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Abstract — Previously unknowrN,N-bis[ethoxy(methyl)silylmethylJamines MeN[C}$iMe,(OEt); _ ]2 (m=

0-2) were synthesized. According to UV spectral data, only MeNJSiMe,(OEt)], form hydrogen bond with
phenol in a heptane solution. The amines witlk 0 and 1 fail to forms hydrogen bond with phenol [under the
same conditionsN-(triethoxysilylmethyl)dimethylamine M@&NCH,Si(OEt), forms a strong hydrogen bond
with phenol]. All the aminesnf = 0-2) enter transetherification with phenol to give compounds of the general
formula MeN[CHSiMe,(OPh),(OEt);_,,_qlo (m = 0-2, n = 1-3). Refluxing of N,N-bis[ethoxy(methyl)
silylmethyllamines with excess phenol results in cleavage of th€ ®iond by phenol, providing phenoxy-
silanes MegSi(OPh),_,, (m = 0-2) and trimethylamine.

The electron-donor ability of the piperidine nitro- To assess the effect of GBiMe,(OEt);_,, groups
gen atom in organosilicone amines (GENCH,- on nitrogen basicity, we synthesized previously un-
SiMe,(OEt);_,, (n = 2, 3) is reduced byn,c inter- known  N,N-bis[ethoxy(methyl)silyimethyllmethyl-
action in the NCH,-Si fragment [1, 2]. However, in amines MeN[CEMe, Si(OEt)_, ], by scheme (1):
the R,N(CH,SiMe;);_,, series, no such effect with
increasing number of Cj$iMe; groups at the nitro- CICH,SiMe,(OEt);_, + MeNH,
gen atom was observed: The ionization potential of .
the lone electron pair of the nitrogen atom (7.93, 7.82, — MeN[CH,SIMey(OEt); o + MeNH,-HCI, (1)
and 7.66 am = 2, 1, and 0, respectively [3]) decrease m=0 (), 1 @), 2 ().
as the electron-donor ability of the latter increases
with the increasing number of donor substituents. The physicochemical characteristics of these com-

Compounds containing several ¢$iMe,(OAIK);_,,  pounds are listed in Table 1. Their structure was
groups at the nitrogen atom have not been stud|e|droved byH NMR and IR spectral data (Tables 2
from this viewpoint. and 3).

Table 1. Physicochemical characteristics of amines MeN|SiMe,(OEt);, ], (m = 0-2) and their reaction products
with phenol MeN[CHSiMeg(OPh}(OEt);_,,_.l> (m = 0-2, n = 1-3)

Comp. Yield, bp, °C 20 Found, % Calculated, %
no. | MmN % (0, mm) n ) Formula )
' Cc H N [ Si C H N [ Si
I 0| 0| 55 | 124125 (1)|1.4174|46.65| 9.63[3.69(13.75| C;5H3/NOgSi, [46.96| 9.72|3.65(14.64
I 10| 43 | 105106 (1)[1.4098|48.01| 9.98|4.35|16.92| C;3H33NO,Si, |48.25/10.28(4.32(17.36
Il 2| 0| 52 | 220224 1.4054|50.28|11.65|4.98|20.98| C;;H,gNO,Si, |50.13{11.09(5.32(21.32
v 01| 40 | 200-202 (1)|1.4998|57.78| 7.98(3.13[11.70| Cy3H3;NOgSi, [57.58| 7.77|2.92|11.71
\ 0| 2| 35 | 240-242 (1)|1.5225|64.92| 6.91({2.75| 9.58| C3;H3;NOgSi, (64.66| 6.47|2.43| 9.76
\ 0| 3| 38 | 295297 (1)|1.5638|70.15| 5.98|2.05| 8.38| Ci3gH3/NOgSi, |69.72| 5.55|2.08| 8.36
VI 12| 41 | 238240 (1)[1.5448|67.81| 6.93|2.61|11.12| C,gH33NO,Si, |67.53| 6.45(2.72(10.89
vil | 21| 35 | 180-183 (2)|1.5145|63.93| 8.58|4.01|15.95| C;gH,gNO,Si, |63.46| 8.13(3.89|15.62
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Table 2. Group frequencies (cm) in the IR spectra of amines MeN[GBiMe(OPh),(OEt);_, ], (I-VIIl ) and model
compounds MgSi(OPh), (IX-XI)

COMP-Im|n|  CHN SIOCyy SIOGe, CeHs CH,Si; CH,Si
| | o] o 2745, 2755|815, 955, 1070, 1100 - - 750

I | 1| 0| 2745 2760|795, 955, 1070, 1100 - - 750, 845, 1255
| 2| 0| 2740, 2755|795, 955, 1070, 1100 - . 750, 845, 1250
v |o|1| 2760 |800,950, 1080, 1100 950, 1240|690, 760, 1495, 1600, 3035, 30555

v |o|2| 2760 |[805, 950, 1080, 1100 950, 1240|690, 760, 1495, 1600, 3035, 305555

Vi |ol|3]| 2760 - 950, 1220|690, 760, 1500, 1600, 3035, 306060

Vil | 12| 2740, 2755 _ 915, 1250|695, 750, 1490, 1595, 3035, 303555, 800, 1270
vi | 2] 1] 2760 _ 925, 1240|695, 750, 1490, 1600, 3035, 303550, 798, 1270
X |1]3 - - 950, 1240|690, 755, 1490, 1595, 3040, 305800, 1280

X |22 - - 925, 1240|690, 755, 1490, 1595, 3040, 304805, 1270

X |31 - - 915, 1250|695, 755, 1490, 1595, 3035, 303555, 845, 1270

Table 3. 'H NMR spectra § ppm) of amines MeN[CE5iMe(OPh)(OEt);_,,_l»> (I-VIII' ) and model compounds
Me,Si(OPh), (IX-XI)2

Comp. no CH3N NCH,SI OCH,CH, OCgHsg CH;Si
I 230 s 2.00 s 120 t, 3.83 q - -
Il 231 s 201 s 120 t, 3.80 q - 0.18 s
i 2.26 s 196 s 1.17 t, 3.68 q - 0.14 s
v 243 s 227 s 125t 394 q 7.04 m, 7.23 m
Vv 243 s 2.37 s 1.20 t, 3.90 q 6.96 m, 7.21 m -
VI 244 s 2.36 s - 6.94 m, 715 m -
Vi 2.38 s 201 s - 6.97 m, 713 m 0.39 s
VIl 2.36 s 2.18 s - 6.98 m, 7.22 m 0.38 s
IX - - - 6.83 m, 7.19 m 0.25 s
X - - - 6.98 m, 7.24 m 0.37 s
Xl - - - 7.02 m, 716 m 0.48 s

@ Solvent CDC}4, internal standard TMS (fol and IV-VI) and cyclohexane (foil, Ill, VIl , and VIII ).
Compoundsl-lIl react with phenol in a heptane IV-VIIl , there are bands of stretching and bending

solution at room temperature. By vacuum distillationvibrations characteristic of a monosubstituted benzene
we also isolated viscous yellowish specifically smell-ring, as well as a strong broad band at 1240 tm
ing productsIV-VIII . [V(Ca—0O)] [5]

The 'H NMR spectra oflV-VIll compared with
those of parentl-lll show new signals at 6-8
7.2 ppm, characteristic of benzene ring protons
(Table 3). The signals of ethoxy groups are preserved

MeN[CH,SiMe,(OEt);_], + nPhOH
—> MeN[CH,SiMe,(OPh}(OEt);_,,_.], + NEtOH, (2)

m=0n=1(V)m=0n=2()m=0n=3V) oo in the IH NMR spectra oflV and V.

m=1n=2 MVIl), m=2 n=1 (VIIl).
CompoundsI-lll have a weak UV absorption
Their physicochemical characteristics and elemenmaximum below 210 nm, like trialkylamines [6]. The
tal analyses are listed in Table 1. The IR spectra obV spectra oflV-VIIl show two maxima at 26@80
compounddV -VIIl contain CHN stretching absorp- and 211 nm, assignable to-n transitions in the
tion bands [4] (Table 2). The £ —O-Si absorption benzene ring (Table 4). The, and A, values in the
bands [5] are present in the spectraldf V and UV spectra of the isolated products only slightly
absent in the spectra ofl-VIII . In the spectra of differ from those for model compounds M8i-
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(OPh),_,, (IX-XI) (m = 1-3). The intensities of the Table 4. UV spectra £, nm ¢, | mol~* cm2)] of amines
Ay and A, bands in the spectra ofV-VIII grow MeN[CH,SiMe,(OPh)(OEty;_,_, (IV-VIIl) and
regularly with increasing number of phenoxy groupsmodel compounds MgSi(OPh), (IX-XI)

Thus, the IR,*H NMR, and UV data give conclusive
evidence showing thaiN,N-bis[ethoxy(methyl)silyl- Comp. e (5) e (5)
methyllmethylamines MeN[C}BiMe, (OEt);_l» no. 1" 2 \2
enter transetherification with phenol.

IV [265 (1900), 268 (1900), 271 (2800211 (9300)

We discovered the transetherificationleflll with 278 (2500)
phenol when studied their basicity by UV spectro- Vv 265 (4500), 268 (4000), 271 (6000211 (20900)
scopy in a heptane solution. Compounds containing 278 (5100)
heteroatoms with lone electron pairs (N, O, S, etc.) VI 265 (7300), 268 (6700), 271 (9100211 (30500)
enter with phenol hydrogen bonding which have been 278 (8000)
fairly well studied by IR (in CCJ) and UV (in hydro- VIl |265 (4350), 268 (4400), 271 (6400211 (24500)
carbon solvents) spectroscopy-{4]. Earlier by the 278 (4650)
latter method we determined the electron-donor ability VIl | 265 (2500), 268 (2600), 271 (3400211 (16 300)
of the nitrogen atom in compounds like (©ENCH,- 278 (3100)

SiMe,(OEt),_,, (n = 2, 3) [1, 2], which formed hydro- IX [267 (1200), 271 (1590), 277 (127®11 (8400)
gen bond with phenol but did not react with it. The X 262 (1650), 268 (2250), 275 (165®@11 (14800)
UV spectrum of a solution of phenol and excess com- XI 261 (2250), 267 (3050), 274 (255®11 (25300)
poundlll (m = 2) in heptane shows a bathochromi-
cally shiftedr—r band of phenol, implying hydro-
gen bonding with nitrogen (Fig. 1, spectruBh For not react with phenol under the same conditions. This
[l this shift Av) is larger than for MeNCH,SiMe,-  fact suggsts that autocatalysis is not a single driving
(OEt) (540 and 450 cm, respectively). However, force of the reaction in question. The unusual facility
already after 10 min the—= bands of free and H- of trasetherification ofN,N-bis[ethoxy(methyl)silyl-
bonded phenol get weaker. On mixing of phenol solumethyljmethylamines with phenol can be explained
tions with excess compoundisll no H-bonded com- in terms of electronic effects of CiSiMeg,(OEt);_,
plex is observed at all: The long-wave band at-260 groups on the basicity of the nitrogen atom. The elec-
290 nm gets half that of the free phenol band andron-donor ability of N-[ethoxy(methyl)silylmethyl]-
shifts hypsochromically, after which it no longer dimethylamines MsNCH,SiMg,(OEt);_,,, in solu-
changes (Fig. 1, spectruB). It should be noted that tions is determined by a combination of two effects:
under the same conditions dimethyl(triethoxysilyl-The H effect increases the electron density on the
methyl)amine MeNCH,Si(OEt); forms a stable

H-bonded complex with ohenolA¢ 490 cm?), and

its UV spectrum is invariable even after 3 h. As 2, nm

follows from our results, compounds-lll rapidly 260 270 280 290

react with phenol at room temperature in heptane. D - - - -

Therefore, their basicity cannot be estimated by UV
spectroscopy {unlike ethoxypiperidinomethylsilanes 0.8
CgH,(NCH,SiMe,(OEt);_, [1, 2] and triethoxydi-
methylaminomethylsilane M&ICH,Si(OEt)}. 0.6

Transetherification of silanes containing a SiOC
group with alcohols and phenols is one of the most
thoroughly studied reactions of organosilicon com-
pounds (see [12] and references therein). The reaction ok
is usually performed with heating in the presence of
catalysts. The transetherification ®,N-bis[ethoxy- 38 37 36 35
(methyl)silylmethyllamined -I1l  with phenol occurs vx 1073, cnrt
already at room temperature, and it may be driven by
autocatalysis. However, ethoxy(dialkylaminomethyl- Fig. 1. UV spectra of heptane solutions of)(phenol,
silanes BNCH,SiMg,(OEt);,_,, (R, = Me,, CiHyp; (2) phenol with MeN[CHSiMey(OEt)], (c, 3.2x
n = 0-2) whose nitrogen atom is also very basic (and, 102 M), and @) phenol with MeN[CHSi(OEt)], (cy,
consequently, they are also able to autocatalysis) do 2.0x102 m).
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AVon..N MeN[CH,SiMe(OEt)_ml2
620 |« XVIII PhOH
——— MeN[CH,SiMey(OPh)_m]2
580 PhOH .
XVl e XIX ——> MeSi(OPh)_p, + Me3N, (3)
540 - ln e * XV m = 0-2.
500 XIV® il
X~ Heterolytic S+C bond cleavage is commonly
460 X>I?§I Xl encountered in the silicon chemistry [%5]. Lewis
! ! ! LY vy acids catalyze the SC bond cleavage with various

2.4 -20-16 -1.2 -0.8 -04

* O

electrophiles (see [15] and references therein). Bases,

o too, catalyze SiC bond cleavage [223]. The SiC
bond cleavage in tetralkylsilanes occurs under rigid
conditions under the action of concentrated sulfuric
acid [24]. However, this reaction is much facilitated
by functional substitution in the alkyl group [25]. As

Fig. 2. Avoy...\ (€m™Y) vs. Taft inductives” constants
for the (CH,),SiX3 groups in MeN[CHSiMe,(OEt)],
(1), (CHy)sNCH,SI(OEt)y (XIl), (CH,)sNCH,MeSi-

(OED, — (XWF),  (CH)sN(CH,)3SI(OEDy  (XIV), shown above, the partial positive charge on the silicon
(CHp)sN(CHR)gMeSI(OEL), (XV), (CHy)sNCH MeSi: atom in the compounds in study is increased com-
(OCHCHy),NMe  (XV1),  (CHp)sN(CHp)3MeSi- pared with MgNCH,SiMe,(OEt),_,.. The Si-C bond
(OCH,CHg)NMe — (XVII),  (CHy)sNCH,SI(OCH,- cleavage, bein@\2 substitution at silicon [25, 26], is
CHa)gN  (XVIIL ), (CHa)sN(CHy)3SI(OCH,CHo)3N facilitated by increased positive charge on the latter.

(XIX), Me;NCH,SI(OEt); (XX), and M&NCH,SiMe,-

» Moreover, the SiO bond formation is favored thermo-
(OEt) (XXI). The o constants were taken from [10].

dynamically, since SO is a stronger bond than-$i
(Eqis 530 and 360 kJ/mol, respectively [27]).

EXPERIMENTAL

The IR spectra were obtained on a Specord IR-75
instrument in thin films. The UV spectra of heptane
solutions of the compounds in study and their com-
plexes with phenol were obtained on a Specord UV-

nitrogen atom, while then,s -conjugation effect acts
in the opposite direction [10]. CompoundsNCH,-
SiMe(OEt);_,,, where the latter effect is operative,
do not fit the linear dependencav = f(ocy gix,)
[12]. Unlike Me,NCH,SiMe,(OEt) (XXI), the Av
value for compoundlll does not deviate from the

av = f(GCHZSiXS). .depe.nd.en.ce (Fig. 2). This fact Vis spectrophotometer at 20850 nm. The concentra-
suggests prevailing indictive effect of the tWOyjo, of phenol was 4.510% M. The *H NMR spectra
CH,SiX; groups on the nitrogen atom (apparently, th§, o recorded on a JEOL Q-90 spectrometer. Heptane

no effectinl-lll is almost inoperative). As a result, and phenol were purified by standard procedures [5].
the partial positive charge on the silicon atom in these Compounds HIl. A mixture of 0.2 mol of

compounds increases. Apparently, this favors fast . _

transetherification of Il with phenol, as compared ?ﬁ#ﬁ;’%%%&f—ﬁg p(tn: n ac;_ezazl e‘éng m%gl e”}g: A?;; h

\;V;tghzﬂeé':gsﬁﬁ’%ﬁmg%ﬂ%gn S[Tge lh4e]re It oceurs po ampule was then unsealed, excess methylamine
' ' was evaporated, and the precipitate was filtered off

_For better yields offV-VIIl , a mixture ofl-lll  and washed with dry ether. The ether solution was
with excess phenol was heated under reflux (withou¢ombined with the filtrate and distilled.

solvent). The products that were isolated contained
no N-CH, and N-CH,-Si groups (by’H NMR and

IR spectroscopy). ThéH NMR, IR, and UV spectra

Compounds IV-VIIl. Compound-IIl , 0.01 mol,
was mixed with 10 ml of dry heptane and equimolar
’ \ amount of phenol, and the mixture was kept at room
of the reaction products of compoundls Ill with  temperature for 48 h. The ethanol that formed and
phenol coincide with the spectra of CompouidsX|,  heptane were removed by distillation, and the residue
while the "H NMR spectrum of the reaction product as istilled in a vacuum to isolate compouriys-
of compound! concides with that of tetraphenoxy- vii . Further are giverl-lil :phenol ratio (product
silane. no.): 1:2 (V); 1:4 (V); 1:6 (VI); 1:4 (VIl); and
The resulting data suggest that the reaction initialiyd :2 (VIII ).
involves substitution of ethoxy groups by phenoxy to  si_c pond cleavage.Compoundi—Iil , 0.01 mol,
afford compounds/I-VIil, followed by cleavage of a5 heated with excess phenol (silane:phenol
the SiC bond in the latter by phenol [scheme (3)]. atio 1:9 (), 1:7 (1), and 1:5 (1)] in a flask
Triethylamine was isolated as hydrochloride. equipped with a reflux condenser attached to a trap
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containing a benzene solution of hydrogen chloridel2.
Heating was continued for 1.5 h until triethylamine no
longer evolved (the presence of trimethylamine in
the vapor was determined using a wet universal inq3
dicator paper placed at the top of the reflux condenser).
The residue was distilled in a vacuum to isolate the
following products (yield, %): (PhQ¥pi (89) for com-
pound I; MeSi(OPh}y (92) for compoundll; and
Me,Si(OPh) 585) for compoundlll . Their melting
points andn3’ values were consistent with those
reported in [28]. Trimethylamine hydrochloride was g,
isolated from benzene, mp 275/7C.

15.
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