
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 28 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

SYNTHESIS, CHARACTERIZATION AND STRUCTURAL ELUCIDATION
OF TRIORGANOSILICON (IV) COMPLEXES OF 2-
AMINOCYCLOPENTENE-1-CARBODITHIOIC ACID AND ITS N-/S-
ALKYL DERIVATIVES
Rajnish K. Sharmaa; Yashpal Singha; Audhesh K. Raia

a Department of Chemistry, University of Rajasthan, Jaipur, India

To cite this Article Sharma, Rajnish K. , Singh, Yashpal and Rai, Audhesh K.(1998) 'SYNTHESIS, CHARACTERIZATION
AND STRUCTURAL ELUCIDATION OF TRIORGANOSILICON (IV) COMPLEXES OF 2-AMINOCYCLOPENTENE-1-
CARBODITHIOIC ACID AND ITS N-/S-ALKYL DERIVATIVES', Phosphorus, Sulfur, and Silicon and the Related
Elements, 142: 1, 249 — 257
To link to this Article: DOI: 10.1080/10426509808029679
URL: http://dx.doi.org/10.1080/10426509808029679

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509808029679
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus. SuIfurunJS~lrcoii, 1998. Vnl 142. pp. 249-251 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1998 OPA (Overseas Publishen Association) 
Amsterdam N.V. Published under license hy 

the Gordon & Breach Science Publishers mprint. 
Printed in Malaysia 

SYNTHESIS, CHARACTERIZATION 
AND STRUCTURAL ELUCIDATION 

OF TRIORGANOSILICON (IV) COMPLEXES 
OF 2-AMINOCYCLOPENTENE- 

1-CARBODITHIOIC ACID AND ITS 
N-/S- ALKYL DERIVATIVES 
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Reactions of chlorotrimethylsilane with sodium salts of 2-aminocyclopentene- l-carbod- 
ithioic acid and its N-/S- alkyl derivatives. having the general formula 

~ N O = = = = = ~ S ~ ~ = ~ ~ ~ B ~ )  and H~C=======CC(S)SM~ in 1 : I molar ratio in 
refluxing benzene solution lead to the formation of triorganosilicon(1V) derivatives, 

r--C%l 7(cH,)17 

Mc,Si[S(S)&~~&(H)R] Me,si[N(H)C======CC(s)sM~] d c z T ) , l  , respectively. Characteri- 

zation of these complexes by elemental analysis, molecular weight measurements, and IR, 
NMR ('H, I3C and 29Si) spectral analysis reveals a four coordination around the silicon atom 
in trimethylsilicon(1V) derivatives of 2N-alkylaminocyclopentene- 1 -carbodithioic acid and 
five coordination in the S-alkyl 2-aminocyclopentene- 1 -carbodithioic acid derivative. 

Keywords: Silicon complexes: NMR spectra; IR spectra 

INTRODUCTION 

2-Aminocyclopentene- 1-carbodithioic acid and its N-/S- alkyl derivatives 
are an important class of nitrogen and sulfur containing ligands. These lig- 
ands show a remarkable diversity in coordination pattern with various 
transition and non-transition metals. 

* Correspondence Author. 
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250 RAJNISH K.  SHARMA et al. 

M = G % h B  (R = H, Me. Et, Bu') 
R' = -CH3 & -CH;N(CJi$, 

In view of the interesting ligating capabilities of 2-aminocyclopen- 
tene- 1-carbodithioic acid and its N-IS- alkyl derivatives with main group 
elements in +3 oxidation states""] developed in these laboratories it has 
been considered worthwhile to extend these studies to some organosilicon 
complexes. In this paper we report the synthesis and characterization of tri- 
organosilicon(1V) derivatives of 2-aminocyclopentene- 1 -carbodithioic acid 
and its N-/S- alkyl derivatives. 

RESULTS AND DISCUSSION 

The reactions of chlorotrimethylsilane with sodium salts of 2-aminocyclopen- 
tene-1-carbodithioic acid (ACDA) and its N-/S- alkyl derivatives in 1 : 1 
molar ratio in refluxing benzene solution yield the corresponding derivatives : 

r--ccy,, 
(i) (CH,),SiCl + R(H)NC=======CCjS)SNa benzene, 

(CH,),Si[S(S)CC~'(~)R~ + NaClJ 

where R = H(ACDA), MHMeACDA), Et(EtACDA), n-Bu(BuACDA) 

(ii) (CHJ,SiCl + Na(H)NC=======CC(S)SR' benzene 
f--cWl 

(CH,),Si[N(H~=====~C(S)S~] ( c y b  + NaClJ 

Where R' = CHJACDE) 
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TRIORGANOSILICON COMPLEXES 25 1 

All these complexes are found to be brown colored solids and soluble in 
common organic solvents like, benzene, chloroform and THF etc. Vapor 
pressure osmornetric molecular weight measurements in chloroform solu- 
tion at 45°C show their monomeric nature. 

IR SPECTRA 

A comparision of IR spectra of these complexes with the spectra of the 
corresponding ligands shows the absence of VS-H band (observed at -2500 
cm-' in the spectra of l igand~[~ .~I )  indicating deprotonation of -SH and 
formation of Si-S bond. This has been further confirmed by the appearance 
of a new band at 425-405 cm-I which may be assigned to vSi-s mode.[*791 
The appearance of two bands for and v(,=,)-s at 955-900 cm-', 
suggests the involvement of only one sulfur atom of the ligand moiety in 
complexation.["] No significant shift has been observed in the position of 
vNH band in comparison to its position in parent ligand (3420-3280 
cm-'), this indicates the non involvement of the amino group of the ligand 
moiety in bonding. The strong bands observed in the range 1350-1340 
cm-l and 1280-1270 cm-I may be assigned to vC=N+C=S and VC=S+C=N 

modes respectively. The band observed at 620-6 10 crn-' may be assigned 

In the IR spectra of the complex of ACDE, a downfield shift of -65 
cm-l in the position of vNH2 (-3260 cm-l in  the parent ligand) absorption 
band indicates the involvement of amino nitrogen of the ligand moiety in 
the bonding. The presence of two splitted bands for vasymCSS in the range 
940-910 cm-I indicates the participation of only one sulfur atom of the 
ligand moiety in complexation. New bands observed at 430 cm-' and 5 10 
cm-' have been assigned to vs1-S and v S I - ~  mode[1091 

to VsyrncsS . 

respectively. 

'H NMR SPECTRA 

A singlet observed for -SH proton in the spectra of ACDA and its N-alkyl 
derivatives has been found to be missing in their corresponding trimethyl- 
silicon(1V) complexes (Table I) confirming the deprotonation of -SH 
group and the formation of Si-S bond. A significant shift -1.5 ppm has 
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252 RAJNISH K. SHARMA er ul. 

been observed in the position of NH signals of NHR/NH2 group as com- 
pared to their position in the spectra of ligands. This may be due to the 
weakening of the hydrogen bond(N-H----S=) during complexation. How- 
ever, no appreciable shift was observed in the position of alkyl protons of 
NHR group which rules out the possibility of the coordination through 
nitrogen. Similarly the signals for CH, protons of the cyclopentene ring do 
not show any appreciable shift in their positions when compared with their 
positions in the ligand. 

TABLE 1 'H NMR data of triorganosilicon(1V) complexes of 2-aminocyclopentene- 1- 
carbodithioic acid and its N-IS- alkyl derivatives 

S. No. Compound Chemical shifr in (6) ppm 

1. 

2. 

5. 

I .64 - 2.18, q, 2H-CH2 (4) ; 2.47 
- 2.97, m, 4H - CH2 (38~5); 6.05, 
hs, 1H - NH (Free); 10.42, hs, 1 H 
- NH; (Chelated); 0.08, s, 9H - 
CH, (Si - CH3) 

5 4 3  
r-qqi 

( w 3 s i [ q s ~ ~ = = = ~ ~ m w  6 1  

(~J,Si(ACDA) 

5 4 3  1.92 - 2.61,q, 2H - CHz(4); 2.90 

S, 3H - N CH, (7); 10.52, bs, 1H 
- 3.28, m, 4H - CH2 (3&5); 3.68, 

6 1  

CH3) (qxsi(MeAcDA) 

1.80 - 2.17, q, 2H - CHZ (4); 2.59 
- 3.26, rn, 4H - CH2 (3&5); 3.39 

3.64, m. 2H - CH2(7); 1.33, t, 

5 4 3  
r W W % i  a#siNq,-==cywcyy - 

3H - CH3(8); 10.68, hs, 1H - NH; 
0.08, s, 9H - CH3 (Si - CH3) (CHJ,Si(EtAcDA) 

~ . _  1.78 - 2.14. a. 2H - CH? (4): 
rh%hi 2.52-3.10, m:4H-CH2(3&5);0.82 

( q 3 s @ ( s ~ = = = = = 4 ~ ~ ~ ~  

(CY),Si(BuACW 

- 3.52, m, 9H - CH, (7,8,9) & ' ' CH,(IO); 10.92, bs, IH - NH; 
0.08, s. 9H - CH3 (Si - CH,) 
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TRIORGANOSILICON COMPLEXES 253 

A singlet present at-& 0.08 pprn in the spectra of all the complexes may 
be assigned to methyl protons attached to silicon. 

In the S-methyl(ACDE) derivative of trimethylsilicon (lV)complex, the 
signal observed at 6 11.2 ppm and assigned to the hydrogen bonded proton 
of the NH2 group in the ligand disappears and a second NH signal 
observed at 6 5.81 ppm in the ligand shifts down field to 6 5.88 ppm, indi- 
cating the removal of one of the protons of the amino group and the forma- 
tion of Si-N bond on complexation. A downfield shift in SCH, signal 
further supports the participation of C=S in bonding. 

A singlet observed at 6 0.06 ppm may be assigned to the methyl protons 
attached to silicon. 

I3C NMR SPECTRA 

A comparision of I3C NMR spectra of the trimethylsilicon complexes of 
ACDA and its N-alkyl derivatives with the corresponding ligands['] 
reveals the absence of any significant shift in the position of the signals for 
alkyl and cyclopentene ring carbons which rules out the possibility of the 
involvement of NHR group in bonding. This has been supported by the 
absence of any significant shift in the position of the C2 carbon signal. 
However, a small upfield shift of - 6 1.5 ppm in its position as compared 
to free ligand may be due to the breaking of the hydrogen bonding 
between the amino group and free sulfur of the dithiocarboxylate group. 

A singlet for methyl carbon attached to the silicon atom was observed in 
the range 61.97-1.99 ppm (Table 11). 

In the spectra of ligand, ACDE; the signal observed at 6 204.82 ppm has 
been assigned to the c6 carbon atom. In the spectrum of the trimethylsili- 
con(1V) derivative, this signal shows a downfield shift and appears at 6 
208.04 ppm. A shift of -4 pprn in the position of c6 carbon indicate the 
involvement of C(SR)=S group in bonding. Thus this ligand behave as 
bidentate moiety. 

A singlet for the methyl carbon attached with silicon atom was observed 
at 6 2.05 ppm. 

2 9 ~ i  NMR SPECTRA 

The 29Si NMR spectra of N-alkyl derivatives of trimethylsilicon exhibit 29Si 
signal (Table 11) in the range 6(-)23.41 to (-1 31.83 ppm, which indicates the 
tetra-coordinated" ' I  environment around the central silicon atom. 
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254 RAJNISH K. SHARMA et al. 

On the basis of IR and NMR spectral data described in preceeding pages 
the following structure (Fig. 1) may be proposed for these derivatives: 

where R = H, Me, Et and n-Bu 

dcyh 
FIGURE 1 Proposed structure for the derivatives (CH3),Si[S(S)CC=====-4(H)R] 

The 29Si NMR spectrum of Me,Si(ACDE) shows the presence of 29Si 
signal at 6 (-)l3 1.20 ppm, indicating a penta-coordination['*] around the 
central silicon atom leading to the structure (Figure 2 )  in which the ligand 
behaves as a bidentate moiety. 

EXPERIMENTAL 

The ligands used were prepared by the literature method.['31 Me3SiC1 was 
distilled at 57°C. Silicon and Sulphur were estimated gravimetrically as 
silicon oxide and barium sulphate (Messenger's method), respectively.[14] 
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TRIORGANOSILICON COMPLEXES 255 

Nitrogen was estimated by Kjeldahl’s method.[’41 Molecular weights were 
determined with a “Knauer Vapor pressure” osmometer, using chloroform 
solution at 45°C. 

TABLE I1 I3C and 29S1 spectral data of triorganosilicon(1V) complexes of 
2-arninocyclopentene-1-carbodithioic acid and its N-/S- alkyl derivatives (6) ppm 

2 9 ~ i  

shifr 
I3C chemical shift chemical 

S.No. Compound values 
values 

Infrared spectra were recorded in the range 4000-200 cm-’ on “Nicolet 
Magna 550” IR spectrophotometer. ‘H and 13C NMR spectra were 
recorded in CDCI3 and CHC13 solution, respectively on a 90MHz JEOL 
FX 90Q spectrometer using TMS as an internal reference. 29Si NMR spec- 
tra of complexes were recorded in CHC13 solution using Me4Si as an 
external reference. 

Since all complexes were synthesized in similar manner, the experimen- 
tal details of a representative complex is being described below. Analytical 
results are summarised in Table 111. 
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TRIORGANOSILICON COMPLEXES 257 

Synthesis of (CH3),Si(ACDA); (C9H17S2NSi) 

A weighed amount of sodium metal (0.12g, 5.2 mmol) was treated with 
dry methanol (-5 ml) and to this, a benzene solution of 2-aminocyclopen- 
tene-1-carbodithioic acid (0.85 g, 5.3 mmol) was added dropwise with 
constant stirring. The reaction mixture was refluxed for -4 hrs. and then 
cooled. To this solution a benzene solution of chlorotrimethylsilane 
(0.58g, 5.3 mmol) was added dropwise with constant stirring. The reaction 
mixture was stirred for -4 hrs. and then refluxed for -3 hrs. The NaCl that 
formed was filtered and the excess solvent was removed from the filtrate 
under reduced pressure. The crude product was recrystallised from chloro- 
form pet.-ether mixture. The compound on analysis was found to have Si, 
12.02; N, 5.98; S, 27.32% Calcd. for C9H17S2NSi : Si, 12.13; N, 6.05; S, 
27.70%. Mol.Wt. Found 229. Calcd. 23 1.46. 
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