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A series of mono- and di-m-substituted phenyltrimethylsilanes have been synthesized and the rates of desilylation by acid
have been determined. The rates of cleavage of the disubstituted compounds as calculated from partial relative rates

agree well with the observed values.
steric factors.

As would be expected, serious discrepancies occur when the rate is accelerated by
The observation that tlie rates of desilylation of the 3,5-dialkvl compounds can be calculated accurately

from the rates of the monoalkyl series leads to the conclusion that no pronounced steric effect is operating in these cases.

There has been considerable interest over a
period of years in the additive effects of substit-
uents in aromatic electrophilic substitution re-
actions.!=® It is now generally conceded that elec-
trical effects of substituents are indeed additive for
reactions whose variation in rate is dependent
solely on changes in the energy of activation. This
has been found to be the case*~% generally with -
and p-substituents, since such groups do not
markedly affect the entropy of activation. Thus,
the additive effects of two substituents on the rate
of alkaline hydrolysis of substituted ethyl ben-
zoates has been demonstrated.” Similarly, Con-
don® has shown the feasibility of calculating the
rates of chlorination of polymethylbenzenes from
a knowledge of the relative rates cf chlorination of
toluene at various positions.

Since the desilylation (reaction I below) of
substituted aryltrimethylsilanes has been shown
to be a convenient tool for measuring the rate of
electrophilic attack at a particular position in an
aromatic ring,*~'? it was of interest to see whether
the additivity of electrical effects could be demon-
strated by means of this reaction.

H,0*
g/ Ny Si(CHy)y ——>

R
Q—\/ H + (CH;)sSi0OH + H*
R (desilylation reaction) (I)

Since the rates of desilylation of the isomeric
trimethylxylylsilanes already had been determined,?®
it was necessary only to determine the rates of
cleavage of the three isomeric trimethyltolylsilanes
to determine the additive effect of methyl groups.
As a further check on the method, the rates of
cleavage of m-methoxyphenyltrimethylsilane and
3,5-dimethoxyphenyltrimethylsilane were deter-
mined as well. Similarly, m-bromophenyltrimethyl-
silane and 3,5-dibromophenyltrimethylsilane were
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prepared. Unfortunately, however, the latter
compound proved to be too insoluble and, hence,
itsrate of cleavage could not be determined.

In a previous study!® concerned with the elec-
trical effect of m-alkyl substituents, it was noted
that the rate of desilylation reactions varied in a
regular manner, completely predictable on the basis
of the inductive effect of the m-substituted alkyl
groups (z.e., m-t-butyl > m-isopropyl > m-ethyl
> m-methyl). These findings were in sharp con-
trast to the results of other workers'*~!* who had
utilized the rates of solvolysis of {-carbinyl chlorides
to study the electrical effects of m-alkyl substit-
uents, In the latter instances, the rates of sol-
volysis were reversed from the order which would be
predicted on the basis of the inductive effect of the
alkyl groups.1¢

Several proposals were offered in a previous
paper!® to explain this discrepancy. For example,
it was suggested that a bulky group in the m-
position might exert a buttressing effect on the
hydrogen in the adjacent o-position. In the case
of desilylation, this strain would be relieved in the
transition state (Fig. A below) and hence steric
acceleration of rate would be observed as the m-
substituent is varied from methyl to ¢-butyl.

H  SiMey

Fig. A.

It would be predicted that this same buttressing
effect should decrease the rates of carbinyl chloride

solvolysis. A gradual increase in bulk of the m-
substituent would cause an increased buttressing of
the o-hydrogen, thus gradually interfering more
and more with the coplanarity of the carbonium ion
intermediate.

(13) V.]J. Shiner and C. J. Verbanic, Tuis JourNaL, 79, 369 (1957).

(14) H. C. Brown, J. D. Brady, M. Grayson and W. H. Bonner,
ibid., 79, 1897 (1957).

(15) E. Berliner and M. M, Chen, ibid., 80, 343 (1958).
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group in these solvolysis studies (see refs. 14 and 15). Otherwise
there is general agreement that the rates follow the sequence m-CH; >
m-Et > m-i-Pr.,
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It seemed desirable to test this attractive hypothe-
si.s, which, if correct, would nicely rationalize the
diverse results noted in the desilylation and car-
binyl chloride solvolyses. It should be noted that
both of these reactions have been put forth as
reliable methods for determining electrical effects at
a particular ring position.®-* Only in the case of
aromatic compounds containing m-substituted
alkyl groups have the two methods given markedly
different results.

It would be predicted that if the desilylation re-
action were indeed sterically accelerated by bulky
groups in the m-position, this effect would be even
more pronounced with fwo such bulky groups
located in the 3,5-positions to the trimethylsilyl
group. Accordingly, the 3,5-dimethyl-, diethyl-,
diisopropyl- and di-¢-butylphenyltrimethylsilanes
were synthesized, and the rate of cleavage of the
trimethylsilyl group from each of these compounds
was determined.

Preparation of Compounds.—The synthesis of
the tolyltrimethylsilanes was acconiplished in con-
ventional fashion. The physical constants of these
compounds are listed in Table I.

The synthesis of the 3,5-dithethoxy- and 3,6-
dibromophenyltrimethylsilane proved difficult and
many approaches were attempted before a satis-
factory synthesis was achieved. The following
sequence shows the route which was employed
in the synthesis of the 3,5-dimethoxy compound.

Br OCH3
N

1, PhLi

————

¢ 2, H:0

Br OCHs
- NT Ve
ban QRN
< liq. NH; S
OCH; OCH;

The 3,5-dimethoxyaniline was converted by the
Sandmeyer reaction to the bromo compound whicl,
in turn, was coupled (vig its organolithium deriva-
tive) with trimethylchlorosilane to form 3,5-di-
methoxyphenyltrimethylsilane.

There are several points of interest in this syn-
thesis. It was found that monobromination of
m-dimethoxybenzene could be achieved by the use
of dioxane dibromide and a short reaction time.
However, the over-all vield was better if the com-
pound was first dibrominated and then one of the
halogens removed by selective interconversion”
with phenyllithium and then hydrolysis.

The cine’ substitution reaction!® witl sodium
amide proved very useful in obtaining the 1,3,5-
arrangement of groups. It resulted in a 397 yield
of product with 1o trace of the direct substitution
product.

Of particular interest was the diazotization of
3,5-dimethoxyaniline and its conversion to the
bromo compound ziz the Sandmeyer route. When
the amine was diazotized with hydrochloric acid,
and then potassium iodide was added in the tradi-

(17) R. G, Jones and H. Gilman, **Organic Reactions,’”” Vol. VI,
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(18) J. ¥. Bunuett and R, F1 Zaller, Chem. Revs., 49, 382 (1551).
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tional manner to obtain the iodo compound, only
a very low yield of product was realized. Only
the HBr—-CuBr combination produced reasonable
vields of produrct.

Two procedures were emnployed to obtain the
3,5~-dibromophenyltrimethylsilane, The over-all
vield of product was comparable by either route.

Method A. The 2,6-dibromo-4-iodoaniline was

SO;H SO:H I
— Br, S— ICI (
N T B o — Bf_@
// e . / AN
NH, NH,  Br NH, Br

then deaminated to form 3,5-dibromoiodobenzene.
The iodine in the latter compound was selectively
interconverted? with #-butyllithium and then
coupled with trimethylchlorosilane to form the
product.

Method B. Anthranilic acid was dibrominated
and then deaminated to form 3,5-dibromobenzoic
acid. A Schmidt reaction converted the latter to
3,5-dibromoaniline which, in turn, was converted
to 3,5-dibromoiodobenzene wa a Sandmeyer re-
action. From this point the sequence was the
same as that described in method A.

The synthesis of the 3,5-dialkylphenyltrimethyl-
trimethylsilanes is summarized in the sequences

. . Br:
2.8-dietliylaniline ~——>

1, HNO,
2,6-diethyl-4-brornoaniline —
2, H;PO,
1,3-diethyl-5-bromobenzene (A)
HNO; H,
cuntente ———> 2. and 4-nitrociimene ———>
200 PtO;
Bl‘z 1, HNO,\
2- and 4-aminociuneite —» —_—
2, H;PO,
1, Mg(Et.0)
3,5-dibromocumene ~——m —————>
2, acetone
3, KHSO,; A
H,
3-hrmo-5-isopropylidinecumene —
PtO,
3,5-diisopropylbrontobenzene (B}
(CH&‘;CCI KI\IHO,;
toluene ————>» 3,5-di-t-butyltoluene —
AlCL;
NaNg
3,56-di-t-butylbenzoic acid ———>
H,S0,
. 1, HNO:
3,5-di-t-butvlaniline —————>

2, KI
3,5-di-t-butyliodobenzene (C)

In each of the above sequeuces, the 3,5-dialkyl-
halobenzene produced was converted to the tri-
methylsilyl derivative by treatment with sodium
(A and B above) or z-butyllithium (C), then by
trituethylchlorosilane.

In general, the above reactions were straightfor-
ward with few exceptions. In the nitration of
cuniene (sequence B) small amounts of the 3-
nitrocumene conceivably could be formed. How-
ever, the infrared spectrum of the final silane
showed the absence of any bands associated with an
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arrangement other than that of the 1,3,5-isomer.
3.5-Di-t-butyliodobenzene (sequence C) failed to
react with sodium in a trial run. The failure of
3,5-di-¢-butylbromobenzene to react with magnes-
ium or lithium has been noted previously by other
workers.?® The halogen-metal exchange of the
iodide with #-butyllithium then subsequent cou-
pling with trimethylchlorosilane proceeded smoothly.
However, a persistent iodine impurity (possibly
formed by oxidation of lithium iodide) was re-
moved only after several distillations and washings
with aqueous thiosulfate. In reality, the yield of
silane was likely 50-609,, but the losses inherent in
several distillations reduced the final yield to 30%.

Rate Determinations.—The rates of desilylation
were followed by a volume expansion method®
employing dilatometers. The various -cleaving
media that were employed are listed in Tables II
to IV. It will be noted that the methyl and ¢
butyl compounds (see Table IV) were run in the
usual cleaving medium (glacial acetic acid, 2.35
molar in hydrogen chloride and 7.23 molar in water)
as well as in a medium which was 1.17 molar in
hydrogen chloride and 3.62 molar in water. The
latter medium allowed higher concentrations of the
silane resulting in a greater rise in the dilatometer
as well as providing an added check on the results.

The rate results are listed in Tables II to V.
It will be noted that the partial relative rates listed
(P.R.R.) were obtained by dividing each rate
constant by the rate constant for trimethylphenyl-
silane,

TasLE I

PavsicAL CONSTANTS AND YIELDS OBTAINED FOR THE
IsoMERIC TRIMETHYLTOLYLSILANES AND TRIMETHYLPHEN-

YLSILANE
Product #20p Yield,
(R = Me;Si-) Found Reported B.p., °C. %
R-Benzene 1.4901 1.4901° 169-169.5
0-R-Toluene  1.5034 1.5025° 196-197 67
m-R-Toluene 1.4922 1.4922° 189-189.5 31
p-R-Toluene  1.4915 1.4912° 192 53

s J. D. Roberts, E. A. McElhill and R. Armstrong,
THIs JoURNAL, 71, 2023(1949). ® H. A. Clark, A. F. Gor-
((ion, )C. W. Young and M. J. Hunter, 4bid., 73, 3798
1951).

TaAsLE II

RATE ConsTaNTs AND ParTIiAL RELATIVE RaTES (P.R.R.)
oF TRIMETHYLARYLSILANES

Compound Rate constant

(R = Me;Si-) X 108, min, =1 P.R.R.
R-Benzene® 0.0890 = 0.0005 1.00
0-R-Toluene® 1.40 =+ .01 15.7
m-R~Toluene® 0.195 =+ .008 2.19
»-R-Toluene® 1.27 == .01 14.3
R-Benzene® 3.96 =+ .06 1.00
m-R-Bromobenzene® 0.0751 0.0189
R-Benzene’ 6.23 £ 0.03 1.00
m-R-Anisole® 3.95 &= .03 0.633

¢ Cleaving medium was glacial acetic acid which was 0.80
molar in p-toluenesulfonic acid and 3.2 molar in water.
® Cleaving medium was glacial acetic acid which was 2.49
molar in hydrogen chloride and 8.2 molar in water. ¢ Cleav-
ing medium was glacial acetic acid which was 3.1 molar in
hydrogen chloride and 9.62 molar in water.

(19) P. D. Bartlett, M. Roha and R. M. Stiles, THIS JOURNAL, T6,
2349 (1954).
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TaBLE III
CORRELATION OF EXPERIMENTAL AND PREDICTED RATES OF
CLEAVAGE
P.R.R.
Rate, £ X 103 obsd./
Compound min, ~1% P.R.R. P.R.R.
(R = MesSi-) Obsd. Caled. Obsd. Caled. caled.
2-R-p-Xylene 3.09 3.06 34.8 34.4 1.01
4-R-m-Xylene 24.6 20.0 277 225 1.23
2-R-m-Xylene 300 21.9 3380 246 13.7
4-R-0-Xylene 2.98 2.79 33.6 31.3 1.07
3-R-0-Xylene® 73.6 27.0 94 34.4 2.7
3,5-Dimethoxy-R-
benzene 2.17 2.49 0.348 0.400 0.87

& The rate constants for the trimethylxylylsilanes were de-
termined in a previous study. °® The cleaving medium was
glacial acetic acid which was 0.587 molar in hydrogen chlo-
ride and 1.81 molar in water.

TasLE IV

RaTe CoNsTaNTs aND PARTIAL RELATIVE RaTEs (P.R.R.)
OF M-ALKYLPHENYLTRIMETHYLSILANES
m-Alkyl Rate constant

group X 103, min. ™! P.R.R.
H* 3.84 £ 0.03 1

CH;* 8.31 £ .19 2.16
C.H;s* 8.54 £ .13 2.22
i-C;Hq® 9.08 & .26 2.36
t-CH® 10.8 =+ .02 2.81
H® 1.46 = .01 1

CHy 3.13 & .04 2.14
1-CH 4.37 = .04 2.99

& Cleaving medium was glacial acetic acid which was 2.35
molar in hydrogen chloride and 7.23 molar in water. ®Cleav-
ing medium was glacial acetic acid which was 1.17 molar in
hydrogen chloride and 3.62 molar in water.

TABLE V

CORRELATION OF EXPERIMENTAL AND PREDICTED RATES oF
CLEAVAGE OF 3,5-DIALKYLPHENYLTRIMETHYLSILANES

P.R.R.

obsd./
m-Alkyl Rate constant P.R.R. P.R.R.
group X 108, min, ~! Obsd. Caled. caled.
H* 3.84 1 .. ..
CH;* 15.5 = 0.01 4.04 4.67 0.87
C.H;* 18.3 & .3 4.77 4.93 .96
2-CsHy* 19.7 £ .1 5.13 5.57 .92
:-CHo* 29.1 % .3 7.60 7.90 .96
Hb 1.46 1 .. ..
CHg 6.20 0.16 4.30  4.57 .94
:-CH 1.6 = .1 7.97  8.92 .90

a.> See notes in Table IV.
Discussion

The predicted and observed rate constants for
six disubstituted compounds are listed in Table
III. The agreement is generally good except in the
case of 2-trimethylsilyl-m-xylene and 3-trimethyl-
silyl-o-xylene. An acceleration in rate is to be
expected in these two cases since the desilylation
results in a relief of steric strain (Fig. A).

The observed and calculated rates for the 3,5-
dialkylphenyltrimethylsilanes in Table V are in
good agreement. It can be deduced from these
results that the substituents in the two m-positions
do not cause an increased buttressing effect, or,
if such an effect is in operation, it is small and lies
within the experimental error. It should be kept
in mind that an error of 3%, in measuring the rate of
the mono alkyl series becomes an error of 99, in
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calculating the value for the disubstituted com-
pounds since the square of the partial relative rate
is involved, However, the results clearly indicate
that the increase in rate observed in desilylations
as the m-alkyl substituent is varied from methyl
to f-butyl is not steric in origin but can be attributed
most satisfactorily to the inductive effect of the
alkyl substituent.

It will be noted that in all cases the calculated
rates for the m-dialkvl series are greafer than the
observed values. It is difficult to attach any sig-
nificance to the trend since all the values are well
within experimental error. If the trend is real it
may indicate a small effect caused by steric hind-
rance to solvation in the transition state.?

The rates of cleavage of thie methoxy and bromo
compounds are both considerably less than for the
unsubstituted phenyltrimethylsilane. This, again,
would be predicted on the basis of the inductive
effects of these groups.

It appears, therefore, that the results of desilyla-
tions follow closely the pattern of arcmatic elec-
trophilic substitution reactions. Electrical effects
appear to be additive in desilylations, with serious
discrepancies in predicted rates arising only in those
cases where severe steric factors provide an undue
acceleration to the rate of cleavage.

Experimental

m~Dimethoxybenzene was prepared in a 969, yield (crude

product) by the method of Ullman,2!

2,4-Dimethoxybromebenzene—m-Dimethoxybenzene
was brominated?? in 839, yield. The product melted at
137-138°. This was converted to 2,4-dimethoxybromobenz-
ene (b.p. 141-142° (14 mm.)) in 769, yield by treatment with
phenyllithium.23

3,5-Dimethoxyaniline.—2,4-Dimethoxybromobenzene
(205 g., 0.95 mole) was added dropwise over a 45-minute
period to a solution of sodium amide?! in liquid ammonia
prepared from 45 g. (1.9 g. atoms) of sodium and 2 1. of
liquid ammonia. The mixture wasstirred for three hours and
then hydrolyzed by addition of 100 g. (1.9 moles) of am-
monium chloride. Benzene (500 ml.) was then added and
the ammonia allowed to evaporate overnight, The benzene
solution was washed with 100 ml. of water then extracted
with excess 6 NV hydrochloric acid. The acid extracts were
made basic with strong sodium hydroxide solution, cooled
and extracted with ether. The ether extracts were dried
with Drierite, filtered and the ether distilled off. The resi-
due was distilled under reduced pressure and the portion
l(aoilg/_p)g 137° (3 mm.) was collected. The yield was 86 g.
59%).

The hydrochloride and acetyl derivatives of the amine were
prepared in the usual manner; hydrochloride, m.p. 209°
dec. (reported? 210° dec.); acetyl, m.p. 155-156° (re-
ported 156°).

3,5-Dimethoxyiodobenzene.—3,5-Dimethoxyaniline
(17 g., 0.11 mole) was diazotized in the usual manner using
11 g. (0.16 mole) of sodium nitrite in 25 ml. of water and 45
ml. of hydrochloric acid in 200 ml. of water. The addition
of sodium nitrite was discontinued when nitrous acid was
present in excess as indicated by starch-iodide paper. After

(20) W. A, Schubert and W, M. Schubert, THIS JOURNAL, 76, 4625
(1954); W. M. Schubert and W. A, Sweeney, J. Org. Chem., 21, 119
(1956); W. A, Schubert, J. Robins and J. L. Haun, THIS JOURNAL,
79, 910 (1957); see also C. C. Price and D. C. Lincoln, #bid., T3, 5836
(1951).

(21) F. Ullman, 4nn., 8327, 116 (1903).

(22) M. Honig, Ber., 11, 1041 (1878).

(23) G. Wittig, V. Pockels and H. Drége, #bid., T1, 1903 (1938).

(24) T. H. Vaughn, R. R. Vogt and J. A. Nieuwland, THiS JOUR-
NaL, 56, 2120 (1934).

(25) R. Seka and W. Fuchs, Monatsh., 67, 63 (1931); C. 4., 25,
1816 (1931).

(26) S. . Oakeshott and S. G. ¥. Plant, J. Chem. Soc., 489 (1927).
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10 minutes, a solution of 20 g. (0.12 mole) of potassium iodide
in 50 ml. of water was added with stirring and the mixture
allowed to staud overnight. It was then made basic with
strong sodium hvdroxide and steam distilled. The distillate
was extracted with ether and the ether evaporated. The
vield of wlite crystals was 2 g. (7%). This was recrystal-
lized from aqueous ethanol, m.p. 74-75°.

Anal. Caled. for CsHglOy: C, 36.39; H, 3.44. Found:
C, 36.57; H, 3.39.

3,5-Dimethoxybromobenzene was prepared in 509, yield
following the directions of Dean and Whalley.?” The product
melted at 63-65° (reported? 66°).

3,5-Dimethoxyphenyltrimethylsilane.—A solutio1 of 38 g.
(0.18 mole) of 3,5-dimethoxybromobenzene in anliydrous
ether was added, with stirring, to a solution of n-butyllith-
ium at 0° prepared in tlie usual manner from 34 g. (0.25
nole) of n-butyl bromide and 3.5 g. (0.5 g. atom) of lith-
ium.” The mixture was stirred for 15 minutes, and then a
solution of 27 g. (0.25 mole) of trimethylchlorosilaiie in etlier
was added, with stirring, at 0°, Tlie mixture was stirred
for one hour wlhile it was allowed to warm to room tempera-
ture. When Color Test 128 was negative, the mixture was
filtered and hydrolyzed by pouring into ice-water. Tle
ether layer was separated, dried with Drierite and distilled
through a Widmer column. The portion boiling at 130-
133° (15 mm.) was collected and redistilled through a Todd
continuous wire spiral column. There was obtained 14 g.
27%) of a liquid boiling at 129.5 -130.0° (12 mm.), 3
1.5080, %, 0.9878; MR found 63.47, MR calcd. 62.94.

Anal. Caled. for CiiH0,81: C, 62.84; H, 8.57. Found:
C, 62.75; H, 8.77.

3,5-Dibromoiodobenzene. Method A.—2,6-Dibromo-4-
iodoaniline was prepared by the method of Sudborough and
Lakhumalani?® in yields of 40-70%, m.p. 145-146° (re-
ported 147-148°)., This was deaminated following a pro-
cedure similar to that described in ref. 30 for the preparation
of 1,3,5-tribromobenzene.® The yield of dibromoiodobenz-
ene after recrystallization from aqueous acetic acid was 12
g. (409%), m.p. 122.5-123.5° (reported? 124.8°).

Method B.—3,5-Dibromoanthranilic acid was prepared
by the niethod of Ullman and Kopetschni.?? This was
deaminated by a method similar to that described in ref.
30 for the preparation of 1,3,5-tribromobenzene.® Tle 3,5-
dibromobenzoic acid was recrystallized from aqueous eth-
anol. The yield was 669, (based on anthranilic acid) of ma-~
terial melting at 212-214° (reported3s 219-220°).

The 3,5-dibromobenzoic acid (78 g., 0.28 mole) was added
to a mixture of 110 ml. of fuming sulfuric acid (209;), 24
ml. of concentrated sulfuric acid and 200 ml. of chloroform.
Sodium azide (21 g., 0.32 mole) was added, with stirring,
while the temperature was kept at 40-45°. The mixture
was poured slowly onto crushed ice and allowed to stand for
at least one hour. The solid was filtered and recrystallized
from aqueous ethanol. There was obtained 35 g. (50%) of
3’,750-)dibromoaniline which melted at 55-56° (reported?¢ 56—
57°).

The 3,5-dibromoaniline (69 g., 0.28 mole) was dissolved
in 150 ml. of concentrated sulfuric acid and the solution
cooled to —5°. A solution of nitrosylsulfuric acid, pre-
pared by dissolving 19 g. (0.28"mole) of sodium nitrite in 240
ml. of concentrated sulfuric acid at 0°,% was added and tle
solution again cooled to —5°. Phosphoric acid (350 ml.,
859%,) was then added, with stirring, while the temperature
was maintained at =£=2°. The mixture, which was a thick
paste at this point, was stirred for an additional 0.5 hour and
then was poured onto 100 g. of crushed ice. A solution of 46
g. (0.28 mole) of potassium iodide in 250 ml. of water was
added with rapid stirring. The mixture was allowed to stand

(27) N. B. Dean and W. B, Whalley, 7bid., 4639 (1954).

(28) H. Gilman and F. Schultz, Tris JoURNAL, 47T, 2002 (1925).

(29) J. J. Sudborough and J, V. Lakhumalani, J. Chem. Soc., 111,
41 (1917).

(30) G. H. Coleman and W, F. Talbot, '"Organic Syntheses,’’ Coll.
Vol. II, John Wiley and Sons, Ine., New York, N. Y., 1944, p. 582.

(31) G. Korner and Contardi, Atti Accad. Lincei, 23, I 829 (1913):
C. A, 8,75 (1914),

(32) ¥. Ullman and E. Kopetschni, Ber., 44, 426 (1911),

(33) J. F. Bunnett, M. M. Rauhut, D. Knutson and G. B. Buassell,
THis JoUrNAL, T6, 5755 (1954).

(34) R. G. Shephard, J. Org. Chem., 12, 275 (1947).

(83) L. H. Welsh, THis JournaL, 63, 3277 (1941).
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overnight, and then the solid was filtered and recrystallized
from acetic acid. There was obtained 46 g. (46%,) of 3,5-
dibromoiodobenzene melting at 122-123° (reported?® 124.8°).

3,5-Dibromophenyltrimethylsilane.—A solution of 34 g.
(0.094 mole) of 3,5-dibromoiodobenzene in anhydrous ether
was added to a solution of 0.09 equivalent of #z-butyllith-
ium! in anhydrous ether at —30°. The temperature was
kept at —30 =& 2° during this period. After the addition,
the solution was stirred for 15 minutes, then 20 g. (0.18
mole) of trimethylchlorosilane was added, with stirring, at
—25°, The mixture was then allowed to stand at room tem-
perature until Color Test 1% was negative. It then was fil-
tered and hydrolyzed with 200 ml. of cold water. The ether
layer was separated and washed with three 25-ml. portions
of 109% sodium thiosulfate solution and two 25-ml. portions
of water. The ether solution was dried with Drierite, the
ether distilled off, and the residue distilled through a Todd
continuous wire spiral column. The material boiling at
112.0-112.2° (4 mm.) was collected. This solidified at
room temperature and was recrystallized from aqueous
ethanol. There was obtained 9 g. (33%) of white needles
melting at 40-41°.

Anal. Caled. for CyH,BreSi: C, 35.08; H, 3.93. Found:
C, 35.01; H, 4.13.

Trimethyl-m-bromophenylsilane.—#-Dibroniobenzene
(50 g., 0.212 mole), prepared in 519, yield by the hypo-
phosphorus acid deamination of 2,4-dibromoaniline, was
treated with magnesium turnings (0.20 g. atom, 4.8 g.) to
form the mono-Grignard in 200 ml. of anhydrous ether. The
reaction was continued with external heating until all the
magnesium had disappeared. At this point approximately
100 nil. of ether was distilled off under an atmosphere of
nitrogen. Trimethylchlorosilane was then added immedi-
ately to the Grignard, and external heating wasapplied. Re-
fluxing was continued for ten hours. At this time hydrolysis
with cold water was accomplished. Ether extraction fol-
lowed and the combined extracts were washed with aqueous
potassiuni carbonate and finally with water, The combined
extracts were dried overnight with Drierite. The ether and
hexamethyldisiloxane were distilled off and the remaining
product fractionated under vacuum in a Todd coutinuous
wire spiral column. Tliere was obtained 5 g. of material
boiling at 75° (1 mm.), »2 1.5282, d%, 1.219, #%® (re-
ported®) 1.5290; MR caled. 57.78, MR found 57.91.

Trimethyl-m-anisylsilane,—A solution of 35 g. (0.25 mole)
of m-chloroanisole and 27 g. (0.25 mole) of trimethylchloro-
silane in 150 ml. of anhydrous ether was added to a well
stirred suspension of 12 g. (0.52 g. atom) of sodium sand in
150 ml. of anhydrous ether. This mixture was stirred and
refluxed a total of 10 hours and allowed to stand at room tem-
perature without stirring for 20 hours. At the end of this
period it was cooled in an ice-bath and hydrolyzed by the
dropwise addition of 100 ml. of cold water. The ether layer
was separated, dried with Drierite, and distilled through a
Widmer column. The portion boiling at 217-220° was redis-
tilled through a Todd continuous wire spiral column. The
yield was 23 g. (50%), b.p. 218.0-218.5°, »%¥ 1.5015 (re-
ported® n2p 1.5020).

Trimethyltolylsilanes.—All of the isomeric trimethyltolyl-
silanes and trimethylphenylsilane were prepared by reaction
of the appropriate aryllithium compound and trimethyl-
chlorosilane in the usual manner. The physical constants
obtained for these compounds are summarized in Table I.

3,5-Dimethylphenyltrimethylsilane.—A sample prepared
previously in this Laboratory vas used!!; #%p 1.4046.

2,6-Diethyl-4-bromoaniline.—The procedure employed
was adapted from that of Snyder, e al.,% for an isomeric com-
pound. Bromine (32 g., 0.2 mole) was added to a stirred
solution of 30 g. (0.2 mole) of 2,6-diethylaniline® in 100 ml.
of methanol and 20 ml. of glacial acetic acid at 10~15° over a
1-hour period. Stirring was continued for an additional 30
minutes. Tlie solvents were evaporated under reduced pres-
sure and the hydrobromide was collected by vacuum filtra-
tion. The free amine was regenerated by treatment with
aqueous sodiuni hydroxide. The amine was taken up in

(36) R. A. Benkeser and H. R. Krysiak, THi1$ JourNAL, T6, 599
(1954).

(37) R. A. Benkeser and H. R. Krysiak, ¢bid., 75, 4528 (1953).

(38) H. R. Snyder, R. Adams and A. MecIntosh, ibid., 68, 3282
(1941).

(39) A generous sample of this compound was supplied by Dr. Roy
Sugimoto of the Fthyl Corporation, Detrnit, Mich.
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ether and dried over magnesium sulfate. Distillation
through a 12-inch Vigreux column gave 26.8 g. (63%,) of
amine boiling at 130~134°(3 mm.), #¥p 1.5846. The amine
darkened rapidly upon standing. A sample was converted
to the acetyl derivative (m.p. 181-182°) for analysis.

Anal. Caled. for CoHieNOBr: C, 53.35; H, 5.97.
Found: C, 53.10; H, 6.02.

1,3-Diethyl-5-bromobenzene.®—The amine was deami-
nated in 609, yield by hypophosphorous acid. The product
was distilled through a Widmer column and boiled at 76—
78° (3 mm.), n%p 1.5380 (reported® b.p.115~-119°(17 mm.).

3,5-Diethylphenyltrimethylsilane.—The aryl bromide was
coupled with trimethylchlorosilane by sodium in 779, yield
by the procedure previously described.? The silane was dis-
tilled through a Vigreux column and then fractionated
through a continuous spiral Todd column. It boiled at 97°
(7 mm.), n®p 1.4936, d%4 0.8620; MR found 68.60, MR
caled. 68.08.

Anal. Caled. for CisHaSi: C, 75.63; H, 10.74. Found:
C,75.68; H,10.43.

o0- and p-Nitrocumene.—Cumene was nitrated in a 60%
yield according to the procedure of Hansch and Helmkanip.#

3,5-Dibromocumene.—The isomeric nitrocumenes were
reduced to the cumidines according to the procedure of
Biel!! in 889, yield. The mixture of o- and p-cumidine
boiled at 83-87° at 4 mm. This mixture (74 g., 0.55 mole)
was dissolved in 350 ml. of methanol and 60 g. of glacial
acetic acid. A solution of 176 g. (1.10 moles) of bromine in
250 nil. of glacial acetic was added at 10-15° with stirring
over a 2-liour period. Stirring was continued for an addi-
tional 2 hours. The solvents were evaporated at reduced
pressure and the free amine regenerated by aqueous sodium
hydroxide.

The crude amine was dissolved in 600 ml. of glacial acetic
acid, 40 ml. of water and 180 ml. of coned. hydrochloric acid.
Diazotization was effected at 5-8° by 37 g. of sodiun1 nitrite
in 200 ml. of water. The diazonium solution was added to a
cold solution of 540 ml. of 509, hypophosphorous acid (tech.
grade) and 360 ml. of water. The mixture was allowed to
stand at 0° for 16 hours and then at room temperature for 24

hours. Tlie lower layer was separated and the aqueous
layer extracted with several portions of ether. The com-
bined layers were dried over calcium chloride. Two distil-

lations through a 12-inch Vigreux column gave 86 g. (569,
based on the cumidines) of 3,5-dibromocumene boiling at
90-91° (2 mm.), #¥p 1.5762, d%, 1.6399; MR found 56.10,
MR caled. 55.62. A negative silver nitrate test indicated
the absence of side-chain bromination.

Anal. Caled. for CsHoBre: C, 38.88; H, 3.63. Found:
C, 38.60; H, 3.68.

3,5-Di-¢-propylbromobenzene.—A solution of 41.7 g.
(0.15 mole) of 3,5-dibromocumene in 125 ml. of ether was
added dropwise to 3.66 g. (0.15 g. atom) of magnesium turn-
ingsin 25 ml. of ether. Stirring was continued until the mag-
nesium was essentially consumed. Acetone (8.7 g., 0.15
mole) was added so as to maintain gentle reflux. The reac-
tion mixture was then stirred for an additional hour. Hy-
drolysis was effected by pouring onto chipped ice. The
ethereal layer was separated and the aqueous layer extracted
with two portions of ether. The combined ethereal solutions
were concentrated by distillation. Three grams of pow-
dered, fused potassium bisulfate and 0.5 g. of hydroquinone
were added to the carbinol. The flask was fitted with a 12-
inch Vigreux column fitted for vacuum distillation. The
pressure was adjusted to 25 mm. and the pot temperature
raised gradually until a mixture of water and the crude
olefin distilled over. The crude olefin was dissolved in
ether and washed successively with water, 5% aqueous so-
dium hydroxide and water. After drying over Drierite, the
crude olefin was distilled through a Vigreux column to give
18.3 g. (519, based on dibromocumene) of product b.p. 112~
114° (5 mm.), #%D 1.5566.

A Parr hydrogenator was charged with 18.3 g. of olefin, 50
ml. of absolute ethanol and 0.15 g. of platinum oxide. The
theoretical amount of hydrogen was absorbed rapidly from
an initial pressure of 60 p.s.i. Distillation through a Vig-
reux column gave 13 g. (709%) of 3,5-di-i-propylbromoben-
zene which boiled at 109-110° (4 mm.), »®p 1.5290.

(40) C. Hansch and G. Helmkamp, skid., T8, 3080 (1951).
(41) J. H. Biel, ¢bid., T1, 1306 (1949).



Anal. Caled. for CoHi?Br: C, 59.74; H, 7.06; Found:

C, 59.56; H, 6.84.
3,5-Di-i-propylphenyltrimethylsilane.—The bromide was

coupled with trimethyvlchlorosilane by sodium according to
the procedure employed for the diethyl compound. The
product, which was fractionated througli a Todd column,
boiled at 94-95° (3 mm.), #*D 1.4894, d2, 1.8605; M R found
78.60, MR caled. 77.90.

Anal. Caled. for CsHeSi: C, 76.84; H, 11.18. Found:
C, 76.54; H, 11.00

3,5-Di-t-butyltoluene?? was prepared it 469, yield. The
product, which was fractionated through a Todd column,
boiled at 94.5-95° (5 mm.) (reported? b.p. 98° (6 mm.).

3,5-Di-i-butylbenzoic cid.$3——Oxidation of tlie di-t-
butyltoluene gave the desired acid in 645, yield, m.p. 170~
171.5° (lit.# m.p. 172°).

3,5-Di-t-butylaniline.**—A Schmidt reaction ou the acid
gave the amine (m.p. 52.5-54°) in 889, vield (lit.** m. p.
50.5-53°). ‘

3,5-Di-t~-butyliodobenzene was prepared in 339, vield ac-
cording to the procedure described in the literature.¢ The
iodide melted at 66-67° (lit.* m.p. 67-68°).

3,5-Di-t-butylphenyltrimethylsilane.—A solution of 25.25
g. (0.08 mole) of 3,5-di-t-butyliodobenzene in 75 ml. of ether

(42) J. Greuze, C. Ruinard, J. Soeterbroek, P. E. Verkade and B. AL,
Wepster, Rec. tvay. chim., T8, 301 (1956).

(43) W. VanHartingsveldt, P. E. Verkade and B. M. Wepster, ibid.
75, 349 (1936).

(44) J. Burgers, W. Van Hartingsveldt, J. Kuelen, P. Verkade, H.
Visser and B. M. Wepster, ¢bid,, 75, 1327 (1956).
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was added at 0-10° to a solution of z-butyllithiun prepared
from 19.2 g. (0.14 mole) of n-butyl bromide and 2.00 g.
(0.28 g. atom) of lithium wire. Stirring was continued at 0°
for 15 minutes. The cooling was removed and 15.25 g. (0.14
niole) of trimethylchlorosilane in 25 ml. of ether was added
dropwise. The mixture was stirred at room temperature for
three hours then refluxed for four hours. Hydrolysis
was effected by pouring onto crushed ice which was mixed
with several grams of sodium bicarbonate. The ethereal
layer was washed successively with several portions of water,
aqueous sodium thiosulfate and finally water. The solution
was dried over Drierite. Upon distillation, iodine distilled
over with the product. The product was dissolved in 35~
37° petroleum ether, washed with thiosulfate, dried, and
distilled. This procedure was repeated tliree times before a
product was obtained free from iodine. Final purification
was achieved by distillation through a Todd cloumn. Tle
product boiled at 82-83°at 1 mm., #%p 1.4854, d2, 0.8573;
MR found 87.75, M R caled. 87.15.

Anal. Caled. for C;;Hy,Si: C, 77.80; H, 11.52. Found:
C, 78.04; H, 11.62.

General Kinetic Procedure.—Tlie purification of -~
terials, thiermostat, dilatonieters and procedure werc de-
scribed in a previous paper from this Laboratory.?

Acknowledgment,—The authors are grateful to
the National Science Foundation and the Ethyl
Corporation, whose financial assistance made this
work possible.

LAFAYETTE, IND.

[CoNTRIBUTION FROM THE CHEMICAL LABORATORIES OF PURDUE UNIVERSITY]

A New Method for Determining the Reactivity of a Particular Ring Position in an
Aromatic System

By RoBERT A. BENKESER, DoONALD I. HOKE AND RICHARD A. HICKNER
Rrce1vEp MArcH 19, 1958

It lias been found that the tritnethyvlsilyl group can be removed cleanly from an aromatic ring by mercuric acetate i glacial

acetic acid (mercuridesilylation}.

The mercuriacetate enters the ring at the position originally occupied by the silicon group-

ing. The rates of mercuric acetate cleavage of the isomeric tolyl- and xylyltrimethylsilanes are reported. The relative
order of the ease of cleavage of these compounds parallels closely that which was observed in protodesilylations, and can be

rationalized in terms of a combined steric and electronic effect.

A plot of log Ps/m;: vs. log ps for mercuridesilylation obeys

the linear ''selectivity’’ relationship demonstrated by H. C. Brown and co-workers.

In previous publications from this Laboratory
the protodesilylation!of various aryltrimethylsilanes
was studied.? This reaction has been shown to
resemble aromatic electrophilic substitution very
closely and has proved to be a valuable tool in
determining the electrical effect at a particular ring
position in an aromatic nucleus.

e, 0T T SO -
& psivte, <> )+ (CHUSIOH +

R ;
R (protodesilylation)

We have found recently that cleavage of the
trimethylsilyl group from an aromatic ring can be
effected very cleanly by mercuric acetate i a sol-

§——E >—SiMe, Hg(OAc)
R

HOAc¢ R

—HgOAc +
(CHj33810Ac

(1tereuridesilylation)

{1) This (erm was intodueed Ly Prof. O Babora (. Chem, Sor,
1838 (1956)) to describe the acii-catalyzed 1emoval of (he (rimethyl-
sily] group from an aromatic ring.

(2) (&) R. A, Benkeser and H. R, Krysiak, Tmis Jovrns, T6,
u353 (1934); (b) R. A. Benkeser, R. A. Hickner and D. 1. Hoke, ibid.,
80, 2279 (1958); (c) R. A. Benkeser, O. H. Thomas and W. A, Schroe-
der, 7hid., 80, 2283 (1938): (d) R. A. Benkeser, R. A, Hickner, D. T.
ke arol 0 11 Thowtas Jbid., 80, 3080 (114538)

vent of glacial acetic acid. In such cases the tri-
methylsilyl group is replaced by a mercuriacetate
group rather than by a protoun. It was of interest
to determine whether the results obtained in pro-
todesilylations? could be correlated in any manner
with the mercuridesilylation results. To test thig
point the isomeric tolyl- aund xylyltrimethylsilanes
were chosen for study since protodesilylations had
been carried out on the members of both of these
series previously. Table I lists all the compounds
included in the present study along with their
physical constants.

Table II lists the rate coustants and partial
relative rates (P.R.R.) for the tolyl series. These
cleavages were carried out as pseudo first-order in
silane, the mercuric acetate being present in ten-
fold excess.

It was not possible to carry out cleavages in the
xylyl series under the same conditions since the rates
proved to be too rapid to follow. Cousequently
the latter were run psendo first-order in mercuric
acetate. The rate data for the xylyl series are
listed in Table I1I.

It will be noted that the mercuridesilylation
re;iction provides a new synthetic route to aromatic



