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The title reactions in 1:1 molar ratio in petroleum ether (40-60°) afford adducts having rearranged bases with
composition [(RO)nSi(NHR')4_n.xMCI4] where R=C3H7 or n-C4H9; R'=C6HsCHz, o-C1C6H4 or p-CH3C6H4: n=()
or 1; and x = 2 or 3 as evidenced by elemental analyses, IR and PMR spectral data as well as base exchange reac­
tions. Filtrates of these reactions after keeping at room temperature for 48-72 hr, give solid complexes of the type
[(RO}zSi(NHR'}z.2MCI4J in each case. The reaction with the tertiary amines such as N,N'-diethyl-I,I-di-n-propoxy/
di-n-butoxysilanediamine form normal 1:1 adducts [(n-C]H70/n-C4H90}z Si[N(CHzCH3}Zh.MCl4 and no base rear­
rangement is observed. A tentative mechanism of the disproportionation reactions is proposed.

The conversion of triorganoxy/organo-organoxy­
silanamines into organoxy /organo-silanetriamines
and even into silanetetramines in the presence of
titanium(IV) and tin(IV) chlorides and antimony
(III) halides, has been demonstrated by USI-6. It
has further been shown that the electronic and
steric effects of substituents on silicon and nitro­
gen atoms significantly influence the conversion
into silane polyamines4-7• For example N-(2-flu­
orophenyI)-l, 1,1-trialkoxy silanamine is converted
into N,N'-(2-fluorophenyl)-1,1-dialkoxy silanedi­
amine while N-n-butyV p-methylphenyl-1-chloro­
1,1-dialkoxy silanamines are converted into N,N',
N",Nm-(p-methylphenyV n-butyl)silanetetramines6.
However, these studies have so far been confined
to secondary silanamines [(RO hSiNHR 'J contain­
ing single Si - N bond. With a view to checking the
general validity of such reactions, it was thought
appropriate to extend these investigations to other
Si - N compounds. One such strategy is to attempt
these reactions with secondary silanediamines
[(RO }zSi-(NHR'}ZJ and tertiary silanediamines
[(RO}zSi-(NR;hJ. The results of these studies are
being reported here.

Materials and Methods

All experiments were carried out at - 10°C un­
der dry nitrogen atmosphere. The solvents used
were dried by conventional methods. Tin(IV) and
titanium(IV) chlorides (Reidel, pure) were distilled
before use.

Infrared spectra were recorJed in nujol on a

tNomenclature in accordance with IUPAC rules

Perkin-Elmer model 621, double beam grating
spectrophotometer having NaCVKBr optics and
PMR spectra in CDCl3 +DMSO-t4, on a Varian
390, 90 MHz instrument; chemical shifts are in b­
scale downfield from 1MS internal reference.

The constant reaction temperature (- 1<n of
the bath was maintained using "cryo cool" model
CC-100 II Neslab, Italy.

The ligands, N,N'-(phenyV o-chlorophenyl/ p-me­
thylphenyl/benzyl/ diethyl)-l, 1-di- n-propoxy / di­
n-butoxysilanediamines were prepared by the
reaction of corresponding dichlorosilanes with
amines in 1:4 molar ratio in dry diethyl ether at
O°C. The filtrates obained after removal of the

amine hydrochlorides were fractionally distilled
under reduced pressure. All these silanediamines
were characterised and their purity checked by IR
and PMR spectral data.

Reactions of ligands with tin(IV) and titanhm~ J VI
chlorides

Addition of a solution of tin(IV) or titanium(IV)
chloride in petroleum ether to a solution of a si­
lanediamine in the same solvent at - 10°C in eq­
uimolar ratios resulted in the precipitation of a
solid compound in each case. The compounds
were filtered in the cold, washed and dried under
reduced pressure. The filtrates on standing at
room temperature for 48-72 hr afforded another
solid in each case which was isolated as above and
characterised.

Base exchange reactions
The above complexes (1() mmol) were added to
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Table 1- Analytical Data of Complexes of N ,N' -Organo-1, 1-( diorganoxy )silanediamines

SINo.

Compound Found (Reqd) (%)

CI

Ti/SnSiN

1.

(PrO )Si(NHC6Hsh.2TiCI4 38.012.83.45.54

(38.22)
(12.92)(3.77)(5.65)

2.
(PrO )Si(NHC6Hsh.2SnCI4 32.2126.702.914.65

(32.09)
(26.89)(3.16)(4.74)

3.
(BuO )Si(NHC6Hs)3.2TiCl4 37.4112.433.65.35

(37.52)
(12.68)(3.7)(5.55)

4.
(BuO )Si(NHC6HS)3'2SnCl4 31.4126.352.994.53

(31.59)
(26.47)(3.11 )(4.67)

5.
Si(NHC6H4CH3 - p)4·3TiCI4 41.7514.292.45.38

(41.68)
(14.09)(2.74)(5.48)

6.
Si(NHC6H4CH3 - p)4·3SnCI4 34.228.42.154.40

(34.49) (28.9)
(2.27)(4.53)

7.
(PrO)Si(NHC6H4Cl- o)3·2TiCl433.4311.23.24.8

(33.55)
(11.34)(3.31)(4.96)

8.
(PrO)Si(NHC6H4Cl- oh·2SnCl428.423.792.574.12

(28.73)
(24.07)(2.83)(4.25)

9.
(BuO)Si(NHC6H4Cl- o)3·2TiCI432.7210.93.04.75

(33.0)
(11.16)(3.25)(4.88)

10.
(BuO)Si(NHC&H4Cl- ok2SnCl428.1923.592.604.10

(28.32) (23.74)
(2.79)(4.19)

11.
(PrO )Si(NHCHzC6Hsh.2TiCI436.012.103.455.25

(36.18)
(12.23)(3.51 )(5.35)

12.
(PrO )Si(NHCHzC6Hsh.2SnCI430.5726.352.944.44

(30.64) (25.67)
(3.02)(4.53)

13.
(PrO hSi[N( CzHshb. TiCl4 29.7210.145.625.79

(29.58)
(10.00)(5.83')(5.83)

14.
(BuO hSi[N( CzHshb. TiCl4 27.729.525.395.47

(27.95)
(9.45)(5.51)(5.51 )

15.
(PrO )zSi[N(CzHshb .SnCl4 25.5721.514.985.01

(25.77)
(21.60)(5.08)(5.08)

16.
(BuO hSi[N( CzHshJz.SnC14 24.6920.424.674.87

(24.52)
(20.55)(4.84)(4.84)

Results d Discussion
Analyti al data (Table 1) of the adducts con­

form to he composition [(RO)Si(NHR')3.2MC14J
except in the case of the ligands N,N'-p-methyl­
phenyl-1, -di- n-propoxy / n-butoxysilanediamines
and N,N' diethyl-1,1-di-n-propoxy/n-butoxysilane­
diamines. Whereas the former affords adducts of

the type Si(NHC6H4CH3 - P)4' 3MC14, the latter
forms no al 1:1 adducts and no rearrangement is
observed in the ligands. All the ad ducts are ex­
tremely groscopic and insoluble in common or­
ganic sol nts except DMSO.

ethylened
(25 mmol
trogen a
hr. There
filtered,
chemical

mine (25 mmol), molten 2,2'-bipyridyl
or pyridine-ds (25 mmol) under dry ni­
osphere and kept at 35-40°C for 5-6
er dry carbon tetrachloride was added,

d the solids obtained identified by the
·fts and proton counts.

Infrared spectra
Infrared spectra of adducts [(ROlzSi(NR'lz·

2MC14J, [(RO)Si(NHR')3.2MC14J and [Si(NHR')4'
3MC14J are similar to those already reported6•
However, the IR spectra of 1:1 adducts [n-C3H70/
n- C4H90jzSi(NCH2CH3MMC14 display vca and
vSiO(C) modes at 1080 and 1020-30 cm-l re­
spectively. The vCN (aliphatic) modes at 1290 cm - I
in these ligands undergo shift to lower wave­
numbers (~v= 15-20 cm-l) indicating coordina­
tion through nitrogen atom. The bands at 300 and
375 cm-l have been assigned to coordinated
vSnCI and vTiCI modes of the Lewis acids used.

PMRspeClra
The chemical shift (()) values along with the

number of protons for each group are recorded in
Table 2. From a comparison of proton counts of
the parent ligand with those of the ligands in the
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4.05

(s,6H)
2.85

(q,8H)
2.90

(q,8H)

3.55

(t,2H)
3.6

(t,4H)
3.6

(t,4H)

1.4
(q,2H)

1.4

(m,12H)
1.4

(m,14H)

0.8

(t,3H)
0.8

(t,6H)
0.85

(t,6H)
14,16

13,15

5,6

11,12

9,10

Table 2-PMR Spectral Data of Complexes of N,N'_(PhenyllQ-chlorophenyl/p-methylphenyVbenzyl/diethyl)­
I,I-diorganoxy-silanediamineswithTin(IV) and Titanium(lV) Chlorides

Complexes. CH3 CH2 CH20 CH2N NH C6HS/C6H4 ring CH3

1,2 0.85 1.2 3.6 - 4.2 7.4
(t,3H) (m,2H) (t,2H) (s, 3H) (m, ISH)

3,4 0.90 1.2 3.5 - 4.1 7.45
(t,3H) (m,4H) (t,2H) (s,3H) (m, ISH)

7,8 0.85 1.15 3.5 - 4.3 7.4
(t,3H) (m,2H) (t,2H) (s,3H) (m, 12H)
0.8 1.2 3.55 - 4.2 7.35

(t,3H) (m,4H) (t,2H) (s,3H) (m, 12H)
4.35 7.5 2.25

(s,4H) (m, 16H) (s, 12H)
1.5 7.35

(s,3H) (s, ISH)

·SI nos refer to complexeslisted in Table 1

Adducts (1) are obtained4 from the ligands
[(ROhSiNHR'] (R = CIC2H4; R' = C6HslC6HsCH2
and R = CF3CH2; R' = C6H4F/C6H3F2)' Adducts (II)
are formed4 from the ligand having mixed 2-chlor­
oethoxy and n-propoxy / n-butoxy groups on sili­
con atom and R' =C6Hs/C6HsCH2' Adducts (ill)
are most common of the complexes isolated and
are obtained from ligands having different R and

Complexes isolated from filtrates
The filtrates of the above reactions at room

temperature after 48-72 hr, afford another solid
(15-20%), in each case. The composition of these
compounds as evidenced by elemental analyses
(Table 3), IR spectra [vNH 3200; vca 1100­
1080; vSiO(C) 1060 em-I], PMR spectra [CH3,
CH2, CH20, C6HS' C6HsCI and CHiph) proton
signals at 0.8 to 0.9, 1.3 to 1.4, 3.6 to 3.8, 6.8 to
7.5 and 2.4 ppm respectively along with proton
integration] corresponds to
(ORlzSi(NHR'lz.2MCI4. These adducts have also
been isolated from the filtrates of the similar reac­

tions of N-Qrgano-1-chloro-1,1 dialkoxysilana­
mines6. In the case of N,N'-diethyl­
1,1-dialkoxysilanediamines, only the residual nor­
mall: 1 adducts were obtained.

The donor-acceptor reactions of organoxysilan­
amines studied so farl-1, give adducts BV as the
major reaction products.

adducts, it is apparent that the proton count due
to alkylamino/anilino moieties in the ligands of the
adducts have undergone three to four fold in­
crease. On the other hand the proton count due to
alkoxy groups in the adducts have suffered corres­
ponding decrease. This shows that on reaction the
ligands are disproportionated to alkoxysilanetri­
amines or silanetetramines, which are precipitated
as the adducts. However, no such change is ob­
served in the adducts of the tertiary amines such
as (n-C3H70/n-C4H90lzSi [N(CH2CH3lzh. This
observation indicates that no base rearrangement
occurs for the ligand in tertiary silanamine which
is contrary to the observations in secondary silan­
amine reactions.

Base exchange reaction
Further evidence in support of the compositions

of the adducts is provided by the results of the
base exchat!ge reactions. Using the stronger elec­
tron donors such as 2,2' -bipyridyl, pyridine-d s and
ethylenediamine in carbon tetrachloride separately,
the silanamines could be regenerated and their
identity confirmed through lR and PMR spectra.

From the foregoing data, it is apparent that un­
der the same experimental conditions, the silane­
diamines like, silanaminesl- 6 are converted into
silanetriamines. N,N' -(p-Methylphenyl)-l, 1-di­
alkoxysilanediamines are rearranged to silanetetra­
mines7. The liberated silanamine from (n-C3H70/

n-C4H90}zSi[N(CH2CH3lzh.MCI4 is the original
base molecule, which supports the view that ter­
tiary silanamines 'do not undergo disproportiona­
tion in these donor-acceptor reactions.

(RO hSi(NHR'h.MCl4
I

(RO)Si(NHR'h·2MCl4
ill

(RO hSi(NHR'h.2MC4
II

Si(NHR')4·3MCI4
N
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R' grOUPSI\-6.Adducts (IV) are rare and are ob­
tained as .n the present case as well as when
R =CF3C 2; R' = C6H4F. However, the present re­
port and e literature observations also record
the precipi ation of adducts (II) as the minor pro-

and IV. Ev n adduct III has been found in small
amounts in the reaction giving IV as the main pro­
duct8•

Thus add cts (II) and (III) may be presumed to
be the unc sumed intermediate products leading
to the form tion of the appropriate silane polya­
mines. The ntative mechanism may therefore, be
written as sh wn in the Scheme 1.

Ii) (RO),SiN '+ MCl4 -(RO)]SiNHR'.MCI4
(ii) (RO),SiNH '.MCl4 + (RO)]SiNHR'-

~. (RO)2Si(NHR'h.MCI4 + (RO)4Si
(jii) (ROhSi(N R'h.MCl4 + MC14-. (ROhSi(NHR')2·2MCl4(iV) (ROhSi(N R'h.2MCl4 +(RO),SiNHR'­

(RO)Si(NHR'),.2MCI4 + (RO)4Si

(v) (RO)Si(NH~'),.2MCl4 + M04 -(RO)Si(NHR'),.3MCl4
(vi) IRO)SiINH ·),.3MCl4 +(RO),SiNHR'-Si(NHR')4·3MCl4

, + (RO)4Si
, Scheme (I)
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As mentioned above, adducts BV are stable
and isolable under appropriate experimemal con­
ditions. However, the adducts (ROhSiNHR'.MCI4
and (RO)Si(NHR')3.3MCI4 have not yet been iso­
lated and/or identified. In the case of tertiary si­
lanamines the reaction stops after the first reaction
and affords only 1:1 adducts.
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