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INTRODUCTION

Recently, we described a prepirative method for the synthesis of N.N -bis-
(chlorodimethylsily!} tetramethylcyclodisilazane (1) and reported procedures for the
conversion of {I) into other functionally substituted cyclodisilazanes as well as tetra-
methyl-N,N’-bis(trimethylsilyl)cyclodisilazane' (I1). For example, N.N'-bis{amino-
dimethylsilyl)tetramethylcyclodisilazane (IIT), which was prepared from (I} and
ammonia, afforded N,N’-bis{dimethylmethoxysilyl)tetramethylcyclodisilazane when
it was treated with two moles of methanol in a petroleum ether/acetone mixture,
Similar synthetic procedures have also been reported recently by Sitbiger, Fuchs, and
Gesundheit? and by Wannagat?,

Among the properties of the cyclodisiluzane derivatives that we have examined
are their reactions with alcohols and water. In the course of solvolysis studies, it
became apparent that although the cyclodisiiazane ring could be ¢leaved by these
reagents, the derivative trisilylamine was much more stable. This linding provided a
synthetic access to di- and trifunctionally substituted trisilylamines. It has also been
recently reported by others that (1) can be cle.ved with a stoichiometric guantity of
hydrogen chloride at low temperature to obtain tris{chlorodimethylsilyDamine®.

In this paper, the preparation of a number of functionally substtuted -
silylamines by the cleavage of cyclodisitazanes and cyclotrisilazanes by 4 varicty of
reagents is described, and the properties of these compounds are reported.

RESULTS

When (I11) was refluxed with a large molar excess of methanol (16 : 1), the chief
product was tris(dimethylmethoxysilyl)amine (IV). A similar alcoholysis procedure
proved successfui in preparing the uasymmeirical bis(methoxydimethylsilyl}iri-
methylsilyl)amine (V) from (11). Stoichiometric quantities of phenot and acetic acid
in homogeneous solutions with (11) were also used to prepare bis(dimethylphenoxy-
silyl)(trimethylsily)amine (VI) and bis(acetoxydimethylsilyl)(trimethylsilyDanune
(VII). The cleavage of {(1I) with methanol can be represented as follows:
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448 L. W. BREED, R. L. ELLIOTT

Difunctiona! trisilylamines, {V) and bis{ethoxydimethylsilyl)(trimethylsilyl)-
amine (VII1), were equally well obtained by the methanolysis and ethanolysis of N-
(trimethylsilyl}hexamethylcyclotrisilazane (IX), which can be prepared by a single
step procedure from hexamethylcyclotrisilazane and chlorotrimethylsilane in the
presence of sodium and styrene®. When the stoichiometry was very carefully con-
trolled. hydrogen chloride cleavage was effective in preparing bis(chlorodimethyl-
silyl){trimethylsilyl)amine {X) from either (II) or (IX}. (X} was readily converted to
bis{dimethylsilyl}{trimethyisilyl)amine (XI) with lithium aluminum hydride and to
bis{ (dimethylamino}dimethylsilyl f{trimethylsilyamine (X11) with dimethylamine.

Similarly, the hydrogen chloride cleavage of N-(dimethylphenylsilyhhexa-
methyleyclotrisilazane  (XIH) gave bis{chlorodimethylsilyl}{dimethyiphenylsilyl}-
amine {(XIV). Presumably. (XIV) could also have been prepared by the cleavage of
N.N’-bis(dimethylphenylsilyl)tetramethyleyclodisilazane {(XV), but condensation of
phenyllithium and (i) had afforded only very ow conversions to (XV). {XI1I) could
readily be obtained in high yields from hexamethylcyciotrisilazane and chlorodi-
methylphenylsilane in the presence of sodium and styrene, but the products were
frequently contaminated with 1.4-diphenylbutane, which could not always be com-
pletely removed by fractionat distillation. (X1V) and dimethylamine gave N,N'-bis-
[ (dimethylamino)dimnethylsilyl}{dimethylphenylsilyl)Jamine (XVi).

An ummonia derivative of (X) could not be prepared. When (X} was treated
with ammonia. the only product that could be unequivocally identified was hexa-
methyleyclotrisilazane. On the other hand methylamine gave unexpectedly as a part
of the product a four-membered ring compound, pentamethyl-N-(trimethylsilyl)-
cyclodisilazane (XVI), in vields between 30 and 50, at temperatures between — 207
and — 060", A higher beiling product with an elemental analysts corresponding to
his [ dimethyl{methylamino)silyl [ {trimethylsifyljamine was obtained, but its NMR
spectrum did not verify this structural assignment. Similar procedures gave N-ethyl-
weiramethyl-N'-{trimethylsilylleyclodisilazane  (XVIHI).  tetramethyl-N-phenyl-N'-
(trimethylsilyl)cyclodisilazane (X1X). and N-{dunecthylphenylsilyl) pentamethylcyclo-
disttazane (XX}, A higher boiling by-product was isolated in each experiment.

Two trisitylamine derivatives were prepared by a method described by Lehn®,
thiec condensittion of lithium nitride and a silicon chloride in tetrahydrofuran. Lithium
nitride and chlorodimethylethoxysilane gave tris{ethoxydimethylsitytjamine (XX1).
and lithivm nitride and chlorodimethylphenylsitiune gave tris{dimethylphenylsilyl)-
amine (XX1H).

THSUUSSION

The conversion of (IX) to bis{alkoxydimethyisilylHtrimethylsilyl)amines in
viclds above 80", by refluxing the compound for an extended period in the presence
of i molar excess of alcohols clearly confirms the much greater solvolytic stability of
the 5i,M group over the Si;NH group. Comparative rates of aicobolysis of various
silsicon-nitrogen compounds were reporied and discussed earlier’. The alcoholysis
reactions of the cyclodisiliizances, however, indicate a lesser soivolytic stability for the
trisifylamne structure when it occurs as a part of the cyclodisilazane ring. Thus, the
first tnsifylamine group is cleaved rapidly with consequent ring opening, but the
renpsning tasdyliunine group in the open chain product is cleaved more slowly. The
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FUNCTIONALLY SUBSTITUTED TRISILYLAMINE DERIVATIVES 449

interpretation of reactions of silicon-nitrogen bonds involving protonation of cyclo-
disilazane nitrogen was discussed recently in terms of the high electron density on
nitrogen in cyclodisilazane rings®, particularly in the N.N-dimethyl derivative. It is
not surprising that the presence of the trisilylamine group in the highly strained ring
also leads to a decrease in solvolytic stability. Moreover. it should be concluded that
the reported stability of compound (II) against hydrolysis® is largely due to inso-
solubility in water.

Although the silyl halide group is rarely preferentially reduced in the presence
of the silylamine group with lithium aluminum hydride. (X) could be reduced to (X1}
in a 68°, yield. (I) can also be reduced to the corresponding hydride under simtlar
conditions, but the yields in a number of experiments did not exceed 357,

Compound (X) reacted normally with dimethylamine to give the bis(dimethyl-
amine) derivative. The chief product from methylamine, however. was a cyclodi-
silazane derivative, which was obtained when the condensation was carried out as
low as —60°. Although cyclodisilazanes can be prepared at low temperatures by thice
condensation of the alkali metal derivatives of silicon-nitrogen compounds with
appropriate chlorosilanes, their formation is frequently associated wiih higher tem-
perature processes, thermolysis reactions of appropriate precursors or equihbrations
of chlorine and nitrogen containing organosilicon derivatives®, Tae formation of the
cyclodisilazane by the action of a free amine on a chloresilicon compound at low
temperatures bas not been previously observed. The novelty of ring formation under
these conditions is further emphasized by the fact that the product of condensmg
alkylamines and dierganodichlorosilanes at room temperature and below are silvi-
amines, and although minor amounts of disilazanes have been observed four- siv- o
cight-membered ring compounds are not formed under these condiions. Ring forns-
tion ts peculiarly associated with the R SINISiH(CH ), structure, smee CH(NSI-
{CH,),Cl, gives bis[ dimethylmethylamino)silyf Jmethylamine under the same condi-
tions and no cyclic derivative,

Cyclic derivatives (XVIH), (X1X), and (XX) were also prepared under similar
conditions from the corresponding compounds. Purification of the cychic derivatives
by fractional distillation afforded a sccond. higher boiling product. which in the
condensation of (X) with mcthylamine, was identifica as 1.1,3.3,4.5,5,5-octamcethyl-1-
{methylumino)trisilazane. Structurally, the compound is the stlyl migration product
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of bis[ {(methylamino)dimethylsilyl] (trimethylsityl)amine, which implies that the bis-
(methylamino) derivative was a part of the original reaction product. However,
examination of the NMR spectra of undistilled products prepared at temperatures
between -~ 307 and + 307 and by direct and inverse addition showed that the mital
product was nearly entirely the cyclodisitizane. The lincar product, then must have
formed during the distillation by cleavage of the cyclodisilazane by residual methyi-
amine hydrochloride. In the preparation of the N-phenyleyclodisilazane, aniline
hydrochloride was extremely dilficult to remove from the product mixture and only
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a small amount of the cyclodisilazane was isolated ; however, a near quantitative
yield was obtained by condensing (X) with the N,N-dilithium derivative of aniline.

Of the compounds examined, (X>{1I) was moest stable against solvolysis by
methanol. Although the compound could be prepared from lithium nitride and
chlorodimethylphenylsilane, it could not be prepared via the metallation of 1,3-
diphenyltetramethyldisilazane (XX11I). When (XXII1) was treated with butyllithium
and subsequently with chlorodimethylphenylsilane, 73 %, of (XXIII) could be recov-
ered.

(XX1} was also prepared by a lithium nitride condensation, but some cyclo-
disilazane, which could be detected in the infrared spectrum, contaminated the
product. Aithough compound (IV} was decomposed by hydrolysis in aqueous alkali,
a portion of (XXI), treated under the same conditions, could be recovered free of
cyclodisilazane contamination.

Compounds (X) and (X1}, like tris(trimethylsilyl)Jamine. were isolated as
nearly transparent crystalline solids. Difficulties in obtaining satisfactory capillary
melting points on these materials prompted an examination of their thermal char-
acteristics by dilferential thermal analysis between —100° and + 100°. All three
compounds exhibited, in addition to a melting transition with an abnormally low AS,,
a second transition at 2 lower temperature. AS, was greater than AS,, by about un
order of magnitude. The following are the observed transition and melting tem-
peratures : Tris(trimethylsilyl)amine, —29°, +62° to +66° ;{X), +3°, +68° to +76°;
and (XII), —10° to -8, +77° to +85°. The compounds therefore, in common with
many other symmetrical substances, exhibit a meso-crystalline state (plastic crystals).

TARLE 1
PROTON CHEMICAL SHIFTS IN TRISILYLAMINES YRGSIN(SIR , X)),
R=R=CH,
Comprund Seeucture t(R) (R} t(X) tlY)
N{SI(CH \),], 9842
(1v) NISIHCH ),0CH,], 9.87 6.66
(V) (CH,),5iM [SHCH,),OCH, ], 9.84 9.84 6.03
v {CH;),S5iM [S5i(CH,),0CH,], 9.61 9.69 2923134
mult.
(vil) (CH ), SIN([SIH{CH ,),0COCH ], 9.00) 9.67 8.00
(v (CHL )80 [SI{CH ), 0C 1, ], 9HO 9.86 8.83 trip. 6.35 quad.
J=7 cps
(%) (CH ) SIN [SI{CH,),C1], Y.3K 0.67
{0 (CH ) SN [SICH ), H, PRV 545 5.42 sept.
doub, J=35cps
(X H) (CH ) SIN[SHOH ) N(CH ), ), 987 985 7.59
(1Y) Coll(CH L), SiIN[SHCH ,),Cl, 2.46 943 235280
mult.
(k¥1) CoHACH ) ,SIN[SHOH ,),N({CH ,),], 992 9.08 7.02 2.14.2.67
mult.
X1 HLSHCH )00, H, ), 44 B.50 trip. 6.03 quad.
) J =7 cps
{X¥I N[SI{CH ,j,C M, ], 9.77 2.30-2.860

mult.
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TABLE 2
[~ R
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PROTON CHEMICAL SHIFTS IN NV-SILYL-N-ALKYLOYOLOMSH AZANES R'—N\ N ?i—'X
Su/ R’
/SN
R [
Compuund Strueture T{R) T(R') T{R")
~N_.7
yd S.\\
(Xvin CHj—N\ /N-—SI(CHQ)S .85 1004 7858
Si
PN
~ 7/
e SIi\
{XVIIDH CoHg—N N—Si{CH3ly Y83 0.0 T8 N
\Si/ L:ll.lt{ trip
SN . Vs
~ 7
2
RN
(XIX) CgHg—N N— St{CHy4 E AL NG Ay
\ / il
Sy
7 N\
N S
S/ S‘\
(XX) CH:——N\ N—SHCH3),CeHy, VK7 w72 TAR
Sl/
7N\

The proton chemical shifts observed in the NMR spectra of these compounds
are reported in Tables 1 and 2. The value for the ring silyl-methyl protons in (XV11)
(9.85) was intermediate between the value for (11)(9.79) and hexamethylevelodisilazane
{(9.89)". and the value for {(XX) (9.57) was intermediate between (H) (9.79) and AN -
diphenyltetramethyleyclodisilazane (9.37)%.

The infrared spectra of several of the unsymmcetnical inisibyliimines showed
two discrete bands assignable to the two possible vibrational modes of the 5i1,N
asymmetric stretch. These bands were observed in the usual 900- 950 em ' oregion
We had previously! observed two asymmetric stretch frequencies i N NV -disilyl-
cyclodisilazane derivatives, but both bands lay outside the 900-950 cm ™ ! region. A
band at about 880-8%0 cm ! seemed to be always assaciated with the cyclodisilaeanc
ring and a second band at about 1025-1040 cm ™' seemed to be associnted with the
Si,N group in which only the Si-N is part of a ring. The N-silyl-Nalkyleyelods-
stlazanes show strong absorption at about 880 cm ™ !, consistent with the presency of
the cyclodisilazane ring. and exhibit a second strong band at 1060 ¢con ™' Other M-
alkyl silazane structures, for example nomcmethyleyclotrisifazane. show o strong
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band in this region. We plan to publish the details of the infrared spectra of compounds
in these series at a later date.

EXPERIMENTAL

Reactions were carried out in glass equipment that had been flame-dried and
flushed with dry nitrogen before use. Reactants were protected from atmospheric
moisture with Drierite-packzd tubes or a positive pressure of dry nitrogen as needed.
Analyses were by Spang Microanalytical Laboratory. Infrared spectra werc deter-
mined with a Perkin-Elmer Infracord spectrophotometer and NMR spectra wesc
determined with a Varian Associates Model A60 spectrometer with cyclohexane as
un internal standard.

Preparation of tris(methox ydimethylsilyl)amine, (I'V)

After a solution of 16.6 g {(0.057 mole) of N,N’-bis(aminodimethylsilyl)tetra-
methylcyclodisilazane in 40 ml of methanol was refluxed 16 h and fractionally dis-
tilled. 9.0 g (569;) of (IV). b.p. 71° (4 mm). m.p. — 18", nl" 1.4231. was obtained.
(Found: C.38.60; H.9.62: N, 504:5i.29.80. C,H,-NQ,Si, caled. : C. 38.39: H,9.67;
M.497:8Si,2992" )

Preparation of bistmethoxydinethylsilyD{erimethyvisilyDanine, (1)

After 17.9 g (C.062 mole) of tetramethy - N N -bis (trimethylsilyl) cyclodisilazane
was refluxed in 30 ml of methanol for 65 h, the cooled mixture was filtered to remove
0.2 ¢ of ammonium chloride formed from chilorine-containing impurities in the start-
g malterial. Fractional distillation gave 6.3 g (38°,) ol (V). b.p. 84 (10 mm). m.p.
=557, nd" 1.4303. (Found: C. 40.64; H, 10.18; N, 5.33; Si, 31.50. C,H,,NO,Si,
caled. 1 C,40.70; H, 10.25; N, 5.27; Si, 31.73%.,)

When a solution of 22.5 g (0.077 mole) of hexamethyl-N-(trimethylsilyl)cyclo-
trisilazanc and 37 mi of methanol was refluxed for 24 h, distillation gave 16.7 g (82°;)
of (V) boiling at 88-90° (12 mm), n}" 1.4322.

Preparation of his{dimethylphenaxysilyl)(erimethylsilylyamine, (V1)

A solution of 14.] g (0.15 mole) of phenol in 25 ml of benzene was added in 1 h
to 14.5 g (0.05 mole) of tetramethyl-N N'-bis{trimethylsilyl)cyclodisitazane in 20 ml
of benzene. The mixture, which was refluxed at 86° for 24 h, evolved ammonia alter
the first hour. Fractional distillation gave 11.9 g (61%,) of (VI), b.p. 142-143° (0.03
mm), m.p. 38-40°. (Found: C, 58.69; H, 8.00; N, 3.62; Si, 21.49. C,,H,,NO,Si,
caled.: C, 5855, H, 802; N, 3.59; Si, 21.62%;,)

Preparation sf bis{acetoxydimethylsilyl)(trimethylsilyl)amine, (V1)

A solution of 14.4 g (0.05 mole) of tetrumethyl- N, N'-bis(trimethylsilyl)cyclo-
dislazane in 25 mi of petroleum ether, b.p. 60-90°, was treated with 12.0 g (0.20 mole)
of ghacial acetic acid in 15 ml of petroleum ether in 0.5 h. The mixture was refluxed
a1 74° for 24 h. Filtration gave 2.8 g (73%,) of ammonium acetate. After the filtrate
wits stripped of solvent, distillation gave 1.8 g of acctoxytrimethylsilane, b.p. 44-45°
(79 mm), n},” 1.3890 (reported'® n}’ 1.3899), and 12.6 g of an impure product, b.p.
134-140° (12 mm). Redistillation gave 11.7 g (73%;) of (V11), b.p. 138-140° (12 mm),
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FUNCTIONALLY SUBSTITUTED TRISILYLAMINE DERIVATIVES 453

nd® 14422, (Found: C. 41.26: H. 8.58: N, 4.31; Si. 26.08. C,,H,,NO,Si, caicd.:
C.41.08; H. 8.46; N, 4.36; Si. 26.20°;,.)

Preparation of bis{ethox ydimethylsilyl)trimethylsilylamine, (V111)

A solution of 22.8 g (0.0785 mole) of N-(trimethylsilyl)hexamethylcyclotri-
silazane in 35 ml of anhydrous ethanol was refluxed for 24 h. Distillation gave 194 g
(84°,) of (VIII) boiling at 98-100° {9 mm). n3" 1.4312. (Found: C, 45.04; H. 10.50:
N. 4.88: Si. 28.80. C,,H;,NO,Si, caled.: €. 44.99: H. 10.64: N. 4.77: Si. 28.70° )

Preparation of bis(chloradimethylsilyl)(trimethyisilyl)amine. (X)

A solution of 14.5 g (0.05 mole) of tetramethyl-N . N'-bis{trimethylsilyljcyclo-
disilazane in 75 ml of ether was cooled to —40°. and a solution of 7.3 g (0.20 molc) of
anhydrous hydrochloric acid in 70 ml of dry ether was added in 0.5 h. After the mixture
was maintained at —40° for an additional 1.5 h. it was allowed to warm to room
terap. and stirred for 18 h. Filtration gave 3.6 g (133",) of ammonium chloride. The
filtrate was stripped of ether and distilled to give 7.7 2 (56 ;) of (X) boiling at 104-105”
(12 mm): m.p. 68-70°. The yield in other experiments was 68-82°, (Found : C, 30.73,
H, 7.69: Cl, 2576 N, 494 Si, 30.52. C-H,,CI,NSi; caled.: C. 30.63: H, 7.7 Cl.
2584 N, 5118130719,

When 93.1 g (0.32 mole) of N-{trimcthyisilyl)hexamethyleyelotrisilazane in
500 mi of ether was treated with 68.0 g (1.86 moles) of hydrogen chloride 1 600 mi of
cther at -40° in the same way and the product was distulled. 583 g (674 ) of {X).
b.p. 104106 (12 mm). was obtained.

Preparation of bis(dimethylsilyl)(trimethylsityl)amine, (N 1)

To 1.9 g (0.05 mole) of lithium aluminum hydride in 100 ml of dry ether was
added a solution of 13.7 g (0.05 mole) of bis(chlorodimethylsilyD{trimethylsilvi)-
amine in 75 ml of ether in | h. After the mixture was stirred at 27° for 3 h, 150 ml
of petroleum ether, b.p. 30-60", was added. and the solid products were filtered off.
The solvent was removed, and the liquid restdue was distilled at reduced pressure
and collected in an isopropyl alcohol/Dry lce trap. Redistillation gave 7.0 g {68"))
of (X1), b.p. 53° (12 mm), m.p. —48°, n5" 1.4309. (Found: C.40.78: H. 11.16 . N. 6.83;
Si. 41.21. C,H;3NSi; caled.: C, 4090 H, 11.28; N, 6.82: 51, 41.00" )

Preparation of bis(dimethylamino)dimethylsily T} {erimethylsilyl)amine (X 11)

To a stirred solution of 35 mli (excess) of dimethylamine in SO ml of petroleum
ether, b.p. 35-60°, cooled in an acetone/Dry lee bath was added 27.0 g (0.10 mole)
of bis(chlorodimethylsilyi){trimethylsilyl}amine in S0 ml of petroleum cther. Atter
the amine salts were filtered off and the solvent was evaporited. fractional distdlation
gave 24.2 g (81 °.) of (X11). b.p. 109-1107 (7 mm). m.p. 79- 82" (Found: C. 4514 H,
11.25; N, 14.30; Si, 29.00. C,H ;N S, caled.: C, 45300 HL 11400 N LS S
28.89"7)

Preparation of N-(dimethylphenvisilyhhexamethyleyclotrisitazane, (X 111)

To a refluxing mixture of 9.7 g (0.42 g-atom) of sodium in 225 ml of doxane
was added a solution of 3.5 g (0.381 mole) of hexamethyleyclotrisilizane and 50 mil
of freshly distilled styrene in about 2 h. After being heated for 4 h, the mixture was
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cooled to 25°, and 72.9 g (0.4! mole) of chloradimethylphenylsilane was added in 1 h.
Subsequently, the mixture was refluxed for 2 h, cooled, filtered, and stripped of
solvent. Distillation gave 95.4 g (71 ©,) of crude (X111) boiling at 124-128° (1.0 mm).

An analytical sample of (XIII), b.p. 136-138° {0.88 mm), nf® 1.5098. NMR
peaks(CCl,). 1 2.30-2.74 {5 H, multiplét, C;H 5), 7 9.63 (6 H. singlet, pendant (CH;),Si)
and £ 9.90[18 H total, singlet, ring (CH,),Si], was obtained after a careful distillation
in a spinning band column. (Found: C, 47.78; H, 8.84; N, 11.82; 8, 31.52. C,H;,-
N,Si, caled.: C, 47.53; H. 8.83: N, 11.85; Si, 31.76%,)

Preparation of bis(chlarodimethylsilyl)(dimethylphenylsilylyamine, (X V)

A solution of 23.5 g (0.0664 mole) of N-{dimethylphenylsilyl)hexamethylcyclo-
trisilazane in 100 ml of ether at — 60" was treated with 14.5 g (0.40 mole) of anhydrous
hydrogen chloride in 150 mi of ether in 1 h, stirred at —60° for | h, allowed to warm
up to 25°. and stirred an additional hour. The mixture was fillered and stripped of
solvent. Distillation gave 15.2 g (68°,) of (XIV) boiling at 138-141° (3 mm). The
compound, which contained some diphenylbutane, was characterized by its IR and
NMR spectra.

Preparation of N.N'-bis(dimethylphenylsilyl)tetramethyleyclodisiluzane, (X'V')

To 354 g (0.107 mole) of N N'-bis(chlorodimethylsilyl)tetramethylcyclodi-
silazane in 60 ml of benzene was added 115 ml (0.234 mole) of 2 M phenyllithium in
cther/benzene solution in 2.5 h. The mixture was refluxed 19 h and filtered. After
the solvent was stripped off, distillation ol the residue gave 11.4 g of crude (XV)
boiling at 130-154” (0.012 mm). m.p. 50-63". Recrystallization from petroleum ether
(b.p. 60-907) gave 4.1 g (9" ) of XV, m.p. 63-65". NMR peaks (CCl ) at t 988 [12 H
singlet. pendant Si(CH )], 9.72 [12 H singlet. ring Si{CH;)]. and 2.48-287 (10 H
multipiet. C H ). (Found: C. 58.00: H.8.26 . N.6.77:8i. 27.11. C,,H ,,N,8i, caled. :
C.5790, H. 827 N.6.75; 81, 27.08",,)

Preparation of bis[ (dimethylamino)dimethylsilyl](dimethylphenylsilyl)amine, (X V1)

A solution of 25 ml (excess) of dimethylamine in 30 ml of petroleum ether.
h.p. 35-60°, was cooled in Dry fce/isopropyl alcohol bath and treated with 15 g
(0.045 mole) of crude bis(chlorodimethylsilyl)(dimethyiphenylsilyl)amine in 30 ml of
petroleum ether. After the amine salts were filtered off and the solvents evaporated,
fructional distillation gave 6.0 g of (XVI1). b.p. 113-117° (0.3 mm) and 6.3 g, b.p.
120-122° (0.7 mm). The total yield was 78 ¥;,. The compound. which contained some
diphenylbutane, was characterized by its IR and NMR spectra,

Preparation of pentamethyl-N-(teimethyisilyl)eyelodisilazane, (X VII)

A solution of 18.2 g (0.067 mole) of bis(chlorodimethylsilyl{trimethylsilyl)-
amine in 25 ml of petroleum ether. b.p. 35-60°, was udded dropwisc to a solution of
203 mi} {excess) of methylamine in 25 ml of petroleum ether, which was cooled in an
wapropyl sleohol/Dry Tee bath. After the addition was complete, the mixture was
witrmed to room temperature, the amine salts were ltitered off, and the solvent was
evaporated, Fractional distillation gave 7.6 g (497,) of (XVII}, b.p. 52-53" (7 mm),
ni* 14273, and 5.0 g (299} of 1,1.3,34,5,5,5-octamethyl- 1 -(methylamino trisilazane,
h.p, B8 (7 mm). nf? 1.4437, NMR peaks (CClg) at 7 7.33 and 7.34 (6 H singlet and
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doublet, J=6.5 cps) and 9.92 and 9.97 (21 H total SiCH,). (Found for fraction |:
C, 41.13; H, 1047 N, 12.08; Si, 36.13; mol. wt., cryoscopically in benzene, 244
CgH 4N, Si; caled.: C, 41.31; H. 1040; N, 12.05; Si, 36.24 %, ; mol.wt.. 233.) (Found
for fraction 2: C, 41.14; H, 11.16; N, 15.83; Si, 31.97. C4H,;4N;Si; calcd.: C. 41.00:
H. 11.09; N, 1594; Si, 31.97°,)

Preparation of N-ethvltetramethyi-N'-(trimethvisilylyeyclodisilazane, (X VIIT)

A solution of 18.8 g (0.069 mole) of bis(chlorodimethylsilyi}{trimethylsilyl)-
amine in 25 ml of petroleum ether, b.p. 35-60°, was added to a solution of 18 mi
{excess) of ethylamine in 25 m! of petroleum ether, which was maintained at —20°
during the addition. After the mixture was warmed to room temp., the salts were
filtered off and the solvent was evaporated. Fractional distillation gave 12.7 g (64°,)
of (XVIIN), b.p. 61-62° (7 mm), n° 1.4301. (Found: C, 43.76. H, 10.63; N, 11.42:Si.
34.17. CoH,,IN,Si; caled.: C. 43.83; H. 10.63: N, 11.36; Si. 34.17°%,)

Preparation of 1etramethyl-N-phenyl-N'-(trimethyvlsitv evelodisilazane, (X 1X)

A sotution of 9.7 g (0.0354 mole) of bis{chlorodimethylsilyl){trimethylsilyl)-
amine in 25 ml of ether was treated with a solution of 14.5 g (0.156 molc) of aniline in
25 ml of cther by dropwise addition. The precipitated aniline hydrochloride was
filtered off and washed thoroughly with petroleum cther. The solvent was evaporated
at room temperature. The solid residue was mixed with petroleum ether and filtered
to remove the remaining aniline hydrochloride. The total weight of insoluble materials
was 11.2 g. Evaporation of the petroleum ether extract gave 12.5 g of an oily residuc.
which was distilled, and about 1.0 g of crude (XIX) was coilected at 1007 (0.09 mm).
m.p. 78-82°. The majority of the product distilled at 160-170° (0.2 mm). No cyclo-
disiluzane could be isolated in a similar experiment when an attempt was made to
effect purification by recrystallization.

A solution of 3.2 g (0.034 mole) of aniline in 50 ml of dry ether was treated with
43 ml (0.068 mole) of 1.6 N butyllithium in hexane. To the dilithium derivative of
aniline was added 9.4 g (0.034 mole) of bis(chlorodimethylsilyl){trimethylsily)amine
in 50 ml of dry ether. then the mixture was refluxed 1.5 h. Filtration afforded 2.7 g
(93°;) of lithium chloride. When the filtrate was evaporated. 9.8 g (987)) of crude
N-phenyl-N'-(trimethylsilyl) tetramethylcyclodisiluzane, m.p. 82-89°, was obtained.
Three recrystallizations from petroleum ether. b.p. 35-60", afforded 6.1 g of (XIX).
m.p. 95°. (Found : C, 53.12; H.8.76 ; N.9.49; Si. 28.48. C, ;H ;N ,8i, caled. : C.52.99:
H. 890 N, 9.51; Si, 28.60",.)

Preparation of N-(dimethyiphenylsilyl) pentamethyleyelodisiluzane, (X X)

Excess methylamine was collected at — 607, and 100 ml of petroleum cther,
b.p. 60-80°, was added. The temp. was maintained at — 60" while 20.0 g (0.0595 molc)
of bis{chlorodimethylsilyl)(dimethylphenylsilyl)amine in 100 ml of petroleum ether
was added in 0.5 h. The reaction mixture was stirred at — 60" for 0.5 h, warmed up
to 26°. filtered, and stripped of solvent. Distillation gave 5.6 g (32%) of (XX). b.p.
86-87° (0.65 mm), nd® 1.4863. (Found : C.52.77; H. 894, N. 94581, 2881, H -
N,Si, caled.: C, 5299 H, 8.90; N, 9.51; Si, 28.60",.)

A second fraction, 3.6 g. which was collected at 1151167 (0.65 mm} was
contaminated with 1 4-diphenyibutane.
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_Preparatlon of tris{ethoxydimethylsilyl)amine, (X X 1)

: - A solution of 41.7 g (0.3 mole) of chloroethoxydimethylsilane in 60 mi of
tetrahydrofuran was added slowly to a stirred slurry of 3.5 g (0.1 mole) of lithium
nitride covered in 60 mi of tetrahydrofuran. The reaction was exothermic. After the
addition was complete, the mixture was refluxed: overnight, cooled and filtered.
Lithium chloride, 11.7 g (96 %), was recovered. Fractional distillation at 7 mm gave
5.6 g{17%) of 0CX1), b.p. 111-113°, n3° 1.4231. (Found: C, 44.33; H, 10.30; N, 4.42;
8i, 26.12.C,,H 33NO,;8i; caled.: C, 44.53; H, 10.28; N, 4.33; Si, 26.04 %)

Preparation of tris(dimethylphenyisilyl)amine, (X X 11)

When a stirred suspension of 1.2 g (0.033 mole) of lithium nitride covered with
20 ml of tetrahydrofuran was treated with 17.1 g (0.1 mole) of chlorodimethylphenyl-
silane in 20 m] of tetrahydrofuran, a slightly exothermic reaction was obtained. The
mixture was refluxed for 3 h, 30 ml of tetrahydrofuran was distilled out, and 30 ml of
petroleum ether, b.p. 35-60°, was added. Upon filtration 5.0 g (caled. 4.3 g) of lithium
chloride was obtained. (X(XII) (4.9 g, 35%), m.p. 131-135°, crystallized from the
filtrate. Additional recrystallization from petroleum ether raised the m.p. to 136~137°,
(Found: C, 68.52; H. 7.97; N, 3.36. 5i, 19.87. C,,H;;NSi; calcd.: C, 68.66; H, 7.93;
N. 3.34; 83, 20.07%;.

Preparation of bis{dimethyl{methylamino)silyl}methylamine, {X X 111)

After a solution of 13.5 g (0.063 mole) of bis{chlorodimethylsilyl) methylamine
in 25 ml of petroleurn ether, b.p. 35-60°, was added to a solution of 20 m! (excess)
of methylamine in 25 ml of petroleum ether, which was maintained at — 20° during
the addition, the mixture was warmed to room temp., the salts were filtered off, and
the solvent was evaporated. Fractional distillation gave 7.0 g (55 %) of bis{dimethyl-
{methylamino)sityl] methylamine, b.p. 115° (55 mm), n3® 1.4452, NMR peaks (CCl,)
att 7.55and t 7.53 (total 9H. doublet and singlet, J 6.5 cps, NHCH,)and 1 998 (12 H
singlet, SiCH ). [Lit.” b.p. 78° (11 mm), n3” 1.4393.]
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SUMMARY

N.N'-Disilylcyclodisilazanes are cleaved with methanol, ethanol, phenol,
scetic acid, or hydrogen chloride to obtain the corresponding symmetrical or un-
symmetrical trisilylamine derivatives. The unsymmetrical trisilylamines can equally
well be prepared by the cleavage of N-silylcyelotrisilazanes. B:s(chlorod:mcthylsnlyl)
(trimethyisilyamine forms the amino and hydride derivatives with secondary amines
and lithium aluminum hydride, resp., but gives N-alkyl(or aryl)-N'-silylcyclodi-
silaznnes with primury amines at low temperatures. Properties of the new trisilyl-
amines aad cyclodisilezanes are discussed,
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