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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),Si(NHR'),_,.xMCl,] where R=C,H, or n-C,H,; R'=C,H;CH,, 0-CIC;H, or p-CH,C,H n=0
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),Si(NHR"),.2MCl,] in each case. The reaction with the tertiary amines such as N,N'-diethyl-1,1-di-n-propoxy-
di-n-butoxysilanediamine form normal 1:1 adducts [(n-C;H,0/n-C,H,0), SiiN(CH,CH,),],.MCl, 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
(IT1) halides, has been demonstrated by us!~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 polyamines*~’. For example N-(2-flu-
orophenyl)-1,1,1-trialkoxy silanamine is converted
into  N,N’-(2-fluorophenyl)-1,1-dialkoxy silanedi-
amine while N-n-butyl/p-methylphenyl-1-chloro-
1,1-dialkoxy silanamines are converted into N,N’,
N”,N”-( p-methylphenyl/n-butyl)silanetetramines®.
However, these studies have so far been confined
to secondary silanamines [(RO),SiNHR’] 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),Si{NHR’),] and tertiary silanediamines
[(RO),Si-(NR}),]. 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. v
Infrared spectra were recorded in nujol on a

tNomenclature in accordance with IUPAC rules

Perkin-Elmer model 621, double beam grating
spectrophotometer having NaCl/KBr optics and
PMR spectra in CDCl;+DMSO-ds on a Varian
390, 90 MHz instrument; chemical shifts are in 8-
scale downfield from TMS internal reference.

The constant reaction temperature (—10°) of
the bath was maintained using “cryo cool” model
CC-100 II Neslab, Italy.

The ligands, N,N'-(phenyl/ o-chlorophenyl/ p-me-
thylphenyl/benzyl/diethyl)-1,1-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
0°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 titaniuni V)
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 (10 mmol) were added to
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SINo.  Compound

Table 1—Analytical Data of Complexes of N,N-Organo-1,1-(diorganoxy)silanediamines

Found (Reqd) (%)

Cl Ti/Sn Si N

38.0 128 34 5.54
(38.22) (1292) (3.77) (5.65)
3221 2670 291 465
(32.09) (26.89) (3.16) (4.74)
3741 1243 3.6 5.35
(37.52) (1268) (3.7) (5.55)
3141 2635 299 453
(31.59) (26.47) (3.11) (4.67)
4175 1429 24 5.38
(41.68) (14.09) (2.74) (5.48)
342 284 2.15 440
(34.49) (28.9) (227) (4.53)
3343 112 32 438
(33.55) (11.34) (3.31) (4.96)
284 2379 257 412
(28.73) (24.07) (2.83) (4.25)
3272 109 3.0 475
(33.0) (11.16) (3.25) (4.88)
28.19 2359 260  4.10
(28.32) (23.74) (2.79) (4.19)
36.0 1210 345 525
(36.18) (12.23) (3.51) (5.35)
30.57 2635 294 444
(30.64) (25.67) (3.02) (4.53)
2972 1014 562 579
(29.58) (10.00) (5.83) (5.83)
2772 952 539 547
(27.95) (9.45) (5.51) (5.51)
2557 2151 498 5.01
(25.77) (21.60) (5.08) (5.08)
2469 2042 467  4.87
(24.52) (20.55) (4.84) (4.84)

1. (PrO)Si(NHC.H;),.2TiCl,
2. (PrO)Si(NHC,H;);.28nCl,
3. (BuO)Si(NHC,H,),.2TiCl,
: 4. (BuO)Si(NHC,H;),.28nCl,
! s. Si(NHCH,CH, - p),.3TiCl,
6. Si(NHCH,CH; - p),.3SnCl,
7. (PrO)Si(NHC,H,Cl - 0);.2TiCl,
8. (PrO)Si(NHC,H,Cl - 0),.25nCl,
9. (BuO)Si(NHC(H,Cl - 0),.2TiCl,
10. (BuO)Si(NHC H,Cl - 0);.28nCl,
11. (PrO)Si(NHCH,CH;);.2TiCl,
12. (PrO)Si(NHCH,C¢H;);.28nCl,
13. (PrO),Si[N(C,H),],. TiCl,
14. (BuO),Si[N(C,Hj),],. TiCl,
15. (Pr0),SiIN(C,H),],.SnCl,
16. (BuO),Si[N(C,Hj),],.SnCl,
ethylenedjamine (25 mmol), molten 2,2"-bipyridyl
(25 mmol) or pyridine-ds (25 mmol) under dry ni-

trogen atmosphere and kept at 35-40°C for 5-6
hr. Theredfter dry carbon tetrachloride was added,
filtered, and the solids obtained identified by the
chemical shifts and proton counts.

Results and Discussion

Analytical data (Table 1) of the adducts con-
form to the composition {(RO)Si(NHR');.2MCl,]
except in| the case of the ligands N,N’-p-methyl-
phenyl-1,1 -di-n-propoxy/n-butoxysilanediamines
and N,N'tdiethyl-1,1-di-n-propoxy/n-butoxysilane-
diamines.| Whereas the former affords adducts of
the type [SiNHC.H,CH;~— p),. 3MCl,, the latter
forms normal 1:1 adducts and no rearrangement is
observed |in the ligands. All the adducts are ex-
tremely hygroscopic and insoluble in common or-
ganic solvents except DMSO.
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Infrared spectra

Infrared spectra of adducts [(RO),Si(NR’),.
2MCL,], [(RO)Si(NHR);.2MCl,] and [Si(NHR’),.
3MCl,] are similar to those already reported®.
However, the IR spectra of 1:1 adducts {n-C;H,0/
n— C,H,0},Si(NCH,CHj;),| MCl, display vCO and
vSiO(C) modes at 1080 and 1020-30 cm™' re-
spectively. The vCN (aliphatic) modes at 1290 cm™'
in these ligands undergo shift to lower wave-
numbers (Av=15-20 cm™!) indicating coordina-
tion through nitrogen atom. The bands at 300 and
375 cm~! have been assigned to coordinated
vSnCl and vTiCl modes of the Lewis acids used.

PMR spectra

The chemical shift (8) 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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Table 2—PMR Spectral Data of Complexes of N\N'-(Ph

enyl/ o-chlorophenyl/ p-methylphenyl/benzyl/diemyl)-

1,1-diorganoxy-silanediamines with T

Complexes* CH, CH, CH,0
1,2 0.85 1.2 36
{t, 3H) (m, 2H) (t,2H)
3,4 0.90 1.2 35
{t,3H) {m,4H) {1, 2H)
78 0.85 1.15 35
(t,3H) (m,2H)  (,2H)
9,10 08 12 3.55
(t,3H) {m, 4H) (t,2H)
5,6 - - -
11,12 08 14 3.55
(t,3H)  (q,2H)  (t,2H)
13,15 0.8 14 36
(t,6H) (m, 12H)  (t,4H)
14,16 0.85 1.4 36

{t,6H) (m,14H) (t,4H)
*S1 nos refer to complexes listed in Table 1

in(IV)and T itanium(IV ) Chlorides
CHN  NH CHyCH, ringCH,

- 42 74 -
(s,3H) (m,15H)
_ 41 7.45 -
(s,3H) (m,15H)
—_ 4.3 7.4 -
(s,3H) (m,12H)
—_ 42 7.35 -
(s,3H) (m,12H)
- 435 1.5 2.25
{s,4H) (m, 16H) (s,12H)
4.05 1.5 7.35 —
(s, 6H) {s,3H) (s, 15H)
2.85 — - -
{q, 8H)
2.90 — — —
(g, 8H)

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-C;H,0/n-C,H,0),Si [N(CH,CH,),},, 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 exchange reactions. Using the stronger elec-
tron donors such as 2,2'-bipyridyl, pyridine-d and
ethylenediamine in carbon tetrachloride separately,
the silanamines could be regenerated and their
identity confirmed through IR and PMR spectra.

From the foregoing data, it is apparent that un-
der the same experimental conditions, the silane-
diamines like, silanamines! ¢ are converted into
silanetriamines. N,N’< p-Methylphenyl)-1,1-di-
alkoxysilanediamines are rearranged to silanetetra-
mines’. The liberated silanamine from (n-C;H,0/
n-C,Hy,0),S8i{N(CH,CH,),},.MCl, is the original
base molecule, which supports the view that ter-
tiary silanamines ‘do not undergo disproportiona-
tion in these donor-acceptor reactions.

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 eiemental analyses
(Table 3), IR spectra [VNH 3200; vCO 1100-
1080; vSiO{C) 1060 cm~!}, PMR spectra [CH;,
CH,, CH,0, C,H;, C,H;Cl and CH,(Ph) 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
(OR),Si(NHR"),.2MCl,. These adducts have also
been isolated from the filtrates of the similar reac-
tions of N-qrgano-1-chloro-1,1 dialkoxysilana-
mines’. In the case of N,N'-diethyl-
1,1-dialkoxysilanediamines, only the residual nor-
mal 1:1 adducts were obtained.

The donor-acceptor reactions of organoxysilan-
amines studied so far!~7, give adducts I-IV as the
major reaction products.

(RO),Si(NHR’),.MCl, (RO),Si(NHR'),.2MCl,
I )
(RO)Si(NHR'),.2MCl, Si(NHR’),.3MCl,
m v

Adducts (I) are obtained® from the ligands
[(RO),SINHR?] (R=CIC,H,; R =C,H,/C,H,CH,
and R =CF,CH,; R'=C(H, F/C,H,F,). Adducts (II)
are formed* from the ligand having mixed 2-chlor-
oethoxy and r-propoxy/n-butoxy groups on sili-
con atom and R'=C¢Hy/C,H,CH,. Adducts (III)
are most common of the complexes isolated and
are obtained from ligands having different R and
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Compound

(PrO),Si(NHC, H),.2TiCl,
! (PrO),Si(NHC,H),.25nCl,
& (BuO),Si(NHC,Hj),.2TiCl,
(BuO),SNHC,H),.25nCl,

(PrO),Si(NHC,H,Cl - 0),.2TiCl,

(PrO),Si(NHC,H,Cl ~ 0),.28nC1,

(BuO),Si(NHC{H,Cl~ o),.2TiCl,

(BuO),Si{NHC,H,C1 - 0),.28nCl,

(PrO),Si(NHC,H,CH,

- ph2TiCl,
{(PrO),Si{NHC,H,CH, ~ P)».28nCl,

(BuO),Si(NHC,H,CH, - p),.2TiCl,

{BuO),Si(NHC,H,CH, - p),.2nCl,

(PrO),Si(NHCH,C,H,),.2TiCl,

(PrO),Si(NHCH,C,H;),.2SnCl,

T

Table 3— Analytical Data of Complexes
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Isolated from Filtrates

Found (Reqd) %
a Ti/Sn Si N
39.72 13.4 37 3.8
(40.0) (1352)  (3.94) (3.94)
33.16 277 3.0 3.2
(33.33)  (2793)  (3.29) (3.29)
38.3 12.85 3.7 3.65
(3848)  (13.01)  (379) (3.79)
32.02 27.16 2.9 3.22
(3227) (2704)  (3.18) (3.18)
36.29 12.24 3.7 3.65
(36.45)  (12.34)  (3.59) (3.59)
30.95 25.7 2.8 3.16
(30.84)  (25.84)  (3.04) (3.04)
35.05 117 327 342
(3519)  (11.89) (347) (3.47)
2085 2512 2.9 3.01
(29.93)  (25.08)  (2.95) (2.95)
38.35 12.90 3.68 3.12
(3848)  (13.01)  (3.79) (3.79)
32.14 27.15 3.02 3.12
(32.27)  (27.04)  (3.18) (3.18)
36.91 12.40 3.39 3.59
(3707)  (12.53)  (3.65) (3.65)
31.15 26.07 321 3.01
(3127)  (26.21)  (3.08) (3.08)
38.39 12.89 3.58 3.65
(38.48)  (13.01) (3.79) (3.79)
32.35 26.92 30 kB)|
(3227)  (27.04)  (3.18) (3.18)

|

R’ groups!|®. Adducts (IV) are rare and are ob-
tained as {in the present case as well as when
R=CF,;CH,; R"=CH,F. However, the present re-
port and the literature observations also record
the precipifation of adducts (II) as the minor pro-
ducts from |the filtrates during the formation of Il
and IV. Even adduct III has been found in small
amounts in ithe reaction giving IV as the main pro-
duct®.

Thus adducts (I1) and (III) may be presumed to
be the unconsumed intermediate products leading
to the formation of the appropriate silane polya-
mines. The tentative mechanism may therefore, be
written as shown in the Scheme 1.

(ROJ;SINHR "+ MCl, = (RO),SiNHR".MCI,
(RO),SINHR . MCl, + (RO),SiNHR "~

RO) Si(NHR'),.MCl, +{RO),Si
<m MC!4+MCI ~(RO},Si(NHR"},.2MCl,
,.2MCl, +(RO);SiINHR '~
(ROJSI(NHR');.2MCl, + (RO),Si
(ROJSI{NHR'J;.2MC1, + MCl, = (RO)Si(NHR);.3MCl,
(v.; (ROSIIN 3MCY, +(RO),SINHR’ ~ Si(NHR"),. 3MCl,

+(RO),Si
‘ Scheme (1)
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As mentioned above, adducts I-IV are stable
and isoldble under appropriate experimental con-
ditions. However, the adducts (RO);SiNHR".MC],
and (RO)Si(NHR');.3MCl, 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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