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Synthesis and Characteization of a Novel Reactive Perfluorinated 
Alkynyl Silane Monomer. 
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Fluorinated compounds are very special in that they are water and oil repellent, 
highly lubricative, incombustible, and chemically inert. Fluorinated silsesquioxanes have 
attracted considerable attention from materi al scientists. One route 10 a perjluorinated 
sil sesquioxane would be via condensation of an alkynyltrialkoxysilane or 
alkynyltrihalosilanc. In this work perjlllorinaled aJkynyl silane monomer represented by 
the fonnula RrS iX3 rRr == pcrfluoroalkyne group, X=OC2HSJ was synthesized in 50% 
yield by nucleophilic addition of I-perfluorooctynyl magnesium bromide to the 
commercially available alkoxysilanes as the electophiles. Various solvents were 
evaluated for their suitabi lity in the silylation of alkynylmagnesium bromide 
intermediate. The product fonnat ion and reactivity rate is a function of molar ratios of 
reactants used and solvent polarity. 
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SYNTHESIS AND CHARACTERIZATION OF A NOVEL REACTIVE 
PERFLUORINATED ALKYNYL SILANE MONOMER 

Vandana Vij', Timothy S. Haddad ' , Joseph M. MabrY 

'ERC, Il1c. , ~Air Force Research Laboratory, Propulsion Materials 
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Introduction 
Fluorinated compounds are usefu l in organic chemistry because of their 

pharmaceutical, agrochemical, and materials $Cience applications." 1 Then: is 
growing interest in new synthetic routes to produce such materials as well as 
in gaining a bellet" lUlderstanding o f their rcactivil)'. Auorosilicone materials, 
containing long-chain f1uomalkyl groups, possess many useful properties 
found in both silicones and nuoropolymas.) Fluorosiloxancs typically exhibit 
excellent solvent-rcsistan<:e, thermal stabi lity, weathering properties, and wear 
resistance. They also have surface enet"gy values lIS low as 7.0 mN/m' 

The first practical synthesis of organosilanes was accomplished by 
Kipping in 1904 using a Grignard reaction.' For practical purposes, alkoxy­
and th loro-silanes arc the most convenient precurwrs to alkynylsilanes 
because an alkynyl Grignard or lith ium reagent can easily displace a chloro or 
alkoxy group. The Grignard reaction with alkoxysilanes is very general and 
found to be more selective than analogous reactions with chlorosilancs.i This 
results from stepwise substitution at the silicon atom. Substitution can be 
controlled by variation in reagent ratios as well as reagent reactivil)'. Multiple 
substitutions are favored when the activation energy for sequential 
substitution varies over a nanow range.' It has also been shown that the 
replacement of diethyl ether by toluene significantly accelerates the reaction 
of alkylmagnesium nalidcs with alkoxysilanes, while no effect has been found 
for the same reaction with chlorosilanes.' 

Fluorinated si lsesquioxanes have allracted considerable attention in 
materials scienee.9 Condensation o f an alkynyltrialkoxysilane or 
alkynyltriha los ilane is a potential route to a the synthesis of a perjluorinated 
silsesquioxane. Thercfore, a method was devised to produce a previously 
unreported pertluoroalkynyltriethoxysilane. The stability of the alkynyl-si1con 
bond under condtions of bydrolysis will determine if il is possible to produce 
the desired nuorinatcd polyhedral oligomeric silsesquioxancs or 
silsesquioxane networ"ks.'o Sueb materials would be of interes! as surface 
property modifiers 10 a hOSI of polymeric systems. 
E.perim~ntal 

InstruOJeutatiou. 'H, llC, " F, and lfSi "''MR Spectra were obtained on a 
Broker 300 or 400 MHz spectrometet" using 5 mm o.d. NMR tubes. CDCIJ and 
CJ"i were used as thc internal reference standanls CH: CHCh at 7.26 ppm; 
IlC: CDCI) at 77.00 ppm; " F: CJ". at -163.8 ppm). External tctramcthylsilane 
at 0 ppm was used for 19Si. 
Material,. IH-Pernuorooct-I-yne and hexafluorobcnzcne were purcbased 
from Synquest Laboratories and used without further purification. 
Ethylmagnesium bromide solution, tetraethyl ortbosilicate (TEDS), 
tctrachlorosilane, and cblorouicthoxy silane were purchased from Aldrich 
Chemical Co. Anbydrous diethyl ethet", TIlF, and toluene (Aldrich) were dried 
by passage through columns of activated alumina under a nitrogen 
atmosphere. The solvents were degassed prior to use. All reactions ~re 
carried out under an inert atmosphere of dry Nl lUlless otherwise stated in the 
procedure. All manipulations of compounds and solvents were carried out 
using standard Scblenk line techniques. 
Synthesis or triethOl}"silylalkynt: A solution of ethylmagnesium bromide (5 
mmol) in 5 mL of anhydrous T HF was taken in an addi tion funnel and slowly 
added 10 a stirring solution of IH-pcrfluorooc tyne (5 mmol) in anhydrous 
ethereal solution. The reac tion was allowed to sti r for approximately 2 h at 
ambicnt temperature and canulated in to a stirring so lution of tetraethyl 
orthosilicatc ( 15 mmol) in ethereal solvent. The abovc mixture was stirred 
overnight. The solvent was removed in vacuo from the reaction mixture and 
product extracted using hexafluorobenzcne and filtration through celilC. Anet" 
removing all volatiles undet" a dynamic vacuum, the yellow colored filtrate 
was transferred 10 a distillation flask. The product, perfluoro-I­
octynltriethoxysi lane \\"3$ obtained by fractional disti llation under reduced 
pressure 1..5 a colorless liquid in 50% yie ld. ,~ NMR (CJ'd b ·80.89 ppm 
(3F), -98.43 ppm (2F), -120.36 ppm (2F), - 122. 17 ppm (4F), -125.70 ppm 
(2F). ~i NMRo -78.06 ppm 

Resull5 and Discussion 
Traditionally, the synthesis of alkoxy silanes has been accomplished by the 
treatment of Grignard or organa-lithium reagents with eithet" SiC!.. (followed 
by alcoholysis)," CI_Si(ORh ll or Si(OR)..') The use of Si(OR).. for the one­
step preparation of alkoxysilanes viII the O~'lInometallic approach has shown 
to have several advantages, inc luding the commercia! availability, low cost. 
and casc of handling and storage of tetraalkyl orthosilicates." Treatment of 
alkyny lmetalloids with this less reactive electrophi!e. Si(OEt)., favlm the 
formation ofmonoalkynyl si lanes becau$C the alkoxide group is more difficu lt 
to displace from silicon than a chloride atom.') The drawback of using the 
more reactive SiCL. as the elcctrophilc include thc fonnation of 
tetrakis(perl1uoroalkynyl)silane species and the two step convenion to alkoxy 
silane. Treatment of the alkynylmetalloid with CI-Si(ORh favored the 
formation of monoalkynyl silane by preferential displacement of chloride 
from si licon, OOwevet" formation ofinseparablc di- and ui-alkynyl silanes also 
takes place. [n tbis work. 1-pcrf1uorooct- l -ynylmagnesium bromidc was 
selected as thc initial nuclcophile to be investigated in thc mctalation 
procedure. Grignard reagents nave been rc:poncd to have significantly lowcr 
re~ctivity than the litbium rcagents, wbicb rapidly decompose at ambient 
temperatures. The inexpensive, commcrcially available electrophilc tClracthyl 
orthosilica tc, chlorotriethyl orthosi licate and tetrach lorosilanc were each 
evaluated for thei r efficacy in formation of the Si--C=C moiety. Ether, THF, 
and THF/toluene were evaluated for their suitability in the si lylation of 
alkynylmagnesium bromide intenncdiatc. 

Conclusions 
In the cwrcnt work, a novel nuorosilane monomer was synthesi1.ed ,·ia a 
Grignard reaction, followed by substitution between perfluorooct- I -ynyl 
magnesium bromide and alkoxysi1.anes. The producl formation and reactivi ty 
rate is a function of molar ratios of reactants used and solvent polaril)'. [t was 
determined that the substi tution reactions can proceed efficiently and in a 
controlled manner when thc solvcnt polarity is controllcd. The reaction 
temperature did not innuence the product yield, which is contrary to thc 
chemistry of non- nuorinatctl analogues. 
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