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Figure 5.—The determination of the quantum yield of forma-
tion of (®) m-methoxybenzyl methyl ether and (O) m-methoxy-
toluene from the photolysis of m~methoxybenzyltrimethylam-
monium chloride in methanol.

with a catalytic amount of hydrogen chloride in the presence of
5,5-dimethylcyclohexane-1,3-dione, the dimedone derivative
was formed.?® The nmr spectrum of the compound prepared in
this manner was compared with an authentic specimen obtained
by reacting aqueous formaldehyde. When & portion of the
photolysate was treated in a similar manner, the dimedone deriv-
ative was formed, as indicated by its nmr spectrum, but it was
not analyzed quantitatively.

Product Analysis.—All quantitative analyses were performed
by gas chromatography on a Varian Aerograph Model 1200 gas
chromatograph equipped with a flame ionization detector.
Products were identified by comparing their retention times with
those of authentic samples on at least two columns whose sep-
aration characteristics differed. Analyses were performed by the
internal standard method with a marker chosen, where possible,
which had a similar functional group and a retention time close
to that of the compound being analyzed.

Photolysis Studies.—Samples of ammonium salts were weighed
into 10-ml volumetric flasks and diluted to volume with the ap-
propriate solvent. The solution was then transferred to a cy-
lindrical quartz tube (15 X 1.5 em) and degassed by passing a
slow stream of nitrogen through the solution for 10 min. The

(20) A, 1. Vogel, “Practical Organic Chemistry,” Wiley, New York, N. Y.,
1956, p 332.
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tube was sealed with a rubber septum. The photolyses were
carried out in a Rayonet RPR-100 photochemical reactor (The
Southern New England Ultraviolet Co.) using sixteen 253-nm
lamps and rotated with a Rayonet MGR-100 merry-go-round.

Quantum Yield Measurements.—Aliquots (3.0 ml) of standard
solutions were transferred to 10 X 1 em quartz tubes and de-
gassed as above. The solutions were photolyzed in a merry-go-
round apparatus (F. G. Moses, Co., Wilmington, Delaware).
A helix coil low-pressure Hg lamp (Mr. Charles Shott, Uni-
versity of Alberta), operating on 100 mA from a 5000-V trans-
former, was placed in the center of the apparatus. More than
97% of the light was centered about a sharp band at 254 nm.
A shutter was arranged so that photolysis was allowed only after
the lamp was warmed. A constant temperature of 32° was main-
tained in the reactor. Chloroacetic acid was used for actinom-
etry and a value of 0.370 chosen as the quantum yield for chlo-
ride formation at 32°.% The flux of light through each slit
was found to be 7.22 = 0.08 X 1075 einsteins hr ~! by this method
(average of 20 separate runs). The formation of each product
was followed periodically up to 5% conversion as shown in Figure
5 for the photolysis of m-methoxybenzyltrimethylammonium
chloride in methanol. The quantum yield (moles einstein~!)
was obtained by dividing the slope (mole hour—!) by the flux (ein-
steins hour=1).

Registry No.—PhCH,N(CH;);+ Br—, 5350-41-4;
(PhCH,),N(CH;).+ CI—, 100-94-7; (PhCH,);NCH,*
Br~, 31246-85-2; PhCH,N(CH,);*+ Cl-, 56-93-9; (Ph-
CH,),N(CH,;),* EtO—, 31280-85-0; (PhCH,),NH* C]-,
7673-07-6; PhCH,N(n-Hex);*+ Br—, 31280-89-4; (Ph-
CH,);NH(CH,)*+ CI~, 5441-24-7; (PhCH,),NH,;* Cl-,
20455-68-9; PhCH,NH;*+ Cl-, 3287-99-8; PhCH,N-
(CH;)CH,OCH,CH,, 31280-93-0; benzyl ethyl ether,
539-30-0; benzyl methyl ether, 538-86-3; m-methoxy-
benzyl methyl ether, 1515-82-8; m-methoxytoluene,
100-84-5.
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The syntheses and chemical properties of some 54 compounds are described, all having structural units including
=8iCCCN== with either methyl, phenyl, siloxy, alkoxy, or amino groups on silicon and H, alkyl, or phenyl
groups on nitrogen, Thirteen of the compounds are novel substituted heterocyclic 1-aza-2-silacyclopentanes and

one is a 1-aza-2-silacyclohexane.

During the course of some years we have had occasion
in these laboratories to prepare large numbers of 3-silyl-
alkylamino compounds. Nearly all of these amines had
either methyl, alkoxy, or siloxy groups attached to sili-
con and hydrogen, alkyl, aryl, or other groups attached
to nitrogen.

Only a few compounds of this kind were previously
known. Some examples are 3-trimethylsilylpropylam-
ine (2)2* which was first made by reduction of 3-tri-

(1) Many of the experiments in this paper were carried out by G. K.
Menzie (deceased).

(2) (2) Throughout this paper the numbers in parentheses, (2), refer to
compounds as listed in Table II. (b) L. H. Sommer and J. Rockett, J. Amer.
Chem. Soc., 78, 5130 (1951).

methylsilylpropionitrile with lithium aluminum hy-
dride?® and later by hydrogenation of the same inter-
mediate.? Comparable hydrogenation of 2-cyano-
ethylalkoxysilanes has also been described.®*
Examples of the alkylation of amines or ammonia with
3-silylalkyl chlorides are also known,b®
In this paper many structures of this kind, including

(3) (a) L. Kh. Friedlin, A. D. Petrov, T. A. Sladkova, and V. M, Vdouin,
Bull, Acad. Sci. USSR, Div. Chem. Sei., 1878 (1960); '(b) K. Shiina, H.
Inui, Z, Ota, and M, Kumada, J. Chem. Soc. Jap., Ind. Chem. Sect., 68, 168
(1960).

(4) V. B. Jex and D. L. Bailey, U. S. Patent 2,930,809 (1960).

(5) J. L. Speier, U. 8. Patent 2,971,864 (1961); U. 8. Patent 3,146,250
(1984).
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RC! + R'R/"NH — Propuoets + R'R/'NH,*Cl~

R R’ R/’
ClMe,Si(CHs)s— H -CH,CH,NH,
ClMesSiCH,CHMeCH, H ~-CH.CH,NH,
MeOMezSi(CH;)s— H -CH,CH,NH,
(MeQ):MeSi(CHa)s— H -CH.CH.NH,
(MeO )3Si(CH2)3— H —CHgCHzNHg
M63SiCH20HMeCHg— H —CHchzNHz
(MeO):MeSiCH,CHMeCH,- H -CH,CH,NH,
(Me0)s8iCH,CHMeCH,~ H -CH,CH,NH,
(Et0);S1(CHy)s— H ~-CH,CH.NH,
ClMeySi(CHy)— H Me
ClMe:SiCH,CHMeCH,~ H Me
ClMeOMeSiCH,CHMeCH,— H Me
(MeO)sSi(CH,)s- H Me
Cl;MeSiCH,CHMeCH,— H Me
(MeO)sMeSi(CH,)s— H Me
(EtO)sSi(CHa)s— H Me
CIPhMeSiCH,CHMeCH,- H Me
(MeQ);Si(CHy)s— Me Me
(MeQ );Si(CH;);— H -CH,CH=CH_
(MeO);Si(CHs)s— Morpholine
(MeO):S1(CHg ) H n-Bu
MesSi(CH,)s— H
(MeO);Si(CHy)s— H H
(EtO):MeSi(CH,)s— H H
(EtO);Si(CHy)s- H H
ClMesSi(CHj)s~ H H
ClMe:SiCH,CHMeCH,- H H

. 21,1971 3121

TasLe 1
Yield,
Products % No.*
|
Mezsi(cHz)aNCchHzNHz 50 9
Me,SiCH,CHMeCH,NHCH,CH;NH, 76 13
MeOMe,Si(CH;);NHCH,CH,NH, 55 20
(MeO);MeSi(CH:),NHCH,CH,NH; 80 21
(MeO)sS1(CH,);NHCH,CH.NH, 87 22
Me,;SiCH,CHMeCH.NHCH,CH.NH. 67 25
(Me0);MeSiCH,CHMeCH,NHCH,CH,NH, 85 27
(MeO)3S1CH20HMeCH2NHCHZCHgNH2 82 28
(Et0)sSi(CH,);NHCH,CH,NH, 62 36
r ul
Me:Si(CH;).NMe 65 5
1
Me:SiCH,CHMeCH,NMe 76 6
I il
MeOMeSiCH,.CHMeCH.NMe 36 7
(Me0);8i(CH:);NHMe 69 8
[(MeO)sSi(CH,)s] [NMe 19 44
ln l
MeNHSiCH,CHMeCH:NMe 100? 10
r 1
MeN [SiCH,CHMeCH,NMe] b 41
(MeO):MeSi(CH,)sNHMe 79 12
(EtO)s8i(CH,)sNHMe 73 32
)
PhMeSiCH.CHMeCH,NMe 65 38
(MeO )3Si(CH2)3NMez 79 19
(Me0),S1(CH, ) NHCH.CH=CH, 59 23
I ml
(MGO )aSl(CHz )aNCH2CHQOCH20H2
(MeO);Si(CHz);:NH-n-Bu 50 33
Measi(CHQ)sNHz 45 2
[Me;Si(CH,)s] JNH 18 41
(MeQ);Si(CH,);NH, 31 4
(EtO):MeSi(CH,)sNH, 51 17
[(EtO).MeSi(CH,)s] 2N H, 32 49
(EtO);Si(CH;);NH: 31 17
MeOMe;,Si(CH,),NHy 30 3
[MeOMe,Si(CH,),] JNH? 25 41
|
Me,SiCH;CHMeCH.NH 18 1
I al
CICH,;CHMeCH,Me;SiNSiMe,CH,CHMeCH, 40 b

« Example number in Table II. ? See Experimental Section.
novel heterocyclic aminosilanes, are described along
with unusual chemical reactivities they exhibit.

Results and Discussion

Six (3-chloroalkyl)silicon compounds were heated
with from 9 to 18 mol of liquid ammonia per equivalent
of chloride to see what yields of corresponding amino
derivatives would be obtained (Table I). The chloro-
alkyl groups gave yields of primary amines usually
from 30 to 519, with secondary amines and higher
boiling products accounting for the remainder even
when a large excess of ammonia was used.

NHs RCI-NH;
RCl > RNH, > R,NH
—NHiCl ~NH.Cl

Chlorosilanes formed silazanes in such a process at
very much faster rates.

. NH; . —0.5NHs
=8iC] ———— =SiNH; ———> 0.5(=8i),NH
~ NH:Cl

Silazanes and amines react as follows.

=8iIN< + R;NH = ==8iNR, + HN<

By way of these reactions very complex structures were
easily possible, especially with ammonia and any chlo-
rosilylalkyl chloride. The use of primary amines in
these systems simplifies them, and secondary amines
such as dimethylamine yield simple products in an
easily understood manner.

Reagents such as Me,CISiCH,CH,CH,Cl and ammo-
nia underwent all of these reactions, to form a liquid
mixture of polymers including units of —SiMe;(CH,)s-
NH- and -SiMe;(CH,);NH(CH,);S8iMe;,NH-. This
mixture reacted vigorously with dry methanol to
form 3-(methoxydimethylsilylpropylamine), MeOMeSi-
(CHy)sNH, (3), 309, and bis(3-methoxydimethyl-
silylpropyl)amine, [MeOMe,Si(CH,);INH (42), 259,
along with higher boiling products that decomposed on
distillation. The reaction with methanol was a well-
known one by which the Si-N structures were meth-
anolyzed.

=SiIN< + MeOH —> =8iOMe + HN<
In a very comparable example, 3-chloro-2-methyl-

propyldimethylehlorosilane, CICH,CHMeCH,SiMe,Cl,
was first converted into the corresponding disilazane,
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10.6
19.7

12.7
10.6
19.8

217
132
205

95
276

219
133
206
258
94
270
99
277

CH»,ONSi
CIIH2SO3N2Si
012H1 gNSi
C:HxONSL
CuHmO:;NSi

C12Hs NS,
CroH3 0:NSi,

CusHNeSis
ClsHs:gONSlﬁ

0.309
0.273
0.302
0.309

0.308
0.272
0.302
0.308

0.8369
0.9629
0.929
0.830

1.4295
1.4367
1.4734
1.4255

4
15
15

1

1

Mp 175-176.5°

65
156
116
160
150
132

90

61

(Et0),SiCH,CH,CH,NHCH,CH,NH,
.NMe

[MeOMe2SiCHzCHgCH2] 2NH
MeN[MeSiCH:CHMeCH,NMe],

[Me SiCH,CH.CH,1,NH
EtMe;:Si0SiMe.CH,CH,CH,NH-tert-Bu

tert-BuOMe,SiCH,CHMeCH,NHMe

MeOMe.SiCH,CH,CH.NHPh
(Me0);S5iCH,CH,CH,NH-c-CH

PhMeSiCH,CHMeCH.

36
37
38
39
40

1
42
43
44
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[ (EtO )2MeSlCHQCH20HQ] +NH
O[SiMeCH;CH;CH,NMe; *Cl—]»

[(Me0),SiCH;CH.CH,].NMe
Me;Si0S8iMe,CH:CH.CH,NHPh

Hydrochloride

O[SiMe;CH.CH.CH.CH.NMeH],
O[SiMe,CH,CHMeCH,NHCH.CH:NH,],
O [SiMech 2CH 2CH2NHH-BU] 2

O [SlMe:zCHchzCHgNMe z]

47
48

45
46
49
50
51
52

1.4654 0.960 0.288 0.290 CaoHaO5N5S1e

1

160
Mp 199-200° dec

O[SiMe.CH,CHMeCH,N CH.CHOCH,;CH_.]»

53

14.5

% Cl 14.4

dihydrochloride

* Reference 3b reported bp 85-88° (8 mm), n®p 1.4260, d?, 0.9162.

, n¥n 1.4235, d, 1.0265.

® Reference 3a reported bp 91-92° (15.5 mm)

= Reference 2 reported n*p 1.4301, d2, 0.7866.
4 Reference 6 reported bp 119-122° (29 mm), n®p 1.4220, d%, 0.9477.
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HN[SiMe,CH.CHMeCH,Cl],, which was then heated
with ammonia at 100° for 46 hr. The reaction was only
about 709, complete after this time, indicating a con-
siderable retarding effect of the 2-methyl group upon
the rate of reaction of the 1-chloride with ammonia.
This reaction, however, produced two novel cyclie struc-
tures. The products from this experiment can be most
plausibly explained by a sequence of reactions such as

2CICH,CHMeCH,SiMe,Cl + 3NH; —>

[CICH,CHMeCH,SiMe,,NH + 2NH,Cl
(A

[A] + 2NH, 2,
~NHCl

CICH,CHMeCH,8iMe,NHSiMe, CH,CHMeCH,NH,

A CH,CHMe
CICH,CHMeCH,SiMe;NH, + Me;i | I
N—CH,
H
1(18%)

lNHA

CH,CHMe
CICH,CHMeCH,Me,SiN
Sli"‘CHz
Mez
(40%)
2,2,4-Trimethyl-1-aza-2-silacyclopentane (1) above re-
acted vigorously with dry methanol to form (3-meth-
oxydimethylsilyl)-2-methylpropylamine (11).
CH,CHMe
MeQSi
N\
NH

|

CH, + MeOH —

/

MeOMe,SiCH,CHMeCH,NH, (1)
11

A similar series of experiments was carried out with
nine chloroalkylsilicon compounds and methylamine
(Table I). Only about 7-10 mol of methylamine to 1
equiv of chloride was used to obtain good to excellent
yields of distillable products. 4-Chlorobutyldimeth-
ylchlorosilane gave a 659, yield of 1,2,2-trimethyl-1-
aza-2-silacyclohexane (5). 3-Chloro-2-methylpropyl-
dimethylchlorosilane gave 769, 1,2,24-tetramethyl-
l-aza-2-silacyclopentane (6). Both of these cyclic
aminosilanes were very reactive toward water or alco-
hols, with the ring opening as shown in eq 1. Water,
methanol, and 2-propanol reacted vigorously with lib-
eration of heat. tert-Butyl alcohol reacted in the same
way but slowly, so that the reaction was not notice-
ably exothermic. Acetic anhydride reacted violently.
When acetic anhydride was added slowly to the amino-
silane in a flask packed in ice, a vigorous reaction pro-
ceeded quantitatively according to eq 2.

CH,CHMe
Me,Si A0
/N_CH2
e

M AcOSiMe,CH,CHMeCH,NMeAc (2)

35
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3-Chloro-2-methylpropylmethyldichlorosilane  and
methylamine gave rise to an especially interesting ex-
ample. Nearly a quantitative yield of 1,2,4-trimeth-
yl-2-methylamine-1-aza-2-silacyclopentane (10) was
formed. TUpon distillation 10 lost methylamine to
form a novel bicyclodisilazane (43) according to eq 3.

CL,MeSiCH,CHMeCH,C] MeNH:

/CH2

HMe
MeNHSQVIe + 3MeNH,HCl
N—CH,

/s
Me
lf 3
CH,CHMe

MeN | Si + MeNH,

43

Methanol and 10 reacted vigorously as expected to
form  3-(methyldimethoxysilyl)-2-methylpropylamine
(18). However, tert-butyl alcohol replaced only the
methylamino group from silicon and reacted no further
even upon distillation.

/CHZCHMe
MeNHMeSi\ + tert-BuOH  gistil
N—CH,
Me
10 @
CH,CHMe
tert-BuOMeSi

\NMeCH2
30

Bis(3-chloro-2-methylpropyl)dichlorosilane gave a
419, yield of a new kind of spiro derivative, 1,3,-
6,8-tetramethyl-1,6-diaza-5-sila[4.4 spirononane  (29).
With an equimolar amount of water 29 formed a mix-
ture of tri- and tetracyclosiloxanes.

MeCHCH, CH,CHMe
N HO0 :
/S1\ —_— [OSl(CHQCHMeCHgNHMe)Q]a,4
CHZ—lTI 1\|1—CH2
Me Me

29

A similar set of experiments was carried out with nine
3-chloropropylsilicon compounds and anhydrous ethyl-
enediamine (Table I). Usually 5 mol of ethylene-
diamine was used for each equivalent of chloride. The
reactions were very rapid at about 100° and in each
case the products separated very well at room tempera-
ture into two liquid layers. The top layer contained
the organic products and a small amount of ethylene-
diamine. The bottom layer was a solution of ethyl-
enediamine hydrochloride in ethylenediamine.

Slow distillation of compounds like 2-(3-trimethoxy-
silyl-2-methylpropylamino)ethylamine (28) liberated

SPEIER, RoTH, AND RYAN

(Me0),SiCH,CHMeCH,NHCH,CH,NH, ==
28
CH,CH,
(Me0), S
N—CH,

CH,CH,NH,
15

methanol and revealed that the silylation of alcohols by
cyclic aminosilanes is reversible.

In the same way 27 slowly 14 and 18 formed 7.
Methanol was liberated more rapidly from trimethoxy-
silyl compounds than from dimethoxymethylsilyl com-
pounds under similar conditions.

Aminopropylsiloxane compounds were also prepared
in good yields by warming allylamines of the formula
CHz=CHCH.NRR' (R = alkyl or phenyl, R’ = H or
alkyl) with siloxane hydrides. In this way with chlo-
roplatinic acid as the catalyst, 44, 46, 48, and 52 were
prepared. Allylamine under such conditions leads to
a complex mixture of products and liberated hydrogen.®
The secondary allylamines did not liberate hydrogen to
any noticeable extent. They acted very much as the
allylaminosilanes did® under similar conditions.

+ MeOH?t

Experimental Section

Reagents.—The 3-chloropropyl- and 3-chloro-2-methylpropyl-
silanes used in this work were prepared as described by Ryan,
Menzie, and Speier.” 4-Chlorobutyldimethylehlorosilane was
prepared as described by Smith, Ryan, and Speier.8 Neutraliza-
tion equivalents of the amines were obtained by titration with 1
N HCl in aqueous aleohol or, if a precipitate formed, by titration
with 1 IV HCIO, in glacial acetic acid. Specific refractions Rp
were calculated with published values for bond refractions.?

Syntheses.—The following examples illustrate the methods
used to prepare the compounds listed in Table II.

3-Trimethylsilylpropylamine (2) and Bis(trimethylsilylpropyl)-
amine (41).—3-Chloropropyltrimethylsilane (226 g, 1.5 mol),
methanol (144 g), and ammonia (408 g, 24 mol) were heated for
20 hr at 100° in a stainless steel autoclave. The vessel was
cooled to room temperature and opened to permit ammonia to
evaporate. The residue was stirred with water and petroleum
ether (bp 30-60°). The organic layer was separated, dried, and
distilled to yield 2 (37 g, 0.28 mol, 19% yield) and 41 (37 g, 0.15
mol, 189 vield). The aqueous layer was made strongly alkaline
with NaOH, whereupon an organic liquid separated. This was
distilled and found to be nearly pure 2 (51 g, 0.39 mol, 26%
yield) having the properties shown in Table II.

3-Diethoxymethylsilylpropylamine (17) and Bis(3-diethoxy-
methylsilylpropyl)amine (49).—3-Chloropropylmethyldiethoxy-
silane (422 g, 2 mol) and ammonia (617 g, 36.3 mol) were heated
for 15 hr at 90° as above. The vessel was then cooled to room
temperature and the lower liquid phase was separated by means
of a stainless steel tube extending to the bottom of the vessel.
This layer was then distilled to give 17 (196 g, 519, yield) and 49
(117 g, 329, yield).

2,2,4-Trimethyl-1-aza-2-silacyclopentane (1) and 2,2,4-Tri-
methyl-1-(3-chloro-2-methylpropyl)dimethylsilyl-1-aza-2-silacyclo~
pentane.— (3-Chloro-2-methylpropy! )dimethylchlorosilane (741
g, 4 mol) was dissolved in 11. of pentane. Ammonia was bubbled
through the solution until the solution was saturated. The mix-
ture was filtered free of ammonium chloride, which was washed
with pentane and dried (yield 221 g, 4 mol of NH,Cl weighs 214
g). The filtrate and washings were combined and the pentane
was evaporated under vacuum to leave a cloudy liquid presumed

(8) J. C. Saam and J. L. Speier, J. Org. Chem., 24, 119 (1959).

(7) J. W. Ryan, G. K. Menzie, and J. L. 8peier, J. Amer. Chem. Sot.,
82, 3601 (1960).

(8) A. G. Smith, J. W. Ryan, and J. L. Speier, J. Org. Chem., 87, 2183
(1962).

(9) A.I.Vogel, W. T, Cresswell, and J. Leicester, J. Phys. Chem., 88, 174
(1954).
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to be - 1,3-bis(3-chloro-2-methylpropyl)-1,1,3,3-tetramethyldi-
silazane, (552 g, 1.76 mol, 889, yield): neut equiv 324.8; caled
for (CICH,CHMeCH,Me,S8i).NH, 314 4.

All of this material was heated with ammonia (620 g, 37 mol)
in a 2.9-1. stainless steel autoclave at 100° for 46 hr. The prod-
ucts were cooled. Ammonia was permitted to evaporate and the
residue was filtered. The solids were washed with pentane, dried,
and weighed (123 g). This would represent a 709, yield of
ammonium chloride based upon the chloride content of the
disilazane.

The liquid product and washings were combined and distilled
to yield 1 (82 g, 18% yield) with the properties shown in Table
II. Methanol (3.2 g, 0.1 mol) was added to 1 (12.9 g, 0.1 mol).
The solution spontaneously grew warm. Vapor phase chromatog-
raphy showed 3-methoxydimethylsilyl-2-methylpropylamine (11),
essentially pure, containing no 1 or methanol.

The next fraction was collected at about 0.03 mm over the
range of 99-106°, 219 g, n%¥p 1.4678, 409, yield. A sample was
shown to contain chlorine by heating it with ethylenediamine
and testing the solution for chloride ion.

f 1
Anal. Caledfor CICH,CHMeCH,S8iMe,NSiMe,CH,CHMeCH,:
8i, 20.2; neut equiv, 278. Found: Si, 20.2; neut equiv,
264.
1,2,2-Trimethyl-1-aza-2-silacyclohexane (5).—4-Chlorobutyl-
dimethylchlorosilane (115 g, 0.6 mol) was heated in a stainless
steel autoclave at 100° for 19 hr with methylamine (317 g, 10.3
mol). The vessel was cooled and opened. The supernatant
liquid (156 g) was separated and distilled to give 73 g of methyl-
amine followed by 5 (58 g, 659, yield) and a viscous residue which
was not identified.
1,2,2,4-Tetramethyl-1-aza-2-silacyclopentane (6).—3-Chloro-2-
methylpropyldimethylchlorosilane (556 g, 3 mol) and methyl-
amine (640 g, 20.6 mol) were used as above to yield 6 (392 g,
76% yield).
(3-Methoxydimethylsilyl-2-methylpropyl)methylamine (16).—
A sample of 6 (72 g, 0.5 mol) with dry methanol (16 g, 0.5 mol)
grew warm spontaneously and very soon vpe showed only one
component with the properties shown in Table II for 16.
(2-Propoxydimethylsilyl-2-methylpropyl )methylamine (32).—
In the same fashion 6 (43 g, 0.3 mol) mixed with 2-propanol (20
g, 0.33 mol) at room temperature rose very quickly to 78°.
The product was essentially all 32 with the properties shown in
Table II.
N-(3-Acetoxydimethylsilyl)-2-methylpropyl-N-methylaceta-
mide (35).—A sample of 6 (14.3g,0.1mol) and acetic anhydride
(10.2 g, 0.1 mol) were stirred together in a flask packed in ice to
control a very exothermic reaction. Vapor phase chromatog-
raphy then showed only one peak with a long retention time.
This product easily dissolved in water and was titrated as a
typical acetoxysilane with 0.1 N sodium hydroxide to a pH of
8.1 to get the value shown in Table II for 35.
3-tert-Butoxydimethylsilyl-2-methylpropylmethylamine (36).—
A sample of 6 (21.5 g, 0.15 mol) and teri-butyl alcohol (11.1 g,
0.15 mol) were mixed. Although no reaction was apparent, dis-
tillation gave 36 in nearly 1009, yield.
1,2,4-Trimethyl-2-methylamino-1-aza-2-silacyclopentane (10)
and Bis-2-(1,2,4-trimethyl-1-aza-2-silacyclopentyl)methylamine
(43).—3-Chloro-2-methylpropylmethyldichlorosilane (3674 g, 18
mol) and methylamine (4224 g, 136 mol) were heated at 100°
for 22 hr and worked up as for 5 above to give 2856 g (1009, yield
calculated as pure 10) of a liquid organic layer which was dis-
tilled. Methylamine was continuously liberated during the
distillation of the first major fraction, 10. When methylamine
no longer was being liberated, the second major fraction, 43, was
collected smoothly. These two fractions constituted a very high
yield of produects, but the exact yield of each became uncertain
in this experiment. Apparently, the methylaminosilane 10 was
nearly the exclusive product of the reaction. During distillation
it lost methylamine to form the disilazane 43.
(3-Dimethoxymethylsilyl- 2-methylpropyl ) methylamine (18).—
A sample of 10 (above) was mixed with 2 equiv of methanol and
distilled to give a 949, yield of 18,
1,2,4-Trimethyl-2-tert-butoxy-1-aza-2-silacyclopentane (30).—
A second sample of the above 10 (79 g, 0.5 mol) was dissolved in
an equal volume of pentane. To this solution fert-butyl aleohol
was added (37 g, 0.5 mol). Vapor phase chromatography showed
that essentially all the fert-butyl alcohol and all the 10 reacted to
form one new product, 30. A second portion of tert-butyl alcohol
(37 g, 0.5 mol) was then added. This did not react. The solution
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was then distilled to remove first methylamine and pentane, then
half of the teri-butyl alcohol and finally 30 (74 g, 749 yield)
having the properties shown in Table II.
1,3,6,8-Tetramethyl-1,6-diaza-5-silaspiro[4.4]nonane (29).—
Bis ((3-chloro-2-methylpropyl)dichlorosilane (169 g, 0.6 mol) and
methylamine (409 g, 13.2 mol) were heated for 8 hr at 100° in a
stainless steel autoclave. The vessel was then cooled and a top
layer was separated. The bottom layer was evaporated to
dryness to leave methylammonium chloride. This solid was
washed with pentane and the washings were added to the top
layer, which was then distilled. The dried, washed salt weighed
157 g. The calculated weight for MeNH;*Cl~is 162 g. Distilla-
tion gave 49 g (41%,) of 29 having the properties given in Table IT.

A sample of this spirane (9.92 g, 0.05 mol) was mixed with
water (0.9 g, 0.05 mol) and stirred with a thermometer. The
temperature very slowly rose as the droplets of water began to
disperse. Rather suddenly the water dissolved and the tempera-
ture rose abruptly to 142°. A clear, viscous polysiloxane formed.
Infrared analysis indicated that it was chiefly a mixture of cyclo-
tri- and -tetrasiloxanes, n¥p 1.4832, d% 0.9824, Ep 0.290 (calcd
0.283), neut equiv 108.7 (caled 108.2).

Products from Ethylenediamine.—Chlorides shown in Table I
were heated to about 100° with a 5 to 7 mole ratio of anhydrous
ethylenediamine. The reactions were usually exothermic and
rapid. When the products were cooled to room temperature,
they formed two liquid layers. The top layer was distilled to give
the products and yields shown in Table IT.

1-(2-aminoethyl)-2,4-dimethyl-2-methoxy-1-aza-2-silacyclopen-
tene (14).—2-(3-Dimethoxymethyl)-2-methylpropylaminocethyl-
amine (27) (331 g, 1.5 mol) was heated to reflux in a small still
of about 25 plates and periodically over 52 hr methanol was re-
moved until 35 g (1.1 mol) had been collected. The rate of
formation of methanol became very slow. Vacuum was applied
and the product was distilled to give 14 (170.3 g, 609 yield) on
a constant-boiling plateau leaving a viscous residue.

1-(2-Aminoethyl)-2,2-dimethoxy-4-methyl-1-aza-2-silacyclo-
pentane (15).—Under similar conditions, 2-(3-trimethoxysilyl-2-
methylpropylamine)ethylamine (28) formed crystalline 15 in
approximately the same yield but at a much more rapid rate.
The crystals were very difficult to handle. They appeared to
change on standing to become slushy even in sealed containers
and no means to purify them by recrystallization could be found.
Methanol reacted with these crystals to liberate heat and to re-
form 28 quantitatively.

Bis{3-(2-aminoethylamino)-2-methylpropyl] tetramethyldisilox-
ane (51).—sym-Bis(3-chloro-2-methylpropyl)tetramethyldisilox-
ane (409 g, 1.3 mol) was added to a solution of ethylenediamine
(774, g, 12.9 mol) in 300 ml of methanol and heated to reflux for
19.5 hr. Most of the methanol and some ethylenediamine was
then removed by distillation. The residue then separated into
two layers. The top layer was separated and distilled to give 51
(332 g, 729, yield).

3-Trimethoxysilylpropyldimethylamine (19).—3-Chloropropyl-
trimethoxysilane (696 g, 3.5 mol), dimethylamine (632 g, 14 mol),
and 400 ml of Skellysolve-F were heated for 22 hr at 100° in a
rocking autoclave. The mixture was then cooled and filtered and
the filtrate was distilled to obtain 19 (570 g, 79% yield) and
almost no residue.

3-Trimethoxysilylpropylallylamine (23).—3-Chloropropyltri-
methoxysilane (788 g, 4 mol) was heated to reflux for 60 hr with
allylamine (832 g, 14.6 mol). Sodium methoxide (4 mol) in
methanol was then added and the mixture was filtered and dis-
tilled to obtain 23 (517 g, 599% yield).

N-(3-Trimethoxysilylpropyl )morpholine (31).—3-Chloropropyl-
trimethoxysilane (268 g, 1.35 mol) was added to refluxing morpho-
line (466 g, 4.1 mol) and kept at 125-130° for 75 min. When the
mixture had cooled to room temperature, erystalline morpholine
hydrochloride was filtered from it and the filtrate was distilled
to give 31 (266 g, 799 yield).

N-(3-Trimethoxysilylpropyl)butylamine (33).—3-Chloropropyl-
trimethoxysilane (1590 g, 8 mol) and n-butylamine (2120 g, 29
mol) treated in the above manner gave 33 (940 g, 509, yield).
Skellysolve-F was used to assist filtration of the amine hydrochlo-
ride in this example. . ’

N-(3-Ethyldimethylsiloxydimethylsilylpropyl)-tert-butylamine
(44).—tert-Butylallylamine (19 g, 0.17 mol) and 1-ethyl-1,1,3,3-
tetramethyldisiloxane were heated to 100°. At this temperature
two or three drops of 0.1 N chloroplatinic acid in 2-propanol was
added. When the exothermic reaction subsided, the mixture was
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distilled to give 44 (39 g, 849, yield). The product gave only
one peak by gle analysis. The H' nmr spectrum consisted of the
sharp singlet for SiCHs, = 9.96, a triplet for NCH,, 7.53, and
complex absorptions from 8.3 to 9.7.

This product (28 g, 0.1 mol) with ammonium chloride (5 g,
0.1 mol) was heated to reflux in 100 ml of benzene for 24 hr.
The solution was permitted to cool slowly and crystals of the
amine hydrochloride formed in 689, yield, mp 175-176.5°.

N-(3-Pentamethyldisiloxanylpropyl)aniline (46).—N-Allyl-
aniline and pentamethyldisiloxane with chloroplatinic acid treated
as above gave 46 in 759 yield.

1,3-Bis(3-dimethylaminopropyl)tetramethyldisiloxane (48).—
To 50 ml of refluxing xylene that contained 10~* mol of H,PtCls-
6H,O was added a solution of 1,1,3,3-tetramethyldisiloxane
(134 g, 1 mol) in dimethylallylamine (170 g, 2 mol). A rapid
exothermic reaction occurred. When it subsided, the solution
was distilled. About 20 ml as a precut was impure HSiMe,OSi-
Mey(CH:)sNMe, followed by 48 (233 g, 779, yield).

1,3-Bis(3-trimethylaminopropyl)tetramethyldisiloxane Dichlo-
ride (50).—1,3-Bis(3-chloropropyl)tetramethyldisiloxane (345 g,
1.2 mol) and trimethylamine (285 g, 4.8 mol) were heated to-
gether for 65 hr at 150° in an autoclave. The vessel was then
cooled and opened to let excess trimethylamine evaporate. The
residue was 463 g of sparkling white crystals (959, yield).

Bis-1,3-(3-n-butylaminopropyl)tetramethyldisiloxane (52).—n-
Butylallylamine (20 g, 0.18 mol) and 1,1,3,3-tetramethyldi-
siloxane (12 g, 0.09 mol) were heated together to 103°, when one
drop of 0.1 N H,PtCls-6H,O in 2-propanol was added. The
temperature quickly rose to 185°. The product was distilled to
give 52 (22.5 g, 679 yield).

Stour, DoANE, aND KoLB

1,3-Bis(3-N-morpholine-2-methylpropyl)tetramethyldisiloxane
(53).—1,3-Bis(3-chloro-2-methyl )tetramethyldisiloxane (98.8 g,
0.314 mol) was added to refluxing morpholine (300 g, 3.44 mol)
and refluxed for 13 hr. The solution was then cooled. Morpho-
line hydrochloride precipitated and was filtered off. The filtrate
was distilled to give 53 (98 g, 759, yield).
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The mechanism of carbonate ring opening of methyl 4,6-0O-benzylidene-a-p-glucopyranoside 2,3-carbonate (1)
by various para-substituted benzyl alcohols in the presence of triethylamine was studied. The reaction is first

order in both I and the amine-alcohol complex.

Br > H > CH; for the para-substituted benzyl alcohols.
ing frequency obtained when benzyl alcohol derivatives are complexed with triethylamine.

. on the reaction rate of I with benzyl alcohol was determined for 16 solvents.
hydrogen bonding and dielectric properties of the solvents.

Facile preparations of sugar trans carbonates® and
their reactions with aleohols, mercaptans, and amines?
prompted further investigation of these reactions. Our
work®? showed that methyl 4,6-O-benzylidene-a-p-
glucopyranoside 2, 3-carbonate (I) reacted readily with
primary and secondary amines. For reaction with
thiols and alcohols to form the acyclic carbonates, a
basic catalyst such as triethylamine was required.® In
this paper we describe a study of (a) the mechanism of
the amine-catalyzed reaction of the eyclic carbonate I
with various para-substituted benzyl alcohols and (b)
the effects of solvents of widely varying basicity and
dielectric strength on this reaction.

(1) (a) Based in part of the M.S. thesis submitted by E. I. Stout to Bradley
University, 1968, and presented at the 157th National Meeting of the Amer-
ican Chemical Society, Minneapolis, Minn., April 13-18, 1969, (b) North-
ern Regional Research Laboratory. (c) Bradley University.

(2) This is a laboratory of the Northern Marketing and Nutrition Re-
search Division, Agricultural Research Service, U. 8. Department of Agricul-
ture, Peoria, Ill. 61604. The mention of firm names or trade products
does not imply that they are endorsed or recommended by the Department
of Agriculture over other firms or similar products not mentioned.

(3) W. M. Doane, B, 8. Shasha, E. I. S8tout, C. R. Russell, and C. E, Rist,
Carbohyd. Res., 4, 445 (1967).

(4) E.I. Stout, W, M. Doane, B. 8. Shasha, C. R, Russel], and C. E, Rist,
Tetrahedron Lett., 4481 (1967).

(5) W. M. Doane, B. 8. Shasha, E. I. Stout, C. R. Russell, and C. E. Rist,
Carbohyd. Res., 11, 321 (1969).

The rate of carbonate ring opening was in the order NO.; > Cl,
This order correlates with the shift of the OH stretch-

The effect of solvent
Rate values correlate well with the

Kinetics and Mechanism of the Reaction.—Pre-
liminary rate comparisons of carbonate ring opening
in I by benzyl alcohol, a~toluenethiol, and benzylamine
at 100° in the presence of triethylamine are reported
in Table 1.

TasLe I

Rates oF CarsoNATE RiNag OpeENING OF I BY BENzZYL
ArcOHOL, a~TOLUENETHIOL, AND BENZYLAMINE AT 100°
Mole ratio—————

—_——

Nucleo- t1/2,%

Nucleophile phile (CoHs)sN 1 min
Benzyl alcohol 4 7 1 210
a-Toluenethiol 4 7 1 111
Benzylamine 4 R 1 16

® {1/, = the time required for one-half of methyl 4,6-0-benzyl-
idene-a-p-glucopyranoside 2,3-carbonate (1) to react.

Under the reaction conditions used, the order of re-
activity is amine > thiol > alcohol and their ratio of
half-lifeis 1:7:13. This order correlates with predieted
nucleophilicities of these compounds.® The reaction

(6) Jerry March, ‘‘Advanced Organic Chemistry,” McGraw-Hill, New
York, N. Y., 1968, p 288; J. O. Edwards and R. G, Pearson, J, Amer. Chem.
Soc., 84, 16 (1962).



