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The new arylidene derivatives (IIc-f, h, j, 1) listed in
Table 1, are difficultly soluble in cold ethyl alcoliol, ether
and acetic acid, but soluble in acetone and boiling benzene.

Method (B). By the Oxidation of 2-Arylidene-3(2H)-
thianaphthenone Derivatives(IIl).—A solution of 1.0 g.
of each of 111a,!2 I11b,!4 [11c,” 111d!% and IIIe! in 20 ml. of
glacial acetic acid was treated with 3 ml. of hydrogen per-
oxide (30%) and the reaction imixture was heated on a boil-
ing water-bath for half an hour. The cooled reaction mix-
ture was then poured into ice-cold water. The solid that
separated was filtered off, washed with cold water and
crystallized from benzeue in almost colorless erystals.

Oxidation products IIa, b, g, i, aud k are obtained in 82,
90, 87, 81 and 83Y, yield, respectively (identified by m.p.
and mixed m.p.).

Action of p-Thiocresol on 2-Arylidene-3(2H)-thianaph-
thenone-1,1-dioxides. General Procedure.—A mixture
of 0.5 g. of the appropriate arylidene derivative (II) and
0.5 g. of p-thiocresol wes heated on an oil-bath at the given
temperature (¢f. Table ¥89) for 3 hours. The cooled reac-
tion mixture was washed with light petroleum (b.p. 40~
60°) and the resulting solid was crystallized from benzene-
petr. ether (b.p. 60-80°).

The thiol-adducts V listed in Table II are colorless crys-
tulline compounds which dissolve readily in benzene and
cliloroforin, but are difficultly soluble in cold ethyl alcohol,
ether and acetic acid. They dissolve in aqueous sodium
hydroxide (10%) with a yellow color.

Action of Grignard Reagents on 2-Arylidene-3(2H)-thia-
naphthenone-1,1-dioxides (Ila-b, g-1}.—The following
illustrates the general procedure: To a Grignard solution
(prepared from 0.9 g. of magnesium and 9.0 g. of bromo-
benzene in 50 ml. of dry ethier) was added a solution of 1.0
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g. of eacli of (Ila-b, g-1) in dry benzene (50 ml.). After
evaporation of the ether, the mixture was heated for three
hours on a steam-bath. After standing overnight at 25°,
it was poured slowly into 100 ml. of saturated aqueous am-
monium chloride solution to which 3 ml. of concentrated
hydrochloric acid was added, and then extracted witlh ether.
The ethereal layer was dried over anhydrous sodium sulfate,
filtered and evaporated. The residue left behind was
washed several tiimes with light petroleuni and a little ethyl
alcohol until it solidified. It was crystallized from benzene.

The Grignard products VII, listed in Table I1I, are diffi-
cultly soluble in ethyl alcohol and ether, give no color with
ferric chloride solution and are insoluble in aqueous sodium
hydroxide (10%).

Action of Phenylmagnesium Bromide on 3(2H)-Thia-
naphthenone-1,1-dioxide (la).—To a Grignard solution
(prepared from 0.9 g. of magnesium and 9.0 g. of bromo-
benzene in 50 ml. of dry ether) was added a solution of 1.0
g. of Ia in dry benzene (50 ml.). The reaction was proc-
essed as mentioned previously. The product obtained was
identified as 3(2H)-thianaphthenone-1,1-dioxide (m.p. and
mixed m.p.).

Action of Acetic Anhydride on VIIc.—A suspension of
0.5 g. of Vlle in acetic anhydride (10 ml.) was refluxed
for one hour. Tle resulting solution was poured into ice-
cold water. The solid product that separated was filtered
off and crystallized froni acetic acid as colorless crystals,
m.p. 164°.

Anal. Caled. for CpH»O.S: C, 71.29; H, 4.95; S,
7.92. Found: C, 71.13; H, 5.13; S, 8.20.

The mionoacetyl! derivative VIII was soluble in aqueous
sodium hydroxide and gave a yellow color with concen-
trated sulfuric acid.

Acknowledgment,—The authors are indebted to
Professor C. L. Stevens of Wayne State University
for the determination of the infrared and ultraviolet
absorption spectra.
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The Effect of Substituent Fluoroalkyl Groups on the Alkali-catalyzed Hydrolysis of
Silanes!
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The second-order rate constants for the alkali-catalyzed hydrolysis of the silicon- hydrogen bond in four fluoroalkylsilanes

have been determined.

It was found that a trifluoromethyl group, even though separated from the silicon atom, 1.e., the
reaction center, by two or three methylene groups, increases the rate of hydrolysis by an appreciable amount.

The ease of

polarization of the silicon atom has been suggested for this quite large increase in rate.

Introduction

During the course of work i this Laboratory, it
becane apparent that information was needed on
the effect of various fluoroalkyl groups oun the re-
activity of the silicon atom in fluoroalkylsilicon
compounds. Therefore, a program was initiated to
study the influences of various fluoroalkyl groups
on the rate of alkali-catalyzed hydrolysis of the
silicon-liydrogen bond. This reaction was seclected
since the kinetics were quite well defined by several
previous studies.2—®

(1) Presented at the 134th Meeting of the American Chemical So-.
cicty in Chicago, 111., September 7-12, 1958,

(2) F. P. Price, THis JourNaL, 69, 2600 (1047).

(38) H. Gilman and G. E. Dunn, ibid., 73, 3405 (1951).

(1) H. Gilman, G. E. Dunn and G. S. Hammond, ibid., T3, 4409
(1951).

(3) L. Kaplan and K. E. Wilzbach, ibid., T4, 6152 (1952).

(6) L. Kaptan und K. E. Wilzbach, #bi. .. TT, 1207 (1955).

(7) R. West, ibid. 76, 6015 (1954).

Price? made the first kinetic study of the alkali-
catalyzed hydrolysis and found the reaction was
first order in silane, first order in hydroxide ion
and probably first order in solvent. Using an alco-
hol-water medium, pseudo first-order kinetics were
observed, since the base is regenerated from the
water present in the reaction solvent,

Two mechanisms consistent with the observed
data have veen fornmulated®
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berg, Tuis JoukMaL, T9, 32105 (1957).
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Mechanism 1 iuvolves the rate-determining attack
of hydroxide irm on the silane to form a pentaco-
valent intermediate which reacts rapidly with the
solvent to vield the products. Mechanism 2 in-
volves a nucleophilic attack of hvdroxide ion on the
silicon atomn in a coticerted reaction involving a
solvent molecule. At the present time information
is not available to determmine which nmiechanism is
correct. However. the mechanisms can be con-
sidered equivalent for discussion of polar effects.

Results and Discussion

The first attempts to measure the kinetics of 3,-
3.3-trifluoroprepyvldimethyvisilane led to anomalous
results. Using a silane-to-base ratio of 1:1 to 1:3,
the same ratio Price? used, first-order kinetics were
not observed throughout the reaction. Second-
order kinetics were obscerved for the first portion of
the rcaction. As the rcaction proceeded the kinet-
ics passed through u inixed-order period until the
last portion of the rcaction followed first-order
kinetics.  However, when the silane-to-base ratio
was icreased to 1:9 or greater, first-order kinctics
were observed throughout the reaction. The rate
constants calculated from the first-order plots using
a 1:9 ratio of silune to base were slightly larger than
those calculated from the first-order portion of the
previous plots.

It would scein logical to assumne that the reason
for the deviation from first-order kinetics when
there was only a sunall excess of base is due to the
acidity of 3,3,3-trifluoropropyvldumethylsilanol. Pre-
vious experience in this Laboratory has indicated
that 3.3,3-trifluoropropylsilanols are more stable
toward basic condensztion to siloxanes and are
more actdie than the corresponding alkyvlsilanols.
A stmilar situationr was encountered by Baines
and Eabori® using arvldimethyvlsilanes.

TapLE I
RATE DATA FOR THE ALKALI-CATALYZED HYDROLYSIS OF THE
FLUOROALKYLSILANES AT 0° 1x 93.7¢; ETunavoL

Cuitege. Crom, ko, 1,
RR(CH:SIiH mole mole ki, mole !
R R 1.7 1.t min. "t min. 7!
CF:CH,ClH: CH: 0.0035" 0.038% 0.0385 0.990
00440 L0184 0454 934
L0202 A5 L1685 L8533
L0206 R 280 774
NN 281 T
g2 244 1Y
02T 339 707
LGy 335 703
CrCILCHCH, Clila 0391 108
0479 100
0478 L1000
CFOFCILCHe C 240 1.23
242 1.24
3382 1.04
CEUCH. CH CloUH 10 35.¢
10 35.9
HOER £0 329
CH:CH:C s ClI RS L0054 0.0118
RSN L00G&sU L0321

From the data 1 Table T it can be seen that the
sccond-order rate constants, obtained by dividing
the first-order rate constants by the base concentra-
tion, tncreased as thie buse concentration decreased.
This drift of the rate cunsstants is attributed to the
salt cficet.  Buines and Euborn® also reported ob-
serving a drift in thie same direction with trietliyl-
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silanc and observed that adding salts containing the
same cation as the hyvdroxide lowered the second-
order rate coustant. Yaryving the silane concen-
tration hiad httle eficct on the secoud-order rate
coustauts. This was as expected since the silanes
arc neutral molecules.

Taking into cousideration the drift of the second-
order rate constants. the relative rates of hydroly-
sis of the fluoroalkylsilanes compared to that of -
propyldimethylsilane were calculated. They are
given in Table I1.

TasLE 11

RELATIVE RATES FOR THE ALKALI-CATALYZED HyDROLYSIS
OF THE FLUOROCALKYLSILANES AT 0° 1v 93.7, ETnaNOL
RR’(CH:SiH

R’ Rulative rate
CH.CH.CH. CH, 1.0
CF.CH.CIi, CH; 59
CF.,CH.CH.CH, CH; 3.3
CF.CF.CH.CH. CH; 83
CF;CI.CH. CF;CH.CH, 2100

It is interesting to note that substitution of a
3,3.3-trifluoropropyl group for a #n-propyl group in
the alkvldimethyvlsilane icreases the rate 59-fold,
even though the highly polar trifluoromethyl group
is separated from the siliconr atom, 7.e., the reaction
ceiter, by two methyvlene spacers.  This is quite a
surprising cffect, since the fluorine atoiwus are quite
fur removed from the silicon atom. Steric effects
should not be too nnportant since the 3,3,3-trifluo-
ropropyl group would be expected to be only shghtly
larger than the u-prapyvl eroup.  The introduction
of a second 3,3.3-trifluoropropyl group increases
the rate by un additional factor of 36, even though
the steric forces arc cousiderably greater. At 35°
Price? showed that the rate of hydrolyvsis of #-pro-
pyldimethvlsilane is 5.4 times faster thau di-n-pro-
pyhinethyvlsilane.

Replacing a 3,3.5-trifluoropropyl group with a
3.3,4,4.4-pentafluorobutyl group in the fluoroalkyl-
dimethvlsilane increases the rate slightly.  Longer
1,1,2.2-tetrahvdroperfluoroalkyl groups would be
expected to have snmlar rutes or cven shglitly
slower rates due to iucreased sterie hindrauce of the
longer groups.

When the 3,3.3-trifluorupropyl  group is re-
placed by a 4,4,4-trifluorobutyl group n the fluoro-
alkvldiinethyvlsilane, the rate of alkali-catalyzed
hyvdrolvsis i1s reduced 7.1-fold.  However. the rate
1s still 8.3 tiwues that of #-propyidimethyvlsilue.

In general, it can be concluded that the inductive
effcet of the trifluoromethyl group removed frowm
tlie silicou atoun by two or three methylene groups is
quite large. A reasomable explanation of these re-
sults is that the silicon atowm 1s quite readily polar-
ized by highly polar substituents.

Starting Materials.—Dimethylchlorosilune, methyldi-
chlorosilane, triethyvlchlorosilane, 3.3,3-trifluoropropene®
and 3-bromo-1,1,1-triffuoropropane:’ were available in re-
searchh quuntities in this Laboratory.  They were fraction-
ally distitted before being wsed.

Preparation of 3.3.4,4.4-Pentafluorobutene.—-This cumur-
pound wus preparcd by D. D Siuith of this Luborutory by

(10) P. Turrant, A. M., Loveluee und M. K. Litvyuier, Firs JeoUR-
NanL TT. 2783 {1a570).



April 20, 1959

the method of McBee, ef al.!! The boiling point has not been
previously reported, b.p. 5-6°.

Addition of Fluorodlefins to Dimethylchlorosilane and
Methyldichlorosilane.—The procedure used is described by
Tarrant, et al.!?

(a) Addition of 3,3,3-trifluoropropene to dimethylchloro-
silane gave 3,3,3-trifluoropropyldimethylchlorosilane, b.p.
118°, n%*p 1.3727, 4%, 1.113.

Anal. Caled. for CsHoClF;Si: Cl, 18.6; C, 31.5; F,
29.9; MRp, 39.3. Found: Cl, 18.3; C, 31.0; F, 30.4;
MRp, 39.0.

(b) Addition of 3,3,3-trifluoropropene to methyldichloro-
silane gave 3,3,3-trifluoropropylmethyldichlorosilane,!? b.p.
122°, n%p 1.3817.

(¢) Addition of 3,3,4,4,4-pentafluorobutene to dimethyl-
chlorosilane gave 3,3,4,4,4-pentafluorobutyldimethylchloro-
silalne, b.p. 129° (750 mm.), »*D 1.3608, d25, 1.199, a 39%
yield.

Anal. Caled. for CeH;oCIFsSi: Cl, 14.7; C, 29.9; F,
39.5; MRbp, 43.95. Found: Cl, 14.5; C, 29.8; F, 39.6;
MRp, 44.4.

Preparation of Bis-(3,3,3-trifluoropropyl)-methylchloro-
silane.—3,3,3-Trifluoropropylmagnesium bromide dissolved
in 900 ml. of ether, prepared from 3-bromo-1,1,1-trifluoro-
propane (265 g., 1.5 moles) and magnesium (36.6 g., 1.5
moles), was added to 3,3,3-trifluoropropylmethyldichlorosil-
ane (422 g., 2.0 moles) dissolved in 300 ml. of ether. The
reaction flask was cooled in an ice-bath throughout the ad-
dition. The resulting mixture was allowed to stir overnight.
Since the magnesium salts did not precipitate, approxi-
mately 600 ml. of ether was removed by distillation. The
remaining material was filtered through a Biichner funnel,
and the filtrate was fractionally distilled under reduced
pressure. Bis-(3,3,3-trifluoropropyl)-methylchlorosilane
(83.1 g., 0.30 mole), b.p. 88° (40 mm.), »¥p 1.3666, d%,
1.289, was obtained in a 209, yield.

Anal. Caled. for C;H;CIFgSi: Cl, 13.0; C, 30.38; F,
41.8; MRp, 48.6. Found: Cl, 13.0; C, 31.0; F, 41.6;
MRp, 47.5.

Lithium Aluminum Hydride Reduction of Chlorosilanes.—
The procedure used is described by R. West.?

(a) Reduction of triethylchlorosilane gave triethylsilane,?
b.p. 109° (750 mm.), n¥p 1.4092, a 769, yield.

(b) Reduction of 3,3,3-trifluoropropyldimethylchloro-
silane gave 3,3,3-trifluoropropyldimethylsilane, b.p. 80°
(748 min.), n?°p 1.3485, d25,0.954, a 729, yield.

Anal. Caled. for CsHF;Si:  H(sih), 0.64;
F, 36.5; MRp, 35.3; mol. wt., 156. Found:
0.66; C,38.1; F, 36.1; MRp, 35.1; mol. wt., 151.

(c) Reduction of 3,3,4,4,4-pentafluorobutyldimethyl-
chlorosilane gave 3,3,4,4,4-pentafluorobutyldimethylsilane,
b.p. 94° (743 mm.), n%p 1.3387, d%, 1.078, a 739, yield.

Anal. Caled. for CeHpFsSi: H(sih), 0.49; C, 34.9;
F, 46.1; MRp, 39.95. Found: H(sih), 0.49; C, 34.7;
F, 46.5; MRp, 39.95.

(d) Reduction of bis-(3,3,3-triflucropropy!)-metliylchloro-
silane gave bis-(3,3,3-trifluoropropyl)-methylsilane, b.p.
64° (40 um.), n2p 1.3500, d%5, 1.163, a 499, yield.

Anal.  Caled. for CjH2FeSi:  H(sih), 0.42;
F, 47.9; AMRp, 44.6. Found: [1I(sih), 0.43;
I*, 47.4; MRp, 44.1.

Preparation of 4,4,4-Trifluorobutan-1-0l.—v ,v,y-Trifluoro-
butyric acid was prepared by adding the Grignard reageunt
of 3-bromo-1,1,1-trifluoropropaue to solid carbon dioxide.!?
The acid was not isolated, but was esterificd with cthauol
using a sulfuric acid catalyst. Ethiyl y,vy,y-trifluorobutyr-
ate,!* b.p. 128° (750 mm.), n%p 1.3500, d*, 1.160, was oh-
tained in a 579, yield. Rcduction with lithiuin aluminum

C, 384;
H(sih),

C, 35.3;
C, 35.5;

(11) E. T. McBee, O. R. Piercc and M. C. Chen. Turs JourNAL,
76, 2324 (1953).

(12) P. Tarrant, G. W. Dyckes, R. Dunmire and G. B. Butler, ibid.,
T9, 6536 (1957).

(13) E. T. McBee and A. Truchan, ibid., 70, 2910 (1948).

(14) E. T. McBee, O. R, Pierce and D. D. Smith, ibid., 76, 3722
(1934).
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hydride in ether gave 4,4,4-trifluorobutan-1-0l,”® b.p. 126°
(745 mm.), n%Dp 1.3410, d%, 1.217, a 789, yield.

Preparation of 4-bromo-1,1,1-triflucrobutane.—This com-
pound was prepared by the method of Gavlin and Maguire.!®
Addition of 4,4,4-trifluorobutan-1-ol to phosphorus tribro-
mide gave 4-bromo-1,1,1-trifluorobutane, b.p. 105° (751
mm.), 25D 1.3800, 4%, 1.577, a 79% yield.

Anal. Caled. for C(H¢BrF;: C, 25.15; F, 29.8; MRb,
28.4. Found: C, 25.4; F, 30.0; MRb, 28.4.

Addition of Grignard Reagents to Dimethylchlorosilane.—
(a) 4,4,4-Trifluorobutylmagnesium bromide, dissolved in
250 ml. of ether, prepared from 4-bromo-1,1,1-trifluorobu-
tane (112.5 g., 0.59 mole) and magnesium (14.6 g., 0.60
mole), was added over a period of 1 hour to dimethylchloro-
silane (55.8 g., 0.59 mole) dissolved in 200 ml. of ether.
The reaction mixture was allowed to stir overnight. This
mixture was poured into cracked ice, and the water layer
was extracted twice with ether. The combined ether layer
was dried over anhydrous calcium sulfate. After the ether
was remeved, fractional distillation gave 4,4,4-trifluorobutyl-
dimethylsilane (51.9 g., 0.30 mole), b.p. 105° (756mm.),
n%p 1.3612, d%%, 0.950, a 529, yield.

Anal. Caled. for CeHsFsSi: H(sih), 0.59; C, 42.3;
F, 33.5; MRp, 39.9. Found: H(sih), 0.60; C, 42.3;
F, 33.9; MRp, 39.7.

(b) n-Propyldimetliylsilane,2 b.p. 74° (750 mm.),

n®p 1.3884, d%, 0.692, was synthesized in a 469, yield by the

above procedure.
Anal. Caled.

H(sih), 0.96.

Methods and Apparatus. Kinetic Procedure.—For the
rate determinations the following procedure was used. A
250-ml., round-bottom, three-necked flask was equipped
with a inercury-sealed stirrer, a self-sealing rubber stopper,
and an outlet tube leading to a mercury-filled 100-cc. gas
buret and manometer. Standardized alcoholic potassium
hydroxide (50.2 ml.) was placed in the flask which was main-
tained at a constant temperature (0.00 == 0.05°) by a water—
ice-bath. In the studies with bis-(3,3,3-trifluoropropyl)-
methylsilane a 500-ml. flask was used, and alcoholic potas-
sium hydroxide aliquots of 200.8 ml. and 251.0 ml. were used.
When the apparatus reached therimal equilibrium it was ad-
justed to atmospheric pressure by leveling the manometer.
The silane sample, calculated to give a reasonable volume of
gas, was injected into the stirred reaction mixture from a
weighed hypodermic syringe. Readings were taken at
various time intervals by adjusting the system to atmos-
pheric pressure. The error in the buret reading was about
0.1 cc., and the error in timing was about two seconds.

The volume of hydrogen was taken as a measure of the
amount of reacted silane. The rate constants were deter-
mined from the slope of the line obtained by plotting log
(Vo — Vi)/(Ve) X 10%] vs. time, where Vo, = volume
of gas evolved at infinite time and V; = volume of gas
evolved at time #. Straight lines were usually obtained to
better than 809, reaction.

Triethylsilane was taken as a standard to compare the
observed second-order rate constant with the value reported
by Price.? Using 0.1904 N alcoholic potassium hydroxide
coutaining 6.3%, water and silane concentration varying
between 0.028-0.052 mole per liter, the average of four de-
terminations was 0.0834 liter mole~! min."! at 34.7°.
Price reported the average value of 0.093 liter mole~! min. ™!
at 34.45° using 0.119-0.297 N alcoholic potassium hydrox-
ide coutaining 59, water and a silaue concentration of 0.1
mole per liter.

Gas Analyses.—Using conditious similar to those de-
scribed under kinetic procedure, a sample of the gas evolved
from 3,3,3-trifluoropropyldimethylsilane was collected and
analyzed using a mass spectrometer. The analysis indi-
cated the gas was 99.79% hydrogen, 0.279%, ethanol and
<0.19, other constituents.

MipLAND, MICH.

for CgH,Si: H(sih), 0.99. Found:

(15) H. M. Walborsky, M. Baum and D. F. Loncrini, ibid., 77,
3637 (1955).
(16) G. Gavlin and R. G. Maguire, U. S. Patent 2,827,471 (1938).



