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The reactions between diorganosilanes, R'R?SiH, (R' = Ph, R? = Ph or Me), and biguanide, 1-propylbiguanide or
1-cyclohexylbiguanide proceed via SiIH/NH dehydrocoupling to afford the corresponding oligomeric 1,4-bis(silyl)-
biguanides (1, 4) and 1-alkyl-2,5-bis(silyl)biguanides (2, 3, 5) with the general formula [R'R*SiINHC(NH)NC-
(NHSiR'R?’H)NR?], {where R' = R? = Ph; R*=H (1), Pr" (2) or Cy (3). R' = Me, R* = Ph; R* = H (4) or Pr" (5)}.
These have been characterized by GPC, FAB mass, IR, multinuclear (*H, '*C, ?*Si) NMR data as well as TGA.
The IR and NMR spectra suggest the presence of different conformers in these compounds.

Introduction

Recent interest in the Si-N bonded organosilicon derivatives
stems from their potential applications in the preparation of
high-tech ceramic materials.! This has led to the synthesis and
characterization of a wide variety of such species ranging from
molecular entities to oligomeric, polymeric and dendritic
structures. Using silyl triflate as intermediate, Schmidbaur and
co-workers? have reported cyclic and acyclic Si-N bonded
compounds enriched in silicon and hydrogen contents, having
potential applications in MOCVD processes. Transition metal
catalyzed SiH/NH dehydrocoupling reactions between primary/
secondary organosilanes and ammonia/hydrazine are known to
yield oligomeric silazanes and aminosilanes.® The syntheses of
high molar mass polysilazanes has been achieved by anionic/
cationic ring opening polymerization of cyclodisilazanes.®
Carbosilazane dendrimers containing Si—-N-Si linkages have
been prepared recently by adopting the divergent approach.’
While the majority of these species are derived from ammonia
or amines as N-ligands, analogous compounds with m-electron
rich polyaza ligands in the structural framework are rare. The
only example having close resemblance to this family is the
poly(silylcarbodiimide)s,® [RR’SiN=C=N],. Potential appli-
cation of these polymers in non-hydrolytic sol-gel processes has
been demonstrated recently.’

We have focused our attention on the use of biguanide
ligands (Chart 1) in the domain of Si—N chemistry. The choice
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Chart 1

of these ligands stems from their unique features such as the
presence of a m-delocalized framework having both amine and
imine functional groups® and also selective ability of the imine
functions to bind transition metal ions.® These ligands are also
of current interest owing to their medicinal properties '* such as
hypoglycemic, antimalarial activity and therapeutic treatment
of pain, anxiety and memory disorders.

In the present study the reactivity of some secondary silanes,
R'R?SiH, (R' = Ph; R?=Ph or Me), with biguanide, 1-propyl-
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biguanide and 1-cyclohexylbiguanide has been investigated.
These reactions proceed via SIH/NH dehydrocoupling resulting
in the isolation of 1,4-bis(silyl)biguanides 1, 4 and 1-alkyl-2,5-
bis(silyl)biguanides 2, 3, 5 as a new class of —[Si-N-C-N-C—
N]- based oligomers (Scheme 1). The details are reported
herein.

Ho,N_ _N_ _NHR® +

\n/ \\|/ R'R?SiH,

NH  NH,
THF/60-65 °C/16 h
R1
| H 3
H+—Si—-N_ _N_ _NR—H
||?2 n
NH  NH
H—Si—R!
2
R'=R?=Ph;R®=H1, P2 Cy3
R'=Me, R?=Ph; R®*=H 4, PI"5
Scheme 1

Results and discussion
Syntheses

Addition of two equivalents of diphenylsilane/methylphenyl-
silane to either a suspension of biguanide or to a clear solution
of 1-propylbiguanide/1-cyclohexylbiguanide in THF medium
results in brisk effervescence in each case that apparently slows
after a period of time. Refluxing for 15-16 h and subsequent
work-up of the concentrated reaction mixture with n-hexane
afford the corresponding silylated biguanides 1-5. Carrying out
the reaction with an excess (3 equivalents) of the diorganosilane
does not alter the product composition and the unchanged
silanes can be recovered.

Characterization

The oligomers 1-5 are white, moderately air sensitive solids
soluble in solvents such as CH,Cl,, CHCIl;, THF, dmf, dmso,
etc. These have been characterized by a combination of
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Table 1 FAB mass spectral data (commonly observed fragment ions) for 1-3

mliz  1(M",928) 2(M*, 1012) 3(M*, 1092)

895 [M — NH, — NH,]* [M — NHPr — NH,Pr]* [M — NHCy — NH,Cy]*

835  [M — C,H; — NH,]* [M — C;H, — NPr — Pr]* [M — C,H; — NCy — Cy]*

757 [M — 2CHs — NH,]" [M — 2C,H; — NHPr — Pr]* [M — 2C,H; — NHCy — Cy]*

697  [M — 3CGH,]" [M — 2CH, — C,H; — 2Pr]* M — 2CH, — C,H; — 2Cy]*

637 [M — Ph,SiH(NH) — NH, — C;Hy]*  [M — Ph,SiH(NH) — NH, — C;H; — 2C;H]*  [M — Ph,SiH(NH) — NH, — CHy — 2CH,,]"
259 [M — 2Ph,Si — 3CH, — C,HJl* [M — 2Ph,Si — 4C;H, — C;H, — Pr]* [M — 2Ph,Si — 4C;H, — C;H,, — Cy]*

Other significant ions observed are as follows: for 1, m/z 929, [M + H]", 775, [M — C¢Hs — C¢H,]™, 101, [C,NsH,]*; for 2, m/z 955, [M — NPr]", 143,
[CsNLH,,]*; for 3, m/z 1094, [M + 2H]*, 1075, [M — NH,]*, 1015, [M — C,HJ]*, 981, [M — C,H, — 2NH,]*, 937, [M — C.H, — C,H,]*, 183,

[CSI\ISPIW]Jr .

Table 2 FAB mass spectral data (commonly observed fragment ions) for 4 and 5

miz 4(M'", 1358) 5(M'", 1526)
1167 [M’ — 2C,H, — 2NH, — H]* [M’ — CH, — C,H, — 2NH, — 4P1]*
1130 [M' — 2CH, — 2CH, — CH, — C,H,]* [M’' — C,H, — C,H, — 3CH, — C,H, — 4P1]*
1045 [M’ — 4C,H, — H]* [M’ — 4CH, — 4Pr — H]*
908 [M' — 5C.H, — 4CH,]* [M’ — C;H, — 4C,H, — 4CH, — 4P1]*
893 [M’ — 5C,H, — 5CH,]* [M’ — CH, — 4C,H, — 5CH, — 4P1]"
772 [M’ — 2CH, — 5C(H; — 3CH,]* [M’ — 5C,H, — 2C,H, — 3CH, — 4P1]*
603 [M’ — 2PhMeSiH — 6C,H, — 3CH,]* [M’ — 2PhMeSiH — 3CH, — 2CH, — 4C,H, — 4P1]*
586 [M’ — 2PhMeSiH — 6C,H, — 3CH, — NH,]* [M’ — 2PhMeSiH — 2C,H, — 4C,H, — 3CH; — NH, — 4P1]*
389 [M’ — 5SPhMeSiHNH, — 3CH, — 3CH, — H,]" [M’ — 5SPhMeSiHNH, — C¢H, — 2C,H, — 3CH, — 4P1]*

Other significant ions observed are as follows: for 4, m/z 1204, [M' — 2CsH,]*, 1174, [M’ — 2C¢Hs — 2CH;]*, 740, [M’' — 4C,Hs — 3C,Hs — 5CH,]",
681, [M' — 2PhMeSiH — 5C¢H, — 3CH;]*; for 5, m/z 1463, [M’' — 2CH, — 2CH,]", 1438, [M’' — 2C,H,]", 1374, [M' — 2CcH,]", 1316,
M’ - 2C¢H, — CH; — C;H,]".
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Fig.2 FAB mass spectrum of 5.

analytical and spectroscopic techniques including elemental
analyses, GPC, FAB mass, IR, multinuclear (‘H, “C and
2Si) NMR spectroscopy and thermogravimetry analyses. The
analytical data (see Experimental section) are consistent with
the ideal structure as shown in Scheme 1. Evidence in support
of the oligomeric structures of these compounds comes from
FAB mass spectral studies in 3-nitrobenzyl alcohol (NBA)
matrix (Figs. 1, 2). Under the FAB mass conditions, 1-3 display
the highest ions at m/z 929, [M + H]*, 955, [M — NPr]*, and
1094, [M + 2H]"*, respectively, which are attributed to dimeric
entities [M]*. For 4 and 5 the highest ions at m/z 1204,
[M" — 2C,HJ]*, and 1463, [M’ — 2CH, — 2CH;]", respectively

are assigned based on a tetrameric structural unit [M']*. The
structurally important fragment ions arising from these oligo-
mers are given in Tables 1 and 2. The data reveal a number of
commonly observed fragment ions that are associated primarily
with the skeletal backbone units. In addition, the calculated
isotopic distributions for the fragment ions at m/z 835, 757, 697
for 1-3 and 1130, 1045, 893, 772 for 4 and 5 are in accord with
the observed pattern. GPC analyses of these oligomers reveal
weight average molecular weights (M,,) ranging between 1380
and 1690 with polydispersity 1.06-1.15 (see Experimental
section). For 1-3 the M, values are found to be much higher
(=38-49%) than the proposed dimeric structures obtained from
the FAB mass data. However for 4 and 5 a fortuitous close
proximity of the M, values to those of the tetrameric units was
observed. The simple FAB mass behavior coupled with the low
molecular weight and narrow polydispersity (M,/M,) in the
GPC all point towards the products being simple oligomeric
species. IR spectra of these oligomers obtained as KBr pellets
reveal a few notable features. While the absorption at ca. 3420
cm ™! due to YNH, mode is appreciably reduced in intensity
as compared to that of the parent ligands, the characteristic
absorptions of the §SiH, mode at 930-920 cm ™! is completely
absent. These observations clearly suggest that the oligomers
1-5 are formed by a SiH/NH dehydrocoupling pathway involv-
ing the NH, sites of the biguanide ligands. Interestingly, the
spectrum of each oligomer shows two medium intensity
absorptions in the vSiH region at ca. 2200 and 2130 cm ™. These
absorptions are also found to persist in solution (THF, CH,Cl,,
dmso) though the intensity of the bands varies with time
(Fig. 3). Such spectral behavior is thought to arise due to the
existence of two (or more) conformers, which undergo slow
interconversion in the solution state. Similar behavior has been
reported for conformational mixtures in unsymmetrically
substituted aminosilanes'! as well as disilanes."?

"H NMR spectra of 1-5 show a complex pattern of resonances
(wherever applicable) in the region ¢ 7.7-7.1 (Si-Ph) and 0.5—
0.1 (Si-Me), while n-propyl (in 2, 5) and cyclohexyl (in 3)
groups associated with the biguanide ligands show the normal
NMR pattern. The NH protons are observed as a broad signal
at 0 6.5-4.8 and show concentration dependent chemical shifts

J. Chem. Soc., Dalton Trans., 2001, 1582-1586 1583



Table 3 *’Si NMR values for compounds 1-5

Compound Chromophore 6 ¥Si, JIHz

1 Ph,SiN,, Ph,Si(H)N —46.0, —42.6 J(SiH) 188

2 Ph,SiN,, Ph,Si(H)N —41.7, —38.1 J(SiH) 190

3 Ph,SiN,, Ph,Si(H)N —46.4, —42.8

4 PhMeSiN,, PhMeSi(H)N —32.7, —33.6, —30.1, —30.4 J(SiH) 190, 196
5 PhMeSiN,, PhMeSi(H)N —32.5,-33.2, —30.1, —30.4
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Fig. 3 (A) IR spectrum of 1 (KBr pellet). (B) Partial spectrum of
1 in THF showing the SiH region: (a) fresh sample, (b) after 30 min,
(¢) 60 min and (d) 90 min.

similar to those observed in the case of the parent biguanides.
The identity of the SiH signals could not be established
unequivocally, presumably due to overlap of the signals with
that of NH protons. Nevertheless, the integrated proton ratios
of various groups are in agreement with the proposed com-
position. 3C NMR spectra also reflect the complexity in the
SiPh and SiMe signals, while the n-propyl and cyclohexyl
groups associated with the biguanide ligand (in 2, 3 and 5) show
their usual characteristics. These results are thought to arise
from the conformational changes in the solution state and are
in accord with the IR spectral analysis. The ?*Si-{'H} NMR
chemical shift data of 1-5 are summarized in Table 3. The close
resemblance of ?*Si chemical shifts for 1-3 as well as for 4 and 5
clearly suggest their structural similarities. A noteworthy
feature is the close proximity of the *Si chemical shift values
to those of analogous siloxanes (Ph,SiO, 6 —46.1, PhMeSiO,
6 —32.4, —34.9)."® A similar analogy in J *Si values has been
reported for poly(silylcarbodiimide)s® and an argument to
this effect has been put forth based on similarities in electro-
negativities of N=C=N and O, species. The appearance of four
distinct resonances for 4 and 5 (Fig. 4) is thought to be due to
adjacent stereogenic silicon and nitrogen centers. Additional
evidence in support of these spectral assignments (for 1, 2 and
4) has been obtained from DEPT-135 #Si NMR (proton
coupled) spectra. The spectra reveal a distinct doublet at
0 —41.0, —44.2 (Jgu =188 Hz) for 1 and —36.5, —39.7
(Jsiz =190 Hz) for 2 while the signals due to the Ph,SiN,
moiety are not observed. Similarly for 4 the spectrum shows
two closely spaced doublets at 6 —28.8, —32.0 (Jgu = 190 Hz)
and —28.5, —31.8 (Jgu =196 Hz). The data support the *Si
spectral assignments given in Table 3 and thus rule out the
possibility of further SiH/NH coupling in these oligomers.

The TGA profiles for all the oligomers are essentially similar
(Fig. 5) showing no significant weight loss until 150-160 °C.
Thermal degradation occurs predominantly in two stages. In
the first step nearly 30% of the weight loss occurs between 150
and 300 °C followed by a catastrophic loss of about 60-65%
between 340 and 550 °C. Although a detailed study of the
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Fig. 5 Thermogravimetric analysis (TGA) of 2.

thermal decomposition pathway is warranted, the low residual
yield is suggestive of extensive breakdown of the oligomeric
structures under thermal conditions.

Conclusion

The silylbiguanides 1-5 reported herein are a new class of SiN
bonded oligomers containing n delocalized biguanide ligands
in the structural framework. These are synthesized by the SiH/
NH dehydrocoupling reactions between secondary silanes and
biguanide/1-propylbiguanide/1-cyclohexylbiguanide bases. IR
and NMR spectroscopic data suggest the existence of different
conformers in these oligomeric products.

Experimental
General details

All operations were carried out using standard Schlenk line
techniques under a dry nitrogen atmosphere. Solvents were



freshly distilled under an inert atmosphere over sodium-—
benzophenone (tetrahydrofuran, diethyl ether) or phosphorus
pentaoxide (n-hexane) before use. Dichloromethylphenylsilane,
dichlorodiphenylsilane and lithium aluminium hydride
(Aldrich) were used as procured. Infrared spectra were
routinely obtained as thin films or KBr pellets on a Nicolet FT-
IR 460 (Protégé) spectrometer, 'H, *C, Si NMR spectra in
dmso-d, (for 1, 4) and CDCI, (for 2, 3, 5) on a Bruker Spectro-
spin DPX 300MHz instrument. Chemical shifts are quoted
relative to TMS. ?Si NMR spectra in DEPT mode were
obtained using a standard pulse sequence with a J modulation
time of 3.7 ms and 5 s delay time. The FAB mass spectra in
3-nitrobenzyl alcohol (NBA) matrix were recorded at room
temperature on a JEOL SX 102/DA-6000 Mass Spectrometer/
Data System using argon/xenon (6 kV, 10 mA) as the FAB gas.
The accelerating voltage was 10 kV. Gel permeation chromato-
graphy of the oligomers were carried out in THF solutions
on a Waters Associated Liquid Chromatograph comprising
Ultrastyragel permeation columns, a 501 HPLC solvent deliv-
ery system and R-400 refractive index detector. Polystyrene
standards were used for calibration. C, H and N analyses were
carried out on a Perkin-Elmer 240-C rapid elemental analyzer.
The thermogravimetric analyses were carried out in a N,
atmosphere between 30 and 1000 °C (heating rate 10 °C min™?)
on a Perkin-Elmer 7 Series Thermal Analysis System.

Diphenylsilane and methylphenylsilane were prepared by
reduction of the respective dichlorosilanes with lithium alu-
minium hydride in dry diethyl ether." Biguanide was prepared
according to the literature method," as were 1-propylbiguanide
sulfate and 1-cyclohexylbiguanide sulfate.’® The corresponding
bases were obtained by treating the sulfates with alcoholic
NaOH. Recrystallization of the resulting compounds from
dichloromethane gave analytically pure ligands. In accord with
the TUPAC nomenclature!” the numbering Scheme for the
ligands is as shown in Chart 1.

Syntheses of compounds 1-5

1,4-Bis(diphenylsilyl)biguanide 1. To a stirred suspension of
biguanide (0.317 g, 3.14 mmol) in dry THF (60 ml) was added
diphenylsilane (1.155 g, 6.28 mmol) with the help of a hypo-
dermic syringe. A brisk effervescence was observed immediately
on mixing the two reactants. Slow dissolution of the solid
occurs upon heating (60-62 °C) for 3-4 h. The mixture was
refluxed for 16 h at 60-65 °C, then concentrated under vacuum
and n-hexane added. A curdy white precipitate was obtained
which was filtered off, washed with n-hexane and dried under
vacuum (1.25 g, 85%) (Found: C, 67.05; H, 5.58; N, 15.02; Si,
11.98. CyH,sNsSi, requires C, 67.38; H, 5.40; N, 15.11; Si,
12.09%). Vma/cm™ ' (KBr pellet) 3417 (vNH,), 3347, 3268
(vNH), 2194, 2104 (vSiH), 1635 (vCN), 1540, 1470 (vNCN),
1119 (vSiPh), 995 (vSiNC); (THF) 2182, 2124 (vSiH). dy(dmso-
de) 7.66-7.18 (20H, m, C¢Hs); 6.52-5.47 (5SH, br, NH + SiH).
Jc(dmso-dg) 159.6, 158.7 (C=N), 133.5-127.4 (CcH;). GPC:
M, =1386, M /M, =1.06.

1,4-Bis(diphenylsilyl)-5-propylbiguanide 2. To a clear solution
of 1-propylbiguanide (0.284 g, 1.99 mmol) in dry THF (50 ml)
was added diphenylsilane (0.734 g, 3.98 mmol) with the help of
a hypodermic syringe. A brisk effervescence was observed on
mixing the two reactants. The reaction was carried out in a
manner similar to that described for 1. Compound 2 was
isolated as a white solid (0.81 g, 80%) (Found: C, 67.46; H, 6.15;
N, 13.38; Si, 10.93. C,,H;;N,Si, requires C, 68.91; H, 6.14; N,
13.86; Si, 11.09%); ¥, /cm™': (KBr pellet) 3440 (vNH,), 3334,
3124 (vNH), 2183, 2111 (vSiH), 1623 (vCN), 1558 (vNCN),
1117 (vSiPh), 995 (vSiNC); (CH,Cl,) 2192, 2110 (vSiH).
ou(CDCl,) 7.58-7.12 (20H, m, C¢Hy), 6.15-4.84 (4H, br,
NH + SiH), 2.94 (2H, t, NCH,), 1.43 (2H, m, CH,), 0.87 (3H,
t, CH;). 0c(CDCly) 167.0, 160.5 (C=N), 134.2-127.4 (C¢Hs),

41.9 (NCH,), 22.4 (CH,), 11.0 (CH,). GPC: M, = 1476, M,/
M, =1.12.

1-Cyclohexyl-2,5-bis(diphenylsilyl)biguanide 3. This com-
pound was prepared by a procedure analogous to that
described for 2 using 1-cyclohexylbiguanide (0.149 g, 0.81
mmol) and diphenylsilane (0.298 g, 1.62 mmol). A curdy white
precipitate was obtained which was filtered off, washed with
n-hexane and dried under vacuum (0.40 g, 85%) (Found: C,
69.79; H, 6.45; N, 12.51; Si, 10.23. C;,H;sN,Si, requires C,
70.45; H, 6.42; N, 12.84; Si, 10.28%). V. /cm™": (KBr pellet)
3450 (vNH,), 3365, 3250 (vNH), 2197, 2108 (vSiH), 1613
(vCN), 1552 (vNCN), 1117 (vSiPh), 994 (vSiNC); (CH,Cl,)
2198, 2110 (vSiH). 64x(CDCl;) 7.53-7.06 (20H, m, C¢Hs);
6.10-5.44 (4H, br, NH + SiH); 3.09 (H, m, NCH); 1.48
(10H, m, CH,). 6(CDCl,;) 160.5, 159.9 (C=N), 134.4-127.3
(C¢Hs), 49.9 (NCH), 33.0, 24.7 (CH,). GPC: M, = 1513, M,/
M, =1.08.

1,4-Bis(methylphenylsilyl)biguanide 4. The reaction between
methylphenylsilane (1.181 g, 9.68 mmol) and biguanide (0.489
g, 4.84 mmol) in dry THF was performed under similar condi-
tions as described for 1. The compound 4 was obtained as a
white solid (1.34 g, 80%) (Found: C, 56.25; H, 6.02; N, 20.46; Si,
15.74. C;sH,;NsSi, requires C, 56.63; H, 6.19; N, 20.64; Si,
16.51%). Vpa/ecm™: (KBr pellet) 3420 (vNH,), 3337, 3208
(vNH), 2189, 2112 (vSiH), 1635 (vCN), 1558 (vNCN), 1124
(vSiPh), 997 (vSiNC); (THF) 2170, 2116 (vSiH). dy (dmso-dg)
7.40-7.27 (10H, m, C¢H,), 6.42-5.27 (5H, br, NH + SiH),
0.38-0.12 (6H, m, SiCHj;). d-(dmso-dg) 162.4, 161.4 (C=N),
134.4-126.7 (C¢Hs), 1.2 to —0.4 (CH;). GPC: M, =1536,
MM, =1.11.

1,4-Bis(methylphenylsilyl)-5-propylbiguanide 5. The reaction
between methylphenylsilane (0.327 g, 2.68 mmol) and 1-propyl-
biguanide (0.191 g, 1.34 mmol) in dry THF was performed
under similar conditions as described for 2. The compound 5
was obtained as a white solid (0.43 g, 83%) (Found: C, 58.49; H,
7.05; N, 17.81; Si, 14.43. C,,H,,N,Si, requires C, 59.84; H, 7.08;
N, 18.37; Si, 14.69%). V. /om™': (KBr pellet) 3450 (vNH,),
3327, 3250 (vNH), 2190, 2102 (vSiH), 1646 (vCN), 1544
(YNCN), 1124 (SiPh), 997 (vSiNC); (CH,Cl,) 2205, 2105
(vSiH). 0x(CDCly) 7.58-7.31 (10H, m, C¢Hs); 6.15-4.88 (4H,
br, NH + SiH); 2.90 (2H, t, NCH,); 1.41 (2H, m, CH,), 0.85
(3H, t, CH;); 0.51-0.05 (6H, m, SiCH,). 0o(CDCl;) 161.1, 162.1
(C=N), 133.6-127.8 (C¢Hs), 1.0 to —0.4 (SiCH; ), 42.5 (NCH,),
22.7 (CH,), 11.4 (CH;). GPC: M, = 1689, M /M, =1.14.
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