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ABSTRACT

When an organoumagnaétun halide i# reoncted vith an
excess of trichlorosilene, s mixture of profucte pecults
accoyding to the equatione

Relig-X £ S4HCly = R-61HCly # Me=L-01
2 Religer £ GiiCly = Rp-BiHCL # 8 Mg-1<01
5 ReMgeX £ SifCly = Rg-81H £ 3 Mg-X-01
wherein R « an alkyl or aryl group '
X » & halogen, usually Zr or Cl.

N
N If phenyl magnesium bromide i{s used, a2 mixture of high
§§ bolling producte results, the highest boiling point of which
}ix is aspproximetely 2509C st 14 mo, pressure, '
S%- If ethyl asgnesium bromide ie usmed, it may be shown
that, making certain assuumptions and under the conditions
of the experiment, if the ethyl megnesium bromide is edded
to the trichloroeilane, monosubstitution is promoted, vhereas
3 if the trichloreoeilane is added to the ethyl magnesium
%% bromide, polysubstitution is promoted.
N
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An orgeno-silicon cuup@nnﬁ iz a compound vhich has the
carbon atom of asn organic radical attsched direetly to 2
ellicon atom, Although this type of compound hee heen known
for sbout the paet ninety veasrs, thelr investigation on a
sizeable sosle did not begin until rether recontly, Iven
the litersture of the esrly part of thie decade revenled
meager information on orgeno-~gilicon compounde, and so, in
Januery of 1948, s problem was offered in the eymthesis of
the phenyl derivstives of triohlorosilane by meane of a
resction between phenyl magnesium bromide snd trichloresilene,
However, work was not long in progress when a paper 1
appesred describing the synthesis and ldentification of those
particular compounde; thersefore, an asltsrnate problem was
proposed, The object of this alternative was to study the
effect produced upon the emount of polysubstitution by varying
the order in which ethyl megnesium bromide end triechlorosilene
are added to eaeh other.

In the past yesrs, experiemce snd theory ¥ showed that a
resetion similar to this of ©iCly with two moles of methyl
grignard should yield predominantly disubstitution product,
fena)gaxalg. put it wes thought thet conditione could be set
up to econtrol the smount of substitution in eome degree, If,
at any time, there is a large number of trichlorosilane mole«
cules ocupeting for the ethyl groups on a small number of
ethyl megnesium bromide molecules present, monosubstitution
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should be promoted and céaasaaazn should be profuced in the
mejority; but, if the situsmtion is reversed and there sre
more then enough ethyl groups to satiefy the demande of eaeh
triechlorosilene molecule, polysubstitution should be promoted
and (CpHg ) g8 1HCL and (Cplg)aSill should be fu&nsﬂ.

Thgre were two poseibilities for getting the necessery
trichlorosilane -- buying it or making it., fome was pur-
chased from the Genersl Eleetrie Company in “chencotsdy
through ite edueational salee division, but this proved
rather expensive sand it was made more chesply, . satisfactory
method ® was the pasaing of HCl gas over a mixture of silicon
and copper powders, pressed into small, porous bars which
were broken inte convenlent sized plecee and held at a tempnrQ
ature of 300 plus or minus twenty degrees centigrade, The
produets were colleocted im & trap cooled in e dry ice-acetone
bath snd then fractionsted. That frection boiling between
31,59C snd 32,890, about three-fourthe of the yield, was
e¢ollected and used for the reaction.

Both the phenyl and the ethyl magnesium bromidee ﬁoro
prepared in the spparatus shown in Flgure 1, that ie, & three-
necked flaeck having a motor driven stirring rod with a
mereury seal in the center neck anéd =z reflux condenser and
gseparatory funnel in the other necke. Vere anéd elsewhere in
thcluxporannnt all openings to the air were ;rotected by

esleium chloride tubes,



ginee both the phenyl and ethyl megnesiun bromides
andé the trichlerosilsme are destroyed by moleture, complete
dryness of sll appsratus and materiale wag nocessary
galeiun chloride dried ether well enough for etarting an
alkyl or sryl megnesium bromide menufecture, dut it d4id not
remove sll the water and so wse uneatiefactory., Eoth ethyl
megnesium bromide and sodium metal produced conmplete gryncas
in ether, but they also produced solid products and it wae
necessary to distil the ether to remove the sclide. The
method finmnlly sdopted was distilletion of ether dried with
sodium {mmedistely before uss, It was necesssry to refrain
from distilling to dryness beesuse of donger from peroxides
whieh were diffieult to remove op prevent from foraning.

Some ether which had been puriried by distillation and
alec pome ethyl uugncsium.bramido golution were stored under
caleium chloride tubes, After seversl days, however, it was
found by sdding 51HCly to the ether thet the ether was no
longer dry; smlso, the CpligkigBr had been partly destroyed, so
although esleium chloride provided s gatisfeetory protection
against molsture for short periods of time, it was unsatis-
rfactory for long periods.

The phenyl megnesium bromide wee made by edéing one-half
of a mole (79,5 @.) CgHgPr from the separetory fumnel to one-
half of a mole of magnesium turnings (12.2 g.) in 450 nl, of
éry n-butyl ether, The ethyl magnesium bromide was nede by
adding the correct smount of OgligBr to the correct amount of
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magnesium turnings whieh was determined by the gize of the

run to be made, Htirring wes not necessary becauss the ether
boiled eo vigorously during eddition of the Cplighr, In some
cages the solution wae refluxed in an ateaﬁpt to get & complete
reaction,

| The tr&aﬁlernaixane»»hcnyi or ethyl magnesivm bromide
resetions were cerried out in thé same apraratus, The phenyl
derivetives were produced by adding dropwise with stirring

the phenyl megnesium bromide to 0.6 moles (82,3 g.) B1HCL; in
100 ml. of dry nnﬁutyi ether, The resoction flask was kept in
an ice water bdath. The liguid, solvent and products, wes
removed from the solid formed in the resction by boiling. The
unrescted ©iHClg end the solvent were removed on & fractionat-
ing eolumn, snd the producte were separated by a conventional
vaouun dietilliation,

The ethyl derivetives were made in two ways., In the first
two ethyl rums, the ethyl magnesium bromide solutions were
added to trichlorosilane in ethyl ether., In the seecond two
runs, the trieblorosilane in ethyl ether was added to the ethyl
nagnesium bromide solutions. In sll rune, addition was drope
wise end with stirring. A4s before, the resction flask was
kept in an ice water bath,

In the first ethyl run, the liguid was removed by boiling
and then fractionsted, In the second run siphoning was tried,
and in the two remeining runs decsntetion was used, The last
three runs each hed 100 ml, of n-butyl ether added before



fractionating so that sll of the products, whiek boil higher
than the unrescted “illls or the golvent but lower than
n-butyl ether, soulé be removed without dietilling to dryness,

Seversl liguide were pumped through the condenser jacket
by & centrifugal pump in an effort te find 8 good cooling
agent, Vor the manufacture of the phenyl megnesiun bromide,
ice weter condensed all vhﬁart, put in sll other ceses where
iee water was ased,.it wes unsatiefectory, The best cooling
agent tried was acetone covled in a dry lce-scetone bath.
This refluxed sll vapors whereas 51iCl,, ether snd possibly
some CgfigBr passed the ice water condenser.

’ Por the fresetionation of the gecond ethyl run, an
insulsted column two feet by one-half ineh end packed with
stainless eteel hellices 5/32 of an ineh in ¢iameter wee used,
Heat wss provided to the pot by means of an electric henting
mantle snd to the eolumn by means of resistence wire wound
about a tube eneclosing the column, Hute and type of atripping
were controlled by mesns of a stopcock, see Pigure 2, |

The ether and unreacted $1ﬂ913'ar the third ethyl rTun
were removed up to s temperature of 38%¢ by means of & stripe
ping still made from e Vigresux column packed with the seme
heliees, The remainder of this run ayﬂ all other runs were
fruetiumatua on & solumn whiech differed from the préviuua one
in thet it wes four feet lomg, uninsuleted and hed about
thirty plates to the former's ten.



Analyses were made for sciive ohlorine by hydrolyzing
samples snd titrating the ECl forsed with sodiun hydroxide
using methyl red as sn indieator. The hyérolyeis was cerried
out in an ice water-ether mixture.

Cute sight, nine and ten of the phenyl run were snalyzed
for sctive hydrogen by hydrolyzing the ehloroeilane off in
alkeline solution and measuring the volume of encaping
hydrogen 4,

BISCUSSION

A summary of the experimental data ie shown in Table 1.
It is noted that “henylel has no snalytioal data extant other
then the beiling rengee, Hince the ehlorine anelveile titra.
tions were very small, eince the hydrogen analyzed very low,
and sinoe the boiling ranges were rether broad, it is felt
that no specific conclumions may be drawn other than that
some sxtétmmiy high«boiling materisls vere formed -- probably
the phenyl derivetives of trichlorosilene, Cute nine and ten
were taken at 14 mm, preesure,

The table also shows that Ithyl-l yielded nothing boiling
higher than 81,09, 7Tetralin {totrehydronsphthalene) was added
to this run as & oheser to fecilitete removal of products from
80lids in the resotion flask by boilimg. Apparently the
tetralin reseted with the gilanes to destroy any high boiling
ueterisls including itself -~ see Table 2,
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ToBLE 2

Gompound Foraules g:ﬁiza‘ f:%fﬁ: gl
Triehlorosilane ﬁiﬁﬂlau 81.8% - 78,56
Ethyl fther 0 glig «0=UpHy 34,6% Jo—
Ethyldiehlorosilsne  CglgSifitly 75,8-76.8°C 54,96
Biethylohlorosilane (CpRs ) 281K 99-100%C 29,15
Triethylsilane (Cghy )un 4K 107% ——
fiebutyl Ether C4lig=0-CgHy 141°% -
Tetralin C10F12 206°¢ -

Hun Ethyle2 was the first to produce materisl in the
expected bolling renges ss shown by Teblee 1 snd 2, The
sotual welghte of setive ohlorine found in eute three, five,
and nix\bo&h of Ethyl 2 and & are compered with the weights
of sotive chlerine which should be present 1; those cuts were
pure monow-, die and trisubstituted prndueta,xreagaetivaiy.
It is seen that the ehlorine analyzed low in thbs& euta, There
are three poseible explanatione for this: first, the out may
be contaminated iith ether containing some 7"1iHClgs second, the
out may be eontanminated with (Cgiig)ptiHCl end (CgHg)aSiNy
third, both the first and second pbmaibilitiﬁs msy he eorrect.
Now, consldering that the column used hné ten theoretical
plates and that the tempersture of the material was at lesst
at 749, it is sssumed that very close to all of the ether and
rumaiﬁina triehlorosilane had been removed by the time cut three

wes resched, This leaves poseibility nunber tvo as the

explunation,



4% thie point, two more assunptions are made, the first
being that aince (Cglig) B1HCL and (Cgily)a@1H boil only 7%
apart, they are present in equal amounts as contsminents, and
the second being that mo CgHg8iHCly is present in oute five
and six,

Then it may be shown that for cut three of ithyles, if
of the 18.9 greme total whioh yleld 7.2 grems of active chlorine

10.9 g. are CglighifCly ylelding 10,9 x .55 g 6.0 g. O}

4.0 g. ave {CgHg)p8inCl » 4,0 X 89 3 1.2 g. €1

4.0 g« are tesaﬁrsam " 4,0 0 g 0,0 g. C1
the net result ie 18,9 greme yielding 7.2 grame of aotive
chlorine, By similar ressoning, Teble 4 for ¥thylef and
Table & for Ethyled are constructed.

TABLE 3
welght % C1 wt, 1 - ®t. C1
Run Cut of Cut if Pure if "ure Found
Ethyles 3 18.9 8. 55 1044 7.2
& 10,6 - i 2.6
5 .8 29 o2 .1
8 ot - - F,
Fthyl=3 B WA 8% 3.7 1.5
' 4 848 -e - 1.8
5 2.2 29 64 3 (esle,)
6. 345 - - o
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TABLE 4

Ethyle®
Cut Number a & B ]
. otel § of Helatiw
vt. Holes ¢ loles

CaHgBLHCly 10,9 2.7 -- -= 135.6 .16 2.3

W,
e (OpHg)gSINCL 4.0 5.9 4 .2 85 o7 1,0
Wt (CglglgBiB 4.0 3.0 4 .2 B8 07 1.0
TABLE 5
_ Ethyl-3
Cut Number 3 4 5 6 |

Totai # of fRelative
. Holes § loles

Wtw Qz%amla 1 ﬁ‘ 11 il - 1 .5 nﬁl 1 :9
Hhe (Oplg)o®iHOL 2,65 4.4 1,1 1,8 9.6 08 8.0
.3 f@aﬁa)aﬁw B.68 4o 1.1 2.0 10.1 00 9.0

In run Ethyle2, the ethyl magnesium bromide wae sdded
slowly to the trtahiaﬁmwilaﬂu in an effort to setisfy the
requirements of the theory for monceubstitution to prevails
nemely, & small nu&bbr of ethyl megnesium bromide molecules
for a large number of triehlerosilane molecules, The last
eolumn of Table 4 ahﬁum that monosubstitution preveiled if
the aseunptions are durruat.

In run Ethyl-3, the order of sddition wes reversed so
that polysubstitution would be promoted sogording to theory,

w1 -



The last column: of Table § shows thet polysubstitution did |
take plece in the larpeest degrees

in esch came, the second cut was omitted. This may have
changeé the results, dut it is not pelieved thet any changes
would be on a lerge enough seale to invalidete the pressnt
results.

The Gétu in Teble 1 on Fthyles show only omeé snalysis--
that for eut four, but this showed out four to dbe prineipelly
(Cghiy )g81K according to the line of ressoning followed in
the other enalyses, It is probsbly true that any higher
boiling ocuts would be (Cglglghili to an even greater eitent,
Al80, the boiling ranges indieate very little CgHp@iliClg.
Roughly, then, Zthyl-4 produced mostly polyeubstituted producte
po that “thyl rune 3 ané 4 are in sgreement a8 to order of
addition and tyje af substitution. '

Evsn if the previous essumptlons are ineorrect, & oon-
sideration of the dsta in Table 1 on runs Ethyl-2, 3 and 4
lerds to the seme econclusion, That is in ithyl-2, of cute
three, five and eix -- whioh have the poiling ranges of the
three products -- most meteriel was oollested in eut three
whieh strongly indicates s prepondersnee of the monosubstl-
tuted product; but, in Ethyl.3, most of the material in those
cuts was collected in cute five and six whieh strongly
indicetes mostly polysubstitution. agein, in Ethyl~4, poly~
substitution prevailed, In this yun, BO out ie shown having

- 18 =~



2 boiling renge of 75.0-77,09¢ which indieates that such e
small amount of monosubstituted product wae formed it could
not be isolated,

Thie evidence mlone shows thet amount of substitution

depends upon order of addition.

Yhen phenyl megnesium bromide was reccted with an excess
of triehlorosilene, some high bolling products were formed.

“hen ethyllwagnwwaam bromide end triohlorosilane were
varied in order of sdéition to sach other, the data showed,
on the basis of sertsin assumptions, that the degree of
ethylation depended markedly on the order of adéitionm,

- 13 -
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