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R I N G  SYSTEMS OF ALUMINIUM-, GALLIUM-, AND INDIUM THIOLATES 
- A COMPARISON 

a R H A R D  G. HOFFMA", ROLAND FISCHER 
I n s t i t u t  f u r  Anorganische Chemie der Unive r s i t a t  Wurzburg 
Am Hubland, D-8700 Wurzburg, Deutschland 

Abstract  Main group I11 m e t a l ( I I 1 ) h a l i d e s  r e a c t  wi th  tri- 
me thy l s i ly l  o rgany l su l f ides  to  g i v e  dihalo(organy1thio)metal- 
l anes .  I n  t h e  s o l i d  state diicdo(methy1thio)gallane a s  w e l l  
as d i i d o (  i -propy1th io)ga l lane  have shown to  be p resen t  a s  
dimers ,  whereas i n  s o l u t i o n  these  compounds are trimeric. 
Reactions between d iha lo(organy1 )meta l lanes  and t r imethyl -  
s i l y l  o rgany l su l f ides  r e s u l t  v i a  

RMHa12 + (CH3)$hSR' ---D R(R'S)MHal + (CH3I3SiHal 

i n  c a s e  of gal l ium a s  metal atom i n  t h e  formation of halo- 
(organyl)(organylthio)metallanes, consequent ly  compounds wi th  
t h r e e  d i f f e r e n t  l i gands  on t h e  metal  c e n t e r .  I n  c a s e  of a lu-  
minium and indium one has  to  t ake  i n t o  account more compli- 
ca t ed  r eac t ion  pathways, which w i l l  be d i scussed  i n  d e t a i l .  
S t r u c t u r a l  phenomena of t h e  halo(organyl)(organylthio)metal- 
l anes  i n  s o l u t i o n  w i l l  be discussed by means of molecular 
weight determinat ion-  a s  w e l l  a s  NMR-spectroscopic s t u d i e s .  

On t h e  Fourth Symposium i n  P a r i s  w e  have shown t h a t  compounds of 

t h e  type Hal GaSR a r e  dimers i n  t h e  solid s t a t e  wi th  t h e  s u l f u r  

atoms of t h e  t h i o l a t e  groups i n  t h e  br idging  p o s i t i o n ,  t hus  form- 

ing  GaSGaS-fourmembered r i n g  systems. Depending on t h e  organic  

rest of t h e  t h i o l a t e  group it f u r t h e r  could be e luc ida ted  t h a t  two 

isomers a r e  possible and, a s  w e  could p roof ,  are stable i n  t h e  

solid s t a t e .  One species c a r r i e s  t h e  organic  rests R of t h e  th io -  

late groups i n  t h e  t rans-pos i t ion  r e l a t i v e  t o  t h e  p l ane  fourmem- 

kred r i n g  ' ,  t h e  o t h e r  one carries t h e  organic  rests R of t h e  

t h i o l a t e  groups i n  t h e  c i s - d i r e c t i o n  r e l a t i v e  t o  t h e  now fo lded ,  

b u t t e r f  ly-shaped fourmembered r i n g  .2 I n  s o l u t i o n  t h e s e  compounds 

have shown t o  be trimeric by osmometric molecular weight determi- 

na t ions ,  except €or d e r i v a t i v e s ,  where t h e  rest R equa l s  phenyl or 

benzyl ;  t hese  compounds a r e  monomeric, perhaps of steric hindrance 

91 

2 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
0
9
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



98 G .  G .  HOFFMANN AND R .  F I S C H E R  

and electronic properties. 
The most successful synthetic route leading to these com- 

pounds has found to be the reaction between gallium trihalides and 
trimethylsilyl organylsulfides (Equation 1 ) .  In benzene solution 
very good yields of the desired compounds are formed in addition 
to the corresponding trimethylsilyl halides. This reaction could 
be extended to the aluminium- and indium trihalides as well. 4,5 

MHa13 + (CH3I3SiSR different Ha12MSR + (CH3I3SiHal (1  ) reaction- 
condi tiones 

Hal = C1, Br, I; R = alkyl, aryl; M = A l l  Gal In 

If one halogene atom in the gallium trihalides is substituted by 

an organic rest, such as methyl, isopropyl or phenyl, one should 
expect the reaction between these organyldihalogallanes and tri- 

methylsilyl organylsulfides to yield the three times differently 

substituted organyl(organylthio)halogallanes, together with the 
corresponding trimethylsilyl halides (Eq . 2 1 . 

R’GaHa12 + (CH3I3SiSR - R’(Ha1)GaSR + (CH3I3SiHal (2) 

R‘ = CH i-C H Ph; R = a.lkyl, aryl; Hal = C1, Br, I 3‘ 3 7’ 

This reaction of course is a Lewis-acid-base-reaction in which 

the first step must be the interaction of the Lewis-acid with the 
Lewis-base under the formation of the Lewis-acid-base-adduct (Eq.3) 

R 
I 

Si(CH3I3 (3) 
R’\ YS\ 

Hal 
R’GaHa12 + (CH3)3SiSR -L 

Hal 

This adduct should be able to split off.trimethylsily1 halide in 
a following step (Eq. 4) and thus the overall reaction should lead 
to the desired organyl(organy1thio)halogallanes. 

And indeed, we were able to synthesize the alkyl(organy1thio)- 

halogallanes and the phenyl (organy1thio)chlorogallanes * via 
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RING SYSTEMS OF ALUMINUM-, GALLIUM-, AND INDIUM THIOLATES 99 

t h i s  method. The r eac t ions  of t h e  chloro-  a s  w e l l  a s  b r o m q a l l a n e s  

with t h e  s i l y l s u l f i d e s  a r e  spontaneous,  exothermic,  and t h e  pro- 

d u c t s  a r e  formed i n  high y i e l d s .  Diiodomethylgallane on t h e  o t h e r  

hand r e a c t s  very slowly with t h e  s i l y l s u l f i d e s , a n d  even a t  e leva-  

ted temperatures  t h e  e q u i l l i b r a  between d u c t s ,  adduct ,  and pro- 

d u c t s  a r e  not t o t a l l y  s h i f t e d  t o  t h e  side of t h e  products .  This  

f a c t  e a s i l y  can be proofed by NMR-spectroscopic measurements. A t  

roomtemperature t h e  NMR-spectra of these  compounds i n d i c a t e  t h a t  

t h e r e  m u s t  e x i s t  a m i x t u r e  of d i f f e r e n t  isomers i n  s o l u t i o n ,  be- 

cause t h e  proton resonance s i g n a l s  of t h e  o rgan ic  rests of t h e  

t h i o l a t e  groups a r e  broadened t o  such an e x t e n t  t h a t  one cannot 

d i s t i n g u i s h  t h e  s p l i t t i n g  scheme. Furthermore,  t h e  methyl(organy1- 

th io )ha loga l l anes  show s e v e r a l  s i g n a l s  f o r  t h e  methyl group a t -  

tached t o  t h e  gal l ium atom. For a mere dimeric arrangement of 

t hese  compounds one has t o  expect a l o t  of isomers (F igure  1 ) .  I f  

t h e  h a l q e n e  atom is ch lo r ine  or bromine , r e s p e c t i v e l y ,  t h e  possi- 

b i l i t y  of f i v e  t h i o l a t e  bridged forms is given:  two cis-syn-species ,  

one,  where t h e  rests R of t h e  br idging  t h i o l a t e  groups a r e  po in t ing  

t o  t h e  exocycl ic  a lky l -  or a r y l  groups ( A ) ,  t h e  o t h e r  one,  with t h e  

rests R of t h e  br idging  t h i o l a t e  groups po in t ing  t o  t h e  exocycl ic  

h a l q e n e  atoms ( B ) ;  one t rans-syn-species  ( C ) ,  one c i s - a n t i -  (D) 
and one t rans-an t i - spec ies  ( E ) .  I f  t h e  h a l i d e  is iodide, one has  

t o  d i s c u s s  t w o  iodine-bridged species as w e l l ,  namely t h e  cis ( F )  

and t h e  t r a n s  (GI isomere.  Besides  these  h igh ly  symmetric forms 

one has  to  take  i n t o  account a l o t  of asymmetric bridged species 

a s  w e l l .  These species should be able to  e q u i l l i b r a t e  wi th  t h e  

organyldihalog 'a l lanes  and t h e  organylbis(organy1thio)gallanes 
which themselves may be dimers i n  s o l u t i o n  (FQ. 5 ) .  
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100 G. G. HOFFMANN AND R. FISCHER 

R ‘  

\ Ga R’GaHa12 + R’Ga(SRI2 ( 5 )  

It I \ R ,  RS 
I 
i 1 / 2  dimer 1 /2  dimer 

Furthermore, one has t o  discuss a l o t  of asymmetric dimers which 

are bu i l t  up from two d i f fe ren t  so r t s  of compounds, such as t h e  

A C I S  syn (1 )  B C I S  syn (2)  C trans syn 

R R 
1 1 

D C I S  antl E trans antl F I C I S  G I trans 

FIGURE 1 Iscmers of a dimeric arrangement. 

organyldihalogallanes and t h e  organyl(organy1thio)halogallanes 

(Eq. 6 ) .  

R’ 

R’GaHa12 + R ’  (Ha1)GaSR = \ /“l\ 

1 / 2  dimer 

( 6 )  
Hal / Ga\ ’ 

I 
R 

1 I1 
1 /2 dimer 

And of course trimers and higher oligomers cannot be excluded. 

These species themselves have t o  be discussed as  d i f fe ren t  geo- 

metrical isomers as shown for  example for  the two possible plane 

arrangements of t h e  trimer (Fig. 2 ) .  
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RING SYSTEMS OF ALUMINUM-, GALLIUM-, AND INDIUM THIOLATES 101 

R' R /R' X R /R' 

Gay X 

/AS-& v-R \@>s- "\'X R 
/ \S-Ga I'/S-R 

X 
R' / \ 

X R x /  \ 
R 

FIGURE 2 Isomers of a p lane  trimeric arrangement.  

O s m o m e t r i c  molecular weight de te rmina t ions  i n  benzene s o l u t i o n  

have revealed t h e  methyl(alky1thio)chlorcqallanes t o  be tetrameric. 

The methyl(alky1thio)bromo- and - icdcgal lanes  wi th  smal l  a lky l -  

groups on t h e  t h i o l a t e  rest, such a s  methyl o r  e t h y l ,  t end  t o  be 

trimeric i n  benzene s o l u t i o n ,  whereas those  compounds where t h e  

alkyl-groups a t tached  to  t h e  s u l f u r  atoms are longchained (e.g. 

n-propyl) or h l k y  ( e . g .  i -propyl )  e x h i b i t  a tetrameric oligomeri- 

s a t i o n  i n  s o l u t i o n .  The corresponding phenyl(alky1thio)chloro- 

g a l l a n e s  are higher  a s soc ia t ed  i n  benzene s o l u t i o n .  Oligomers wi th  

up  to  t e n  u n i t s  have been found. Besides t h e s e  f i n d i n g s ,  a l l  orga- 

ny l (phenyl th io1-  as w e l l  as organyl(benzy1thio)halqallanes a r e  

monomers i n  benzene s o l u t i o n ;  t h i s  f a c t  may be due to  steric 

hindrance and e l e c t r o n i c  properties. 

On t h e  o t h e r  hand, mass s p e c t r a  of sane of t h e  methyl(organy1- 

t h i o ) h a l c q a l l a n e s  have shown t h e  a l k y l t h i o 4 e r i v a t i v e s  to be d i -  

meric, whereas t h e  p h e n y l t h i o d e r i v a t i v e  aga in  occupies  a mono- 

meric arrangement. 9 

The very complex behaviour of t h e s e  compounds i n  s o l u t i o n  may 

be t h e  reason ,  why up till now no s u i t a b l e  c r y s t a l s  could  be pre- 

pared t o  e l u c i d a t e  t h e  s t r u c t u r  of t h e s e  i n t e r e s t i n g  compounds i n  
t h e  s o l i d  s t a t e .  

To proof t h e  f a c t  t h a t  t hese  t h r e e  times d i f f e r e n t l y  substi- 

tu t ed  compounds a r e  stable i n  s o l u t i o n  and are no t  subject to  an 

i m e d i a t e  symmetrisation r e a c t i o n  under t h e  formation of compounds 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
0
9
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



102 G .  G .  HOFFMA” AND R .  FISCHER 

wi th  higher  symmetry, w e  have inves t iga t ed  t h e  Lewis-acid-base- 

behaviour a g a i n s t  tr imethylamin .6 ’ 
show very c l e a r l y  (Eq. 7 )  t h a t  t h e  organyl(organy1thio)halogallanes 

a r e  formed and are stable i n  s o l u t i o n  f o r  a t  l e a s t  some time. By 

t h e  way, t h e  thus  formed Lewis-acid-base-adducts are c h i r a l  com- 

These i n v e s t i g a t i o n s  could 

pounds. 

R’(RS)GaHal + N(CH313  - R‘(RS)HalGa - N(CH313  ( 7 )  

R ’  = CH Ph; R = a l k y l ,  Hal = C1, B r ,  I 3’  

The r eac t ion  between organyldihaloiridanes and t h e  t r i m e t h y l s i l y l  

o rganylsu l f ides  do  not  fol low t h e  expected r o u t e  under t h e  forma- 

t i o n  of t h e  desired organyl(organy1thio)haloindanes (Q.  8 ) .  The 

only product which can be i s o l a t e d  is t h e  corresponding d iha lo-  

R‘InHa12 + (CH3)3SiSR - Ha121nSR + (CH3)3SiR’ ( 8 )  

R’ = phenyl;  Hal = C1, I ;  R = a l k y l ,  a r y l  

(organy1thio) indane.”  This r e a c t i o n  pa th  may be due to t h e  very  

weak indiumxarbon-bond, which only l ies i n  t h e  range of 160 kJ/mol 

compared with about 250 kJ/mol f o r  t h e  corresponding gal l ium-car-  

bon-bond-energy .I  ’ But because of t h i s  very weak indium-carbon- 

bond t h e  des i r ed  compounds can be prepared by t h e  r e a c t i o n  of di- 

methylhaloindanes with mercaptanes. The thus  formed compounds are 

completely in so lub le  i n  organic  s o l v e n t s  except  DMSO. This f a c t ,  

however, may be a h i n t  t h a t  t h e  organyl(organy1thio)haloindanes 
a r e  polymers r a t h e r  than lower oligomers o r  even monomers. Inves t i -  

ga t ions  i n  t h i s  f i e l d  are still. i n  hand. 

On t h e  o the r  side w e  have made some i n v e s t i g a t i o n s  on t h e  

r eac t ion  between methyldihaloalanes and t r i m e t h y l s i l y l  organylsul-  

f i d e s .  Surpr i s ing ly  t h e s e  r e a c t i o n s  do not  fol low one r e a c t i o n  

path only.  Methyldichloroalane and t r i m e t h y l s i l y l  methylsu l f ide  do  

not  form t h e  t h r e e  times d i f f e r e n t l y  s u h s t i t u t e d  methyl(methy1- 

th io )ch lo roa lane .  Su rp r i s ing ly  t h e  only  r e a c t i o n  product  which can 
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RING SYSTEMS OF ALUMINUM-, GALLIUM-, AND INDIUM THIOLATES 103 

be detected is dichloro(organy1thio)alane (Eq. 9 ) .  But  t h e  NMR- 

s p e c t r a  of t h e  i n i t i a l l y  formed crude r e a c t i o n  product  shows two 

CH3A1C12 + (CH3I3SiSCH3 - C12A1SCH3 + (CH3)4Si + ? ( 9 )  

s i n g u l e t t s  which can be assigned to t h e  methyl protons of t h e  

t h i o l a t e  group and t h e  methyl pro tons  of t h e  methyl group a t tached  

t o  t h e  aluminium atom. The i n t e n s i t y  r a t i o  of t hese  t w o  s i g n a l s  

is 2 : l .  After  subl imat ion of t h e  crude product  i n  vacuum l i n e ,  t h e  

only product which can be c o l l e c t e d  and i d e n t i f i e d  by a n a l y t i c a l  

methods and spectroscopic measurements is t h e  above mentioned 

dichloro(methy1thio)alane i n  about 50 % y i e l d .  The i n s o l u b l e  re- 

s idue  could not  be i d e n t i f i e d  till now. 10 

The homologous t r i m e t h y l s i l y l  o rgany l su l f ides  i n v e s t i g a t e d  

i n  t h i s  connect ion r e a c t  with methyldichloroalane i n  t h e  expected 

way under t h e  formation of t h e  methyl(organy1thio)chloroalanes a s  

main products  (4. 10) .  A mul t i tude  of proton resonance s i g n a l s  

CH3A1C12 + (CH3l3SiSR - CH3(C1)A1SR + (CH3I3SiC1 ( 1 0 )  

3 R = a l k y l ,  bu t  not. CH 

f o r  t h e  d i f f e r e n t  a l k y l  groups i n d i c a t e s  t h a t  t hese  compounds 

again m u s t  occupy s e v e r a l  d i f f e r e n t  isomeric forms as w e l l  a s  

d i f f e r e n t  a s soc ia t ion  grades  i n  s o l u t i o n .  

A s u f f i c i e n t  explana t ion  of t hese  d i f f e r e n c e s  i n  t h e  k h a v i -  

our of t r i m e t h y l s i l y l  methylsu l f ide  on t h e  one hand and its higher  

homologous on t h e  o t h e r  aga ins t  methyldichloroalane cannot  be 

given a t  t h e  moment. However, i t  is wellknown t h a t  methyldihalo- 

a l anes  r e a c t  with t r ime thy lha los i l anes  under t h e  formation of 

aluminium t r i h a l i d e s  and t e t r ame thy l s i l an  

be t r a n s f e r r e d  t o  some of these  r e a c t i o n s  a s  w e l l .  

12-1 7 and t h i s  f a c t  may 

F i n a l l y ,  t h e  r eac t  ions  between methyldi iodoalane and t h e  

t r i m e t h y l s i l y l  o rgany l su l f ides  lead t o  t h e  1 : 1 -adducts ,  respec- 

t i v e l y .  These adducts a r e  r a t h e r  stable i n  s o l u t i o n  and one can- 

not  f i n d  a f u r t h e r  r e a c t i o n  under t h e  formation of methyl(organy1- 
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104 G.  G. HOFFMANN AND R.  FISCHER 

t h i o ) i d o a l a n e s .  But i f  t h e  adducts  are heated so lvent - f ree  i n  

vacuum l i n e  f o r  s e v e r a l  hours ,  t h e  products  formed con ta in  t h e  

desired compounds i n  high y i e l d s  a s  indicated by NMR-spectroscopic 

measurements. 
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