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added 2-phenylbutyric anhydride (4 mmol) and the mixture was
maintained at room temperature for 18 hr. To this mixture
was added 2 ml of water and 2 ml of benzene. After 1 hr, the
excess of acid was titrated with 1.0 M sodium hydroxide (phenol-
phthalein). The results indicated that only 409 of esterification
had occurred. The slightly alkaline solution was extracted with
chloroform (four 15-ml portions) and the extracts were discarded.
The aqueous layer was acidified with concentrated hydrochloric
acid and extracted with benzene (three 20-ml portions). The
benzene extract was washed twice with brine, dried, evaporated,
and sublimed, providing (— )-2-phenylbutyric acid, [a]%p —1.5°
(¢ 25, CCl). (-+)-2-Phenylbutyric acid, obtained by the
hydrolysis of the 3-thujopsanol 2-phenylbutyrate with aqueous
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aleoholic potassium hydroxide for 24 hr at reflux, exhibited
[a]®Bp +3° (¢ 25, CCly).

Registry No.—2, 25966-77-2; 2 p-nitrobenzoate,
25966-78-3; 3, 25966-79-4; 4, 26039-33-8; 4 p-nitro-
benzoate, 25966-80-7; 5, 25966-81-8; 8, 25966-82-9; 8
p-nitrobenzoate, 25966-83-0; 11, 25966-84-1.
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assistance of Dr. Kwang-Ting Liu in the interpretation
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publication.
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The addition of aminosilicon hydrides and silazane hydrides to olefins and to dimethylaminodimethylvinylsilane

in the presence of chloroplatinic acid was studied.

n-Butylaminodimethylsilane and hexene-1 formed 2-n-

butyl-1-n-hexyl-1,1,3,3-tetramethyldisilazane which diminished as the reaction proceeded to form n-butylamino-

hexyldimethylsilane.
olefins.

Dialkylaminodimethylsilanes and trisdimethylaminosilane reacted very little, if at all, with
sym-Tetramethyldisilazane behaved much like sym~tetramethyldisiloxane in having similar reactivity

and in forming sec-alkyl adducts from pentene-2. Dimethylaminodimethylsilane added to hexene-1 smoothly

in the presence of sym-tetramethyldisilazane, but not in its absence.

Methyl methacrylate, methyl acrylate,

allyl chloride, methallyl chloride, or allyl acetate each gave complex mixtures of many products with sym-tetra~

methyldisilazane. Allylamine gave hydrogen.

Trisdimethylsilylamine formed the dihexyl adduct, no tri-

hexyl adduct, and products that indicated redistribution of methyl groups and hydrogen on the silicon atoms

during the reaction.
2-(dimethoxymethylsilyl)propylamine.

More than 2000 examples of the addition of siloxane,
and of halo- or alkoxy-, aryl-, and alkylsilicon hydrides
to olefins with platinum catalysts have been described.?
However, the only report of an aminosilicon hydride
adding to an olefin is that of sym-tetramethyldisilazane
adding to tertiary allyl amines.? Chemical and physi-
cal data indicate that Si-N bonds of disilazanes and tri-
silylamines are different from those of monosilylated
amines.’=> We wished to determine the effect of
structure among silicon hydrides that were amino-
silanes, silazanes, and trisilylamines on their addition
to olefins with chloroplatinic acid as a catalyst. To do
this a series of hydrides was prepared. The series in-
cluded n-butylaminodimethylsilane (n-BuNHSiMe,H),
anilinodimethylsilane (PhNHSiMe,H), dialkylamino-
dimethylsilanes (R:NMe,SiH, R = Me, Et, n-Bu),
trisdimethylaminosilane [(Me;N);SiH], sym-tetrameth-
yldisilazane [HN (SiMe,H),], sym-diphenyldimethyl-
disilazane [HN(SiMePhH),], and trisdimethylsilyl
amine [N(SiMe,H);]. Chloroplatinic acid in propa-
nol-2 was used as a catalyst with hexene-1 or pentene-
1 and pentene-2 as typical olefins. Other unsaturated
compounds were also used including poly-N-allyl-

I
methylsilazane [CH/~=CHCHy-N-SiHMe],, allylamine,

and other allyl or methallyl compounds.

(1) E. Y. Lukevits and M., G. Vorankov, “Organic Insertion Reactions
of Group IV Elements,” Consultants Bureau, New York, N. Y., 1966, and
references cited therein,

(2) K. A, Andrianov, L. M. Khanenashvili, V. M. Kopylov, and T. V.
Nesteroras, Iaw. Nauk Akad. USSR, Ser. Khim., 2, 351 (1968).

(8) R.O. Bauer and R. H, Hasek, J. Amer. Chem. Soc., 68, 241 (1946).

(4) 8. Sujishi and 8. Witz, tbid., 76, 4631 (1954).

Poly-N-allylmethylsilazane reacted to form a polymer which degraded in methanol to form

Results and Discussion

n-Butylaminodimethylsilane with hexene-1 and
chloroplatinic acid at 100° reacted smoothly but fol-
lowed an unexpected course. After 1 hr the chief prod-
ucts were 2-n-butyl-1-hexyi-1,1,3,3-tetramethyldisila-
zane and butylamine. After 3 hr the disilazane had
been largely converted to n-butylaminohexyldimethyl-
gilane. Formation of these products probably occurred
by a sequence of reactions as in the following reactions.

2n-BuNHSiMe;:H === n-BuN(SiMe,H): + n-BuNH,
hexene-1
n-BuN(8iMe,;H ); ——> n-BulN(SiMe.H )SiMe;-n-Hex

hexene-1
n-BulN (SiMe.H )SiMes-n-Hex ——> n-BuN(SiMeyn-Hex),
n-BuN(SiMey-n~-Hex). + BuNH, —> 2n-BulNHSiMe;Hex

Anilinodimethylsilane under the same conditions
formed a 969, yield of anilinodimethylhexylsilane and
no intermediate step in its formation was noted.

Dimethylaminodimethylsilane, diethylaminodimeth-
ylsilane, and di-n-butylaminodimethylsilane under
the same conditions formed little or no adduets with
hexene-1. However these silanes added very smoothly,
although slowly, to hexene-1 if sym-tetramethyldisil-
azane wasg in the mixture of reagents.

This strange behavior was thought to be the likely
consequence of an inability of dialkylaminodimethyl-
silanes to form a complex with platinum necessary for
catalytic activity in such a system. The formation of
di-n-butylaminohexyldimethylsilane then must have

(5) K. Hedberg, ibid., 77, 6491 (1855).
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occurred by an exchange such as in the following re-
actions.

Pt
- HN(SiMe;H), + hexene-1 —> HMe;SiNHSiMes-n-Hex

Pt
HMe,SiNHSiMern-Hex + n-BusNMe;SiH —>»
HN(SiMe;H ), + n-Bu.NMe,Si-n-Hex

Di-n-hexyltetramethyldisilazane was mixed with
octene-1 and dimethylaminodimethylsilane and the
catalyst. Again, little or no reaction occurred. In
the presence of 1-n-hexyl-1,1,3,3-tetramethyldisilazane,
however, a complex mixture of products formed in ex-
cellent yields. The products included n-hexyldimethyl-
aminodimethylsilane, which could result only by the
exchange described above. The products also included
dimethylaminodimethyloetylsilane, sym-dihexyltetra-
methyldisilazane, sym-dioctyltetramethyldisilazane,
and 1-hexyl-3-octyltetramethyldisilazane. These prod-
ucts indicate that a reversible exchange of silyl groups
between disilazanes and dimethylaminosilanes occurred
in this system. Probably only the dimethylsilyl groups
in disilazanes added to the olefins, but with the exchange
going on all possible adducts were produced. In order
to see if chloroplatinie acid was a catalyst for such ex-
change processes in the absence of an olefin, n-hexyl-
methylaminodimethylsilane and sym-tetramethyldisil-
azane were heated 20 hr at 100° with chloroplatinic
acid. No exchange took place. This indicates that
exchange required a platinum-olefin—silane complex.
Dimethylaminosilanes are ineffective in making such a
complex and are therefore not added to an olefin. Tris-
dimethylaminosilane was another example that did not
add to hexene-1 with chloroplatinic acid nor with ben-
zoyl peroxide.

Hexene-1, with sym-tetramethyldisilazane or with
sym~diphenyldimethyldisilazane, gave the corresponding
di-n-hexyl adduets in good yield. 3,3-Dimethoxypro-
pene under similar conditions gave a 539, yield of sym-
bis(3,3-dimethoxypropyl)tetramethyldisilazane. ~ Un-
der the same conditions pentene-2 reacted very slowly
with sym-tetramethyldisilazane but formed a good yield
of a mixture of n-pentyl and sec-pentyl adducts. This
behavior of sym-tetramethyldisilazane with pentene-2
is closely analogous to the behavior of sym-tetramethyl-
disiloxane.®

sym-Tetramethyldisilazane and vinyldimethylamino-
dimethylsilane reacted smoothly to form sym-bis[2-
(2-dimethylaminodimethylsilyl)ethyl Jtetramethyldisila-
zane, (MesNMeSiCH,CH,8iMe,),NH. This example
is interesting chiefly because the large number of prod-
ucts were not observed that would have formed if silyl
groups had exchanged extensively between the disila~
zane and dimethylaminosilane structures:

sym-Tetramethyldisilazane and allylamine made
hydrogen and other products that were not identified.
The formation of hydrogen from allylamine and silicon
hydrides has been observed before.”

Allyl acetate, allyl chloride, methallyl chloride,
methyl acrylate, and methyl methacrylate all gave nu-~
merous products which were not identified. Acryloni-
trile did not seem to react with tetramethyldisilazane,
but preferred to polymerize.

(6) H. M. Bank, J. C. Saam, and J. L. Speier, J. Org. Chem., 29, 792
(1964).
(7y J. C. 8aam and J. L, Speler, ibid., 24, 119 (1959).

to bis(hexyldimethylsilyl)trimethylsilylamine.

DENNIS AND SPEIER

Trisdimethylsilylamine with hexene-1 formed at
least five addition products detected by gle analysis. A
large run was distilled to yield 41%, bis(hexyldimeth-
ylsilyl)dimethylsilylamine. A mass spectrum of the
products from a gle analysis indicated that the higher
boiling produects contained an unusual combination of
hexyl and methyl groups and hydrogen on silicon. The
lowest boiling peak had a m/e of 373 corresponding
Three
other peaks in the gle had a m/e of 429 suggesting tri-
silylamines each possessing five methyl groups, three
hexyl groups, and one hydrogen, e.g., bis(hexyldimethyl-
silyl)hexylmethylsilylamine.

These products were refluxed in ethanol for 10 days
and after low boiling materials had been removed gle
analysis indicated peaks with retention times of dihex-
ylmethylethoxysilane, hexylmethylethoxysilane, and
hexyldimethylethoxysilane.

Both . trisdimethylsilylamine and tristrimethylsilyl-
amine were refluxed in ethanol to corroborate the
method of derivatizing the above products by ethanoly-
gis. Tristrimethylsilylamine in 18 hr gave complete
conversion to trimethylethoxysilane. Similarly trisdi-
methylsilylamine was converted to dimethylethoxysil-
ane after 40 hr. These results were not to be expected
in view of the reported stability of bis(methoxydimethyl~
silyl)trimethylsilylamine in refluxing methanol.®

No exchange of hydrogen and methyl groups on
silicon in trisdimethylsilylamine occurred in the pres-
ence of chloroplatinic acid under the same conditions
in the absence of the olefin.

The exchange of methyl groups and hydrogen from
one silicon atom to another of trisdimethylsilylamine is
without precedent during platinum-catalyzed addition
of silicon hydrides to olefins. Methyl groups and tri-
methylsiloxy groups have exchanged during the addition
of bistrimethylsiloxymethylsilane to hexene-2, but in
that case no exchange of hydrogen was detected.®

A mixture of cyclo-N-allylmethylsilazanes, (CHe=
CHCH.NSiMeH),, was added to refluxing toluene that
contained chloroplatinic acid. A very high boiling
produet resuited. This product was refluxed in metha-
nol for 64 hr and distilled to obtain about a 519, yield
of 2-(methyldimethoxysilyl)propylamine. An isomer,
thought to be 3-(methyldimethoxysilyl)propylamine
was also present as an impurity to the extent of about

9%.

Experimental Section

Analyses.—Gas-liquid chromatographs (gle) were obtained
with an 8 ft X 0.25 in. stainless steel column packed with 26%
Dow Corning SGM-11 on Chromosorb W 80-100 mesh. Peaks
were identified in most cases by injection of samples to which
authentic compounds had been added. *H nmr spectra were
obtained on a Varian Associates Model A-60 using CCly as
solvent and tetramethylsilane as an internal standard. Infra-
red spectra were obtained on a Perkin-Elmer 521 grating spec-
trometer. The mass spectra were obtained on an AEI-MS-12
mass spectrometer. Elemental analyses were determined by the
Dow Corning Analytical Laboratory. The specific refractions
of the compounds in this paper were calculated with the bond
refraction values of Vogel, et al.®

(8) L. W, Breed and R. L. Elliot, J. Organometal. Chem., 11, 447 (1968).

(9) Marilyn R, Stober, M. C. Musolf, and J. L. Speier, J. Qrg. Chem., 30,
1651 (1965).

(10) A, I. Vogel, W. T, Creswell, and J. Lucester, J. Phys. Chem., 88, 174
(1954).
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Tasie I
INTERMEDIATES
Registry % ———Rp~——— —Neut equiv—
Compd no. yield Bp, °C (mm) n%p 264 Caled Found Caled Found
n~Pentyldimethylchlorosilane 25938-34-5 88 160 (atm.) 1.4225 165 169
n~-Hexyldimethylchlorosilane 3634-59-1 58 98-100 (50) 1.4269 0.8759 0.296 0.293 179 179
n-Octyldimethylchlorosilane® 79 90 (30) 1.4328 209 219
n~Hexylmethylchlorosilane 26015-61-2 34 172 (atm)
n-Hexylmethylethoxysilane 25938-35-6 43 80 (25) 1.4136 0.8091 0.313 0.309 b
Di-n-hexylmethylsilane 1001-46-3 53 137 (20) 1.4365 0.7773 0.337 0.337 e
Di-n-hexylmethylethoxysilane 25938-37-8 81 157 (30) 1.4320 .
Dimethylaminodimethylvinylsilanee 42 108 (atm) 1.4169 1290 133
n-Butylaminodimethylsilane 25938-38-9 49 88-91 (40) 1.4088 0.7591 0.318 0.318 131 135
Diethylaminodimethylsilane/ 39 110 (atm) 1.4089
Dimethylaminodimethylsilanes 28 68 (atm) 1.3889 103 105
Di-n-butylaminodimethylsilane 25938-39-0 39 70-71 (7) 1.4268 0.7916 0.328 0.325 187 186
sym~-Dimethyldiphenyldisilazane 25938-40-3 53 120-121 (0.5) 1.5480 0.9998 0.321 0.318 257 255
Anilinodimethylsilane® 91 (12) 1.5312 0.9895 0.319 0.313 151 153
sym-Tetramethyldisilazane: 57 100 (atm) 133 134
Trisdimethylsilylamine? 150 (atm) 1.4222
Dimethylamino-n-hexyldimethylsilane 25913-89-7 80 103-108 (30) 1.4278 0.9519 0.328 0.327 187 188
Diethylamino-n-hexyldimethylsilane 26015-62-3 75 72 (1.0) 1.4330 0.7976 0.320 0.326 215 217
N-Allylmethyleyelosilazanes 44.5 69-133 (0.1) 1.4791- 0.9322- 0.308 0.304- 99 99-100
1.5006 0.9760 0.302
« R. H. Bunnell and D. A. Shirley, J. Org. Chem., 17, 1545 (1952), report bp 222-225°. * Anal. Caled for SiCeH20: 8i, 16.1; C,

62.0; H, 12.7. Found: 8i, 15.7; C, 63.1; H, 12.6. °Anal.

C, 72.8; H, 14.02. ¢ Anal.

Patterson and N. Bilow, J. Polym. Sci., Part A-1,7 (4), 1089. (1969), report bp 105-106° (760 mm).

Caled for 8iCi:H30: 81, 13.1; C, 72.9; H, 14.1.
Caled for SiCi;HaO: 81, 10.82; C, 69.4; H, 13.2. Found: 8i, 10.98; C, 69.8; H, 13.6.

Found: 8i, 13.2;
e W. J.
/K. A. Andrianov, T. K. Dzhas-

hiashvili, V. V. Astakhin, and G. N. Shunakova, Izv. Akdd. Nauk SSSR, Ser. Khim., 12, 2229 (1966), report bp 112-112.5, n?°p 1.8087.

¢ W. J. Patterson and N. Bilow, J. Polym. Sci., Part A-1,7 (4), 1089 (1969), report bp 656-66° (760 mm).

K. A. Andrianov, L. M.

Khananashvili, V. M. Kopylou, and A. A. Vyaz'mitinova, Izv. Akad. Nauk SSSR, Ser. Khim., 7, 1539 (1969), report bp 65° (8 mm).

i H. Kriegsmann and G. Engelhardt, Z. Anorg. Chem., 310, 100 (1961), report bp 99-100°.

Pearce, J. Chem. Soc. 4, 263 (1969), report bp 153° (760 mm).

The neutralization equivalents of the aminosilanes and di-
silazanes were determined by titration with 0.1 N perchloric
acid in acetic acid to the blue methyl violet end point. The
neutralization equivalents of the chlorosilanes were obtained by
titration with 0.1 N sodium hydroxide in aqueous ethanol with
phenophthalein as an indicator.

Reagents.—Chlorosilanes were products of the Dow Corning
Corporation and, with the exception of dimethylchlorosilane,
were >999% pure by gle analysis. Dimethylchlorosilane was
approximately 75% pure.

Allylamine was obtained from the Shell Chemical Company
>959, pure by glc analysis. Ammonia and dimethylamine were
obtained from Matheson Company. Di-n-butylamine was ob-
tained from Aldrich Chemical Company. Diethylamine, n-
butylamine, and aniline were obtained from Fisher Scientific
Company.

Synthesis of Intermediates.—Dimethylaminosilanes and di-
silazanes were prepared by bubbling an excess of dimethylamine
or ammonia through a stirred solution of the appropriate chloro-
silane in pentane at 0°. Other aminosilanes from liquid amines
were prepared by adding chlorosilanes to a solution of the amine
in pentane. Trisdimethylsilylamine was prepared from tetra-
methyldisilazane and dimethylchlorosilane with pyridine as a
hydrogen chloride acceptor. The products were warmed to
room temperature and filtered. The filtrates were then distilled
to obtain the products shown in Table I.

n-Pentyl-, n-hexyl-, and n-octyldimethylchlorosilanes were pre-
pared from pentene-1, hexene-1. or octene-1 and dimethylchdoro-
silane with chloroplatinic acid as the catalyst.1t i

Di-n-hexylmethylsilane was prepared from n-hexylmagnesium
bromide in ether and n-hexylmethylchlorosilane.

Di-n-hexylmethylethoxysilane was prepared by the reaction
of di-n-hexylmethylsilane and absolute ethanol in the presence
of 59 palladium on charcoal.’? Nmr spectral data are shown
in Table II.

n-Butylaminodimethylsilane with Hexene-1.—n-Butylamino-
dimethylsilane, 26.0 g (0.2 mol), was added to refluxing hexene-1,
16.8 g (0.2 mol), that contained 3 drops of 0.1 M HyPtCls. The

(11) J. L. Speier, J. A, Webster, and G, H. Barnes, J. Amer. Chem. Soc.,
79, 974 (1957).
(12) L. H. Sommer and J. E, Lyons, 7bid., 91, 7061 (1969).

7R, P. Bush, N. C. Lloyd, and C. A.

mixture was heated to about 100° during 1 hr and analyzed by
gle. At this time it was mostly 2-n-butyl-1-n-hexyl-1,1,3,3-
tetramethyldisilazane and butylamine. After 3 hr at 100° and
a weekend at room temperature the product was distilled to give
hexene, 7.0 g (429, of starting material), n-butylaminodimethyl-
hexylsilane [{17.5 g (0.086 mol, 74%, based on unrecovered
hexene); bp 52-54° (15 mm); n¥*p 1.4316; d%, 0.7893; Rp
0.328, caled 0.327; neut equiv 214, caled 215; ir (CCly) 3410
(NH), (C8;) 1250 em™* (S8iMe)], and 2-n-butyl-1-n-hexyl-1,1,3,3-
tetramethyldisilazane [6.1 g (0.022 mol, 14.7%, based on unre-
covered hexene); bp 69° (0.1 mm); n¥p 1.4410; d%, 0.8196;
Rp 0.320, caled 0.322; ir (CCL) 2130 (SiH), (CSy), 1250 (SiMe),
900 em~* (Si-N)].

Anilinodimethylhexylsilane with Hexene-1.—Hexene-1, 4.2 g
(0.05 mol), anilinodimethylsilane, 7.22 g (0.05 mol), and 0.01
ml of 0.1 M H,PtCl; were sealed into a Pyrex tube and heated
t0 100° for 24 hr. Distillation gave 11.3 g (96%) of anilinohexyl-
dimethylsilane: bp 122° (1.5 mm); =»%*p 1.5029; d%, 0.9010;
Rp 0.328, (caled 0.322); neut equiv 239, caled 235; ir 3400
(N-H), 1500 and 1600 (Ph-N), 1253 cm * (Si-Me).

Dimethylaminodimethylsilane with Hexene-1.—A sealed tube
containing 1.03 g (10 mmol) of dimethylaminodimethylsilane
and 0.84 g (10 mmol) of hexene-1 containing 0.01 ml of 0.1 M
chloroplatinic acid was heated at 100° for 20 hr. Analysis by
gle indicated less than 109, of the mixture was higher boiling
than the starting materials.

Diethylaminodimethylsilane with Hexene-1.—A sealed tube
containing 1.31 g (10 mmol) of diethylaminodimethylsilane,
0.84 g (10 mmol) of hexene-1 and 0.01 ml of 0.1 M chloroplatinic
acid was heated at 100° for 18 hr. A gle analysis of this mixture
indicated less than 109, eluted after the starting materials.

Di-n-butylaminodimethylsilane with Hexene-1.-——Di-n-butyl-
aminodimethylsilane, 1.87 g (10 mmol), and 0.84 g (10 mmol)
hexene-1 (0.84 g, 10 mmol) with 0.01 ml of 0.1 M chloroplatinic
acid under conditions described above gave almost no reaction.

Dimethylaminodimethylsilane with Hexene-1 and sym-
Tetramethyldisilazane—A sealed tube containing 1.03 g (10
mmol) of dimethylaminodimethylsilane, 0.67 g (5 mmol) of sym-
betramethyldisilazane, 1.68 g (20 mmol) of hexens-1, and 0.01
ml of 0.1 M chloroplatinic acid was heated at 100° for 20 hr.
A gle of the products indicated very small amounts of hexene-
1 and dimethylaminodimethylsilane, no tetramethyldisilazane,
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Strueture

DENNIS AND SPEIER

TasLe IT
NMR SpecTRAL DaTa

Registry no.

H
CH,(CH_,);NSi(CH;).H 25938-38-9
CH;(CH,):8iCH;(OCH,CH;3)H 25938-35-6
[CH;(CHs)s],SiCH;H 1001-46-3
[CH3(CH;)5]:8iCH3(OCH,CH;) 25938-37-8
(-SiCH;HNCH,CH=CH,).,
H
CH;(CH,):8i(CH;).N(CH,);CH; 25942-76-1
CH;(CH,)sSi(CH;),N[Si(CHj;).H] [(CH,):CHs) 25042.77-2
|
PhNSi(CHs):(CH,):CH; 25942.78-3
[CH;s(CH,)sS1(CHj)s).NH 25942-79-4
H
CH;(CH,)sS1(CH;).NSi(CH,).H 25938-25-4
H
CH;(CH,)sSi(CH;).NSi(CH; ).(CH:);CHj, 25938-26-5
H
CH,;(CH,)8i(CH;),NSi(CH;).H 25938-27-6
(CH;).S8iN [Si(CHs)2(CH, );CHj)2 25938-28-7

and large amounts of sym-dihexyltetramethyldisilazane and di-
methylaminohexyldimethylsilane.

Diethylaminodimethylsilane with Hexene-1 and sym-Tetra-
methyldisilazane.—Hexene-1, 50.4 g (0.6 mol), was slowly added
to a solution of 19.6 g (0.15 mol) of diethylaminodimethylsilane
and 26.6 g (0.20 mol) of sym-tetramethyldisilazane with 0.1 ml
of 0.1 M chloroplatinic acid was refluxed overnight. The prod-
ucts were distilled through a Vigreux column. All fractions
containing dimethylamino-n-hexyldimethylsilane were combined
and redistilled through a spinning-band column to give 15.2 g,

T H’s Assignment Type Hz
9.93 6.3 SiCH; 8
9.10 3.0 CCH; broad s
8.4-8.9 4.8 CH,, NH m
7.0-7.5 2.0 NCH, m
5.55 0.9 SiH m
9.87 3.0 SiCH; d 4
8.3-9.6 18.5 alkyl H m
6.36 2.0 OCH;CH; q 7
5.51 1.0 SiH q 4
9.97 3.0 SiCH, d 4
8.3-9.7 26.0 alkyl H m
6.25 1.0 SiH q 4
~10.0 3.0 SiCH, 8
8.7-9.7 29.0 alkyl H m
6.41 2.0 OCH.CH; q 7
9.8-9.86 2.9 SiCH; m
6.55 2.0 NCH; m
4.8-5.4 3.0 SiH, C=CH, m
4.0-4.5 1.0 -CH=CH, m
10.04 6.0 SiCH;, s
9.1-9.75 21.0 alkyl H m
7.32 2.0 NCH, m
9.94 6.0 SiCH; 8
9.89 6.0 SiCH;, d 3
8.7-9.5 20.0 alkyl H m
7.3 2.0 NCH, m
5.58 1.0 SiH m 3
9.81 6.1 SiCH;, 8
9.13 3.0 CCH;, d
6.84 0.9 NH 8
2.8-3.7 5.1 ArH m
9.98 12.0 SiCH, 8
8.5-9.7 27.0 alkyl H, NH m
9.98 6.0 SiCH; 8
9.89 6.0 SiCH, d 3
9.12-9.7 14.0 alkyl H, NH m
5.55 1.0 SiH m 3
10.0 12.0 SiCH;, 8
8.7-9.7 31.0 alkyl H, NH m
~9.9 12.0 SiCH; m
8.5-8.8 12.0 alkyl CH, m
5.67 1.0 SiH m
9.8 21.0 SiCHj; m
8.4-9.6 16.0 alkyl H m

409, of product: bp 75° (2 mm); n¥p 1.4338; neut equiv 217,
caled 215.

Di-n-butylaminodimethylsilane, Hexene-1, and sym-Tetra-
methyldisilazane .—Hexene-1, 25.8 g (0.3 mol), was added slowly
to di-n-butylaminodimethylsilane, 28.4 g (0.15 mol), and sym-
tetramethyldisilazane, 10 g (0.075 mol), that contained 0.1 ml
of 0.1 M H,PtCls. The solution was refluxed 72 hr before
analysis by gle indicated that the reagents had nearly completely
reacted. Distillation did not separate di-n-butylaminodimethyl-
hexylsilane and sym-dihexyltetramethyldisilazane although they
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were distinguishable by gle analysis. One fraction contained
76 area per cent of the former, 23 area per cent of the latter and
had a neut equiv of 281. Caled (for such a mixture), 280.

sym-Dihexyltetramethyldisilazane and sym-Tetramethyldisil-
azane.—A sealed tube containing 1.87 g (10 mmol) of dimethyl-
aminohexyldimethylsilane and 1.33 g (10 mmol) of sym-tetra-
methyldisilazane containing 0.01 ml of 0.1 M chloroplatinic
acid was heated at 100° for 20 hr. A gle analysis indicated only
starting materials.

Dimethylaminodimethylsilane with Octene-1 in the Presence
of sym-Dihexyltetramethyldisilazane —A sealed tube containing
1.5 g (5 mmol) of sym-di-n-hexyltetramethyldisilazane, 0.5 g
(5 mmol) of dimethylaminodimethylsilane and 0.56 g (5 mmol)
of octene-1 was heated for 72 hr at 110°. A glc analysis of the
produet mixture indicated no dimethylaminohexyldimethylsilane
and the starting materials accounted for greater than 909, of the
material present.

Dimethylaminodimethylsilane and 1-n-Hexyl-1,1,3,3-tetra-
methyldisilazane with Octene-1.—A sealed tube containing 0.87
g (4 mmol) of 1-n-hexyl-1,1,3,3-tetramethyldisilazane, 0.41 g
(4 mmol) of dimethylaminodimethylsilane, and 0.45 g (4 mmol)
of octene-1 was heated at 120° for 24 hr. A glc analysis of the
mixture indicated the following compounds had formed: di-
methylaminohexyldimethylsilane, 1-n-hexyl-1,1,3,3-tetramethyl-
disilazane, dimethylaminodimethyloctylsilane, sym-di-n-hexyl-
tetramethyldisilazane, 1-n-hexyl-1,1,3,3-tetramethyloctyldisila-
zane, and a higher boiling material which probably was sym-
tetramethyldioctyldisilazane, although no standard was available
to identify it.

Trisdimethylaminosilane with Hexene-1 with Chloroplatinic
Acid.—A sealed tube containing 1.6 g (10 mmol) of trisidmethyl-
aminosilane and 0.84 g (10 mmol) of hexene-1 containing 0.01 ml
of 0.1 M chloroplatinic acid was heated at 100° for 20 hr. A gle
analysis indicated no reaction had taken place.

Trisdimethylaminosilane with Hexene-1 with Benzoyl Perox-
ide.—Benzoyl peroxide (50 mg) was added to a refluxing solution
of 8.3 g (0.096 mol) of hexene-1 and 16.1 g (0.1 mol) of tris-
dimethylaminosilane. After 4 hr another 10 mg of benzoyl
peroxide was added. After 22 hr 25 mg was added, and after
48 hr analysis by glc indicated no reaction had taken place.

sym-Di-n-hexyldimethyldiphenyldisilazane with Hexene-1.—
A sealed tube containing 2.6 g (10 mmol) of sym-diphenyldi-
methyldisilazane and 1.68 g (20 mmol) of hexene-1 with chloro-
platinic acid was heated at 100° for 20 hr. Analysis by gle indi-
cated one high boiling compound: n%p 1.5188; d%, 0.9477;
Rp 0.320, caled 0.322; neut equiv 417, caled 426.

Bis[2-(dimethylaminodimethylsilyl Jethyldimethylsilyl] amine,
(Me;NMe,SiCH,CH,SiMe,),NH.—To 25.8 g (0.2 mol) of re-
fluxing vinyldimethylaminodimethylsilane containing 0.3 m! of
0.1 M chloroplatinic acid was added slowly, 13.3 g (0.1 mol) of
sym-tetramethyldisilazane. Distillation of the product gave
20.5 g, 53%: bp 120-125° (2 mm); n%p 1.4578; d%; 0.8752;
Rp 0.312, caled 0.314; neut equiv 134.3, caled 130.3.

2-(Methyldimethoxysilyl)propylamine —To a refluxing solution
of 0.1 ml of 0.1 M chloroplatinic acid in 50 ml of toluene was
slowly added 50 g (0.5 mol) of N-allylmethyleyclosilazane.
The mixture was refluxed for 20 hr and cooled to 70°, and 50 ml
of methanol was added. The mixture was then refluxed for
64 hr. A glc analysis revealed a small amount of methyltri-
methoxysilane and a large amount of two products though to be
isomers, methyldimethoxysilylpropylamines with one isomer
predominating in a ratio of >9:1. The major isomer was iso-
lated by distillation in 519, yield and identified as 2-(methyl-
dimethoxysilyl)propylamine: bp 123-124° (130 mm); n¥Dp
1.4258; d%, 0.9532; Rp 0.269, caled 0.272; neut equiv 169,
caled 163; nmr 7 9.04 (d, CHCH;, J = 1.5 Hz); ir 1384 cm™
(C-CHj).28

sym-Tetramethyldisilazane with Hexene-1.—sym-Tetrameth-
yldisilazane, 13.3 g (0.1 mol), was added to refluxing hexene-1,
16.8 g (0.2 mol), that contained 0.03 ml of 0.1 M H,PtCl,.
After 2 hr at 67-140° glc revealed only one product. Distillation
gave 26.1 g (87%): bp 100° (0.8 mm); n%p 1.4419; 425, 0.8149;
Rp 0.3244, caled 0.3245; neut equiv 308, caled 302; ir (CCl,)
3375 NH (CS:), 1245 (SiMe), 1180 (SiNHSi), 930 (SiN), 835
ecm™! (SiMe;). Anal. Caled for S8iCiiHpN: Si, 63.7; H,
13.1; N, 4.65. Found: $8i,63.7; H,13.2; N, 4.64.

(13) A. D. Petrov, L. K. Freidlin, G. I. Kudrysutsev, T. A. Sladkovs,
V. M. Vdovin, and T, I. Shein, Chem. Zentralbl,, 2947 (1961), report for 3«
(methyldimethoxysilyl)propylamine bp 58-60° (4 mm), d20s 0.9430, n20p
1.4325.

- dichlorosilane.
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1-Hexyl-1,1,3,3-tetramethyldisilazane.—In the same manner
sym-tetramethyldisilazane, 34 g (0.25 mol), was heated with
hexene-1, 21 g (0.25 mol). Distillation gave 24.3 g, 44.79,
of 1-n-hexyl-1,1,3,3-tetramethyldisilazane: bp 90° (6 mm);
n¥®p 1.4280; d%, 0.8035; Rp 0.320, caled 0.323; ir (CCl) 3385
(NH), 2115 (SiH) (C8,), 1170 em ™ (SiNSi).

sym-Bis(3,3-dimethoxypropyl tetramethyldisilazane —To 20.4
g (0.2 mol) of 3,3-dimethoxypropene containing 3 drops of 0.1 M
chloroplatinic acid was slowly added with heating 13.4 g (0.1 mol)
of sym-tetramethyldisilazane. The mixture was heated to 150°
and then allowed to cool. A gle of the crude mixture indicated
789, of the diadduct and a mixture of at least six different lower
boiling compounds. Distillation of a portion of this material gave
sym-bis(3,3-dimethoxypropyl)tetramethyldisilazane: bp 121°
(0.25 mm); n¥p 1.4452; d%; 0.9501; Rp 0.280, caled 0.282;
ir (CCly) 3370 (NH), 2830 (COCH,) (CS,), 1253 (SiCH,), 1175
(SiNSi), 1120 (COC), 930 cm™ (SiN). Anal. Caled for
Si1,C Hy:NOg: 81, 16.7; C, 49.9; H, 10.5; N, 16.7. Found:
Si, 16.8; C, 50.0; H, 10.5; N, 16.8. Treatment of this com-
pound with acidic 2,4-dinitrophenylhydrazine solution gave the
dihydrazone of tetramethyldisiloxane-1,3-dipropanal, mp 184~
185°, mixture melting point undepressed.

1-Hexyl-1,1,3,3-tetramethyldisilazane with Octene-1.—To a
refluxing solution of 0.03 ml of chloroplatinic acid in 11 g (0.1 mol)
of octene-1 was slowly added 11 g (0.05 mol) of 1-hexyl-1,1,3,3-
tetramethyldisilazane. The reaction was complete in 1 hr and
distillation gave 13.7 g (83%) of 1-hexyl-1,1,3,3-tetramethyl-3-
octyldisilazane: bp 138° (0.8 mm); n2p 1.4439; d%, 0.8240;
Rp 0.323, caled 0.325.

sym-Tetramethyldisilazane with Pentene-2 at 100° for 40 Hr.—
A sealed tube containing 14.0 g (0.2 mol) of pentene-2 and 13.3
g (0.1 mol) of sym-tetramethyldisilazane with 0.1 ml of 0.1 M
chloroplatinic acid solution was heated at 100° for 40 hr. Analy-
sis by gle revealed that all of the starting disilazane had reacted,
however, approximately one-half of the olefin was still present.
The monoadduct was distilled to give 12.8 g (639;): bp 138-
140° (140 mm); n%p 1.4340; d%, 0.8084; Rp 0.320, caled 0.324;
neut equiv 208, caled 203; ir (CCl) 3380 (NH), 2115 (SiH)
(C8,), 1170 (SINHSi), 840 cm™ (SiMe;). Anal. Caled for
Si;CoHy:N:  Si-H, 0.49. Found: Si-H 0.535.

sym-Tetramethyldisilazane with Pentene-2 at 110° for 48 Hr.—
Four sealed tubes containing 14.0 g (0.2 mol) of pentene-2 and
13.3 g (0.1 mol) of 1 with 0.03 ml of 0.1M chloroplatinic acid
were heated at 110° for 48 hr. The contents of the sealed tubes
were combined and distilled to give 55.5 g (68%) of monopentyl-
adduet, bp 57° (2 mm), and 17 g (15.6%)of dipentyladduct:
bp 84-86° (1 mm); n%p 1.4118; d%, 0.7570; Rp 0.324, caled
0.329, This produect 51 g (0.25 mol) in 50 ml of pentane was
converted into chlorosilanes by a slow stream of dry hydrogen
chloride during 6.5 hr. The solution was filtered and distilled.
A fraction, bp 33-36°, was a mixture of pentane and dimethyl-
No trimethylchlorosilane was detected by gle
analyses. A fraction of pentyldimethylchlorosilane, 18.7 g
(469, bp 62-63° (20 mm), contained two peaks by glc analysis
with similar retention times, one of them being n-pentyldi-
methylchlorosilane: ir (CCL) 1376 (C-CH;) (C8S:), 1250 (SiMe),
510 em™ (SiCl); nmr = 8.3-9.3 (11, alkyl CH) 9.63, 9.66 (6,
SiCH;). The C-CH; absorption in the infrared was greater
than in the spectrum of n-pentyldimethylchlorosilane and two
absorptions in the SiCH; region of the nmr spectrum indicate
sec-pentyl derivatives.

sym-Tetramethyldisilazane and Allylamine.—A sealed tube

containing 1.14 g (20 mmol) of allylamine, 1.33 g (10 mmol)
of sym-tetramethyldisilazane, and 0.01 ml of 0.1 M chloroplatinic
acid was heated at 100° for 20 hr. The tube at —80° exploded
violently when it was opened. .

sym-Tetramethyldisilazane and Acrylonitrile.—A sealed tube
containing 1.06 g (20 mmol) of acrylonitrile, 1.33 g (10 mmol)
of sym-tetramethyldisilazane, and 1 drop of 0.1 M chloroplatinic
acid was heated at 100° for 20 hr. There was no evidence of
addition by glc analysis. A similar experiment at 150° for 64
hr formed a large amount of solid polyacrylonitrile.

sym-Tetramethyldisilazane with Other Compounds.—sym-

Tetramethyldisilazane was heated in sealed Pyrex tubes with
H,;PtCls and methyl methacrylate, methyl acrylate, allyl chlo-
ride, methallyl chloride, and allyl acetate. In each case the
reagents were consumed to make a large number of products.
These mixtures were not examined further.

Trisdimethylsilylamine with Hexene-1.—Five sealed tubes
containing & total of 57.0 g (0.3 mol) of trisdimethylsilylamine



3884 J. Org. Chem., Vol. 35, No. 11, 1970

and 100.1 g (1.2 mol) of hexene-1 were heated at 115° for 72 hr.
Each tube contained 0.03 ml of 0.1 M chloroplatinic acid. A
gle analysis of the crude product revealed one major and four
minor components. Distillation of 83 g of this material gave
23.3 g (419%) of bis(n-hexyldimethylsilyl)dimethylsilylamine:
bp 110° (1 mm); n¥p 1.4569; neut equiv 368, caled 359; ir
(CCly) 2130 (SiH) (CS,), 900-920 em.~! (SiN); nmr = 9.87 (s, 12,
SiCHs;), 9.74 (d, 6, HSiCH;), 8.4-9.6 (26, alkyl-H) 5.44 (m, 0.8,
SiH). One of the minor components was isolated from a sepa-
rate experiment with trisdimethylsilylamine and hexene-1 and
identified as bis(n-hexyldimethylsilyl)trimethylsilylamine: bp
115° (1 mm); n%p 1.4611; neut equiv 373, caled 373; ir (CS,)
1250-1260 (multiplet SiMe), 840 (SiMes), 910 cm™* (8iN).

The residue from the distillation of the above 83 g of material
was analyzed by a combination of gle and mass spectra. Three
peaks in the glc had a m/e ratio of 429 for a molecular ion cor-
responding to Si;CesHysN. This corresponds to HexsMe;HSi;N.

SAKAKIBARA, NisHiMURA, KiMura, MINATO, AND ODAIRA

A solution of 17 g of this residue in 50 ml of ethanol with
~100 mg of ammonium chloride was refluxed for 10 days. The
volatiles were removed in vacuo and a gle of the resulting products
had a large peak corresponding to hexyldimethylethoxysilane
and smaller peaks for hexylmethylethoxysilane and dihexyl-
methylethoxysilane as indicated by coinjection with authentic
samples.

Registry No.—Bis-[2-(dimethylaminodimethylsilyl)-
ethyldimethylsilylJamine, 25938-29-8; 2-(methyldime-
thoxysilyl)propylamine, 25938-30-1; sym-bis(3,3-di-
methoxypropyl)tetramethyldisilazane, 26344-26-3; bis-
(n-hexyldimethylsilyl)dimethylsilylamine, 25938-32-3;
bis-(n-hexyldimethylsilyl)trimethylsilylamine, 25938-
28-7.

A Novel Reaction of Saturated Aliphatic Acids with
Aromatic Compounds in the Presence of Palladium(II) Chloride.
The Formation of Cinnamic Acid Derivatives
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Saturated aliphatic acids with « and 8 hydrogens, such as propionic, n- and isobutyric acid, reacted with
aromatic compounds and palladium(II) salts in the presence of alkali metal carboxylates to give cinnamic acid

derivatives.

The addition of some solvents, such as an acid anhydride, tetrachloroethylene, or acetonitrile,

resulted in significant differences in products formed. A mechanism involving the formation of an intramolecular
x complex of palladium acrylate (D) has been suggested for the dehydrogenation step.

In a previous communication,® we reported on the
novel carboxyvinylation of aromatic compounds by
saturated aliphatic acids and palladium(II) chloride to
give cinnamic acid derivatives.

R—@ + CHCHCOOH ——&»
R—@—CH=CHCOOH 0

As is well known, aromatic «,8-unsaturated acids can
be synthesized by the reaction of aromatic aldehydes,
ketones, or olefins with appropriate agents.? Also,
with palladium(II) chloride, various cinnamates are
successfully obtained from the reactions of unsaturated
esters with benzenes.! However, our work is unique in

* Author to whom correspondence should be addressed.
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that cinnamic acids are formed in one step from aro-
matic compounds and saturated aliphatic acids. This
reaction is very interesting, since the formation of
a,B-unsaturated aliphatic acids véa dehydrogenation of
saturated aliphatic acids by metal salts is unknown.

The reaction of aromatic compounds with palladium-
(IT) chloride has been reported by van Helden and
Verberg* to give biphenyl derivatives. They proposed
that the reaction proceeds via dimerization of a =-cyclo-
hexadienyl complex (A). Davidson and Triggs® sug-
gested the presence of unstable phenylpalladium(IT)
complex (B) by analogy with the reaction of aromatic
compounds with other metal acetates. Furthermore,

-
R—-@ + PdCl, + AcONa ———>
H
i OAc
R—-{
PdCl
A

R
o
B

it was reported that some olefins reacted with aromatic
compounds in the presence of palladium(II) acetate to
give phenylated olefins.! That these reactions proceed
via a similar phenylpalladium(II) complex (B) is sup-
ported by the reaction of N,N-dimethylbenzylamine—
palladium complex with styrene to form a stilbene deriv-
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