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The True Identity of the Solvated Free Radical “Triphenylsilicyl Ethylammine.” 
The Multiple Addition of Lithium to an Aromatic System in Ethylamine 
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The compound previously reported as the solvated free radical “triphenylsilicyl ethylammine” [( CeH&3i. Et“*] has 
been found to be in reality triphenyl-N-ethylaminosilane (CeH5)aSiNHEt. When triphenyl-N-ethylaminosilane re- 
acts with lithium in ethylamine, a red solution is formed which contains not the reported triphenylsilyllithium, but rather a 
multiple addition product with lithium, of the general formula [( CeH&SiNHEt] .Li. This addition by lithium is a func- 
tion of the aromatic ring system since benzene alone in ethylamine absorbs six equivalents of the metal. A mechanism for 
the. formation of triphenyl-N-ethylaminosilane from triphenylbromosilane or triphenylchlorosilane and lithium in ethyl- 
amine is given. 

Kraus and Eatoughl report the formation of 
‘ ‘triphenylsilicyl ethylammine” through the reac- 
tion of triphenylbromosilane with lithium in ethyl- 
amine. 

(CaH&SiBr + Li -+ 
EtNHz 

“triphen ylsilicyl LiBr 4- ( C ~ H & S ~ - E ~ N H L  ( ethylammine!> ) (1) 

T h i i  substance is described as a white, crystalline 
solid which distils without decomposition and 
melts a t  45’. The chemistry of this material as 
reported corresponds to that expected for the solv- 
ated free radical shown in 1. Thus the compound 
allegedly dimerizes to hexaphenyldisilane in boiling 
ether or boiling water, and adds an equivalent of 
lithium in ethylamine to produce a red solution 
which supposedly contains triphenylsilyllithium. 

In this Laboratory, i t  was found that both tri- 
phenylbromosilane and triphenylchlorosilane react 
with lithium in ethylamine to give the compound 
described by Kraus and Eatough. However, most 
of the reactions of the so-called ‘ ‘free radical” could 
not be duplicated by us. Further investigation in- 
dicated that the “free radical” was neither chemi- 
cally or physically distinguishable from a compound 
possessing just one less hydrogen atom, namely, 
triphenyl-N-ethylaminosilane, (C&,)$iNHEt. The 
latter substance can be conveniently prepared 
through the action of ethylamine on triphenylbromo- 
silane or triphenylchlorosilane in ether. 

(CsH&SiBr + Et”* __f 

ether 

( C ~ H S ) , S ~ N H E ~  + EtNH3Br ( 2 )  
Both compounds melt a t  47-48’ and neither de- 

presses the melting point of the other. Both ma- 
terials react with water to give triphenylsilanol and 
hexaphenyldisiloxane. In neither case can any 
hexaphenyldisilane be detected. Neither com- 
pound undergoes any reaction when boiled in ether. 
Both react with ethylamine hydrochloride in ethyl- 
amine to form triphenylchlorosilane. Both react 
with lithium in ethylamine to give the red solution 
reported by Kraus and Eatough. This solution, 
however, gives no reactions characteristic of tri- 
phenylsilyllithium. Thus, with bromobenzene no 
tetraphenylsilane is formed, whereas with ethylam- 
ine hydrochloride the product is diphenylbis-(e thyl- 
amino)-silane, (C&&Si(NHEt)s, rather than the 
expected triphenylsilane. On the basis of all this 
evidence, i t  must be concluded that the compound 

(1) C. A. Kraus and H. Eatough. THIS JOURNAL, 66, 5008 (1933). 

reported by Kraus and Eatough has the silicon 
amine structure (C6Hb)&3iNHEt rather than the 
free radical structure. 

The reaction of triphen yl-N-ethylaminosilane 
with lithium is an unusual one and was investigated 
a t  some length. It was found that tetraphenylsi- 
lane and triphenylmethylsilane also give the char- 
acteristic red solution with lithium in ethylamine ; 
hence the reaction cannot depend on the presence of 
silicon-nitrogen bonds in the molecule. Indeed, 
the silicon atom itself cannot be essential, since the 
red solution is given by benzene but not by tetra- 
methylsilane. The stoichiometry of the reaction 
was studied by treating a variety of compounds 
with excess lithium in ethylamine, acidifying the 
mixture with ethylamine hydrochloride, and meas- 
uring the pressure of hydrogen liberated by the ex- 
cess metal. The results obtained (Table I) in- 
dicate that six equivalents of lithium are absorbed 
for each phenyl group in the molecule. It would 
appear that complete saturation of the benzene 
rings by lithium is taking place. A more complete 
treatment of this subject will appear in future pa- 
pers. 

From the above it is apparent that  the red solu- 
tion described by Kraus and Eatough does not con- 
tain triphenylsilyllithium as they report. Obvi- 
ously the reaction producing this red solution is not 
restricted to organosilicon chemistry, but is in real- 
ity an isolated example of a much more far reaching 
addition reaction. 

It is difficult a t  first sight to find an adequate ex- 
planation for the formation of triphenyl-N-ethyl- 
aminosilane in the Kraus-Eatough reaction. An- 
derson2 demonstrated that the conversion of a chlo- 
rosilane to an aminosilane is a reversible reaction. 
Thus the interaction of triphenylchloro- or bromo- 
silane and ethylamine should initiate the equilib- 
rium 

( CsH6)aSiCl + 2CtHsNHz 

Such has been found to  be the case. In ether, tri- 
phenylchlorosilane is converted to tripheny1-N- 
ethylaminosilane, the precipitation of the hydro- 
chloride pulling the reaction to the right. In 
ethylamine, however, all the materials are soluble. 
The equilibrium is shifted to the left by the distilla- 
tion of the volatile ethylamine solvent, and tri- 
phenylchlorosilane is isolated. 

( C S H ~ ) ~ S ~ N H C ~ H S  + CzHsNH3Cl (3) 

(2) H. H. Anderson, ;bid , 73, 5802 (1951). 



lletallic lithiu 11 al)parently shifts the equilibrium 
to the right, but not through direct dction with 
ethylamine hydrochloride since no hydrogen is lib- 
erated during the reaction I t  is notable that 'I 

transient red color generally accompanies the re- 
action with lithium, although the solution is color- 
less when all the metal has reacted. This suggests 
the intermediate formation of a polrlithium uddi- 
tion compound. 

(ChH,)3SiY I- ,rLi -+- (CbHa),StY nLi (red) 
(1- = -CI or -1HEt 1 ( n  = 1-18) 

Such would be expected to react with the ethyl- 
'1 iiine hydrochloride from the halide-aniinc eyuilib- 
riuni mixture. 

t uIitSI-liCi --+ 

(1) 

C,H j3Si'I.' nLi(rer1 
11- nH (colorlesii I- nEtY11 ( 5 1  

Thus a species on the right side of equation ;3 
would be removed, causing the equilibriuiii io be 
shifted in that  direction. Since a rather large num- 
ber (if lithium atoms may be absorbed b .  a single 
orgaiiic molecule (Table I), the bulk of the organic 
material need undergo no reaction with lithium. 
Hence it would be isolated as triphenyl-N-ethyl- 
.ijninosilanc 

The acceptance of this sequence of reactions re- 
quires the verification of three important assump- 
tions (1 I that  the addition of lithium to an aro- 
iiiatic sx stein (reaction 4)) proceeds more rapidly 
than the reaction of the metal with ethylainine hy- 
tlrochloritle, ( 2 )  that  with equimolar amounts of 
x o ~ n a t i c  silane and metal, reaction 1 occurs in 
Yiich J ~n,inricr that a relatively sinall fraction of the 
t~rg~ii:ic inaterid1 absorbs most of the metal, the re- 
:11~1ining organosildne being unaffected, and (3)  
that a triphenylhalosilane is converted to triphenyl- 
S -cthylaniinosilanc on treatment with ai1 aromatic 
polylithiuin coriipound in ethyldmine. 

The validity of the first two assumptions was 
tested by allowing equimolar ainounts of organosil- 
a m ,  ethrlamine hvdrochloride and lithium to react 
in etliy1,iinine. For the first assumption to hold, 

IC or no hydrogen should be liberated. For the 
o n ~ l  assuitiption to be verified, the bulk of the 

organic- niaterr,il 11 i u b t  be recoverccl unchanged. 
rlic I cactinii n <L\ i t i t i  mit l i  I)oth triphen) linethyl- 

silanc and triphenyl-N-ethylaininosilaIie. In  the 
former case, only a small quantity of hydrogen was 
produced, and in the latter case none a t  all could be 
detected. In both cases, well over 505% of thc 
starting material was recovered. To test the third 
assumption, triphenylbromosilane was added to 
the solution resulting from the addition of six 
equivalents of lithium to triphenyl-N-ethylamino- 
silane. The amount of aininosilane isolated from 
the reaction mixture was greater than that origi- 
nally introduced. 

As mentioned previously, when triphenyl-N - 
ethylaininosilane is treated with lithium in ethyl- 
aniiiie in the absence of ethylamine hydrochloride, a 
permanent red solution results which yields di- 
~~henylbis-(ethylaniino)-silape upon treatment with 
acid. 

(Ca t l~ l iS iSHI< t  + I,i ___f (C6HjJ2Si(SHEt):) 

Apparently it is necessary for ethylamine hydro- 
chloride to be present in the reaction mixture during 
the lithiurn addition for cleavage of phenyl groups 
to be prevepted. This suggests that the highly 
basic medium in which the addition occurs is re- 
sponsible for the cleavage. The work of Hance and 
Hauser3 on the cleavage of phenylated silanes by 
potassium amide in liquid ammonia supports this 
opinion. 

e t  SI*, 

Experimental 
Apparatus.-Except where otherwise indicated, all rqtc- 

tioiis were carried out in a small round-bottomed flask, to 
which was attached a Claisen head, a vacuum adapter, and a 
receiving flask. All joints were of ground glass. The 
apparatus was connected through the adapter to the inani- 
fold of u high vacuum system. Agitation was obtained 
through the use of a magnetically operated stirrer. In 
C R S ~ S  where solids were introduced into reaction mixtures 
under vacuum, the transfer was effected by condensing the 
solvelit upon the solid in an  estractiaii thimble and allowing 
the solution to flow into the reaction vessel. Pressures doi\-n 
to 1 0 F  mn.  mcre employed. 
Triphenyl-N-ethylamhosi1ane.-To 6.0 g. ( 0 . 1 7 i  m d e )  of 

triphenylbroniosilane' dissolved in 200 ml. of anhydrous 
ether was,added a solutioi! of excess ethylamine in anhydrous 
ether. The mixture was placed in a round-bottomed flask 
with an attached Friedrich condenser equipped with a PzO, 
drying tube. The mixture was shaken for 10 minutes and 
the precipitate which formed .was allowed to settle. The 
solution was theii filtered' rapidly by suction. The filter 
cake was washed several times with ailhydrous ether and the 
combined filtrates evaporated under PzOj drying tubes. 
The solid residue remaining after removal of the ether was 
distilled through a Claisen head at 163-166' at 0,5 mm. 
The product solidified in the receiver and was faund to melt 
at 47--4Xo. The material was stored iri a vacuum desiccator 
u ver PtOj. 

. I d .  Calcd. for CnuH2rSSi:  Si, 9.24; S, 4.ti2. Found: 
Si, 9.46; S ,  1.38. 

Repetition of the Kraus-Eatough Re@ion.-Thc r e x -  
tioii was carried out in the vacuuin reactor described by 
Kmus aiid Eatoughl its well as iu the apparatus described 
above. Both tripheiiylchlorosilane and triphenylbromo- 
silane were used as starting materials. In  all cases the same 
results were abtained. In a typical run, 35 mi. of anhy- 
drous ethylamine was condensed on 10.0 g. (0,029 mole) 
of tripheny1bromosila.xie aud 0.2 g. (0.029 atom) of l i t h i ~ m . ~  

(3 )  C. R. Hance and C. K. Hauser, THIS JOURNAL, 74, 1866 (1982). 
(4) The precipitate obtained at this point wps washed carefully with 

ether and then crystallized from alcohol-ether. I t  was identified as 
ethylamine hyrlrobromidc ( m  11. lZ9..Zo) Iig a mixed melting poinl. 
w i t h  d n  authentir  sample 

.iiiiiirc w ~ l u t i o n  

t ,%int~d t lh .  >.Line rt:siilt> li> w i t 1 1  t h e  imxe t iu re  descril,eA hcrr. 

C 1  G a u r  i i i i d  Iiatough aclried the iithium gradually t r ,  the ethyl 
01, carrying out the  reaction In  sucli a manner wr  < i t > -  
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A red color developed as the reaction proceeded, but van- 
ished on agitating the solution. S o  pressure developed 
during the reaction and the solution was entirely colorless 
when all the lithium had disappeared. The ethylamine was 
removed and the residue distilled. S o  gas was evolved 
during either of these operations. The distillate solidified 
in the receiver and melted at 41-45O. After purification, 
either by sublimation under vacuum or  crystallization from 
pentane at -78O, the compound melted at 47-48’ and gave 
no depression in melting point when mixed with authentic 
triphenyl-N-ethylaminosilane; yield 6585%.  

Concentration of Ether Solutions of “Triphenylsilicyl 
Ethylammine” and of Triphenyl-N-ethylaminosi1ane.- 
Solutions of both compounds in anhydrous ether were heated 
under reflux for one to  three days under PzO~ drying tubes. 
On evaporation of the ether, the residues had the same melt- 
ing points as the starting materials. 

Hydrolysis of “Triphenylsilicyl Ethylammine” and of 
Triphenyl-N-ethylaminosi1ane.-Both compounds were 
heated several hours under reflux in a water-acetone mix- 
ture. On evaporation of the solvent, mixtures were ob- 
tained melting over a range corresponding to  mixtures of 
triphenylsilanol and hexaphenyldisiloxane. By shaking 
the finely powdered material with ether, the more soluble 
silanol and some disiloxane dissolved leaving pure disiloxane, 
v . p .  223-225”, identified by mixed melting point. 

Reaction of Ethylamine Hydrochloride with “Triphenyl- 
silicyl Ethylamine” and with Triphenyl-N-ethylamiosilane. 
-In the vacuum reaction flask, ethylamine was condensed 
on a mixture of 2.5 g. (0.00825 mole) of triphenyl-x-ethyl- 
aminosilane and 0.61 g. (0.00825 mole) of ethylamine hydro- 
chloride. The mixture was stirred three hours after com- 
plete solution had been effected. The solvent was removed 
and the residue distilled to yield 1.88 g. (73%) of triphenyl- 
chlorosilane, m.p.  96-97’, identified by mixed melting point. 
The same results were obtained with “triphenylsilicyl ethyl- 
ammine.” 

Reaction of Lithium with “Triphenysilicyl Ethylammine” 
and with Triphenyl-N-ethylaminosi1ane.-Approximately 
50 ml. of anhydrous ethylamine was condensed on 11 g. of 
“triphenylsilicyl ethylamine” and 0.25 g. (0.036 atom) of 
lithium in the vacuum reactor. A red solution was formed 
as the lithiuni dissolved without evolution of gas. The 
ethylamine was removed to a trap and anhydrous ammonia 
condensed on the tan residue. The material was not ap- 
preciably soluble in liquid ammonia. T o  the mixture was 
added 5.7 g. of bromobenzene. The bromobenzene solidi- 
fied on coming in contact with the liquid ammonia and on 
warming went into solution. A deep brown solution and a 
light solid were obtained after four hours. The ammonia 
was removed and the residue distilled to give 4 g. (70%) of 
bromobenzene. The residue was removed from the vacuum 
line, shaken with anhydrous ether, and filtered. The in- 
soluble material was inorganic and gave a strong lithium 
flame test. On evaporation, the ether extract gave a solid 
which still contained lithium salts. Several recrvstalliza- 
tions from low boiling petroleum ether gave a small amount 
of triphenylsilanol and large amounts of tar.  The same re- 
sults were obtained when triphenyl-S-ethylaminosilane was 
subjected to  the same sequence of reactions. 

In another run, the red ethylamine solution was treated 
directly with ethylamine hydrochloride. Removal of the 
solvent and distillation of the residue yielded diphenylbis- 
(ethy1amino)-silane, b.p. 120-122” (1 mm. ) .  

Anal .  Calcd. for CleHP?S.’Si: Si, 10.4; neut. equiv., 135. 
Found: Si, 10.2; neut. equiv., 139. 

Reaction of Various Compounds with Lithium in Ethyl- 
amine.--.4 similar procedure was followed for all compounds 
studied. 4 weighed amount (always an excess) of lithium 
was introduced into thc vacuum flask in which the reaction 
was to be carried out.  To this was added a weighed sample 

of the organic compound under consideration. The method 
of adding the organic material varied with its physical na- 
ture. Solid materials were transferred directly into the 
reaction flask from the paper on which they were weighed. 
Son-volatile liquids were weighed in small vials and washed 
into the reaction flask with a small amount of anhydrous 
ether. The ether was then removed by opening the system 
to the vacuum pump. Volatile liquids were weighed in 
small vials which were then dropped into a vacuum flask 
attached to another part of the line. The entire system 
was then evacuated and the liquid transferred into the rr- 
action flask by distillation. 

Ethylamine was distilled into the flask, and the resulting 
mixture was stirred. In all cases where reaction occurred, 
a red color developed in the earlier stages. This was later 
masked by the blue color of dissolved lithium. \Vhen all 
the lithium had dissolved, the mixture was stirred an addi- 
tional one to three hours. It was then treated with excess 
ethylamine hydrochloride, which hydrolyzed all organo- 
metallic compounds present and reacted with the excess 
lithium to evolve hydrogen. The pressure of the hydrogen 
was measured by means of an open-end manometer. From 
the ideal gas law, the number of moles of hydrogen was 
computed. From this followed the number of moles of ex- 
cess lithium and thence the number that had been absorbed. 
Check runs were made. The results are summarized in 
Table I. 

The Reaction of Triphenyl-N-ethylaminosilane with 
Lithium and Ethylamine Hydrochloride.-Anhydrous ethyl- 
amine was condensed on a mixture of 4.87 g. (0.016 mole) of 
triphenyl-K-ethylaminosilane, 1.31 g. (0.16 mole) of ethyl- 
amine hydrochloride and 0.112 g. (0.016 atom) of lithium. 
A transient red color developed on stirring. After 30 min- 
utes the lithium was all consumed and the solution was 
colorless. No gas had been generated. The solvent was 
removed and the residue distilled to  give 3.15 g. (65%) of 
triphenyl-S-ethylaminosilane, m.p,  47-48”, identified by 
mixed melting point. 

The Reaction of Triuhenvlmethvlsilane with Lithium and 
Ethylamine Hydrochioride.-AnGydrous ethylamine was 
condensed on a mixture of 4.11 g. (0.015 mole) of triphenyl- 
methylsilane, 0.105 p. (0.015 atom) of lithium and 1.22 g. 
(0.015 mole) of ethylamine hydrochloride. On stirring the 
lithium went into solution, a transient red color developing. 
When the reaction was complete, the solution was colorless. 
From a pressure measurement, 0.0017 mole of gas had been 
liberated. The solvent was removed and the residue dis- 
tilIed to yield 3.2 g. (78%) of triphenylmethylsilane, m.p.  
64-66”. One recrystallization from ethanol yielded 2 . 5  g.  
(61%) of the compound, m.p. 67.5-68.5”, identified by 
mixed melting point. 

The Reaction of Triphenylbromosilane with Triphenyl-N- 
ethvlaminosilane Polv1ithium.-Anhvdrous ethvlamine was 
coldensed on a mixtcre of 0.70 g. (0.6023 mole) bf triphenyl- 
S-ethylaminosilane and 0.094 g. (0.0134 atom) of lithium. 
The mixture was stirred until all the lithium was consumed. 
The resulting red solution was treated with 4.54 g. (0.0134 
mole) of triphenylbromosilane. The red color disappeared 
without the evolution of a gas. The solvent was removed 
and the residue distilled to yield a semi-solid material which 
on crystallization from pentane a t  -78” gave 1.17 g. of tri- 
phenyl-K-ethylaminosilane, 1n.p. 17-48’, identified by 
mixed melting point. Obviously an additional 0.47 g. of 
triphenyl-S-ethylaminosilane was formed in this reaction. 
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