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Abstrncﬁ

In accerdance with the prepesed objectives of this research a study ef the
synthesizs of pelymerizable erganesilicen menemers centaining erganeberon greups was
made. Such menemers are intended te be used im cenjunctien with nitregen-centaining
menemers te increase later-chain attractien in the polynir.

A high-vacuugp eystem was built and by thie means large quantities ef dimethyl-
beren bremide were prepared.

Side-chain chlerinatioen of methylsilanes were carried esut by phetechemical reactiens.
In particular, methyl(chleremethyl)dichlerssilane was prepared by this methed snd was
cenvarted te methyl(chleremethyl)bis(e-cresexy)silane, a hitherto unknown compound.

A methed was feund te cenvert ghleresilanes te silanes, using l%;hiun aluminum
hydride, witheut reducing chleremethyl greups attached te silicen. Methyl(chloromethyl)
silane was prepared fer the flrat time by this precess.

Attempis to prepare a Grignard reagent frem nlthyl(chloronethyl)bis(o-cr.s-xy)gilane
failed, prebably because of steric hindrance ef the twe bulky e-cresexy greups. Hewever,
by replacing the e-cressxy greupe with hydregen atems the preparafion of the Grignard
reagent was successful.

The reactien ef dimethylberen bremide with the Grigaard reageant ef methyl(chlersmethyl)
silane appeared te preceed patisfacterily. The preduct was separated as an adduct »f
dimethylamine. Many attempis were wmade te find a sultsble selvent fer purificatien
of this cempeund. Altheugh the preduct centained beren, silicen, hydregen, and
nitregen, the results ef the analyses indicate presence ef impurities. The syithesis
of pelymerizable silsane menemers centaining erganeberen greups thus appears feasible

by the metheds develepsd under this preject, but further imprevementis in separatien are
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necessary in order readily to prepare considerable amounts of polymer for evaluation.
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Discws sian

The object of the research covered by the present report was the synthese_s of
polymerizable organcsilicon monomers containing organeboron groups, It was felt
that the greatest chance of success lay in the preparation of a silicon coppound of
the type P.ZK:HZ,Sié » where R is an alkyl group, because such a compound would not
be likely to lose its boron content during the hydrelytic polymerization of the silanc,
Boronecarbon linkages are themselves fairly stable to hydrolytic attack provided R is
small, i.c4p & methyl or ethyl group,

In view of previocus results (5)s 1t was decided that the best route for the
synthesis of a BLHy~51 bond system lay in the reaction of a dialkylboron halide
with the Grigmard derivative of a chloromethylsilane, However, the preparation
of dialkylboron balides, with R = methyl or ethyl, presents certain difficulties
in that they are obtained from the very inflammable trialkylborons and had reviously
been made only in very small smounts.

Despite its hazardous nature, large quantities of trimethylboron were prepared
by the usuel Grignard reaction (1)

CHgBr + Mg wemsmeigp CHgMgBr
3CHMgBr + BFy ___gm (CH3)4B + 3 MgBrF
The conversion of trimethylboron to dimethylboron bromide was achieved in large
quantities for the firat timg. The procedure employed was that used by McKenunon (2),
with certain modifications, The following ejuations represent the processt
2A1 + 3Brp gy 2ALBrg
ALBry + BFy comeeepy BBr3 + 4175
28(CHy)g + BBryg -jz-H-i-——b- 3(CHg ),BBr
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Aluminum bremide sni heren tribremide were prepsred by metheds given in Inerganlc
Synthesis (3). The latter compsund was feund te attack stepceck grease rapidly, and
cengequently it Lad te be prepared snd used immediately.

The dimethylberen bremide was handled by means ef & simple vacuum system and
stored in s steel hamb,

Fer the chlerinatien ef dimethyldichleresilsne the methed suggested by McBride
and Beschell (&), using sulfuryl chleride smd denzeyl perexide was first used. The
yield of this reactien was very lew because of di- snd trichlerimatien ef the methyl greups.
Censequently this methed was replaced by & new direct chlerinatien techoique ia which
snly unchlerinated material was permitted te remain in cemtact with chlerine resulting
in much higher yields (ever 80%) of the desired material. The methyl{chlersmethyl)dichlere-
silsne ebtained by this methed was cenverted te met hyl{chlersmethyl)bis{e-cresexy)silsne
by means ef the resctien: (CH3)3H

GHS(GHZCI)SiGIZ + cuHO-CSHh—OHB —_—— 033(03201)51(0-06%-0113)2

This hitherte umprepared cempeund is & visceus liguid beiling at 149-151°C/0.1 = Hg.

By replacing the chisrfae atems attached ts silicen by e-cresexy greups it was
heped ie be ahle te prepare a Grigmard reagent using the chlerine mtem im the chlere-
methyl greup. This reactien failed, hewever, prebably vecause of the steric hindraace
caused by twe large e-cresexy greups. This difficulty was everceme by replacing the
chlerine stems attmched te silicemn with hydregen. This selective reductien was effected

by weans of lithium alumimum hydride

2 GHB(Cﬂzcl)SiCIZ + LiALH, _— .'acri3(0E12t31)31112 + LiCl + 1,1013
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This reactien is erevhermic and care shieuld be {aien ts keep the reactien teuperature
belew 25°C, etherwise complete reductien, i.e., replacement of gil the balegen atems
in the melecule will {ake Place.

Methyl(chleremethyl )silane is a ney cempeund with a beiling peint ef 60-61%C/760 mm Hg.
As weuld be expected, it is extremaly hygrescepic. The preparatien ef s Grignard reagsnt
frem methyl(chleremethyl)silane preceeded fairly easily. Additien ef dimethylberza bremide
Ve this Grignard reagent alse preceeded with ¢ase. The fermatien ef magnesium chleride
and bremide readily was ebaerved.

033(03201)3132 + Mg ——> 033(32)51032Mg01
CHB(Hz)SiCHZMgCI + (GH3)ZBBr - CHBCHZ)S:I.GHZB(CHB)2 + MgBrel

The preduct was a liquid which ceuld net be Separated fram ether by distillatien. Therefeore
the dimethylamine adduct was prepared. Thias cemplex is a white extremely hygrescepic =elid.

Mnny attempts te resslve this gdduct by crystallizatien using selvents such as
acetene, ether, tetrahydrefuran, and benzens failed. The tenacity with which the berenated
silicen cempeund Lelds en te nitregen indicates that the prepesed inter-chain attractien
in sllicenes centaining beres snd nitregen weuld be quite streng.

It is suggested that synthesism ef the pure cempeund be tried by replacing the
ether with benzene after the preparatien of the Grigmard Tesgent, sud then addiang
dimethylberen bremide. The halides of Ragnesium fermed in this remctiea, being inseluble
in benzeme, ceuld be easlly separated by filtratien, amd the final separatien may then
preve much easier than threugh the reute eutlined abeve. ZExpiratien ef centract time

and funds has prevented further trials ef this sert.
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Ix orinnnt_

Preparatien ef Trimethylberen.

A 2-1, three-necked reund-bettened flask, equipped with a mechamical stirrer,

s drepping funmnel, snd a dry ice-acetene cendenser, was cennected te a series of traps.
AT72g.(3.0g. atem) sample ef magneslum turnings was placed ia the flask amd 250 ml.

of dry a-butyl sther werse added threugh the dreppimg fuanel. The entire spparatus

wae flushed with prepurified mitreger fer sbeut half am heur. Then a selutien of 285 g.
(3 meles) of methyl bremide in 500 ml. of m-butyl ether was intreduced inte the reactien
flask, the methyl bremide-n-butyl ether selutien b-iﬁg prepared by bubbling methyl bremide
{nte the ether very slewly at 0°C. The reactisn was triggered by the additien ef

twe small iedine crystals. The sdditien of methyl bremide te the magnesium tursings
teek abeut three heurs. The reactien £lask was immersed in an ice bath te prevent

the temperature ef the flask rising abeve 10°C. Stirring was centinued evernight.

A selutien of 61 g. (0.9 meles) of B?B iz 400 ml. of m-butyl ether, prepared by
bubbling BF3 inte & flask centaining the ether af 0°C, was added very slewly te the
Grignard selutien uith'very vigereus mtirring. The resctien flask was immersed ia am
ice bath, and the cendenser was £i11led with a dry ice-acetens mixture. The traps
cennected te the cendenser wvere jmmersed in dry ice—mcetene Daths. The additien eof
BF3 te the (3rigpard selutien was carried sut ever a peried of three and ene-half heurs.
At the end ef this time, the ice Dath was remeved and the flask was heated te 60°C by
nesne of an il bath. The trimethyl Deren cendensed mainly im the first trap.
Occaslepally the evelutien ef {CH3)3B was greater thas the rate of its cendensatien

in the traps and consequently = little preduct escaped and was sbserved te bura with

green flane. The neating was centinued fer twe heurs, then the stepcecks en the celd
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treps centalning tne wreduct were turned off and the traps were remeved snd cennected
te the vacuum syster where the preduct was transferred inte a stazinless steel cylinder.

The transfer of trimethyl beren frem the glass centainer inte the metal cylinder
was carried eut in the usual manner, that is, by immcrsing the evacuated (ca. 10=4 am Hg)
cylinder in liquid nitrogen and slewly bringing the cennected celd glass trap te
reom temperature. This nrecess required abeut twe heurs te transfer 27.2 g. ef trimethyl
beren. The yleld was 45%. The melting peint of this cempeund is -161°C and it beils
at -21°C,

Ta aveld fire er explesien, the reaction flask was flushed with nitregen befere
dismantling. Seme gaseocus trimethylberen was ebserved te burm en leaving the apparatus.
It was apparent that seme trimethyl bersn had nei beea recevered fram the anlution.
in the reactiea flask. Higher yields prebably ceuld be ebtained by prelenging the
time of refluxing, but en the ether hand, due te the extreme inflsmmability ef the
preduct it seems wise te De centent with semewhat lewer yislds.

Preparstien ef Aluminum Bremide.

Aluminum bremide was prepared in a specially designed apparstus (3). The resctien

flask was filled with graoular aluminum (30 mesh), It was heated te abeut 100%C with
Bunsen burners, and 60 ml. (1.08 meles) eof Br2 wers added very slewly. The additien

of bremine teek abeut three aud ene-half heurs. The flask was then heated gently fer
sbeut half an heur te insure cemplete rnacpion ef bremine with aluminum. AlBr3 was then
distilled frem the reactien flssk using twe Bunsen burners. The distillatien iteek

abeut tws heurs, 63 g. (82% yield) ef AlBr3 wers ebtained.

WADC TR 54-102 Pt 2 5



Preparation ¢t Beren Tribreamide

A sne-liter reuni-bettemed flask was sealed te the bettem ef a 500 ml. distilling
flask by means of a 25 cm. length ef 30 mm. glass tubing. The smaller flask served aa
a cendenser te prevent sublimatien eof large guantitiss of AlBr3 with beren tridremide.

A side-ara was sealed te the smaller flask sud this was ceamnected via a U-tubs, ceeled
with dry ice, te a drying tube. 4 3 mm. glass tube extended imte the large flask, the
ether end being cennected te a sulfuric acid trap, threugh which BF3 ceuld be bubbled inte
the main reactien flask.

The apparatus was flushed with prepurified mitregen, and 72 g. (0.28 meles) of
sluminum bremide were plsced in the reactien flask. The flask was heated with twe
Mecker burners until the AlBr3 started te beil. A fast current ef BF3 was then passed
threugh the flask., The heating was centinued umtil all the AlBr3 reacted with BF3°
This reactien teek sppreximately three heurs. At the end ef this peried the reactien
flask was strengly heated and BBr3 was distilled inte the U-tube. The heating was
continued until a white granular residue (Ale) remained in the flask, The aide arm
cenneciing the remctien flask te the U-tube was then sealed off with an exygern terch
and by this means 47.7 g, BBr3 were ebiained. This preduct was centamimated with
bremine and was redistilled threugh s small celumn filled with nichreme helices. 29.2 .

(17.3% yield) ef BBry was ebtained as a celerless liquid beiling at 90-91°C.

Preparatien of Dimethyl beren Breaide.

A igh vacuum system was used fer the preparatier sf dimetnylberen bremide.
The metal cylinder centaining B(CHB)B_was cennected te the vacuum system and 10 g. of
this material was transferred inte anether metal cylinder which acted as the reactien
vessel, A 22 g, (0.09 meles) mample ef BBz'3 was then distilled inte the reactiem vessel

tegether with adeut 1 cc. (STP) of diberane te act as & catalyst (2). The reacties cylinder
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was remeved frem the vyacuum eystem snd hested ever s steam bath fer 24 heurs. It
was then recennected te the vacuum system ard epened te the pumps threugh a series
¢f vacuum traps ceeled te -118° and -196°C. The fractieam which cendeased at -118°C was
stered in a metal cylinder. It weighed 30 g. (92.5% yield) and was identified as
dimethylbersn bremide.
Analysis: calculated fer Br 66.15%
feund fer Br 66.15%

Preparatien ef Methyl(chleremethyl )dichleresilane

The apparatus used in this preparatiea censisted e¢f a ene-liter thres-necked
reund-bettemed flask, equipped with & 100 ml. Sexhlet sxtracter, s nitregen inlet,
and & thermemeter., The Sexhlet extracter was cennected te an Allihm dry ice-acetene
cendenser by means of a Claisen head, ene arm of which was cernected te = safety
trap snd a twe-liter flask centaining sedium hydrexide selutien. The ether arm ef
the Claisen hesd was censected te a sulfuric acid bubbler, which in turn was Jeimed
te® a chlerine cylinder. Chlerine was admitt-d inte the Sexhlet exiracter by wmeans
of & tube reaching te the bettem ef the Sexhlet and fitted with & sintered-glass
disc of medium peresity. The apparatus was flushed with nitregen and 31lig. (2.43 meles)
of dimethyldichleresilane was placed ir the reactien flask aad heated by mesns ef
a heating mantle, Chlerine was bubbled inte the Sexhlet extracter whemn the levsl
of the dimethyldichleresilame in the Sexhlet extracter reached the sintered-glass
disc. During the passage ef chlerine the Sexhlet extracter was irradiated with
*s Cosper Hewitt 3660°A lamp. Care was taken te prevent the ultra-vielet light reaching

the regctien flask.
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FThe hydregen chleride gas generated in this reactiem was prased inte ﬁhe aedium
bydrexide selutien. This selutien was prepared by disselving 116 g. of Na@H pellets
ip twe liters ef water te which was added a few dreps ef bremthymel blue i#dicator.

The pasaage of chlerine was discentinued as seon as the selutlen in the Soihl-t extracter
siphened eut. It was resumed when the level of the liquid reached the linéor-d-glasn
disc. This eperaties was cemntimued fer 10 heurs asd was stepped when the fomptrnturo

of the selutiem in the reactiea vessel reamched 122°C (the beiling peint of.thn desired
preduct). .

The sedium hydrexide selutien was titrated with standard acid ard by fhis RO
the weight sf chlerine used irn the reactien was calculated en the Dasis of;tho hydregen
chleride genersted. It was feumd that 2.43 moles of chlorine had reacted.

Methl{chleremethyl)dichleresilane was distilled frem the reactien mixture threugh
a 12-inch Vigreauxr celuma, 203 .4 g. of preduct was ebtained. The yield baped en
unreacted starting msterial, (033)281012. Was 81$-and based en the weight ?f chlerine
used was 83%. The preduct beils at 120-121°C.
Analysis: 033(03201 )5101,

calculated fer hydrelyzable chlerine 43.3?%
feund fer hydrelyzable chlerime 43.37%

Preparatien ef Metkyl(chleremethyl)bis(e-cresexy)silane.

A 300-ml. three-necked reund-bettemed flask was fitted with a Condonl;r, a stirrer,
and & drepping funnel. A 50 g. (0.306molsa) sample ef methyl(chleremetbyl)dichlerssilane
was placed 1 the Teactien flask ard 18.1 g. (0.500 meles) of trimethylamipc was .
added te it. Te this mirxture was added 200 ml. of dry sther. The utirroréwaa started
and & selutien of 66.3 g. (0.612 meles) of o—cresel, 18.1 g. (0.306 meles) Ff trimethyl-

amine and 100 ml. ef éry ether was added very slewly. The stirriag was c-htinuod for
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3 heurs. The cepisus trimethylamine bydrechleride precipitate was filtered sut amd
washed with 100 ml. ef dry ether. The ether was remsved by distillatien and the
preduct, methyl{chleremethyl)bis(e-cresexy)silsne, was ebtained by vacuum distillatien.
The preduct distilled at 149-151°C/0.1 mn Hg., and 3.53 g. (11.5% yield) were ebtained.
Anslysis: 016H19Si°201
| caleculated: C1:; 11.55%, H: 6.24%, ¢; 62.63%
found: C1; 11.75%, H; 6.07%, C; 62,51%

Preparatiea ef Methyl{chleremethyl)silaae

A ene-liter three-necked flamsk was equipped with a cezdenser, stirrer, aud a
drepping fuamel. A streng curreat ef prepurified nitregea was passed threugh the
apparstus duriag the entire peried ef the reaction. A sample ef 7.1 €. (0.187 meles)
of lithium alumisum hydride was placed in the resctiex Tlask and 150 ml. ef dry a-butyl
ether was added. The mixture was stirred fer 3C minutes and a selutien of 42 £-
(0.256 meles) eof methyl(chleremethyl)dichleresilane in 100 ml. ef dry u-butyl ether
was iptreduced inte the reactien flask threugh the drepping fumnel ever a peried
of twe heurs. The flask was immersed im ar ice bath and care was taken e preveant
the temperature ef the flask rising abeve 25°C. The stirrisg was centinued fer three
heurs. The flask was then heated very slewly and the preduct was distilled inte an
stmesphere of nitregen. The fractiexn distilling up te 80°C was cellected amd
redistilled in & 30 plate celuma in a nitregen atmesphere. Nime grams (15.3 % yield)
of methyl(chleremethyl)silane, beiling at 60-61°/76° mm  Hg were ebtained.

Anslysis 033(03201)5132

calculated: C; 25.39%, H; 7.46%
found: C; 25.81%, H; 7.18%
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Attempted Preparatioen ei Metbyl(dimethyiboremethviisilane

Magnesium turnings, 2.0 g. (0.083 g. atems), were placed in a 300 wl. three-necked
reund-bettemed flask, which was equipped with a nitregen inleit tube, a thermemeter,
s 4ry ice-acetsne ceandenmer, & drepping fumnel, amd m Ritregen eutlet tube. A
magnetic stirrer was alse placed in this flask. 15 ml, dry ether was added te the
Mg turnings. Te this mixture was added, very slewly, a selutien ef methyl(chleremethyl)
silane, 6.4 g. (0,068 meles), in 10 cc. dry ether. The Grignard reactiea was triggered
with » smell iedine crystsal. The stirrimg was centiaued fer three heurs. A sample
of 8 g. (0.068 meles) of dimethylberen bremide was cendensed in & glass buld aad
sepled off by mesns of an exygen terch. The capillary extensien of the bulb was
inserted inte vamcuum rubber tubimg, which was cennected te an inlet tube ard stepceck
leading inte the flask. The capillary tube ef the bulb was crushed aad its centents
were transferred inte the reactien flask by simply warmiog the buld with the palm
of the hand. Immediately a cepieus precipitate ef magnezium chieride brezide was
ebtaulned. The stirring was centinued snd = streng current of nitregea was passed
threugh the flask te remeve the unreacted dimethylberes bremide. The liquid in the
reaciien flask was then tramsferred inte anether three-necked flask of the same size
uader nitregen. Then 25 ml. ef dry ether was added te the selid material ia the
reactien flask anéd the precipitate was washed and filtered, under nitregen, sdding
the washings te the secend flask. 2.88 g. {0.064 meles) of dimethylsmine was sadded
te the ether selutler threugh & dreppimg fumnel. A white precipitate was ebtained.

This was washed several times with dry ether amd dried in a curremi of dry nitregen.
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The product, dinmethylaminre adduct of methyl(dinethylboromethyl)silane. is an
extremely hygroscopic white solid which burns with a greenish flame upon iznition
and leaves a white residue.

By the above process 0.9 g. (0,006 moles) of this material were obtained, Thiz
compaund does not have a well defined melting point, but it decomposes between 58-68°C,

Aeeries of analyses were conducted on this material, The initlal analyzis
indicated the presence of silicon, boron, carbon, hydrogen, and nitrogen, but the
percentages of all these elements were low, indiceting contamination by incrganie
material (probably MgBro from the ether),

Many solvents were tried for purification of this compound without any
appreciable success, Acctone, benzene, ether., and tetrahydrofuran were used, The
ma jor impurity is believed to be magnesium bromide which is soluble in ether, and
which could not be separated from the product, A Sample of +this compound was
dismsolved in water and a few drops of silver n +trate solution were added to it.

There was dafinite formation of ailver halides,
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