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ABSTRACT

New ring-compounds: 1,l-diethoxy-2-(triphenylsilyl)-1-sila=-2-
azacyclopentane, 1,1-diethoxy-2-(ethoxydimethylsilyl)-1-sila-2-
azacyclopentane, and tri-(1-ethoxy-1-sila-2-azacyclopentane) were pre-
pared and isolated. The third compound reacts with ethyl alcohol to
form 3-aminopropyltriethoxysilane; and with phenyllithium and ethyllithium
to form tri-(1-phenyl-1-sila-2-azacyclopentane) and tri-(l-ethyl-1-sila-

2-azacyclopentane), respectively.
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SECTION I
INTRODUCTION

In our previous report (Reference 1), we reported the synthesis of
1,1-diethoxy-2-(trimethylsilyl)-1-sila-2-azacyclopentane. The ring
structure in this compound had shown remarkable stability toward cleavage
on standing as well as in the Grignard reactions in which the two ethoxy
groups are replaced. Compounds with such ring structures are therefore
unlike their oxygen analogs (References 2 through 5), which cleaved on
standing and could be developed further for practical use. In this
report we had synthesized more such ring-compounds by using hexaphenyl-
disilazane and hexamethylcyclotrisilazane instead of the hexamethyl-

disilazane in the following reaction:

, o ( NH,), SO, _ _
(C2H50)3S|C3H6NH2+ MesslNHSIMe3 ———A——> (CZH,,O)ZSICaHsN-SlMe3

+ Me,SiOC,Hg + NH3T (1)
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SECTION II
RESULTS AND DISCUSSION

Most products in this study had high boiling points at which ammonium
sulfate decomposed to form an obnoxious mercaptan-like odor. We there-
fore replaced it with its chloride or bromide and found no apparent
difference resulted from the change. These halides sabiimea instead of
decomposing during distillation and could be removed from the products

by conventional purification methods.

Some hexaphenyldisilazane and 3-aminopropyltriethoxysilane reacted
as indicated by Equation 1. The reaction gave off a 50% theoretical
amount of ammonia in four days and yielded a small amount of 1,1-diethoxy-
2-(triphenylsilyl)~1-sila-2-azacyclopentane (Compound A). The remaining
silazane was found to have been mostly converted into ethoxytriphenylsi-
jane during the reaction. Since hexaphenyldisilazane, in every respect,
is more stable than its methyl analog, it would be logical to assume
that the low yield of A did not result from its own decomposition.
Steric effects (References 6 through 8) from bulky group substituents
on nitrogen has been claimed as a main factor in preventing the amine
exchange reactions. It seems that the three bulky phenyl groups on
silicon have had the same effect on these reactions even though two
phenyl groups on silicon did not show any effect at all. Besides these
products, there was evidence, obtained from mass spectrometric analysis,
of two other products with molecular.weights of 387 [tri-(l-ethoxy-1-
sila-2-azacyclopentane) abbr. timer D] and 516 [tetra-(1-ethoxy-1-sila-

2-azacyclopentane), abbr. tétramer E] respectively. Their formation
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probably came from the following mechanism (A):

Ist: Formation of (PhssiNH)2 (CZHSO)SiCBHsNH2
(C2H50)3SiC3H6NH2+ 2Ph38iNHSiPH3——> (F’h:_,’SiNH)2 (CZHE’O)SiCaHﬁNH2
+ 2Ph,SiOC,H, (2)
2nd: Condensation of (PhySiNH), (C,H,0) SiC3HgNH,
( Ph,SiNH), (C,Hs0 ) SiC HNH, —-— |C2HsO0 + NH,
SiCHeN
> %5in

+ Ph3SiNHSiPh, (3)

wheren 2 3

Examples of the Ist and 2nd reactions are known in the literature

(References 9 and 10, respectively).

Separation of trimer D or tetramer E from the reaction mixture
containing ethoxytriphenylsilane was not successful. In view of the fact
that Wannagat and Schreiner's reaction (Reference 9 and Equation 4, below)

show that a salt, sodium ethoxide was the side
= SiOC,H, + NaNH, —> =SiNH, + NaOC,Hg (4)

product which could be easily removed from the organosilylanimes, an

inorgénic amide was therefore used. However, for the following reasons

we used lithium nitride for the amide: (1) lithium nitride is more stable,

| thus easier to handle than sodium amide, and (2) 1lithium nitride is a
dark red powder, while lithium amide and oxide are white; thus, its

purity could be ensured by its appearance.

1 3

.
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The reaction of 3-aminopropyltriethoxysilane and lithium nitride
(Equation 5) took place readily with the generation of heat and ammonia.
At the end of the reaction, lithium ethoxide was precipitated out by the

addition of xylene and removed

. . CZHSO CEHSG
(C,Hg0)3SIC4HgNH, + LisN —>Isic H N SiC4HN
+:sn-1;P + LiOC,H, (5)

by filtration under nitrogen. The yield of trimer D was 30%. An attempt

to isolate the tetramer E was not successful.

An attempt to synthesize A by the following reaction was not suc-

cessful:
Lé3N
(CH,.0),SiCH.N-SiMe OCH, + Ph,SiOC,H, —\x—> i ~Si

The reaction of hexamethylcyclotrisilazane, 3-aminopropyltriethoxy-
silane, and a catalytic amount of ammonium bromide yielded 1,l~-diethoxy-
2-{ethaxyd§methy¥si¥y1}-1-s§%a-z-azacy;fopentane (Compound B) (49%) as
the main product. The following observations,

}. ammonia evolution was fast and stoichiometric,

2. the yield of B was high and only a small amount of diethoxy-

dimethylsilane was formed, and

3. the formation of high molecular weight substances containing

ethoxydimethylsilyl end groups (See Table 1),
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TABLE 1
COMPOUNDS CONTAINING
ETHOXYDIMETHYLSILYL END GROUPS

m/e possible structures
350 (CaHso)a SiCzHgN-Me,Si~NH-Me,SiOCH,
or

(C,H,0), SiC,H N~(C,H,0), SiC,H NH,

351 (C,H40), SiC4HeN -Me,Si0-Me,SiOC,H,
387% 0C2H5
SiC,H,N (Trimer D)
= " 1l3
406 * OC,H,
(C,Hy0), SIC,HN- Si~C,HGN -Me SiOC,H,
516 OC,H,
SiCzHgN (Tetramer E)
| SR I IV
535 OC2Hs OC2Hs Mesx

(CH50),SiCHEN ~SiCyHeN - SiC3Hg N-SiOC,H,

others Assignment unsuccessful

+ isolated and proved by mol wt and elementary analysis
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were different from the hexaphenyldisilazane reaction and suggested a

different mechanism (B):

Ist. Transamination reactions

‘ _ NH, Br
(ceHsa ),Si C,HNH, + (Mezs:m-i}s —Q
_ Me_Si ‘ ‘I‘
{C2H50}385C3§-§8N\Me o /N03H683{02H50)3 + NH, (6)
2

2nd. Condensation reactions
_-Me;Si
C,H.OLSIC.H.N i — i -Si

" N> (C,Hy0),SiCiHN ~Me,Si- NC;HSi(C,H0), (C)

+ (CEHSO}EMeESE

It was surprising to learn that C, which should be formed, was not
isolated. A small amount of liquid, isolated by gas liquid partition
chromatography (glpc), had a molecular weight and elementry analysis

equivalent to that required for C. However, it had three different

ethoxy groups in its nmr spectrum, suggesting the structure

OC,H,
(CoH50), SiC3HgN-SiCoHGN - SiMe,(OC,Hy) (7)

In separate similar experiments, the high boiling substance was
analyzed by mass spectrometric techniques. Among numerous m/e peaks,

there are several peaks (Table 1) to which we could assign structures.

Trimer D and tetramer E were again among the products formed.

Although their formation could have arisen from mechanical A, the
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presence of other substances (mol wt 406 and 535) had suggested a possible
reaction known in the literature (Reference 11). Condensation reaction

of B as shown below had occurred along with other reactions.

OC, Hyg

(C,Hg0),Si C,H NSiMeOC,H,) (B) —> (C,H,0), SiCHN =+ SiCHN )
0C, H,

~ SiMe,(OC,Hg) + X (CHg0), Me,Si —> [SIC4HgN|  + (C,H,0), Me,Si (8)

3,4 Up

Although we were not successful in demonstrating the condensation
of B with ammonium bromide, the condensation did take place in the
presence of a trace of lithium nitride to form diethoxydimethylsilane
and a polymeric material in which trimer D was present. We had prepared
trimer D in 26% yield by refluxing, under N2, the compound 3-amino-
propyltriethoxysilane and hexamethylcyclotrisilazane with a trace of

lithium nitride until the final result, as shown in Equation 9, was

reached.

LisN | OC,H,
(C,Hg0)3SiCsHgNH, + (SiMe, NH),—> T SiCHN . (D)

4 0C,Hy \[ | 0
+ 1 SICHEN T+ (C,Hg0),Me,Si + NH, (9)

Although trimer D, obtained by either Equation 5 or 9, can be
vacuym distilled repeatedly, a pure sample for analysis was obtained by
glpc. The compound, like any other alkoxysilyl amines (References 12

and 13), is not stable in air, and forms a white solid of unknown nature.
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The trimer D isolated was believed to be a mixture of isomers. It
had slightly splitting, ethoxy groups in its nmr spectrum. Similar
results were reported (Reference 6) for those of unsymmetrically
substituted cyclotrisiloxanes and cyclotrisilazanes. In addition to the
molecular weight, elementary analysis, and evidence of the right number
of hydrogen numbers in its nmr spectrum, the existence of trimer D was

further proved by the following chemical reactions:

1. Alcoholysis of Trimer D

Trimer D was found to react slightly with anhydrous ethyl alcohol.
Complete alcoholysis could be obtained only if a catalytic amount of
1ithium ethoxide was present. A sample purified by distillation gave
a 79% yield of 3-aminopropyltriethoxysilane.

2. Alkylation and Arylation of Trimer D

Trimer D reacted readily with ethyllithium and phenyllithium

prepared from ethyl bromide and phenylbromide with lithium to form
tri-(l-ethyl~1-sila-2-azacyclopentane) (yield 45%) and tri-(1-phenyl-1-

sila-2-azacyclopentane) (64%).
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SECTION III
EXPERIMENTAL PROCEDURES

Reagent-grade 3-aminopropyltriethoxysilane was purchased from Union
Carbide Corp.; hexamethylcyclotrisilazane was purchased from Peninsular
ChemResearch Inc., Gainesville, Florida; lithium nitride was purchased
from Foote Mineral Co., Exton, Pa. All were used without further

purification.

Hexaphenyldisilazane was made in accordance with the method reported

in our technical report AFML-TR-66-108.

Ana]yticaT glpc's were run on an FEM Mode! 500 Chromatograph using
0.25 in x 6 ft stainless steel column packed with 10% SE-30 on 60-80

Chromosorb W.

Elemental analyses, mass spectrometry, and nmr's were performed by
the Analytical Branch, Air Force Materials Laboratory, WPAFB. Boiling

points are uncorrected.

1. Preparation of 1,1-Diethoxy-2-(Triphenylisilyl)-1-Sila-2-Azacyclopentane
A mixture of 3-aminopropyltriethoxysilane (9.4 gm, 0.043 mol),
hexaphenyldisilazane (17.0 gm, 0.032 mol ) and ammonium chloride (trace)
was heated under N, for 4 days. The NH3 gas generated from the reaction
was periodically neutralized by standard HC1 solution (2.17 N) to the
methyl red end point and a total of 0.016 mol of gas was collected. After

the reaction mixture cooled to room temperature, hexane (30 ml) was added.
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The insoluble hexaphenyldisilazane (3.0 gm) was filtered off and
identified by infrared and mp. The filtrate was concentrated and vacuum
distilled. The first fraction (15.6 gm) bp 110-165°/0.06 mm was
identified by infrared as ethoxytriphenylsilane. One crystallization
from hexane gave mp 58-63° (Reference 14, mp 65°). The second fraction
(bp 168-222°/0.06 mm) was a yellow liquid which was taken-up in hexane
and which gave 0.61 gm of the expected compound upon cooling. One

crystallization from hexane gave a mp 99-101°.

Anal. Calcd for (CESSQ}ESEQBHsﬂ-SEPh3

C, 69.28; H, 7.16; N, 3.20; Si, 12.92; mol wt 433.
Found: C, 68.82, 69.16; H, 7.21, 7.02; N, 3.31, 3.15; Si, 12.82,

12.67; mol wt 449, 452 (VP osmometry), 433 (mass spectrometry).

The residue from vacuum distillation was analyzed by mass spectrom-
etry and found to contain compounds with m/e values of 304 (Ph3S§QEEH5);

433 [(C,HL0),SiC,HgN-SiPho]; 387 (trimer D), 516 (tetramer E), and
3 21507235 C3Mel 3 e

other values (assignment unsuccessful).

2. Attempt to Synthesize 1,1-Diethoxy-2-(Triphenylsilyl)-1-Sila~-2-
Azacyclopentane.

A mixture of 1,1-diethoxy-2-(ethoxydimethylsilyl)-1-sila-2~
azacyclopentane (11.1 gm, 0.04 mol) ethoxytriphenylsilane (¥é.2 gm,
0.04 mol) and ammonium bromide (trace) was heated to reflux for 24 hrs.
No apparent reaction was observed. The mixtare, after cooling, was
heated again to reflux with a trace amount of lithium nitride. The

distillate was periodically drained off by means of a (laissen head

10
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takeoff. The reaction mixture was allowed to reflux overnight, a total

of 4.7 gm of diethoxydimethylsilane was collected, yield 80%.

From the residue, only ethoxytriphenylsilane and hexaphenyldisiloxane

were isolated.

3. Preparation of 1,1-Diethoxy-2~(Ethoxydimethylsilyl)-1-Sila-2-
Azacyclopentane

A mixture of 3-aminopropyltriethoxysilane (96.5 gm, 0.44 mol),
hexamethylcyclotrisilazane (32.0 gm, 0.15 mol), and ammonium bromide
(0.062 gm) was heated to reflux for 3 days. The ammonia generated from
the reaction was neutralized periodically with standard HC1 solution
(2.02 N). In the first 4 hrs, 0.40 mol of ammonia was collected and a
total of 0.43 mol (100%) was obtained at the end of the reaction. The
reaction mixture was distilled first at atmospheric pressure to obtain
10.0 gm of diethoxydimethlysilane, bp 110° (Reference 14, bp 113-114°).
It was identified further by infrared. Vacuum distillation of the
remaining substance gave first, the expected compound (60.0 gm) bp 70-73°/
5 mm yield 49%. Glpc indicated that it was a pure sample.

Anal. Calcd for (czﬁso)zsiféféy-Sinez(ocZHS)

C, 47.65; H, 9.74; N, 5.05; Si, 20.22; mol wt 277.

Found: C, 48.01, 47.96; H, 9.89, 9.86; N, 4.92, 4.76; Si, 19.59,

19.97; mol wt 277 (mass spectrometry).

And, second, a viscous liquid (21 gm) bp 96-130° (5 mm). Glpc indicated
that it was a mixture of many compounds. The major component isolated

0CoH
by glpc was identified at (C2H50)ZS£C3H6§—SEE3E6N-SiMe2(OCZHS).
|

11
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Anal. Calcd C, 47.29; H. 9.36; N, 6.90; Si, 20.68; mol wt 406.

Found: C, 46.92; H, 8.80; N, 6.83; Si, 20.30; mol wt 406 (mass
spectrometry).

its nmr spectrum had shown correct proton numbers and three different

ethoxy groups.

In a separate similar experiment, one component from the mixture

Si0CyH

isolated by glpc was identified as (CEHSG}253C3§6§-ﬁe25E-G-Ne
2
LI

5
Anal. Calcd C, bh.bb; H, 9.68; N, 3.98; Si, 23.93; mol wt 351.
Found: €, 44.33, 44.49; H, 9.51, 9.56; N, 4.77, 4.77; Si, 23.51,

23.28; mol wt 351 (mass spectrometry).

The higher boiling substance left from these reactions was vacuum
distilled and analyzed by mass spectrometry. Results are listed in

Table |.

L. Preparation of Tri-(1-Ethoxy-1-Sila-2-Azacyclopentane) (Trimer D)

A. (CyH50)3SiCoHENH, + (MepSiNH)3

3

A mixture of 3-am§éoprepy¥triethoxysi¥ane (93.§ gm, 0.42 mol),
hexamethylcyclotrisilazane (31.0 gm, 0.14 mol), and lithium nitride
(0.53 gm, 0.015 mol) was heated unéer‘Nz to initiate the reaction. The
ammonia generated from the reaction was periodically neutralized by
standard HC1 solution to the methyl red end point. In 5 days, 0.43 mol
of ammonia was collected. At the end of ammonia generation, the
reaction mixture was distilled under N, to removed the diethoxydimethyl-
silane (58 gm, yield 93.5%) bp 110-115° (Reference 14,113-114°).

7¢1/¢

12
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The remaining reaction mixture, upon vacuum distillation gave 14.0 gm

(yield 26%) of the expected compound, bp 120-140°/0.05 mm. Sample for

analysis was purified by glpc.
C2H50

Anal. Calcd for SiC3H6N

L2 2IT3

C, 46.51; H, 8.53; N, 10.85; Si, 21.71; mol wt 387.

Found: C, 46.41, L46.0L4; H, 9.19, 8.81; N, 10.59, 10.56; Si, 21.55,

21.47; mol wt 387 (mass spectrometry).

Its nmr indicated the correct proton numbers and slightly splitting

ethoxy groups.

B. (CZHSO)ZSEC3H6NH2 + Li3N

Into warm 3-aminopropyltriethoxysitane (151.0 gm, 0.68 mol)‘in a .
three necked flask, equipped with mechanical stirrer, condenser, and
N, inlet and outlet tubes, was added slowly 14.3 gm (0.41 mol) of
lithium nitride. Reaction took.p]ace with generation of heat and
ammonia (not collected). At times the outside heating had to be
removed to ensure a smooth reactlon. After complete additioﬁ,.the
reaction mixture was heated to reflux for 2 hrs, then cooléd to room
temperature. The lithium ethoxide was precipitated by the addition of
250 ml of xylene and removed by filtration under N,. The filtrate was
distilled at atmospheric pressure to remove the solvent. Vaéuuh
distillation gave 28.0 gm of the expected compound bp 115-138°/0.05 mm.
One vacuum distillation gave 24.0 gm (yield 30%)of relatively pure
sample. Mol wt 387 (mass spectrometry) infrared and glpc‘retentioﬁ

time were identical to the sample obtained from A.

13
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5. Condensation Reaction of 1,1-Diethoxy-2-(Ethoxydimethylsilyl)-1-
Sila-2-Azacyclopentane
i,i-éiethoxy-z-(ethexydimethy%si¥y1)-f—siia-Z-azacyc}apentane (29 gm)

and lithium nitride (0.0050 gm) were heated together under N, overnight.

The reaction mixture, after cooling to room temperature, was vacuum

distilled. There was obtained 14.2 gm of starting material and a small

amount of trimer D identified by the retention time of g¥§c identical to

that of the above sample.

6. Alcoholysis of Trimer D

A mixture of anhydrous ethyl alcohol (50 ml) and a few drops of
benzene was distilled under Ny until the disti%lation temperature
reached 78°. After the alcohol was cooled to room temperature, trimer D
(11.0 gm) was added. The reaction mixture was heated to reflux for 10 hrs.
Upon vacuum distillation, 4.8 gm of 3-aminopropyltriethoxysilane was

obtained (yield 25%).

in another siéila? expérimeat, a small piece of lithium was put into
the alcohol before the addition of 12.5 gm of trimer D. Upon refluxing
for one hoér and vacuum distillation, it gave 17.0 gm of pure 3-amino-
propyltriethoxysilane (yield 79%). Its identify was proved by infrared

and glpc retention time.

7. Arylation of Trimer D
An excess of phenylbromide (35.0 gm) was added slowly to a mixture
of trimer D (20.6 gm, 0.05 mol), 250 ml of anhydrous ether, and

shredded lithium (2.24 gm, 0.32 mol). The reaction took place with the

14
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generation of heat and proceeded smoothly during the addition (3 hrs).
The lithium salts were precipitated by the addition of 200 ml of benzene
and removed by filtration under N2. The filtrate, after removal of‘the
benzene, was taken up in 100 mi of petroleum ether (bp 30-60°) and cooled.
There was obtained 13.7‘gm of tri-(1-phenyl-1-sila-2-azacyclopentane)
mp 129-131°. Concentration of the mother liquid gave an additional
2.8 gm of the compound, yield 64%. One crystallization from hexane
gave a pure sample mp 133°.
CéHsg
Anal. Calcd for SiC3HgN
-
c, 67.08; H, 6.83; N, 8.70; Si, 17.39; mol wt 483.
Found: € 67.20, 67.03; H, 6.76, 6.86; N, 8.88, 8.90; si, 17.31,

17.27; mol wt 483 (mass spectrometry).

8. Alkylation of Trimer D

Ethyl bromide instead of phenyl bromide was used in the above
reaction. After the removal of lithium salts, the filtrate was con-
centrated and vacuum distilled. A fraction 5.5 gm (yield 45%) d?sti]led
over af 136-156° (0.1 mm) and was shown by glpc to be a pure sample of
the expected compound.

Anal. Calcd for S|C3H6N-
[ |

3
C, 53.10; H, 9.73; N, 12.39; Si, 24.77; mol wt 339.

Found: C, 52.97; H, 10.15; N, Ii.86; Si, 25.13; mol wt 339

(mass spectrometry).

15
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Figure 1. Infrared Spectra of Tri-{i-Ethoxy-1-Sila-2-Azacyclopentane),
Tri-{1-Ethyl-1-$ila-2-Azacycliopentane}, and Tri~{1-Phenyi-1-
$ila-2-Azacyclopentane)
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Figure 2. Infrared Spectra of 1,1-Diethoxy-2-(Triphenylsityl)-1-Sila-
2-Azacyclopentane, 1,1-Diphenyl-2-(Trimethylsilyl)-1-Sila-
2-Azacyclopentane, 1-Phenyl-1-Ethoxy=2~(Trimethylsilyl)-1~
Sila-2-Azacyclopentane, and 1,1-Diethoxy-2-{Ethyloxydimethyl-

silyl)-1-Sila-2-Azacyclopentane.
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