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Summary 

Solid te t raphenylborona tes  of  some cations, e.g. 
[Fe(1,10 phen)3] 3÷, [Co(NH3)6]  3+, with E ° values ~ > - 0 . 2 6 V  
are unstable, either thermal ly  or photochemical ly ,  or both.  
Products of such redox reactions are identified. The con- 
trasting situation with more reducing cations, e.g. [Cr(en)a] 3., 
is described. 

Introduction 

The te t rapheny lborona te ( l l l )  anion, [BPh4 ]- ,  is used 
commonly  as a counter ion to precipitate complex metal 
cations from aqueous solution as their insoluble te traphenyl-  
boronates. In such aqueous applications,  the anion is re- 
garded as chemically fairly inert and possesses no redox 
properties. Of course, in nonaqueous  systems, particularly 
involving organometal l ic  compounds,  t e t raphenylborona te  
may serve as a source of phenyl anions as in (1). 

X + [BPha]-  + ~ XPh + BPh 3 (1) 

Presumably the other  product  is t r iphenylboron,  though 
this seems not actually to have been characterized in any 
of the known examples of such reactivity: 

TIIF  
cis-Pt(PEt3 )2 C12 + NaBPh4 slow trans-Pt(PEt3 )2 Ph2 

(ref. 1 ) 

[Pt(PMe 2 Ph)2 (MeOH)Me]++ NaBPh4 -~ trans-Pt(PMe 2 Ph) 2 Ph2 
(ref. 2) 

[r/-CpRu(CO)2X] ÷ + NaBPh 4 ~ r /-CpRu(CO)2X + 

r/-CpRu(CO)2 Ph (ref. 3) 

X = Br or CI EtOH 
r/-CpRu(CO) 2 Cl + NaBPh4 reflux r/-CpRu(CO) 2 Ph 

The purpose of the present paper is to point out  some anom- 
alously high reactivities of the te t raphenylboronates  of  some 
simple Werner cations. 

A study (a) of the photochemical  behaviour of  aqueous  
and alcoholic solutions of sodium te t raphenylborona te  re- 
vealed that when light of wavelength 254 nm was used to 
irradiate the solutions, biphenyl,  together with some phenyl- 
cyclohexadienes and borinic acid derivatives, were formed.  
Some years ago during a survey (s a) of the solubilities of  
te t raphenylboronates ,  prompted by the observation (s b) 
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that whereas trans-[Co(en)z Clz ](BPha) was very insoluble in 
water, its cis-isomeric salt was not, we prepared a number  
of complex  cobal t ( I l l )  and rhod ium( l iD  te t raphenylboro-  
nates. In general (s a) the rhodium salts were stable, whereas 
those of  cobal t ( I l l )  were not. For example,  the solid tetra- 
phenylborona te  salt of  the complex  cation 
cis_[Co(trien)(H20)2 }a÷ was unstable (s c) in ni trogen and 
over a period of  a week decomposed  to leave a brown solid 
which contained phenol.  Likewise (s d) solid te traphenyl-  
boronate  salts of  some Ru 111 amines e.g. 
[Ru(en)2 (C2 Oa )](BPh4 ) and cis-[ Ru(en) 2 Cl 2 ]( BPh4 ) have 
been reported to be photochemica l ly  unstable. 

During this work on transi t ion metal  complexes,  we have 
of ten had cause to try to make te t raphenylborona tes  of  cat- 
ions and have noted their instability, usually as solids. We 
collect much of  this informat ion here, report  a study of the 
thermal and photochemica l  reactions of  some te t raphenyl-  
boronates,  and commen t  on the underlying chemistry.  

Results and Discussion 

Details of the preparat ion and decomposi t ions  of a 
number of  t e t raphenylborona tes  are given in the Experimen-  
tal Section. Results are summarized in Table 1, and note- 
wor thy  features of  the individual reactions are in the Ex- 
perimental  Section. 

The solid te t raphenylborona tes  were all more reactive 
than the corresponding chlorides, the t e t raphenylborona te  
salts reacting complete ly  in a matter  of  a few weeks where- 
as the corresponding chloride salts were, at most,  only  slight- 
ly reacted under similar conditions.  Further,  the energy of 
tile radiation (i.e. visible light) necessary to cause react ion 
of te t raphenylborona tes  is considerably less than that used 
in previous solid state studies of o ther  salts. Thus, al though 
the reaction (2) below is known (6) to occur,  it is accomplished 
only by using xenon flash tube radiation. 

h~ 
[Cr(en)3 ]X3 ~ cis-[Cr(en) 2 X 2 ]X + en (2) 

X = Cl, Br. 

Similarly (v), the cobalt complexes  [Co(en)3 ]X a , where 
X = F, C1, Br, 1, underwent  reaction when exposed to 254 
nm radiation but not with radiation of 365 nm or of longer 
wavelength. The large te t raphenylborona te  anion apparent ly 
is making these complex cations less stable in the solid state 
titan when smaller anions like halides are used as the gegen- 
i o n .  

The type of reaction these compounds  undergo, i.e. redox 
or substi tution, can be seen to be determined by the E ° 
values for the one electron reduct ion of  the complexes,  viz. 
Table 2. 
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Table 1. Decompositions of tetraphenylboronates 
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Starting Complex Conditions Complex product Electronic spectral Other products 
properties h(nm) 

[Cr(NH3)sCI]~,BPh4) 2 hv/4 weeks [Cr(NH3)2(H20)2(OH)CII(BPh4) 578,420 NH 3 + BPh 3 
[Cr(NH3)sCIICI 2 hv/4 weeks 1.ittle Change - NH 3 

Small amount 
1Cr(NH 3 ) 5 Cl I (BPh 4 ) 2 Dark No reaction - - 

[Cr(en)3](BPh4) 3 hv/4 weeks cis-[Cr(eo)2(H20)(OH)](BPh4) 2 520 in Me2CO BPh 3 
[Cr(en) 3 ]el 3 hv/4 weeks Little change - - 
ICr(en) 3 I(BPh4) 3 Dark No reaction - - 

[Co(en)3 ](BPh4)3 hv/4 weeks [C°(en)3 I(BPh4 )2 No distinct maxima BPh 3 + PhPh 
"uncertain" 

ICo(en) 3 lcI 3 hv/4 weeks No reaction - - 
[Co(en)3](BPh4) 3 Dark No reaction 

[C°(NH3)6 I(BPh4)3 hv/1 week [Co(NH 3)(H20) 5 ](BPh4)(OH) No distinct maxima BPh 3 + PhPh 
"uncertain" 

[C°(NH3)61CI3 hv/1 week No reaction - - 
[C°(NH3)6 ](BPh4)3 Dark Possibly similar product to No distinct maxima BPh 3 + PhPh 

photochemical reaction. 

[Fe(o-phen) 313+ Aqueous NaBPh 4 IFe(o-phen) 31(BPh 4)2 512 in Me2CO BPh 3 + PhPh 

Table 2. Decompositions of tetraphenylboronates and reduction 
potentials 

Couple E°/v (8) D a) 

[Fe(o-phen)3] 3+ + e -  " IFe(o-phen)3] 2+ 1.06 b) 1 ~, 
[Co(NH3)613+ + e -  " [Co(NH3)612+ 0.06 R 
ICo(en)3 ] 3+ + e -  " ICo(en)3 ] 2+ -0 .26  R 
Cr 3+ + e -  ~ Cr 2+ -0 .41  S 
[Cr(NH3)613+ + e -  • [Cr(NH3)6] 2+ -0 .7  S 

a) This column describes the mode of decomposition: R, redox, S, 
substitution. 

b) This half cell, although it does not involve H +, shows a marked 
variation of potential with acidity: we commented recently on 
this JR. D. Gillard and P. A. Williams, Transition Met. Chem. 2, 
109 (1977)]. However, in the present context,  it suffices that 
the ferric form is a strong oxidant. 

Thus ,  u n d e r  t he  prevai l ing c o n d i t i o n s ,  it was n o t  poss ib le  
to isola te  [ F e ( o - p h e n ) 3  ](BPh4 )3: an i m m e d i a t e  r e d u c t i o n  
to t h e  f e r r o u s  s ta te  o c c u r r e d  on  add ing  the  t e t r a p h e n y l -  
b o r o n a t e  to  t h e  [ F e ( o - p h e n )  3 ]3+ ion. T h e  coba l t  c o m p l e x e s  
wi th  the i r  E ° values at ca. 0.0 V are p r o b a b l y  jus t  on  the  
b o r d e r l i n e  o f  s t ab i l i ty  for  i so la t ion  as t e t r a p h e n y l b o r o n a t e s * .  
T h u s  a l t h o u g h  b o t h  the  h e x a m m i n e  and t r i s e t h y l e n e d i a m i n e  
c o m p l e x e s  were  i so la ted ,  t he  a m m o n i a  c o m p l e x  p roved  to  
be uns t a b l e  and  cou ld  n o t  be kep t  for  longer  t h a n  a few 
days  w i t h o u t  d e c o m p o s i t i o n  occur r ing ,  even in t he  dark .  As 
e x p e c t e d ,  in the i r  r e a c t i o n s  as t e t r a p h c n y l b o r o n a t e s ,  t he  
c o b a l t ( I l l )  c o m p l e x e s  u n d e r g o  a r e d o x  p rocess  wi th  fo rma-  
t ion  o f  c o b a l t ( l l ) .  

C h r o m i u m ( I l l )  on  t h e  o t h e r  h a n d  has a m u c h  m o r e  neg- 
a t ive  E ° w h i c h  m e a n s  tha t  t h e  Cr III is m o r e  t h e r m o d y n a m -  
ically s tab le  t h a n  Cr II, so t ha t  w h e n  r eac t i on  does  occur ,  
it is r e s t r i c t ed  to  t h e  M Ill o x i d a t i o n  s ta te ,  wi th  t he  resu l t  

tha t  s u b s t i t u t i o n  or  poss ib ly  i somer i za t i on  r a the r  t han  r e d o x  
p rocesses  o c c u r  on  i r rad ia t ion .  P h o t o c h e m i c a l  s tud ies  (9) on  
a few o t h e r  Cr 111 c o m p o u n d s  in the  solid s ta te  have s h o w n  

* Although, of course, their salts with less easily oxidized anions 
are stable for },ears. 

no e v i d e n c e  for  t h e  p r e s e n c e  o f  an), o x i d a t i o n  s ta te  o t h e r  
t han  M Ill dur ing  t h e  reac t ions .  

T h e  fa te  o f  t he  t e t r a p h e n y l b o r o n a t e  a n i o n  tha t  is ' l o s t '  
in t h e s e  r e a c t i o n s  has been  s h o w n  for  t h e  c h r o m i u m  c o m -  
p o u n d s  to  involve f o r m a t i o n  o f  BPh 3. t foweve r ,  the  fa te  o f  
t he  f o u r t h  p h e n y l  g r o u p  has no t  been  d e t e r m i n e d :  neve r the -  
less, t h e  absence o f  any bipbenyl  a m o n g s t  t he  p r o d u c t s  
s t rong ly  suggests  t ha t  t h e  p h e n y l  g r o u p  abs t r ac t s  a p r o t o n  
to  f o r m  b e n z e n e .  

Prev ious  w o r k  (7) on  the  p h o t o c h e m i c a l  r eac t ion  o f  

solid [Co(en )  3 IX 3, w h e r e  X = F, Cl, Br, 1, using X = 254  nm 
r e p o r t e d  tha t  t h e  p r o d u c t  was  a 1 : 1 m i x t u r e  o f  Co II and 
Co I n .  

T h e  Co 111 and  Co II were  p re sen t  a l legedly  as a b inuc lea r  

c o m p l e x  in w h i c h  t h e  t w o  coba l t  a t o m s  were  l inked  by  a 
p o l y a m i n e ,  poss ib ly  t r i e t h y l e n e t e t r a m i n e ,  f o r m e d  by  con-  
d e n s a t i o n  o f  t he  e t h y l e n e d i a m i n e .  In con t r a s t ,  no  ev i dence  
for  d i e t h y l e n e t r i a m i n e  or  t r i e t h y l e n e t e t r a m i n e  was f o u n d  
a m o n g s t  t h e  p r o d u c t s  o f  t he  p h o t o c h e m i c a l  r e ac t i on  o f  
[Co(en)3  ](Ph4 B)3 nor  were  any  Co 111 species  a p r o d u c t  
in t he  p h o t o c h e m i c a l  r eac t ion  o f  b o t h  the  coba l t  c o m p l e x e s .  

It t h u s  s e e m s  tha t  all t h e  coba l t  is r e d u c e d  to Co 11 in these  
reac t ions .  O t h e r  w o r k  on  the  p h o t o c h e m i c a l  behav iou r  o f  
Co 111 c o m p l e x e s  in t h e  solid s ta te  such as 
[Co(NH3)sC1]CI(9,  lo) [ C o ( p h e n ) 2 O x ] C l ,  4 H 2 0  (9' I 1 ) a n d  
K3[Co(Ox)3 ]  " 3 H 2 0  (9' 12) has s h o w n  tha t  Co II species ,  

s o m e t i m e s  o f  u n k n o w n  c o m p o s i t i o n ,  have been  t h e  sole 
c o b a l t - c o n t a i n i n g  p roduc t s .  Because  the  r eac t ions  o f  t he  
coba l t  c o m p l e x e s  involve a r e d o x  process ,  t h e  fa te  o f  t he  
t e t r a p h e n y l b o r o n a t e  an ion  d i f fe rs  f r o m  tha t  in cases involv- 
ing t h e  Cr 111 c o m p o u n d s .  B iphenyl  and t r i p h c n y l b o r o n  
are  t h e  main  p r o d u c t s  o f  t he  reac t ion .  

The  the rma l  r eac t ion  o f  t he  [ F e ( o - p h e n )  3 ]3+ ion wi th  
t e t r a p h e n y l b o r o n a t e  is p r e s u m a b l y  an ana logous  r edox  pro- 
cess but  a l t h o u g h  the  i ron -con ta in ing  p r o d u c t  has been  
s h o w n  to b e [ F e ( o - p h e n ) 3 ] 2 +  the  na tu re  of  t he  o t h e r  species  
apar t  f r o m  b i pheny l  has no t  been  d e t e r m i n e d .  Because o f  
t h e  excess  o f  ch l o r i ne  in t h e  sys tem,  t hese  o t h e r  species  are 
l ikely to be a c o m p l i c a t e d  mix tu re .  It has also been  s h o w n  (i3) 
tha t  f e r r i i n , [ F e ( o - p h c n ) 3 ] 3 ÷  can bc used as an o x i d a n t  to 
ox id i ze  re la t ively  s imple  organic  molecu les .  Thus  c y c l o h e x a n -  
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Table 3. Analyses of tetraphenylboronates 
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Complex Formula Found (Calcd.)% 
C H N 

[Co(en)313(BPh4) " t120 
[Cr(NH3)sCII2(BPh4) • 31120 
ICr(en)3]3(BPh4)'2 H20 
trans-[ Co(en)2CI 2 ](BPh 4 ) 
trans-[ Rh(py)4Cl2 ]( BPh4 ) 

C78H86B3CoN60 77.6 (77.1) 7.5 (7.1) 7.0 (6.9) 
C48H61B2CICrNsO 3 67.1 (66.7) 7.1 (7.1) 8.1 (8.1) 
C78H88B3CrN60 2 76.2 (76.4) 7.3 (7.2) 6.5 (6.9) 
C28 H 36BC12 CoN4 58.9 ( 59.1 ) 6.32 (6.4) 
C44H40BCI2N4Rh 65.5 (65.3) 5.3 (4.9) 6.9 (6.9) 

one was oxidized to 2-hydroxycych)hexanone,  the first step 
in the mechanism being the abstraction of an electron by 
the ferriin f rom the cyclohexanone  to form the radical 
2-oxocyclohexyl .  

Perhaps most interesting, f rom the point  of view of gen- 
eralization, is the correlation be tween rapid base hydro- 
lysis [as in complexes  of ru thenium(I l l ) ,  cobalt(I l l ) ,  and 
t r is (phenanthrol ine) i ron( l l l ) ]  and redox instability, of the 
te t raphenylboronates .  A number  of predictions may be 
made, including the instability of te t raphenylboronates  of 
the oxidized states of platinum(IV),  iridium(IV), and many 
complexes of cobalt(l  I1). 

Experimental 

Preparation of the complexes 

The chloride salts of the cobalt, chromium, and rhodium 
complexes were prepared by standard procedures.  Conver- 
sion into the te t raphenylboronates  was accomplished by 
double decomposi t ion,  adding a cold solution of the chlor- 
ide of the complex cation to a slight excess of a cold aqueous 
solution of  sodium te t raphenylboronate  (B.D.H. Laboratory, 
reagents: the commercial  name is "sodium te t raphenylboron") ,  
the precipitates were washed with ice cold H20 and dried 
over P2Os. The analyses are summarized in Table 3. 

[Co(NHy)6 ](BPh4)3 was made by a similar procedure 
hut it was not possible to keep samples for more than a few 
days, even in the dark, wi thout  some reaction occurring. 
Because of this, no analysis of the complex  was obtained.  

Photochemical reactions 

Preliminary, experiments  were carried out  by placing the 
compound  together with a few glass beads in a stoppered 
conical flask (25 cm 3) which was at tached to a mechanical  
shaker. The flasks were then irradiated with an Osram 150W 
photof lood bulb while being shaken so that a new surface 
was being exposed continuously, to the irradiation. The 
weight losses accompanying irradiation were determined by 
irradiating a known weight of compound  contained in a 
sintered glass funnel. At frequent  intervals the solid was 
disturbed with a spatula so as to expose new solid to the 
light and occasionally the solid was washed with Et20  and 
C6H6 and then sucked dry before reweighing. 

Chromatography was carried out  using plastic sheets pre- 
coated with silica gel 60 F2s4 and using isooctane as the 
solvent. 

Irradiation of  [Cr(NH3)s CI](BPb4 )2 

Irradiation for several days of  the pale purple 
[Cr(NHy)s Cl](BPh4 )2 in a closed system resulted in dark- 
ening of  the solid together  with a ba thochromic  shift of  the 
electronic spectral maxima. The electronic spectrum was 
measured using Me2CO as solvent but after several days' 
irradiation all the  solid no longer dissolved. Ammonia  was 
detected.  When the reaction was conducted  on a sintered 
funnel open to the a tmosphere  and the solid was washed 
with C6 H6 and Et20  until no further  weight loss occurred 
(ca. four  weeks), the final blue grey solid was comple te ly  
insoluble in H20 or Me2CO but the reflectance spectrum 
had maxima at 578 and 420 nm. The weight loss during this 
t ime indicated that  the blue grey product  had a molecular  
weight of  ca. 525 and the i.r. spectrum showed the presence 
of  Ph4 B-, N - H  and O - H ,  the main difference between the 
i.r. spectrum of  product  and factor being that the bands 
associated with N - H  were much weaker in the product .  
Analysis of  the product  gave: C, 58.3; H, 6.2; N, 5.4; CI, 6.3; 
B, 2.5, consistent with the formula t ion  
[Cr(NHy)2(H20)2(OH)C1](BPh4) (M.W. = 493.5) calcd.: 
C, 58.4; H, 6.3; N, 5.7; CI, 7.2; B, 2.2%. This formula t ion  
is supportcd by dissolving the product  in warm 1M perchloric 
acid. The resulting solution had absorpt ion bands at 564 

(14) and 408 nm {cf tile known cation [Cr(NH3)2(tI20)3CI]  2+, 
has bands at 562 and 406 nm } . 
i.e. [Cr(NHy)2(H20)z(OH)C1] + + H + -+ [Cr(NH3)2(H20)3CI]  2+. 

The Et20 and C6H6 washings resulting from the irradiation 
of [Cr(NH 3 )s CI]( BPh4 )2 on a glass sinter were evaporated 
to dryness and t.l.c, of  the resulting solid showed the ab- 
sence of  biphenyl.  A mass spectrum of the solid however pro- 
duced peaks at mass number  242 and 241 corresponding to 
11BPh3 and l°BPh3.  

The overall s to ichiometry  of  the reaction can thus be 
writ ten : 

[Cr(NI 13 )s CI](BPha )2 " 3 1-120 

[Cr(NH3)2(I t20)z(OH)C1](BPh4) 
+ 3 NH3 + " H B P h 4 "  

" H B P h 4 " ~ P h 3 B  + Phil 

The water involved in the reaction may be either atmo- 
spheric or water of  crystallization. The fate of the other  
phenyl group is uncertain but it seems probable that it ab- 
stracts a proton from one of the water molecules to give 
benzene. 

Samples of  [Cr(Ntt3 )s Cl](BPh4 )2 left in the dark re- 
mained unreacted for several months.  A sample of the chlor- 
ide in a stoppered flask exposed to radiation for several 
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days showed no change in colour  or in its e lectronic  spectrum, 
but there were traces of  ammonia  in the flask. The photo-  
chemical react ion of  the chloride salt is much slower than 
that  of  the corresponding te t raphenylborona te  salt. 

salt as indicated by only a small change in the electronic 
spectrum. Such ' pho toch romism '  of  hydrated solid halides 
of  chelated amines of  ch romium( l l l )  was remarked repeated- 
ly in the older literature. 

Irradiation o f  [Cr(en) 3 ](BPba)3 " 2 H20 

Irradiation of  solid [Cr(en)3](BPh4)3 " 2 H20  for a few 
hours produced a colour  change from pale cream to pink. 
When the solid was irradiated for a much longer period and 
occasionally washed with E h O  and C6H 6 to constant  
weight (ca. 4 weeks), the product  had a peak in the electron- 
ic spect rum (in Me2CO) at 520 nm. The i.r. spect rum in- 
dicated the presence of Pha B, N - H  and O - H .  The weight 
loss during the irradiation suggested that  the molecular  
weight of  the product  was ca. 852 and the analysis was con- 
sistent with the formula t ion  of  the product  as 
[Cr(en)2(H20)(OH)](BPh4)2 (M.W. = 845) calcd.: C, 73,8; 
H, 7.0; N, 6.6; B, 2.6. Found:  C, 73.4; H, 7.3; N, 6.4; B, 2.5%. 

The cis-gcometry can be assigned to th i sp roduc t :  in water 
the known [cis-Cr(en)2 (H20)(Ot l ) ]  2÷ has (15) a max imum at 
515 nm whereas the trans-isomer has )~ max at 495 nm. The 
Et20  and C6H 6 washings f rom the [Cr(en)3](BPh4)3 • 2 H20 
during the irradiation were evaporated to dryness and a 
t.l.c, of  the resulting solid revealed a trace of  biphenyl. A 
mass spect rum of the same solid gave peaks at mass numbers 
241 and 242 due to I°BPh3 and 11BPh3. A peak at mass 
number  154 due to biphenyl was also observed but its in- 
tensity was less than 1% of that due to BPh3. The stoichio- 
metry of  the reaction can thus be writ ten to a good approx- 
imation as: 

[Cr(en)3](BPh4) 3 ' 2 H20  

cis-[Cr(en)2(H20)(Olt)](BPh4)2 + en + BPh3 + Phil 

Here again the fate of the fourth phenyl group of  the de- 
composed [BPh4 ]- is uncertain but it seems likely that it 
abstracts a proton to form benzene. The water and hydrox- 
ide that are a t tached to the chromium in the product  may 
he the original water of  crystall ization or atmospheric  water. 

Samples of  [Cr(en)3 ](BPh4)3 were stable in the dark in- 
definitely. Similarly, samples of  [Cr(en)3]CI3 showed no 
evidence of  reaction in the dark: however, when samples 
were exposed to irradiation a colour change was observed 
but at a much slower rate than for the te t raphenylboronate  

Table 4. I.r. spectra of phenylborons (1500-1350 cm -I )  

The reaction o f  [Co(en) 3 ](BPh4 )3 and o f  [Co(NH 3 )6 ](BPba )3 
witb light, and of[Co(NH3) 6 ](BPh4)3 in tbe dark 

Both these compounds,  when exposed to light for only 
a few hours, had changed noticeably,  f rom pale yellow orange 
to light brown. When the photochemical  reaction was fol- 
lowed to complet ion,  i.e. in ca. four weeks for 
[Co(en)3  ](BPh4 )3 and ca. one week for [ Co ( NH 3 )6 ](BPh4 )3, 

the spectra of the resultant brown solids dissolved in Me2CO 
showed no distinct peaks (the brown solid resulting from 
the irradiation of  the [Co(NI-I 3 )6 ](BPh4 )3 did not all dis- 
solve in MezCO. However,  when the brown solids were 
warmed with concentra ted  HCI some solid remained un- 
dissolved but the spectra of  the solutions were typical of  
Co II. The i.r. spectrum of the solid resulting f rom the irrad- 
iation of [Co(en)3](BPh4)3 indicated the presence of  
H2NCH2CHzNH2 and of  [Ph4B ]- whereas for the solid re- 
sulting from the irradiation of  the [Co(NI13)6](BPh4) 3 the 
i.r. spectrum, apart f rom indicating N - H  and O - t l ,  gave 
four  strong bands i n t h e  1 5 0 0 - 1 3 5 0 c m  -I rcgion. A l l t h e  
o ther  substances containing BPh4 have no more than two 
strong bands in this region, see Table 4. The presence of 
four strong bands is taken (3' 161 to indicate the presence 
of  t e t raphenylborona te  coordinated to a metal ion through 
arr bond of  a phenyl ring, al though that seems inherently 
unlikely with cobah( l l )  ions. The t.l.c, of  solids obtained 
on evaporating to dryness the Et20  and C6 H6 washings 
of  the two compounds  during irradiation revealed the pre- 
sence of  biphcnyl. A mass spectrum of these same solids 
revealed biphenyI, BPh3 and [Pha B]-. These would have 
arisen f rom the redox process: 
[PhaB]-  - e-  ~ " P h a B  ' ' ~ P h 3 B  +0 .5  PhPh 
Complementary  with the oxidat ion of  the [Pha B]- would 
be the reduct ion of  Co 111 to Co II. The exact nature of the 
Co I1 species formed is uncertain, but analyses of the pro- 
ducts together with the weight loss during irradiation 
suggest that the s to ichiometry  of the reactions follow: 

[ C u ( N I I 3 ) 6 J ( B P h 4 ) 3  + 6 t t20 

" [Co(NH3)(H20)s] (BPh4)(OH)"  + 2 BPh3 + 0.5 PhPh + Phil 

+ 5 NH3 

a) Ref. 16; b) Assigned to in phme skeletal C-C  stretching modes of" phenv[ ring. 
~+ 3 + 3 + + ~+ c) Cation = [Cr(NH3){tC]]" , [Co(en) 3 ] , [Co(NH3)e,] , trans-[Co(en)2CI] , ]l"e(o-phen)3]" , 

trans_[Rh(py)4Cl2] . d )  The  two extra strong bands at 1400 and 139Oem -I are diagnostic of a 
coordinated [BPh4 ]- i.e. coordinated via one rr-bonded aromatic ring. See also ref. 3. e) Product 
of the reaction of [Co(Nll3)ol(BPh4)3with light f) D.W.A.  Sharp and N. Shcppard,J. Cb,'m. 
Soc., 074, (1957). g) Chlorodiphenylborine, Sa,lth'r Standar3 Spectra; h) Methyl diphenyl- 
borinate, Sadtler  S tandard Spectra. 

NaBPh4 a) 148Os 1452vw 1425s 139Ovw b) 
[cationl+(BPh4 )-c) ca. 148Os ca. 1429s 
[Rh(PPh 3)2 BPh4]a'd) 148Os 146Os 143Os 1388s 
[Co(NH 3)(H20) 5 ](BPh4)(OH ) e) 1483s 1443s 1431s 1394s 
BPh3 f) 1492w 143Os 135Om 
Ph2 BCI g) 1493s 1435s 1375w 
Ph2 BOCH3 h) 1493rn sh. 14oOs 1439s 
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M.W. (p roduc t )  = 502; M.W. f rom exptl ,  wt loss = ca. 450 
(Found :  C, 56.4; H, 6.0; N. 2.6. Calcd.: C, 57.4; H, 6.8; 
N, 2.8%). 

[Co(en)3 ](BPh4)3 " H20  -+ [Co(en)s  ](BPha )2 + Ph3 B 
+ 0.5 PhPh + H 2 0  

M.W. (p roduc t )  = 877;  M.W. f rom exptl ,  wt loss = ca. 900.  
(Found :  C, 73.7;  H, 6.8; N, 9.8. Calcd.: C, 73.9;  H, 7.3; 

N, 9.6%). 

[Co(NH3)6 ](BPh4 )3 also u n d e r w e n t  d e c o m p o s i t i o n  even 
in the  dark  and  it was not  possible  to keep a sample  of this  
c o m p o u n d  for  longer  t han  a few days w i t h o u t  some colour  
change occurr ing.  This  dark  reac t ion  was no t  invest igated 
in detai l  bu t  the  i.r. spec t rum of the  p r o d u c t  was similar to 
t ha t  of  the  solid p roduc t  in the  p h o t o c h e m i c a l  reac t ion .  It 
was also possible to iden t i fy  by t.l.c, and mass spec t rome t ry ,  
PhPh and BPh3 among  the  products .  The  p h o t o c h e m i c a l  
and  dark  reac t ions  of  [Co(NH3 )6 ](BPh4)3 appear  very 
similar. 

Samples  of  [Co(en)3 ](BPh4)3 were s table  indef in i te ly  in 
the dark  and the  chlor ide salts of  the  two cobal t  complexes  
showed  no colour  change when  i r radiated for a similar t ime,  
i.e. several weeks. 

React ion  o f  [ Fe(o-pben)  3 ]3+ wi th  aqueous  NaBPb4 

A solu t ion  of [Fe(o-phen)3  ]3* was made  by  bubb l ing  
chlor ine  t h rough  a so lu t ion  con ta in ing  FeSO4 • 7 H 2 0  and 
o-phen in a 1 : 3 mole rat io;  the  so lu t ion  was also 0.3 M in 
sulphur ic  acid. The  initial red so lu t ion  of  [Fe(o-phen)3  ]2+ 
gradually t u rned  blue as [Fc(o-phen)3  ]3+ was formed.  On 
adding a slight excess of a neut ra l  so lu t ion  of  NaBPh4,  an 
immedia te  red prec ip i ta te  was f o r m e d  which  was col lected,  
washed wi th  water  and dried. (A l though  NaBPh4 is no t  s table  
in acid solut ion,  the  d e c o m p o s i t i o n  is no t  rapid and  unde r  
our  condi t ions ,  pract ical ly no d e c o m p o s i t i o n  of  the  NaBPh4 
occurred  before  prec ip i ta t ion) .  The  dried red solid was t hen  
washed with E t 2 0  and the  E t 2 0  washings were t aken  to 
dryness. A solu t ion  of the  red solid in Me2CO gave an elec- 
t ronic  spec t rum with a peak at 512 nm, character is t ic  of 
the [Fe(o-phen)3  ] > cat ion;  analysis of the  solid was con- 
sistent  with  this  fo rmula t ion :  
( F o u n d  C, 79.6; H, 5.1; N, 5.8. Calcd. for 
[Fe (o-phen)3] (BPh4)2  • 2 H20:  C, 79.4; H, 5.4; N, 6.6%). 

The  t.l.c, of the  solid resul t ing f rom the  E t 2 0  washings 
revealed t he  presence of  PhPh (as major  p roduc t )  bu t  sev- 
eral o the r  un iden t i f i ed  spots  were present  on  the  plate.  To 
a first app rox ima t ion ,  the  s to i ch iome t ry  of  the  reac t ion  can 
be wr i t ten :  

[Fe (o -phen)3 ]  3+ + 3 [ B P h 4 ] -  --+ [ F e ( o - p h c n ) a ] ( B P h 4 )  2 + Pho, B 

Ph4B (?)  ) 0.5 P h P h +  BPh3 

Irradiat ion o f  [Co(NH3)  s CI](BPh4)2, trans-[Co(en) 2 C12 ](BPb4) 
and  t rans-[Rb(py)4  Cl2 ](BPb4) 

These  reac t ions  were no t  s tud ied  in detai l  bu t  a co lour  
change  was observed  af te r  on ly  a few days i r radiat ion.  The  
e lec t ronic  spectra  in Me2CO so lu t ion  of the  p roduc t s  of  
the  reac t ions  did not  have any  charac te r i s t ic  maxima.  
Washing t he  i r radia ted solids wi th  E t 2 0  and  C6 H6 and  
evapora t ing  the  so lu t ion  to dryness  p roduced  solids which  
for  the  coba l t  c o m p o u n d s  was s h o w n  by t.l.c, to con- 
ta in  an  apprec iab le  a m o u n t  of  PhPh. In the  case of  the  
r h o d i u m  c o m p o u n d  only  a very l i t t le  solid was o b t a i n e d  
and  this  was also s h o w n  to con ta in  a t race  of  PhPh.  It t hus  
seems very p robab l e  t h a t  the  coba l t  c o m p o u n d s  are under-  
going a r edox  reac t ion  similar to  t h a t  observed  wi th  the  
o the r  cobal t  complexes ,  whereas  the  r eac t ion  of  the  r h o d i u m  
c o m p o u n d  is no t  so clear. 
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