with respect to s i l v e r ) . 
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( i i ) Silver iodide (4.3g, O.OI83 moles) was added with vigorous 

s t i r r i n g , to a solution of s t y r y l magnesium bromide ( O . l l moles) i n 

tetrahydrofuran ( l90 mis) at 0°C, being s t i r r e d overnight at t h i s 

temperature. A greyish solid had settled out once more from the dark 

solution, and hydrolysis of a small saniple produced more grey so l i d . 

Phenyldiethylphosphine (3*20 mis, O.OI83 moles) was added, the colour of 

the solution being impossible to distinguish. After s t i r r i n g f o r 1 hour, 

G-ilman Colour Test l.was s t i l l p ositive. Hydrolysis was performed at 

0°C, working up jdelding unreacted s i l v e r iodide ('^3g, 70^), which had 

probably been protected by coating with s i l v e r , and a small amount of 

PhPEt2 Agl i^O.ks) m.p. 138°C. 

S t y r y l magnesium bromide (O .I38 moles) was reacted with s i l v e r 

iodide (8 .1g , 0.0344 moles) at 0°C, a small amount of metallic s i l v e r 

being formed. Phenyldiethylphosphine (7 mls,'>-0.0ZtX)4 moles) was added, 

and the solution was hydrolysed, a mixture of basic magnesium halides and 

unreacted s i l v e r iodide being obtained as residue. Oilman Colour Test 1 

was positive throughout. Working up of the reaction mixture yielded a 

l i t t l e : ( ' ^ 0 . 7 g ) of the insoluble phenyldiethylphosphine-silver iodide 

complex, PhPEtg (Agl) 2, m.p.'^200°C, and yellow crystals ( ~ l g , 0.02tB5 moles) 

of b i s t y r y l , ( l , 4 , - diphenyl butadiene, m.p. 149°rl50°C). 

b. S i l v e r Bromide 

Finely powdered s i l v e r bromide (6.0g, 0.032 moles), was reacted 

w i t h s t y r y l magnesium bromide ( 0 . I 4 moles), i n the same way as was s i l v e r 

iodide above. After s t i r r i n g f o r 30. hours at 0°C, the s i l v e r bromide was 

coated with s i l v e r , while there was no evidence f o r the presence of s t y r y l 
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s i l v e r i n the solution. S t i r r i n g was continued f o r a further 48 hours 

at room temperature, when extensive decomposition to s i l v e r , appearing 

as a grey-black powder, occurred. Samples were withdrawn, treated vdth 

phenyldiethylphosphine, and hydrolysed, but no evidence f o r formation of 

an organo-silver complex was obtained. . Gilman Colour Test 1 was positive 

throughout. Hydrolysis of the main bulk of the reaction mixture 3delded 

styrene, and an intractable brown t a r . 

c. Silver chloride 

S t y r y l magnesium bromide (0.12 moles) and s i l v e r chloride 

(2.87g, 0.02 moles) were reacted as above, vmreacted s i l v e r chloride 

(2g, IQffo) being recovered, together with a l i t t l e metallic s i l v e r . No 

evidence f o r an organo-silver compound was obtained. 

D. Ethynyl silver-phenyldiethylphosphine complexes 

1. Preparation of phenylethynyl (phenyldiethylphosphine )-silver 

PhC=CAg(PhPEt2) 

A solution of phenyldiethylphosphine (l3.9 mis, 0.08 moles) 

i n toluene (30 mis), was added to a w e l l - s t i r r e d suspension of phenyl 

s i l v e r acetylide, ( l 6 g , 0.077 moles), (prepared from excess of amraoniacal 

s i l v e r n i t r a t e and phenyl acetylene), i n toluene (80 mis). The acetylide 

dissolved to give a yellow solution, which was s t i r r e d f o r 15 minutes, 

before addition of hexane (lOO mis). Repeated attempts at c r y s t a l l i z a t i o n 

by cooling the solution i n dry ice-aoetone, gave a white s o l i d , which formed 

an o i l as i t warmed up. The solution was therefore cooled to -78°C, 

qiiickly centrifuged, and the supernatant l i q u i d poured o f f . The white 

s o l i d melted to form an o i l , smelling of phenyldiethylphosphine, which 



79 

c r y s t a l l i z e d p a r t i a l l y on standing, to give off-white crystals (3.5g, 
, 0 r., 0 0.009 moles, 11.7^), m.p. 52 -54 . These were f i l t e r e d and washed with 

a small volume of hexane. Repeated attempts at c r y s t a l l i z a t i o n of the 

remainder of the o i l were unsuccessful. Carbon and hydrogen analyses 

and i d e n t i c a l infra-red spectra showed that the o i l and the crystals 

had the same composition:-

Found Crystals 

Foiond O i l 

Required f o r Ph-C=CAgPhPEt2 

Carbon 

57.0^ 

51.9fo 

51.1% 

Hydrogen 

5.3^ 

5.8^ 

5.4?2 
Both were l i g h t sensitive, decomposing to a dark red o i l smelling of 

phosphine. The crystals were soluble i n benzene and acetone, but 

decomposed to phenylethynyl s i l v e r when solution was attempted i n hexane. 

A.molecxilar weight determination was carried out cryoscopically i n benzene: 

Wt. of solute Depression i n °C Molecular Weight Degree of 
Association 

0.1372g 0.054° 635 1.69 

0.2624g 0.100° 637 1.69 

0.4797g 0.162° 718 1.92 

0.7969g 0.252° 763 2.04 

Empirical molecular weight = 375 (Ph-C=CAgPhEt2P) 

The solutions were made up by successive additions of the crystals to 

25 mis of benzene, the number of moles being obtained from a calibration 

graph f o r diphenyl i n 25 mis of benzene. 
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2. Preparation of p-nitrophenylethynyl (phenyldiethylphosphine)-

s i l v e r , p-nitrophenyl - C=CAgFhPEt2 

To a suspension of the yellow, insoluble para-nitrophenyl-

ethynyl s i l v e r (3.0g, 0.0118 moles) (prepared from p-nitrophenylacetylene 

and excess of aramoniacal s i l v e r n i t r a t e ) i n benzene (40 mis), i n one arm 

of a double Schlenke tube, was added phenyldiethylphosphine (2.21 mis, 

0.0127 moles). I t was shaken f o r one hour, a deep red solution being 

formed. Addition of hexane to the f i l t e r e d solution resulted i n the 

formation of yellow needles (4.5g> 0.OIO7 moles, 91^), which were f i l t e r e d 

and washed with a small volume of hexane. The crystals began to darken 

above 110°G and melted 115°-117°C. A carbon and hydrogen analysis gave:-

Carbon Ifydrogen 

Found K 3 . % 4 .6 f 

Required f o r No2CgH^C=CAgPhPEt2 51-4^ 4.6^ 

Cryoscopic measurements of molecular weight could not be carried 

out i n either benzene or nitrobenzene, as the compound tended to dissociate 

in t o the free phosphine, of which i t s solutions smelled, and the insoluble 

p-nitrophenyl ethynyl s i l v e r . The low figure f o r the carbon content was 

thus probably due to the presence of a l i t t l e of the p-nitrophenylethynyl 

s i l v e r , despite the f a c t that a small volume of phenyldiethylphosphine 

was added to the r e c r y s t a l l i z i n g solution. The p-nitrophenyl ethynyl 

silver-phenyldiethylphosphine complex was much more stable to l i g h t than 

PhC=CAg(PhPEt2). 
3. Preparation of t e r t i a r y butyl ethynyl (phenyldiethylphosphine)-silver 

(CH,)^C.CHCAgPhPEt^ 
Hienyldiethylphosphine (2.89 mis, O.OI66 moles) was added to a 
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well s t i r r e d suspension of t e r t i a r y butyl ethynyl sil v e r , (3g, 

0.0159 moles) (prepared i n the usual way), i n benzene (70 mis). After 

s t i r r i n g f o r 15 minutes, some of the solvent was pximped o f f , and off-white 

crystals, (5 .6g, O.I58 moles, 99^), appeared on standing. Reciystallization, 

i n the presence of a l i t t l e excess phosphine, was carried out from 

benzene-hexane mixture, yi e l d i n g li g h t - s e n s i t i v e colourless crystals, 

melting at 95°C to a cloudy solution, which blackened above 110°C. A 

carbon and hydrogen analysis gave:-

Carbon Hydrogen 

Found 49.1/? 6.k% 

Required f o r (CH^)^C=CAg(PhEEt2) 5k.l% 6.3% 

The low carbon f i g u r e can once more be ascribed to the presence 

of some insoluble acetylide, as the complex dissociated very readily i n 

solution, a molecular weight determination again being impossible. 

4. Cryoscopic meastirements on p-nitrophenylethynyl-(phenyldiethylphosphine)-

s i l v e r 

Molecular weight determinations were carried out i n a standard 

type of cryoscopic apparatus. Molecular sieve was added to absorb traces 

of water, and a nitrogen atmosphere was maintained. 

( i ) As mentioned previously, the complex p-N02-CgH^C=CAg(Ph)PEt2 

tends to dissociate i n solution, but i s stabilised by the presence of 

excess of free phosphine. Consequently, i t was hoped that some data on 

i t s molecular weight might be obtained by determining the freezing points 

of solutions of the complex i n benzene, i n the presence of a known 

quantity of free phenyldiethylphosphine. 
A solution of phenyldiethylphosphine ( l ml, 0.00572 moles) i n 
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benzene (lOO mis) was made up accurately, and used to dissolve weighed 

amounts of p-nitrophenylethynyl (phenyldiethylphosphine)-silver. The 

freezing points of these solutions, the phosphine-benzene solution, and 

pure benzene, were determined. Despite the presence of free 

phenyldiethylphosphine, only d i l u t e solutions of the complex could be 

obtained. 

Weight of 
Solute 

Volume of 
Phosphine- ^ 
Benzene sol 
to dissolve i t 

Freezing 
Point 

Depression 
from F.Pt. 
of Phosphine-
Benzene Sol 

Apparent 
M.W. 

PUR 

25 mis PHOSPf-

0.1590g 

0.2671g 

0.5230g 

E B E N Z E N E 

ENE-BENZEKE SOLN. 

20 mis 

20 mis 

30 mis 

0.84-5° 
0.486° 

0.474° 

0.447° 

0.450° 

0.012° 

0.039° 

0.036° 

4033 

2084 

2946 

The depression caused by solution of the phosphine alone gives 

the molecular weight of the phosphine as 163 (C.A. 166 calcxilated), which 

i s quite good agreement. 

( i i ) I n the hope that some infomation would be obtained concerning 

possible co-ordination of additional molecules of free phosphine to the 

complex, p-N02CgH^G=CAg(FhPEt2) i n solution, a further series of freezing 

points of similar solutions was performed, i n which the r a t i o 

moles PhEEtp was varied:-
p-N02CgH^CHCAg(PhPEtg) 

Hienyldiethylphosphine (O.Ol moles) was diluted to 100 mis 

with pure benzene. Aliquots of t h i s solution were made up to 50 mis. 
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and 25 mis of t h i s resulting solution was used to dissolve accurately 

weighed amounts of the complex. 

The results obtained, shown on opposite page, are obviously not 

due to_ simple solution of the acetylide-phosphine complex i n the phosphine-

benzene solvent; various e q u i l i b r i a probably being present. 

( i i i ) An approximate value f o r the molecular weight of 

p-N02CgH^C=CAg(FhPEt2) i n benzene solution was.sought by determination of 

the freezing points of a series of very dilu t e solutions. Each was made 

up and used as quickly as possible, to minimise dissociation to the 

insoluble p-nitrophenylethynyl s i l v e r . 

Wt. of 
Solute 

Vol, of Benzene 
Used 

B'reezing 
Point 

Depression No. of 
Mole s 

Molecular 
TTeight 

0.0828g 

0. l l l O g 

PURE BENZER 

25 mis 

25 mis 

E 0.865° 

0.815° 

0.800° 

0.050° 

0.065° 

0.00020 

0.00026 465 

0.0798g 

0.0713g 

PURE BENZEI\ 

25 mis 

25 mis 

IE 1.235° 

1.202° 

1.175° 

0.035° 

0. 060° 
• • 

0.00013 

0.00024 

604 

297 
1 

Empirical molecular weight of p-02NCgH^C=CAg(PhPEt2) = 420, 

These results indicate that the complex may be monomeric, but 

the solutions used are so d i l u t e that l i t t l e reliance may be placed upon 

them. 

Two phenyldiethylphosphine-benzene solutions were made up:-

Solution A. Phenyldiethylphosphine (0.20 mis, 0.00115 moles) was made 
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up to 100 mis with benzene. 

Solution B. Phenyldiethylphosphine (0.40 mis, 0.0023 moles) was made 

up to 100 mis with benzene. 

These solutions were then diluted as required, 5 nils of the f i n a l 

solutions being used to dissolve the small weighed amounts of 

pN02CgH^C=CAg(PhPii;t2) (^O.Olg):-

The C=C stretching frequency of the p-nitrophenylethynyl s i l v e r -

phenyldiethylphosphine complex was then determined accurately i n each 

case:-

Wt. of Moles of Vol. Vol, Moles Moles FhPEt„ C=C 
complex complex used PhEEt„ made PhPEt2 Moles complex freq. 
used i f monomeric sol up to per 5iiils 

used 

0.0085g 2.020x10"^ 5rals Sol^A 25mls 1.15x10"^ 0.57 2095 cm"''" 

0.0083g 1.977 " lOmls Sol'̂ A 25ml s 2.30 " 1.16 

0.OlOOg 2,380 " 40mls Sol^A 50mls 4.60 " 1.93 

0.008lg 1.930 " 15mls Sol^B 25ml s 6.70 " 2.88 

0. OlOOg 2.380 " 20mls S O 1 " B 25ml s 9.20 " 3.86 

0.0072g P U R E B E N Z E N E-



PART 3. 

REACTION BETWEM GRAPHITE MD ALKALI METAL-NAPHTHALENE COMPOUNDS 
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INTRODUCTION 

G-raphite, one of the two modifications of elemental carbon, 

i s i n t e r e s t i n g i n i t s reactions, i n that i t i s able, under certain 

conditions, to take up atoms, ions, or molecules in t o i t s l a t t i c e , 

the essential structure of the graphite remaining largely unchanged. 

The formation and composition of these i n t e r c a l a t i o n compounds, may 

be explained i n terms of the structure of graphite, and the type 

of bonding encountered w i t h i n i t . 

G-raphite c r y s t a l l i z e s i n a layer l a t t i c e , each layer 

consisting of regular sheets i n uAiich the carbon atoms are linked 

hexagonally. These sheets are displaced r e l a t i v e to one another, 

and i n the stable hexagonal modification alternate sheets are 

situated above one another, giving a layer sequence A,B,A,B. (Fig. l ) . 

Another rhombohedral form of graphite, having the layer 

sequence A,B,C,A,B,C i s known t o exist, but seldom occurs i n synthetic 

graphite, while i n natural graphite i t can be present to the extent 

of 3Q?S. 

Within the graphite layers, each carbon atom i s linked to 

three neighbours, at a distance of l.i»l A°, by a strong homopolar 

bond. I n contrast, the distance between layers i s 3.35 A°, 

corresponding to much weaker bonding, and indeed, the fourth valency 

electrons of the carbon atoms are completely delocalised, and as 

with t h e l T - electrons of an aromatic molecule, are shared by the 
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layer as a whole. To these 'free' electrons graphite owes i t s 

high e l e c t r i c a l and thermal conductivity. I t follows that a 

r e l a t i v e l y energetic reaction i s needed to break the homopolar 

bonds w i t h i n the layers, while suitable reactants are able, under 

reasonably mild conditions to a l t e r the electron d i s t r i b u t i o n 

between the layers and become intercalated between the planes. 

The carbon planes themselves remain unaltered, merely being pushed 

f u r t h e r apart, the formation of i n t e r c a l a t i o n compounds always 

being linked with swelling of the graphite i n a direction 

perpendicular to the basal planes. 

The bonding i n some of the intercalation compounds of 

graphite i s not yet f u l l y understood, but the compounds may be 

divided i n t o two classes, according to the nature of the bond. 

I n the f i r s t class, including such compounds as graphite oxide, 

carbon monofluoride, and tetracarbon monofluoride, homopolar 

bonding takes place between the intercalated atoms and the carbon 

atoms, while i n the second class, to which the majority of 

i n t e r c a l a t i o n compounds belong, the bonding i s of polar character. 

1. graphite compounds with homopolar bonding;. 

As t h i s group of con^iounds does not immediately concern 

the present work, i t w i l l be dealt with very b r i e f l y . 

Graphite oxide. Also known as graphitic acid, graphite oxide i s 

probably the most f u l l y studied graphite compound, but i t s 

c o n s t i t u t i o n i s s t i l l not f u l l y known. I t can be prepared by 

oxidation of graphite with a mixture of potassium chlorate and 
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concentrated sulphuric and n i t r i c acids. Products vsiry i n colour, 

but no correlation with composition can be found. G-raphite oxide 

i s thermally unstable, possesses oxidising properties, and can be 

reduced by reducing agents, although never completely, to graphite. 

The C:0 r a t i o i n well-oxidized preparations varies from 2.4 to 2.9, 

while i n less oxidized preparations, the r a t i o i s 3.5-4, both 

groups showing the same characteristic properties. 

Graphite w i l l undergo swelling, water and organic l i q u i d s 

with polar groups causing a reversible change i n the inter-planar 

spacing. I n weakly alkaline solutions, the interplanar distance 

of graphite becomes so great that i t can no longer be measured by 

X-rays. 

By analysis, hydrogen found i n graphite oxide cannot be 

a t t r i b u t e d solely to water taken up i n the swelling process, since 

i t i s always present, even i n thoroughly dried specimens. The 

hydrogen has i n f a c t been a t t r i b u t e d to the presence of weakly 

acidic -OH and more strongly acidic -COOH groups, and con:5)rehensive 

studies of the proportions and points of attachment of these groups 

have been carried out, but, as mentioned previously, the constitution 

of the compound i s by no means clear, and i t has been proposed by 

Ruess"^ that the carbon planes are puckered, and no longer possess 

t h e i r aromatic character. 

Carbon monofluoride. Compounds of composition CFQ ^ - CFQ^^^^ 

are formed when graphite reacts with fluorine i n the narrow 

temperature range 420°-460°C. The colour of the compounds lightens 
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with increasing f l u o r i n e content, while e l e c t r i c a l conductivity 

f a l l s i n the same di r e c t i o n , the white, f l u o r i n e - r i c h preparations 

being p r a c t i c a l l y non-conducting. 

The formation of graphite monofluoride i s catalysed by 

gaseous hydrogen f l u o r i d e , and explains the destruction of graphite 

anodes i n the space above the electrolyte, i n the electrolysis of 

potassium f l u o r i d e - hydrogen f l u o r i d e melts. Carbon monofluoride 
0 

i s very i n e r t , and i s even unaffected by concentrated acid or 

a l k a l i . 

The proposed structure f o r graphite monofluoride i s 

based on homopolar bonding between carbon and fl u o r i n e atoms, 

the spj hybridisation of the carbon atoms causing the graphite 

layers to be puckered, no aromatic character being retained, while 

the distance apart of the layers varies from 6.6 A° to 8.8 A°. 

Proof of the presence of a C-F bond has recently been furnished 
2 

by in f r a - r e d evidence, t h i s structure readily explaining the low 

r e a c t i v i t y , the absence of e l e c t r i c a l conductivity, and the 

formation of low molecular weight carbon fluorides on thermal 

decomposition. 

Tetracarbon monofluoride. A compound of composition Ĉ P - Ĉ ĝF 

i s formed when a fluorine-hydrogen fluoride mixture i s passed 

over graphite at room temperature, rate of reaction depending on 

the composition of the gas mixture. At 80°-100°C, no reaction 

occurs. 
Tetracarbon monofluoride, appearing velvet-black, 
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sometimes with a bluish tinge, i s , l i k e carbon monofluoride, very 

i n e r t , although i t i s less stable thermally. The compound does 

have an e l e c t r i c a l conductivity, although i t i s appreciably lower 

than that of graphite i t s e l f . Tetracarbon monofluoride contains 

no hydrogen f l u o r i d e , but, once again, the gas plays an important 

r o l e i n the synthesis, as rate of reaction i s affected by the 

p a r t i a l pressure. 

The properties of tetracarbon monofluoride are consistent 

with the formation of a C-F homopolar bond, while the existence of 

three 'free' electrons f o r every four carbon atoms explains the 

el e c t r i c s i l conductivity. The hexagonal carbon network remains, 

the C-C distance being p r a c t i c a l l y the same as that of graphite. 

The structure d i f f e r s from that of graphite i n that the layers are 

i n i d e n t i c a l positions above one another, giving the sequence 

A,A,A,A. The distance apart of the planes varies from 5.34 A° (C^F) 
to 5-50 A° ( C ^ ^ ) . The f l u o r i n e atoms from two layers, above and 

below each carbon plane, and, assuming a regular d i s t r i b u t i o n , form 

a triangular network with an F-F distance of 4-9 A°. 

2. G-raphite compounds with polar bonding. 

I n t h i s class.of compounds, occupation of the i n t e r -

layer spacings takes place i n a characteristic series of steps or 

'stages', the reactant entering the space i n the l a t t i c e between 

each set of basal planes, or that between each second, t h i r d , fourth, 

and so on. The separate compounds, clearly distinguishable from 

one another by analysis or X-ray investigation, are called stages 

1,2,3, •••• etc. This group of compounds w i l l be studied with 
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p a r t i c u l a r reference to the a l k a l i metal-intercalation compounds, 

as i t was. with these compounds that the work carried out was solely 

concerned, while other compounds possessing polar bonding w i l l only 

be very b r i e f l y mentioned. 

a. Preparation, composition, and properties. 

The molten a l k a l i mete^ls, potassium, rubidium, and caesium, 

or t h e i r vapours, react readily with graphite to give a l k a l i metal-

graphite compounds. Depending on the temperature of the reaction, 

and the a l k a l i metal vapour pressure, products of di f f e r e n t colour 

were obtained, and were the same f o r a l l three metals. The compound 

richest i n a l k a l i metal, and of approximate composition MeC3, was 

bronze-red i n colour and was prepared by carefully d i s t i l l i n g o f f , 

i n vacuo, the excess a l k a l i metal used i n the preparation. Further 

heating results i n removal of some of the a l k a l i metal to give a 

steel-blue compound, at f i r s t thought to be MeC^g, but l a t e r found to 

be MeCgi^ by the X-ray work of Rudorff and Schulze^'^ This was 

fu r t h e r confirmed by the work of Herold,^ whose isobaric breakdown 

curve f o r potassium graphite showed the f i r s t clear break at KCgjî -̂

By heating the blue compound strongly, a l l the a l k a l i metal may be 

f i n a l l y removed. 

For the heat of formation of KCg, Fredenhagen obtained a 

value of 12 k.cal./mole, while Quartermann and Primak^ obtained 

7,8 k.cal./mole. Herold^calculated from vapour pressure measurements 

that ^ H f o r the reaction:-

KGgjj, + 2K l i q . > 3KCg 

was -6.8 k.cal., while the corresponding rubidium and 
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caesium values are -11.6 k.cal. and -20.2 k.cal. respectively. 

Using Fredenhagen's value f o r the heat of formation of KCg, 

we obtain:-

24c + K l i q . •KC^^ A H = 29.2 k.cal. 

I f Quartermann's value i s used, A H = -I6.6 k.cal. 

The a l k a l i metal-graphite compounds are highly reactive, 

as they w i l l i g n i t e i n a i r , and may react explosively with water. 

I n controlled reaction with water or alcohol, the only products 

are hydrogen and the a l k a l i metal hydroxide. Mercury w i l l remove 

the a l k a l i metal from the l a t t i c e , while treatment of MeCg with 

l i q u i d ammonia results i n the loss of one t h i r d of the a l k a l i 

metal and i t s replacement by two molecules of ammonia. 

b. Structure. 

For the compound richest i n a l k a l i metal, or the stage 

one compound, MeCg, a layer of a l k a l i metal atoms exists between 

each pai r of carbon planes, while i n the blue, second stage compound, 

MeĈ ,̂ t h i s occurs between alternate pairs of carbon planes. The 

interplanar distance i s increased by potassim to 5-41 A°, by 

rubidium to 5.6I A°, and by caesium to 5.95 A°. 

In the f i r s t stage, the a l k a l i metal atoms form a triangular 

net, the Me-Me distance being 4.91 A°, twi,ce as long as the hexagonal 

•a' axis of the hexagonal carbon net (Fig. 2a). Fully occupied, the 

f i r s t stage compound thus has a composition of MeCg. The recently 

determined structure^ of t h i s compound i s shown i n Fig. 3, and d i f f e r s 
g 

from the o r i g i n a l c r y s t al structure by Schleede and 'Wellmann i n that 
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instead of being i n the hexagonal modification of graphite ( i . e . 

i n the sequence A,B,A,B, . . . . ) , the carbon planes are i d e n t i c a l l y 

situated above one another ( i . e . i n the sequence A,A,A,A>- ....) 

and consequently, the a l k a l i metal atoms, instead of lying between 

one carbon atom i n one plane and the middle of a hexagon i n another, 

a l l l i e between the middle of a hexagon of carbon atoms.. This 

seems much more l i k e l y , as each a l k a l i metal atom now has twelve 

carbon atoms equidistant from i t ( i n the case of KCg, at 3.07 A°) 

instead of one carbon atom from one layer, and six from another, 

at d i f f e r e n t distances. 

I n the stage two compound, i f the layers were just as 

densely occupied, a composition of MeĈ ^ would res u l t , as there 

would now be half as much a l k a l i metal present as i n the stage one 

compound. I n f a c t , Schleede arrived at t h i s formula under t h i s 

assumption. However, as the composition i s MeĈ ^̂ , then the 

a l k a l i metal layers must be more sparsely occupied, and removal 

of every t h i r d a l k a l i metal atom leads to a hexagonal net (Fig. 2b) 

i n which the Me-Me distance i s again the same as i n the triangular 

net of the stage one compound. This arrangement corresponds to a 

composition of CgiMe f o r stage two. 
4 9 

I n addition, W. Rudorff has pointed out that other 

alkali-poor stages exist, and by studying potassium - and rubidium -

graphite, showed that f i v e stages occur i n the range MeCg - MeĈ ,̂ 

the compositions of which are shown i n Table 1:-
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Stage and 
Composition 

Lattice Constant C 
f o r Potassium Graphite 

i n A° 

1st stage MeCg 

2nd " MeC„, 24-
3rd " MeC,, 3D 
4-th « MeC.Q 4o 
5th MeCgQ 

5.41 = 5.41 

8.76 = 5.41+(lx3.35) 

12.12 = 5.41+(2x3.35) 

15.48 = 5.a+(3x3.35) 

18.83 = 5.41+(4x3.35) 

I t i s obvious that f o r stages two to f i v e , the same hexagonal 

net of a l k a l i metal atoms must be present, as t h e i r compositions are 

merely multiples of 12:1. When large deviations from the ideal 

formula e x i s t , f o r example, i n an attempted preparation of a compound 

of composition MeC^g, a mixture of the two stages, i n t h i s case one and 

two, r e s u l t , the t r a n s i t i o n between stages occuring discontinuously. 

From Table 1, i t i s also obvious that introduction of the 

layer of metal atoms always causes the same increase i n interplanar 

distance. I n addition, the arrangement of carbon atoms i n adjacent 

planes i s always i d e n t i c a l , so that introduction of a layer of metal 

atoms, besides causing an increase i n interplanar distance, also causes 

a l a t e r a l displacement of carbon planes, i n order that each metal atom 

may be surrounded by twelve carbon atoms at equal distances. 

c. I n t e r c a l a t i o n of sodium and l i t h i u m . 

The ease with which potassium, rubidium, and caesium enter 

the graphite l a t t i c e i s i n direct contrast to the behaviour of sodium 
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and l i t h i u m . Herold^ studied the reaction between l i t h i u m and 

graphite and found that, f o r long periods of reaction at 500°C 

and above, only the carbide ^^2^2 ^'^ intermediate . stages, 

he obtained products d i f f e r i n g i n properties from the carbide. A 

product of overall composition LiC2^, harder than graphite, gave a 

golden yellow powder when broken up, while, on increasing the Li:C 

r a t i o , f i r s t black, grey, and then white substances result. These 

coiiq)Ounds are stable i n dry a i r . On hydrolysis, hydrogen and 

acetylene are evolved, the proportion of acetylene increasing to 

100^ when the Li:C r a t i o i s increased to 0.5- No X-ray study of 

these very peculiar compounds has yet been perfoimed. 

Sodium was found to react with soot, but not with graphite 
10 11 12 

by Fredenhagen, while Tamman and Sworykin observed attack by sodium 

vapour on small rods of r e t o r t carbon between 500° and 900°C. This 

attack led to disintegration of the carbon and the formation of 

products which i g n i t e i n a i r , t h i s being at t r i b u t e d to the fomation 

of a s o l i d solution of sodium i n carbon at higher temperatures. 

Despite t h i s , attempts to prepare a d e f i n i t e compound were unsuccessful 
7 

u n t i l Herold was able to intercalate sodium and caesium together by 

reaction between graphite and a sodium-caesium alloy. The Na:Cs 

r a t i o i n the product was, however, only 0.12. 
13 14 

More recently, Asher and Wilson report that when graphite i s 

heated with about ^ sodium to /tO0°C i n an atmosphere of pure argon 

or helium, a deep v i o l e t product i s formed, whose composition i s 

NaC^^ - NaCgg by X-ray analysis. The formation of a stage eight 
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compound was proposed by the authors, but despite a wide variation 

of experimental conditions, no furt h e r compounds were obtained. 

I t i s thus obvious that a great difference i n behaviour towards 

graphite exists between sodium and the heavy a l k a l i metals, 

potassiiam, rubidium, and caesium. Attempts by Hennig to prepare 

the compound obtained by Asher and Wilson were unsuccessful. 

4. Bonding i n the a l k a l i metal-graphite compounds. 

The a l k a l i metal-graphite compounds can be considered as 

inter m e t a l l i c compounds possessing a certain polar character, the 

l i m i t i n g structure of the bond being Me"*" Graphite , 

This concept may also be used to explain the stereochemical 

i n t e r p r e t a t i o n of the a l k a l i metal-graphite compounds. I f the 

volume of graphite i s subtracted from the molecular volvmie of the 

compound MeCg, the difference, or a l k a l i metal increment, can be 

shown to approximate to the values f o r the metal ions, as found i n 

salts (see Table 2 ) : -

Compound A l k a l i Metal 
Increment 

Atomic Volume 
Me i n Metals 

Ionic Volume 
Me"*" i n Salts 

KCg 25.7 43.4 16 

RbCg 30.3 53.1 20 

CsCg 33.6 66.0 26 

Formation of the compound MeCg from the metal i s therefore 

associated with an appreciable contraction, greatest f o r caesium, 

probably because i n that case, the polar character i s most pronounced. 

Studies on the e l e c t r i c a l conductivity of potassium graphite 
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15 of various compositions showed that increase of conductivity occurs 
with intake of potassium and that the temperature coefficient of 
conductivity, as with a true metal, i s negative. This sign i f i e s 
increase i n the number of electrons available, which must have come 
from the potassium. 

The polar character of the bond also explains the regular 

sequence of metal and graphite layers i n compounds of dif f e r e n t 

composition, as the electropositive metal layers, because of mutual 

repulsion, w i l l tend to di s t r i b u t e themselves as uniformly as 

possible. 

The magnetic properties of these compounds w i l l not be 

described here, a l l of the stages of potassium graphite to stage 
4 

f i v e showing weak paramagnetism . 

5. Other in t e r c a l a t i o n compounds of graphite. 

The a l k a l i metals and the alkaline earth metals both form 

ammoniates with graphite. These compounds can be made by reaction 

of the blue solution of the metal i n l i q u i d ammonia with graphite, 

and resemble the a l k a l i metal-graphite compounds i n both structure 

and properties. Removal of absorbed ammonia results i n compounds 

corresponding approximately to the formula MeC^2(^_5)2* 

potassium, rubidium, and caesium compounds may also be obtained by 

treatment of MeCg with l i q u i d ammonia. Instead of ammonia, amines 

can be used to form similar compounds. 

Graphite, i n the presence of concentrated acids, may 

be oxidised by oxidising agents or by anodic oxidation to the 

' graphite salts' . The name i s j u s t i f i e d i n that the graphite behaves 

as a true metal, and packing again takes place i n stages. 
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The behaviour of the halogens towards graphite shows 

marked differences w i t h i n the group. Bromine and chlorine give 

unstable graphite complexes with l i m i t i n g composition CgX, which 

are only suitable under the saturation pressure of the halogen. 

Iodine, as yet, has not been found to react with graphite, but 

f l u o r i n e forms the homopolar-bonded Ĉ F and CP dealt with previously. 

Compounds are also formed when graphite i s heated with a 

metal chloride, the intercalated chloride being given o f f again at 

a s u f f i c i e n t l y high temperature. The constitution of the wide 

range of metal chloride-graphite compounds i s not yet clear. 

Oxides and sulphides of polyvalent elements i n higher 

oxidation states are capable of in t e r c a l a t i o n i n graphite, and 

whether i n t e r c a l a t i o n of any substance i n a layer l a t t i c e w i l l 
16 

take place, i s said by Croft to depend on whether or not an electronic 

i n t e r a c t i o n can take place between the host l a t t i c e and the intercalated 

substance, and that the host l a t t i c e has room to take up the l a t t e r . 

The a l k a l i metal-hydrocarbon addition compounds. 

Aromatic hydrocarbons containing two or more aromatic rings, 

joined (biphenyl), conjugated (1,4-, diphenylbiitadiene), or fused 

(naphthalene) w i l l react with the a l k a l i metals to form addition 

compounds, no loss of hydrogen taking place. These compounds are a l l 

strongly coloured, and t h e i r ease of formation depends to a large 

extent on the reaction medium. These compounds are not to be confused 

with a l k a l i metal-hydrocarbon substitution compounds, t y p i f i e d by 

benzylsodium or triphenylmethyl sodium, also strongly coloured compounds. 

Both groups have the negative charge delocalised i n the organic system. 



98 

For instance, sodium naphthalene, the addition compound of sodium 

and naphthalene, may be formulated as:-

17 18 

Early work on these addition compounds was carried out i n 

di e t h y l ether, i n which medium anthracene, oC, ul diphenyl-polyenes, 

and polyarylethylenes w i l l add sodium, although low s o l u b i l i t y of 

the products and r e l a t i v e i n a c c e s s i b i l i t y of starting materials 

r e s t r i c t e d t h e i r application. Some aromatic cyanides and l«etones 

were observed to behave s i m i l a r l y , the l a t t e r forming ketyls, 

benzophenQne and sodium, f o r example, forming the deep blue sodium 

diphenyl k e t y l Pĥ C-O Na. These fcetyls are very a i r and water-

sensitive and are used i n solvent p u r i f i c a t i o n . 
19 

The discovery that these addition compounds could be 

prepared much more easily i n ethers with a high 0:C r a t i o greatly 

widened the scope of t h e i r application. Naphthalene w i l l add 

sodium i n dimethyl ether and methyl ethyl ether, but these are 

inconvenient due to t h e i r low b o i l i n g points, and i n f a c t , the 

addition takes place p a r t i c u l a r l y easily i n ethylene glycol dimethyl 

ether (B.P. 8 4 °C). This solvent, because of i t s strong donor 

character, reduces the energy of the a l k a l i metal ion by solvation:-

CH. 0 

0^ 
M 

0 ^ - CH, 

9 
CH 

- CH. 

Another good solvent f o r these compounds i s tetrahydrofuran. 
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which, although cheaper than ethylene glycol dimethyl ether, suffers 

from the disadvantage that i t forms peroxides more readily than the 

l a t t e r , and w i l l not give such concentrated solutions. 

Lithium w i l l add to aromatic hydrocarbons rather more readily 

than w i l l sodium, slowly dissolving i n solutions of naphthalene i n 

d i e t h y l ether. 
Sodium naphthalene solutions i n glycol dimethyl ether are 

dark green i n colour and have a r e l a t i v e l y high e l e c t r i c a l conductivity. 
Both glycol dimethyl ether and tetrahydrofuran have greater d i e l e c t r i c 

20 

constants ( 6 . 8 and 7 . 3 ) than d i e t h y l ether. Solutions of these addition 

compounds undoubtedly consist of solvated a l k a l i metal cations and 

hydrocarbon anions, as they are paramagnetic i n the two solvents 

mentioned above, as would be expected f o r anions with an odd number of 

electrons. Supporting t h i s i s the f a c t that e l e c t r i c a l conductance 

of solutions of these compounds shows the presence of ion pairs ( i n 

t r i p l e t s i n the case of di-negative anions), and the ions are separated 

by at least one layer of solvent molecules, i t being quite l i k e l y that 

the anions are also solvated to some extent. Ion solvation increases 

with decrease of temperature, corresponding to increase of d i - e l e c t r i c 

constant of the solvent. 

The reaction between an a l k a l i metal and naphthalene results 

i n transfer of an electron from the sodium into the lowest vacant 

o r b i t a l of the naphthalene molecule. The lowest vacant o r b i t a l i n 

benzene i s a t too high an energy l e v e l f o r t h i s t r a n s i t i o n to take 

place, while i n naphthalene, i t can take place, but only i f the 

energy of the re s u l t i n g sodium ion i s lowered by solvation i n an 
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ether of high donor character. I n anthracene, the f i r s t available 

o r b i t a l i s at an even lower le v e l than i n naphthalene, and the 

formation of the Ĉ ^̂ Ĥ q anion w i l l consequently take place even i n 

die t h y l ether. 

The presence of t h i s extra electron also e^^lains the deep 

colour of the compounds. The longest wavelength l i g h t absorptions 

of both naphthalene and anthracene l i e i n the u l t r a - v i o l e t , but with 

the anions the longest wavelength absorptions l i e at a.much longer 

wavelength, and are i n f a c t i n the v i s i b l e region at 7550 A° and 
n 2 1 

7250 A respectively. 

The paramagnetism of the compounds i s also explained by t h i s 

odd electron, and, should a second electron transfer take place 

( i . e . formation of R^~), then, i n the case of naphthalene and anthracene, 

since the singly occupied o r b i t a l s are non-degenerate, a diamagnetic 

compound would be formed, as both electrons would be i n the same o r b i t a l , 

with spins paired. Naphthalene, except when i n l i q u i d ammonia solution, 

does not readily accept a second electron. Anthracene does, however, 
2 - 22 

and the anthracene anion has been shown to be diamagnetic i n solution. 

At the same time, the electron spin resonance spectrum, characteristic 

of ' odd-electron' molecules has been shown to have disappeared. 

Paramagnetic, coloured solutions containing low concentrations 

of anions derived from benzene, toluene, and the three xylenes with 

potassium have been observed i n ethylene glycol dimethyl ether at -80°C, 
25 

but decompose rapidly above t h i s temperature. 
I t becomes clear that s t a b i l i t y of the hydrocarbon anions i s 
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i n t h e o r d e r : - C ^ ^ H - Q ^ C ^ o H - ^ C g H -

o r s i m i l a r l y , t h e h y d r o c a r b o n s , i n o r d e r o f e l e c t r o n a f f i n i t y a r e 

^ 1 4 ^ 1 0 ^ ^ 1 0 ^ 8 ^ "^6^6 ' h y d r o c a r b o n o f l o w e s t e l e c t r o n a f f i n i t y 

c a p a b l e o f f o r m i n g an a n i o n w i t h sodium i n e t h y l e n e g l y c o l d i m e t h y l 

e t h e r i s b i p h e n y l , so a d d i t i o n o f a s o l u t i o n o f sodium b i p h e n y l i n 

t h i s s o l v e n t t o a s o l u t i o n o f a n y o t h e r h y d r o c a r b o n o f g r e a t e r e l e c t r o n 

a f f i n i t y r e s u l t s i n a n e l e c t r o n t r a n s f e r , a n d may be accompanied by a 

c o l o u r c h a n g e , e . g . : -

9 @ 
b i p h e n y l + p y r e n e » b i p h e n y l + p y r e n e 
( g r e e n ) ( p u r p l e ) 

These exchanges have been s t u d i e d q u a n t i t a t i v e l y i n t h i s way 

b y p o t e n t i o m e t r i c t i t r a t i o n i n e t h y l e n e g l y c o l d i m e t h y l e t h e r and i n 

2 4 

t e t r a h y d r o f u r a n , a s c a l e o f r e d u c t i o n p o t e n t i a l s o f a r o m a t i c h y d r o c a r b o n s 

and t h e i r u n i v a l e n t a n i o n s b e i n g drawn up a g a i n s t sodium b i p h e n y l as 

z e r o . I n t h i s way, t h e r e d u c t i o n p o t e n t i a l s o f n a p h t h a l e n e and 

a n t h r a c e n e i n e t h y l e n e g l y c o l d i m e t h y l e t h e r have been f o u n d t o be 

O i09 and 0 . 7 8 v o l t s r e s p e c t i v e l y . 

S o l u t i o n s o f sod ium n a p h t h a l e n e and o t h e r compounds a r e 

s t r o n g l y r e d u c i n g , b e h a v i n g as s o l u t i o n s o f e l e c t r o n s . The h a l o g e n 

o f o r g a n i c h a l i d e s i s t h u s r e d u c e d t o h a l i d e : -

0 , 2 % - . RX > O^E^^ . R- . X-

The f r e e r a d i c a l s p r o d u c e d r e a c t w i t h s o l v e n t , h y d r o c a r b o n , h y d r o c a r b o n 

a n i o n , o r d i m e r i z e , b u t t h e h a l i d e i o n may be q u a n t i t a t i v e l y e x t r a c t e d 

b y w a t e r . The e s t i m a t i o n o f h a l o g e n i n o r g a n i c compounds may be 

r e l i a b l y c a r r i e d o u t by d e c o m p o s i t i o n w i t h a s o l u t i o n o f sod ium 

b i p h e n y l i n g l y c o l d i m e t h y l e t h e r . T h i s i s added t o a s o l u t i o n o f 
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the organic compound i n di-isopropyl ether u n t i l a green colour 
persists. 

These reagents are not stable at room temperature, as the 
19 

ether i s slowly attacked:-

^10^10 ^10^8 + 2CH3O- + CĤ  = CHOCĤ  2C^qH- + 2CH^0CH^CH20GH^-

The products of t h i s attack are thus, a mixture of naphthalene, 

dihydronaphthalene, methyl v i n y l ether, and the a l k a l i metal methoxide. 

Sodium naphthalene w i l l reduce a solution of cobalt ( I I ) 

chloride i n tetrahydrofuran to c o l l o i d a l cobalt, while, with mercury, 

i t w i l l give a sodium amalgam and reform naphthalene. 

With water, alcohol, or almost any source of acidic hydrogen, 
19 

sodium naphthalene w i l l give 1,4,-dihydronaphthalene, and w i l l give a 

mixture of the 1,2- and 1,4- isomers of dihydronaphthalene carboxylic 

acid with carbon dioxide. The fact that dihydro derivatives are 

formed i s not indicative of the presence i n solution of di-sodium 

derivatives of naphthalene, evidence against t h i s being strong. I n 

reactions of t h i s type, half of the naphthalene present as the anion i s reconverted to the hydrocarbon:-
H H 

e 
+ H^O CO 

H 

OH ,0 
H H 

CO 
H e 

Ĥ O 

H H 

^ ^10^8 

00 
H H 

+ o r 
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Di-sodium adducts of naphthalene are present i n l i q u i d 

ammonia, giving red solutions. 

The more reactive sodium-aromatic complexes such as sodium 

naphthalene, have found application as anionic polymerization 
2 7 

catalysts, f o r instance, i f styrene i s added to a d i l u t e solution of 

sodium naphthalene i n tetrahydrofuran, the colour changes from green 

to red. Polymerization may be i n i t i a t e d by an electron transfer 

reaction:-

Ĉ q̂H- + PhCH:CH2 • C^qHq + (PhCH:CH2)" 

Polymerization then takes place, one end growing as a free 

r a d i c a l , and the other as a carbanion. Eventually, radical ends 

j o i n , and polymerization continues only by the anionic process, and 

goes on u n t i l a l l of the monomer i s used up, and even then, addition 

of more monomer, whether i t be styrene or another monomer, results i n 

fu r t h e r polymerization, as there i s no chain terminating mechanism. 
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DISCUSSION 

Although the in t e r c a l a t i o n compounds of potassium with 

graphite are well-known, as mentioned previously, only one such 
13 14 

compound has been reported to be formed by sodium, and t h i s by direct 

reaction of sodium with graphite at 400°C. I t was hoped to prepare 

compounds of t h i s type by reactions using a l k a l i metal-naphthalene 

compounds (formulated as i n ( l ) ) with graphite i n specially p u r i f i e d 

ethylene glycol dimethyl ether. 
The electron a f f i n i t y of graphite 

+ , „ , i s much greater than that of 

naphthalene, and hence i t might be 

( l ) expected that an electron transfer 

reaction would take place, namely:-

M"̂  (C^qHq)" + graphite *• C^^Hg + (graphite)" M"̂  

I t would seem that t h i s i s l i k e l y to occur, but i t i s 

d i f f i c u l t to say whether in t e r c a l a t i o n would take place, or whether the 

sodium ions would remain on the surface of the graphite. 

I n general, solutions of a l k a l i metal-naphthalene compounds 

were treated with dried synthetic graphite f o r d i f f e r e n t times linder 

varying conditions, the insoluble graphitic products being separated 

from excess a l k a l i metal hydrocarbon by f i l t r a t i o n . Analysis of the 

products was carried out by six general methods:-

(a) Direct hydrolysis of the product, followed by t i t r a t i o n with 

standard acid. 
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(b) Hydrolysis with standard acid of excess a l k a l i metal-

naphthalene and b a c k - t i t r a t i o n with standard a l k a l i . 

(c) Carbon and hydrogen anedysis. 

(d) Sublimation of a l k a l i metal from the product i n vacuo, 

followed by hydrolysis and t i t r a t i o n with standard acid. 

(e) Acid hydrolysis of the product i n a vacuum system and 

estimation of hydrogen evolved. 

( f ) X-ray powder d i f f r a c t i o n photographs. 

The results are set out broadly i n Table 1 , but w i l l be 

discussed i n more d e t a i l l a t e r . 

A l k a l i metal-naphthalene compounds. 

The a l k a l i metal-naphthalene compounds formed by sodium, 

potassium, and l i t h i u m were used i n reactions with graphite at 

- 30°C, 0°C, and 83°C ( r e f l u x i n g ethylene glycol dimethyl ether) 

f o r times of 2 - | hrs, 3 hrs, or 1 7 hrs (overnight). The majority 

of the reactions were carried out using sodium naphthalene. 

ESTIMATION 

I n the early course of the work, i t was hoped that the 

composition of the product, obtained by the method of direct hydrolysis 

and t i t r a t i o n , could be checked by hydrolysis of the unreacted sodium 

naphthalene with excess standard acid, and back-titration with standard 

a l k a l i . From the amount of sodium naphthalene used i n reaction with 

graphite, the composition of the product was calculated. I n i t i a l l y , 

however, agreement between these two methods was very poor, f o r example: 
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TABLE 5 

No. of 
Experiment 

Result by Direct 
Hydrolysis 
(Method l ) 

Result by Back 
T i t r a t i o n 
(Method 2) 

(9) NaC32.6 NaCg5 

(10) NaC35^8 NaC^5g 

(11) NaC,r-35 NaCg3 

The results from the b a c k - t i t r a t i o n method thus show that 

less sodium has remained with the graphite than does the result by 

direct hydrolysis. This means that more a l k a l i i s being found i n 

the f i l t r a t e than expected, i . e . assttming that the o r i g i n a l estimation 

of tlie sodium naphthalene and the direct hydrolysis result are correct, 

a l k a l i i s being gained during the experiment. This result i s , of 

course, absurd, and the error was eventually found to occur i n the 

i n i t i a l estimation of the sodium' naphthalene solution, which was done 

by withdrawing aliquots, hydrolysing, and t i t r a t i n g with standard 

acid. The hydrolysis of the aliquots was normally performed by 

allowing the sodium naphthalene solution to nm into d i s t i l l e d water 

i n the a i r , but on hydrolysis under nitrogen using de-aerated water, 

an immediate increase i n yields of sodium naphthalene was observed. 

Apart from one experiment (Experiment ( l 2 ) , i n which the former method 

of hydrolysis was used), t h i s corresponded to increased r e l i a b i l i t y 

of the results from the b a c k - t i t r a t i o n method, i n the sense that they 

indicated loss of a l k a l i during the experiment, which i s more to be 
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expected. These points are i l l u s t r a t e d by the table on the previous 

page. Another factor emerging from Table 4 i s that the formation 

of potassium naphthalene appears to be much slower than that of 

sodium naphthalene. Formation of sodium naphthalene was complete 

(Expts. 1 3 , 1 4 , D) i n one hour at room temperature, while formation 

of potassixna naphthalene was not complete i n three hours at the same 

temperature (Expts. 18, 1 9 , 2 0 , A). This apparently slow rate of 

formation could not be due to decreased s o l u b i l i t y of potassium 

naphthalene i n ethylene glycol dimethyl ether, as i t i s i n O .365 M 

solution (Expt. 2 0 ) , while the strongest sodium naphthalene solution 

i n Table 4 i s O .37 M. 

Lithiiam naphthalene, from the limited amount of work carried 

out, appears to be even slower to form than either of the others. I n 

a reaction between l i t h i u m naphthalene and graphite at re f l u x overnight 

(Expt. 2 2 ) , t o t a l decomposition of the li t h i u m naphthalene took place 

and an estimate of the l i t h i u m naphthalene present i n i t i a l l y was 

obtained by analysis of the graphitic products, of apparent' composition 

i^' '^^^ showed that the y i e l d of li t h i u m naphthalene, after 

standing f o r 1 ^ hours at room temperature, was only O.OI68 moles (32.3fo), 

much lower than yields of sodium or potassium naphthalene under 

comparable conditions. 

Reaction with solvent. 

The analysis of the graphitic products, outlined previously, 

i s complicated by the f a c t that, at room temperature, a slow reaction 
19 

between the a l k a l i metal-naphthalene and ethylene glycol dimethyl 
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ether, takes place:-

2M̂  C^QH- . 2CH3OCH2CH2OCH3 ^ C^^Q . C^^Hg . 2CH3OM-

+ 2CH2:CH0CH3 

This reaction results i n the formation of naphthalene, 

dihydronaphthalene, methylvinyl ether, and the a l k a l i metal 

methoxide. The f i r s t three products do not a f f e c t the analysis 

i n any way, methylvinylether being a low bo i l i n g l i q u i d , while 

naphthalene and dihydronaphthalene were removed by washing with 

ethylene glycol dimethyl ether. Sodium methoxide, however, was 

found to be completely insoluble i n the solvent, and was therefore 

isolated along with the graphitic products, from which i t i s 

completely inseparable. 

The fact that t h i s reaction was taking place was confirmed 

by an experiment i n which l i t h i u m naphthalene was refluxed overnight 

i n ethylene glycol dimethyl ether. From a cold trap connected to 

the eff l u e n t nitrogen, was obtained a small sample of an unsaturated 

v o l a t i l e l i q u i d which could be brominated, almost certainly methyl 

v i n y l ether, while the 3, 5, dinitrobenzoate m.p. 108°C, of methyl 

alcohol was prepared from the hydrolysate of the alkaline, insoluble 

residue, which therefore contained l i t h i u m methoxide. The colour 

of the ethylene glycol dimethyl ether f i l t r a t e was a pale, transparent 

red-brown, and proved to be alkaline on hydrolysis, suggesting that 

the reaction may be complicated by side reactions. Lithium 

naphthalene seemed to be the most reactive with solvent, sodium 
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naphthalene the most stable, and potassium naphthalene intermediate 

between the two. From Table 2 (Expts. B and C) i t can be seen that 

the amount of insoluble alkaline material (2.8fr. and 1 ^ of t o t a l 

a l k a l i ) formed by reaction between potassium naphthalene and ethylene 

glycol dimethyl ether at -30°C f o r three hours, i s greater than that 

formed by sodium naphthalene (Average = 2 . 1 ^ of t o t a l a l k a l i ) under 

more severe conditions (Expts. E, F, &, I and K ) , i.e. three hours 

at 0°C. 

Nature of the graphite products. 

As the majority of the work was conducted using sodium 

naphthalene, the general discussion w i l l apply to sodium, while any 

interesting points r e l a t i n g to potassium or l i t h i u m w i l l be mentioned 

s p e c i f i c a l l y . 

Direct Hydrolysis. 

Direct hydrolysis, assuming that a l l of the a l k a l i i s present 

as metal, led to the range of compositions of NaCg_yy, those products 

richest i n a l k a l i being obtained from reactions carried out under the 

most prolonged and severe conditions. For potassium, the compound 

richest i n a l k a l i would have a composition of KĈ ^ ^ i f i t were present 

as potassium metal. I f t h i s was the case, then i t would be expected 

to contain a high proportion of the well-known potassium graphite 

compound KC_, and therefore to possess the bronze-red colour characteristic o 
of t h i s compound. However, i n no case did the appearance of the products 

d i f f e r appreciably from that of graphite, suggesting that a l l of the 

a l k a l i was not present as the free metal. This was i n fact borne out 
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by control experiments, i n which solutions of a l k a l i metal-

naphthalenes i n ethylene glycol dimethyl ether were used under 

i d e n t i c a l conditions to those i n the actual experiments, except 

for the complete exclusion of graphite. The amount of insoluble 

a l k a l i n e materied, namely sodium methoxide, produced by reaction 

between sodium naphthalene and the solvent, was then obtained by 

hydrolysis and t i t r a t i o n with standard acid. The r e s u l t s obtained 

are set out i n Table 2. The r e s u l t s from the control experiments 

are compared with the r e s u l t s from actual experiments i n Table 5 

on previous page. 

Where several experiments were ca r r i e d out under the same 

conditions, the average composition of the compound formed, or, i n 

the case of the control experiments, the average composition of the 

compound which would be formed i f graphite was present (0.208 moles), 

i s shown. This shows that, i n the case of experiments carr i e d out 

at r e f l u x temperature (83°C) a l l of the a l k a l i present i s accountable 

as methoxide; i n the others, the proportion of alksdi accountable as 

methoxide v a r i e s from 26,1% (for sodium, 3 hours at 0°C) to 62.5^ 

(f o r sodium, 3 hours at 17°C), and i s U2.(fo for potassium (3 hours 

at -30°C). 

The v a l i d i t y of these r e s u l t s i s uncertain, as the 

composition of the products formed under a given set of conditions 

varied a great deal. For example, i n experiments carried out between 

sodium napthalene and graphite (Experiments 2-8, Table l ) , for 3 hours 

at 0°C, the range of compositions was NaC^y^y^.. ^ possible explanation 
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I l l 

for t h i s wide range may at f i r s t appear to be due to i n e f f i c i e n t 

f i l t r a t i o n of the sodium naphthalene solution before reaction with 

graphite. I n i t i a l l y , t h i s f i l t r a t i o n was done using a glass wool 

plug, and i t i s quite possible that t h i s may allow the passage of 

small pieces of sodium, broken off from the sodium wire, or any 

sodium methoxide formed, to pass into the reaction flask, while i n 

another case more e f f i c i e n t f i l t r a t i o n may take place. These 

insoluble a l k a l i n e impurities would then be isolated with the graphite 

andgive a greatly erroneous a l k a l i n e content. 

Probably the most r e l i a b l e r e s u l t s along these l i n e s were 

obtained from experiments ( E , I , K , Table 2) i n which sodium naphthalene 

was f i r s t f i l t e r e d through glass woolj allowed to react with ethylene 

glycol dimethyl ether under given conditions, and the insoluble alkaline 

material estimated af t e r f i l t r a t i o n on a sintered glass disc. The 

f i l t r a t e was then allowed to react with graphite under exactly similar 

conditions. The r e s u l t s obtained from these experiments are shown 

i n Table 6. 

Again t h i s wide d i v e r s i t y of r e s u l t s for the composition of 

the graphite products i s apparent, and t h i s time cannot be due to 

contamination by, e.g. pieces of sodium escaping f i l t r a t i o n . On the 

contrary, where we would expect possible interference from t h i s source, 

that i s , i n the i n i t i a l estimation of insoluble a l k a l i obtained from 

reaction with the solvent, the r e s u l t s are f a r more consistent 

( 0 . 0 0 1 0 5 moles - 0 . 0 0 1 3 6 moles). I n fact , the most str i k i n g point 

about these r e s u l t s i s that, i n every case (at 0°C for 3 hours) more 
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insoluble a l k a l i was produced while the sodium naphthalene was i n 

contact with graphite than when no graphite was present. This leads 

to the conclusion that, under these conditions either, the graphite 

i s acting as a c a t a l y s t for the reaction between sodium naphthalene 

and ethylene glycol dimethyl ether, or the required electron transfer 

reaction i s taking place. 

I n support of the l a t t e r theory, i t was noted that samples 

of the products r i c h e s t i n a l k a l i would glow red hot on exposure to 

a i r , behaviour similar to that of the known potassium graphite 

compounds. 

Carbon and Hydrogen analysis. 

Carbon and hydrogen analysis was carried out on the products 

from several of the early experiments, and the observed results 

(Table l ) were always lower i n carbon and. higher i n hydrogen, than 

expected. They are summarised i n Table 7. 

The observed r e s u l t s were foiznd to be lower i n carbon and 

higher i n hydrogen than the corresponding mixtures would be, i f a l l 

the a l k a l i was present as sodium or potassium methoxide. Even i f 

complete hydrolysis of sodium methoxide, by atmospheric water vapour, 

to sodium hydroxide and methyl alcohol took place before weighing, 

the a l t e r a t i o n i n composition would not account f o r the large 

differences i n carbon analysis. The extreme values for the range 

of 'sodium graphite' products are shown on the next page:-
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Escpt. 
No. 

Composition 
by 

Direct Hydrolysis 

Pound Required, allowing for 
complete Hydrolysis of 
A l k a l i 

Carbon Hydrogen 
% 

Carbon Hydrogen 

2 81.9 1.9 92 . 3 0 . 6 3 

12 

1 
"•^16 6 4 . 0 1 . 7 7 7 . 3 1.9 

I t appears, therefore, that either, impurities other than those 

mentioned above are present, or, the analyses are unreliable. 

Sublimation of Metal. 

The f a c t that the products did contain free sodium was shown 

beyond doubt i n several cases, the metal being sublimed i n vacuo, 

although any quantitative measurement was rarely attempted. A notable 

feature of at l e a s t one of these graphitic products (Experiment 1 5 ) was 

that, even sifter sublimation of sodium was apparently complete, the 

residue glowed red-hot when exposed to a i r , suggesting that sodium metal 

may s t i l l be present, despite the f a i r l y severe conditions used i n the 

sublimation. This may be explained i f the sublimed metal was merely 

present as a dispersion on the surface of the graphite, while that 

remaining behind was intercalated i n the graphite l a t t i c e , thereby 

being more tenaciously held. 

Hydrolysis and estimation of the sublimed metal gave an 

approximate range of compositions of experiments, 



114, 

the amount of i n v o l a t i l e a l k a l i present was estimated by hydrolysis 

and t i t r a t i o n , and, assuming that i t was a l l present as sodium 

methoxide, the compositions due to sublimed metal alone were calculated:-

TABLE 9 

Expt. 
No. 

Composition by 
Direct 

Hydrolysis 

Composition by 
Estimation of 
Sublimed Metal 

Composition 
Assuming a l l 

I n v o l a t i l e A l k a l i 
i s Sodium Methoxide 

1 5 

4 

" " = 8 . 6 

" ^ 7 7 . 3 

• ' % 7 4 

" ^ 2 5 5 

The presence of a l k a l i metal i n the graphitic products, A e t h e r 

as a random di s t r i b u t i o n on the surface of the graphite, or as 

int e r c a l a t e d ions, or both, has now been established. However, besides 

the postulated electron transfer reaction, the occurrence of sodium with 

the graphite could possibly be explained more simply. Sodium 

naphthalene does not e x i s t other than i n solution, and, i f washing of 

the products with ethylene glycol dimethyl ether was incomplete, then 

removal of the solvent would r e s u l t i n the re-formation of sodium and 

naphthalene, and the detection of the free metal i n the graphite. 

Therefore, sodium naphthalene was mixed with graphite ( i n an amount 

corresponding to a composition of NaC^^g) subjected to the same 

drying process used for a l l of the products, naphthalene ea s i l y being 

detectable as i t sublimed on the sides of the drying tube, a phenomenon 
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not observed i n any of the actual experiments. However, should t h i s 

dissociation to sodium and naphthalene occur before washing i s complete, 

then subsequent washing may remove ihe naphthalene before the addition 

compound cem re-form, thus leaving only sodium behind. Precautions 

were taken against t h i s eventuality by ensuring that the graphite 

residue was always wet with ethylene glycol dimethyl ether u n t i l 

f i l t r a t i o n and washing were complete. 

The remaining p o s s i b i l i t y that small pieces of free sodium, 

broken away from the sodium wire used i n the preparation of the sodium 

naphthalene, heid escaped f i l t r a t i o n and contaminated the graphite, was 

very u n l i k e l y , i n that sodium xiould be sublimed from products of 

re£Lctions (Experiments 4 , 1, 8 ) using sodium naphthalene which had 

i t s e l f been f i l t e r e d through a grade three sintered glass disc before 

use. 

Vacuum Line Hydrolysis. 

The control experiments, carried out between sodium 

naphthalene and ethylene glycol dimethyl ether, especially i n the case 

of the reactions carried out at 83°C, give very l i t t l e data on the 

r e l a t i v e amounts of free metal and other alkaline impurities i n the 

graphite. The results obtained by estimation of sublimed metal, too, 

seem to be of l i t t l e value i n ascertaining the true metal:graphite 

r a t i o , as i t appears that not a l l of the metal i s removed under the 

conditions used. 

The most r e l i a b l e method of unequivocably determining the 

amount of a l k a l i metal i n a given sample would appear to be by vacuum 
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l i n e hydrolysis, and estimation of the hydrogen evolved. Experiments 

along these l i n e s l e d to r e s u l t s i n the range ^ ^ 5 2 6 - 2 3 8 0 ' "̂ "̂  ^^"^'^S 

fo r the presence of materisil other than graphite and a l k a l i metal. 

Even so, these r e s u l t s are much lower i n a l k a l i than anticipated by 

sublimation figures. These r e s u l t s were most peculiar, since Fredenhagen 

and Cadenbach^*^ had successfully determined the composition of a l k a l i 

metal-graphite lamellar compounds by measuring the volume of hydrogen 

evolved on passage of a stream of moist nitrogen. Accordingly, a 

t r i a l determination performed on a potassium graphite compound of 

known composition ( K C ^ ^ by direct hydrolysis and t i t r a t i o n ) , made by 

d i r e c t reaction of potassium and graphite, gave good agreement ( K C ^ ) , 

showing that l i t t l e was wrong with the technique employed. 

Another surprising aspect of these r e s u l t s i s that a product 

which would glow red-hot on exposure to a i r (E3q)eriment 1 6 ) prepared 

at 83°C, and one which would not (Experiment 7 ) , evolved comparable 

amounts of hydrogen when treated as above, the r e s u l t s corresponding 

to compositions of NaC^^^g and NaC^^^ respectively, whereas the former 

product would be expected to contain much more free sodium. The 

random nature of the r e s u l t s from the vacuum l i n e hydrolysis i s 

exemplified i n the case of Experiment 7 , i n which three determinations 

on samples of the product gave r e s u l t s of NaC^^, ^^^Q 2 3 8 0 ' These 

r e s u l t s , i n fact, indicate that a very small amount of a l k a l i metal i s 

present as a random distribution, as no explanation of the apparent l o s s 

of hydrogen either by i t s use i n reduction or by absorption seems 

possible. However, the evidence from sublimation experiments, and th°e 



TABLE 10 

Copper Radiation Cobalt 
Radiation 

d m A d m A d i n A° d i n A° 
Graphite Experiment 12 

2^ h r s . at 83°C 
Experiment 15 

17 h r s . a t 83 C 
Sodium 

Methoxide 
13.18 
11.26 
8.23 
6.53 

5.28 
4.32 
4 .03 

(1) 3.74 ^ 3.76 /? 3.74 15 
3.62 

(2) 3.37 3.38 3.39 3.38 
2.98 

2.90 
2.78 2.78 
2.68 

2.62 
2.54 2.53 

2.48 
2.38 2.37 2.40 

2.29 
(5) 2.26 2.25 2.26 

2.18 
(4) 2.12 2 .13 
(5) 2.03 2.03 2.04 

1.95 
1.88 

(6) 1.85 
1.79 

1.71 
(7) 1.69 1.69 1.68 1.70 

1.62 
(8) 1.36 
(9) 1.28 1.27 
(10) 1.23 1.23 1.23 

1.20 
(11) 1.16 1.16 

1.06 
(12) 0.99 

/G = due t o u n f i l t e r e d fB r a d i a t i o n 
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f a c t t h a t some of the a l k a l i - r i c h products are so a i r s e n s i t i v e , 

does i n d i c a t e t h a t more sodium metal i s present than i s shown by 

the vacuum l i n e experiments, and t h a t a l l of t h i s metal may not 

simply be present as a surface d i s t r i b u t i o n . The only way t o 

d i s c r i m i n a t e between the two p o s s i b i l i t i e s i s by X-ray d i f f r a c t i o n 

measurements, and powder photographs were taken of many samples. 

The X-ray work described subsequently was c a r r i e d out as 

a q u a l i t a t i v e i n d i c a t i o n of the presence of l a m e l l a r compounds of 

g r a p h i t e , and i s not t o be i n t e r p r e t e d as an attempt at d e t a i l e d 

s t r u c t u a l a n a l y s i s . 

X-ray i n v e s t i g a t i o n . 

X-ray powder photographs were taken using copper K ot or 

co b a l t K oc r a d i a t i o n , the r e s u l t s from e a r l y experiments showing 

l i t t l e promise. Those experiments conducted under m i l d conditions 

were u s u a l l y i d e n t i c a l t o g r a p h i t e , while those conducted under more 

severe c o n d i t i o n s , although c o n t a i n i n g many e x t r a l i n e s , showed no 

a l t e r a t i o n of the 002 l i n e of gr a p h i t e , i . e . no a l t e r a t i o n i n the 

basal spacing of gra p h i t e , which must be taken as the c r i t e r i o n f o r 

f o r m a t i o n of a l a m e l l a r compound. Ty p i c a l r e s u l t s f o r experiments 

performed under more severe conditions are shown on the previous 

page, compared w i t h the d spacings f o r graphite and a sample of 

sodium me tho x i d e . Table 10. 

For s i m p l i c i t y i n explanation, the l i n e s showing up on 

the graphite photograph are numbered 1-12, l i n e 2, a t 3.7itA° being 

due t o the main basal spacing of the graphite l a y e r s . The product 

from Experiment 12 shows e i g h t l i n e s coincident w i t h graphite ( l , 2, 
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3 , 4 , 5 , 7 , 1 0 and l l ) , while that from Experiment 1 5 has f i v e 

coincident l i n e s ( l , 2 , 3 , 5 and 7 ) - The graphite l i n e s which are 

not reproduced on these photographs are, without exception, weaker 

l i n e s , which do not appear, probably due to r e l a t i v e overall i n t e n s i t y 

of the photographs. There i s i n fa c t , no doubt that a large amount 

of unchanged graphite i s present i n each of the above products, and, 

i f any of the required lamellar compound i s present, then i t i s i n so 

small an amount as to be undetectable (approximately I C ^ ) , as no 

a l t e r a t i o n of the basal l i n e of graphite has taken place. 

Experiment 1 2 shows coincidence with sodium methoxide i n the 

case of f i v e l i n e s , three of which, at 3 . 3 8 A . ° , 1 . 6 9 A ° and 1 . 2 3 A ° also 

occur i n graphite, while the other two occur at 2.38A° and 2.78A°, 

thus including one of the two very strong l i n e s of sodium methoxide 

( 8 . 2 3 A ° and 2.40A°). Experiment 1 5 , carried out for a longer period 

at 8 3 ° C , produced l i n e s coinciding with those of sodium methoxide at 

3 . 3 9 ^ ° , 1.68AO, 2.54A° and 2.37A°, the f i r s t two of which also occur 

i n graphite. Again, the l i n e at 2.37A° agrees with the very strong 

sodium methoxide l i n e at 2.i»0A°. I n addition to the l i n e s which can 

be accounted for i n terms of either graphite or sodium methoxide, both 

photographs include more l i n e s which are different i n the two photographs. 

The two products therefore consist largely of unchanged graphite, some 

sodium methoxide and other impurities. These impurities, perhaps 

consisting of a l i t t l e sodium oxide or hydroxide probably account f o r 

many of the extra l i n e s appearing between 3.37A° and 2 . 2 6 & . ° observed 

i n the majority of the products obtained from reactions carried out 

at 83°C. 



TABLE 11 

Radiation 
Used 

Copper Copper Cobalt Copper Cobalt 

^^^3-66 
by Asher 
d i n A° 

Expt. 12 
d xn A 

Expt. 6 
d xn A 

Expt. 7 
d i n A° 

G-raphite 
d i n A° 

Sodium 
Ifethoxide 
d i n A° 

13.18 
11.26 
8.23 
6.53 

5.38 
5.28 

4.32 
4.03 

?-76 ^ (1) 3.74 
3.62 

, 5.50 3.50 3.53 
3.38 3.38 (2) 3.37 3.38 

3.30 
: 3.12 

2.90 
2.78 2.77 2.78 2.78 
2.68 2.70 

2.53 
2.48 2.h8 
2.38 2.4J0 2.39 2.4J0 

2.29 
2.25 13) 2.26 

2.13 2.13 2.13 2.14 (4) 2.12 
2.06 
2.02 2.03 2.03 2.02f (5) 2.03 
1.96 

(6) 1.85 
1.79 . 

1.75 
1.69 1.68 1.69 C7) 1.69 1.70 

1.65 
1.62 1.62 

1.54 
(8) 1.36 
(9 1.28 

1.23 1.23 1.23 1.23 (10 1.23 
1.16 1.16 1.15 1.16 (11) 1.16 
1.14 
1.12 
1.06 

(12) 0.99 
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By f a r the most s t r i k i n g X-ray results were those obtained 

from Experiments 6 and 7, "both conducted at 0°C f o r 3 hours, using 

sodim naphthalene previously f i l t e r e d through a grade three sintered 

glass disc, i n reaction with graphite. The values f o r the d spacings 

obtained from these experiments are tabulated on the previous page, 

together with those from Experiment 12, graphite, sodium methoxide 

and those published by Asher and Wilson f o r NaC^j_gg. Table 11. 

Attempts to prepare a sample of the sodium graphite compound 

made previously by Asher were unsuccessful (as had been reported by 

Hennig^^). 

I n Experiment 6 the basal line of graphite (at 3.37A°) has 

disappeared completely and i s replaced by two new lines of equal 

i n t e n s i t y at 5.50A° and 3.30A°, on either side of the o r i g i n a l position. 

The graphite l i n e s , 3, 6, 8, 9 and 12, do not show up i n the photograph 

from Experiment 6, but these are such weak lines that they are probably 

missing because the photograph has a lower overall i n t e n s i t y . The 

strong graphite lines (4, 5, 7, 10 and 11) are a l l present, and i n 

addition, two other lines (at 2.77A° and 2.40A°), both of which correspond 

to lines i n Experiments 12, 7 and i n sodiiim methoxide. The line at 

2.2fOA° corresponds to the very intense line of sodium methoxide, which 

i s c e r t a i n l y present. The product, almost certainly a lamellar 

compound of sodium and graphite, does not show the structural features 

exhibited by Asher's sodium graphite compound, except i n the position 

of the f i r s t l i n e , at 3 .50A°. 

I n Experiment 7, some interference with the basal spacing of 
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graphite again appears to have taken place, an additional l i n e , l e s s 

intense than the ori g i n a l l i n e at 3.38A°, being present at 3«53A°. 

Considerable blurring of the f i l m had occurred between these two l i n e s . 

Once again, a l l of the strong l i n e s of graphite were present, two of 

these ( a t 3.38A° and 1.6%°) together with two more (at 2.78A° and 

2.39A°) corresponding to l i n e s shown by sodium methoxide. The film 

from Experiment 7 differed from that from Experiment 6 i n the 

appearance of l i n e s at 5.38A°, 2.7QA°, 2.i»8A° and 1.62A°, three of 

which correspond to l i n e s appearing i n the product from Experiment 12, 

thus showing the presence of the same Impurities. 

I t thus seems obvious that, at l e a s t i n the case of 

Experiment 6, an in t e r c a l a t i o n compound of sodium with graphite has 

been formed, especially as an X-ray fi l m of a sample of the product 

which had been exposed to a i r , was Id e n t i c a l with graphite I t s e l f 

( i n that the position of the 002 l i n e was restored). The blurring 

of the main basal l i n e of graphite occurring i n Experiment 7 indicates 

some interference with the graphite layer structure, but suggests that 

i t i s more l i k e l y i n the form of a random distribution of sodium ions 

than i n formation of a definite compound. 

An interesting r e s u l t i s obtained i f allowance i s made for 

the presence of alkaline impurities from reaction between sodium 

naphthalene and ethylene glycol dimethyl ether, i n calculating the 

composition of the compound from Experiment 6 (NaC^ ̂  by direct 

h y d r o l y s i s ) . Prom Table 2, the average amount of alkaline insoluble 

impurities produced i n t h i s way at 0°C i n three hours (Experiments E, 

F , &, I and K ) , i s 0.001121 moles. The formula of the compound when 
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t h i s i s taken into consideration, reduces to NaC/._ within the 

range of compositions quoted by Asher for h i s sodium graphite 

compound, NaC_, ^r- This r e s u l t may be signif i c a n t and i t i s 
5 3 - 0 0 

possible that, i n t h i s experiment, the optimum conditions for 

the reaction were reached, the electron transfer reaction taking 

plewje to a s u f f i c i e n t extent, to allow formation of an intercalation 

compound, while excessive foi*matlon of edkaline impurities, which 

may hinder detection of the compound, did not take place. 

Reaction between potassiiim graphite and naphthalene i n pure ethylene 

glycol dimethyl ether 

Because of the high electron a f f i n i t y of graphite, i t was 

thought un l i k e l y that potassium graphite and naphthalene would react 

to form potassium naphthalene i n ethylene glycol dimethyl ether, as 

t h i s would involve an electron transfer from graphite to naphthalene:-

(graphite)" + C ^ Q H 3 (03^(1^3)" + graphite 

When naphthalene was allowed to react with the potassium 

graphite compound, KCg, i n ca r e f u l l y purified ethylene glycol dimethyl 

ether, potassixim naphthalene was formed. However, i n t h i s case, due 

to experimental d i f f i c u l t i e s , no quantitative measurement of the extent 

of the reaction was made. I n any case, the formation of the sodium 

naphthalene may have taken place by reaction of the naphthalene with 

free potassium, present i n a non-homogeneous mixture of the metal 

and potassium-graphite compounds. A similar experiment, i n which a 

product of composition KC^^^^ (therefore a mixture of KCg and KCg^) 
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was reacted with excess of naphthalene, led to formation of some 

potassitun naphthalene. However, estimation of the potassium 

naphthalene solution formed showed that only 8.^ of the metal 

o r i g i n a l l y used (0.00193 moles) was present i n t h i s form. 

Furthermore, a sample of the graphitic residue from t h i s reaction 

would not react with more naphthalene i n ethylene glycol dimethyl 

ether, while another sample was found to contain potassium, which 

could be sublimed out i n vacuo. I t thus appears that naphthedene 

w i l l react under these conditions either with potassium metal 

which has not previously reacted with the graphite, or only with 

potassium graphite compounds with a K:C r a t i o above a certain value. 

The former explanation would appear to be more l i k e l y , although 

several careful experiments would have to be carried out to determine 

conclusively whether or not t h i s i s so. 
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EXPERIMEMIAL 

Since most of t h i s work involved the use of a i r and water-

sensitive compounds, i t was carried out completely i n an atmosphere 

of dry nitrogen, unless otherwise mentioned. A l l solvent used was 

pu r i f i e d by d i s t i l l a t i o n from potassium diphenyl k e t y l , and stored 

over molecular sieve i n an atmosphere of dry nitrogen. 

A. Preparation of. a l k a l i metal-naphthalene compounds i n ethylene 

glycol dimethyl ether 

1. Sodium Naphthalene 

Excess of sodium wire (3g, O.I3 moles) was pressed d i r e c t l y 

i n t o a solution of naphthalene (6.7g, O.O52 moles) i n pure, dry 

ethylene glycol dimethyl ether (I5O mis), an immediate deep green 

colour spreading from the surface of the metal throughout the solution. 

I t was allowed to stand f o r 1 hour at room temperature, or 3 hours 

at 0°C or -30°C, before f i l t r a t i o n from excess sodium, through a glass 

wool plug. Two aliquots (2 ml) were withdrawn, hydrolysed, and 

estimated, a y i e l d of O.O36 moles (7P??) being obtained. 

I n l a t e r preparations, i t was found that a much higher 

t i t r a t i o n figure was obtained i f the hydrolysis was carried out i n 

de-aerated water under nitrogen, a l l subsequent estimations being 

carried out i n t h i s way. Once the yields became consistently high, 

however, estimation of the solutions was discontinued. 

Most of the preparations were performed at room temperature, 

and i n several cases, the solution was f i l t e r e d , under nitrogen, 

through a f i l t r a t i o n apparatus containing a sintered glass'disc (grade 

three) to ensure complete removal of insoluble alkaline impuriti'es. 
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This technique was rendered very d i f f i c u l t with the preparations 

carried out at lower temperature, because of increased viscosity, 

decreased s o l u b i l i t y of the sodium naphthalene, and the f a c t that 

the f i l t r a t i o n apparatus could not be conveniently cooled to 

temperatures other than -78°C. I n a few instances, blocking of 

the sintered glass disc caused the preparation to be abandoned. 

The reaction conditions used and yields obtained are 

shown i n Table 1. (See Discussion) 

2. Potassium Naphthalene 

Potassium metal ('^2.5g, O.O64 moles) was powdered by 

s t i r r i n g i n re f l u x i n g ethylene glycol dimethyl ether (lOO mis), 

b.p. 83°C, a very pale transparent blue solution being obtained, 

with much excess potassium present. After cooling, naphthalene 

(6.7g, 0.052 moles) was added with s t i r r i n g , a deep-coloured solution, 

appearing green or red-brown, being formed immediately. I t was 

s t i r r e d f o r 3 hours, f i l t e r e d and estimated as above, a y i e l d of 

0.0392 moles of potassium naphthalene {l3'k%) being obtained. 

Yields varied from 7<^o-83%. 

The preparation was also carried out a t -30°C, but was not 

estimated i n t h i s case. Potassium naphthalene appeared to be less 

soluble than sodium naphthalene, some d i f f i c u l t y i n f i l t r a t i o n through 

a plug of glass wool being encountered, even at room temperature, due 

to the presence of a black sludge. 

3. Lithium Naphthalene 

Naphthalene (6.7g, 0.052 moles) was added to lithiiam shot 

(0.5g, 0.072 moles) i n ethylene glycol dimethyl.ether (200 mis). 
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and s t i r r e d f o r 1^ hours, before f i l t e r i n g through the apparatus shown 

i n Fig. 1, the sintered glass disc (grade three) being covered with a 

layer of quartz wool to minimise blocking. Lithium naphthalene 

appeared to be much less soluble than either sodium or potassium 

naphthalenes, f i l t r a t i o n taking at least 2 hours at room temperature. 

The f i l t r a t e was not estimated, but from subsequent reactions, i t was 

calculated that the greatest amount of li t h i u m naphthalene i n solution 

was 0.0168 moles (32.3^). I t was also noticed that yields seemed to 

increase d i r e c t l y i n proportion to the time the naphthalene solution 

was i n contact with the l i t h i u m metal. 

B. Reaction between a l k a l i metal-naphthalene compounds and graphite 

Immediately before use, each sample of graphite was pumped 

under high vacuum f o r ten minutes i n a small flask, being constantly 

shaken, and warmed with a gentle bunsen flame. 

1. Reaction between sodium naphthalene and graphite 

A solution of sodium naphthalene (O.O36 moles) i n ethylene 

glycol dimethyl ether (I50 mis) was added with rapid s t i r r i n g , to 

powdered, dry, synthetic graphite (2.5g, 0.208 moles). S t i r r i n g was 

continued f o r periods varying from 2^ hoiirs to 17 hours, at temperatures 

ranging from -30°C to 83°C ( r e f l u x temperature), before f i l t r a t i o n 

through a sintered glass disc under intermittent suction from a high 

vacu\im pump. During f i l t r a t i o n , the green solution often looked red 

at the edges of the meniscus. The residue on the sintered glass 

plate (grade three) was washed thoroughly with pure, dry solvent, being 

s t i r r e d each time with a clean glass rod, u n t i l the washings were 
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colourless. At no time throughout f i l t r a t i o n and washing was the 

residue allowed to become dry of solvent. The graphitic residue 

was then pumped p a r t i a l l y dry under high vacuum to f a c i l i t a t e i t s 

d i r e c t transference t o the drying tube shown i n Pig. 2. This tube 

wias then immersed p a r t i a l l y i n a silicone o i l bath, and a l l traces 

of solvent removed by pumping under high vacuum at 220°C f o r 5 hours, 

the tube being shaken periodically. 

I n several of the l a t e r reactions, the sodium naphthalene 

solution, previously f i l t e r e d through a glass wool plug, was subjected 

to i d e n t i c a l reaction conditions as above, but i n the complete absence 

of graphite. The solution was then f i l t e r e d again through the 

sintered glass disc, a black sludge, turning almost white when pumped 

dry, being obtained. This residue was hydrolysed and t i t r a t e d against 

standard acid, while the f i l t r a t e was either estimated, or used f o r 

reaction w i t h a sample of graphite as above. 

A preparation was attempted i n which sodium naphthalene 

solution was to be added to graphite (2.5g» 0.208 moles) u n t i l a 

permanent green colour was obtained. However, the reaction seemed 

very slow, and colour changes were so d i f f i c u l t to distinguish, that 

i t was modified, the reaction being carried out as usual. 

A summary of the conditions and results of reactions between 

sodium naphthalene and graphite isshown i n Table 1 , vriiile the reaction 

conditions and yields of insoluble alkaline material obtained from 

solutions of sodium naphthalene alone, are shown i n Table 2. 

The tabulated compositions of the products were calculated 

assuming that a l l of the a l k a l i present i s i n the form of the metal. 
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I t may also be mentioned that the experiments are not shown i n 

chronological order. The method of f i l t r a t i o n of the a l k a l i metal 

naphthalene solution i s also indicated by S.D. or G-.W. i n Tables 

1 and 2, r e f e r r i n g to the use of a sintered glass disc, or a plug of 

glass wool, respectively, the former method, of course, being the 

most e f f i c i e n t . 

I n none of the above reactions, despite careful observation 

during pumping or. drying of the product, was any trace of free 

naphthalene observed. 

None of the products dif f e r e d appreciably from graphite i n 

appearance, but t h e i r s t a b i l i t y on exposure to a i r varied a great 

deal. The products from reactions under mild conditions remained 

apparently unchanged, but thoseproduced under more severe conditions, 

e.g. at 83°C overnight, would glow red-hot i n a i r . 

2. .Reaction between potassixom naphthalene and graphite 

A solution of potassium naphthalene (0.0392 moles) i n 

ethylene glycol dimethyl ether (lOO mis) was reacted with graphite 

(2.5g, 0.208 moles) at ref l u x temperature (83°C) f o r periods of 

2-g- hours and 17 hours, using.the same experimental technique as above. 

I n a further preparation at -30°C, the potassium naphthalene 

solution was used at twice the d i l u t i o n , to a l l e v i a t e f i l t r a t i o n 

d i f f i c u l t i e s at t h i s temperature. After f i l t r a t i o n through a glass 

wool plug, the solution was allowed to stand f o r 3 hours at -30°C, 

before f i l t r a t i o n through a sintered glass disc, the residue appearing 

as a dark sludge, with a few bright spots of metallic potassium, which 
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must have escaped the f i r s t f i l t r a t i o n . I t was cautiously hydrolysed 

and estimated, to give a maximum value f o r insoluble alkaline material 

produced under these conditions. This i s included i n Table 2, Expt. C. 

The f i l t r a t e , containing the excess potassium naphthalene, was then 

used f o r reaction with graphite under the same conditions ( 3 hrs at 

-30°C). 

The products were treated i d e n t i c a l l y to those obtained 

using sodium naphthalene, again being very similar to graphite i n 

appearance, while those produced from the reactions under more drastic 

conditions would once again glow red-hot on exposure to a i r . The 

results obtained are shown alongside those f o r sodium. 

3. Reaction between l i t h i u m naphthalene and graphite 

A f i l t e r e d solution of l i t h i u m naphthalene (^0.052 moles), 

made as described previously, but not estimated, was s t i r r e d with 

graphite (2.5g, 0.208 moles), at room temperature ('^17°G) f o r 3 hours 

i n one-case, and at refl u x temperature (83°C) f o r 17 hours i n two other 

cases, the same technique as described f o r sodium and potassium being 

used. F i l t r a t i o n of the mixture a f t e r refluxing overnight, gave i n 

both cases, a pale green, almost colourless f i l t r a t e , which indicated 

that a l l of the l i t h i u m naphthalene had reacted either with graphite 

or with the solvent. 

Analysis of the products from these two reactions gave 

compositions of LiC^^ ̂  ^ ^ 7 V although reaction conditions 

were very similar. The only difference lay i n the fact that, i n the 

f i r s t case, the l i t h i u m and naphthalene had been i n contact f o r 
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l|- hours at room temperature before f i l t r a t i o n and reaction with 

graphite, whereas i n the second, they were only i n contact f o r ̂  hour. 

This implies that the reaction between l i t h i u m and naphthalene i n 

ethylene glycol dimethyl ether i s slow, and indeed, the composition 

of the l'iC^2 2̂  product indicates that the greatest amount of li t h i u m 

naphthalene i n solution i s ~0.0l68 moles (32.3^ y i e l d ) , although 

poor s o l u b i l i t y of the l i t h i u m naphthalene i t s e l f may contribute to 

th i s low fi g u r e . 

The products were once more very similar to graphite i n 

appearance, and the results are shown with those of sodium and 

potassium i n Table 1. 

C. ANALYSIS OF PRODUCTS 

The analysis of the products i s described i n d e t a i l f o r 

sodium, but are, i n general, equally applicable to lithium and 

potassium. 

Throughout these analyses, invaluable use was made of a 

small glove-box, purged continuously with oxygen-free nitrogen, 

and kept dry with fresh phosphorous pentoxide. 

The results are shown i n Table 1. 

(a) Direct h.ydrolysis of the product 

Accurately weighed amounts, ('^0.5g), of the graphitic 

residue, introduced in t o weighed, two-necked flasks (50ml) i n the 

glove-box, were hydrolysed with d i s t i l l e d water and f i l t e r e d , the 

residue being extracted repeatedly with b o i l i n g water, u n t i l the 

washings gave no coloixr with phenolphthalein. The f i l t r a t e was 
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then t i t r a t e d with standard acid. The whole analysis was performed 

i n t r i p l i c a t e , good agreement being obtained i n a l l cases. 

(b) Back t i t r a t i o n of excess a l k a l i 

The f i l t r a t e from reaction of sodium naphthalene with graphite 

was run d i r e c t l y i n t o an excess of standard acid, and back-titrated with 

standard a l k a l i . As the amount of sodium naphthalene present i n i t i a l l y 

was known, the amount used i n reaction with graphite or with ethylene 

glycol dimethyl ether, was calculated. In the f i r s t few experiments, 

agreement between t h i s method and method (a) was poor. This was found 

to be due to an inaccurate i n i t i a l estimation of sodium naphthalene, 

but once t h i s had been improved, and reasonable agreement obtained, 

(Expt. 12,) t h i s method was discontinued. A further d i f f i c u l t y encountered 

was that even a f t e r the f i l t r a t e had been hydrolysed by excess of 

standard acid, a red-brown or green fluorescent colour p a r t i a l l y , and 

i n some cases, completely, masked the end point. This colour was 

p a r t i c u l a r l y troublesome i n the case of the potassium naphthalene 

experiments. 
(c) Carbon and hydrogen analysis 

Carbon and hydrogen analyses were performed on the products 

from earl y preparations, the carbon analysis always being too low, 

and the hydrogen analysis always too high, almost certainly due to 

the presence of sodium methoxide i n the product. 

(d) Sublimation of metal from the product 

A sample of the product (^ 2g) was transferred to a weighed 

s i l i c a f l a s k i n the glove-box, and the exact weight of the sample 

determined. The material was then pumped under high vacuum, while 

the f l a s k was heated with a bunsen flame u n t i l i t glowed red. 
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Metallic sodium was sublimed out, and, a f t e r the residual graphitic 

material had been tipped out, the sublimate was dissolved i n ethanol, 

a l i t t l e d i s t i l l e d water added, the solution being t i t r a t e d against 

standard acid. Naturally, i t was d i f f i c u l t to effect complete removal 

of the residue, so that we would expect the t i t r a t i o n figure to be 

high i f the residue contained a l k a l i . I n f a c t , the composition of 

the compound calculated by t h i s method was always much poorer i n a l k a l i 

than by d i r e c t hydrolysis. Consequently, i n some cases, the residue 

was hydrolysed and estimated, being found to contain most of the a l k a l i , 

good agreement with the results by dir e c t hydrolysis then being obtained. 

Other residues from sublimations of t h i s type were extracted 

with ether and f i l t e r e d , but a f t e r removal of the ether, no naphthalene 

was detected. I n at least one instance, even a f t e r prolonged 

sublimation treatment, i n which sodium was sublimed out, the non

v o l a t i l e residue glowed red on exposure to a i r , suggesting that some 

metal had remained unsublimed. 

(e) Vacuum l i n e hydrolysis and estimation of hydrogen produced 

A sample of the product ('^0.5g) was introduced, i n the 

dry box, to the weighed f l a s k shown i n Fig. '3, f i t t e d with a break-seal, 

and the f l a s k weighed again. A paper funnel was used to introduce the 

sample, to avoid getting any of the product on the side arm of the 

fla s k . With nitrogen passing i n t o the B.7 arm, the B.I9 arm was 

thickened so that i t could be easily sealed o f f under vacuum. Then, 

with nitrogen passing the other way, the B.7 arm was sealed o f f 

completely, and the nitrogen removed from the f l a s k by pumping on the 

vacuum l i n e . A small amount (10 ml) of a 50?? mixture of d i l u t e 
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hydrochloric acid and propanol, previously stored i n the vacuum l i n e , 

was then condensed i n t o the fla s k by cooling i n l i q u i d a i r , and the 

B.I9 arm was sealed o f f . The fl a s k was then immersed i n b o i l i n g water 

f o r 2^ hours, a B.I9 j o i n t sealed on to the neck Tvith the break-seal, 

and the space above the break-seal evacuated. The seal was then 

broken, the gas evolved passing through a l i q u i d a i r trap, before 

V being Toplered and measured. The volume of gas evolved was always 

very small, and gave the apparent composition of products to be much 

lower i n a l k a l i than expected by other methods of analysis. 

I n one case, with a product obtained by refluxing potassium 

naphthalene with graphite i n ethylene glycol dimethyl ether f o r 

17 hours,(Expt. 25,) potassium metal was sublimed out of the sample 

before hydrolysis on the vacuum l i n e , but the result was of the same 

order as previous determinations. 

The method was checked by doing a determination of gas 

evolved on hydrolysis of a potassium graphite compound of known 

composition i^'^-^^ ^7 direc t hydrolysis and t i t r a t i o n ) prepared d i r e c t l y 

from the elements, and giving good agreement (KC^g by estimation of 

gas evolved). 
( f ) X-ray powder d i f f r a c t i o n photographs 

Preparation of c a p i l l a r y tubes f o r X-ray powder photographs 

was done i n the glove-box, the tubes being sealed o f f using a small 

c o i l of resistance wire. This technique, rendered d i f f i c u l t by the 

f r a i l t y of the ca p i l l a r i e s and the clumsiness of the rubber gloves, 

was proved effective by production of a good photograph of the very 

ai r - s e n s i t i v e , copper-coloured potassium graphite compound, KCg 
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(prepared by the d i r e c t action of potassium on graphite). 

I n some cases, f o r comparison purposes, a sample of the 

product was deliberately exposed to the a i r before preparation of 

a specimen f o r X-ray. 
A sample of sodium methoxide was also prepared f o r a powder 

photograph. 

D. Reaction between a l k a l i metal-naphthalene compounds and ethylene 

glycol dimethyl ether 
A l k a l i metal-naphthalene compounds are known to react slowly 

19 

with ethylene glycol dimethyl ether, to form the a l k a l i metal methoxide 

and v i n y l methyl ether. 

( i ) A solution of sodium naphthalene (0.052 moles) i n ethylene 

glycol dimethyl ether (200 mis) was refluxed overnight, the effluent 

nitrogen being passed through a cold trap at -78°C. F i l t r a t i o n of 

the solution through a sintered glass disc gave a black residue, 

turning to an off-white colour as i t was pumped dry. This was 

hydrolysed and estimated, amounting to 0.0398 moles {iG.Gfo) of the 

t o t a l a l k a l i . hydrolysis and estimation of the f i l t r a t e gave 

0.010if2 moles (2C^) of alkaline material, the other O.OOI78 moles 

(3.65S) being accredited to experimental error. Dropwise addition of 

a solution of bromine (iC^o) i n carbon tetrachloride, to the residue 

i n the cold trap showed the presence of an unsaturated compound, 

almost certainly v i n y l methyl ether. 

( i i ) I n a similar reaction using a solution of potassium naphthalene 

(0.0328 moles) i n ethylene glycol dimethyl ether (100 mis), a f t e r 

r e f l u x i n g overnight, insoluble alkaline material (0.0235 moles, 11.1%) 
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was f i l t e r e d o f f , while the f i l t r a t e contained 0.0088 moles (26.^) 

of potassium as potassium naphthalene. Vinyl methyl ether was once 

more obtained i n the cold trap. 

( i i i ) A f i l t e r e d solution of l i t h i u m naphthalene was prepared as 

described previously, i n ethylene glycol dimethyl ether (200 mis), 

and was not estimated. The solution was refluxed, and even a f t e r 

one hour, had changed to a predominantly brown colour. After 

r e f l u x i n g overnight, f i l t r a t i o n gave a white insoluble alkaline 

residue, and a pale transparent red-brown f i l t r a t e , which proved 

alkaline on hydrolysis, but nevertheless suggested that extensive 

decomposition had taken place. 

The white residue was hydrolysed with a small volume of 

water and d i s t i l l e d , the f r a c t i o n b o i l i n g below 100°C being collected. 

This was then r e - d i s t i l l e d , and a 3> 5» dinitrobenzoate derivative, 

m.p. 107°C, prepared from the f r a c t i o n d i s t i l l i n g below 70°C. This 

confirms the presence of methyl alcohol, (3, 5, dinitrobenzoate, 

m.p. 108°C) i n the hydrolysate, and hence li t h i u m methoxide i n the 

white residue. 

( i v ) Mention has already been made i n the section on the reaction 

between graphite and the a l k a l i metal-naphthalenes, of is o l a t i o n and 

estimation of insoluble alkaline materials, formed by reaction between 

the solvent and e.g. sodium naphthalene, under varying conditions. 

These reactions are essentially the same as those described immediately 

above, except that i n most of the reactions, the f i l t r a t e was used i n 

reaction with graphite. The conditions used, and the results obtained, 

together with those above, are simimarised i n Table 2. (See Discussion) 
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S o l u b i l i t y of sodivun methoxide i n ethylene glycol dimethyl ether 

A small sample (-^Ig) of sodixim methoxide was added to 

r e f l u x i n g ethylene glycol dimethyl ether, and s t i r r e d f o r 30 minutes. 

F i l t r a t i o n , followed by hydrolysis of the f i l t r a t e and addition of 

phenolphthalein showed that no a l k a l i was present, sodium methoxide 

being completely insoluble. 

Detection of a small amount of naphthalene i n a mixture of graphite 

and naphthalene 

( i ) Naphthalene (0.0808g, 0,000631 moles) was mixed intimately with 

graphite ( i g , 0.0834 moles), and subjected to the same drying process 

as used f o r the products, i n the drjring tube i l l u s t r a t e d i n Fig. 2. 

The naphthalene readily sublimed out and was easily detectable on the 

sides of the tube. 

( i i ) A solution of sodium naphthalene (O.OOO46 moles) i n ethylene 

glycol dimethyl ether (3 mis) was added to graphite (2 . 5 g , 0.208 moles), 

corresponding to a composition of NaĈ 2̂> "̂̂ L̂ pumped under high vacuum 

i n a small flask, warmed by a bunsen flame. Naphthalene sublimed out 

readily, but no sodium could be detected. 

E. Preparation of lamellar compounds of potassium and graphite by direct 

reaction 

( i ) Dry graphite ( l 5 g , 1.25 moles) was s t i r r e d with a Hershberg 

s t i r r e r i n a 5OO ml. f l a s k on a Wood's metal bath maintained at 300°C. 

Freshly cut potassium metal ('^0.8g, 0.0204 moles) was added i n small 

amounts, s t i r r i n g being continued f o r 5 hours at J)00°C. to ensure 

homogeniaity. After cooling, samples of the product were analysed by 

d i r e c t hydrolysis and t i t r a t i o n (KC-,̂ ) and by vacuum l i n e hydrolysis 
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and estimation of hydrogen evolved (KC^^), giving good agreement. 

A preparation performed i d e n t i c a l l y , apart from the fact 

that i t was s t i r r e d f o r only 30 minutes, gave a non-homogeneous 

product. 

( i i ) A further preparation using graphite (25g, 2.08 moles) and 

potassiiM («10.1g, 0.26 moles) was carried out i n the same way, being 

s t i r r e d a t 350°C f o r 5 hours. The hronze red product, of composition 

KCg, was very a i r sensitive, and even blackened s l i g h t l y on the surface 

during standing i n a slow stream of nitrogen. 

( i i i ) I n another experiment, a product of composition KC^, c 

prepared, using graphite (3«7g, 0.308 moles) and potassium (0 .89g, 

0.0228 moles) under the same conditions as above. The product, a 

mixture of KCg and ^'^2i^.> ^ deep blue colour. 

p. Beaction of potassium graphite with naphthalene i n ethylene glycol 

dimethyl ether 

( i ) Ethylene glycol dimethyl ether ('V.3OO mis) was d i s t i l l e d 

d i r e c t l y from potassium diphenyl k e t y l , K"*" O-CFĥ , (prepared by 

adding benzophenone to excess of potassium metal i n the refluxing 

solvent) i n t o the reaction f l a s k containing KCg('>'35g, 0.26 moles) 

cooled to 0°C i n an ice-bath. Naphthalene (33.3g* moles) was 

added and the mixture s t i r r e d f o r 1 hour at 0°C, the deep green 

colour of potassium graphite being evident. The solution was then 

f i l t e r e d i n the apparatus shown i n Pig. 1 , but, due to the large 

bulk of material used, causing f i l t r a t i o n and washing d i f f i c u l t i e s , 

no quantitative estimation of the extent of reaction could be 

performed. 
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( i i ) I n a similar experiment, ethylene glycol dimethyl ether 

(200 mis) was d i s t i l l e d from potassium diphenyl k e t y l , i n t o the 

reaction f l a s k containing KC (4.69g, 0.0228 moles) at 0°C. 

After s t i r r i n g f o r 30 minutes at t h i s temperature, the supernatant 

l i q u i d was seen to be a pale blue colour. A small amount of 

solvent was f i l t e r e d through a sintered glass disc, and appeared 

colourless, a small amount of graphite remaining on the disc. 

On hydrolysis, the f i l t r a t e showed no a l k a l i n i t y (phenolphthalein). 

To the bulk of the mixture was added dry naphthalene (3.5g, 0.0273 

moles), and s t i r r i n g maintained f o r 1 hour. The reaction mixture 

was f i l t e r e d as previously, a deep green f i l t r a t e being obtained. 

The graphitic residue was washed carefully with pure, dry solvent, 

being s t i r r e d on the sinter with a long glass rod during each 

washing. Several washings were performed even a f t e r the f i l t r a t e 

became colourless. The f i l t r a t e was hydrolysed and t i t r a t e d with 

standard acid. Samples of the graphitic residue were withdrawn 

under nitrogen and tested:-

(a) A small sample was added to a solution of dry naphthalene i n 

pure ethylene glycol dimethyl ether and allowed to stand f o r t h i r t y 

minutes, no green colour of potassium naphthalene being produced. 

(b) A small sample was transferred to a s i l i c a flask, and, on 

heating with a bunsen flame i n vacuo, potassium metal could be 

sublimed out. 

The sublimed potassium metal, and the t o t a l graphitic 

residues were hydrolysed, boiled with d i s t i l l e d water, and the 
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solutions combined, f i l t e r e d , and t i t r a t e d with standard acid. 

Results are shown below:-

A l k a l i i n f i l t r a t e = 0.00193 moles 

A l k a l i i n residue = 0.01375 moles 

Total a l k a l i recovered = O.OI568moles 

Total a l k a l i used = 0.0228 moles 

A l k a l i unaccounted f o r = O.OO7I moles 

The resu l t f o r the f i l t r a t e gives a composition, f o r the 

residue, of KG.,, _, while the resu l t f o r the residue gives a 14. / 
composition of KĈ g some error being involved i n the f i r s t result 

because of the s l i g h t inaccuracy i n the weight of potassium o r i g i n a l l y 

used, while both may be affected by the probable reaction of potassium 

naphthalene with the solvent. 

G-. Attempted preparation of NaC^^ 

A freshly cut piece of metallic sodium (0.125g, 0.00546 moles), 

was added to dry graphite (4.2g, 0.3495 moles), i n a 250 ml. flask, 

maintained at 400°C on a Wood's metal bath. S t i r r i n g was continued 

f o r 30 minutes at t h i s temperature and the whole allowed to cool, 

no colour change being apparent. The reaction was done i n an atmosphere 

of argon. Samples were prepared f o r X-ray powder d i f f r a c t i o n 

photographs, but analysis of the compound showed that the product must 

be non-homogeneous:-

Sodium metal was sublimed out from a weighed sample, (''̂ •1.5g)> 

equivalent to a composition of NaĈ Q̂, while hydrolysis and estimation 

of the residue from t h i s sample gave a t o t a l alkaline content equivalent 

to a composition of NaĈ QQ. This preparation could probably be 
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improved by more e f f i c i e n t s t i r r i n g and a longer reaction period. 



PART 4. 

ATTEMPTED PREPAEATION OP A SUBSTITUTED DERIVATIVE OF NICKELOCENE 



IW 

INTRODUCTION 

Since the discovery of ferrocene i n 1951 by two completely 
1 2 

independent groups of workers, a great deal of work has been done on t h i s 

compound, and on the cyclopentadienides of many other metals. Since 
3 4 5 

several excellent reviews on these compounds are readily available, 

they w i l l be dealt with very b r i e f l y here. 

The methods of preparation of the metal cyclopentadienyls may 

be summarised as follows:-

1. Interaction of metals and cyclopentadiene. 

2. Interaction of metal salts and cyclopentadienyl magnesium 

bromide. 

3. Interaction of a l k a l i metal salts of cyclopentadiene and metal 

halides. 

4. Interaction of metal halides and cyclopentadiene. 

5. Interaction of metal carbonyls and cyclopentadiene. 

I t may be noted at t h i s stage, that not a l l of the above methods can be 

applied to any cyclopentadienyl-metal compound, the use of the 

cyclopentadienyl Grignard and a metal sal t (Method 2) being most generally 

applicable. At the same time, special methods are available f o r the 

preparation of p a r t i c u l a r compounds (e.g. ferrocene and cyclopentadienyl 

th a l l i u m ) . 

Dicyclopentadienyl nickel, or nickelocene, with which t h i s work 

w i l l be concerned, has been made by the reaction of the G-rignard reagent 
6 

wi t h n i c k e l ( l l ) acetylacetonate, or from potassi-um cyclopentadienide and 
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7 
the ammine (Ni(NHj)g) (SCN)2 i n l i q u i d ammonia. The compound exists 
as dark green crystals, subliming at 80°-90° and melting i n nitrogen at 
173°-2».°C wit h decomposition. Nickelocene i s slowly oxidised by a i r , 
unaffected by cold water, and soluble i n organic solvents. Oxidation 
yields an orange-yellow solution containing the ion (Ni(c^H^)2) t stable 
f o r a short time i n weakly acidic media, and can be precipitated as the 
reineckate or tetraphenyl borate. 

Ferrocene forms orange needles, m.p. 172°C, i s insoluble i n 

water, stable i n the a i r , and soluble i n organic solvents. Oxidising 

agents such as f e r r i c or s i l v e r s a l t s , convert i t i n t o the blue cation 

(Fe(C^H^)2) t ̂  easily reversible process. Ferrocene, as i t s name 

implies has an organic chemistry very similar to that of benzene, 

undergoing most reactions of an aromatic character. The hydrogen atoms 

of the cyclopentadienyl rings of ferrocene can thus undergo a whole 

series of substitution reactions. The only other cyclopentadienyl 

compounds which have so f a r been reported to undergo t h i s reaction are 

those of ruthenium and oskLumi, and i n one reference to the 

(Co(c^H^)2)'^ ion. 
Stnioture 

The structure of the ferrocene-like dicyclopentadienyl derivatives, 

including that of nic k e l , has been established by X-ray methods as a 

pentagonal antiprism. I n ferrocene the rings, normally 

f i x e d as shown, become fr e e l y rotating at 360°C, and 
8 

stereoisomers of ring-substituted derivatives have 
9 10 

been obtained. 
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Bonding 

The nature of the bonding i n these compounds i s s t i l l the subject 

of much discussion, despite the fact that they have been known f o r many 

years. I t i s f a i r l y certain that the s a l t l i k e a l k a l i , alkaline earth, 

and rare earth metal cyclopentadienyl compounds possess essentially ionic 

bonding between the metal atom and the r i n g , while the main group metal 

compounds, e.g. those of zinc, mercury, t i n , lead and bismuth are of an' 

intermediate nature, t h e i r structures not yet being f u l l y understood. 

I n the t r a n s i t i o n metal-cyclopentadienyl complexes, concepts of 

the bonding depend on the s t e r i c a l l y central position of the metal atom 

w i t h the cyclopentadienyl rings. Wilkinson, Woodward, and t h e i r co
l l -rr 

workers associated f i v e II -electrons with each f i v e membered ring , which, 

together w i t h the eight available electrons of the central Fe(o) atom, 

b u i l t up the electron shell of the l a t t e r to the, i n e r t gas configuration 

of eighteen. Fischer and Pfab,"^?iowever, postulated a completely new type 

of penetration complex, i n which the p a r a l l e l aromatic cyclopentadienyl 

anions each possess three pairs of TT-electrons, the central Fê "*" ion 

i n t e r a c t i n g w i t h each pair to form six co-ordinate covalencies, i n a 

t r i g o n a l antiprism. This concept was strengthened by the theoretical 
13 

studies of Ruch and by the fact that the aromatic nature of the rings i s 
retained. Two other proposals also lead to the krypton configuration 

14,15 
f o r ferrocene. 

I n opposition to t h i s are comprehensive theoretical studies, 

suggesting a single dTT-pTT ô̂ cL between the metal and the ri n g i n a l l 
16 

t r a n s i t i o n metal compounds, but on t h i s basis, ferrocene would show only 
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a closed 3d s h e l l . Four electrons would then remain i n the rings which 

could be considered as radicals without taking part i n the bonding. 

The fact that hydrogenation of the six-membered ring i n 

di-indenyl compounds'""resuits i n the taking up of only four hydrogen atoms 

seems to indicate that the t h i r d p a i r of TT-electrons of the benzene ring 

are being drawn int o the five-membered ring to form the conq)lex, while 'the 

s t a b i l i t y of the 00(0^11^)2"] ̂  cation (iso-electronic vrith ferrocene) 

towards ozone i n acetic acid again indicates the use of theTT-electrons 
18 

i n complex formation. The gradation i n s t a b i l i t y of the complexes i s 

consistent w i t h t h i s theory, maximum s t a b i l i t y occurring when the unchanged 

compound possesses the i n e r t gas configuration, i . e . ferrocene, ruthenocene, 

and osmocene. I t can be seen that the only difference between ferrocene 

and nickelocene i s the presence of two extra electrons i n the l a t t e r , 

these l y i n g outside the i n e r t gas configuration, and i t i s upon these two 

electrons that the difference i n s t a b i l i t y and chemistry of the two 

compounds must depend. 
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DISCUSSION 

Nickelocene, as outlined i n the introduction, i s f a r less stable 

chemically than the i r o n analogue, ferrocene, being oxidised by the a i r 

either as s o l i d or i n solution, and undergoing attack by organic solvents, 

e.g. acetone. Since t h i s lack of s t a b i l i t y i s undoubtedly connected with 

the two extra electrons possessed by nickelocene, attempts were made to 

introduce an electron-attracting substituent i n t o the cyclopentadienyl 

r i n g of nickelocene, i n an e f f o r t to prepare a compound of formula:-

As - Mê  

Ni 

( I ) 

I f t h i s was possible, then the effect of such a group may well be to 

enhance s t a b i l i t y of the complex. 

A l l attempts at substitution were made using bu t y l l i t h i u m , 

i n the hope that the l i t h i a t e d deidvative of niokelocene, formulated 

i n ( l l ) would be produced:-

-Li 
Ni 

( I I ) 
This could then be used with the appropriate halide, i n t h i s case 

cacodyl iodide, Me2AsI, followed by methyl iodide, to prepare the required 

substitution product ( l ) . 
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Preparation of Nickelooene 

The preparation of nickelocene was carried out by the method of 

Fischer and J i r a from nickel hexammine thiocyanate, (Ni(NH^)g)(SCN)2 

and cyclopentadienyl sodium, Ĉ Ĥ Na, i n l i q u i d ammonia, and by two 

methods not previously used f o r nickelocene:-

1. Nickelocene, p u r i f i e d by sublimation i n vacuo, was obtained i n 

30% y i e l d from reaction of cyclopentadienyl sodium with a solution of 

anhydrous n i c k e l bromide i n pure ethanol. The reaction was immediate 

and better yields could probably be obtained by improved working up 

techniques. A similar preparation attempted using solid anhydrous 

ni c k e l bromide gave only a minute y i e l d of the required product, due to 

the slow s o l u b i l i t y of anhydrous nickel bromide i n ethanol. The speed 

of reaction v̂ as probably further hampered by the fact that nickelocene 

i s unstable i n alcoholic solution. The insoluble decomposition products 

produced would then coat the nickel bromide, rendering further reaction 

impossible. This method of preparation has been used to prepare 

ferrocene. 

2. Dicyclopentadienyl n i c k e l , again p u r i f i e d by sublimation, was 

made i n 12^ y i e l d by gently refluxing cyclopentadienyl lithium with 

f i n e l y powdered nickel bromide i n tetrahydrofuran-diethyl ether mixture. 

Attempted l i t h i a t i o n of nickelocene 

l i t h i a t i o n of nickelocene was attempted at temperatures ranging 

from -100°C to room temperature, using b u t y l l i t h i u m i n ether-

tetrahydrofuran mixtures. Besides reaction with cacodyl iodide and 

methyl iodide mentioned previously, carbonation of some of the reaction 

mixtures was attempted. 
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1, Reaction with cacodyl iodide, followed by methyl iodide 

l i t h i a t i o n of nickelooene as above was attempted at room 

temperature, followed by reaction with cacodyl iodide and methyl iodide, 

but no organic nickel products could be isolated. 

I n a similar reaction, carried out at -78°C, a brown solid 

containing n i c k e l , iodine, and arsenic was obtained, but was found to 

consist of a mixture of decomposition products, and could not be p u r i f i e d , 

dissolving w i t h decomposition i n most solvents. 

2. Reaction with carbon dioxide 

Carbonation of reaction mixtures from attempted l i t h i a t i o n 

reactions- carried out at -78°C and -100°C were performed using dry ice. 

The reaction carried out at -78°C yielded a trace of unreacted nickelocene, 

much inorganic nickel-containing decomposition product, valeric acid 

(formed by carbonation of excess b u t y l lithium) and a small amount of 

acidic, yellow, c r y s t a l l i n e s o l i d , which did not contain nickel. From 

the lower temperature reaction was recovered 50^ nickelocene, a l i t t l e 

inorganic nickel-containing residue, and valeric acid. I n neither case 

was any acidic nickel-containing compound isolated. 

Since some decomposition of nickelocene always occurs i n solution, 

some of t h i s substance i s always l o s t during working up and i t thus appears 

that , while nickelocene i s largely degraded by b u t y l lithium at temperatures 

close to -78°C, i t i s almost unaffected at -100°C, and l i t h i a t i o n of 

nickelocene i s l i k e l y to be impossible. 
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EXPERIMENTAL 

The whole of t h i s work was carried out i n an atmosphere of 

nitrogen, unless otherwise stated. 

1. Preparation of nickelocene 

a. From cyclopentadienyl sodium and nickel bromide i n ethanol 

( i ) Freshly d i s t i l l e d cyclopentadiene (30g, O.462 moles) was added 

dropwise, at room temperature, to a s t i r r e d solution of sodium ethoxide, 

made by dissolving sodium ( l l . 5 g , 0.5 moles) i n absolute alcohol (3OO mis), 

a yellow, orange, and then deep red solution of cyclopentadienyl sodium 

being formed. A green solution, appearing yellow when d i l u t e , of 

anhydrous ni c k e l bromide (20g, 0.0915 moles), made via nickel hexammine 

bromide, i n dry ethanol (13O mis) was added with s t i r r i n g , an immediate 

deep green colour being formed. Ether (4OO mis) was added, the green 

organic layer being washed several times with water to remove alcohol, 

i n which nickelocene i s unstable, and l e f t over magnesium sulphate overnight. 

After f i l t r a t i o n , the ether was d i s t i l l e d o f f \inder water pump vacuum, at 

25°-30°C, the la s t traces being removed under high vacuum. Some 

decomposition to a brown product occurred durtng the d i s t i l l a t i o n . The 

product was then sublimed under high vacuum at 80°C, nickelocene being 

obtained as air - s e n s i t i v e , deep green crystals (6.7g, 0.0355 moles, 'b^.jfa). 

Much brown decomposition product remained as residue. 

( i i ) Another preparation, attempted using s o l i d nickel bromide, 

gave a much slower reaction, a minute y i e l d (2^) of nickelocene being 
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obtained. This was probably due to the slow s o l u b i l i t y of anhydrous 

ni c k e l bromide i n ethanolj and subsequent decomposition i n the alcohol, 

of most of the nickelocene formed. These decomposition products would, 

i n t u r n , coat the undissolved nickel bromide and prevent further reaction, 

while the large excess of very f i n e n i c k e l bromide greatly hampered 

working up of the product. 

b. From cyclopentadienyl l i t l i i u m and nickel bromide i n tetrahydrofuran-
ether mixture 

A pale green or yellow solution of cyclopentadienyl lithium 

(0.5 moles) was prepared by dropwise addition of a solution of freshly 

d i s t i l l e d cyclopentadiene (32.5g, 0.5 moles) i n tetrahydrofuran (lOO mis), 

to a solution of methyl li t h i u m (0.5 moles) i n ether {15O mis), at room 

temperature. After s t i r r i n g f o r 30 minutes, more tetrahydrofuran 

(250 mis) was added. To t l i i s solution, with vigorous s t i r r i n g , was 

added f i n e l y powdered, anhydrous nickel bromide (54.7g, 0.25 moles), • 

i n successive small portions over 2^ hours. After s t i r r i n g f o r a further 

4 hours w i t h no apparent change, the solution was gently refluxed f o r 

6 hours. Much unreacted n i c k e l bromide was present. The deep green 

supernatant l i q u i d was quickly decanted and f i l t e r e d , working up as 

previously y i e l d i n g nickelocene (5.8g, 0.0308 moles, 12.5?^) as deep green 

c r y s t a l s , m.p. 173°-4°C ( i n a sealed tube). 

c. From n i c k e l hexammine thiocyanate and cyclopentadienyl sodium i n 

l i q u i d ammonia 

Nickel tetrammine thiocyanate (60.75g, 0,25 moles), forming the 

hexammine i n l i q u i d ammonia, was added with vigorous s t i r r i n g , to a 
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solution of cyclopentadienyl sodium (0.5 moles) i n l i q u i d ammonia. Due 

to great d i f f i c u l t y encountered i n f i l t e r t n g the solution, the ammonia was 

allowed to evaporate, and nickelocene was sublimed d i r e c t l y from the 

reaction mixture, being obtained once more as deep green crystals 

( l l g , 0.0584 moles, 23.4?S). The y i e l d would have been appreciably 

higher, but f o r extensive decomposition of the hot reaction mixture, which 

occurred when a i r was accidentally sucked i n during the sublimation. 

2. Attempted metallation of nickelocene by buty l l i t h i u m 

a. Preparation of b u t y l l i t h i u m i n ether 

A solution of b u t y l chloride (2.9g, 0.034 moles) i n ether 

(20 mis), was added dropwise at -̂ 30°G to a s t i r r e d slurry of lithium shot 

(0.7g, 0.11 moles) i n ether (50 mis), s t i r r i n g being continued f o r 

15 minutes a f t e r complete addition. The reaction was i n i t i a t e d at room 

temperature by the addition of a few drops of ethylene dibromide. The 

solution of b u t y l l i t h i u m was f i l t e r e d from excess l i t h i u m through a plug 

of glass wool before estimation. Yields were 70̂ « 

b. Attempted l i t h i a t i o n , and subsequent carbonation of nickelocene 

( i ) A solution of b u t y l l i t h i u m (0.037 moles) i n ether (75 mis) was 

added dropwise at -78°C, to a w e l l - s t i r r e d solution of nickelocene 

(2g, 0.0106 moles) i n tetrahydrofuran (50 mis), the green solution 

becoming red-brown i n colour. G-ilman Colour Test 2 was negative at 

t h i s stage. After s t i r r i n g f o r 15 minutes, the solution was carbonated 

by pouring on to a dry ice-ether slurry, and the resulting dark brown 

solution was hydrolysed. The aqueous layer was made more alkaline with 

sodium hydroxide, f i l t r a t i o n of the solution giving a brown, non-acidic 
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residue (0 .8g) , from which a few crystals of nickeldcene could be 

suhlimed, the remainder consisting of inorganic, nickel-containing 

mate r ia l . The layers were separated, the organic layer being washed 

w i t h a l k a l i and water, d r ied , and d i s t i l l e d , leaving a dark brown, sweet 

smell ing, o i l y residue (0.3g) which contained n i c k e l , probably as a 

decomposition product of nickelocene. The aqueous layer was a c i d i f i e d 

and extracted several times wi th ether. Evaporation of the dried 

ethereal washings gave a mixture (2.5g) of a brown o i l and a yellow s o l i d . 

The s o l i d was f i l t e r e d and washed w i t h petroleum ether, to give an ac id ic , 

yel low, c ry s t a l l i ne s o l i d (0 .4g) , which did not contain n i cke l . The 

sharp-smelling, brown o i l ( l . 5 g , 0.014-7 moles), d i s t i l l i n g at 184°-186°C 

to a colourless l i q u i d , was valer ic acid, b .p . 186°C, formed by carbonation 

of excess b u t y l l i t h i u m . 

( i i ) I n a f u r t h e r experiment, b u t y l l i t h i u m (0.0475 moles) i n 

ether (lOO mis) , was added w i t h s t i r r i n g , to a solut ion of nickelocene 

(2g, 0.0106 moles) i n tetrahydrofuran (80 mis) , at -100°C, t h i s 

temperature being maintained by a methylene ch lo r i de - l i qu id a i r mixture 

i n a large Dewar f l a s k . Gilman Colour Test 2 was performed a f t e r 

addi t ion of 25 mis (d.0119 moles), 50 mis (O.O238 moles), and a f t e r 

complete addi t ion of the b u t y l l i t h i u m solut ion, being negative i n each 

case. The colour of the samples, a f t e r withdrawal, changed from green to 

brown, probably due to thermal decomposition. A f t e r s t i r r i n g f o r 

15 minutes, carbonation was e f fec ted by addit ion of lumps of dry i c e , 

the whole solut ion being l e f t i n the cooling bath overnight to warm up 
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slowly. Some green so l i d was then present i n the green solut ion. 

Withdrawal of a small volume (^^5 mis) of the solut ion and extract ion wi th 

a l k a l i f a i l e d to remove the green colour from the organic layer, thus 

suggesting that l i t t l e or no reaction had taken place. The bulk of 

the so lu t ion was therefore hydrolysed, made a lka l ine , and separated, 

working up of the green organic layer y ie ld ing nickelocene ( i g , 50?̂ ) and 

inorganic , n ickel-containing residue (0 .5g) . The aqueous layer , on 

working up, yielded a dark brown, strong smelling o i l (3»2g), d i s t i l l i n g 

at 185°-186°C, to give va ler ic acid (2.9g, 0.0284 moles), as a colourless 

l i q i i i d . 

The negative Gilman Colour Test may be due to rapid attack of 

the b u t y l l i t h i u m on the nickelocene as the samples were withdrawn, 

although t h i s i s hardly applicable i n the case of the las t test performed, 

as excess of b u t y l l i t h i u m was present i n any case. 

c. Attempted preparation of a nickelocene t r ime thy l arsonium iodide. 

C^H^ - Is - Mê  
Ni 

C5H3 

( i ) A solu t ion of nickelocene ( i g , 0.0053 moles) i n tetrahydrofuran 

(60 mis) was added dropwise, w i t h s t i r r i n g , to a solut ion of b u t y l l i t h ium 

(0.02 moles) i n ether (80 mis) at room temperature, the solution becoming 

yel low, and then dark brown, as the addit ion progressed. A f t e r s t i r r i n g 

f o r 5 hours, cacodyl iodide , Me2AsI (2./f6g, O.OIO6 moles), was added, 

the f l a s k becoming warm, fol lowed at an i n t e r v a l of 5 minutes, by methyl 

iodide ( l .BSg, 0.0133 moles), the dark brown solut ion being l e f t overnight. 
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The solu t ion was hydrolysed, f i l t e r e d from a small amount of dark green 

s o l i d , and the layers were separated, the red ethereal layer being washed 

w e l l w i t h water. A f t e r drying over magnesium sulphate, removal of the 

ether gave a tacky, dark, red-brown oresidue ( O . l g ) , which did not contain 

n i c k e l . A sample of the pale green aqueous layer was made a lka l ine , and 

a few drops of a 1% solut ion of dimethylglyoxime i n ethanol were added, 

a red prec ip i ta te showing presence of the Nî "*" i o n . 

( i i ) . A solut ion of nickelocene (5g, 0.0159 moles) i n tetrahydrofuran 

(lOO mis) was added to b u t y l l i t h i u m (O.O562 moles) i n ether (lOO mis) at 

-78°C, a deep red-brown solut ion being formed. A f t e r s t i r r i n g f o r 15 

minutes at t h i s temperature, cacodyl iodide (16.7 mis, 0.0955 moles) was 

added, fol lowed by methyl iodide (6.25 mis, 0,1 moles) and the mixture 

allowed to warm up slowly i n the cooling bath overnight. The dark 

red-brown reaction mixture was hydrolysed, to give a green aqueous layer 

w i t h some red-brown so l i d present, and a red orgainic layer. A f t e r 

f i l t r a t i o n , ext rac t ion of the green aqueous layer wi th ether gave red 

wasliings, while the aqueous layer contained the Nî "*" i on . The red-brown 

s o l i d (2g) was dried over phosphorous pentoxide i n vacuo, and portions were 

tes ted : -

(a) I t was slowly soluble i n cold water, the resul t ing solution 

containing the Nî "*" i o n , but no As"̂ "̂  ( a c i d i f i e d w i t h d i lu te hydrochloric 

acid and saturated w i t h hydrogen sulphide). 

(b) On b o i l i n g , a yellow solut ion was formed, while a smell of 

arsine was observed, ind ica t ing that some decomposition was taking place. 
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2-f-

The resul tant solut ion contained Ni and I , but gave only a f a i n t 

opaleseance when an a c i d i f i e d por t ion was saturated w i t h hydrogen sulphide. 

(c) A sodium fus ion was carr ied out wi th a small sample of the 

red-brown s o l i d , the resu l t ing solut ion giving a strong posit ive test 

f o r As^^. 

Repeated attempts at r ec rys t a l l i z a t i on of the brown so l id were 

unsuccessful. I t dissolved on warming,, i n methanol, ethanol, acetone, 

and benzene, to give red or green solutions, always accompanied by the 

smell of f ree arsine. A carbon and hydrogen analysis on the o r i g i n a l 

mater ia l gave:-

C H 

Found 19.1^ 4 . 1 ^ 

Required f o r Compound ( l ) 35.8^ 4.15^ 

Compound ( l l ) 28.2^ 3 .8 ]^ 

i s - Mê  ^ ^ - - - ^ ts - Mê  

Ni Ni 
I " 

is - Me, 
r 3 

( I ) ( I I ) 

The mater ia l obtained was obviously not the required compound, 

and probably consisted of a mixture of decomposition products. 
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