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SUMMARY 

Pentafluorophenyl compounds of the series M e 4 _ x
S n ( C 6 - P 5 ^ x . * 

Ph 4_ xSn(C 6P 5) x, where x = 1 4, and ( C ^ ) 4 _ x 3 n ( p - t o l y l ) x , 
where x = 1 and 2, have been p»pared. These compounds 
undergo ready nucleophilic cleavage of pentafluorophenyl 
and an unusual halide- or cyanide-ion catalysed hydrolysis. 
E l e c t r o p h i l i c cleavage by hydrogen chloride and boron 
halides has been studied as a route to some pentafluoro-
phenyltin halides and pentafluorophemylboron halides 
respectively. Cleavage of methylpentafiuorophenylmercury 
w i t h stannic chloride provides an excellent route to 
pentafluorophenyltin t r i c h l o r i d e . 

T r i s (pentafluorophenyl)tin chloride was obtained by 
the reaction of anhydrous hydrogen chloride w i t h p - t o l y i -
t risCpentafluorophenyl)tin. I t can be hydrolysed, 
without s i g n i f i c a n t loss of pentafluorophenyl, using 
ammonium hydroxide. 

Pentafluorophenylboron dihalides are a i r - s e n s i t i v e 
l i q u i d s which tend to disproportionate on heating. However, 
they form 1:1 complexes w i t h pyridine which are white 
a i r stable s o l i d s . Pentafluorophenylboronic acid was 
obtained by the low temperature hydrolysis of pentafluoro­
phenylboron d i c h l o r i d e , and t h i s i s the f i r s t report of 
the i s o l a t i o n of a perfluorocarbon boronic acid. 
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Pentafluorophenylboronic acid exhibits several c h a r a c t e r i s t i c 
properties i n which i t d i f f e r s from other arylboronic acids. 
Pentafluorophenol was obtained i n good y i e l d from penta-
fluorophenylboronic acid and 'high-test' hydrogen peroxide. 
Bis(pentafluorophenyl)borinic acid was obtained by the low 
temperature hydrolysis of bis(pentafluorophenyl)boron chloride. 

Potassium pentafluorophenyltrifluoroborate, K+(CgP^BF^)~, 
was obtained from pentafluorophenylboron d i f l u o r i d e and 
aqueous potassium f l u o r i d e . This s a l t i s hydrolysed by 
b o i l i n g w i t h water, and the thermal breakdown of the s a l t 
r e s u l t s i n the formation of potassium fluoroborate and a 
perfluoropolyphenylene. 

Dipole moments have been measured f o r some pentafluoro-
phenyl derivatives of t i n and mercury. I n f r a - r e d , u l t r a ­
v i o l e t and N.M.R. spectra of some pentafluorophenyl 
derivatives of mercury, t i n and boron have been recorded. 
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INTRODUCTION. 
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LNTRODUCTIOiJ 

The chemistry of fluorocarbon derivatives of both m e t a l l i c 
and non-metallic elements has been the subject of several 

1 2 3 
reviews. ' ' These compounds often possess properties 
d i f f e r i n g markedly from t h e i r hydrocarbon analogues. 
Pentafluorophenyl derivatives of metals and non-metals have 
only been reported during the l a s t four years, and the work 
described i n t h i s thesis i s mainly concerned w i t h pentafluorophenyl 
derivatives of t i n and boron. The i n t r o d u c t i o n w i l l deal 
w i t h the general methods of preparation of fluorocarbon 
d e r i v a t i v e s , followed by a detailed description of fluorocarbon 
derivatives of mercury, tin,.and boron. A f i n a l section i s 
devoted to pentafluorophenyl derivatives of other metals 
and non-metals. 

General methods of -preparation of fluorocarbon d e r i v a t i v e s . 

a) P e r f l u o r o a l k v l d erivatives. 
1) The reaction of perfluoroiodo-alkanes w i t h metalloids, metals 
or t h e i r derivatives with heating or u l t r a - v i o l e t i r r a d i a t i o n . 

Although t h i s method has r •.. been successful i n preparing 
p e r f l u o r o a l k y l - m e t a l l o i d a l and -metal l i c compounds, i t i s 
r e s t r i c t e d by the r e l a t i v e l y small number of compounds which 
show r e a c t i v i t y towards perfluoroiodoalkanes. This method 
i s p a r t i c u l a r l y useful f o r the preparation of p e r f l u o r o a l k y l 
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derivatives of the group V elements phosphorus, arsenic, and 
antimony. 

CP 3I + As » (CF^As (78%) (lip) 
(C]? 3) 2AsI (13%) 
(CF 5)AsI 2 (4%) 

A modification of t h i s method involves the reaction of a 
perfluoroiodoalkane w i t h an iodide i n the presence of mercury; 
t h i s gives only p a r t i a l l y substituted compounds, 

CH Aelg + 2Hg + 2C? 3I * (CF 3) 2AsCH 3 + 2HgI 2 (§) 

2) The reaction of unstable p e r f l u o r o a l k y l intermediates w i t h 
halogen compounds of metals and metalloids. 

This includes the use of p e r f l u o r o a l k y l G-rignard reagents, 
and l i t h i u m p e r f l u o r o a l k y l s . 

( C H 3 ) 2 S i C l 2 + 2C F ? L i > (CH 3) 2SilC J? 7) 2 + 2LiCl (6) 

(CH 3) 3SiCl + C^MgBr > ( C H ^ S i C ^ + MgBrCl (7) 

The i n s t a b i l i t y of such intermediates and the d i f f i c u l t i e s 
involved i n t h e i r preparation have r e s t r i c t e d t h e i r usefulness . 

3) Exchange reactions between p e r f l u o r o a l k y l and a l k v l compounds. 
This synthetic method i s of very l i m i t e d a p p l i c a t i o n , due 

to the lack of p e r f l u o r o a l k y l compounds of a convenient degree 
of a c t i v i t y . 

2(CH 3) 3M + CF 3I > CF 3M(CH 3) 2 + (CHj) M +I~ (8) 

(Hs P, As, or Sb) 



4) Direct f l u o r i n a t i o n of a l k y l compounds. 
Owing to the ease of cleavage of most metal-carbon bonds on 

f l u o r i n a t i o n , t h i s method i s not suitable f o r the preparation 
of p e r f l u o r o a l k y l - m e t a l l i c d e r i v a t i v e s , and i t has only been 
used f o r the preparation of the nitrogen d e r i v a t i v e s . 

5) Electrochemical f l u o r i n a t i o n . u * ± x * ^ 
This method u t i l i s e s the f a c t that many organic compounds 

containing oxygen, nitrogen or sulphur are soluble i n anhydrous 
hydrogen f l u o r i d e to give conducting solutions. Simons1^ has 
quoted a y i e l d of 27°/° f o r the preparation of [C^F^^S by t h i s 
technique. The main advantage of the method i s that f l u o r i n a t i o n 
occurs, i f only i n poor y i e l d , without loss of f u n c t i o n a l groups. 

6) The reaction of f l u o r i d e s w i t h f l u o r o - o l e f i n s . 
This method i s l i m i t e d to the preparation of pentafluoroethyl 

and higher p e r f l u o r o a l k y l derivatives. 

Co*. 
(CUf- .)_N (0.89&) 

7ft° 2 5 3 No/270 (9) 

AsF. 
HgP2 + 2CP2=CP2 

100°/l2 hours* Hg(C 2P 5) 2 (14) 

HgF- + 2CF-.CF=CF Hg[(CF )2CP], 100V12 hours 
l i q : HF 

(15) 

M i l l e r has suggested that t h i s l a s t reaction involves 
e l e c t r o p h i l i c attack by the metal cation on the o l e f i n . 1 
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7) The reaction of t r i f l u o r o m e t h y l radicals w i t h metals. 
This procedure i s derived from the c l a s s i c a l one used by 

Paneth to prepare metal a l k y l s by the action of a l k y l radicals 
on metal mirrors. B i s ( t r i f l u o r o m e t h y l ) d i t e l l u r i d e has been 

17 

prepared i n t h i s way, using t r i f l u o r o m e t h y l radicals 
generated by the pyrolysis of hexafluoroacetone. 

b) P e r f l u o r o v i n y l d e r i v a t i v e s . 
As i n general organometallic chemistry, the f i r s t useful 

18 

step was the preparation of a Grignard reagent, i n t h i s case 
from t r i f l u o r o i o d o e t h y l e n e , CF2=CFI., However, the 
i n a c c e s s i b i l i t y of t h i s iodoethylene l i m i t e d a p p l i c a t i o n of 
the Grignard reagent. The use of commercially available 
bromotriflurpiethylene removed t h i s r e s t r i c t i o n , sinBe i t forms 
a Grignard reagent i n tetrahydrofuran s o l u t i o n . 1 ^ ' 2 0 The 
Grignard reagent has been successfully applied to the preparation 

21 op pc 
of p e r f l u o r o v i n y l derivatives of s i l i c o n , mercury, ' 3 

p -2 OA 

phosphorus, arsenic and antimony. * Some detailed work , 
p c. 

has been concerned w i t h p e r f l u o r o v i n y l t i n compounds, and 
27 

t h i s w i l l be described l a t e r . Seyferth and coworkers have 
prepared t r i f l u o r o v i n y l l i t h i u m by the transmetallation reaction, 

ether 
PhSn(CP=CF2)3 + 3PhLi o > Ph4Sn + 3CF 2=CFIi 

but t h i s i s not a good preparative method. T r i f l u o r o v i n y l l i t h i u m 
has also been prepared by an ex-change reaction w i t h 
bromotrifluoroethylene and an a l k y l l i t h i u m reagent. 2 8 



I t was found to be stable at -78°, and i n reaction w i t h 
mercuric chloride at 0° gave bet t e r y i e l d s of b i s C t r i f l u o r o v i n y l ) 
mercury than were obtained w i t h the corresponding Grignard 
reagent. 

e) Perfluoroaryl derivatives . 
As w i t h p e r f l u o r o v i n y l derivatives the preparation of the, 

Grignard reagent from magnesium and bromopentafluorobenzene 
29 

or pentafluoroiodobenzene:: provides a convenient route to the 
preparation of pentafluorophenyl derivatives of metals and 
metalloids by reaction w i t h the appropriate metal or metalloid 
h a l i d e . I n t h i s manner, pentafluorophenyl derivatives of 
s i l i c o n and phosphorus,, mercury, t i n , boron, t h a l l i u m , 3 c 36 lead, and some t r a n s i t i o n metals have been prepared. 
Other workers have reported the preparation of 
bis(pentafluorophenyl)mercury. ' On carbonation i n 
dieth y l e t h e r s o l u t i o n , pentafluorophenylmagnesium bromide gave 
a very low y i e l d (3%) of pentafluorobenzoic a e i d . 2 ^ However, 
when tetrahydrofuran i s used as solvent the y i e l d of acid i s 
g r e a t l y increased (67%) Chloropentafluorobenzene. also 
forms a Grignard r e a g e n t , ^ though w i t h more d i f f i c u l t y than 
the bromo-compound- I t was found that formation of the 
Grignard reagent from chloropentafluorobenzene i n tetrahydrofuran 
gave high molecular weight material (m..p>360°). A s i m i l a r 
observation was reported by Thrower,^ who found that 
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pentafluawophenylmagnesium bromide, although stable i n r e f l u x i n g 
ether, i s decomposed i n r e f l u x i n g tetrahydrofuran to form 
perfluoropolyphenylenes, containing small amounts of bromine;, 
together w i t h minor products formed by attack: on the solvent. 
Tetrahydrofuran i s necessary f o r t h i s dedomposition, mixtures 
of tetrahydrofuran and ether being i n e f f e c t i v e . 

37 

Tatlow and coworkers have synthesised pentafluorophenyl-
l i t h i u m by the exchange reaction between bromopentafluorobenzene 
and n-butyl l i t h i u m i n d i e t h y l ether at -78°, and by d i r e c t 
m e t a l l a t i o n of bromopentafluorobenzene w i t h l i t h i u m amalgam 
i n ether at 0°. The intermediate formation of tetrafluorobenzyne 
has been indicated i n reactions w i t h chlorine and bromine, and 
by the i s o l a t i o n of a Diels-Alder adduct with furan. However, 
these workers found that the Grignard reagent i s easier to 

H 

handle than the lithium compound, although the enhanced r e a c t i v i t y 
of the l a t t e r may be required f o r c e r t a i n preparations. 

I n the preparation of t r i s ( p e n t a f l u o r o p h e n y l ) b o r o n , ^ i t 
was found advantageous to prepare pentafluorophenyllithium 
as a f i n e suspension i n pentane, since d i f f i c u l t i e s were 
encountered i n attempting to remove solvent when ether was 
used as the reaction medium. Indeed, i t was found that 
formation of the l i t h i u m reagent i n pentane rather than ether 
is: advantageous i n other syntheses. 
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Fluorocarbon derivatives of mercury. 

a) P e r f l u o r o a l k y l derivatives . 
Perfluoroalkylmercurie halides are. r e a d i l y obtained as 

white c r y s t a l l i n e solids by the action of perfluoroiodoalkanes 
42 

on mercury w i t h heating or u l t r a - v i o l e t i r r a d i a t i o n * These 
l i k e t h e i r a l k y l analogues, can be converted to the bases, 
R-pHgOH, by treatment w i t h an aqueous suspension of s i l v e r oxide. 
Bis(perfluoroalkylJmercurials can be obtained by the reaction 
between anhydrous mercuric f l u o r i d e and: f l u o r o - o l e f i n s , or 
by the reaction of the corresponding perfluoroalkylmercuric 
halide w i t h cadmium amalgam. 

C i y i g l Od/Hg, 120-130° (CF 3) 2Hg (80-90*) (43) 

Bis(trifluoromethyl)mercury i s also conveniently prepared 
by the reaction between t r i s ( t r i f l u o r o m e t h y l ) p h o s p h i n e and 

44 

mercuric oxide. Unlike dimethylmercury, which i s a l i q u i d 
b o i l i n g at 92°, i t i s a white c r y s t a l l i n e s o l i d w i t h a cubic 
s t r u c t u r e . Dialkylmerciirials are p r a c t i c a l l y insoluble i n 
water, but both bis(trifluoromethyl)mercury and t r i f l u o r o m e t h y l 
mercury halides are appreciably soluble and may be recovered 
unchanged from t h e i r aqueous solutions. Rather more unexpected 
i s the appreciable conductivity of bis(trifluoromethyl)mercury 
solutions. Conductometric t i t r a t i o n s of aqueous solutions 
of (GF ) Hg„ CF Hgl, and n-C F Hgl w i t h potassium halides 
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— 2— 
suggest the f o r m a t i o n o f the i o n i c species HgCRp^X", HgCR̂ Jg-X.̂  , 
HgRjIX", and HgRjJX^" where A = C l , Br,or i.+5,46,47 3 o l i d 

complexes b e l i e v e d t o c o n t a i n the anions Hg(GP^)I^ , 
H g ( C F 5 ) 2 I 2 , and Hg(G^F^)I^ , can be i s o l a t e d by p r e c i p i t a t i o n 
from aqueous s o l u t i o n as the s a l t s o f the ethylenediamine 
complex c a t i o n s o f z i n c ( I I ) , c o p p e r ( I I ) , . c a d n i i u m ( I I ) , or 
n i c k e l ( I I ) . ̂  However, recent work by Downs^ on the 
spectroscopy o f these s o l u t i o n s f a i l s t o support the p o s t u l a t e d 
f o r m a t i o n o f complex a n i o n i c d e r i v a t i v e s o f b i s ( t r i f l u o r o m e t h y l ) 
mercury i n s o l u t i o n . Although some form o f weak a s s o c i a t i o n 
between the mercury compound and h a l i d e ions i s i n d i c a t e d by 
s l i g h t m o d i f i c a t i o n s : i n the Raman and f l u o r i n e resonance 
sp e c t r a , and t h i s , i s f u r t h e r , supported by cryoscopic 
measurements,.^ Complexes o f the type EgiR-^)^ and HgCR^Jgl^ 
(where R-p = f l u o r o a l k y l or f l u o r o a r y l ; L = p i p e r i d i n e , p y r i d i n e , 
t r i p h e n y l p h o s p h i n e e t c . , ) have been shown t o e x i s t i n benzene 

AO 

s o l u t i o n by o s c i l l o m e t r i c t i t r a t i o n s . 
B i s ( t r i f l u o r o m e t h y l J m e r c u r y decomposes s l o w l y above 160°,^ 

and i s thus l e s s s t a b l e than dimethylmercury, which i s only 
s l i g h t l y decomposed a t 300°.. 'The photochemical and p y r o l y t i c 
decomposition a f f o r d s t r i f l u o r o m e t h y l r a d i c a l s which w i l l 
i n i t i a t e the p o l y m e r i s a t i o n o f o l e f i n s , such as. ethylene and 
t e r a f l u o r o e t h y l e n e . . 4 ^ EHe r e a c t i o n o f b i s ( p e r f l u o r o a l k y l ) -
mercury d e r i v a t i v e s w i t h metal or m e t a l l o i d h a l i d e s does not 
y i e l d the p e r f l u o r o a l k y l d e r i v a t i v e s expected by analogy w i t h 
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43 51 52 
the corresponding a l k y l compounds. ' ' 

Pluoroform i s evolved a f t e r treatment o f b i s ( t r i f l u o r o m e t h y l ) -
mercury w i t h z i n c or magnesium amalgam f o l l o w e d by a d d i t i o n 
o f water, thus i l l u s t r a t i n g the pseudohalogen character o f 
the p e r f l u o r o a l k y l group. 

Hg(CP 3) 2 + 2H 20 ^ > 2CHP3 + Hg(0H) 2 

b) P e r f l u o w r i n y l d e r i v a t i v e s - . 
B i s ( t r i f l u o r o v i n y l ) m e r c u r y can be prepared by the; r e a c t i o n 

o f the Grignard reagent w i t h mercuric c h l o r i d e a t -10° i n ether 
s o l u t i o n , b u t , u n l i k e b i s ( t r i f l u o r o m e t h y l ) m e r c u r y , . i t i s . a 
l i q u i d (b .p. 65-6 /17mm.). S e y f e r t h and coworkers have 
used the Grignard reagent t o prepare t r i f l u o r o v i n y l m e r c u r i c 
h a l i d e s , and some unsymmetrical t r i f l u o r o v i n y l m e r c u r i a l s have 

53 
been prepared by the Grignard method i n t e t r a h y d r o f u r a n . 
The r e a c t i o n s o f these unsymmetric.al compounds w i t h hydrogen 
c h l o r i d e and arsenic t r i c h l o r i d e were s t u d i e d t o determine 
the e l e c t r o n e g a t i v i t y o f the p e r f l u o r o v i n y l r a d i c a l , 

(CP2=CP)Hg(CH=CH2) + HC1 > CH2=CHHgCl + CP2=CPH (99$) 

(CF 2=CF)HgEt + HC1 > EtHgCl + CF2=CPH (98^) 

(GP 2 =eP)HgPh + HC1 > PhHgCl + CF2=CFH (98S&) 
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Thus the p s i t i o n o f the p e r f l u o r o v i n y l group i n the cleavage 
s e r i e s o f organic groups from mercury by hydrogen c h l o r i d e i s : -

CF 2=Ci 1- > Ph > CH2=CH- > A l k y l 
Some r e a c t i o n s o f b i s ( t r i f l u o r o v i n y l ) m e r c u r y have "been 

described by Knunyants and h i s coworkers, and these are 
summarised by equations. 

(CP 2=CP) 2Hg + HgCl 2 > 2CP2=CFHgGl (80$) 

(CP 2=CP) 2Hg + HgBr 2 > 2CP2=CPHgBr (80$) 

(CP 2=CP) 2Hg + CHg-CHMgBr > (CH 2=CH) 2Hg (43$) 

(CP 2=CP) 2Hg + PhMgBr > Ph 2Hg (56$) 

(CP 2=CP) 2Hg + BC1 3 > CP2=CPBC12 (45$) 

(CP 2=CP) 2Hg + A s C l 3 > CP 2=CPAsCl 2 (70$) 

The l a s t two equations show t h a t b i s ( t r i f l u o r o v i n y l ) m e r c u r y 
d i f f e r s from b i s ( t r i f l u o r o m e t h y l ) m e r c u r y i n i t s r e a c t i o n s 
w i t h i n o r g a n i c h a l i d e s , since b i s ( t r i f l u o r o m e t h y l ) m e r c u r y 
forms o n l y decomposition products i n i t s r e a c t i o n s w i t h metal 
or m e t a l l o i d h a l i d e s . 
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B i s ( t r i f l u o r o v i n y l ) m e r c u r y has also been used f o r the 
55 

synthesis o f a per f l u o r o a l u m i n i u m compound. 

3(CP 2=CP) 2Hg + 2AlH 3:NMe 3 » 2(CF 2=CF) 3A1:KMe 3 + 3H 2 + 3Hg 

c) P e r f l u o r o a r y l d e r i v a t i v e s . ^ 1 

B i s ( p e n t a f l u o r o p h e n y l ) m e r c u r y was recovered unchanged a f t e r 
5 hours a t 250°, and can be r e c r y s t a l l i s e d from concentrated 
s u l p h u r i c a c i d . I t forms s t a b l e n e u t r a l c o o r d i n a t i o n compound 
w i t h 2,2 - b i p y r i d y l and l,2-bis(diphenylphosphino)ethane. 
This i s the f i r s t r e p o r t t h a t mercury i n v o l v e d i n a l i n k a g e 
t o carbon, other than i n cyanide, has s u f f i c i e n t e l e c t r o n -
accepting c a p a c i t y to enable n e u t r a l c o o r d i n a t i o n complexes 
to be i s o l a t e d . 

B i s ( t r i f l u o r o m e t h y l ) m e r c u r y has a small but measureable 
c o n d u c t i v i t y i n water, a t t r i b u t e d t o c o o r d i n a t i o n o f water t } • 
t o the mercury atom, f o l l o w e d by i o n i s a t i o n . 1 

L 

(CP 3) 2H§ >(CF 3) 2Eg«-OH 2 »(CF 3) 2HgOlT + H 3 0 + • 

However, a s o l u t i o n o f b i s ( p e n t a f l u o r o p h e n y l ) m e r c u r y i n 
3:1 acetone-water has the same c o n d u c t i v i t y as pure s o l v e n t . 
This i s s u r p r i s i n g i n view o f the c o o r d i n a t i o n complexes 
j u s t mentioned. 
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With anhydrous hydrogen c h l o r i d e , m e t h y l p e n t a f l u o r o p h e n y l -
mercury undergoes p r e f e r e n t i a l cleavage o f a pent a f l u o r o p h e n y l 
group as pentafluorobenzene, but a phenyl group was cleaved 
from pentafluorophenylphenylmercury as benzene. 

Unexpectedly, cleavage w i t h bromine removed a methyl group 
from methylpentafluorophenylmercury,. but phenyl and pentafluoro' 
phenyl were cleaved from pentafluorophenylphenylmercury i n 
equal amounts. I t i s apparent t h a t d i f f e r e n t mechanisms must 
o b t a i n f o r the r e a c t i o n s w i t h bromine and hydrogen c h l o r i d e . 

Methylpentafluorophenylmercury was unchanged when heated 
a t 100° i n an evacuated tube, and, indeed, i t can be prepared 
by the r e a c t i o n between b i s ( p e n t a f l u o r o p h e n y l ) m e r c u r y and 
dimethylmercury a t 60°. 

Pluorocarbon d e r i v a t i v e s o f t i n . 

a) P e r f l u o r o a l k y l d e r i v a t i v e s . 
Mixed a l k y l - p e r f l u o r o a l k y l and p e r f l u o r o a l k y l halogen 

compounds have been described. She mixed a l k y l - p e r f l u o r o a l k y l 
compounds are of the types "%SnRp and R 2Sn(Rj)p . 

MeHgCf-F- + H01 » MeHgCl + CgFgH 

C 6H 5HgC 6P 5 + HC1 * V5HgCl + C 6H 6 
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Compounds o f the f i r s t type have been obtained by i n t e r a c t i o n 

o f p e r f l u o r o i o d o a l k a n e s w i t h h e x a a l k y l - or h e x a a r y l - d i t i n . ' 
CO 

A more d e t a i l e d study o f the r e a c t i o n , f o r which the best 
y i e l d s are obtained by u l t r a - v i o l e t i r r a d i a t i o n o f the r e a c t a n t s , 
i n d i c a t e s t h a t a r a d i c a l - c h a i n mechanism i s o p e r a t i n g , probably 
i n v o l v i n g homolytic f i s s i o n o f the metal-metsil bond as the 
f i r s t step. 

Me3Sn-SnMe5 — > 2Me3Sn ' 

Me3Sn ' + CF 3 I > Me 38nG? 3 + I ' 

I * + Me.H5Sn-Sni/Ie3 > Me 3SnI + Mg^Sn " , e t c . , 

This appears to be one o f the instances where homolytic 
cleavage o f a t i n - t i n bond seems l i k e l y . 

Compounds o f the type RgSnCRp^ are prepared by t r e a t i n g 
d i a l k y l t i n d i h a l i d e s w i t h magnesium t u r n i n g s and a p e r f l u o r o -
iodoalkane i n t e t r a h y d r o f u r a n . This r e a c t i o n presumably 
i n v o l v e s the f o r m a t i o n o f a p e r f l u o r o a l k y l Grignard reagent. 
However, t r i f l u o r o m e t h y l d e r i v a t i v e s have not been prepared 
i n t h i s way and the method may be l i m i t e d t o the p r e p a r a t i o n 
o f d e r i v a t i v e s o f the higher p e r f l u o r o a l k y l groups. 

The chemistry o f t r i m e t h y l t r i f l u o r o m e t h y l t i n i s i n t e r e s t i n g 
since the l a r g e e l e c t r o n e g a t i v i t y d i f f e r e n c e between t i n and 
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t r i f l u o r o m e t h y l would be expected t o produce a t l e a s t p a r t i a l 
p o l a r i s a t i o n o f the Sn-CF^ bond. This i s apparent i n the 
f o r m a t i o n o f t r i m e t h y l t i n t r i f l u o r o m e t h y l f l u o r o b o r a t e by the 
r e a c t i o n o f t r i m e t h y l t r i f l u o r o m e t h y l t i n w i t h boron t r i f l u o r i d e 
i n carbon t e t r a c h l o r i d e . ^ 

Me3SnCP3 + BF 3 ^ M e ^ n + f C F ^ F j 

However, the s t r o n g Lewis a c i d boron t r i c h l o r i d e reacted 
w i t h t r i m e t h y l p e n t a f l u o r o e t h y l t i n t o g i v e a mix t u r e of v o l a t i l e 
products c o n t a i n i n g methyldichloroborane and unreacted boron 
t r i c h l o r i d e . . Furthermore, i n c o n t r a s t t o the r e a c t i o n w i t h 
boron t r i f l u o r i d e , the r e a c t i o n o f t r i m e t h y l t r i f l u o r o m e t h y l t i n 
w i t h the e l e c t r o p h i l i c reagents hydrogen c h l o r i d e and 
c h l o r i n e ' leads t o the cleavage o f a methyl group as methane 
or chloromethane and the f o r m a t i o n o f d i m e t h y l t r i f l u o r o m e t h y l t i n 
c h l o r i d e . 

The h i g h p o l a r i t y o f the Sn-Rj, bond also explains the ready 
n u c l e o p h i l i c cleavage o f p e r f l u o r o a l k y l groups form p e r f l u o r o -
a l k y l t i n compounds which these compounds have been shown t o 
undergo. For example, d i a l k y l b i s C p e n t a f l u o r o e t h y l ) t i n 
compounds release pentafluoroethane q u a n t i t a t i v e l y on warming 

59 
w i t h aqueous base, and t r i m e t h y l t r i f l u o r o m e t h y l t i n evolves 

fi? 
f l u o r o f o r m under s i m i l a r c o n d i t i o n s . 

MegSnCF3 + OH" » Me^nOH + CF3H 
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57 The thermal decomposition of t r i m e t h y l t r i f l u o r o m e ' b t o y l t i n 
i s a l s o c o n s i s t e n t w i t h the p o l a r i s a t i o n o f the Sn-CF^ bond, 
since p o l a r i s a t i o n would encourage m i g r a t i o n o f f l u o r i d e i o n 
t o / t i n , and provides one o f the f i r s t examples o f the f o r m a t i o n 
i n good y i e l d o f d i f l u o r o c a r b e n e , which under the c o n d i t i o n s 
o f decomposition f i n a l l y appears as perfluorocyclopropane. 

150° CF 0—CF_ 
5 M e 3 S n C 3 ? 3 sealed W 5 M e 3 S n P + ^ 

That d i f l u o r o c a r b e n e i s produced i n the decomposition i s 
shown by the f a c t t h a t when decomposition i s c a r r i e d out i n 
the presence o f t e t r a f l u o r o e t h y l e n e there i s a t h r e e f o l d 
increase i n the y i e l d o f perfluorocyclopropane.. 

Me^SnCF, + C F ^ F , * ffile,SnF + X~7 2 

3 0 d. d. y 

The. decomposition, o f t r i m e t h y l t r i f l u o r o m e t h y l t i n can 
t h e r e f o r e be expressed as, 

ffle=,Sn—C—F > MewSnS + :CF_ 
y F 3 2 

2:GF2 » GF2=CF2 ^ \ / 
CF-. 
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Th e i n d u c t i v e e f f e c t o f the t r i f l u o r o m e t h y l group increases 
the acceptor p r o p e r t i e s o f the t i n atom i n d i m e t h y l t r i f l u o r o -
m e t h y l t i n c h l o r i d e , as i s shown by the much higher c o & u c t i v i t y 

el Tt 

o f the c h l o r i d e i n n i t r o a e n z e n e - p y r i d i n e s o l u t i o n s as 
compared w i t h t r i m e t h y l t i n c h l o r i d e . 

The i o n i s a t i o n process i s probably, 

MegSnCF^Cl + Py > MegSnCFj.Py+ + C l " 

Clark and Beg*^ have r e c e n t l y synthesised two i n t e r e s t i n g , 
new p e r f l u o r o a l k y l t i n compounds by an extension o f the r e a c t i o n 
between t r i f l u o r o i o d o m e t h a n e and hexamethylditin.. A d d i t i o n 
o f the w h i t e m o d i f i c a t i o n o f d i p h e n y l t i n t o an equimolar amount 
o f t e f c r a f l u o r o e t h y l e n e i n carbon t e t r a c h l o r i d e and exposure t o 
u l t r a - v i o l e t i r r a d i a t i o n f o r 72 hours gave d i p h e n y l t i n -
t e t r a f l u o r o e t h a n e as a wh i t e a i r - s t a b l e ? s o l i d . 

( C 6 H 5 ) 2 S n + CF 2=CF 2 > ( C6 H5>2 S n°2 P* 

The r e a c t i o n o f h e x a m e t h y l d i t i n w i t h t e t r a f l u o r o e t h y l e n e 
was performed under s i m i l a r c o n d i t i o n s t o g i v e a hygroscopic 
o i l as the mainproduct. This was c h a r a c t e r i s e d , by a n a l y s i s , 
as l , 2 - b i s ( t r i m e t h y l s t a n n y l ) t e t r a f l u o r o - e t h a n e . , Me,3nC„F.SnMe, 
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b) P e r f l u o r o v i n y l d e r i v a t i v e s . 
Using t r i f l u o r o v i n y l Grignard reagents, compounds o f the 

type K 5bnCF=CF 2, fl2£n(CF=CF2)2„: KSn(CF=CF2,)3, and Sn(CF=CF 2) 4 

have been, prepared i n good y i e l d . ' Thec-r p r o p e r t i e s , 
p a r t i c u l a r l y towards o x i d a t i o n , d i f f e r markedly from those 
o f v i n y l t i n compounds. Thus, t e t r a k i s ( t r i f l u o r o v i n y l ) t i n 
a p p a r e n t l y polymerises t o a waxy w h i t e s o l i d i n the presence, 
of dry oxygen, whereas t e t r a v i n y l t i n i s not oxygen-sensitive. 
Also, t r i f l u o r o v i n y l t i n compounds are much more e a s i l y cleaved 
by base and by warm water than t h e i r v i n y l analogues. For 
example, treatment o f pure d i - n - b u t y l b i s ( t r i f l u o r o v i n y l ) t i n 
i n ether s o l u t i o n w i t h potassium f l u o r i d e s o l u t i o n caused 
p a r t i a l cleavage, and e t h e r - s o l u b l e d i - n - b u t y l t i n oxide was 
formed. Ethanol alone, towards which v i n y l t i n compounds 
are s t a b l e , caused cleavage o f t r i f l u o r o v i n y l groups from 
t i n i n some cases . Thus, when an e t h a n o l i c s o l u t i o n o f 
d i - n - b u t y l b i s ( t r i f l u o r o v i n y l ) t i n was heated a t r e f l u x f o r 20 
hours, d i - n - b u t y l d i e t h o x y t i n was produced i n almost q u a n t i t a t i v e 
y i e l d . T r i e t h y l t r i f l u o r o v i n y l t i n and t r i p h e n y l t r i f l u o r o v i n y l ­
t i n were not attacked by ethanol under s i m i l a r c o n d i t i o n s . 

The cleavage r e a c t i o n s o f t r i f l u o r o v i n y l t i n compounds have 
been s t u d i e d by two groups o f workers . ' 5 Whereas i n 
p e r f l u o r o a l k y l compounds of the t y p e , i i 3 S n C

n
J , ' 3 n + i ( R = phenyl, 

a l k y l ) , the a l k y l or phenyl groups are released i n preference 
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t o p e r f l u o r o a l k y l groups on treatment w i t h e l e c t r o p h i l i c 
reagents, i n the case o f t r i f l u o r o v i n y l t i n compounds the 

p 
t r i f l u o r o v i n y l group i s cleaved.. I n these compounds sp -
h y b r i d i s e d carbon atoms are bonded simultaneously t o f l u o r i n e 
and t o the metal. I n such compounds the presence of a 
f i l l e d p ^ - o r b i t a l i s apparently s u f f i c i e n t t o a t t r a c t the 
a t t a c k i n g e l e c t r o p h i l i c reagent.. The p o s i t i o n o f the 
t r i f l u o r o v i n y l group i n the cleavage s e r i e s o f organic groups 
from t i n by p r o t o n i c acids i s , 

CF2=CF- > Ph > GH2=CH- > a l k y l > p e r f l u o r o a l k y l 

32 
c) P e r f l u o r o a r y l d e r i v a t i v e s . 

A p r e l i m i n a r y communication by Tatlow and coworkers 
r e p o r t s the p r e p a r a t i o n o f f i v e new p e n t a f l u o r o p h e n y l t i n 
compounds whose p r o p e r t i e s are l i s t e d i n Table I . 

TABLE I 
Compound M.p. Method Notes 
S n ( C 6 P 5 ) 4 221° 1 Stable to water 
SnMe 2(C 6F 5) 2 l i q : 2 Stable to water; b .p. 9 4 - 6 % 
SnPh(C 6F 5) 3 100-102° 3 Stable t o water 
3 n ( C 6 F 5 ) 3 C l 106° 1 Stable t o water 
S n ( C 6 F 5 ) 2 C l 2 l i q : 1,4 Reacts w i t h water; bp.l30%« 
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Methods: 1.,. Grignard + SnCl^. 
3, Grignard + PhSnCl 

T e t r a k i s ( p e n t a f l u o r o p h e n y l ) t i n was found t o be u n r e a c t i v e , 
but the chloro-compounds were hydrolysed even by weak bases 
and were found t o undergo a number of cleavages w i t h l o s s o f 
the p e n t a f l u o r o p h e n y l group. P r e l i m i n a r y measurements of 
the Mossbauer e f f e c t i n t e t r a k i s ( p e n t a f l u o r o p h e n y l ) t i n suggest 
t h a t the e l e c t r o n e g a t i v i t y o f the p e n t a f l u o r o p h e n y l group 
i s approximately the same as bromine. 

2, Grignard + MegSnClg. 
4, SnMe 2(Q 6P 5) 2 + SaCl 

ffluorocarbon d e r i v a t i v e s o f boron. 

a) P e r f l u o r o a l k y l d e r i v a t i v e s . 
Many unsuccessful attempts t o prepare p e r f l u o r o a l k y l b o r o n 

compounds have been r e p o r t e d . For example, the r e a c t i o n o f 
boron h a l i d e s or a l k y l b o r o n h a l i d e s w i t h b i s ( p e r f l u o r o a l k y l ) -

6? f t f k 

mercury compounds ' leads only t o the p r o d u c t i o n o f boron 
t r i f l u o r i d e . The low temperature r e a c t i o n of h e p t a f l u o r o -

67 
n-propyl l i t h i u m w i t h boron t r i f l u o r i d e j boron t r i c h l o r i d e 
or boron t r i b r o m i d e " leads t o extensive decomposition w i t h 

68 
f o r m a t i o n o f t e t r a f l u o r o b o r a t e i o n s . Stone and coworkers 
found t h a t the r e a c t i o n between diborane and f l u o r o e t h y l e n e s 
d i d not g i v e f l u r r o a l k y l b o r o n compounds, as expected by analogy 
w i t h the r e a c t i o n between diborane and ethylene, but i n s t e a d 
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mixtures o f boron t r i f l u o r i d e and a l k y l b o r o n f l u o r i d e s were, 
obtained. However, Haszeldine and o t h e r s ^ found t h a t > c 

3,3»3,-trifluoropropene r e a c t s r e a d i l y w i t h t e t r a m e t h y l d i b o r a n e 
t o g i v e d i m e t h y l t r i f l u o r o p r o p y l b o r o n (45?=), together w i t h 
m e t h y l b i s ( t r i f l u o r o p r o p y l ) b o r o n (8$) and tpime t h y l b o r o n (30$). 
D i m e t h y l t r i f l u o r o p r o p y l b o r o n decomposes very s l o w l y a t room 
temperature, and i s s t a b l e f o r long periods a t -78°. When 
i t : i s heated a t 100° f o r 27 hours, 75$ decomposition takes 
place w i t h the q u a n t i t a t i v e f o r m a t i o n o f 1,1,-difluoropropene 
and dimethylboron f l u o r i d e . These products probably r e s u l t 
from i n t e r n a l n u c l e o p h i l i c a t t a c k by a p - f l u o r i n e atom on 
the boron atom, i n a manner suggested f o r the decomposition 
o f p o l y f l u o r o a l k y l d e r i v a t i v e s o f s i l i c o n (see d i s c u s s i o n ) . 

M e 2 B ^ P 
-» CH,0H=GPo + MeoBP 3 d d 

By c o n t r a s t , compounds c o n t a i n i n g f l u o r i n e i n t h e t - p o s i t i o n 
r e l a t i v e t o boron are s t a b l e a t 100°.^° The gas-phase 

71 
r e a c t i o n between diborane and 3 , 3 * 3 - t r i f l u o r o p r o p e n e gave 
a number o f v o l a t i l e products i n c l u d i n g 3,3,3,,-t.icifluoropropyl­
boron d i f l u o r i d e , which was only about 8f> decomposed a f t e r 
7 days a t 160°,. and 1,1-difluoropropene was not a decomposition 
product. 
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The l a c k o f success i n attempts t o prepare p e r f l u o r o a l k y l -
boron compounds l e d to the suggestion t h a t such compounds 
are i n h e r e n t l y u n s t a b l e , t h e i r i n s t a b i l i t y r e s u l t i n g from 
the f a i l u r e o f p e r f l u o r o a l k y l groups t o s a t i s f y the 2p w o r b i t a l 

z 
o f the boron atom t o the extent t h a t f l u o r i n e or even a 
hydrocarbon group i s a b l E t o do. Also, i n t e r n a l n u c l e o p h i l i c 
a t t a c k on boron by neighbouring f l u o r i n e atoms causes 
extensive decomposition. 

The extreme case o f t r i s ( t r i f l u s r o m e t h y l ) b o r o n has been 
discussed, w i t h the conclusion t h a t such a compound must 

66 T2 
e a s i l y lose CP^ groups (as polymer) t o form boron t r i f l u o r i d e . * 
However, the existence o f compounds of the CP^BXg type (where 
X i s an atom or. group c o n t r i b u t i n g TT -bonding e l e c t r o n s t o 
boron) was not precluded, and, indeed, a recent communication 
describes the p r e p a r a t i o n o f t r i f l u o r o m e t h y l b o r o n d i f l u o r i d e 
by two very d i f f e r e n t methods. Parsons and Baker reacted 
the product from the r e a c t i o n between KBCn-C^Hg)^ and CP^I 
w i t h boron t r i f l u o r i d e and obtained butylboron. d i f l u o r i d e 
and t r i f l u o r o m e t h y l b o r o n d i f l u o r i d e , w h i l e Burg and J u v i n a l l 
used the r e a c t i o n between CP^SCl w i t h diborane a t 60° i n a 
sealed tube. The d e s i r e d product was i s o l a t e d as i t s e t h e r a t e . 
T r i f l u o r o m e t h y l b o r o n o l i f l u o r i d e was described as 'enduringly 
m etastable 1 and i s considered t o be a s t r o n g e r Lewis a c i d 
than boron t r i f l u o r i d e . 
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I f the e x p l a n a t i o n g i v e n o f the i n s t a b i l i t y o f boron 
p e r f l u o r o a l k y l s i s c o r r e c t , one might expect to o b t a i n s t a b l e 
compounds i n which the acceptor p r o p e r t i e s o f the, boron have 
been e l i m i n a t e d or s u b s t a n t i a l l y reduced e.g. by employing 
boron a d d i t i o n compounds or borazole d e r i v a t i v e s . ^ ^ This 
f o l l o w s from observations on the p h y s i c a l and chemical p r o p e r t i e s 
o f f l u o r o m e t h y l b o r o n d i f l u o r i d e which i s prepared i n almost 
q u a n t i t a t i v e y i e l d by the r e a c t i o n o f diazomethane w i t h boron 
t r i f l u o r i d e i n the gas phase a t - 4 0 ° . ^ This f l u o r o a l k y l -
boron compound has a. value o f 30.5 f o r Trouton's constant and 
an observed molecular weight 3.4$ hi g h e r than t h a t c a l c u l a t e d 
f o r the monomer.. I t has been suggested t h a t a s s o c i a t i o n 
occurs i n both l i q u i d and vapour phases, and t h a t s p e c t r a l 
data i n d i c a t e a s s o c i a t i o n through the f l u o r i n e atom of the 
a l k y l group. 

?v 
I s+ s-

F — B PCH2 — B? 2 

F 
This suggestion i s supported by the l a c k o f a s s o c i a t i o n 

i n methylboron d i f l u o r i d e and t r i m e t h y l b o r o n . Fluoromethyl­
boron d i f l u o r i d e r e a d i l y loses boron t r i f l u o r i d e . 

A p r e l i m i n a r y r e p o r t has appeared o f attempts to prepare 
a p e r f l u o r o a l k y l borazole, but the products were not i d e n t i f i e d . 
The most s t a b l e p e r f l u o r o a l k y l b o r o n compounds known are the 
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s a l t s o f t r i f l u o r o m e t h y l f l u o r o b o r i c a c i d , HBF,.C]?3. T r i m e t h y l t i n 
t r i f l u o r o m e t h y l f l u o r o b o r a t e gives a s t a b l e aqueous s o l u t i o n 
from which potassium, barium and ammonium t r i f l u o r o m e t h y l -
f l u o r o b o r a t e s are r e a d i l y obtained. The i o n i s destroyed 
by b o i l i n g w i t h 50% s u l p h u r i c a c i d , the f l u o r i n e appearing 
e n t i r e l y as f l u o r i d e ions r a t h e r than t r i f l u o r o m e t h a n e . The 
h i g h s t a b i l i t y o f the t r i f l u o r o m e t h y l f l u o r o b o r a t e i o n can be 
a t t r i b u t e d both t o the complete; f i l l i n g o f the second e l e c t r o n i c 
s h e l l o f the boron atom and also t o the s h i e l d i n g e f f e c t 
r e s u l t i n g from the d i s t r i b u t i o n o f the negative charge over 
a l l s i x f l u o r i n e atoms.. 

The thermal decomposition o f t r i f l u o r o m e t h y l f l u o r o b o r a t e s 
i s s i m i l a r t o t h a t o f t r i m e t h y l t r i f l u o r o m e t h y l t i n i n t h a t 
the e l i m i n a t i o n o f d i f l u o r o c a r b e n e occurs, l e a v i n g f l u o r o b o r a t e 
ions and the d i f l u o r o c a r b e n e f i n a l l y appears as t e t r a f l u o r o -
e t h y l e n e , perfluorocyclopropane, or p e r f l u o r o c y c l o b u t a n e 
depending e n t i r e l y on the temperature and pressure a t which 
the decomposition i s performed-

b) P e r f l u o r o v i n y l d e r i v a t i v e s • 
75 

S t a f f o r d and Stone have r e p o r t e d the f o l l o w i n g p e r f l u o r o -
v i n y l b o r o n compounds:- t r i f l u o r o v i n y l b o r o n d i f l u o r i d e (b..p.-14°), 
t r i f l u o r o v i n y l b o r o n d i c h l o r i d e (b.p.48°), b i s ( t r i f l u o r o v i n y l ) -
boron c h l o r i d e (b.p.100.5°), and t r i s ( t r i f l u o r o v i n y l ) b o r o n 
(b.,p.l04.9°)-
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These compounds were the f i r s t reported examples of covalent 
boron compounds i n which the organo-group i s f u l l y f l u o r i n a t e d . 
They are unstable over extended periods of time, even when kept 
at -78°• They are prepared by the reaction of boron t r i c h l o r i d e 
w i t h t r i f l u o r o v i n y l t i n compounds, as shown below. 

1 hour 
Me2Sn(CP=CP2)2 + 2BC13 — M e g S n C l g + 2CP2=CFBC12 (93$) 

1 hour 
Me2Sn(CP=GP2)2 + BG13 Me 2SnGl 2 + (CF2=CF)2BC1 (85$) 

SbP3 

CP2=CPBC12 » CP9=CPBP5 (59$) 
-23°; 12 hours d * 

2(CP2=CP)2BC1 + Me2Sn(CP=CP2)2 Me^SnClg + 2 (CF2=CFr) ̂B 

The t r i f l u o r o v i n y l b o r o n compounds are colourless, a i r -
sensitive compounds, which, w i t h water at elevated temperatures, 
release more than 90% of t h e i r t r i f l u o r o v i n y l groups as 
t r i f l u o r o e t h y l e n e . I n the gas phase at ambient temperatures 
t r i f l u o r o v i n y l b o r o n d i f l u o r i d e decomposes to form boron 
t r i f l u o r i d e at a rate of about 57° i n a week.. T r i f l u o r o v i n y l ­
boron d i c h l o r i d e i s able to withstand r e l a t i v e l y short periods 
of heating (e.g. 5 hours at 100°) but on standing f o r a few 
days at room temperature p a r t i a l l y decomposes givin g boron 
t r i f l u o r i d e . Formation of the l a t t e r substance i s of special 
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i n t e r e s t since i t shows that B-T? bonds can be formed from these 
compounds by a route not in v o l v i n g simple disproportionation. 
This l a t t e r mode of disproportionation i s , however, found w i t h 
b i s ( t r i f l u o r o v i n y l ) b o r o n chloride, samples of which were 
observed to decompose completely i n t o t r i f l u o r o v i n y l b o r o n 
d i c h l o r i d e and t r i s ( t r i f l u o r o v i n y l ) b o r o n a f t e r one day at 
room temperature. 

7fi 
I n view of the high s t a b i l i t y of vinylboron d i f l u o r i d e 

towards disproportionation i t l i k e l y that the tendency 
of t r i f l u o r o v i n y l b o r o n d i f l u o r i d e to give boron t r i f l u o r i d e 
does not involve disproportionation, but a f l u o r i n e - s h i f t 
to the e l e c t r o n i c a l l y unsaturated boron atom.. Such a process 
i s probably i n h i b i t e d by a co n t r i b u t i o n of the T T-electrons 
of the t r i f l u o r o v i n y l group to the p ^ - o r b i t a l of the boron atom, 
wi t h the r e s u l t that t r i f l u o r o v i n y l b o r o n compounds might 
be thermally more stable than t h e i r p e r f l u o r o a l k y l analogues, 
i n which the p ^ - o r b i t a l of the boron atom would be r e l a t i v e l y 
less s a t i s f i e d . That such an overlap does ex i s t i n the 
t r i f l u o r o v i n y l b o r o n compounds i s supported by t h e i r i n f r a - r e d 

77 
spectra. 
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c) Per f l u o r o a r y l d e r i v a t i v e s . 
Stone and coworkers have reported the preparation of 

tris(pentafluorophenyl)boron from pentafluorophenyllithium 
and boron t r i c h l o r i d e i n pentane. J The product, although 
a i r - s e n s i t i v e , i s thermally stable at ambient temperatures, 
and shows marked acceptor properties as shown below. 

NH_ HC1 gas 
— 5 — > H j H B t o ^ j , — ^ O 6P 5H 

Me,N 
CC 6F 5) 5B — 2 — » Me 3NB(0 6P 5) 3 

Ph,P 3̂ -> ?h 3PB(C 6F 5) 3 

ri -a t • aq: Bt,Nfll 
°6*5^» L i (C 6F 5) 4B 1 _ Et 4N (C 6P 5) 4B 

a ^ ; K G 1 » K (C 6P 5) 4B 
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Perfluoroaryl. Derivatives of Other Metals and Metalloids . 
30 

a) S i l i c o n and. Phosphorus. 
The electron withdrawing character of the f l u o r i n e 

substituents i n tris(pentafluorophenyl)phosphine appears 
to r e s u l t i n a stronger, i n t e r a c t i o n between unshared electron 
pairs on the phosphorus atom with the n- electrons of the 
aromatic n u c l e i than i n triphenylphosphine. Thus, t r i s -
(pentafluorophenyl)phosphine i s more a c i d i c , and unlike 
triphenylphosphine does not form a phosphonium s a l t w i t h 
methyl iodide, and i s converted only through strong oxidation 
to the corresponding oxide. 

Complete f l u o r i n a t i o n decreases the thermal s t a b i l i t y of 
tetrakis(pentafluorophenyl)silane, but increases the thermal 
s t a b i l i t y of tris(pentafluorophenyl)phosphine. 

b) Thallium. 
The recently reported compounds of the type (CgF^^TlX 

(X = halogen, n i t r a t e etc.,) are the f i r s t fluorocarbon 
34 

derivatives of t h a l l i u m to appear i n the l i t e r a t u r e . 
Bis(pentafluorophenyl)-thallium bromide was prepared from 
the Grignard reagent and t h a l l i u m chloride i n ether. 

T1C15 + 2CgP5MgBr » (CgP^TlBr + MgBr2 + MgBrCl 

Unlike most R TlX compounds, i t i s very soluble i n organic 
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solvents, and from the bromide, a chloride, n i t r a t e , acetate-
and a d i p y r i d y l complex of the bromide - have been obtained. 
A l l the compounds except (CgF^. ̂ d i p y T l B r are v i r t u a l l y non-
el e c t r o l y t e s i n acetone, the bromide, chloride, and n i t r a t e , 
being monomeric i n t h i s solvent. The molar conductance of 
(GgF^^TldipyBr i s about ten times that of the bromide at 
comparable concentrations, hence some i o n i s a t i o n i n t o 
(CgS i(-) 2Tldipy + and Br~ must occur, and t h i s i s confirmed 
by the low molecular weight i n t h i s solvent. The low 
conductance of (CgF^JgTl&ipyBr could be explained by i o n -
pair formation, though the p o s s i b i l i t y that some of the 
compound i s present as a f i v e coordinate t h a l l i u m d e r i v a t i v e 

78 
( l i k e Sn i n Me^pySnCl) cannot be ruled out. I n benzene 
the molecular weight f o r the bromide suggests dimerisation. 
By contrast the d i p y r i d y l complex i s only s l i g h t l y associated 
as expected f o r an io n i c compound i n benzene. 

e) Transition Metals. 
-zC. 

I n a recent communication, Stone and coworkers have 
reported the- preparation and properties of some pentafluoro-
phenyl derivatives of t r a n s i t i o n metals. 

Mn(CO)5Br + Cg^Li » CgiyjMCO^ (29%) 

Pe(C0) 4 l 2 + c 6 F 5 L i * C 6F 5Fe(CO) 4I (2*) 



( T T-C 5H 5) 20!iCl 2 + C 6F 5Li ^ (,T-G 5H 5) 2Ti(C 6F 5) 2 (44*) 

+ ( T r - C 5 H 5 ) 2 T i ( e 6 P 5 ) 0 1 (29%) 

These compounds are chemically very robust f o r compounds 
containing organic groups bound to the metal by carbon-metal 
o- bonds. For example, pentafluorophenylmanganese pentacarbonyl 
was; not decomposed a f t e r 72 hours at 138°, and a f t e r 72 hours 
a t 162° i t was recovered i n 51% y i e l d , and only 13% of the 
carbon monoxide expected f o r complete decomposition was 
obtained.. Phenylmanganese pentacarbonyl decomposes at 100°. 

Bis(cyclopentadienyl)bis(pentafluorophenyl)titanium was 
thermally stable at 110° i n vacuo, but pyrolysis at 150° 
yielded small amounts of bis(cyclopentadienyl)pentaflurophenyl-
titanium f l u o r i d e , (»r -C 5H 5) 2Ti(C 6F 5)F. 

Aqueous base had no apparent e f f e c t on these compounds, 
and Bis(cyclopentadienyl)bis(pentafluorophenyl)titanium did 
not react w i t h hydrogen chloride a f t e r 2 days at 110°. 
Howeverr a f t e r 2 days at 150° the pentafluorophenyl groups 
were cleaved as pentafluorobenzene. 

^ - C
5 H 5 ) 2 T i ( C 6 F 5 ) 2 + 2HC1 » («-C 5H 5) 2TiCl 2 + 2C6F5H (86%) 

Pentafluorophenylboron d i c h l o r i d e was obtained by the 
reaction between boron t r i c h l o r i d e and (--0,-H,-)0Ti(CcF(-)Q . 



Rausch has also reported the preparation of some pentafluoro-
phenyl derivatives of some t r a n s i t i o n metals from the G-rignard 
reagent 1 1 4". 

Mn(GO)5Br + CgF^gBr » CgF^JfihtCO) 5 (47$) 

(Tr*C 5H 5 )Fe(CO) 2I + CgFj-MgBr » fr-C^ )C 6F 5Fe(CO) 2 (7$) 

( T v - C 5 H 5 ) 2 T i C l 2 + 2G6F5MgBr > ( T r - e ^ ^ e ^ T i C l 

These new pentafluorophenyl derivatives of the t r a n s i t i o n metals 
e x h i b i t remarkable thermal and oxidative s t a b i l i t i e s compared 
to t h e i r hydrocarbon analogues.. 

d) Zinc. 
Bi&( pentaf luorophenyl) zinc was obtained as a colourless,, 

c r y s t a l l i n e / s o l i d by the reaction shown below, L 1 ^ 

ZnCl 2 + 2C6F5MgBr. > (CgF^Zn + MgClg + MgBr2 

Bis(pentafluorophenyl)zinc was found to form coordination 
complexes, r e a d i l y w i t h various oxygen-, nitrogen-, phosphorus-
and arsenic-containing ligands.. Bidentate ligands y i e l d 1:1 
complexes, but triphenylphosphine forms a 2:1 complex.. 



CHAPTER. 2... 

EXPERIMENTAL WORK. 



EXPERIMENTAL 

Bromopentafluorobenzene was obtained from the Imperial 
29 Smelting Corporation, and by bromination of pentafluorobenzene. 

Preparation of Sta r t i n g Materials. 
Stannic Bromide. 

Bromine (200g., 2.5 moles) was added dropwise to t i n metal 
(60g., 0.5 moles), which had been cut i n t o small pieces, i n a 
2Seck f l a s k f i t t e d w i t h a dropping funnel and r e f l u x condenser. 
The reaction was vigorous and sparks were observed. Af t e r 2 
hours at r e f l u x , excess of bromine was removed by d i s t i l l a t i o n 
and the reaction mixture was d i s t i l l e d (b.p. 202°) to give 
stannic bromide (187.5g., 86$). 

Tetramethyltin . 
Methyl iodide (225g., 1*58 moles) i n d i - n - b u t y l ether (100ml) 

was added dropwise to magnesium (50g., 2.08 g-atoms) i n d i - n -
b u t y l ether (600ml) i n a 2 l i t r e 3-neck f l a s k f i t t e d w i t h a 
s t i r r e r , dropping-funnel, and a r e f l u x condenser. The reaction 
was i n i t i a t e d by the addition of a small c r y s t a l of iodine.. 
The methyl iodide s o l u t i o n was added so as to maintain gentle 
r e f l u x (3 hours).. The reaction mixture was cooled to room 
temperature and stannic chloride (93.5g ., 0.36 moles) was added 
dropwise. The reaction mixture was refluxed f o r 1^ hours, and 
then d i s t i l l e d , and the f r a c t i o n b o i l i n g below 140° was collected. 
This f r a c t i o n was fractionated-, using a glass helices column, 
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and the f r a c t i o n b o i l i n g at 76-78° was collected to give 
t e t r a m e t h y l t i n (46,6g,, 72,5$). 

T e-t raph eny 11 in.. 
79 

Tetraphenyltin prepared by the standard procedure was available 
i n the department. 
T e t r a - p - t o l y l t i n . 

p-Bromotoluene (I71g., 1 mole?) i n ether (100ml) was added 
to magnesium (24^3g«» 1 g-atom) i n ether (500ml) during l j j hours* 
The reaction mixture was refluxed f o r hour, and then 
allowed to cool to room temperature. Stannic bromide 
(76.5g., 0.175 moles) i n benzene (100 ml) was. added to the 
r e a c t i o n mixture during 40 minutes,, and then the r e a c t i o n 
mixture was refluxed f o r 2£ hours. The reaction mixture 
was cooled to room temperature and hydrolysed by the a d d i t i o n 
of ice-water (50 ml) and ice-cold 5f° hydrochloric acid (200 ML). 
A f t e r f i l t r a t i o n , the organic layer was separated, dried (MgSO^), 
and solvent was removed under vacuum to give t e t r a - p - t o l y l t i n 
(71g., 85$), which was r e c r y s t a l l i s e d from benzene. 
A l k v l - and A r v l - t i n Halides... 

With the exception of methyl\tintribromide, a l k y l - and a r y l — 
t i n halides were obtained from the tetra-organotin compound 
by the r e d i s t r i b u t i o n reaction with stannic bromide or chloride? 
Met h y l t i n Tribromide, 

Bromine (25.lg., 0,31 moles) was added dropwise to 
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d i m e t h y l t i n dibromide (48.7g., 0.16 moles) i n a 2-neck f l a s k 
f i t t e d w i t h a dropping funnel and a r e f l u x condenser, and the 
reaction mixture was heated u n t i l the colour due to bromine 
had disappeared. D i s t i l l a t i o n of the reaction mixture gave 
methyl t i n tribromide (b..p. 210°) (51g., 87$). 

Methvlmercury Iodide. 
Mercury (53g.,) and methyl iodide (100g.,) were put i n t o 

a Carius tube which was sealed o f f under vacuum and irradiajsedf, 
w i t h u l t r a - v i o l e t l i g h t f o r 3 days w i t h shaking. On opening 
the tube the s o l i d product was r e c r y s t a l l i s e d from benzene 
to give methylmercury iodide (55g., 61$) which had m.p.142-4°. 

Preparation of Pentafluorophenyltin Compounds. 

Trimethylpentafluorophenyltin. 
T r i m e t h y l t i n bromide ( l 4 g . , 57.5 mmoles) i n ether (25 ml) 

was added to a s l i g h t excess of pentafluorophenylmagnesium 
bromide prepared from magnesium ( l . 5 g . , 62.5 g-atoms) and 
bromopentafluorobenzene (15.5g., 62.5 mmoles) i n ether (120 ml) 
and the mixture was heated under r e f l u x f o r 48 hours. 
Hydrolysis was effected by 10% aqueous ammonium chloride 
(150 ml) to prevent the formation of an emulsion (halide-ion 
catalysed cleavage only occurs when alcohol i s added as 
co-solvent). The ether layer was separated, dried (MgSO^), 
and then the ether was remove® under vacuum. D i s t i l l a t i o n 
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of the l i q u i d residue (34-6 /10~ mm .) gave a colourless 
l i q u i d , trimethylpentafluorophenyltin ( l l . 5 g . j , 60%). 
(Found: F,28.2; SnP35.6. C gH gF 5Sn requires F,28.7; Sn,35.9%) 

From t r i m e t h y l t i n iodide (50g), using a. r e f l u x time of 
14 hours, trimethylpentafluorophenyltin was obtained i n 
70% y i e l d , a f t e r d i s t i l l a t i o n i n vacuo. 
The yie l d s of trimethylpentafluorophenyltin from t r i m e t h y l t i n 
bromide are improved i f a shorter r e f l u x time (ca. 18 hours) 
than that described i n the experiment above i s used. 

Dimethylbis (pentaf luorophenyl) t i n . , 
Dime-thyltin dibromide (8.8g., 28.5 mmoles) i n ether (25 ml) 

and pentafluorophenylmagnesium bromide (62.5 mmoles) i n ether 
(120 ml) were heated at r e f l u x f o r 48 hours, and then worked 
up i n the manner described above to give dimethylbis(penta-
f l u o r o p h e n y l ) t i n (8 .Og., 58%) a f t e r d i s t i l l a t i o n i n vacuum 
(74-6°/10"2mm).. 
(Found: F,39.9; Sn,.24.3. C^HgF^Sn requires F,39-3; 3n,24.6%) 

I n a l a t e r experiment using d i m e t h y l t i n dibromide (17.6g) 
and a r e f l u x time of 20 hours, dimethylbis(pentafluorophenyl)tin 
was obtained as a white s o l i d (21.6g., 78%) which had m.p.35° 
a f t e r vacuum sublimation (60°/0.05mm). 

Met h y l t r i s ( p e n t a f l u o r o p h e n y l ) t i n . 
Methyltin tribromide (7.2g.., 19.2 mmoles) i n ether (30 ml) 

and pentafluorophenylmagnesium bromide (62.5 mmoles) i n 
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ether (120 ml) a f t e r 3 days at r e f l u x gave methyltris(penta-
f l u o r o p h e n y l ) t i n ( 8 . 4 g.69%) which, a f t e r sublimation 
(60-65°/10~^mm) followed by r e c r y a t a l l i s a t i o n from n-propanol 
had m.p.72-3°. 
(Found: F,45.1; Sn,18*8.. c i 9 H 3 P i 5 S n requires F,44-9; Sn,18.7%) 

Fentafluorophenyltriphenyltin. 
T r i p h e n y l t i n bromide (11.5g.» 26,8 mmoles.) i n ether (30 ml) 

and pentafluorophenylmagnesium bromide (29 «5 mmoles) i n 
ether (100 ml), a f t e r 3 days at r e f l u x , gave pentafluoro-
p h e n y l t r i p h e n y l t i n (9»4g., 68%) which, after, r e c r y s t a l l i s a t i o n 
from ethanol and treatment w i t h charcoal, had m.p.86°. 
(Found: C,55.7; F,18.5. C 2 4 H 1 5 P 5 S n r e < l u i r e s c»55.7; F,18.4%) 

Bis(pentafluorophenyl)diphenyltin. 
Diphenyltin dibromide (I2.4g.» 28.7 mmoles) i n e.ther (30 ml) 

and pentafluorophenylmagnesium bromide (62.5 mmoles) i n 
ether (120 ml) a f t e r 48 hours at r e f l u x gave bis(penta-
fluorophenyl)diphenyltin (9»5g.» 54%) which, a f t e r 
r e c r y s t a l l i s a t i o n from ethanol and treatment w i t h charcoal, 
had m..p.85°. 
(Found: C,47.8; F,30„6. G24 H10 f f10 i i l : 1 r e < l u : L r e s c>47.5; F,31.3%) 

T r i s(pentafluorophenyl)phenyltin. 
Phenyltin tribromide (12.5g», 28.7 mmoles) i n ether (30 ml) 

and pentafluorophenylmagnesium bromide (94 mmoles) i n ether(180ml) 



a f t e r 3 days at r e f l u x , gave tris(pentafluorophenyl)phenyltin 
(17.Og., 855&) which, a f t e r sublimation (80-90°/lO~3mm) 
and r e c r y s t a l l i s a t i o n from ethanol, had m,p.95-6°. 
(Found: C,41.1; F,41.1. C 2 4 H 5 P 1 5 S n r e ( l u i r e s C,41.3; F,40.9%) 

Tetrakis (pentafluorophenyl) t i n . 
Stannic bromide (5g., 11.4 mmoles) i n ether (25ml) and 

pentafluorophenylmagnesium bromide; (48.-8 mmoles) i n ether 
(100 ml) a f t e r 3 days at r e f l u x gave t e t r a k i s ( p e n t a f l u o r o -
p h e n y l ) t i n (4.6g., 51%) which, a f t e r sublimation (160°/I0"5mm) 
and r e c r y s t a l l i s a t i o n from cyclohexane, had m,p.221°. 
(Found: F,47-9; Sn,14.9. C 2 / ^ 2 Q S n requires F,48.3; Sn,15.1%) 

p - T o l y l t r i s ( p e n t a f l u o r o p h e n y l ) t i n . 
p - T o l y l t i n t r i c h l o r i d e (10g., 31.6 mmoles) i n ether (50 ml) 

and pentafluorophenylmagnesium bromide (122 mmoles) i n 
ether (200 mlO a f t e r 19 hours at r e f l u x gave a brown s o l i d 
from which p - t o l y l t r i s ( p e n t a f l u o r o p h e n y l ) t i n was obtained 

o 2 
as white cr y s t a l s by vacuum sublimation (140 /10~ mm), and 
a f t e r r e c r y s t a l l i s a t i o n from propanol the m.p. was 107°. (18g; 80% 
(Found.: F,.40,2; Sn,16.6. C^i^F-^SiL requires F,40.1; Sn,l6.7%) 
Bis ( p - t o l y l )bis (pentaf luorophenyl) t i n . . 

B i s ( p - t o l y l ) t i n d i c h l o r i d e (7-4g., 20 mmoles) i n ether 
(40 ml) and pentaf luorophenylmagnesium bromide (50 mmoles.) 
i n ether (150 mmoles) a f t e r 11 hours at reflux, gave a dark 
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brown viscous l i q u i d (8.1g) . A p o r t i o n of t h i s l i q u i d was 
d i s t i l l e d (l60-164°/l0~^inm) to give a colourless l i q u i d 
which deposited c r y s t a l s , m.p.57-59°» on standing f o r 
several weeks.. The r e s t of the product was eluted i n 
petroleum (40-60°) over an alumina column. Removal of 
the solvent gave a l i g h t yellow l i q u i d which, on standing, 
deposited c r y s t a l s of b i s ( p - t o l y l ) b i s ( p e n t a f l u o r o p h e n y l ) t i n 
which had m..p. 73-5° a f t e r r e c r y s t a l l i s a t i o n from isopropanol. 
(Found: C^48.8; F,30.3. C 2 6 H 1 4 P 1 0 S n r e ( l u i r e s c»49.2; F,29*9$) 

General Reaction Procedure. 
The formation of pentafluorophenylmagnesium bromide took 

place r e a d i l y without the a d d i t i o n of an i n i t i a t o r , and the 
reactions were performed i n an atmosphere of nitrogen. I n 
each case, the work-up procedure was that described f o r 
trimethylpentafluorophenyltin, and the reaction vessel was 
a 3-neck f l a s k f i t t e d w i t h a s t i r r e r , dropping funnel and 
r e f l u x condenser. 

Cleavage w i t h Nucleophilic Reagents. 
1) A l k a l i . 
a) Trimethylpentafluorophenyltin (0-25g., 0.76 mmoles) 
was added to 50$ aqueous-alcoholic potassium hydroxide 
(2ml., 4H"). A white p r e c i p i t a t e appeared on shaking, the 
mixture was a c i d i f i e d w i t h hydrochloric acid, and then 
v o l a t i l e product and solvent were remove* by d i s t i l l a t i o n , 
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leaving a white s o l i d from which was sublimed, t r i m e t h y l t i n . 
hydroxide (0»12g., 0.66 mmoles), m..p.H7°(subl.) (lit:118°d.)81 

The i n f r a - r e d spectrum was i d e n t i c a l w i t h that of an authentic 
specimen.. Pentafluorobeiazene was shown to be present i n 
the d i s t i l l a t e by analytical-scale gas chroaatography. 
When water alone i s used as solvent ( i . e . no alcohol present), 
the cleavage i s very slow.. 

b) Triphenylpentafluorophenyltin (0-45g-»0..86 mmoles:) was 
added to 10$ aqueous-alcoholic potassium hydroxide (2ml, H/2) 
and the reaction mixture was refluxed f o r 20 minutes. 
Solvent was removed by d i s t i l l a t i o n to give, a white s o l i d , 
t r i p h e n y l t i n hydroxide, which,, after, r e c r y s t a l l i s a t i o n from 
ethanol-water had m.p.. 117-8° ( l i t : 119-120°)8? The i n f r a ^ 
red spectrum was i d e n t i c a l w i t h that of an authentic specimen. 

2) Potassium Fluoride i n Anhydrous Ethanol. 
Trimethylpentafluorophenyltin (l...25g», 3.8 mmoles) and 

potassium f l u o r i d e (0»22g..,, 3.8 mmoles; i n anhydrous etjanol 
(10 ml) waceheated at r e f l u x f o r 8 hours. Solid material 
was f i l t e r e d o f f , washed wi t h water and dried i n an oven, 
and then i d e n t i f i e d as t r i m e t h y l t i n f l u o r i d e (0.22g. r 1.2 mmolee) 
by comparison of i t s i n f r a - r e d spectrum w i t h that of an 
authentic specimen. 
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3) Aqueous-alcoholic Potassium Fluoride. 
a) Trimethylpentafluorophenyltin (0.35g., 1.1 mmoles), 
which had been p u r i f i e d by preparative-scale gas chromatography, 
was shaken w i t h 90% ethanol-water (2ml) and no reaction 
took place, ( i n a separate experiment the s t a r t i n g material 
was recovered u n c h a n g e d * ) A small c r y s t a l of potassium 
f l u o r i d e was added to the mixture and a white precipitate; 
appeared immediately* Solvent was removed by d i s t i l l a t i o n 
and shown by gas chromatography to contain pentafluorobenzene. 
The residue was sublimed in. vacuum to give t r i m e t h y l t i n 
hydroxide (0.19g., 1*1. mmoles) m..p,117°» Further experiments 
were carried out, s i m i l a r to the one described above, except 
that potassium chloride or cyanide was used instead of 
potassium f l u o r i d e ; t r i m e t h y l t i n hydroxide and pentafluoro-
benzene were obtained i n each case, although the reactions 
were slower than i n the case of potassium f l u o r i d e . 

b) Dimethylbis(pentafluorophenyl)tin, when treated w i t h 
aqueous-alcoholic potassium f l u o r i d e , as described above, 
gave d i m e t h y l t i n oxide which gave an i n f r a - r e d spectrum 
i d e n t i c a l w i t h that of an authentic specimen.. 

c) Pentafluorophenyltriphenyltin (0.25g) i n 10% aqueous-
ethanol s o l u t i o n was heated under r e f l u x f o r 30 minutes. 
On cooling, a white s o l i d appeared, which was f i l t e r e d o f f . 
The i n f r a - r e d spectrum of t h i s s o l i d was very s i m i l a r to 
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t h a t of t r i p h e n y l t i n hydroxide, but i t had a high m.p.(>300°) 
( c . f . Ph^SnOH m.p.,119-1200). However, the i n f r a - r e d 
spectrum of t h i s product was very s i m i l a r to that of 
t r i p h e n y l t i n hydroxide except f o r a broad band at 3800 cm t 

and from the spectrum there was no doubt that the penta-
fluorophenyl group had been cleaved.. 

d) Bis(pentafluorophenyl)diphenyltin was treated as 
described above, and di p h e n y l t i n oxide was obtained, which 
gave an i n f r a - r e d spectrum i d e n t i c a l w i t h that of an authentic 
specimen. 

e) Tetrakis(pentafluorophenyl)tin (0.62g) was treated as 
above,, except that the r e f l u x time was 5 minutes.. Solvent 
was removed by vacuum transfer to give a white s o l i d (m.p.>400°), 
which, from i t s i n f r a - r e d spectrum, contained pentafluorophenyl 
and had a strong, broad band i n the 0-H s t r e t c h : region. 
(Pound: 3n,31.8; 0,27.0%). This corresponds to the. 
stoicheiometric formula (CCT?C)^ .8n0,~ . 

f ) When i t was attempted to r e c r y s t a l l i s e me-thyltris-
(pentafluorophenyl)tin and t r i s ( pentafluorophenyl )^tin 
from aqueous-etanol, high-melting oxides were; obtained . 
From the r e s u l t s of analyses, cleavage of two pentafluoro­
phenyl groups from t i n occurred i n each case. 

e..g. Product from MeSn(C 6? 5) 5 gave Sn = 38.2% 
MeĈ-̂ , SnO requires 3n = 37.5% 
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Product from PhSnCCgl^)? gave Sn = 30.-9% 

Ph06P5SnO requires 3n = 31.3$. 

Cleavage w i t h E l e o t r o p h i l i c .Reagents. 

l ) Hydrogen. Chloride gas.. 
The cleavage w i t h hydrogen chloride was studied f o r both 

a l k y l - and aryl-pentafluorophenyltin compounds. Since 
the experimental procedure was the same f o r each compound, 
the method i s described f o r trimethylpentafluorophenyltin 
and the r e s u l t s of the other cleavages are. summarised i n 
Table I I . 

Hydrogen Chloride and Trimethylpentafluorophenyltin. 
Hydrogen chloride was obtained from concentrated sulphuric 

acid and ammonium chlorides. A known weight of gas was 
obtained by condensing the gas i n t o a molecular weight 
bulb (which had been evacuated and weighed) on the vacuum 
l i n e . G-rease was removed from the bulb by means of tissue 
paper, and the bulb was reweighed, and thus the weight of 
hydrogen chloride i n the bulb was obtained. 

Hydrogen chloride gas (0.19g.f 5.2 mmoles) was condensed 
i n t o a Carius tube containing trimethylpentafluorophenyltin 
(1.72g., 5.2 mmoles). The tube was sealed o f f i n vacuo, 
and allowed to stand at room temperature f o r 1 day. The 
tube was opened to the vacuum l i n e and volatile.was c o l l e c t e d , 
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and shown by i t s i n f r a - r e d spectrum and by a n a l y t i c a l scale 
gas chromatography to be pentafluorobenzene (0.87g ., 5.2 mmoles). 
The residue i n the Oarius tube was. t r i m e t h y l t i n chloride 
'(Q.94g-, 4.7 mmoles) which had m.p. 34.5-35.5° ( l i t : 37°<),83 

and which was converted to a complex w i t h ammonia, Me^SnCl.MH^, 
whose i n f r a - r e d spectrum was i d e n t i c a l w i t h that of an 
authentic specimen., 

Hydrogen Chloride and Pentafluorophenyltriphenyltin. 
Hydrogen chloride gas (0.064g; 1*75 mmoles) was condensed 

i n t o a Carius tube containing pentafluorophenyltriphenyltin 
(0.86g; 1.66 mmoles). The tube was sealed o f f , and a reaction 
occurred at 20°. Af t e r 3 days, v o l a t i l e material was 
collected by vacuum tra n s f e r to give benzene (0.122g; 1.57 mmoles.) 
i d e n t i f i e d by i t s i n f r a - r e d spectrum and by gas chromatography. 
The residue i n the tube was d i s t i l l e d (120-5°/0.005mm) to 
give a colourless l i q u i d . 
(Pound: P,.7.1; 01,12.9. C ^ H ^ Q C I ^ S I I requires P,20; 01,7.5$) 
Bisproportionation of the chloride may have occurred. 

Hydrogen Chloride and Bis( pentaf luorophenyl)diphenyltin., 
Hydrogen chloride gas (0.045g; 1.23 mmoles) was condensed 

i n t o a Carius tube containing bis(pentafluorophenyl)diphenyltin 
(0.67g; 1.10 mmoles). Af t e r 5 days at 20°, benzene (0.86g; 1.10 
mmoles) was obtained by vacuum t r a n s f e r . The residue i n the 
tube was d i s t i l l e d U40-5<>/0.005mm) to give a colourless l i q u i d . 
(Found: P,32.4; Cl,8.2. C 1 8H 5ClP 1 0Sn requires P,33.6; 01,6.3$) 
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TAJ3LE I I 

Reaction w i t h HQ1 gas (1 mole.) 

bompound Keaation Conditions Composition Yield of 
of V o l a t i l e s V o l a t i l e ^ 

Me 3bnC 6? 5 20l 

*Me 2Sn(G 6P 5) 2 110( 

MeSn(C 6F 5) 3 210C 

(C 6H 5) 5SnC 6P 5 20( 

20' 

+ ( 6 ^ 5 ) 2 8 x 1 ( 0 ^ ) 2 20° 

20' 

C 6H 53n(C 6F 5) 3 170°; 

24 hours 

15' mins.. 

20 hours 

15 mins. 

3 days 

12 hours 

5 days 

12 hours 

100% CgJ?5H 100$ 

(C 6P 5) 4Sn 240°;. 16 hours 

(p-CH 3.G 6H 4)Sn.(G 6j? 5) 3 100°; 17 hours, 

100$ Cg*5H 

100% OgPgH 

ieo$ c 6H 6 

IQO.% CgHg 

100$ CgHg 

100% CgMg 

60$ CgHg j 
40$ Cg^n) 

100$ C6F5H 

CgH5.CH3 

1$ C.P̂ H 6 5 

30$ 

51$ 

95% 

50$ 

100% 

80$ 

10$ 

87$ 

) 

( p-CH 3..CgH 4) 2Sn(CgF 5) 2 95°; 7 hours 85$ CgHg .CH3 ) 80$ 
15$ C F.H ) 6 0 



I n each case v o l a t i l e material was i d e n t i f i e d "by i t s i n f r a ­
red spectrum and by a n a l y t i c a l scale gas chromatography. 
^Me^SnClg was: formed. 
Reaction w i t h 2 moles of HC1 gas :-

a) At room temperature; only 1 mole of HC1 reacted, 
h) 75°; 5 hours.. 70% of HC1 consumed. Vola t i l e s contain 
6% CgF(-H.. 

2) Bromine i n Ether. 

As w i t h hydrogen chloride, a t y p i c a l experiment w i l l be 
described, and the r e s u l t s of other experiments w i l l be 
summarised i n Table I I I . . I n t h i s case,, the progress of 
the reaction could be followed by observing the disappearance, 
of the colour due to bromine. 

Bromine and Triphenylpentafluorophenyltin i n Ether . 
Bromine (0..60g.„ 3.8 mmoles) was condensed i n t o a Carius 

tube containing triphenylpentafluorophenyltin. (1.95g., 3-8 mmoles) 
i n d i e t h y l ether (10 ml)... The tube was allowed to reach 
room temperature, and a f t e r 1 day the colour due to bromine 
had disappeared. The tube was opened to the vacuum l i n e 
and v o l a t i l e material was collected, and shown by a n a l y t i c a l 
scale gas chromatography to consist only of bromobenzene and 
ether . Jbromobenzene was also i d e n t i f i e d by i t s i n f r a - r e d 
spectrum a f t e r removal of ether by vacuum tra n s f e r . The 
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residue i n the Carius tube (l..87g.) was converted i n t o a 
complex with ammonia by passage of dry ammonia gas i n t o 
i t s ethereal s o l u t i o n . The ammonia complex was not characterised. 

TABLE I I I . Reaction w i t h Bromine i n Ether (1 mole). 

Compound Reaction Conditions Composition Yield of 
of Vo l a t i l e s Y o l a t i l e s 

Me-SnC.IV 3 6 5 

Me 2Sn(C 6P 5) 2 20°; 3 days 100% Cgl^Br 93# 

MeSn(C 6P 5) 5 20°; 2£ hours 100% C ^ B r 85% 

(C 6H 5) 3SnC 6P 5 20°; 24 hours 100% CgB^Br 

(C 6H 5) 2Sn(C 6P 5) 2 20°; 3, days 85% Cg^Br ) 
15% Gg^Br ) 

C 6H 5Sn(C 6P 5) 3 20°; 10 days 2% C ^ B r ) 
98% C6P5Br. ) 

^ C6 P5^4 S r L 2 0 ° ; 3 months No Reaction 
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Hvdrogen Peroxide and Trimethylpentafluorophenyltin... 
a) 'High t e s t ' (90%) hydrogen peroxide (1.9 ml) was added 
dropwise to trimethylpentafluorophenyltin (1.59g.» 4.8 mmoles). 
There was no reaction at 20°, so the reaction mixture was heated 
on an o i l bath.. At 130° a -^olent reaction took place w i t h 
i g n i t i o n and extensive charring* The residue i n the f l a s k 
was extracted w i t h methylene chloride, and solvent was removed 
by vacuum tra n s f e r to give crudejpentafluorophenol (0.4g; 2.2mmoles0 
i d e n t i f i e d by i t s i n f r a - r e d spectrum. 

b) 'High t e s t 1 hydrogen peroxide (1.2 ml) was added to 
trimethylpentafluorophenyltin (l.Og.) i n carbon t e t r a c h l o r i d e 
{3 m l ) . The reaction mixture was refluxed f o r several hours, 
but no pentafluorophenol was obtained, although a small 
amount of t r i m e t h y l t i n hydroxide sublimed onto the condenser. 

Preparation of Tris(pentafluorophenyl)tin Chloride. 
p - T o l y l t r i s ( p e n t a f l u o r o p h e n y l ) t i n (5.52g.,. 7.8 mmoles) 

and hydrogen chloride (0.26g., 7.3 mmoles) were heated i n 
a sealed, evacuated, Carius tube at 100° f o r 17 hours.. 
V o l a t i l e m a t e r i a l , collected from the tube by vacuum t r a n s f e r , 
was shown to be toluene (0.59 g.* 6v5 mmoles) containing a. 
trace of pentafluorobenzene by i t s i n f r a - r e d spectrum and 
by a n a l y t i c a l scale gas chromatography. The residue i n the 
Carius tube (5.16g.) was r e c r y s t a l l i s e d twice from 
petroleum (40-600)Q to give white crystals of t r i s ( p e n t a -
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f l u o r o p h e n y l ) t i n chloride which had m .p. 108-9° (3.8g; 75%). 
'(Pound: C„33.0; Sn, 18.0.. C^gCI.F.^Sn requires 0,33.0; Sn,18..1%) 

Reactions of Tris(pentafluorophenyl)tin Chloride. 

With A l k a l i . 
a) Tris(pentafluorophenyl)tin chloride (0.82g; 1.25 mmoles) 
i n ether (10 ml) was added to 20% potassium hydroxide: 
s o l u t i o n (2ml).. A white p r e c i p i t a t e appeared, which 
dissolved on shaking. The a l k a l i n e layer was separated, 
a c i d i f i e d , and the white p r e c i p i t a t e was f i l t e r e d o f f and 
dried i n the oven (m.p. 300°). The. i n f r a - r e d spectrum of 
t h i s material showed a "broad band at 340Qfcnl"~"'"» 
(Pound: G, 17.2%; Sn, 40.9%i). This corresponds to the 
stoicheiometric formula ( O g ^ o 7 S n 0i.(,5* U n removal of 
the solvent from the organic layer, there was no residue. 

b) Tris(pentafluorophenyl)tin chloride (0.46g; 0.71 mmoles) 
i n ether (5 ml) was added to 2iJ ammonium hydroxide (2 ml). 
A white p r e c i p i t a t e was formed, which dissolved on shaking. 
The ethereal layer was separated, dried (MgSO^), and solvent 
was removed by vacuum transfer, to give a white s o l i d , 
t r i s ( p e n t a f l u o r o p h e n y l ) t i n oxide (0.43g; 0.34 mmoles) (m.p.>300°). 
(Pound: C,33.5; 3n,.19.3.. C^^OS^ requires C 34.4; Sn,18.9%) 
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With Ammonia gas. 
Dry ammonia gas was bubbled i n t o a solution of t r i s ( p e n t a ­

fluorophenyl ) t i n chloride (0.33g.) i n petroleum (10 ml).. 
A white p r e c i p i t a t e of tris.( pentafluorophenyl) t i n c h l o r i d e s -
ammonia was formed, which was f i l t e r e d o f f (0.2g; m.p.l55-170°(). 
(Pound: C, 31.4.. C^HgClF^NgSn requires C, 31.4%) 

Thermal S t a b i l i t y of Pentafluorophenyltin Compounds. 

Trimethylpentafluorophenyltin. 
a) Trimethylpentafluorophenyltin (0.48g.) i n a sealed, evacuated 
tube was heated at 250° f o r 20 hours. Bio discolouration of 
the l i q u i d took place, and on opening the tube,, t r i m e t h y l ­
pentafluorophenyltin (0.48g.) was recovered unchanged, as 
shown by i t s i n f r a - r e d spectrum. 

b) Trimethylpentafluorophenyltin (l.24g; 3*75 mmoles) i n a 
sealed evacuated was heated at 450° f o r 2 hours. Considerable 
charring occurred„ and, on opening the tube to the vacuum 
l i n e , v o l a t i l e material (0.26g.) was obtained. This had 
an i n f r a - r e d s i m i l a r to that of pentafluorobenzene, but, 
i n a d d i t i o n , there were bands at 2980, 2916, 740, and 526 cms - 1 

which suggested the presence of a v o l a t i l e methyltin compound. 
A n a l y t i c a l scale gas chromatography showed the v o l a t i l e , to 
consist of three components. The second and t h i r d components 
had r e t e n t i o n times i d e n t i c a l w i t h those of t e t r a m e t h y l t i n 
and pentafluorobenzene, respectively. 
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Me.thyltris (pentaf luoro phenyl) t i n . 
Met h y l t r i s ( pentaf luorophenyiQtin (0.39g.) was heated at 

360° f o r 1 hour i n a sealed, evacuated tube. Moderate 
charring occurred, and v o l a t i l e material (0.0024g.) was 
obtained by vacuum tr a n s f e r , and shown by i t s i n f r a - r e d 
spectrum to be pentafluorobenzene. 

Pentafluorophenyltriphenyltin. 
Pentafluorophenyltriphenyltin (0.18g.) was heated f o r 

2% hours at 400° i n a sealed, evacuated tube. a l i g h t 
charring occurred, and v o l a t i l e material (0.004g.) was 
collected by vacuum transfer, and shown by a n a l y t i c a l 
scale gas chromatography to contain only benz.ene. 

Tetrakis(pentafluorophenyl)tin. 
Tetrakis(pentafluorophenyl)tin was heated at 400° i n 

a sealed, evacuated tube. L i t t l e change was observed 
a f t e r 2-f hours, but a f t e r 17 hours considerable charring 
had occurred. V o l a t i l e material (O.Olg.) was collected 
by vacuum tra n s f e r , and shown by i t s i n f r a - r e d spectrum 
to consist of a mixture of products w i t h pentafluorobenzene 
as the major component.. 



-49-

Reaction of Pentafluorophenyltin Compounds wi t h Donor Molecules.. 

2.2'-Bipyfeidyl.. 
2,2*-Bipyridyl (0.036g; 0.28 mmoles) i n ether (10 ml) 

was added to methyltris(per4;afluorophenyl)tin (0.147g; 0.23 mmoles) 
i n ether (10 ml), and the mixture was allowed to stand at 
room temperature f o r 4 hours. Wo p r e c i p i t a t e was obtained, 
and, a f t e r removal of solvent by vacuum t r a n s f e r , sublimation 
(20°/0.005mm) gave a white s o l i d , which was i d e n t i f i e d as 
unchanged 2,2'-bipyridyl by i t s i n f r a - r e d spectrum. 

Triethylamine. 
Triethylamine i n carbon t e t r a c h l o r i d e s o l u t i o n was added 

i n t u r n to separate solutions containing equimolar amounts 
of dimethylbis(pentafluorophenyl)tin, m e t h y l t r i s ( p e n t a f l u o r o ­
phenyl) t i n , and pentafluorophenyltriphenyltin i n carbon 
t e t r a c h l o r i d e . Irfleach case, white needles were slowly 
deposited. These crystals were f i l t e r e d o f f and i d e n t i f i e d 
as triethylamine hydrofluoride by comparison of t h e i r 
i n f r a - r e d spectra w i t h that of an authentic specimen, which 
was prepared by passing anhydrous hydrogen f l u o r i d e i n t o 
a s o l u t i o n of triethylamine i n carbon t e t r a c h l o r i d e . 
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Cleavage of Pentafluorophenyltin Compounds with Boron Halides. 
A-.known weight of boron chloride or f l u o r i d e was obtained 

by f i l l i n g a bulb of known volume, attached to the vacuum 
l i n e , to a given pressure. The gas was then condensed 
i n t o the reaction vessel. 
Boron T r i c l o r i d e and Trimethylpentafluorophenyltin. 

Boron t r i c h l o r i d e (l0.,04g; 86 mmoles) was condensed i n t o 
a Carius tube containing trimethylpentafluorophenyltin 
(l4.-3g; 43 mmoles).. The tube was sealed o f f under vacuum 
and allowed to stand at 20° overnight. White cr y s t a l s 
appeared a f t e r 20 minutes at 20°.. The tube was opened 
to the vacuum l i n e and v o l a t i l e material was fractionated 
through a trap at -78°. The v o l a t i l e material i n the -78° 
trap was pentafluorophenylboron di c h l o r i d e (I0..26g; 96%), 
which was hydrolysed to give pentafluorophenylboronic acid 
(see l a t e r ) . . 

The v o l a t i l e material which passed through the -78° trap 
was condensed on to an equimolar of dry pyridine i n pentane 
s o l u t i o n to give a white p r e c i p i t a t e of methylboron d i c h l o r i d e 
-1-pyridine which, a f t e r r e c r y s t a l l i s a t i o n from benzene-
cyclohexane, had m.p. i&l-** 0 

(Found: C,39»6; CI,38*9. CgHgBCl^ requires C„41.0; 81,40.3%) 
The residue 1. c i n the Carius tube was shown 

to be d i m e t h y l t i n d i c h l o r i d e (8..96g; 41 mmoles) by comparison 
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of i t s i n f r a - r e d spectrum w i t h that of an authentic sample. 
A f t e r r e c r y s t a l l i s a t i o n from cyclohexane i t had m.p.106-7° 
( l i t : 1088) 8 4.. 

Dimethyltin d i c h l o r i d e i s also obtained i f the mola± 
r a t i o boron t r i c h l o r i d e : trimethylpentafluorophenyltin 
i s 1 : 1 instead of 2 : 1 as i t was i n t h i s experiment. 
I f the molar r a t i o i s 1 : 1 , unreacted trimethylpenta­
f l u o r o p h e n y l t i n i s also obtained. 

Boron T r i c h l o r i d e (excess) and Dime.thylbisC pentaf luor o p h e n y l ) t i n . 
Boron t r i c h l o r i d e (2.87g; 24.6 mmoles) was condensed 

i n t o a Carius tube containing dimethylbis(pentafluorophenyl)tin 
(1.44g; 3.0 mmbles). The tube was sealed o f f under vacuum 
and allowed to stand at 20° f o r 34 hours. The tube was 
opened to the vacuum l i n e , and v o l a t i l e material was 
frac t i o n a t e d through a trap at -78° to give excess of 
boron t r i c h l o r i d e (2.28g; 19.5 mmoles), i d e n t i f i e d by i t s 
i n f r a - r e d spectrum. The residue i n the Carius tube 
contained some unreacted dimethylbis.(pentafluorophenyl)tin 
but was shown to be l a r g e l y d i m e t h y l t i n d i c h l o r i d e (0.75g») 
from i t s i n f r a - r e d spectrum and m.p.l06° a f t e r r e c r y s t a l l i s a t i o n 
from cyclohexane. The l i q u i d i n the -78° trap was shown 
to be pentafluorophenylboron d i c h l o r i d e (1.10g; 74$), which 

on hydrolysis, gave pentafluorophenylboronic acid, i d e n t i f i e d 
by i t s i n f r a - r e d spectrum., 
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Boron t r i c h l o r i d e and dimethylbislpentafluorophenyl)tin (1:1) 

Preparation of bis(pentafluorophenylJboron chloride. 
Boron t r i c h l o r i d e (3.11g.» 26.5 mmoles) was condensed 

i n t o a Carius tube containing dimethylbis(pentafluorophenyl)tin 
(l2.8g.., 26.5 mmoles). The tube was sealed o f f under 
vacuum and allowed to come to room temperature. White 
c r y s t a l s appeared a f t e r 30 minutes at t h i s temperature, and 
the tube was heated at 100° f o r 2 hours. On cooling, the 
contents of the tube were quickly transferred to a vacuum 
sublimation apparatus. Sublimation (200/O.05mia) gave; 
d i m e t h y l t i n d i c h l o r i d e (4.0g., 18.3 mmoles) i d e n t i f i e d by 
i t s ; i n f r a - r e d spectrum and m.p. a f t e r r e c r y s t a l l i s a t i o n 
from cyclohexane. The residue was d i s t i l l e d (68-72°/0.02mm) 
to give bis (pentaf luorophenyl) boron chloride (3.-6g., 36%) 
which c r y s t a l l i s e d on cooling. 

(Pound: P,50..0; CI,.9.2. c
1 2

B C l F 1 0 r e ^ u i r e s *\49.5; CI,9.2%) 

Boron t r i f l u o r i d e and trimethylpentafluorophenyltin. 

a) I n carbon t e t r a c h l o r i d e . 
Boron t r i f l u o r i d e (l.,68g., 24.8 mmoles) was. condensed 

i n t o a Carius tube containing trimethylpentafluorophenyltin 
(2-12g., 6..4 mmoles) i n anhydrous ( d i s t i l l e d from -^2°^ 

carbon t e t r a c h l o r i d e (10 ml). The tube was sealed o f f 
under vacuum and allowed to reach 20°. A f t e r 1 hour a 
large amount of white p r e c i p i t a t e had appeared, and a f t e r 
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60 hours the tube was opened to the vacuum l i n e and v o l a t i l e 
material was fractionated through a trap at -78° to give 
excess of boron t r i f l u o r i d e (0.84-g», 12.4 mmoles) i d e n t i f i e d 
by i t s i n f r a - r e d spectrum., The l i q u i d i n the -78° t r a p , 
a mixture, of carbon t e t r a c h l o r i d e and pentafluorophenylboron 
d i f l u o r i d e , was hydrolysed by cautious a d d i t i o n of water, 
w i t h cooling, to give pentafluorophenylboronic acid, i d e n t i f i e d 
by i t s i n f r a - r e d spectrum and m.p. 

The residue i n the Garius tube was heated at 100° to 
give boron t r i f l u o r i d e I0.42g., 6.2 mmoles), i d e n t i f i e d 
by i t s : i n f r a - r e d spectrum. The residue i n the tube, a f t e r 
washing w i t h ether, was t r i m e t h y l t i n f l u o r i d e ( l . l l g . , 6.4 mmoles.) 
which had an i n f r a - r e d spectrum i d e n t i c a l w i t h that of an 
authentic specimen. I n a separate experiment, the residue 
i n the Carius tube, which was extremely hygroscopic, was 
f i l t e r e d o f f i n a dry box and an i n f r a - r e d spectrum was run 
as a KBr disc. This spectrum was i d e n t i c a l w i t h that 
expected f o r t r i m e t h y l t i n fluoroborate, and i t had a strong, 
broad band centred at 1050 cm""1 which i s c h a r a c t e r i s t i c of 
fluoroborates. 

b) Mo solvent. 
Boron t r i f l u o r i d e (l.08g., 16.0 mmoles) was condensed i n t o 

a Carius tube containing trimethylpentafluorophenyltin 
(2.09g., 6.3 mmoles). The tube was sealed o f f under vacuum 
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and allowed t o stand a t 20 f o r 15 hours. A l a r g e amount 
of w h i t e s o l i d was formed, and there was a dark l i q u i d l a y e r 
above the s o l i d . The tube was opened t o the vacuum l i n e 
and v o l a t i l e m a t e r i a l was f r a c t i o n a t e d through a t r a p a t 
-78° t o give excess of boron t r i f l u o r i d e (0.69g.» 10.2 mmoles) 
i d e n t i f i e d by i t s i n f r a - r e d spectrum. The residue i n the 
Carius tube was heated a t 100° t o g i v e boron t r i f l u o r i d e 
(0..19g.» 2*8 mmoles). The residue (2.15g.) was washed 
w i t h ether t o remove excess of t r i m e t h y l p e n t a f l u o r o p h e n y l t i n . 
I n s o l u b l e m a t e r i a l , a w h i t e s o l i d , was d i m e t h y l p e n t a f l u o r o -
p h e n y l t i n f l u o r i d e (m. p..250°dec:), and an i n f r a - r e d spectrum 
of t h i s s o l i d was recorded which showed bands c h a r a c t e r i s t i c 
o f the p e n t a f l u o r o p h e n y l group. 

(Pound: 0,28.6; P, .. CgHgPgSn r e q u i r e s C,28..7; P,36.7#) 
However, methylboron d i f l u o r i d e was not detected s p e c t r o s c o p i c a l l y 
i n the v o l a t i l e p r o d u c t s . 

Boron t r i f l u o r i d e and I ) i m e t h y l b i s ( p e n t a f l u o r o p h e n y l ) t i n . 
Boron t r i f l u o r i d e {0.38g., 5.6 mmoles) was condensed i n t o 

a Carius tube c o n t a i n i n g d i m e t h y l b i s ( p e n t a f l u o r o p h e n y l ) t i n 
(0.78g. t 1.6 .mmoles). The tube was sealed o f f under vacuum. 
No r e a c t i o n occurred a t 20° r so the tube was heated a t 70° 
f o r 2 days.. On opening the tube t o the vacuum l i n e , excess 
o f boron t r i f l u o r i d e (0.33g., 4.9 mmoles) was obtained by 
f r a c t i o n a t i o n through a t r a p a t -78°. 
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PentafluoEOphenylboron B i c h l o r i d e and Antimony T r i f l u o r i d e : . 

P r e p a r a t i o n o f Pentafluorophenylboron B i f l u o r i d e . 
Anhydrous; antimony t r i f l u o r i d e was obtained by continuous 

e x t r a c t i o n w i t h dry methanol, f o l l o w e d by removal o f s o l v e n t 
by vacuum t r a n s f e r . I t was st o r e d under vacuum. 
a) Pentafluorophenylboron d i c h l o r i d e ( l 0 . 7 g . , 43 mmoles) 
was condensed i n t o a Carius tube c o n t a i n i n g antimony t r i f l u o r i d e . 
(I0.7g.» 58 mmoles). The tube was sealed o f f under vacuum 
and allowed t o stand a t -15° f o r 4 hours. The tube was 
opened t o the vacuum l i n e , and v o l a t i l e m a t e r i a l was 
f r a c t i o n a t e d through a t r a p a t -78° t o g i v e boron t r i f l u o r i d e 
(0.20g., 3»0 mmoles), i d e n t i f i e d by i t s i n f r a - r e d spectrum. 
The v o l a t i l e i n the -78° t r a p was pentafluorophenylboron 
d i f l u o r i d e (6.8g», 73$), which was characterised' by conversion 
t o the 1:1 complex w i t h p y r i d i n e (see l a t e r ) . 

b) Pentafluorophenylboron d i c h l o r i d e (2„0g.., 8.1 mmoles) 
was condensed i n t o a Carius tube c o n t a i n i n g antimony t r i f l u o r i d e 
( 4*5g* r 25.0 mmoles).. The tube was sealed o f f under vacuum, 
and heated a t 45° f o r 1% hours. The tube was opened t o 
the vacuum l i n e and v o l a t i l e m a t e r i a l was f r a c t i o n a t e d through 
a t r a p a t -78° t o gi v e boron t r i f l u o r i d e (0*37g. P 5.6 mmoles), 
i d e n t i f i e d by i t s i n f r a - r e d spectrum.. The -78° t r a p contained 
pentafluorophenylboron d i f l u o r i d e (0.33g., 18$), i d e n t i f i e d 
by i t s i n f r a - r e d apectrum. The residue i n the Carius tube 
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was e x t r a c t e d w i t h ether (30 m l ) . The e t h e r e a l s o l u t i o n was 
d r i e d (MgSO^), and so l v e n t was removed under vacuum t o giv e 
a w h i t e s o l i d , which, on s u b l i m a t i o n i n vacuo gave b i s ( p e n t a -
f l u o r o p h e n y l ) a n t i m o n y c h l o r i d e ( l . l g . , 55$). The m.p was 
68-71° a f t e r a second s u b l i m a t i o n . 

(Found: C,29.6; CI,7.3; F,38.0. G i 2 C l F l 0 S b r e ( l u i r e s C f 2 9 . 4 ; 
01,7.2; F,38.7%) 

Pr e p a r a t i o n o f Potassium P e n t a f l u o r o p h e n y l f l u o r o b o r a t e . 

Pentafluorophenylboron H i f l u o r i d e and Aqueous Potassium F l u o r i d e . 
Pentafluorophenylboron d i f l u o r i d e (5-19g.» 24 mmoles) 

was condensed onto a s o l u t i o n o f potassium f l u o r i d e (1.4g; 24mmoles) 
i n water (20 ml).. On warming t o room temperature a white 
s o l i d was r a p i d l y formed. This s o l i d was f i l t e r e d o f f t o 
gi v e potassium p e n t a f l u o r o p h e n y l f l u o r o b o r a t e (4»lg., 62%) 
w h i c h , a f t e r r e c r y s t a l l i s a t i o n from water, had m.p.324°. 
{Found: G,2~[-i ; F.SS"-* . csBF8K r e q u i r e s C,26.3; F,55.5%) 

P.Si\[TAfluorophenylboron I i i f l u o r i d e and Aqueous Ammonium F l u o r i d e . 
Pentafluorophenylboron d i f l u o r i d e (0.99g.» 4.6 mmoles) 

was condensed onto a s o l u t i o n o f ammonium f l u o r i d e (0.34g; 9.2mmoles, 
i n water (5 m l ) . Sfo w h i t e s o l i d was formed on warming t o 
room temperature, so the s o l u t i o n was evaporated t o dryness 
t o g i v e a w h i t e s o l i d , i d e n t i f i e d by i t s i n f r a - r e d spectrum 
as ammonium f l u o r o b o r a t e (0 4g., 8 3 % ) , which had m.p,306-312°. 
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P r e p a r a t i o n o f Pentafluorophenylboronic a c i d . 
PentafluctDophenylboron d i c h l o r i d e (10.26g., 41.5 mmoles) 

was added dropwise t o acetone (40 ml) a t -78°, c o n t a i n i n g the 
c a l c u l a t e d amount o f water f o r h y d r o l y s i s . Solvent was removed 
by vacuum t r a n s f e r t o give pentafluorophenylboronic a c i d 
(7.85g., 89$) which, a f t e r s u b l i m a t i o n i n vacuo (l40°/0.01mm), 
had m.p.290°. (Found:?,44.4.. CgHgBFgOg r e q u i r e s F,44.6%). 

Determination o f N e u t r a l i s a t i o n E q u i v a l e n t s . 
N e u t r a l i s a t i o n equivalents, were determined by t i t r a t i n g 

a weighed sample o f the a c i d i n 50% aqueous-ethanol s o l u t i o n , 
c o n t a i n i n g 20 times the s o l u t e weight o f D-mannitol, against 
standard sodium hydroxide s o l u t i o n , using phenol p h t h a l e i n 
as i n d i c a t o r . The values f o r the n e u t r a l i s a t i o n e q u i v a l e n t 
were dependent on the method o f p u r i f i c a t i o n of the a c i d . 
Samples p u r i f i e d by s u b l i m a t i o n contained some anhydride, 
wheras samples p u r i f i e d by r e c r y s t a l l i s a t i o n contained o n l y 
a c i d . 
Pentafluorophenylboronic a c i d r e q u i r e s Equivalent = 211.9 
Pentafluorophenylboronic anhydride r e q u i r e s Equivalent = 193.9 
Found: 
a) Sample sublimed i n vacuo (l40°/0.01mm) Equivalent = 207.0 
b) SAmple sublimed i n vacuo and then 

Equivalent = 208.5 
r e c r y s t a l l i s e d from toluene.. 
c) Sample r e c r y s t a l l i s e d from toluene ( n ot sublimed) Equiv; = 212.7 
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A l l t h r e e samples had a "broad band centred a t 3367 cm i n 
the i n f r a - r e d spectrum.. THis i s c h a r a c t e r i s t i c o f a r y l b o r o n i c 
a c i d s , and i s due t o an i n t e r m o l e c u l a r hydrogen bond. 
However, the samples showed d i f f e r e n c e s i n the f i r s t order 
spectrum (see Chapter 4 ) . 

Pr e p a r a t i o n o f B i s i p e n t a f l u o r o p h e n y l ) b o r i n i c a c i d . 
B i s ( p e n t a f l u o r o p h e n y l ) b o r o n c h l o r i d e ( l . 3 8 g . , 3.6 mmbles) 

i n acetone (5 ml) was added t o acetone (10 ml) a t 20° c o n t a i n i n g 
the c a l c u l a t e d amount o f water f o r h y d r o l y s i s . Solvent 
was removed by vacuum t r a n s f e r t o gi v e a c o l o u r l e s s o i l , 
which s o l i d i f i e d a f t e r s everal hours pumping. This s o l i d 
was twice sublimed i n vacuo (90°/0.05mm) t o give; w h i t e c r y s t a l s 
o f b i s ( p e n t a f l u o r o p h e n y l ) b o r i n i c a c i d (0„65g.,49%) which had m.p.l02° 
(Found: F,52.5%; N e u t r a l i s a t i o n E q u i v a l e n t , 356; 358. 
C l 2HBF 1 00 r e q u i r e s F,52.5%; N e u t r a l i s a t i o n E q u i v a l e n t , 361.9) 

Reactions o f Pentafluorophenylboronic A c i d . 

With Hydrogen Peroxide. 

a) 10̂ > Hydrogen peroxide, (7.-7ml) was added, dropwise t o 
pent a f l u o r o p h e n y l b o r o n i c a c i d (0.47g., 2.2 mmoles). The 
r e a c t i o n m i x t u r e was heated a t 100° f o r 15 minutes, and, on 
c o o l i n g , was e x t r a c t e d w i t h methylene c h l o r i d e (6 m l ) . The 
organic l a y e r was separated, d r i e d (MgSO^), and s o l v e n t was 
removed by vacuum t r a n s f e r t o gi v e pentafluorophenol (0.05g., 13%), 
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i d e n t i f i e d by i t s i n f r a - r e d spectrum. Solvent was shown t o 
c o n t a i n pentafluorobenzene by a n a l y t i c a l - s c a l e gas 
chromatography„ 
b) 'High t e s t 1 (85%) hydrogen peroxide (10.1 ml) was added 
dropwise t o pentafluorophenylboronic a c i d (5.4g., 25.4 mmoles) 
a t -78° i n a 2-neck f l a s k f i t t e d w i t h a dropping f u n n e l and 
r e f l u x condenser. The r e a c t i o n m i x t u r e was allowed t o 
reach room temperature g r a d u a l l y , and, f i n a l l y , heated t o 
50° to complete the r e a c t i o n . The r e a c t i o n m i x t u r e was 
e x t r a c t e d w i t h methylene c h l o r i d e (3 p o r t i o n s o f 20 m l ) ; 
the organic l a y e r was separated, d r i e d (MgSO^), and s o l v e n t 
was removed under vacuum t o g i v e crude pentafluorophenol 
(4.25g.., 91?°). D i s t i l l a t i o n gave pentafluorophenol 
(b.p.,143-1470.., lit:143°) 3 6 (2.85g.,. 6154), i d e n t i f i e d by 
i t s i n f r a - r e d spectrum. 

With Diethanolamine.-
Diethanolamine (o.42g 4.0 mmoles) was added t o penta­

f l u o r o p h e n y l b o r o n i c a c i d (0,85g. r 4.0 mmoles) i n dry benzene 
(40 m l ) . The r e a c t i o n mixture was r e f l u x e d f o r 1 hour using 
a Dean-Stark head,, and the s o l v e n t was d i s t i l l e d o f f t o 
g i v e a s t i c k y w h i t e s o l i d r e s i d u e , which decomposed before 
an i n f r a - r e d spectrum was recorded.. 



-60-

H y d r o l y t i c S t a b i l i t y o f PEntafluorophenylboronic Acid. x 

a) Pentafluorophenylboronic a c i d (0..132g., 0.62 mmoles) and 
water (0*76g.) i n a sealed,, evacuated tube were: allowed t o 
stand a t 20° f o r 2 days. On opening the tube to the vacuum 
l i n e , v o l a t i l e m a t e r i a l was obtained and shown by a n a l y t i c a l 
scale gas chromatography t o be pentafluorobenzene (0.02g., 20$). 
b) Pentafluorophenylboronic a c i d (0.20g., 0.94- mmoles) was 
d i s s o l v e d i n 50$ aqueous-ethanol (5 ml) and allowed t o stand 
a t 20° f o r 45 minutes.. Solvent was removed by vacuum t r a n s f e r 
t o g i v e b o r i c a c i d (0.053g., 0.86 mmoles), i d e n t i f i e d by i t s 
i n f r a - r e d spectrum. Pentafluorophenylboronic a c i d was s t a b l e 
i n aqueous acetone under s i m i l a r c o n d i t i o n s , although h y d r o l y s i s 
also occurred i n t h i s s o l v e n t a f t e r s e v e r a l hours. 
c) Pentafluorophenylboronic a c i d (0.087g.) was d i s s o l v e d 
i n aqueous-ethanol (4 mm) to which a few drops o f 2N h y d r o c h l o r i c 
a c i d had been added. The s o l u t i o n was allowed t o stand a t 
20° f o r 1 hour. Solvent was removed by vacuum t r a n s f e r t o 
g i v e a w h i t e s o l i d residue (0.074g.), which from i t s i n f r a - r e d 
spectrum and m.p.. 280-5° was mostly unchanged p e n t a f l u o r o p h e n y l ­
boronic a c i d . I t appears t h a t th» a d d i t i o n o f a c i d t o the 
s o l u t i o n i n h i b i t s the h y d r o l y s i s o f pentafluorophenylboronic 
a c i d . 
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Thermal S t a b i l i t y o f Pentafluorophenylboron Compounds. 

a) Pentafluorophenylboron JJichloride., 

i ) Pentafluorophenylboron d i c h l o r i d e (8g.) which had been 
standing i n a sealed tube a t room temperature f o r 6 weeks 
was f r a c t i o n a t e d through a t r a p a t -20°. V o l a t i l e m a t e r i a l 
which passed through t h i s t r a p (0*2g.) was shown t o be 
mainly boron t r i c h l o r i d e , from i t s i n f r a - r e d spectrum, but 
a weak band a t 692 cm~^ i n d i c a t e d the presence o f some boron 
t r i f l u o r i d e . 

i i ) Pentafluorophenylboron d i c h l o r i d e (0.82g., 3.3 mmoles) 
was heated i n a sealed, evacuated tube a t 130° f o r 19 hours. 
On c o o l i n g , the tube was opened t o the vacuum l i n e and v o l a t i l e 
m a t e r i a l was f r a c t i o n a t e d through a t r a p a t -78°• V o l a t i l e 
m a t e r i a l i n the -78° t r a p was shown t o be unchanged, penta­
f l u o r o p h e n y l b o r o n d i c h l o r i d e (0.60g., 2.4 mmolei3) by i t s 
i n f r a - r e d spectrum. The residue i n the tube was b i s ( p e n t a -
f l u o r o p h e n y l ) b o r o n c h l o r i d e (0.16g.,, 0*4 mmoles) which, on 
hydro l y s i s , , gave b i s ( p e n t a f l u o r o p h e n y l ) b o r i n i c a c i d , i d e n t i f i e d 
by i t s i n f r a - r e d spectrum. V o l a t i l e m a t e r i a l which passed 
through the -78° t r a p was: shown t o be boron t r i c h l o r i d e 
(0.05g., 0.4 mmoles) by i t s i n f r a - r e d spectrum. 

i i i ) Pentafluorophenylboron d i c h l o r i d e (l.34g», 5.4 mmoles) 
was heated a t 226° f o r 25 hours i n a sealed, evacuated Carius 
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tube. On c o o l i n g , v o l a t i l e m a t e r i a l was f r a c t i o n a t e d through 
a t r a p a t -78° t o g i v e boron t r i c h l o r i d e (0.21g., 67$), 
i d e n t i f i e d by i t s i n f r a - r e d spectrum.. The residue i n the 
Carius tube was b i s ( p e n t a f l u o r o p h e n y l ) b o r o n c h l o r i d e (0.6g; 59$)» 
which, on h y d r o l y s i s , gave bisCpentafluor.ophenyl)borinic 
a c i d , i d e n t i f i e d by i t s i n f r a - r e d spectrum* The v o l a t i l e 
m a t e r i a l i n the -78° t r a p was shown t o be unchanged penta-
f l u o r o p h e n y l b o r o n d i c h l o r i d e (0.4-Og., 30$) from i t s i n f r a - r e d 
spectrum. 

b) Pentafluorophenylboron D i f l u o r i d e . 
i ) Pentafluorophenylboron d i f l u o r i d e (0.90g., 4.2 mmoles) 
which had been standing i n a sealed, evacuated tube a t room 
temperature f o r 1 month was f r a c t i o n a t e d through a t r a p a t 
-78° t o g i v e boron t r i f l u o r i d e (0„054g., 38$). 

i i ) Pentafluorophenylboron d i f l u o r i d e (0.90g., 4.2 mmoles) 
was heated a t 95° f o r 16 hours i n a sealed, evacuated tube. 
On c o o l i n g , v o l a t i l e m a t e r i a l was: f r a c t i o n a t e d through a 
t r a p a t -78° t o g i v e boron t r i f l u o r i d e (0.048g., 0.7 mmoles), 
i d e n t i f i e d by i t s i n f r a - r e d spectrum. The m a t e r i a l i n 
the -78° t r a p was condensed i n t o a tube, which was sealed 
o f f under vacuum, and heated a t 194° f o r 18 hours. OH c o o l i n g , 
v o l a t i l e m a t e r i a l was f r a c t i o n a t e d through a t r a p a t -78° 
t o g i v e boron t r i f l u o r i d e (0.062g., 0.9 mmoles). Thus, the 
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t o t a l amount of boron t r i f l u o r i d e obtained from the decomposition 
i s O . l l g . , 77%. The white s o l i d residue i n the tube fumed 
i n moist a i r , and, on hydrolysis., gave b i s ( p e n t a f l u o r o p h e n y l ) -
b o r i n i c a c i d (0.55g., 71$), i d e n t i f i e d by i t s i n f r a - r e d 
spectrum.. The v o l a t i l e m a t e r i a l i n the -78° (0.19g.) *>a? 
was shown by i t s i n f r a - r e d spectrum to be a mixture o f 
pentafluorobenzene and unchanged pentafluorophenylboron 
d i f l u o r i d e . 

e) Potassium P e n t a f l u o r o p h e n y l t r i f l u o r o b o r a t e . 

Potassium p e n t a f l u o r o p h e n y l t r i f l u o r o b o r a t e (0.56g., 2..0 mmoles) 
was. heated f o r 4#- hours a t 250° and very l i t t l e decomposition 
occurred. The temperature was r a i s e d s l o w l y t o 295°,. whereupon 
sudden decomposition, w i t h c h a r r i n g , occurred. The contents 
o f the tube were e x t r a c t e d w i t h e t h e r , and i n s o l u b l e brown 
s o l i d was f i l t e r e d o f f (0.48g).. This s o l i d was; boiLed w i t h 
water, and i n s o l u b l e brown s o l i d was f i l t e r e d o f f . White 
c r y s t a l s o f potassium f l u o r o b o r a t e (0.14g., 54$), i d e n t i f i e d 
by i t s i n f r a - r e d spectrum, were obtained from the f i l t r a t e on 
evaporation. 

The brown s o l i d (m ̂ »..>360°) was i n s o l u b l e i n acetone, benzene, 
methanol and THi1. An i n f r a - r e d spectrum was. recorded, which 
was very s i m i l a r to those o f the perfluoropolyphenylenes obtained 
from the decomposition o f pentafluorophenylmagnesium bromide i n 

117 
THF. Major bands occurred a t 1480 r 995 and 980 ( d o u b l e t ^ , 
and 710 cms - 1. 
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P r e p a r a t i o n o f P y r i d i n e Complexes o f Pentafluorophenylboron 

Dihalides.. 
a) Pentafluorophenylboron l > i c h l o r i d e - l - P y r i d i n e . 

Pentaflucrophenylboron d i c h l o r i d e (2.0g., 8..0 mmoles) 
was condensed onto an equimolar amount o f anhydrous p y r i d i n e 
( d i s t i l l e d under from potassium hydroxide) i n dry d i - n -
b u t y l ether (10 m l ) . On warming t o room temperature a w h i t e 
s o l i d was formed, which was f i l t e r e d o f f t o gi v e p e n t a f l u o r o ­
phenylboron d i c h l o r i d e - l - p y r i d i n e (0.15g.» 57%), which, a f t e r 
r e c r y s t a l l i s a t i o n from benzene/cyclohexane had m.p. 140-142°. 
(Pound: C,4-ô > ; H, '-<r-4-. C ] ^ C l ^ N B r e q u i r e s C,40.3; 21,4.3£) 

b) Pentafluorophenylboron I i i f l u o r i d e - 1 - P y r i d i n e . 

Pentafluorophenylboron d i f l u o r i d e ( l . 5 g . , 6.>95 mmoles) 
was condensed onto an equimolar amount o f anhydrous p y r i d i n e 
i n dry petroleum (40-60°) (15ml). On warming t o room 
temperature a white s o l i d was formed, which was f i l t e r e d 
o f f t o gi v e pentafluorophenylboron d i f l u o r i d e - l - p y r i d i n e 
(1.7g., 83$), which, a f t e r r e c r y s t a l l i s a t i o n from c h l o r o f o r m / 
petroleum had m.p. 82-3°. 

(Pound: C, ; ft, . C : i i H 5 B : P 7 ¥ r e ( l u i r e s C»44-.8; a,4*9$) 
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Boron T r i c h l o r i d e and Pentafluorophenylboron flichlorida-l-Pyridine.. 
Boron t r i c h l o r i d e (0.19g., 1.6 mmoles:) was condensed i n t o 

a Carius. tube c o n t a i n i n g pentafluorophenylboron d i c h l o r i d e - 1 -
p y r i d i n e (0.53g., 1.6 mmoles).. The tube was sealed o f f under 
vacuum and heated a t 110° f o r 6 hours. On c o o l i n g , v o l a t i l e 
m a t e r i a l waa f r a c t i o n a t e d through a t r a p a t -78° t o give 
boron t r i c h l o r i d e (0.10g., 53%), i d e n t i f i e d by i t s i n f r a - r e d 
spectrum. The v o l a t i l e m a t e r i a l i n the -78° tjjiap was shown 
by i t s i n f r a - r e d spectrum t o be pentafluorophenylboron 
d i c h l o r i d e (0*14g. r 35%). The residue i n the Carius tube 
(0-47g.), a f t e r r e c r y s t a l l i s a t i o n from benzene/cyciohexane, 
had m.p.83-5°, and from i t s i n f r a - r e d spectrum was probably 
a m i x t u r e o f the p y r i d i n e complexes o f boron t r i c h l o r i d e and 
pentafluorophenylboron d i c h l o r i d e . 

Cleavage Reactions o f Pentafluorophenylmercury D e r i v a t i v e s . 
w i t h E l e c t r o p h i l i c Reagents. 

Boron T r i c h l o r i d e and Methylpentafluorophenylmercury. 
Boron t r i c h l o r i d e (1..25g., 10.7 mmoles) was condensed 

31 
i n t o a Carius tube c o n t a i n i n g methylpentafluorophenylmercury 
(l.98g..,, 5.3 mmolea).. The tube was sealed o f f under vacuum 
and allowed t o stand a t 20° f o r 24 hours.. The tube was 
then opened t o the vacuum l i n e and v o l a t i l e , m a t e r i a l was 
f r a c t i o n a t e ^ through a t r a p a t -78° t o g i v e excess o f boron 
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t r i c l i l o r i d e (0.70g., 6.0 mmoles), i d e n t i f i e d by i t s i n f r a - r e d 
spectrum. The residue i n the Carius tube, a white s o l i d , 
was shown t o be methylmercury ( I I ) c h l o r i d e (1.33g.» 5»3 mmoles) 
by i t s i n f r a - r e d spectrum and m.p.170 ( l i t : 16'7" a f t e r 
r e c r y s t a l l i s a t i o n from ethanol-water. The v o l a t i l e m a t e r i a l 
i n the -78° t r a p was pentafluorophenylboron d i c h l o r i d e 
(1.12g., 8 4 % ) , i d e n t i f i e d by i t s i n f r a - r e d spectrum. 

Boron T r i f l u o r i d e and Methylpentafluorophenylmercury. 
Boron t r i f l u o r i d e (0.87g., 12.8 mmoles.-) was condensed i n t o 

a Carius tube c o n t a i n i n g methylpentafluorophenylmercury 
(3.62g., 9-5 mmoles;). The tube was sealed o f f under vacuum 
and allowed t o stand a t 20° f o r 2 days.. The tube was opened 
to the vacuum l i n e and v o l a t i l e m a t e r i a l was f r a c t i o n a t e d 
through a t r a p a t -78° to give excess- o f boron t r i f l u o r i d e 
(0.37g., 5.5 mmoles), i d e n t i f i e d by i t s i n f r a r e d spectrum. 
The residue i n the Carius tube was e x t r a c t e d w i t h ether (25 m l ) , 
and the e t h e r e a l s o l u t i o n was decanted t o g i v e an i n s o l u b l e , 
l i q u i d r e sidue ( l , 1 4 g . ) , which s l o w l y deposited, mercury on 
standin g . The i n f r a - r e d spectrum o f t h i s l i q u i d showed a 
broad band between 1110 cm - 1 and 835 cm - 1, which i s 
c h a r a c t e r i s t i c of t e t r a f l u o r o b o r a t e s . 

Ether was removed from the organic l a y e r by vacuum t r a n s f e r 
t o g i v e a white s o l i d residue (2 .84g.), from which methyl­
pentafluorophenylmercury (0-2g., 0.5 mmoles) was obtained 
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by s u b l i m a t i o n . The residue was r e c r y s t a l l i s e d from 
benzene-cyclohexane t o g i v e b i s ( p e n t a f l u o r o p h e n y l ) m e r c u r y 
(m.p.138-9°, lit:142°)5} which was i d e n t i f i e d by i t s 
i n f r a - r e d and W.M.R. spectra. 

Stannic Chloride and Mefahylpentafluorophenylmercury ( l : l ) . 
Stannic c h l o r i d e (0.64g., 2.5 mmoles) was condensed 

i n t o a Carius tube c o n t a i n i n g methylpentafluor.ophenylmercury 
(0.94g., 2.5 mmoles). The tube was sealed o f f under vacuum 
and allowed t o reach 20°. White s o l i d appeared a f t e r 5 
minutes a t t h i s temperature. A f t e r 20 hours, the contents 
o f the tube were e x t r a c t e d w i t h petroleum (40-60°; 4 m l ) , 
and i n s o l u b l e w h i t e s o l i d was f i l t e r e d o f f and shown by i t s 
i n f r a - r e d spectrum t o be methylmercury ( I I ) c h l o r i d e 
(0.62g.± 2.5 mmoles). Solvent was removed from the 
f i l t r a t e by vacuum t r a n s f e r , and the l i q u i d residue was 
d i s t i l l e d (54-60/0.02mm) t o gi v e p e n t a f l u o r o p h e n y l t i n 
t r i c h l o r i d e (0.9g.,. 90$). 

(Pound: F„23.9; CI,27.3. C g C l ^ S n r e q u i r e s F,24.2; Cl,a#.3%) 

Stannic Chloride and Methvlpentafluorophenylmercurv ( 1 : 2 ) . 
Stannic c h l o r i d e ( l . 8 0 g . r 6.9 mmoles) was condensed i n t o 

a tube c o n t a i n i n g methylpentafluorophenylmercury (5.29g., 
13.8 mmoles). The tube was sealed o f f under vacuum and 
heated a t 100° f o r l i hours. On c o o l i n g , the contents o f 
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t h e tube were e x t r a c t e d w i t h petroleum (60-80°; 15 ml) and 
i n s o l u b l e w h i t e s o l i d was f i l t e r e d o f f (4.0g., m.p.110-115°. 
TheoEetical y i e l d o f methylmercury ( I I ) c h l o r i d e = 3.46g.). 
The i n f r a - r e d spectrum o f t h i s s o l i d showed s t r o n g bands 
c h a r a c t e r i s t i c of the pe n t a f l u o r o p h e n y l group, and the 
s o l i d was probably a mixture of b i s ( p e n t a f l u o r o p h e n y l ) -
mercury and methylmercury (II$cV\\or'\A.e.. 

P e n t a f l u o r o p h e n v l t i n T r i c h l o r i d e and Meflhylpentafluorophenvl-
MSBcury. 

P e n t a f l u o r o p h e n y l t i n t r i c h l o r i d e ( l . 3 g . , 3.4 mmoles) and 
methylpentafluorophenylmercury (l.3g.» 3.4 mmoles) were; 
allowed t o r e a c t a t 20° i n a sealed, evacuated tube. 
Only a few w h i t e c r y s t a l s had formed a f t e r 20 hours, but 
a f t e r standing f o r 14 days a t 20° a l a r g e amount of white 
s o l i d had formed. The contents o f the tube were e x t r a c t e d 
w i t h petroleum (40-60°; 10ml), and i n s o l u b l e m a t e r i a l 
was f i l t e r e d o f f (0.5g.) and shown by i t s i n f r a - r e d spectrum 
t o be a m i x t u r e o f methylmercury ( I I ) c h l o r i d e and 
bis.( p e n t a f l u o r o p h e n y l )mercury. 

Boron T r i c h l o r i d e and BisXpentafluorophenvl)mercury. 
Boron t r i c h l o r i d e ( l . 3 4 g . , 11.5 mmoles) was condensed 

i n t o a Carius tube c o n t a i n i n g bis(pentafluorophenylJmercury 
(2-93g., 5.5 mmoles).. The tube was sealed o f f under 
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vacuum, and heated at; 175° f o r 1 hour. On c o o l i n g , the 
tube was opened t o the vacuum l i n e and v o l a t i l e m a t e r i a l 
was f r a c t i o n a t e d through a t r a p a t -78° t o g i v e excess, o f 
boron t r i c h l o r i d e (0.43g.,- 3.7 mmoles.), i d e n t i f i e d by i t s 
i n f r a - r e d spectrum. However,, i t was very d i f f i c u l t t o 
remove pefifeafluorophenylboron d i c h l o r i d e from the s o l i d 
residue (3.57g.) i n the tube by vacuum t r a n s f e r , and only 
0.25g; 9l» of pentafluorophenylboron d i c h l o r i d e was obtained 
i n the -78° t r a p . 

Stannous Ch l o r i d e and B i s ( p e n t a f l u o r o p h e n y l ) m e r c u r y . 
Bis(pentafluorophenyl)mereury ( l . 9 6 g . , 3.7 mmoles) and 

anhydrous stannous c h l o r i d e (0.92g.., 4.9 mmoles) i n dry 
acetone (20 ml) were heated a t r e f l u x f o r 22 hours . The 
r e a c t i o n m i x t u r e g r a d u a l l y changed co l o u r from yellow-*-
orange -* r e d — > dark red. The s o l u t i o n was f i l t e r e d , 
and s o l v e n t was removed by vacuum t r a n s f e r t o g i v e a r e d -
brown s o l i d residue (2.15g.) which was sublimed (80-100°/0.1mm) 
t o g i v e a viscous red l i q u i d (0.,65g.) and b i s (pentaf l u o r o -
phenyl)mercury ( l . l g . , , , 56$), i d e n t i f i e d by i t i 3 m.p. and 
i n f r a - r e d spectrum.. The i n f r a - r e d spectrum of the red 
l i q u i d suggested t h a t i t was polymeric, f l u o r o a r o m a t i c m a t e r i a l . 

When ethanol was used as s o l v e n t , a small amount of mercury 
was deposited, but b i s ( p e n t a f l u o r o p h e n y l ) m e r c u r y was 
recovered i n 56$ y i e l d a f t e r $0 hours a t r e f l u x . 
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Analyses;. 

Tin. 
8 7 The gravimetric method used by Gilman and fiosenburg for 

the determination of t i n i n organotin compounds was modified 
slightly., 

A 150ml s i l i c a f l a s k was heated strongly i n a. bunsen flame;, 
allowed to cool i n a dessicator (PgO^), and weighed. A piece 
of platinum wire was attached to the neck of the f l a s k for 
suspension. Approximately 0.2g of the organotin compound was 
weighed into the flask.. 1 ml of analar concentrated sulphuric 
acid was added by pipette and the f l a s k was heated gently, 
at f i r s t , and then strongly i n a bunsen flame. F i n a l l y , 
when a l l the fumes of sulphur trio x i d e had been driven from 
the f l a s k , i t was ignited for 1 hour to remove, a l l carbonaceous 
material. This l e f t a residue of t i n (IV) oxide., which was 
allowed to cool i n a dessicator. and weighed. 

Carbon and J'luorine. 
Carbon and fluorine analyses were performed by Mr T. Holmes, 

and Mr T. C a y g i l l of t h i s department. 



CHAPTER 5. 

DISOUSSlOff OF THE EXPERIMENTAL WORK. 
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DISCUSSION OP EXPERIMENTAL WORK 

Pceparation of Pentafluorophenyl Derivatives of Tin. 
The following s e r i e s of pent afluoro phenyl "tin compounds 

have been prepared :- M®x

Sn(0s*5\-it' ^ x ^ ^ s U - x ' 
where x = 0-H, and ( p - t o l y l ) y S n ( C 6 P 5 ) 4 _ y , where y = 1 or 2, 
These compounds have been prepared i n good y i e l d (>60$) 
by reaction of a l k y l - or a r y l - t i n halides with penta-
fluorophenylmagnesium bromide; i n ether. The; y i e l d of 
tetrakis(pentafluorophenyl)tin i s 50$. The m.p.'s of 
these compounds are l i s t e d i n Table 17.. 

TABLE IV 
M.p.. Compound 

Ie 3 S n C 6 F 5 34-36°/0.01mm 

M e 2 S n ( C 6 F 5 ) 2 

186-187°/730mm 
35° 

74-76°/0.01mm 
M e s n ( C 6 F 5 ) 3 72-3( 

Compound M. 
Ph 3SnC 6l? 5 86° 
P h 2 S n ( C 6 P 5 ) 2 85° 
Ph3 n ( C 6 P 5 ) 3 95-6° 
p - t o l y l b n ( C 6 P 5 ) 3 107° 

( p - t o l y l ) 2 8 n ( C 6 P 5 ) 2 73-5° 
( C 6 P 5 ) 4 S n 22r 

Cleavage of Pentafluorophenyltin Compounds with 
Jiucleophilic Reagents. 

These compounds are white c r y s t a l l i n e s o l i d s with the 
exception of the f i r s t member of the a l k y l s e r i e s , which 
i s a colourless; l i q u i d at room temperature. I n the absence 
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of halide ions, they are stable to a i r and water. However, 
i n the presence of halide ions these compounds were found 
to undergo an unusual halide-ion catalysed hydrolysis. 
This was observed because i n the c l a s s i c a l preparation 
of tetraorganotin compounds, excess of organotin halides 
i s removed as the insoluble fluoride by shaking the reaction 

88 
mixture with aqueous alcoholic potassium fluoride.. 
When t h i s technique was employed i n the p r e p a r a t i o n of 
pentafluorophenyltin compounds,, rapid hydrolysis occurred 
with l o s s of pentafluorophenyl. For example, i n the:; 
preparation of trimethylpentafluorophenyltin a large 
y i e l d of t r i m e t h y l t i n hydroxide was obtained., Test 
tube experiments; showed that the three, e n t i t i e s water, 
alcohol, and fluoride ion were e s s e n t i a l to t h i s h y drolysis. 
Chloride ion and cyanide ion also caused hydrolysis of 
trimethylpentafluorophenyltin. 

The most l i k e l y mechanism for t h i s hydrolysis must 
involve i n i t i a l coordination of halide ion to t i n to 
give a f i v e covalent species of t i n . Shis would be 
followed by coordination of water, and elimination of 
pe,ftb.afluorophenyl as pentafluorobenzene,. Attempts to 
detect the intermediate species by spectroscopic studies 
were unsuccessful. 
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Me 3SnC 6P 5 + X" 

X 

J 3 3 n C 6 F 5 
11 

Me,SnOH + CJP CH + X <-

H
2° 

Direct replacement of peAtafluorophenyl by fluoride ion, 
followed by hydrolysis, i s ruled out by the f a c t that 
t r i m e t h y l t i n fluoride i s not r e a d i l y hydrolysed i n aqueous 
solution. 

I n the a l k y l s e r i e s hydrolysis occurred r e a d i l y at room 
temperature, whereas i n the a r y l s e r i e s short r e f l u x periods 
were necessary. On hydrolysis, dimethylbis(pentafluoro-
phenyl)tin gave dimethyltin oxide, and bis(pentafluorophenyl) 
diphenyltin gave diphenyltin oxide. Methyltris(pentafluoro­
phenyl) t i n and phenyltris(pentafluorophenyl)tin gave oxides 
which appear to have l o s t two pentafluoBophenyl groups. 
Tetrakis(pentafluorophenyl)tin gave an oxide of i l l - d e f i n e d 
composition. I n the absence of ethanol, however, 
pentafluorophenyltin compounds are d i s t i n c t l y water repellent, 

This halide-ion catalysed hydrolysis may be a more 
general property of fluorocarbon t i n compounds. oeyferth 
has reported that hydrolysis takes place i n the p u r i f i c a t i o n 
of p e r f l u o r o v i n y l t i n compounds containing two or more; 
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perfluorovinyl groups using aqueous alcoholic potassium 

flu o t i d e solution. 
F_/H~0 

(n-Bu) 2Sn(CF=GP 2) 2 ^—> (n-Bu) 2SnO + 2CFH=CF2 

However, ethanol alone caused cleavage of perfluorovinyl 
from t i n i n some cases, whereas pentafluorophenyltin 
compounds were unaffected by refluxing i n dry ethanol. 

r e f l u x 
(n-Bu) 0Sn(CF=CF 0) 0 + 2EtOH > (n-Bu} 9Sn(OEt )0 + 2CFH=CF, 

2 2 2 20 hours d d 

I t has also been observed 8^ that trimethyltrifluoromethyltin 
containing halide impurities deposits a white s o l i d on 
standing, whereas a sample p u r i f i e d by chromatography i s 
quite stable. 

Pentafluorophenyltin compounds are very susceptible to 
nucleophilic attack ( i n the presence of ethanol as co-solvent) 
los i n g pentafluorophenyl as pentafluorobenzene. 

EtOH 
Me^SnC,Pc + OH" > Me,SnOH + C CF CH 

3 6 5 3 6 5 
EtOH 

Ph,SnC cF c + OH" » Ph~SnOH + C,FCH 
3 o 5 3 b 5 

In/the absence of ethanol, cleavage by a l k a l i i s very slow. 
This ready cleavage by nucleophilic reagents i s a general 
property pf fluorocarbon t i n compounds, and i s probably due 
to the high p o l a r i t y of the bond between the metal and the 
fluorocarbon group. 
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Trimethylpentafluorophenyltin i s even cleaved by potassium 

fl u o r i d e , on refluxing i n dry ethanol.. 
EtOH 

Me^SnC.Pt- + KP > MevSnP (30$) + C.F.-H 
3 b 5 r e f l u x ; 8 hours 7 3 

Cleavage of Pentafluorophenyltin Compounds by 

E l e c t r o p h i l i c Reagents. 
There has been considerable i n t e r e s t i n the e l e c t r o p h i l i c 

cleavage of organic groups from metals, and the idea, which 
persisted for some time was that the ease of cleavage of a 
group depends on i t s e lectronegativity (more electronegative 

90 
groups being most e a s i l y cleaved). Kharasch^ determined 
for a large number of mixed mercury d i a l k y l s and d i a r y l s 
which of the two groups i n the reaction, 

i n e r t 
RHgR' + HC1 > RHgCl + R'H 

solvent 
i s removed from the mercury atom. He drew up a l i s t of 
r a d i c a l s c l a s s i f i e d according to electronegativity which 
i s known as Kharasch's l i s t , 
t o l y l > phenyl> benzyl>methyl> ethyl e t c . r 

This l i s t s t r i c t l y holds only for mercury compounds reacting 
i n an i n e r t solvent with hydrogen chloride. Experiments 
c a r r i e d out with compounds of other metals showed, however, 
that the sequence i n which groups are removed by iodine, 
bromine, hydrogen chloride and some other polar reagents 
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i s always the same but for a few exceptions. 
That the concept of group electronegativity i s • .: very 

meaningful i n these reactions has recently been discounted 
by several authors.^ 2*91»92 I n a s e r i e s 0f papers Eaborn 
and coworkers^ have shown that substituent e f f e c t s on the 
rates of cleavage of aryl-metal bonds (metal = Si,Gre>Sn, or Pb) 
by acids can be quantitatively explained i n terms of ease 
of e l e c t r o p h i l i c attack at the metal-bonded carbon atom. 
Furthermore, a f t e r an intensive investigation of the 

reaction between hydrogen chloride and unsymmetrical 
qp 

mercury compounds, Dessy concludes that the cleavage 
of these compounds i s a good measure of the electron 
a v a i l a b i l i t y at the attacked carbon atom, and not of the. 
electronegativity of the departing group, as indicated by 
Kharasch... F i n a l l y , the p r e f e r e n t i a l cleavage of phenyl 
and a l k y l groups by e l e c t r o p h i l i c reagents from perfluoro-
a l k y l t i n compounds i s su r p r i s i n g , 62,63 since perfluoroalkyl 
groups are obviously very electronegative.. However, t h i s 
i s e a s i l y explained i f one considers the electron density 
at the tin-bonded carbon atoms. I n the p e r f l u o r o a l k y l t i n 
compounds, because of the inductive factor, an unfluorinated 
carbon atom i s more electron r i c h than a fluorinated carbon 
atom, and, therefore, the unfluorinated group i s p r e f e r e n t i a l l y 
cleaved by acids.. I t would therefore appear that i n the 



-77-

cleavage of organic groups from metals by e l e c t r o p h i l i c 
reagents,, the important, factor i n deciding which organic 
group w i l l be cleaved i s the electron density at the metal-
bonded carbon atom, and not the electronegativity of the 
organic group. 

The order of cleavage of pentafluorophenyl could not be. 
predicted with cer t a i n t y since the balance between retarding 
inductive electron withdrawal and a s s i s t i n g mesomeric electron 
release by aromatic fluorine v a r i e s with the reaction system, 
( c . f . chlorination and n i t r a t i o n of fluorobenzene). The 
e l e c t r o p h i l i c cleavage of pentafluo»phenyltin derivatives 
has been studied with a view to the preparation of penta-
fluorophenyltin halides and pentai'luorophenylboron d i h a l i d e s . 
P a r t i c u l a r regard has been paid to a comparison of the 
r e a c t i v i t y oof the various derivatives and to decide whether 
cleavage of s p e c i f i c groups could be achieved. Cleavage 
reactions using anhydrous hydrogen chloride (see Table I I ) 
show that the o v e r a l l ease of e l e c t r o p h i l i c cleavage of 
groups from t i n i s , 

p - t o l y l > phenyl > pentafluorophenyl > methyl 
31 

which i s consistent with the r e s u l t s of cleavage from mercury. 
This s e r i e s i s obviously determined by the ease of e l e c t r o p h i l i c 
s u b s t i t u t i o n at the various groups, but o v e r a l l r e a c t i v i t y 
i s governed by the number of pentafluorophenyl groups i n the 
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molecule. An increase i n the number of pentafluorophenyls 
leads to a decrease i n r e a c t i v i t y i n both the methyl and 
the phenyl s e r i e s . Tetra-aryl derivatives a.re usually 
considerably l e s s r e active to e l e c t r o p h i l i c cleavage than 
t r a l k y l - a r y l d e r i v a t i v e s , and t h i s has been attributed to 

94 
inductive electron withdrawal by phenyl.. I t i s therefore 
sur p r i s i n g to note the considerable r e a c t i v i t y of penta­
fluorophenyl t r i p h e n y l t i n , which i s comparable to that of 
trimethylpentafluorophenyltin. This indicates that mesomeric 
electron release from phenyl(i. e.d,;-p^ i n t e r a c t i o n with t i n ) 
occurs i n the cleavage of pentafluorophenyltriphenyltin. 

So. 

The cleavage of pentafluoxophenyltin derivatives i n ether 
solution by bromine was also studied.. I n the phenyl s e r i e s , 
the o v e r a l l r e a c t i v i t y of pentafluorophenyl compounds was 
the same as with hydrogen chloride, but, unlike hydrogen 
chloride, bromine cleaved a pentafluorophenyl group exc l u s i v e l y 
from tris(pentafluorophenyl) Atin. In the reaction with 
hydrogen chloride both phenyl and pentafluorophenyl groups 
were cleaved.. I n the a l k y l s e r i e s , bromine cleaved 
pentafluorophenyl groups p r e f e r e n t i a l l y . 
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Preparation of Pentafluorophenyltin Halides. 
I t was possible to replace one phenyl exclusively by 

chlorine (see Table I I ) i n pentafluorophenyltriphenyltin 
and i n bis(pentafluorophenyl)diphenyltin using hydrogen 
chloride.. I n both cases benzene;, but no pentafluorobenzene, 
was obtained. This i s a convenient method for the. preparation 
of the corresponding chlorides, 

but the chlorides so prepared could not be d i s t i l l e d without 
disproportionation, as shown by the fluorine and chlorine 
analyses of the d i s t i l l a t e . Reaction with two molecular 
proportions of hydrogen chloride was more d i f f i c u l t , and cleavage 
of pentafluorophenyl as well as phenyl occurred from 
bis(pentafluorophenyl)diphenyltin. This d i f f i c u l t y also 
arose i n the reaction of tris(pentafluorophenyl)phenyltin 
with one molecular proportion of hydrogen chloride. 
However, s p e c i f i c cleavage of p - t o l y l from t r i s ( p e n t a f l u o r o ­
phenyl ) - p - t o l y l t i n occurred to give tris(pentafluorophenyl)tin 
chloride i n excellent y i e l d . 

Pentafluorophenyltin t r i c h l o r i d e and bis(pentafluorophenyl)tin 
dichloride could not be prepared by p r e f e r e n t i a l cleavage 

P h 2 b n ( C 6 P 5 ) 2 + HCl * Eh(C 6F 5) 2Sn01 + C 6H 6 

(C 6P ) Snp-tolyl + HCl > (C.SVKSnCl +C^.CH 
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of groups with hydrogen chloride, but the t r i c h l o r i d e was 
prepared by the reaction of stannic chloride with methyl-
pentafluorophenylmercury. 

The bichloride could not be prepared by t h i s route since 
reaction of pentafluorophenyltin t r i c h l o r i d e with methyl-
pent afluoropheny lmercury was very slow, and the t r i c h l o r i d e 
caused disproportionation of the mercurial into dimethyl-
and bis(pentafluorophenyl)-mercury. However, the preparation 
of the dichloride from dimethylbis(pentafluorophenyl)tin 

32 
and stannic chloride has been communicated recently. 

Hydrolysis of tris(pentafluorophenyl)tin chloride required 
very mild conditions since cleavage of pentafluorophenyl 
occurred with strong a l k a l i , but t h i s cleavage was avoided 
by using ammonium hydroxide and tris(pentafluorophenyl)tin 
oxide was i s o l a t e d . Reaction of the chloride with ammonia 
gas i n dry ether gave a complex containing two molecular 
proportions of ammonia. 

MeHgC^F + SnGl * MeHgCl + C6P,-S^C1 

Me 2Sn(C 6P 5) 2 + Sn C l 4 » Me 2SnCl 2 + (CgP^JgSnClg 

( C 6 P 5 ) 3 S n C l Jffi. OH 
[(C 6P ) Sn] 20 

— ( C 6 P 5 ) 3 S n C 1 . 2 N H 3 
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Thejaal S t a b i l i t y of Pentafluorophenyltin Compounds. 
Fluorocarbon derivatives of metals and metalloids have 

often been observed to be thermally unstable due to i n t e r n a l 
nucleophilic attack on the metal atom by fluoride ion. 

OK 

Haszeldine 5 has shown that for polyfluoroalkylpolysiloxanes, 
whan fluorine i s i n the <<-posi±i@n, thermal breakdown appears 
to occur by °t-elimination of fluorine i n i t i a t e d by an 
i n t e r n a l nucleophilic attack on s i l i c o n by the -fluorine--, 
and followed by rearrangement of the carbene thus formed. 

]? j p F F F " 1 / \ I I I I 
-c- c — S i — — > — S i — p + - c - c : > - c = c 
I I T \ / I I X F ^ X X 

Evidence for the carbene-type mechanism has been obtained 
i n separate experiments using the compounds CHPCl.CPg.SiCl^ 
and C P C l 2 . C P 2 . S i C l 5 . 9 6 The pyrolysis of the f i r s t of these 
compounds y i e l d s the o l e f i n CHP:CPC1 as the major organic product 
together with small amounts of CFgiCHCl. The primary step 
i n t h i s p y r o l y s i s i s considered to be an i n t e r n a l nucleophilic 
attack on s i l i c o n by a fluorine i n theoc -position,. 

i 
- C — S i — 

P y 

followed, or possibly accompanied, by migration of a chlorine 
atom from the £-carbon atom, thus giving r i s e to the o l e f i n , 
CHP-.CPCl.. The other o l e f i n , Cl^CHCl, r e s u l t s fromfj-
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eliminationof fluorine following simple C-Si f i s s i o n , or 
from i n t e r n a l nucleophilic attack on s i l i c o n by a fluorine 
i n the (S-position, or from a combination of both. S i m i l a r l y 

57 
the thermal decomposition of trimethyltrifluoromethyltin 
at 150° gives r i s e to difluorocarbene i n good y i e l d . 

Unlike trifluoromethyl, pentafluorophneyl attached to 
t i n i s not inherently thermally unstable e.g. trimethyl-
pentafluorophenyltin was recovered unchanged a f t e r 20 hours 
at 250°, although rapid decomposition did occur a t 350° 
to give pentafluorobenzene and tetramethyltin. The phenyl-
pentafluorophenyltin compounds were more stable at t h i s 
temperature but decomposed quickly at 400°, and t e t r a k i s -
(pentafluorophenyl)tin was unchanged a f t e r 2 hours at 400° 
but charred a f t e r a prolonged time at t h i s temperature . 

The mechanism of thermal decomposition of pentafluoro-
phenyltin compounds i s i n t e r e s t i n g since i f i n t e r n a l 
nucleophilic attack by o-fluorine on t i n occurred t h i s would 
r e s u l t i n the l o s s of pentafluorophenyl from t i n as 
tetrafluorobenzyne. However, no evidence for t h i s type 
of mechanism was obtained, although the report by S t o n e ^ 
of the i s o l a t i o n of bis(jv-cyclopentadienyl)pentafluorophenyl-
titanium fluoride from the thermal decomposition of 
b i s (ir-cyclopentadi enyl) bis (pentafluorophenyl) titanium 
strongly suggests that t h i s mechanism does occur i n the 
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thermal breakdown of pentafluorophenyl derivatives of 
t r a n s i t i o n metals. 

Reaction of Pentafluorophenyltin Compounds with Donor Molecules. 
Pentafluorophenyl enhances the acceptor propertiesof 

mercury since bis(pentafluorophenyl)mercury forms some 
31 

stable, neutral coordination complexes, but attempts 
to i s o l a t e s i m i l a r complexes with tetrakis(pentafluorophnjjyl) t i n 
or other tetra-organo derivatives of t i n have been 
unsuccessful. Addition of triethylamine to solutions of 
pentafluorophenyltin compounds i n carbon tetrachloride 
resulted i n the formation of triethylamine hydrofluoride. 
ivio explanation can be given for the formation of the l a t t e r . 
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Cleavage of Pentafluorophenyltin Compounds with Boron Halides. 

Preparation of Pentafluorophenvlboron Derivatives. 
The reaction between boron t r i h a l i d e s and tetra-organotin 

compounds has been used i n several instances for the 
75 97 98 99 

preparation of organoboron compounds. ' ' ' This 
reaction has now been shown to provide an excellent route 
to pentafluorophenylboron d e r i v a t i v e s . For example, 
pentafluorophenylboron dichloride i s obtained i n about 90% 
y i e l d from the reaction between boron t r i c h l o r i d e and 
trimethylpentafluorophenyltin at room temperature i n the 
absence of solvent. 

Me 53nC 6P 5 + 2BC1 3 > Cg^BClg + Me^SnOlg + MeBCl 2 

3?entafluorophenylboron dichloride can also be obtained from 
dimethylbis(pentafluorophenyl)tin and boron t r i c h l o r i d e 
under s i m i l a r conditions. 

Me 2Sn(C 6P 5) 2 + 2BC1 3 ^ > 2C 6F 5BC1 2 + Me 2SnCl 2 

I f the molar r a t i o of the reactants i n the above reaction 
i s 1:1, bis(pentafluorophenyl)boron chloride can be obtained 
a f t e r 2 hours at 100°. 

M e 2 S n ( C 6 F 3 ) 2 + BC1 3 > ( C g F ^ B C l + Me 2SnCl 2 

The reaction between boron t r i f l u o r i d e and trimethylpenta-
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f l u o r o p h e n y l t i n i n anhydrous carbon t e t r a c h l o r i d e gave 
t r i m e t h y l t i n \ f l u o r o b o r a t e and pentafluorophenylboron d i f l u o r i d e . 

CCl 
> Me-̂ SnBP, + C^IvBF Me^SnC^P^ + 2BP 6*5 

100 
Me,SnF + BP 

I i ^ i s i n t e r e s t i n g t o compare t h i s r e a c t i o n w i t h the r e a c t i o n 
between boron t r i f l u o r i d e and t r i m e t h y l t r i f r u o r o m e t h y l t i n 
i n which t r i m e t h y l t i n t r i f l u o r o m e t h y l f l u o r o b o r a t e i s obtained. 

The f o r m a t i o n o f t r i m e t h y l t i n f l u o r o b o r a t e i n the r e a c t i o n 
between boron t r i f l u o r i d e and t r i m e t h y l p e n t a f l u o r o p h e n y l t i n 
i n d i c a t e s t h a t pentafluorophenylboron d i f l u o r i d e i s a 
weaker Lewis a c i d than boron t r i f l u o r i d e . 

I n the absence o f s o l v e n t , however, pentafluorophenylboron 
d i f l u o r i d e was not obtained from the r e a c t i o n o f boron 
t r i f l u o r i d e w i t h t r i m e t h y l p e n t a f l u o r o p h e n y l t i n . I n s t e a d , 
cleavage o f a methyl group occurred t o giv e dimethylpenta-
f l u o r o p h e n y l t i n f l u o r i d e . 

I n t h e r e a c t i o n between boron t r i f l u o r i d e (excess o f ) and 
d i m e t h y l b i s ( p e n t a f l u o r o p h e n y l ) t i n i n the absence o f so l v e n t 
more than 85% o f the boron t r i f l u o r i d e was recovered a f t e r 

Me 3SnlCF 3BP^ Me,bnCP, + BP 

Me,SnG^IL + BP ilo s o l v e n t * Hfe 2(G 6P 5)SnP + MeBP2 3 
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2 days a t 70°. However, pentafluorophenylborom d i f l u o r i d e 
i s obtained i n good y i e l d from the r e a c t i o n between 
pentafluorophenylboron d i c h l o r i d e and antimony t r i f l u o r i d e a t 

0 6 » 5
M 1 2 °6 P5 B F2 

This i s the most convenient r o u t e to pentafluorophenyl'boron 
d i f l u o r i d e , since i n the r e a c t i o n between boron t r i f l u o r i d e 
and t r i m e t h y l p e n t a f l u o r o p h e n y l t i n i t was found t o be very 
d i f f i c u l t t o separate pentafluorophenylboron d i f l u o r i d e 
from s o l v e n t . The low temperature i s important i n the 
r e a c t i o n above, since a t higher temperatures a t r a n s f e r o f 
pen t a f l u o r o p h e n y l from boron t o antimony occurs, and 
bi s ( p e n t a f l u o r o p h e n y l ) a n t i m o n y c h l o r i d e i s o b t a i n t e d . 

3bF_ 
°e^BG12 ( V 5 ) 2 s b c i + * F 3 

Pentafluorophenylboron d i h a l i d e s are c o l o u r l e s s l i q u i d s , 
which fume s t r o n g l y i n moist a i r . They are co n v e n i e n t l y 
c h a r a c t e r i s e d as t h e i r 1:1 complexes w i t h p y r i d i n e , which 
are w h i t e a i r - s t a b l e s o l i d s , although the complex der i v e d 
from the d i f l u o r i d e becomes s t i c k y a f t e r about 2 months i n 
a sample b o t t l e . 
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Jhermal s t a b i l i t y o f Pentafluorophenylboron .Uihalides. 
Fluorocarbon. d e r i v a t i v e s of boron have been shown t o be 

unstable w i t h respect t o boron t r i f l u o r i d e . 'This appears t o 
be due t o a tendency f o r n u c l e o p h i l i c a t t a c k on boron by-
neighbouring f l u o r i n e atoms t o occur. This can take place 
by an i n t e r m o l e c u l a r or by an i n t r a m o l e c u l a r process, and, 
i n e i t h e r case, boron t r i f l u o r i d e w i l l be formed and the 
organic group wilifc be e l i m i n a t e d as a carbene. 

P 
Pr-C —B i n t e r m o l e c u l a r BP. 

— C.-B in t r a m o l e c u l a r BP. 

Thus p e r f l u o r o v i n y l b o r o n d i c h l o r i d e decomposes a t 100 t o 
boron t r i f l u o r i d e as w e l l as boron t r i c h l o r i d e . 

I t was t h e r e f o r e o f i n t e r e s t t o deter~mine i f the thermal x 

breakdown of pentafluorophenylboron compounds occurs by a s M l a r 
mechanism. I f the decomposition i n v o l v e s i n t e r n a l 
n u c l e o p h i l i c a t t a c k on boron by an o - f l u o r i n e atom, one 
might expect the i n t e r m e d i a t e f o r m a t i o n o f t e t r a f l u o r o b e n z y n e . 

FVVt- FY IT 



-88-

I t was found, however, t h a t both pentafluorophenylboron 
d i c h l o r i d e and pentafluorophenylboron d i f l u o r i d e decompose 
by simple d i s p r o p o r t i o n a t i o n . Thus, a f t e r 25 hours a t 220°, 
pentafluorophenylboron d i c h l o r i d e was shown t o undergo 
67$ decomposition t o gi v e b i s ( p e n t a f l u o r o p h e n y l ) b o r o n 
c h l o r i d e and boron t r i c h l o r i d e . 

2C 6F 5BC1 2 > (C 6P 5) 2BC1 + BC1 3 

Pentafluorophenylboron d i c h l o r i d e could be d i s t i l l e d , under 
n i t r o g e n , a t atmospheric pressure w i t h o n l y s l i g h t decomposition 
A f t e r 6 weeks a t room temperature i n a sealed tube, penta­
f l u o r o p h e n y l b o r o n d i c h l o r i d e gave mainly boron t r i c h l o r i d e 
i n about 5°/° y i e l d . However, the i n f r a - r e d spectrum o f 
the v o l a t i l e decomposition product showed a weak band a t 
692 cm~^, which i s d i a g n o s t i c o f the presence o f boron 
t r i f l u o r i d e . " 1 " ^ This band was not present i n the i n f r a - r e d 
spectrum o f the v o l a t i l e product obtained from the thermal 
decomposition o f pentafluorophenylboron d i c h l o r i d e . The 
d i f f e r e n c e i n thermal behaviour between p e n t a f l u o r o p h e n y l ­
boron d i c h l o r i d e and p e r f l u o r o v i n y l b o r o n d i c h l o r i d e can 
be a t t r i b u t e d t o the st r o n g e r G-P bonds i n the aromatic 
compound* Also, i f the decomposition i s i n t r a m o l e c u l a r , 
the formation o f boron t r i f l u o r i d e from pentafluorophenylboron 
d i c h l o r i d e i s l e s s l i k e l y than from p e r f l u o r o v i n y l b o r o n 
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d i c h l o r i d e , ; since i n pentafluorophenylboron d i c h l o r i d e 
t h e r e i s no f l u o r i n e on the oi-carbon atom. 

S i m i l a r l y , p e n t afluorophenylboron d i f l u o r i d e gave b i s -
( p e n t a f l u o r o p h e n y l ) b o r o n f l u o r i d e and boron t r i f l u o r i d e 
i n 77$ y i e l d a f t e r 18 hours a t 194°. 

2C 6F 5BE 2 * ( S 6 P 5 ) 2 B F + BP 3 

Pentafluorophenylboron d i f l u o r i d e was also observed t o 
undergo decomposition at room temperature i n a sealed tube 
t o g i v e boron t r i f l u o r i d e a t the r a t e o f about 40$ i n a month. 

P r e p a r a t i o n and Thermal S t a b i l i t y o f Potassium 
P e n t a f l u o r o p h e n y l t r i f l u o r o b o r a t e . 

Only t h r e e mixed organohaloborate anions have been 
c h a r a c t e r i s e d previously.. These are (CgH^J^BP",101 

[ C F 5 B P j " , 6 0 , 6 1 and CH2=eHBP3".102 As would be expected, 
these anions show g r e a t e r h y d r o l y t i c s t a b i l i t y than do the 
organoboron compounds from which they are d e r i v e d . V i n y l -
boron d i f l u o r i d e was regenerated i n a h i g h s t a t e of p u r i t y 
when potassium v i n y l t r i f l u o r o b o r a t e was heated a t 250° on 
the vacuum l i n e . Thus, s a l t s o f organohaloborates may be 
an e x c e l l e n t means o f s t o r i n g and ha n d l i n g organoboron 
h a l i d e s , and o f re g e n e r a t i n g these compounds i n a h i g h l y 
pure form. I n view o f the tendency o f pentafluorophenylboron 
d i f l u o r i d e t o decompose t o boron t r i f l u o r i d e , potassium 
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p e n t a f l u o r o p h e n y l t r i f l u o r o b o r a t e was prepared by condensing 
pentafluorophenylboron d i f l u o r i d e onto an aqueous s o l u t i o n 
c o n t a i n i n g an equimolar amount o f potassium f l u o r i d e . 

KF + CCPC.BF' » K +(C,F CBF,)~ 
6 5 2 6 5 3 

An attempt t o prepare the ammonium s a l t i n a s i m i l a r way 
r e s u l t e d mainly i n the f o r m a t i o n o f ammonium f l u o r o b o r a t e . 

Potassium p e n t a f l u o r o p h e n y l t r i f l u o r o b o r a t e : can be 
r e c r y s t a l l i s e d from i t s aqueous s o l u t i o n , but prolonged 
b o i l i n g w i t h water r e s u l t s i n h y d r o l y s i s . I ' e n t a f l u o r o -
phenylboron d i f l u o r i d e was not regenerated when the s a l t 
was heated. I n s t e a d , thermal decomposition took place 
q u i t e suddenly a t about 300° t o give; potassium f l u o r o b o r a t e 
and a perfluoropolyphenylene. C l e a r l y , a t t a c k on the 
boron atom by f l u o r i n e from an organic group must occur, 
b u t , as poin t e d out p r e v i o u s l y , the mechanism, o f the 
decomposition can be unimolecular or b i m o l e c u l a r . 
A unimolecular mechanism would give r i s e t o a polyphenylene 
w i t h predominantly o r t h o l i n k a g e s , whereas a bimol e c u l a r 
mechanism would y i e l d a polyphenylene w i t h mainly meta or 
para linkages.. The perfluoropolyphenylene was not s u f f i c i e n t l y 
s o l u b l e f o r an H.M.R. spectrum t o be recorded, but the i n f r a ­
red spectrum was s i m i l a r t o those of the perfluoropolyphenylenes 
obtained from the decomposition o f pentafluorophenylmagnesium 
bromide i n THE. 
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P r e p a r a t i o n and P r o p e r t i e s of Pentafluorophenylboronic Acid. 
Pentafluorophenylboronic a c i d was obtained by the low 

temperature (-78°) h y d r o l y s i s o f pentafluorophenylboron 
dichiboride, u s i n g the exact amount o f water r e q u i r e d f o r 
h y d r o l y s i s , i n acetone s o l u t i o n . This i s the f i r s t r e p o r t 
of the i s o l a t i o n of a p e r f l u o r o c a r b o n boronic a c i d . 

C 6P 5BC1 2 + 2H 20 " 7 8 ° ) C 6P 5B(OH) 2 + 2HC1 

I f the h y d r o l y s i s i s done a t hig h e r temperatures there i s 
a tendency f o r cleavage o f the pen t a f l u o r o p h e n y l group t o 
occur, and, indeed, i n aqueous-ethanolic s o l u t i o n penta-
f l u o r o p h e n y l b o r o n i c a c i d was hydrolysed t o b o r i c a c i d and 
pentafluorobenz.ene a f t e r 45 minutes a t room temperature. 

C 6P 5B(OH) 2 + H 20 * G6F5E + H 3 B 0 3 

This h y d r o l y s i s was i n h i b i t e d by the a d d i t i o n o f d i l u t e 
m i n e r a l a c i d t o the e t h a n o l i c s o l u t i o n . These observations 
i n d i c a t e t h a t the anion d e r i v e d from pentafluorophenylboronic 
a c i d i s u n s t a b l e , r e a d i l y l o s i n g p e n t a f l u o r o p h e n y l as a 
carbanion. The ease of n u c l e o p h i l i c displacement o f the 
pent a f l u o r o p h e n y l group from the boronic a c i d also accounts 
f o r the f a c t t h a t i t was not p o s s i b l e t o i s o l a t e a 
diethanolamine e s t e r o f pentaf luorophenylboronic acid.. 
These est e r s are u s u a l l y the most s t a b l e d e r i v a t i v e s f o r 
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103 the c h a r a c t e r i s a t i o n o f a r y l b o r o n i c a c i d s . 
The ready h y d r o l y s i s o f pentafluorophenylboronic a c i d 

i n e t h a n o l i c s o l u t i o n thwarted attempts t o measure the 
i o n i s a t i o n o f t h i s a c i d . C e r t a i n a r y l b o r o n i c acids are 
known t o hydrolyse and o x i d i s e i n the presence o f d i l u t e 

104 
base e.g. o-chlorophenylboronic a c i d . However, Povlevy 
hks: determined the i o n i s a t i o n constants o f a number of 
s u b s t i t u t e d a r y l b o r o n i c acids by p o t e n t i o m e t r i c t i t r a t i o n , 
and he checked t h a t h y d r o l y s i s d i d not occur d u r i n g the 
t i t r a t i o n s by comparing the u l t r a - v i o l e t spectra o f s o l u t i o n s 
o f a r y l b o r o n i c acids before and a f t e r t i t r a t i o n . 

U n l i k e phenylboronic a c i d , pentafluorophenylboronic a c i d 
i s not r e a d i l y dehydrated t o a boroxine, even a t 140°/0.01mm. 
A sample p u r i f i e d by vacuum s u b l i m a t i o n under these 
c o n d i t i o n s has a broad band centred a t 3367 cm - 1 i n the 
i n f r a - r e d spectrum, which has been observed by oth e r workers 

105 
f o r a number o f a r y l b o r o n i c a c i d s , and which i s considered 
t o be due t o an i n t e r m o l e c u l a r hydrogen bond. P o v l e v y 1 ^ 
found t h a t t h i s broad band was re s o l v e d i n t o two bands for. 
most o - s u b s t i t u t e d a r y l b o r o n i c a c i d s , when the spectrum 
was recorded i n A i e t h y l e n e g l y c o l d i m e t h y l ether s o l u t i o n . 
However, when the spectrum o f pentafluorophenylboronic a c i d 
was recorded i n t h i s s o l v e n t , r e s o l u t i o n o f t h i s band d i d 
not occur. The n e u t r a l i s a t i o n e q u i v a l e n t o f a sample o f 
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pentafluorophenylboronic a c i d p u r i f i e d by vacuum s u b l i m a t i o n 
i s 207, which i n d i c a t e s the presence of some anhydride. 
However, a sample r e c r y s t a l l i s e d from toluene ( n ot sublimed) 
has a n e u t r a l i s a t i o n e q u i v a l e n t corresponding t o t h a t 
expected f o r the a c i d i . e . 212. 

Conversion of Pentafluorophenylboronic Acid to Pentafluorophenol 
by Reaction w i t h 'High-test' Hydrogen Peroxide.. 

A r e l a t i v e l y r a p i d and e f f i c i e n t r o u t e from a r y l h a l i d e s 
t o the corresponding phenols i n v o l v e s the i n t e r m e d i a t e 
f o r m a t i o n o f a r y l b o r o n i c acids (which need not be i s o l a t e d ) , 
f o l l o w e d by treatment w i t h 10% hydrogen peroxide;. 

1. B(0MeK 10% Eo0n 

ArX—>ArMgX Ar.B(0H)„ ArOH + B(0H), 
2. H 20, H + ^ -> 

When pentafluorophenylboronic a c i d was t r e a t e d w i t h 10% 
hydrogen peroxide, both pentafluorobenzene and p e n t a f l u o r o ­
phenol were obtained. However, treatment o f the a c i d 
w i t h ' h i g h - t e s t ' hydrogen peroxide a t low temperature gave 
only p e n t a f l u o r o p h e n o l i n good y i e l d . At room temperature 
the r e a c t i o n i s very vigorous. Thus, the f o l l o w i n g s e r i e s 
of r e a c t i o n s provide a convenient r o u t e t o pe.ntafluorophenol 
from/pentaf luorobenzene. The o v e r a l l y i e l d o f pentaf l u o r o ­
phenol i s about 45%. 

C,FSH ^ C t F s 5 t f W ^ C , . ? . 
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This. r e a c t i o n may provide a convenient r o u t e t o s u b s t i t u t e d 
p e r f l u o r o p h e n o l s , which cannot be prepared from the parent 
aromatic f l u o r i n e compound by the standard r e a c t i o n w i t h 
potassium h y d r o x i d e } 0 ^ because o f secondary r e a c t i o n s 
between the s u b s t i t u e n t and a l k a l i . . 

P r e p a r a t i o n o f B i s ( p e n t a f l u o r o p h e n y f l b o r i n i c Acid. 
B i s ( p e n t a f l u o r o p h e n y l ) b o r i n i c a c i d was obtained by the 

h y d r o l y s i s o f b i s (pentaf luorophenyl )'boron c h l o r i d e i n 
acetone s o l u t i o n a t -78° . 

(C 6F 5) 2BC1 +H 20 > (C 6? 5) 2BOH + HC1 

B i s ( p e n t a f l u o r o p h e n y l ) b o r i n i c a c i d was r e a d i l y hydrolysed 
by the a d d i t i o n of water t o give pentafluorobenzene and 
pentafluorophenylboronic acid.. 

(C 6P 5) 2BOH + H 20 » C 6P 5B(OH) 2 + CgPgB 

An attempt t o prepare the b o r i n i c a c i d by the method due to 
Coates and L i v i n g s t o n e 1 0 ^ was unsuccessful, as also was the 
r e a c t i o n between pentafluorophenylmagnesium bromide and 

109 
t r i m e t h y l borate ? f o r the p r e p a r a t i o n of p e n t a f l u o r o p h e n y l ­
boronic a c i d . This l a c k o f success i n the p r e p a r a t i o n o f 
pentafluorophenylboron d e r i v a t i v e s by the Grignard procedure, 
which i s used f o r t h e i r hydrocarbon analogues, i s probably 
due to the i i d r o l y t i c i n s t a b i l i t y o f the C-B bond i n penta-
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f l u o r o p h e n y l b o r o n compounds. Si n c e , i n these r e a c t i o n s the 
work-up procedure i n v o l v e s d e s t r o y i n g excess o f the Grignard 
reagent by h y d r o l y s i s . 

Reaction o f Boron T r i h a l i d e s w i t h the P y r i d i n e Complexes 
of Pentafluorophenylboron D i h a l i d e s . 

The r e a c t i o n between boron t r i h a l i d e s and the complexes 
formed between other boron h a l i d e s and a reference base 
has been used t o determine the r e l a t i v e Lewis a c i d i t i e s 
o f boron trihalides.^® The stronger Lewis acid,di s p l a c e s 
the weaker one from the reference base, and the r e s u l t s 
were i n accord w i t h those obtained by measurements of 

the p h y s i c a l p r o p e r t i e s of boron t r i h a l i d e complexes. 
When boron t r i c h l o r i d e and pentafluorophenylboron d i c h l o r i d e 
- 1 - p y r i d i n e were heated together, i n a sealed tube a t 110° 
f o r 6 hours, pentafluorophenylboron d i c h l o r i d e was obtained 
i n 35$ y i e l d . 

C 6F 5BCl 2.Py + BC1 3 > CgPjBClg + BCl^Py 

This i n d i c a t e s t h a t , a s expected, pentafluorophenylboron 
d i c h l o r i d e i s a weaker Lewis a c i d than boron t r i c h l o r i d e . 
Boron t r i f l u o r i d e d i d not replace pentafluorophenylboron 
d i f l u o r i d e from i t s p y r i d i n e complex a t room temperature, 
and, on h e a t i n g , pentafluorophenylboron d i f l u o r i d e - l - p y r i d i n e 
decomposes t o gi v e boron t r i f l u o r i d e so t h a t no i n f o r m a t i o n 



-96-

about the r e l a t i v e Lewis a c i d i t i e s of boron t r i f l u o r i d e and 
pentafluorophenylboron d i f l u o r i d e could be obtained by t h i s 
method. 

Cleavage Reactions o f Pentafluorophenylmercury Compounds 
w i t h I n o r g a n i c Halides.. 

Mercury d i a r y l s were the f i r s t reagents t o be used f o r 
the attachment o f a r y l t o boron,, g i v i n g d i r e c t l y the a r y l -
boroh. d i h a l i d e . 1 1 1 ' 1 1 2 The h i g h temperature and pressure 
quoted by e a r l y workers are not necessary, and Gilman and 

113 
Moore have found t h a t the r e a c t i o n o f boron t r i c h l o r i d e 
w i t h diphenylmercury occurs very r e a d i l y a t room temperature 
and atmospheric pressure. Groups attached t o the a r y l 
r a d i c a l o f the organomercury compound have a d i s t i n c t e f f e c t 
on the r e a c t i o n . The hydroxy and amino groups, which a i d 
e l e c t r o p h i l i c s u b s t i t u t i o n r e a c t i o n s , not only seem to a i d 
the displacement o f mercury by boron, but also the displacement 
of boron by a p r o t o n . The carboxyl group decreases the r e a c t i v i t y 
of the a r y l r a d i c a l , so t h a t mercury i s not displaced by 
boron even a t elevated temperatures. 
a) B i s ( p e n t a f l u o r o p h e n y l ) m e r c u r y . 

I t has p r e v i o u s l y been n o t e d ^ 1 t h a t b i s ( p e n t a f l u o r o p h e n y l ) -
mercury i s extremely r e s i s t a n t t o p r o t o n i c a c i d s , and r e a c t s 
only s l o w l y w i t h bromine i n carbon t e t r a c h l o r i d e . F u r t h e r 
r e a c t i o n s have been c a r r i e d out which c o n f irm the l a c k o f 
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r e a c t i v i t y of b i s ( p e n t a f l u o r o p h e n y l ) m e r c u r y towards e l e c t r o -

p h i l i c reagents. 
DIphenylmercury i s known to r e a c t r e a d i l y w i t h stannous 

c h l o r i d e i n ethanol t o give d i p h e n y l t i n d i c h l o r i d e and 
mercury metal. 

Ph 2Hg + SnGl 2 * Ph 2SnCl 2 + Hg 

However, the; r e a c t i o n between b i s ( p e n t a f l u o r o p h e n y l ) m e r c u r y 
and stannous c h l o r i d e i n ethanol s o l u t i o n d i d not g i v e 
mercury metal, even when heated a t r e f l u x f o r 40 hours, 
and b i s ( p e n t a f l u o r o p h e n y l ) m e r c u r y was/ recovered i n 56% y i e l d . 
When acetone was used as s o l v e n t , the s o l u t i o n was dark red 
a f t e r 22 hours a t r e f l u x , but b i s ( p e n t a f l u o r o p h e n y l ) m e r c u r y 
was again recovered i n 56% y i e l d . The o t h e r product was 
a viscous red l i q u i d , , which, from i t s i n f r a - r e d spectrum, 
was probably some polymeric f l u o r o a r o m a t i c m a t e r i a l . 

When boron t r i c h l o r i d e and b i s ( p e n t a f l u o r o p h e n y l ) m e r c u r y 
were heated together (molar r a t i o 2:1) a t 175° f o r 1 hour 
i n a sealed tube, 68% of the boron t r i c h l o r i d e was consumed. 
However, i t was very d i f f i c u l t t o remove pentafluorophenylboron 
d i c h l o r i d e from the s o l i d r e a c t i o n product when the tube was 
opened t o the vacuum l i n e , and the method was,, t h e r e f o r e , 
i m p r a c t i c a l as a r o u t e t o pentafluorophenylboron d i c h l o r i d e . 
This r e a c t i o n i l l u s t r a t e s the considerable decrease i n 
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r e a c t i v i t y which accompanies the s u b s t i t u t i o n of f l u o r i n e i n 
the a r y l r a d i c a l s o f d i a r y I m e r c u r i a i s . 

b) Methylpentafluorophenylmercury. 
I n c o n t r a s t ' ,tc the l a c k o f r e a c t i v i t y o f b i s ( p e n t a f l u o r o ­

phenyl) mercury towards p r o t o n i c a c i d s , m e t h y l p e n t a f l u o r o p h e n y l ­
mercury undergoes ready cleavage of p e n t a f l u o r o p h e n y l 
TBhen reacted w i t h anhydrous hydrogen c h l o r i d e . With t h i s 
i n mind, the r e a c t i o n s between methylpentafluorophenylmercury 
and some i n o r g a n i c h a l i d e s have been i n v e s t i g a t e d w i t h a 
view t o the p r e p a r a t i o n of p e n t a f l u o r o p h e n y l d e r i v a t i v e s of 
o t h e r metals or m e t a l l o i d s -

Cleavage o f p e n t a f l u o r o p h e n y l by boron t r i c h l o r i d e occurs 
r e a d i l y a t room temperature,in the absence of a s o l v e n t , t o 
g i v e pentafluorophenylboron d i c h l o r i d e i n 84% y i e l d . 

MeHgC6P5 + BC1 5 > MeHgCl + Cg^BClg 

However, the d i f f i c u l t y encountered i n removing the d e s i r e d 
product from methyl mercury ( I I ) c h l o r i d e makes t h i s r o u t e 
i n f e r i o r to the one i n v o l v i n g the use o f a l k y l p e n t a f l u o r o -
p h e n y l t i n compounds f o r the p r e p a r a t i o n of pentafluorophenylboron 
d i c h l o r i d e . . 

The r e a c t i o n between boron t r i f l u o r i d e and methylpentar-
fluorophenylmercury i n the absence of s o l v e n t gave, r a t h e r 
unexpectedly, bis;(pentafluorophenyl)mercury i n almost 
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q u a n t i t a t i v e y i e l d . . The other product was. i n s o l u b l e i n 
eth e r , and from i t s i n f r a - r e d spectrum i t was probably a 
f l u o r o b o r a t e . Furthermore, i t deposited mercury metal 
on standing and was t h e r e f o r e probably methylmercury ( I I ) 
f l u o r o b o r a t e . Uhsymmetrical organomercury compounds have 
been observed t o d i s p r o p o r t i o n a t e i n the. presence of RHgX 

IT'S 
i m p u r i t i e s . I t seems l i k e l y t h a t boron t r i f l u o r i d e 
catalyses, t h i s d i s p r o p o r t i o n a t i o n i n the case o f methyl-
pentafluorophenylmercury. 

Stannic c h l o r i d e and methylpentafluorophenylmercury,at 
room temperature and i n the absence o f a s o l v e n t , r e a d i l y 
gave p e n t a f l u o r o p h e n y l t i n t r i c h l o r i d e i n e x c e l l e n t y i e l d . 

MeHgC6F5 + SnCl 4 > MeHgCl + CgF^SnCl^ 

However,, the r e a c t i o n between p e n t a f l u o r o p h e n y l t i n t r i c h l o r i d e 
and methylpentafluorophenylmercury was much slower, and 
b i s ( p e n t a f l u o r o p h e n y l ) t i n d i c h l o r i d e could not be prepared 
by t h i s method.. I n a d d i t i o n t o cleavage o f pentaf luorophenyl 
from mercury, d i s p r o p o r t i o n a t i o n o f the m e r c u r i a l also 
occurred and both b i s ( p e n t a f l u o r o p h e n y l ) m e r c u r y and methyl-
mercury ( I I ) c h l o r i d e were i d e n t i f i e d i n the s o l i d r e a c t i o n 
products. 

This p r e l i m i n a r y i n v e s t i g a t i o n i n d i c a t e s t h a t cleavage 
r e a c t i o n s o f methylpentafluorophenylmercury w i t h i n o r g a n i c 
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h a l i d e s o f s u f f i c i e n t r e a c t i v i t y w i l l provide a convenient 
r o u t e t o p e n t a f l u o r o p h e n y l d e r i v a t i v e s of other metals or 
metalloids.. However, i f the i n o r g a n i c h a l i d e i s not 
s u f f i c i e n t l y r e a c t i v e , the r e a c t i o n s may be complicated 
by d i s p r o p o r t i o n a t i o n o f the m e r c u r i a l . 



CHAPTER 4. 

PHYSICAL MEASUREMENTS, 
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DIPOLE JaOMEMT,iifflEASUMT!MyjlTS. 

Theory of JUipole Moment Measurements.. 
119 

I t was pointed out by Faraday that the molecules of a 
d i e l e c t r i c when placed i n an e l e c t r i c f i e l d .become'polarised' 
i . e . a separation of charge takes place. One end of the 
molecule acquires a small p o s i t i v e charge, the other a 
negative charge of equal magnitude. 

Mathematical treatment of t h i s statement led to the 
120 121 

de r i v a t i o n of the Glausius and Mosotti law ' 

£ - 1 1 

TTT 4" = P (1) 
where p i s the s p e c i f i c p o l a r i s a t i o n , d i s the density and 
6 the d i e l e c t r i c constant of the substance. 

For a number of materials of low d i e l e c t r i c constant 
p remains constant despite changes i n temperature and 
pressure, and i s almost the same f o r the l i q u i d or s o l i d states, 

122 
I t was shown by Maxwell that f o r such materials the 

d i e l e c t r i c constant i s related to the r e f r a c t i v e index n f o r 
the same; frequency of r a d i a t i o n by 

n 2 = £0 (2) 
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where ft i s the magnetic permeability of the material. 
As 0 i s almost equal to u n i t y f o r a l l exciept f e r r o ­

magnetic substances, then i f the values of the re f r a c t i v e , 
index obtained i n the v i s i b l e region of the spectrum are 
extrapolated to the wavelength at which the d i e l e c t r i c 
constant i s measured ( v i r t u a l l y i n f i n i t e wavelength) 

£ = n 2 (3) 

For substances of high d i e l e c t r i c constant 6. i s almost 
2 

i n v a r i a b l y greater than n . 
2 1 

I t waar shown by Lorenz 1 2^ and L o r e n t z 1 2 ^ that ^2 ~ g ^ = r 
where r i s a constant, independent of temperate are., known 
as the s p e c i f i c r e f r a c t i o n . The product of the molecular 
weight M and the s p e c i f i c r e f r a c t i o n i s known as. the 
molecular r e f r a c t i o n H. 

R = n 2 - 1 M . . . . ( 4) 
n 2 + 2 d 

Molecular r e f r a c t i o n s are additive,, w i t h i n c e r t a i n l i m i t s , 
and by a l l o c a t i o n of c e r t a i n values to c e r t a i n atoms and 
bonds, molecular r e f r a c t i o n s may be compiled. Molecular 
p o l a r i s a t i o n i 5 obtained by m u l t i p l y i n g the s p e c i f i c p o l a r i s a t i o n 
by the molecular weight would also be expected to be a d d i t i v e . 
I t i s found, however, that P i s only additive f o r compounds 

p 
of low d i e l e c t r i c constant wh.erfî £*̂ >n . 

( 3 0 OCT 1964 j 
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.uebye J>J-e- indicated that t h i s behaviour could be 
explained by assuming that although a molecule as a whole 
i s n e u t r a l , the centres of p o s i t i v e and negative charge do 
not usually coincide and the molecule has a permanent doublet 
or dipole which tends to orientate i t s e l f i n an e l e c t r i c 
f i e l d of r e l a t i v e l y low i n t e n s i t y , ( i . e . radio frequency). 
Thus the molecule shows p o l a r i s a t i o n by o r i e n t a t i o n besides 
charge displacement. 

Indeed i t would be f o r t u i t o u s i f any molecule other than 
a symmetrical one did not have some net permanent dipole 
due to the v a r i a t i o n i n e l e c t r o n e g a t i v i t y of the atoms of 
the molecule. 

The magnitude of the electronic charge i s 4»8 x 10 _ 1 <^ e.s.u. 
and distances between small atoms are: 1 to 2 x 10" cms* 
I t i s found that dipole moments of most molecules l i e 

—18 
between 0 and 9 x 10 e.svu. or 0 to 9 .uebye.. A f u r t h e r 
c o n t r i b u t i o n to the t o t a l p o l a r i s a t i o n of a molecule i s 
that due to the r e l a t i v e displacement of the atoms of the 
molecule i n an e l e c t r i c f i e l d . 

I f a molecule contains polar bonds so that the atoms 
carry d i f f e r e n t e f f e c t i v e charges, then the nuclei are 
displaced w i t h respect to one another and t h i s produces 
an induced dipole the e f f e c t of which i s superimposed on 
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the permanent dipole, i f present,, and the dipole due to the 
displacement of the electrons w i t h respect to the nucleus. 

This type of p o l a r i s a t i o n i s known as atom p o l a r i s a t i o n 
and together wmth o r i e n t a t i o n p o l a r i s a t i o n (due to o r i e n t i n g 
of permanent dipoles) and electron p o l a r i s a t i o n (due to 
displacement of electrons) goes to make up the t o t a l p o l a r i s a t i o n . 

Thus, TP = AP + OP + EP (5) 

For molecules w i t h no permanent dipole and no atom 
p o l a r i s a t i o n , the t o t a l p o l a r i s a t i o n i s the same as the 
electron p o l a r i s a t i o n or TP = EP, and i s i d e n t i c a l w i t h R 
i f the value of n i s obtained by extrapolation to i n f i n i t e 
wavelength. As the values of R obtained f o r i n f i n i t e 
wavelength usually only d i f f e r by 1 or 2 c.e. from those, 
obtained at v i s i b l e frequencies, often no correction f o r 
the difference i s made i n dipole moment calculations. 

The Clausius and Mosotti theory considers each molecule 
as a sphere of d i e l e c t r i c and assumes that f o r small displace­
ments of electrons with respect to the nucleus the induced 
moment m i s proportional to the f i e l d F. 

i.e.. m = V P (6) 
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tis called the p o l a r i s a b i l i t y of the molecule and i s equal 
to the moment induced by a f i e l d of u n i t strength. 

The treatment gives an equation f o r the molecular p o l a r i s a t i o n 
known as d i s t o r t i o n p o l a r i s a t i o n , P = T̂TE1')( where N i s 
Avogadro * s number. 

The Debye treatment, which i s concerned with a molecule 
w i t h a permanent dipole ju i n c l i n e d at an angle to an e l e c t r i c 
f i e l d F, gives an expression f o r the molecular o r i e n t a t i o n 
p o l a r i s a t i o n , 

where k i s Boltzmann's constant and T i s the absolute temperature. 
Thus the t o t a l p o l a r i s a t i o n i s given by, 

^•ttU. K represents the p o l a r i s a t i o n a molecule would have i n the 
absence of a permanent dipole, and t h i s may be divided up i n t o 
atom p o l a r i s a t i o n and electron p o l a r i s a t i o n . Prom equation ( 7 ) : 

OP = 3kT (7) 

TP = |TT N ( X + ^ ) IB) 

9kT OP 
4-TTjtf 0 .,012812 /OP 

As: a l l dipole moment measurements were carried out at 25°, t h i s can 
f u r t h e r be reduced t o , 

^ = 0 .2212/OF (9) 
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Evaluation of Results. 
The expression f o r the p o l a r i s a t i o n of a s o l u t i o n , due to 

D e b y e 1 2 7 ' 1 2 8 i s : -

p = V i * v 2 = TH M A * • - <*> 
where Pj., Pgr f̂ » f ^ * are the t o t a l polarisations and mole 
f r a c t i o n s of solvent and solute respectively. 

129 
Halverstadt and Kumler , used s p e c i f i c volumes instead, of 

densities and weight f r a c t i o n s instead of mole f r a c t i o n s . 
By assuming that the s p e c i f i c volume and d i e l e c t r i c constant 
of the s o l u t i o n are l i n e a r functions of the weight f r a c t i o n 
( i . e . £ = a +0C.W2 and v = b + f> w2 where a and b are the d i e l e c t r i c 
constant and s p e c i f i c volume of the solvent, w2

 i s ^ n e weight 
f r a c t i o n of the s o l u t e ) , they derived an expression f o r the 
t o t a l s p e c i f i c p o l a r i s a t i o n at i n f i n i t e d i l u t i o n of the solute, p 2 

+ <*x*|0 (*> 

By p l o t t i n g £ against w2 a n d v against w2, *c and p may be 
evaluated. 

I n a s i m i l a r manner the electron p o l a r i s a t i o n Ep 2 can be 
expressed as, 
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Ep 6Jfnn v + n. 2 L l - 1 
(3) 

U 2 + 2 ) 2 n" + 2 

where the assumption, i s made that n = n^ + ̂ w 2 where i s the 
r e f r a c t i v e index of the solvent. 

To obtain dipole moments by measurements on solutions the 
d i e l e c t r i c constant, r e f r a c t i v e index and density of a number 
of solutions must be determined. By p l o t t i n g 6, v, and n 
against Wg, obtaining**, p r and i from the graphs, and f i t t i n g 
them i n the equations, the t o t a l p o l a r i s a t i o n and electron ̂ otac^Wiv 
of the compound being studied may be obtained. 

At low concentrations (w ̂  0.02) the plots are usually 
130 

close to l i n e a r ' and l i n e a r plots of n against w2 may be obtained 
at s t i l l higher concentrations. 

•Uielectric Constant Measurements. 
Benzene was used as solvent i n a l l cases and the d i e l e c t r i c 

constants of a i r (5^) and benzene (Eg) were assumed to be 
1.-0006 and 2.2727 respectively. 

The change i n capacitance which occurred when the d i e l e c t r i c 
of a capacitor (the d i e l e c t r i c c e l l ) was altered was measured. 
The c e l l of the Sayce-Briscoe t y p e 1 ^ 1 w i t h plates of platinum 
burnt on to the glass could be f i l l e d w i t h benzene or the 
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benz;ene so l u t i o n of the compound, and solutions could be changed 
easily by blowing out w i t h nitrogen, washing w i t h pure bengene 
and r e f i l l i n g w i t h the required s o l u t i o n . I t was immersed 
i n a thermostat, whicn was f i l l e d w i t h transformer o i l to 
reduce stray capacitances. 

132 
The c e l l used was not the one used by Iiixon , and a 

c a l i b r a t i o n was there fore necessary. I f £^ i s the d i e l e c t r i c 
constant of the s o l u t i o n and C1, , and are the capacitances 
of the c e l l f i l l e d w i t h a i r , benzene and solution respectively, 
then provided the lead capacitances remain constant, 

0 

£3 " C ? " C l ( e 2 - s ) + t 
c 2 - c1

 d 1 1 

c — c 
= ( -2 + 1 ) (£, - &,) + £, (1) 

°2 - °1 

C2 ~ c i = 29-40 pfs. was measured by connecting an M.P.L. calibrated 
condenser i n p a r a l l e l w i t h the c e l l and f i n d i n g the necessary 
change i n capacitance to restore the balance when the d i e l e c t r i c 
was changed from a i r to benz.ene. - C2 = C was the change 
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i n capacitance measured on M, and since 1 i s the reading on the 
condenser i n cms, and the capacitance change per cm. was 3.38 pfs, 
then from equation ( l ) , 

d£ = 

oC -

5.38 1 
29-4 

3.38S1 
29.4 

de = 
dw 

1.2721 + 1.0006 

1.2721 

3.38 x. 1..2721 d l 
29.4 d w 

0.14625 d l dw 

j j — i s the slope of the graph obtained by p l o t t i n g the reading 
on the calibrated condenser against weight f r a c t i o n . 

A heterodyne beat capacitance meter of the type described 
133 

by M i l l and Sutton was used to measure the capacitance change 
i n the c e l l . The X plates of the cathode ray tube carried the 
output from a beat frequency generator which consisted of two 
o s c i l l a t o r s , one of f i x e d frequency, f (ca. 10^ c.p.s.), and 
the other of variable frequency, f.^, incorporating the 
measuring system. The c i r c u i t s of the o s c i l l a t o r s were 
as nearly i d e n t i c a l as possible. The Y plates carried the output 
from an audiofrequency o s c i l l a t o r , (ca. 1000 c.p.s.). 
The measuring system, shown below, consisted of the c e l l C, 
two air-spaced uncalibrated variable capacitors n and P, and 
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a c a l i b r a t e d concentric cylinder variable capacitor, M, 
wit h a micrometer screw having a capacitance change of 
3..38 pfs. per cm. length. The c e l l and the calibrated 
capacitor could be interchanged by the switch, 3. 

C i r c u i t Diagram of Measuring System. 

3 

3 

C = the c e l l . S = switch f o r changing c i r c u i t s . 
I), F = uncalibrated variable condensers. 
ivi = c alibrated variable condenser with micrometer screw. 

§ was adjusted u n t i l the output of the beat frequency 
generator gave a f i g u r e of eight on the cathode ray tube 
corresponding to f , - f = _2 which was used as a 

x o 2™" 
balance point througnout a l l the measurements. Af t e r 
f i l l i n g the c e l l and allowing i t to reach thermal equilibrium 
(about 10 minutes) B was adjusted. ^ was then switched 
i n to replace the c e l l , and adjusted i n order to reobtain 
the f i g u r e of eight. A f t e r adjusting each c i r c u i t several 
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times, and when a steady f i g u r e of eight was obtained on 
both sides of the switch, the value of M was noted (arranging 
that f o r pure benzene the balance occurred w i t h the 
calibrated capacitor reading about 2.4 cm, since i t s range 
was 0 to 2.5 cm.) A f t e r blowing out the benzene, the 
c e l l was washed out (twice with benzene) and then f i l l e d 
w i t h a s o l u t i o n of the compound, and the balance point was 
again obtained. The difference i n M, gave the difference 
i n capacitance between the s o l u t i o n and pure benzene,, A t . 
Headings of M, w i t h pure benzene i n the cell,, were taken 
a f t e r each s o l u t i o n , and an average value taken i f a s l i g h t 

, - Vint 

d r i f t occurred. ^ i s the slope of the straight^obtained 
when At i s p l o t t e d against weight f r a c t i o n , w. 

Refractive Index. Measurements. 
A P u l f r i c h refractometer with a divided c e l l attached to 

the prism w i t h s i l i c o n e rubber was used. The refractometer 
was enclosed i n a box f i t t e d w i t h a glove and a window 
which could be l i f t e d on a hinge. When closed the window 
rested on polyurethane foam to avoid draughts. The temper­
ature was kept at 25 - 0.2° throughout the box by means of 
a fan and a heater i n c i r c u i t with a thermostatted thermometer. 
A sodium lamp was used as a l i g h t source. Pure benzene 
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was placed i n one side of the c e l l and a sol u t i o n i n the 
other, a'polythene cap being placed over the c e l l to 
prevent evaporation. The difference i n e x t i n c t i o n angles, 
Atv» between the s o l u t i o n and pure solvent was measured. 
A graph of e x t i n c t i o n angle against r e f r a c t i v e index i s 
l i n e a r and shows that 1 minute of arc = 1087 x 10"^. 
K i s the slope of the graph obtained when An i s p l o t t e d against 
weight f r a c t i o n , w. 

Specific Volume Measurements. 
A pyknometer w i t h ground glass caps to prevent evaporation 

132 
was used. I t had been calibrated previously 
(volume = 12.1208 cc.) using d i s t i l l e d water. The dry 
pyknometer was f i l l e d w i t h a solution and placed i n a 25° 
thermostat f o r 20 minutes. The meniscus of the l i q u i d 
was adjusted to the graduation mark by applying a piece 
of f i l t e r paper to "che t i p of tne opposite limb. The 
pyknometer was removed from the thermostat, dried w i t h 
tissue paper, and the caps put i n place. I t was hung on 
the balance f o r 10 minutes, before weighing, to allow 
thermal equilibrium to be attained. 

Specific Volume, V = 12.1208 weight of s o l u t i o n i n the pyknometer 

^ i s the slope of the graph of spec i f i c volume against w. 
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•ttxample of Dipole Momfent Calculation from Experimental Results, 

Me5SnC6F5 

Wt. of f l a s k 40.1520 41.9910 31.7974 37.1994 
Wt. of f l a s k + cpd. 40.2323 42il852 32.1470 37.7306 
Wt. of f l a s k + cpd. + benzene 66.4975 67.2590 64.1583 66.4974 
Wt. of cpd. 
Wt. of cpd. + benzene 
Wt. f r a c t i o n , w x 10 6 

0.0803 0.1942 0.3496 0.5312 
26.3455 25.2680 32.3609 29.2980 
3048 7686 10803 18131 

D i e l e c t r i c Measurements. 
Pure benzene reading 
Solution reading 
A6 (cms.) 0 

2.340 
2.286 
0.054 

2.340 
2.228 
0.112 

2.340 
2.146 
0.194 

2.340 
2.016 
0.324 

R e f r a c t i v i t y Measurements. 

An 
1087 x 10'.An 

1' 10" 3' 0" 3 1 35" 5' 15" 
1268 3261 3985 5707 

Density ...Measurements. (Wt. of pyknometer = 20.6438g.) 

Wt. of pyknometer + so l u t i o n 31.2444 31.2693 31.2811 31.3172 
Wt. of so l u t i o n 
Specific volume 
( 12.1208 

10.6006 10.6255 10.6373 10.6734 
1.14341 1.14073 1.13946 1.13561 

wt. of so l u t i o n 
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Graphs o f A e , 1087 x 10'kn, and V against weight f r a c t i o n give:-
cc = 0.14625 x = 0.14625 x 17.95 = 2.62519 

p = -0.5150 t = 0.0353 Mol; Wt. = 330.9 

Subs t i t u t i n g these values i n the equations f o r t o t a l 
p o l a r i s a t i o n and electron p o l a r i s a t i o n , we have 

Tp 2 = 330.9[o.1881 x 2.62519 + 0.2979(1.1445 - 0.5150)] 

= 225.5 c c . 

Ep 2 = 330..9 [0. 5712 x 0..0353 + 0.-2931(1.1445 - 0.5150)] 

= 68 G : . . C . 

Assuming atom p o l a r i s a t i o n Ap 2 = 6.8 c.c. ( i . e . 10$ 9f Ep 2) 
Then, 0p 2 = Tp 2 - (Ep 2 + Ap 2) 

= 150.7 c.c. 

Hence, dipole moment, p. = 0.2212 J15Q.1 

= 2.7 3). 
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Experimental Results. 
Dipole moments were, measured i n benzene soluxion at 25°-

B.D.H. Analar benzene was p u r i f i e d by f r a c t i o n a l c r y s t a l l i s a t i o n , 
followed by r e f l u x i n g w i t h potassium f o r 3 hours, and f i n a l l y 
d i s t i l l a t i o n under nitrogen. 

MeHgC6F5 

103w 

4.620 
10.241 
12.058 
14.249 

14.487 
17.833 

he 
w 

16.667 

16.248 

16.113 
16.128 

102An 
w 

0.442 

0.500 

-Av 
w 

0.731 
0.739 

0.734 

PhHgC^ 

3.682 
7..12 6 
9.061 

13.371 
16.360 

11.678 

11.919 
12.191 

1.475 
1.525 

0.682 
0.699 
0.691 

2.104 
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3.473 
7.133 

10.995 
14.521 

C 6P 5HgBr 

3.546 
6.520 

11.839 
15.951 

3 o 5 

3.048 
7.686 

10.803 
18.131 

M e 2 S n ( C 6 F 5 ) 2 

3*180 

8.304 
12.925 
17.192 

2.102 
2.002 
1.860 

2*607 
2.449 
2.508 

1.739 

1.833 
1.793 

1.478 
1.517 
1.524 
1.524 

1.524 
1.318 
1.497 

3.065 
2.500 

2 ..215 

4.160 
4.243 
3.689 

2.618 
2.733 
2*634 

0.749 
0.782 

0.753-
0.751 

0.877 
0.857 
0.869 

0.489 

0.512 
0.518 

0.566 
0.561 

0.571 
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MeSn(C 6F 5) 3 

5.640 
7.063 

10.760 
11.670 
16.200 

Ph 3SnC 6F 5 

2.409 
3..210 
7.354 
8..596 

12.928 

P h 2 S n ( C 6 F 5 ) 2 

3.794 
7.816 

10.469 
14.244 

17.467 

0.769 
0.807 

0.848 

0.753 

1.215 
1.197 
1.105 
1.214 

1.133 

1.127 
1.151 

1.767 

2.001 

1.889 

5.296 
5.058 
5.886 

1.908 

1.903 
2.226 
2 .385 

0.793 

0.706 

0.477 

0.536 
0.506 

0.674 
0.729 

0,689 
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? h S n ( C 6 F 5 ) 3 

3.751 0.906 0 0.581 

7;;.284 0.851 0 0.636 

11.203 0.893 0 0.609 
17.214 0.819 0 0.622 

ComDOund Ep 2 Ap 2 0p 2 p. (D) 

MeHgC6P5 211 45 12 154 2.8 
PhHgC 6F 5 207 64 14 129 2.5 
( C 6 F 5 ) 2 H g 91 66 25 e 0 
C 6F 5HgBr 69.5 44 12 13 « D 
Me 3SnC 6F 5 225.5 68 7 150.5 2.7 
Me 2Sn(C 6P 5) 2 284 93 9 182 :3,.0 
MeSn(C 6P 5) 3 215 81 8 126 2.5 
Ph,SnC 3 t> 5 267 112 11 144 2.65 
P h 2 s n ( a 6 P 5 ) 2 276 90 9 177 2.95 
P h S n ( C 6 P 5 ) 3 250 87 9 154 2.75 
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Discussion of Dipole Moment Results. 
I n the early days of tiipole moment determinations, atom 

p o l a r i s a t i o n was regarded as a factor of minor importance 
i n the evaluation of dipole moments from d i e l e c t r i c constant 
and r-efractivity measurements. I n the absence of the 
necessary data, i t i s s t i l l i n evitable that any allowance 
made for atom po l a r i s a t i o n i n evaluating dipole moments 
must generally be assessed a r b i t r a r i l y , , but i t i s now 
r e a l i s e d that the atom p o l a r i s a t i o n may assume a considerable 
magnitude.. For the reasons discussed below, the l a t t e r 
may be the case for pentafluorophenylmercury compounds. 
However, for pentafluorophenyltin compounds atom p o l a r i s a t i o n 
i s taken as 10% of the electron p o l a r i s a t i o n . 

The symmetrical mercury d i a r y l s belong to a group of 
compounds which display apparent permanent dipole moments 
i n solution, though A-ray and other evidence indicates non-
p o l a r i t y . Compounds of t h i s type which can be examined 
as gases hav£ been shown to be non-polar, by the temperature-
invariance of t h e i r t o t a l p o l a r i s a t i o n . The anomalous 
moments apparent from measurements of solutions have been ascribe* 
to unusually large atom po l a r i s a t i o n s , and t h i s view has 
been strongly supported by recent c a l c u l a t i o n s of axom 
pola r i s a t i o n s from inf r a - r e d f r e q u e n c i e s . 1 ^ Since atom 
pola r i s a t i o n s are the sum of terms of the type, constant x)J , 
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th e bending modes of lowest frequency, l e a s t accessible to 
observation, make the biggest contributions. Very recently, 
the atom p o l a r i s a t i o n of p-benz.oquinone was calculated 
from the infra-red frequencies and i n t e n s i t i e s ; most 
of the anomalously large atom p o l a r i s a t i o n was accounted 
for, and 85$ of the calculated (65-70> of the observed) atom 
po l a r i s a t i o n was due to the vibration at 108 cm-'*". 

Diphenylmercury i s centrosymmetric, and the difference 
between i t s t o t a l p o l a r i s a t i o n (Tp) and i t s electron 
p o l a r i s a t i o n (Ep) i s 4c.c. Bis(pentafluorophenyl)mercury 
i s probably also centrosymmetric, and thus i t s atom 
po l a r i s a t i o n i s approximately Tp - Ep = 25 c.c. I n c a l c u l a t i n g 
orientation p o l a r i s a t i o n of pentafluorophenylmercury compounds 
an allowance of 2 c.c. for the atom p o l a r i s a t i o n of a PhMg 
group, and 12 c.c. for that of a CgF^Hg group has been made. 
The bending frequency of mercury ( I I ) bromide vapour i s 

- l i t l 

only 41 cm , which suggests that the HgBr group has an appre­
cia b l e atom p o l a r i s a t i o n . This would i n turn further reduce 
the apparent dipole moment of pentafluorophenylmercuric 
bromide. The moments of the analagous compounds MeHgCgP^ 
and PhHgC 6P 5 are a l i t t l e l e s s than those of a l k y l - and 
phenyl-mercury ( I I ) bromides (3,1-5.5D) 

That high atom p o l a r i s a t i o n i s responsible for the apparent:; 
moments of mercury compounds, RgHg, has been denied by 
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Wright 1^ 0 who found low atom po l a r i s a t i o n by d i e l e c t r i c 
constant measurements on the compressed s o l i d compounds. 
The molecules would not, however, be expected to be quite 
as f l e x i b l e when constrained i n a c r y s t a l l a t t i c e as i n the 
dissolved or gaseous s t a t e s . I t i s f a i r l y c l e a r that at 
l e a s t a s i g n i f i c a n t proportion of these molecules are bent 
i n the dissolved s t a t e . I f the bending i s mainly due to 
the e l e c t r i c f i e l d applied i n order to measure the dipole 
moment, then the apparent moment can be ascribed to atom polar­
i s a t i o n - I f i t i s due to thermal agitation, and the thermally 
bent molecules remain i n that condition long enough to 
orientate i n the applied f i e l d , then the moments can be 
reasonably ascribed to orientation p o l a r i s a t i o n and are 
thus •real *. 

For the pentafluorophenyltin compounds, assuming a 
tetrahedral structxire, the moment of compounds of the type. 
K 2SnH' 2, should be 15f° lar g e r than that of R^SnH'. 1 4 1 

Furthermore., i n the absence of d i s t o r t i o n and other complicating 
ef f e c t s the moment of R,SnR' should be the sum of the 
moments H-Sn and Sn-R1, and should therefore be equal to 
the moment of RSnR1,. 
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Me 2Sn(C 6P 5) 2 / Me 3SnC 6F 5 = 1..11 

Me 2Sn(C 6P 5) 2 / MeSn(C 6F 5) 5 = 1.20 

P h 2 8 n ( C 6 P 5 ) 2 / Ph 3SnC 6P 5 = 1.10 

P h 2 S n ( G 6 P 5 ) 2 / PhSn (^^5)5 = 1.07 

The low value for the moment of MeSnCCgP^)^ can he explained 
i n terms of d i s t o r t i o n of the pentafluorophenyl groups from 
the tetrahedral positions towards the methyl group, which 
would give the compound a lower moment than expected. 
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INERA-RED SPECTRA.. 
Infra-red spectra were recorded by Mr. G . C o l l i e r and 
wiiss i ) . A. Chapman of these laboratories using a Grubb-
Parsons GS2A grating spectrometer. 

Discussion of Infra-red Spectra. 
For the pentafluorophenyl-tin and -boron compounds there; 

are several well-defined regions which are common to a l l 
the compounds, and these must therefore be associated with 
pentafluorophenyl, at approximately 1640, 1510 and 1460 {doublet) 
1370, 1270, 1080, 1070, 1020, 1010, y60, and 600 cms - 1. 
A doublet i n the region 1500 and a band at 1640 cm - 1 appear 
to be the most useful diagnostic features for pentafluoro-
phenyl compounds since they are contained i n the spectra 

31 
of pentafluorophenyl derivatives of Doron, t i n , mercury, 
and phosphorus.^ Absorption i n the region 1300-1000 cm - 1 

can be attributed to C-F s t r e t c h : . The spectra of a number 
of methyltin compounds have been analysed"'"^ and from t h i s 
we can assign some bands i n the methyl s e r i e s of pentafluoro-
phenyltin compounds, i n the regions 780, 730 (Sn-CH^ rock), 
540 (assym: Sn-C s t r e t c h : ) , and 520 cm""1 (sym: Sn-G s t r e t c h : ) . 

Snyder has reported 1^- 5 that the change of an arylboronic 
acid to i t s anhydride, which sometimes occurs when the acid 
i s simply warmed i n an anhydrous solvent, can be detected by 
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examination of the infra-red absorption spectrum of the 
sample. As a r e s u l t of the change, the hydroxy1 absorption 
band of the acid disappears and a new absorption near 700 cm 
c h a r a c t e r i s t i c of the anhydride, appears. Santucci and 
Gilman 1 4' 4 have reported that a band at 1030-1020 cm"1 

present i n a l l the acids invariably disappeared from the 
anhydrides. However, Povlevy. found that neither c r i t e r i o n 
was applicable to o-hydroxyphenylboronic a c i d . 1 ^ 4 The 
broad band at 3340-3190 cm"1 present i n arylboronic acids 

105 
has been attributed to intermolecular hydrogen-bonding. 
A band at 1028 cm"1, present i n the spectrum of a 
r e c r y s t a l l i s e d sample of pentafluorophenylboronic acid, 
completely disappears i n the spectrum of a sublimed sample. 
However, there was no band at 700 cm"1 i n the spectrum of 
a sublimed sample, and both samples showed a strong, broad 
band centred at 3367 cm"1. The l a t t e r absorption, i n 
agreement with determinations of n e u t r a l i s a t i o n equivalents 
(see experimental), points to the f a c t that a sample of 
pentafluorophenylboronic acid p u r i f i e d by sublimation 
contains mainly acid and not much anhydride. 

The spectrum of potassium fluoroborate has been c l o s e l y 
IAS 

studied by Cote and Thompson , who assign the strong 
absorptions i n the region 1040-1090 cm"1 to asymmetric 
B-P stretching frequencies, and s i m i l a r absorptions at 
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1041, 10631 1090 cm""'' were present i n the spectrum of 
potassium trifluoromethylfluoroborate.^ However, i n 
the spectrum of potassium pentafluorophenylfluoroborate 
there i s no absorption i n t h i s region, and i t i s l i k e l y 
that the strong band at 950 cm-"*" i s attributable to asymmetric 
B-P stretching frequencies i n t h i s compound. I t i s note­
worthy that t h i s band i s not nearly as broad as the 
corresponding band i n other fluoroborates. 

A strong band at 360-370 cm - 1, present i n the spectra 
of a l l the pentafluorophenyltin compounds which were studied, 
was not present i n .the spectra of tetraphenyltin, t r i p h e n y l t i n 
bromide or pentafluorophenylboron der i v a t i v e s . 

The following infra-red spectra are included i n t h i s t h e s i s : -
1) Me 5SnC 6J? 5 

2) . Me 2Sn(CgP 5) 2 

3) k e S n ( C 6 P 5 ) 5 

4) Me Lv3n(C 6P 5)F 
5) Ph 3

V s^iiC 6P 5 

6) P h 2 s \ ( C 6 P 5 ) 2 

7) P h 3 n ( ^ 6 P 5 ) 3 

8> <v 5i4 S n 

9) ( p - t o l y l ) 2 S n ( C 6 i y ) 2 

10) p - t o l y l S n ( 0 6 P 5 ) 3 

11) ( C 6 P 5 ) 3 S n C l 
12) C 6 P 5 S n C l 3 

13) [ ( C 6 P 5 ) 3 S n ] 2 0 
14) (CgF 5) 38nCl.2MH 3 

15) ( C 6 P 5 ) 2 S b C l 
16) K + ( C 6 P 5 B P 3 ) _ 

17) C 6P 5BC1 2 

18) C 6P 5BCl 2.py 
19) C 6P 5BE 2 

20) C 6P 5BP 2.py 
21) C gP 5B(0H) 2 

(sublimed) 
22) CgP 5B(OH) 2 

( j r e c r y s t a l l i s e d ) 
23) (CgP 5) 2BOH 
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ULTRA-VIOLET SPECTRA. 

U l t r a - v i o l e t spectra were recorded with an Optica, 
model CF4DR, ratio-recording instrument. Solvents were 
spectrosol grade, and solutions (approximately 10""^ molar) 
were made up by dissolving a known weight of compound i n 
a known volume of solvent. Two main bands occur, at 210 
and 260 mu, and the former band i s about ten times as 
intense as the l a t t e r . The positions and extinction 
c o e f f i c i e n t s of the 260 mju for some pentafluorophenyl-tin 
and -mercury compounds are tabulated below. 

Cyclohexane Methanol 

Compound X max; (mu) e ^max: (mu) £ 
Me 3SnC 6P 5 263 600 262.5 1270 

Me 2Sn(C 6P 5) 2 265 1540 261.5 1140 

MeSn(C 6P 5) 3 266.5 2880 263 1990 

Ph 3SnC 6F 5 253 1120 254 2030 
259.5 1590 260 2390 
265 1520 264 2340 

253* 2020 
269* 1980 
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P h 2 S i L ( C 6 P 5 ) 2 260 

264 .5 

P h S n ( C 6 F 5 ) 3 265 

(CgP 5) 4Sn 267 

(C 6P 5.) 5SnCl 270 

MSHgC6F5 267 

PhHgC 5P 5 255; 

261 

267 

(CgP 5) 2Hg 269 

CgFjHgBr. 267 

* = inflection.. 

2130 259 2630 
2300 264 2740 

268* 2400 

3050 263 3100 

3890 265 3090 

3680 262 1830 

740 262 500 

950 254 820 
1130 260 990 
1070 265.5 880 

1820 263 1360 

900 261 650 
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The positions and extinction c o e f f i c i e n t s of the 210 mu band 
are shown below. 

Gyclohexane 

Compound 

3 6 5 

Ph 2Sn.(C 6P 5) 2 

P h S n ( C 6 F 5 ) 3 

( C 6 P 5 ) 3 S n C l 

MeHgC6P5 

PhHgC 6P 5 

( a 6 P 5 ) 2 H g 

C 6P 5HgBr 

kmax : (mu) 
208 

H e 2 S n ( C 6 P 5 ) 2 211 

MeSn(C 6P 5) 5 212 

213 

212 

212 

213 

216 

214 

210 

229 

218 

11090 

19200 

21900 

42290 

41750 

37790 

37200 

18850 

19910 

21050 

13830 

Methanol 

Amax:(mp) e 
210 19050 

205 

208 

204.5 

206-212 

211 

212 

208 

208 

208 

214 

208 

11980 

22400 

68750 

58500 

43200 

21400 

9230 

24720 

22020 

10970 
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Discussion of U l t r a - v i o l e t Spectra, 
D e s s y 1 ^ has recorded the u l t r a - v i o l e t spectra of some 

arylmercury compounds and he found that non-coordinating 
solvemts e.g. cyclohexane r e s u l t i n bathochromic s h i f t s i n 
the 210 mu hand which would be expected i f diphenylmercury 
i s more planar„ and i s therefore capable of exhibiting more 
phenylmercury resonance in t e r a c t i o n , i n such solvents when 
compared to methanol. The 260 mu band i s attributable 
to the B band of b e n z e n e w h i l e the 210 mp band i s apparently 
associated with both the rin g and covalently bonded mercury. 
The 260 mu band i s not shifted i n wavelength, apparently 
because the rings are operating independently of the mercury 
atom. J l t r a - v i o l e t spectra indicate that i n alcohol the 
resonance i n t e r a c t i o n of the phenyl groups i s n e g l i g i b l e , 
as previously pointed out by Gowenlock. 

The u l t r a - v i o l e t spectra of pentafluorophenyl-tin and 
-mercury compounds were recorded i n a coordinating solvent 
'('methanol) and i n a non-coordinating solvent (cyclohexane) 
i n an attempt to detect d n- p K i n t e r a c t i o n between the 
pentafluorophenyl group and the metal atom. The s h i f t s 
i n the 260 mu band are small,, and no s i g n i f i c a n c e can he 
attached to them.. However, a bathochromic s h i f t of 8 mu 
i n the 260 my. band of tris(pentafluorophenyl)tin chloride 
i s probably i n d i c a t i v e of d^-p^ i n t e r a c t i o n between the 
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r i n g and the metal atom. This is. further, supported by 
the hyperchromia: e f f e c t observed for t h i s compound i n a 
non-coordinating solvent ( for the B-band, £= 3680; i n 
cyclohexane, £ = 1830 i n methanol). The suggestion 
that d^- p^ i n t e r a c t i o n between the ri n g and the metal 
atom? is. greatest i n pentafluorophenyltin chlorides 
i s supported by W.M.R. data (next SECTION) 

I t i s i n t e r e s t i n g to note that the v i b r a t i o n a l f i n e 
structures observed for the B-band of t e t r a p h e n y l t i n 1 4 " 8 a 

are absent i n the spectrum of tetrakis(pentafluorophenyl)tin, 
and, instead, there i s one sharp band i n t h i s region of 
the s:pectrum. 
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fl.M.R. SPECTRA. 

Several reports of studies of the tf.M.R. spectra of 
pentafluorophenyl-metal or -metalloidal derivatives have a 
appeared i n the l a s t y e a r . 1 ^ ^ ^ Q l S l Randall and coworkers 1^ 

i q 
showed that chemical s h i f t s of the 9-fluorine atoms 
i n G^F^l compounds depend markedly upon the nature of JC. 
S(ortho) s h i f t s to lower f i e l d when, i n a given group of 
the Periodic Table the atomic number of JL increases, or when 
the pentafluorophenyl group i s bonded to a t r a n s i t i o n metal 
rather than to a main-group metal. These differences have 
been attributed to paramagnetic contributions to the chemical 
s h i f t s , which are greatest at the fluorine atoms c l o s e s t 
to X. For main-group atoms of high atomic number, the 
e x c i t a t i o n energies are smaller than for l i g h t e r atoms, 
and la r g e r paramagnetic s h i f t s are expected i n the former 
cases. Even smaller energies, and consequently larger para­
magnetic s h i f t s , should occur i n the t r a n s i t i o n metal 
compounds. 

The same author has also studied the proton magnetic 
resonance spectra of some pentafluorophenyltin compounds. 
The electron-withdrawing power of the pentafluorophenyl 
group i n these t i n compounds was estimated by measuring 
the i n t e r n a l chemical s h i f t (A) between CH^ and OE^ protons 
i n ethyl compounds of the type (Cgfi^SnXg (where A = CI, Cgi^ 
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Br and C ^ ) 153 The position of pentafluorophenyl i n 

the electron withdrawing sequence i s 

CI > C 6P 5 > Br > C 2H 5 

Theory of N.M.R. Chemical S h i f t s i n Conjugated. Fluorine Compounds, 
19 

An equation for shielding i n conjugated fluorine 
154 

compounds has been derived by Goodman and Prosser from 
molecular o r b i t a l theory. Their treatment was based upon 
changes i n the K - e l e c t r o n d i s t r i b u t i o n throughout the 
molecule (a constant cr-bond framework i s assumed). 
The basic equation derived i s the; following: 

m p.p.m, 

Where, 

X 

X c 
X 

X, 

= 488AE" 1[l 1.9Aq. ( F g ) + 3.9Ap(F zC z) + 0.^q(C^ 

= the shielding parameter for the general 
conjugated fluorocarbon r e l a t i v e to that 

for thas standard of como*^arison, X . 
' o 

A q ( F z ) * the difference i n the flu o r i n e TT electron charge 
density (of the conjugating Z o r b i t a l ) between 
X and X . 

o 
Ap(F C ) = the difference i n the fluorine-carbon 

TV electron bond order. 
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Aq.(C ) = the difference i n the carbon n electron 
charge density. 

A E = an adjustable parameter, having units of electron v o l t s . 

The terms Ap(P C ) and &q.(P ) are opposite i n sign and they 
tend to cancel each other to a substantial degree. 

This a n a l y s i s of fluorine shielding together with molecular 
15 5 

o r b i t a l c a l c u l a t i o n s of 7T charge d e n s i t i e s for models of 
p-substituted fluorobenzenes, permit the conclusion that 
i n t h i s s p e c i a l case the P shielding can be interpreted 
as a l i n e a r function of the n charge density of the fluorine 
atom (or of i t s bonded carbon atom). S i m i l a r l y , i t has 
been shown that the para "^P eSrUmical s h i f t i n GgP^X i s 
s e n s i t i v e to resonance i n t e r a c t i o n of the group X with 

156 
the r i n g . 

Experimental Results. 
The IT.M.R. spectra of some pentafluorophenyl derivatives 

of mercury, t i n and boron have been recorded and the ^ P 
chemical s h i f t s of the fluorine atoms have been measured as ° 
shown i n Tables I and I I . 
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TABLE I 
1 9 F Chemical S h i f t s * 

Compound^ S(ortho) S(meta) S(p a r a ) 

C6F5HgMe 122.2 160.7 154.3 

C 6 F 5HgPh 119.75 161.7 156.2 

( C 6 F 5 ) 2 H g 119.75 161.7 155.1 

C 6 F 5H 138.9 162.1 153.5 

C -̂Fr-SnMe, 6 5 3 122.2 161.4 153.9 

(C 6 F 5) 2SnMe 2 122.15 160.25 151.4 

(C 6 F 5) 3SnMe 122.1 159.0 148.9 

C 6 F 5SnPh 3 118.5 160.0 151.7 

( C 6 t f 5 ) 2 S n E h 2 119.7 159.5 150.2 

( G 6 F 5 ) 3 S n P h 121.0 159.0 148 ..8 

121.4 159-4 148.8 

( C 6 F 5 ) 3 3 n p - t o l y l 120.6 158.75 148.7 

( C 6 P 5 ) 3 S n C l 122.5 157.8 145.75 

C 6 P 5 S n C l 5 121.65 156.75 143.1 

* Measured i n p.p.m. (^0.1) r e l a t i v e to CC1,F as i n t e r n a l 
standard. 

i CC1 3F (approx.: 10$) was added to l i q u i d samples, and s o l i d 
samples which were not s u f f i c i e n t l y soluble i n C C l 3 f were 
dissolved i n the minimum amount of acetone. 
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TABIJS I I 

1 9 P Chemical S h i f t # 

Compound 
C 6P 5BC1 2 

C 6P 5BC1 2.C 5H 5H 

0 6P 5BP 2.C 5H 5N 

K + ( C 6 P 5 B P 3 ) ' 

C 6P 5B(OH) 2 

(C 6P 5) 2BC1 

Solvent 
None 
c c i 4 * 

OHClj 
Me2CO 

c c i 4 * 

Me2C0 

Me2C0 

Me2C0 

i M o n e 

&(ortho) 
129.2 
128..2 5 

133.5 
133.1 

127.75 

132.9 

134.25 

132.9 

129.5 

£»(meta) 
161.0 
160.7 

163.3 
164.1 

160.4 

163.1 

164.2 

164.1 

161.3 

S(para) 
145.0 
145.3 

155.7 
157.2 

143.0 

155.6 

159.9 

155.4 

145.35 

* At i n f i n i t e d i l u t i o n . 

i Measured i n p.p.m. (-0.1) r e l a t i v e to CC1,.F as i n t e r n a l 
standard. 
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Discussion of Jti.M.R. Spectra. 

a) Pentafluorophenyltin Compounds. 
The s h i f t s of para fluorine resonance are probably most 

s i g n i f i c a n t i n the above s e r i e s of pentafluorophenyl compounds, 
19 

since i t has been shown that the para •'F chemical s h i f t 
i n CgPtj-X. i s s e n s i t i v e to resonance i n t e r a c t i o n of the group 

156 
A with the ring , Evidence for d„- p n bonding i n t i n 
a r y l s has been presented, based on c a l c u l a t i o n of the 

157 158 overlap i n t e g r a l s , comparison of bond lengths, and 
the thermodynamic d i s s o c i a t i o n constants of p-carboxyphenyltin 

159 
compounds. However, i t was emphasised that the amount 
of IK-bonding w i l l be greatly dependent on the electron-
a t t r a c t i n g or -re l e a s i n g e f f e c t s of substituents attached to 
the benzene nucleus or to the t i n atom. 

19 
I t was of i n t e r e s t to study the v a r i a t i o n of para ^F 

chemical s h i f t i n pentafluorophenyl while other groups 
attached to t i n were varied, since t h i s may have r e f l e c t e d 
d^-p^ i n t e r a c t i o n of pentafluorophenyl with t i n . Two 

19 
points of si g n i f i c a n c e a r i s e from the para ^F chemical 
s h i f t s observed for the s e r i e s of pentafluorophenyltin 
compounds shown i n Table I . F i r s t l y a s h i f t to low f i e l d 
of 16 p.p.m. i s observed when the substituent on pentafiuoro-
phenyl i s changed from Me^Sn. to Cl^Sn* . This i s a large 
ef f e c t bearing i n mind that the substituent being changed 
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i s two bonds distant from the aromatic r i n g . Secondly the 
para "^F s h i f t i n trimethylpentai'luorophenyltin i s 
approximately the same as that i n pentafluoropenzene (i.e-. 
i n a compound i n which the substituent on pentafluorophenyl 
does not i n t e r a c t with the r i n g ) . These two observations 
indicate that d^- p^ i n t e r a c t i o n v:.., of t i n with penta-
fluorophenyl i s s i g n i f i c a n t i n pentafluorophenyitin chlorides, 
and t h i s i s supported by u l t r a - v i o l e t data. 

b) Pentafluorophenvlboron Compounds. 
Many organoboron compounds possess properties which 

suggest the presence i n these compounds of carbon-boron 
"K-bonding, and the r e l a t i v e l y high s t a b i l i t y of perfluoro-
vinylboron compounds has been attributed to a contribution 
of the 7T electrons of the perfluorovinyl group to the 

75 
p ^ - o r b i t a l of the boron atom. Also, dipole moment 
measurements of phenylboron dichloride indicate strong 

1 f\C\ 
resonance involving carbon-boron TV-bonded structures. 

With the exception of pentafluorophenylbo3?onic acid, 
19— 

i t was found that the para ^J?" chemical s h i f t s i n compounds 
where boron i s three covalent was about 10 p..p.m. to low 

19 
f i e l d compared with the para ^F chemical s h i f t s i n compounds 
where boron i s coordinatively saturated. This s h i f t to 
low f i e l d i n threee covalent boron compounds earn, be interpreted 
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i n terms of i n t e r a c t i o n of the 7T-electrons of the aromatic 
r i n g with the p n - o r b i t a l of the boron atom. The spectrum 
of pentafluorophenylboronic acid was recorded i n a 
coordinating solvent (acetone), and t h i s probably accounts 

19 
for the small para chemical s h i f t observed for t h i s 
compound. 

The spectrum of pentafluorophenylboron dichloride was. 
recorded both as a neat l i q u i d and i n carbon tetrachloride 
solution. xhe solvent effect was very small. However, 
bigger solvent ef f e c t s are to be expected i n coordinating 
solvents, and a more detailed investigation of the w.H.K. 
spectra of t h i s s e r i e s of pentafluorophenylboron compounds 
i s i n progress. 

The *F chemical s h i f t of BP,, fluorine atoms i n penta-
fluorophenylboron d i f l u o r i d e was 55 p.p.m. to low f i e l d 
r e l a t i v e to boron t r i f l u o r i d e . I t i s i n t e r e s t i n g to 
compare t h i s value with the values obtained by Stone 1* 3 1 

for some organoboron d i f i u o r i d e s (Table I I I ) . 
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TABLB I I I 
Compound 1 9 F Chemical S h i f t (p.p..m..) 

0 

PhBF 2 -35 

CH2=CHBF2 -33 

CF 2=CFBF 2 -46 

EtBF 2 -52 

CH2=CH-CH2BF2 -52 

n-PrBF 2 -54 
BuBF 2 -54 

The s h i f t s to low f i e l d (from i3F^) are smaller for a r y l -
and vinyl-boron d i f l u o r i d e s than for alkylboron dii'luorides. 
This f a c t was interpreted by Stone as i n d i c a t i v e of i n t e r a c t i o n 
between the TT o r b i t a l s of the organic group and the p n o r b i t a l 
of the boron atom... The value observed for pentafluoro-
phenylboron d i f l u o r i d e i s close to that observed for 
alkylboron d i f l u o r i d e s , but t h i s does not n e c e s s a r i l y 
indicate lack of i n t e r a c t i o n between the organic group 
and the boron atom i n the case of pentafluorophenylboron 
d i f l u o r i d e , since the ef f e c t of the o-fluorine atoms on 
the BF 2 group must be taken into consideration. 
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