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SUMMARY 

A representative number of meta- and para-trialkylsilicon and trialkyltin 
substituted biphenyls have been synthesized and their thermostabihty determined. 
The silicon compounds were found to be more heat resistant than the corresponding 
tin compounds. No significant difference in the thermostability between the meta- 
and para-substituted compounds seems to exist. 

Our investigations of the preparation and some of the chemical and physical 
properties of sterically hindered Group IVB organometallic compounds have been 
extended to include the biphenylyl group. One of the goals of the present study was to 
synthesize resistant high-temperature organosilicon and organotin compounds, and 
test their suitability as lubricants. Besides thermal stability, therefore, these compounds 
had to be liquids over an extended temperature range. It was thought that compounds 
of the general structure 

MR 3 

would come close to possessing the desired properties. Staab 2 found the meta-linked 
oligophenylenes to exhibit remarkable thermal stability. The investigation of the 
meta-biphenylyl derivatives was therefore chosen in preference to the para-biphenylyl 
derivatives. A representative number of para-substituted biphenyls were also 
synthesized and included in this study. Though a few biphenylyltin and silicon 

* For part IX see ref 1 
** To whom mqmnes should be adressed 
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compounds have been prepared 3-5, no systematic investigation of the biphenylyl 
group as substituent in silicon and tin organics has been made 

RESULTS 

Synthesis 
The compounds used in this study were prepared by allowing the magnesium 

or lithium derivative of m- or p-bromobiphenyl to react with the appropriate triorgano- 
tin or triorganosilicon chloride. Attempts to substitute the bromobiphenyl with the 
corresponding chlorobiphenyl were unsuccessful. The synthesis of the desired com- 
pounds posed similar problems as have been reported by earlier investigators 6. For 
no apparent reason certain compounds could only be obtained via the corresponding 
lithium reagents, while with others, the desired product could be prepared only if the 
appropriate Grignard compound was employed. Generally, once the metal (Li or Mg) 
was chosen, the meta derivatives could be prepared and purified with less difficulty 
than the para derivatives; this is true for the tin as well as the silicon series. The work- 
"up and preparation of pure material was often rather tedious due to the presence of 
by-products, such as biphenyl, various coupling products, and in the case of the tin 
organics, the hexaalkylditins. Most of the compounds could be obtained in a pure 
state only by repeated vacuum distillation. The fractions were monitored by VPC and 
NMR-spectroscopic methods. Only cuts which showed chemical shifts in the aro- 
matic as well as aliphatic region were collected and further purified. Attempts to 
obtain the desired compounds by treating the m- or p-biphenylyltin trichloride with 
the appropriate alkyllithium compounds were abandoned when it was found that 
the preparation and purification of biphenylyltin trichloride according to a 
Kocheshkov reaction led to a mixture of tetrabiphenylyltin, mono-, di-, and 
trichlorides, which was exceedingly difficult to separate. 

Thermostability 
As an indication for the thermal stability of the biphenylyltrialkylsilicon and tin 

compounds, their decomposition temperature (TD) was measured 7. A common 
method of determining the thermal stability of organic compounds is by measuring 
time rate of vapor pressure rise with increasing temperature. The T o is determined 
from a plot of the logarithm of the vapor pressure as a function of the reciprocal of 
absolute temperature. The temperature at which the vapor pressure curve deviates 
from linearity is taken as the decomposition temperature. The TD may also be deter- 
mined from isothermal rates of pressure rise. Several rates are measured and the 
logarithm of rate of pressure rise is plotted as a function of the reciprocal of absolute 
temperature. The decomposition temperature is taken to be that temperature at 
which the rate of pressure rise is 50 mm per hour s. This latter procedure was used to 
determine T o of the compounds prepared in this study (Tables 1 and 2). 

Inspection of the data reveals that in every case the silicon compounds are 
thermally more stable than the corresponding tin compounds. Generally, there is a 
difference in TD's of 40-50 ° in favor of the silicon compounds. In the tin series, there 
seems to be no difference in the thermal stability between the meta- and para-biphenylyl 
derivatives. A possible explanation of this behavior might be that the thermostability 
of the compounds is determined by the Sn-C bond strength of the tin-carbon bond 
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TABLE 1 

BIPHENYLYL-SUBSTITUTED TIN C O M P O U N D S  

135 

Compounds ~ Method T o Yield B p~ C/mm) Analysls~,found 
of  syn- (%) or m p~ C) (calcd ) ( %) 
theszs C H 

m-BphSnMe3 B 230 87 105/0 005 56.65 5 73 
(56 83) (5 73) 

p-BphSnMe3 c B 40 50 57 02 5 84 
(56.83) (5 73) 

m-BphSnPr 3 B 236 46 145-55/0 06 62 23 7 7 
(62 87) (7 53) 

p-BphSnPr 3 B 240 60 155-65/0 01 62 66 7 25 
(62 87) (7 53) 

m-BphSnBu 3 B 236 75 159-62/0 03 64 78 7 95 
(65.03) (8 18) 

p-BphSnBu3 B 240 46 175-85/0 01 65 29 8 40 
(65 03) (8 18) 

m-BphSn(CH2CMe3) 3 AB 283 72 88 5-89 66 6 8 77 
(66 81) (8 72) 

m-BphSn(n-C6H13)3 AB 236 26 180-95/0 005 68 34 9 24 
(68 31) (9 17) 

m-BphSn(n-CvH 15)3 AB 260 53 214~20/0 02 69 75 9 35 
(69 59) (9 55) 

m-BphSn(CH2CHEtBu)3 AB 260 30 200-09/0 01 71 3 9 92 
(70 7) (9 88) 

m-BphSn(n-CsH 17)3 AB 34 23846/0.03 70 71 10 06 
(70 7) (9 88) 

p-BphSnPh 3 B 297 33 120-23 71 37 4 82 
(71 6) (4 81) 

(m-Pr3SnC6H4) 2 B 214 42 130/0 06 55 57 7.74 
(55 59) (7.77) 

a Bph = C6HsC6H 4. b NMR spectra of all compounds were taken to corroborate the elemental analyses. 
c Previously reported m ref 5 

between the biphenylyl group and the trialkyltin moiety, and differences in the stability 
of the resulting biphenylyl radicals are not determining factors. Though only a few 
examples are available for comparison in the silicon series, a similar trend seems to 
exist here. 

The data further reveal that all the biphenylyltrialkyltin compounds with alkyl 
groups of little steric requirements (methyl to n-butyl) have practically identical To's. 
It is noteworthy that the trineopentyltin homolog, in agreement with our previous 
findings 9, is by a considerable margin the most heat resistant among the tin compounds. 
The T D of the m,m'-bis(tri-n-propyltin)biphenyl is rather unexpectedly low. 

The TD's of the silicon derivatives seem to increase with increasing chain length 
of the alkyl group, with the tri-n-octylsilicon derivative being stable to about 350 °. 

Since the trends in thermostability with both elements were similar, the most 
heat-resistant compound of this type should be m-(trlneopentylsilyl)biphenyl. 
Considerable efforts were made to synthesize this compound. However, probably due 
to steric hindrance, we were unable to make the necessary trineopentylchloro- or 
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TABLE 2 

BIPHENYLYL-SUBSTITUTED SILICON COMPOUNDS 

Compound a Method TD Ywld B p(° C/mm) Analysis b, found 
of syn- or m p (°C) (calcd )( %) 
thesis (%) 

C H 

m-BphSIMe3 c B 278 76 78-82/0 03 79 42 8 11 
(79 58) (8 02) 

p-BphS1Me3 d C 311 34 45 79 39 7 85 
(79 58) (8 02) 

m-BphSIEt 3 B 296 56 117 25/0 07 80.79 8 93 
(80 52) (9.01) 

p-BphSiEta d C 46 125/0 02 80 70 8 7 
(80 52) (9 01) 

rn-BphS1Pr 3 C 276 75 125-31/0 02 81 20 9 77 
(81 21) (9 73) 

rn-BphSlBu 3 B 295 78 159-60/0 04 81 58 I 0 38 
(81 74) (10 29) 

p-BphSiBua e C 300 36 162-64/0 01 80 91 9 98 
(81.74) (10 29) 

m-BphSI(n-C6H, 3)3 B 300 31 185-90/0 02 82 20 10 84 
(82 49) (11.07) 

m-BphSl(n-CsH 17)3 B 358 71 215-20/0005 8307 1t 51 
(82 99) (11 61) 

a Bph=C6HsC6H4 b NMR spectra of all compounds were taken to corroborate elemental analysis 
c Ref 4 d Ref 3 e NMR spectrum showed the right proportion of ahphatlc to aromatic protons, therefore 
the compound was not redlstdled for further purification 

-bromosi lane .  There  are several  repor ts  in which the failure of the  synthesis  of  R4Si 
c o m p o u n d s  with four large and  bu lky  groups  was bel ieved due to  steric h indrance  
a r o u n d  the si l icon a t o m  x°. 

EXPERIMENTAL 

Synthes is  
The b ipheny ly l - s i l i con  a n d  - t i n  c o m p o u n d s  were  p r e p a r e d  by  the reac t ion  of  

ei ther  a G r i g n a r d  reagent  der ived  from biphenyl ,  or  of a l i th iob iphenyl  compound ,  
with the t r i a lky lha lo  der ivat ive  of  t in or  silicon. N o  a t t e mp t  was m a d e  to op t imize  
the yields and  all boi l ing po in ts  as well as mel t ing  po in ts  are uncorrec ted .  Micro-  
analyses  were pe r fo rmed  by  G a l b r a i t h  Labo ra to r i e s  Inc., Knoxvi l le ,  Tennessee.  The 
fol lowing de ta i led  descr ip t ions  should  serve as examples  for the me thods  used for 
the p r e p a r a t i o n  of the c o m p o u n d s .  

Trihepty l t in  chloride (Scheme A)  To a mix ture  of  75 ml  of d ry  t e t r ahydro fu ran  
(THF)  and  5.86 g (0.24 g-a tom)  of  magnes ium turn ings  was added  10 g (0.08 mole)  of  
heptyl  ch lor ide  The  mix ture  was s t i r red and  gent ly  w a r m e d  until  it  was evident  that  
the reac t ion  had  started.  M o r e  T H F  was then a d d e d  and  the rest of  the hepty l  chloride,  
22.07 g (0.16 mole)  in 25 ml  of  T H F ,  was a d d e d  dropwise .  The  reac t ion  mix ture  was 
refluxed unt i l  mos t  of  the magnes ium turn ings  h a d  d i sappeared .  The  heat ing was 
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then discontinued and a solution of 15 63 g (0.06 mole) of stannic chloride in benzene 
was added at room temperature The reaction mixture was stirred and refluxed 
overnight and decomposed by adding a saturated ammonium chloride solution to the 
mixture The organic layer was separated, washed, and dried over anhydrous mag- 
nesium sulfate. The oil obtained was dissolved in ether, saturated with anhydrous 
gaseous HC1 and allowed to stand for two days Excess acid and solvent were removed 
and the remaining mixture was fractionally distilled to give 22 7 g of triheptyltin 
chloride (83~o yield) (Found: C, 56.19; H, 10.00 C21H45C1Sn calcd : C, 55.83; H, 
10.04 %. 

The preparation of trineopentyltin chloride 9 from tetraneopentyltin was ac- 
complished by a Kocheshkov reaction in benzene by heating a mixture of 3/1 mole 
ratio of the tetraorganotin and stannic chloride at reflux (80 °) for 48 h 

m-Btphenylyltriheptyltm (Scheme B) A Grignard solution was prepared from 
0 97 g (0.04 g-atom) of magnesium and 9 32 g (0 04 mole) of m-bromobiphenyl in 150 ml 
of THF. To this mixture a solution of 13.55 g (0 03 mole) of triheptyltin chloride in 
T H F  was gradually added and then refluxed for 1 h. The solvent was changed to 
xylene and the mixture was heated at reflux overnight. After the usual work-up, the 
resulting heavy liquid was fractionated under reduced pressure, to give 9.7 g (53 %) 
of m-biphenylyltriheptyltin boiling between 214 and 220 ° at 0.02 mm. 

m-Biphenylyltripropylsilane (Scheme C) A mixture of 1 13 g (0.08 g-atom) of 
lithium wire, cut into small pieces, and 50 ml of anhydrous ether was stirred under 
argon and reacted with 18.77 g (0.08 mole) m-bromobiphenyl. After almost all the 
lithium had disappeared, 12.48 g (0.06 mole) of tripropylchlorosilane in ether was 
gradually added. The ether solvent was then replaced with benzene and the resulting 
mixture refluxed for 12 h. 

The reaction mixture was hydrolyzed with dilute sulfuric acid and the organic 
layer was separated and dried over anhydrous magnesium sulfate. Fractional 
distallation gave 15 g (75 %) of m-biphenyltripropylsilane distilling between 125 to 
131 ° at 0.02 mm. 

Thermostability 
The tensimeter used for determining the TD'S in this study consists of two units: 

the sample oven with an associated temperature programmer and the electronics 
module containing the recorder. The function of a tensimeter is to heat a liquid sample 
and plot either the vapor pressure, or the isothermal rate of increase of vapor pressure 
(due to thermal decomposition),-as a function of temperature. 

Procedure. Three to four mls. of test fluid are placed in the sample cell. The 
cell is attached to the cell assembly and the fluid is degassed and refluxed under 
vacuum. The cell assembly is then placed in the oven The sample is heated to an 
initial temperature about 50° below the suspected decomposition temperature. After 
a 5-minute stabilization period, the increase in vapor pressure, if any, IS recorded as 
a vertical bar during a fixed time interval. Then the programmer raises the sample 
temperature by a preset amount, usually 5 °, and the previous process is repeated. The 
plot one obtains essentially is a plot of the logarithm of the isothermal rate of vapor 
pressure increase as a function of reciprocal absolute temperature A straight line is 
drawn connecting the tops of the recorded bars at the higher temperatures. The 
intersechon with the temperature reference axis is the thermal decomposition 
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t e m p e r a t u r e ,  TD. Th i s  t e m p e r a t u r e  axis c o r r e s p o n d s  to  a p re s su re  rise o f  50 m m  per  

hou r ,  wh ich  is the  def in i t ion  o f  the  TI~ Gene ra l l y ,  it is poss ib le  to  d u p i c a t e  the  TD'S 
wi th in  + 5 ~ for p u r e  c o m p o u n d s .  
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