
Cha:eter - 4 

Synthes~~« Char~£~~~isation and Biocidal properties 

of th~ Eroducts·frQm~he reaction of Phenyl t~ydantQ!£ 

acid with Organotin !IV) Oxides or hydroxi~ 

4.1. Synthesis of new Organotin carboxylates were carried 

out by using the biologically important ligand1 , phenyl 
NH2 

thiodydantoic acid, .Ph-N=C - SCH2COOH which contains several· 

do nor atoms , • 

Interestingly, during the course of studies it was 

found that the phenyl thiohydantoic acid did not bind the 

organotin group through the expected carboxylate (-oco) rroiety 

present in it. Instead, the ligand underwent a not so unexpected 

transformation to produce an entirely different series o~ 

organotin compounds containing Sn-S bond. 

Organotin sulfides are in general, more ste}ble th:c:.· 

2 
the corresponding oxygen derivatives , a fact which is explained 

by the decreased difference in size between tin and the group 

VI atom and thus by an increased overlapping of the bonding 

orbitals. Even at low temperatures, however, the tin-sulfur 

bond is cleaved by mineral acids. 
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4.2. scope and Objective: 

The objectives of this work was to synthesise the phenyl 

thiohydantoic acid derivative of organotins, to study the bond-

ing interactions between tin atom and the donor atoms of the 

ligand, e.g. N, s, 0 and to test their biological activities. 

In recent years organotin biocides constitute a major field of 

studies. The ligand contains o, N, s atoms which should lead 

to potential organotin biocides13- 15' 31 • It is generally 

expected that the incorporation of biologically active meto.l 

or ligand moiety in a compound will produce potential biocides. 

Besides it :is well known that sulfur fungicides emit sufficient 

·vapour to prevent the growth of fungus spores at a distance of 

3 " 
several mm from deposites on leaves • The vapour phase actively ·· 

ensures protection of gaps on leaf surfaces resulting from 

weathering or expansion of leaf areas. Apart from the·biocidal 

properties the ligand, phenyl thio hydantoic acid (H-Pl'HA), ·· 

containing several. donor atoms,as pointed out earlier, in the 

molecules was expected to result interesting structural features 

for the new compounds. 

Interestingly, by reacting the acid with corresponding 

organotin oxides or hydroxides, the organotin mercaptides 

were obtained instead of organotin carboxylates. 

As expected, organotin sulfides exhibit many similarities 
2 

from their oxygen analog-ues • 

' \ 
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The tin-sulfur compounds find application as stabilisers 

for poly(vinyl chloride), PVC
4

'
17• Probably two-thirds to three-

quartQrs of the total annual world cons~ption of organotin 

compounds went into PVC stabilization5 • In this respect the 

synthesis of organotin sulfides is important. It is expected 

that organotin sulfides may come out as potential biocides in 

near future. 

In addition to the stabilisation of vinyl polymers, tin

fulsur compounds have been claimed as stabilizers of poly-· 

th~ne44 ' 45 , and as rubber curing agents46, 47 • Other uses are 

as lubricant additives
48

, acaricides49 , grain and plant fungi-
50,51 

cides • 

4.3. A Short review on organotin sulfides: 

During 1950s, this area of organometallic chemistry 

become a center of interest whiCh led to an enormous increase 

in the relevant technical and patent literature. several mono-

graphs and review articles appeared in response to the rapidly 

growing need for the systematic consideration of synthesis, 
6-12 16 and properties of these organotin compounds ' • An eminently 

readable account of the development of these compounds has been 

compiled by Verity-Smith43 • 

15 
Recently Mehrotra ~ ~, discussed the nature of Sn-s 

bonding, made a comparison of sn-o and Sn-S bonded derivatives 

and described the sn-s compounds as biocides. 
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17 Matschiner ~ ~ showed that compounds of the type 
I 

RS~S(CH2 )rnC0 2R·_73 and R2S~S(CH2 )mC0 2R!72 (where R = c1_8 
alkyl; R' = long-chain alkyl; rn = 1,2) are useful as stabilizers 

for ·halogenated polymers. 

The synthetic and structural aspects of metal complexes 

derived from sulphur ligands have lately attracted much atten

tion53-55 in view of their biological activityS6-SS and numerous 

commercial applications59 , 60 • 

Preparations z 

organotin halides are the most important starting 

materials in the preparation of many types of organotin sulfur 

compounds. They react with many compounds bearing an SH-.function, 

e.g., with H2S, mercaptans, rnercaptoesters, dithi~ls etc iD 

organic solvents to give the corresponding organotin sulfides 

with the removal of hydrogen halide.z 

Or when alkali thiolates are used, alkali halides are 

eliminated a 
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organotin oxides form bis(triorganotin) sulfides by 

reaction with thio urea derivatives: 

These may also be obtained by the reaction of tetra-

organotin compounds with mercaptans, thio acids or hydrogen 

sulfide: 

R4Sn + R1 SH ~- R3SnSR 1 + RH. 

organotin hyd~ides add to polar doUble bonds such as 

those in isothiocyanates, thiourea or carbon dia.ulfide. 

Alkyl tin thio alkyl carboxylat~s e.g., RSn ~(CH2)m 
co 2R•J3 and R2sn['"s.(cH2)moo 2R1 J 2 (R = c1-a alkyl1 R1 = long-

chain alkyl, rn = 1,2), may be prepared by the· reaction of mono 

alkyl stannoic acids, dialkyl tin oxides and/or dialkyl tin 

dichlorides with Nao 3s 2 (cH2)
10

COOR117 • 

Thus, when Bu2sno and 30% HCl are added after 2 hours 

to a mixture of isooctyl chloropr~pion~te and Na2s2o3 in 

• DMF /H2o at 70 and resulting mixture is stirred 1 hour and 

refluxed, isooctyl.dibutyl tin dithio propionate is obtained. 

Recently, R.J. Rao and his co-workers18 synthesised 

compounds of the type 
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(where, R = Ph,. Bu,. Me, R1 = Ph,. p-ClC6H4 ; n = 1,2). by the 

reaction of the Na-salt of the ligand,. 3-substituted-2-

mercaptoquinazol-4-one, with the corres.J.X>nding organotin (IV) 

chlorides in non-aquous media. 

Compounds of the type su3snsR may also be prepared by 

the reaction of RSH with ~u3sn) 2o in refluxing PhMe20 • 

4.3.2. Chemical Properties: 

Covalent halogen compounds effect cleavage of the tin-

sulfur bond in organotin sulfides. The reaction with alkyl 

halides proceeds with the breaking of the tin-sulfur bond and 

formation of· organotin halides and aikyl sulfonium halides. 

The sn-s bond is also attacked by transition metals. 

Displacement reactions take place between organotin sulfides 

and silver halides, silver cyanide,. cyanate, and isothiocyanate·;. 

Mercuric chloride and organotin rnercaptides undergo an exchange 

to organotin chlorides and mercuric mercaptides. Hexameric 
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nickel dimercaptide can be isolated as the product of the reac-

tion between diorganotin dirnercaptides and nickel chloride. 

The coordination number of four, for tin in covalent 

organotin sulfides can be increased to five or six by complex 

formation-with various bases particularly those containing 

nitrogen. 

In 1987, Yu. T. Struchkov and his coworkers19 reported 

that reaction between trimeric dimethyltin sulfide·and · . 
0 

CH2BrcH2Br at 140 c gave a complex of dimethyl tin dibromide 

with 1,4-dithiane formulated as : 

4.3.3. Physical properties: 

All organotin. sulfides are, under normal conditions, 

liquid or crystalline, which usually dissolve easily or 

mOderately in organic solvents without decomposition. since 

very little is known about the bonding.in organotin sulfides, 

.· 
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it is to be expected that investigations in this area will 

increase significantly in the coming years. The most reliable 

information concerning the structure and bonding properties 

would come from x-ray structure analysis. It may be mentioned 

that till now complete x-ray structural analysis reports are 

also rare. 

The sn-S IR stretching vibration is found in the region 

300-400 cm-1• 

The 1H NMR spectra of· compounds of the :type 

{CH3 ) 3sn-s-sn{CH3 )
3 

showed that there is scarcely any inclusion 

of the free sulfur electron pairs into the tin-sulfur bonds. 

Borsdorf ~ al20 reported the 13c and 119sn NMR 

chemical shifts for sixteen Bu3SnSR compounds. The 119sn NMR 

signals are shifted upfield linearly (-0.06 pPm/k) with 

increasing temperature from 253K to 323K. Increasing concentra

tion decreases the 119sn chemical shifts. 

Thomas c. vl. Mark and his coworkers 21 gave the crystal 

structure of tribenzyl (2-thiolatopyridine N-oxide) tin (IV). 

The coordination geometry about the central atom is square 

pyramidal, with one benzyl C atom in the apical position and 

the basal plane containing the other two benzyl C atoms along 

with the 0 and s atoms of the chelating ligand; the sn atoms 

is displaced out of the basal plane in the direction of the 

apical c atom by 0.64(1)A0
• This is the 1st example of polytopal 
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dominance of square pyramidal geometry in organotin penta 

coordination. 

Recently, White ~ ~ have shown x-ray crystallographi

cally that bOth Ph3SnS(CH2 ) 2NH2 and Ph3snsc5H4NO possess five

coordinate cis-chelate structures with sn-s bonds52 • 

4.4. Experimental with Characterisation: 

Phenyl thiohydantoic ~id was prepared by literature 

22 method • All the solvents were purified and dried by standard 

methods.23 before use. The organotin reagents were Aldrich/ 

Fluka products. Infrared spectra were recorded by using PYE 

UNICAN SP3-300S Infrared Spectrophotometer (Philips). 1 H NMR 

spectra were recorded by VA-El-1 390 (90 MHZ) machine MHz 

machine. Tin· was estimated by standard conventional procedure 

as Sn02 in our laboratory and the micro analyses· were done 

at RSIC, Punjab university. 

All the manipulations involving benzene as solvent was 

carried out under closed condition with due precautions and 

care. 
1

H and 
13

c NMR were also recorded on Varian XL-300 

Spectrometer. 

4.4.1. Preparation of the starting materials: 

4. 4.1.1. Preparation of Phenyl thio hydantoic acid:. 

Monochloro acetic acid .(18. 9 grn, o. 2 mole) and arnrroniuin 

thiocyanate (15.2 gm, 0.2 mole} were mixed together. Amiline 
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(18.6 gm, 0.2 mole) and ethyl alcohol (93 ml) were added to 

the above mixture. The whole mixture was heated under reflux 

on a water bath for 6 hours. Then it was allovred to stand 

until the undissolved material settled. The clear brownish 

liquid was poured into a large ~vaporati~g dish and allowed to 

cool. The yellow crystals which formed, were filtered and 

washed with water. The product was purified by recrystallisa

tion from alcohol, m.p. 157°C ~lit(22) m.p. 156-157°c~. 

Elemental analysis : Found (Calcd.) : 

c H N 

51.40 4.72 13.29 

{51. 43) (4. 76) (13.33) 

. 1 
IR (em- ) : V 00 

2 
- 1650; V NH2 3280, 3390 asy,syrn 

1 
H NMR ( b ppm) : 9·121 3.22, 3.58, 7.41 

4.4.1.2. Preparation of Bis(triphenxl tin) oxide: 

Bis (triphenyltin) oxide was prepared by the reaction 

of triphenyltin chloride with 5~~ excess of sodium hydroxide 

solution as described by Van Rij 24 • The crude product was 

dried in air and finally in vacuum at room temperature, which 

on repeated crystallisation from a mixture of petroleum ether 

and benzene gave crystals of melting point 122°c ~lit(25) 

m.p. 123-124°c~. It was dried in vacuum (Found a C = 60.81%; 
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4.4.1.3. Preparation of tribenzyl tin chloride: 

Tribenzyltin chloride was prepared from the reaction 

of benzyl chloride and tin powder, according to the method of 

d ak d d . 26 hi t lli lid Sisi o, T e a an K~ngawa • W te crys a ne so was 

further purified from acetone, rn.p. 142°C L-lit (26) rn.p. 

142-l44°cJ. 

4.4.1._4. Preparation of bis (tribenzyltin) oxide: 

Bis (tribenzyltin) oxiue was prepared27 · by shaking an 

etheral solution o tribenzyltin chloride with 3~/o aqueous 

solution of potassium hydroxide. The product was recovered 

from ether layer and finally recrystallised from acetone, 

IJl•P• 118-121 °C Clit {27) m.p. 120°cJ. (Found : ·c = 62.95%, 

H = 5.15%; Calcd. for c 42H42sn20 : C = 63.05%; H = 5.~8%). 

4.4.1.5. Preparation of Diphenyltin oxide: 

Polymeric diphenyl tin oxide was prepared by the reaction 

of diphenyl tin dichloride with So;~ excess of sodium hydroxide 

solution as described by Elegbede and Mclean28 • This was 

dried in air and finally in vacuum at. room temperature for 

12 hours. (Analysis Found : C = 49.8~/o, H = 3.43%; and Calcd. 

= 3.4&/o). 
' 
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4.4.1.6. Preparation of Tricyclohexyltin hydroxide: 

Tricyclohexyltin hydroxide was prepared39 by treating 

snc14 with CyMgCl in a mol ratio 1:3, hydrolysing unreacted 

CyMgCl, dehydrating the organic pe~tion, then adding addi

tional CyMgCl, in an overall ratio of 3.5-3.9:1 to initial 

snc14 , to convert intermediate cy2sncl2 to cy
3
sncl, then 

hydrolysing the cy3sncl. m.p. 219°c. ~.lit (40) m.p. 220-

221 °cJ. 

(Analysis found : C ~ 56.32%, H ~ 8.8~/o; and Calcd. for 

c 18H34sno : c ~ 56.15%, H ~ 8.84%). 

Dibutyltin oxide and dimethyltin oxide were from 

Alfa products. 

4.4.2. Synthesis of the new organotin (IV) derivatives. 

4.4.2.1. sznthesis of Triphen~ltin N-ghenyl amido methyl 

mercaptide, Ph
3

SnSCH
2

CONHPh: 

Bis (triphenyltin) oxide (1.47 gm, 2.045 mmol), phenyl

thio hydantoic acid (0.86 gm, 4.09 mrool-) and 150 ml of dry 

benzene were taken in a 250 ml round bottomed flask. The flask 

was fitted with a Dean-Stark apparatus and a water-cooled 

condenser. Nitrogen was used to flush the whole assemblage. 

The reaction was started by heating to reflux the mixture 

and the water formed during the reaction was azeotropically 
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distilled out by the Dean-Stark apparatus. Refluxation was 

continued for 48 hours. The solution was brought to room 

temperature and filtered to give a clear solution. Solvent 

was removed from the solution. The residue was washed with hot 
0 0 petroleum ether (60 -80 C). Petroleum ether washings gave a 

small amount of liquid product. Repeated crystallisation (from 

methanol) of the residue after petroleum ether washing gave 
0 

pure crystals, having m.p. 120 c, yield 2.58 gm, 70%. 

Elemental Analysis : Found (Calcd) 

----------------- -------------
c H N Sn 

------------------ -----------------------------
__ , ___ _ 

60.21 
(60.50) 

4.45 
(4.-45) 

2.81 
(2. 71) 

22.85 
(23. 01) 

----------------------------------------------------------------------------
Relevant spectral data: 

I. R (em-1 ) : 3 24-o (m), 1625 (-s), 510 (w-), 460 (w). 

1 H NMR (bppn) 1 8.52(S,lH), 7.05(m, 20H), 3.3& (S, 2H). 

4.4.2.2. Synthesis of Tribenzyltin N-Phenyl amido methyl 
mercaptide, Bz3snSCH2CONHPh: 

Nitrogen gas was used to flush the whole apparatus 

consisting of a round bottomed, 250 ml flask,_ a Dean-Stark 

apparatus and a double surface reflux consenser. To a benzene 

(dry, 70 ml) suspension of phenyl thio hydantoic acid (0.51 gm, 

2. 44 mmol) taken in the reaction flask was added bis (tribenzyl-
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tin) oxide (1 gm, 1.25 mmol) in benzene (dry, 70 ml). The 

mixture was refluxed for 20 hours. The water formed was removed 

during the reaction, azeotropically with the Dean and stark 

assembly. The clear solution thus o-btained was stripped off in 

vacuo. Carbon tetra chloride-petroleum ether (60-80°C) mixture 

was added and kept in freezer •. After one day crystals separated 

and filtered. It was purified by recrystallisation from carbon 

tetra chloride-petroleum ether mixt-ure and dried in vacm.nn, 

m.p. 75°c, yield, 0.56 gm, 41%. 

The filtrate was freed from solvent. Extracted with 

cold petroleum ether. The petroleum ether part was found to 

contain a liquid product. And the residue gave a small amount 
0 

of the product having m.p. 75 c, on repeated dissolution and 

crystallisation. 

Elemental Analysis : Found (Calcd.): 

c 

61.62 
(62.39) 

H 

4.84 
(5.19) 

Relevant spectral Data: 

N 

2.82 
{2. 51) 

IR (Cm-
1 )': 3275{w,b), 1650{s), 565(w), 515(m) 

sn 

20.01 
c21. 2a; 

1
H NMR ( b_ppm): 8.20{S, lH), 7.26{m, 20H), 3.23 (S, 2H), 

2. 63 (S, 6H). 
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4.4.2.3. Synthesis of Diphenyltin bis(N-phenyl amido methyl 

mercaptide), Ph2Sn(SCH2CONHPh) 2 : 

The reaction was done under nitrogen atmosphere. l gm 

(4.76 mmol) of phenyl thio hydantoic acid, diphenyltin 

oxide (0.686 gm, 2.38 mmol) and 150 ml of dry benzene were 

taken in a 250 ml round bottomed flask-fitted with a Dean-

stark apParatus and a reflux condenser. The· reaction was 

started by heating the reaction mixture on a heating mantle 

to reflux. The water produced during the reaction course was 

azeotropically distilled out. After 24 hours of refluxation 

the solution was brought to room temperature. Benzene was 

almost removed from the solution. ~ashed with hot petroleum 

ether (60-80°C). The petroleum ether washings afforded a 

liquid product. The residue was washed with carbon tetra

chloride and recrystallised from dichloromethane to give the 

0 pure product, m.p. 145 c, yield, 0.57 gm, 40'/o. 

Elemental Analysis, Found (Calcd.): 

c H N Sn 

54.17 3.80 s. 55 19 .. 62 

(55.56) (4.29) (4. 63) -(18.19) 

Relevant spectral Data: 

-1 
IR (Cm ): 3260(w,b), 1610(s), 1600(sh), 510(m), 460(w). 
1

H NMR Cbppm): 10.33(S,2H), 7.52(m, 20H), 3.51 (S, 4H). 
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4.4.~.4. Synthesis of Tricyclohexyltin N-phenyl amide methyl 

mercaptide, Cy3SnSCH2CONHPh: 

Moisture was excluded from the glass apparatus consist

ing of a round bottomed flask (250 ml), a Dean-Stark apparatus 

and a double surface water cooled condenser, by flushing 

nitrogen. cy3snoH (0.9 gm, 2.34 mrnol), phenylthio hydantoic 

acid (0.49 gm, 2.34 mmol) and 150 ml of dry benzene were taken 

in the 250 ml round bottomed flask and were reacted together 

by heating under reflux. The water fo.nned during the reaction 

was azeotropically distilled out. After 20 hours of refluxation,_ 

the reaction mixture was concentrated and kept for overnight. 

Next day some so1id was found and filtered. The solid (40 mg) 

was the unreacted phenylthio hydantoic acid as confirmed by 

mixed melting point determinatione The filtrate was freed from 
0 0 solvent and washed with cold petroleum ether (60 -80 c). The 

petroleum ether washing was found to contain a small amount of 

liquid product. The residue cont.ained the desired product which 

was extracted out in cc14• The cc14 extract was concentrated 

and added petroleum ether to it and kept in the freezeTfor 

24 hours. Crystallisation of tricyclohexyl tin N-phenyl amido 

methyl mercaptide was attained. Filtered out the product and 

washed with cold petroleum ether, dried at the· pump. m.p. 

10l 0 c; yield, 0.76 gm, 6~~. 
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Elemental Analysis, Found (Calcd.): 

----------------------------------------------------------·-----
c 

57.73 . 

(58. 45) 

H 

7 .. 49 

(7. 68) 

N 

2.90 

{2. 62) 

Sn 

22.01 

(22.24) 

---------------------------------------
IR{cm-1 ) :·3260(m), 1650(s), 535(w), 510(m) 

1H ( NMR ppm) 1 9.0l(s,1H), 1.26-1.93(m,33H), 
7.09-7.59(m,SH), 3.45(s,2H) 

4.4.2.5. Synthesis of Dibutyltin Bis _(N-phenyl amido methyl 

mercaptide) s 

Entire reaction was done under nitrogen atitDsphere.-

Dibutyltin oxide (0.8 gm, 3·.22 mmol) and phenyl thio hydantoic 

acid (1.35 gm, 6.43 mmol) taken in a 250 ml round bottomed 

flask were reacted together in dry benzene (150 ml ) by 

heating on a heating mantle. The water formed during the 

reaction pxocess was azeotropically distilled out by using 

a Dean-stark apparatus ·and a reflux condenser. The mixture 

was refluxed for 24 hours. The solution was brought to room 

temp3rature and left for over night. A very small arrount (50 

mg) of unreacted phenyl thio hydantoic acid was filtered off 

which was identified by mixed melting point determination. 

It was separated by filtration. The filtrate was freed from 

benzene and washed with petroleum ether. The petroleum ether 

part contained a liquid product. The residue was taken in 

carbon tetrachloride and petroleum ether was added to that, 

kept in the freezer for one day. Next day crystals of Dibutyl 

tin Bis(N-phenyl amido methyl mercaptide) were obtained, 

filtered and washed with petroleum ether. It was dried at 
the pump, m.p. 122°C, yield 1.03 gm, 5~~. 
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Elemental Analysis, Found (Calcd. ) s 

c 

50.54 

(50.CJO) 

H 

5.75 

(6.00) 

Relevant spectral -Data: 

N 

4.83 

(4.95) 

Sn 

21.00 

(21. 02) 

IR (Cm-
1

) : 3260(m,b), 1640{s); 1625(sh), 515(m), 505(w) 

1
H NMR (~ppm): 9. T5 (S, 2H), 7. 55 (m, lOH), 3. 54 (S, 4H), 

1. 7l (m, 18H). 

4.4.~.6. Synthesis of Dimethyl tin Bis (N-phenyl arnido 

methyl mercaptide): 

The reaction was carried out under nitrogen atmosphere. 

Dimethyltin oxide (0.8 gm, 4.86 mmol), phenyl thio hydantoic 

acid (2.04 gm, 9.72 mmol) and 150 ml of dry benzene were 

taken in a 250 ml round bottomed flask. The flask was placed 

on a heating mantle and fitted with a Dean-Stark apparatus 

and a DoUble surface reflux condenser. Reaction started by 

hea·ting the mixture to reflux and the ~ater formed during 

the reaction was azeotropically distilled out. The mixture 

was ref luxed for 20 hours, concentrated and kept for over 

night. Some solid (40 mg) was found which was established 

to be unreacted phenyl thio hydantoic acid by mixed melting 

point determination. The solid was filtered out. The, filtrate 

was freed from benzene, washed with petroleum ether. The 



124 

petroleum ether washings gave a liquid product which was found 

to be a -c: N group containing material. The residue was extracted 

with hot carbon tetrachloride. It was concentrated and kept in 

freezer. After 48 hours a white solid, Me 2sn(SCH2CONHPh) 2 was 

separated, filtered and dried in a vacuum dessicator. m.p. 

1 gm, 43%. 

Elemental Analysis, Found (Calcd.) 1 

------------------------------------------------------------
c 

44.40 

(44.93) 

H 

4.26 

(4.57) 

Relevant spectral Data: 

N 

s. 64 

(5.82) 

Sn 

24.12 

(24. 69) 

-1 ) IR (em ): 3255(m,b), 1650(s , 1630(sh), 560(w), 520{m). 

1
H NNR (~ppn): 9•69(S)2H)) 7.57(-rn.)!OH), 3.51($}4H) 

o.gg (.S, 6 H). 

4.4.3. Results and Discussion: 

4.4.3.1. ~hesis: 

The physical data including elemental analysis (c,·H, 

N, sn) are presented in Table 1. The most important feature of 

the above reactions is the formation of the N-phenyl thiol 

acetamide -ts-cH2CONHPh), derivatives of tri- and diorganotin 

(rV) instead of the expected carboxylate derivatives of phenyl 

thio hydantoic acid ~OOC.CH2S(NH2 )CNPh_7. The physical methods 
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of analysis and ultimately the x-ray diffraction studies on two 

of the synthesised compounds, namely, c~3sn(SCH2CONHPh) 1 

(Cy = CyClo-C6H11 ) and Bu2Sn(SCH2CONHPh)2 (discussed latter) 

have confirmed the transformation of the ligand, PhNC(NH
2

) 

sCH2000- to PhNHOOCH2s-. Therefore, the products of these 

reactions are of the types : R3Sn (SCH2CONHPh) and R
2
sn (SCH

2
co 

NHPh)
2 

depending on the starting tri- or aiorganotin oxide 

or hydroxide used. 

The major products containing tin from the reactions 

bet\'1eem the triorganotin oxides or hydroxides and phenyl thio 

hydantoic acid, on elemental analyses were found to bear 1:1 

atcmic ratio bet\1een 1 .Sn 1 and 1 N1 rather than the expected 

1:2 if the ligand was c 6H
5

NC(NH2 )scH
2
coo-. Similarly,. the tin 

containing major products from the reactions bet"lr/een the 

diorganotin oxides or hydroxides and phenyl thio hydantoic 

acid were the compounds having 1:2 atomic ratios of tin to 

nitrogen rather than the expected 1:4. It is, therefore, obvious 

from the chemical analyses that one of the two 1 N1 atoms of 

each ligand molecule was lost during the reaction process. 

In each of the reactions, after isolation of the major 

tin containing product, a minor sticky impure organic liquid 

product was left which, shm·1ed a very strong infrared absorption 

band at 2190 em -
1 indicatin~ the formation of -C =. N, group 

containing proauct in small amounts during the refluxation. 

However, these products could not be isolated in pure conditions 

yet for proper identification. 



\ 
.. ---.., 
l 

126 

On the basis of these observations and x-ray crystallo

graphic studies on one of the compounds, namely, cy3sn(SCH2CONHPh)
2 

~ c;_nd Bu2sn (SCH2CONHPh) 2 , the rearrangement of the ligand with the 

·loss of one 'N' atom has been confinned and the following tenta-

tive reaction sequences may be proposed: 

0 + 

Ph-N _g_CH2S-SnR3 + [Ho-C.= NJ p~o~o~ sh··tt 

0 
II 

Ph- N H -C -cH25 -Sn. R3 + [ o-c -=N]. 
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Hence the ligand after transformation is converted into 

N-phenyl thiol acetamide, which contains a 1 S 1 atom in the 

molecule as the binding site. The new compounds produced, 

therefore, are formulated as R3SnSCH20DNHPh and R2Sn(SCH
2

CONHPh)2 

types, consistent with the elemental and spectral (discussed 

be low) analyses. 

4.4.3.2. Infrared Spectra : (Fig. 4.19 - 4.25) 

The special feature of the infrared spectra of these 

compounds are the absence of the two ( "\) ~syrn and '\) sym) stretch

ing frequencies due to NH2;+NH2 as would be expected for the 

ligand (phenyl thio hydantoic acid), ~hNC (NH2 )SCH
2

COOH. ·It 

should be pointed out that these tvw characteristic frequencies 

are present in the ligand used (Table 2). The spectra also do 

not contain bands attributable to '\) asyrn (000.) and \) sym (OCO) 

frequencies which should appear if the -COOH group of the ligand 

was involved in complex fonmation leading to the organotin 

carboxylates29 • 

In all the compounds, ~{N-H) absorptions occur near 

3250 em -l in the solid state. The bands are not sharp indicating 

presumably the presence of H-bonding in the molecule. 

The amide bands {carbonyl absorptions) on these compounds 

. -1 
appear at 1610-1650 em • The R3snscH20DNHPh compounds show 

only a strong single absorption, wheras, the R
2
Sn(SCH

2
CONIWh)

2 

compounds, in addition to the strong absorption show • shoulders• 



. ---- --,~ 

-·~. 



4-

,_' 
I 

{ 
1 

't. 
l 

'··-·-··· ... -- .. -·· --·--~ 
_;:;,. -··--

~ 
8 
0 ···-----·--·-··-·- .... (;--··---·-0----- 0 . ··-- s ~ 0 

!? "' ~I•P-'""lW'!J•t~SVO:l 



·~ 
..•• l.~ ')- ·~ 

l . J 
'"' . . 4~ 
'"' ,-.J I I If I • .!" IIIJ ., ~~( . E 

\ I :t 
rl I c.., 
!. :z: 
il ~ 

v ~ i I 

~ •o\ 

I 
:oi 

0 l~,.,.;, >sao J I 2500 aooo 1000 '"'" V 1400 1200 ••oo too ooo •oo >OJ 

Fig. 4.21 IR spectrum oftribenzyl tin (N-phenyl amido methyl mercaptide) 

) 
·~ 



I 

~-

·~· Lf~l I ' ('·'''/'.,,"'-- l~ (
"'•.., E-:JJ' 0 ..... ~ -T- 0 ,, ~ ··---·- " ---------- . I 
. -

--

\_ ___ ---

0 .. 

?. .. 



...... 
<l1 
-o 
:a 
(II 

~ 
()) 

E 
>. 

0 

~ a 
E 
0 

"0 

~ 
.E 
ca 
>. 
c: 
(!) 

..c: 

c-~·~:_--~--~~--:-:~~ 
--------:--=> 

';--:=t, 
-·----

0. 
I g 
~ ;t 

Ill 
:0 
c: .. 

E 

~ I i 
(ii 

g;; 

-~ 

0 
i? 



-~ 

~-

l_ 
8 -----
- .g 

'10 

~~ 

I~ . 
I~ 

I 
I 
I~ 

I" 

I 

ig 
'"' , ... 
I 

! 



·~ ., '~ . 

~ ::.i 
!~ 

/' 

1¢0! l 
i,' LfV If . /1 " ! l.j . , v r-t<to· 

i 
\ 

~ 
~4C; 

V
..r, .. "' ~\ {'Y~l rr-~ .~ r----J\ r----- I 

, I i 

. ~ I 
I ' I 

' •• , ! i . ' ' I ' I ! -~ - I 

~ .., ~" ' ' .-/"'-.. ,. ' If'"' \ 
;; ; \ 
~l I ; ' 

r \ ~~~~ 
I ~ 1 'Ill I' i v ~ 

'"" ' 

l 
i 

uoo l 
tcOC too ~w~- . ---.;;:;J 

Fig. 4.25 IR spectrum of dimethyl tin bis (N-phenyl amido methyl mercaptide) 



-~ 

128 

very close to the strong absorptions (Table-l). The appearance 

of ·t.hese • shoulders' in diorganotin derivatives may owe their 

origin to the presence of two types of N-phenyl thiol acetamide 

ligands in the compounds, one free of further coordination, the 

other is involved in weak intramolecular coordination through 

the carbonyl oxygen as evidenced by the x-ray studies on 

The "\>(sn-c) appears at ,.._,500-600 cm-1 in organotin 

compounds30• The presence of· ligand vibrations in these regions 

have obscured the identification of ~(Sn-C) bands in the com-

pounds. However, tentative assignments have been made for thes~ 

vibrations for all the new compounds (Table 2). 

1 
4.4.3.3. H NM.R Spectroscopic studies (90 MHZ and 300-MHz) 

Relevant 
1

H NMR data for the compounds are presented in 

Table 3 and Table - 7. 

In the ligand (Pl'HA), PhNC (NH2 )SCH2COOH, the NH
2 

proton 

signal appears as a broad singlet at 9.72, the OH signal as a 

broad singlet centered at 3.22 ppm, the CH
2 

protons appear at 

3. 58 as a sing let whereas the .aromatic protons appear as a 

comPlex multiplet centered at 7. 41. 

In all. the synthesised compounds, the ~NH2 and S OH 

are absent. In addition, a new signal attributable to h NH, 

consistent with the composition, appears between b8.20 - blo.3. 
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The cSc
6

H
5
-sn, ~c 6.H 5-cH2 -sn, ~c4H9-sn and ~ c 6H11-sn appear 

as complex multiplet~ the CH2 protons of Sn-CH2C6H5 group 

appear as a singlet at ~2.63. Spectra for all the compounds 

gave appropriate proton integrations. 

1 H NMR Spectroscopic Studies (300 MHz): 

1 The H NMR of a selected number of compounds containing 

the ligand, N-phenyl thiol acetamide (-scH2CoNHPh) were recorded 

at 300 .MHZ. All the spectra showed the expected proton peaks 

with satisfactory proton integrations as shown in figures 4.1-4.4 

(Table 7). 

The CH2 for both Me 2- and Bu2 - compounds show a 

slightly downfield shift (3.57 and 3.54 ppm respectively) 

comPared to the corresponding Ph3 ~ and ey3- derivatives (3.36 

and 3.45 ppm respectively). The x-ray crystallographic struc~ure 

determinations show that in B~Sn(SCH200NHPh) 2 , one oi the CO 

group is involved in coordination (intramolecular) to the tin 

atom whereas in cy3sn(SCH2CONHPh) such coordination is absent. 

The downfield shift of ~cH2 in the diorgano-coffipounds may 

therefore be attributable to the deshielding effect produced 

aue to the coordination of CO group adjacent to the CH
2 

group. 

Similar deshiedling effect is also observed for 2> NH in both 

dibuty 1 and dimethyl for ~ NH in both dibutyl and dimethyl-

compounds compared to tricyclohexyl and triphenyl compounds 

(Table 7 ). 
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The 13c NMR spectra of a selected synthesised compounds 

containing the ligand, -scH200NHPh were recorded and presented 

in Table 8 1 Figs 4.5-4.8 • The proton decoupled carbon signals 

for each of the compounds were consistent with the composition 

and structure. It is interesting to note that the b c6 of the 

co group of the ligand for both the dibutyl and dimethyl show 

slightly downfield shift (see Table 8) compared to the triphenyl 

and tricyclohexyl derivatives. This probably suggests the 

involvement of CO group in coordination for the torner two 

diorganotin compounds. such effect is also observed for CH2 

group (c 5 ) adjacent to 00 group (c 6 ) of the ligand. 

4.4.3.5. UV Spectra: 

UV spectra (Fig. 4.9-4.15) were recorded in Methanol. 

For all the compounds two peaks were found, one at around 208 nm 

wave length and the other at about 242 nm. The Data are presented 

in the table 4. 
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Table - 1 Physical Data 
a 

Com:PQund m.p. Yield c (%) H (%) N (%) Sn(%) 
(¥.~ -- --- .. 

Ph3SnL 120 70 60.21 4. 45 2.81 22e85 
(60. so) (4. 45) (2. 71) (23. 01) 

Bz
3

SnL 75 41 61.62 4.84 2.82 20.01 
(62. 39) (5.19) (2. 51) (21. 28) 

Cy3SnL 101 62 57.73 7.49 2.90 22.01 
(58.45) (7. 68) ( 2. 62) C-22. 24) 

Ph2Sn~ 145 40 54.17 3.80 5.55 19.62 
(55. 56) (4. 29) ( 4. 63) (18.19) 

Bu2sn~ 122 57 50.54 5.75 4.83 21.00 
(50. 00) (6. 00) (4.95) (21. 02) 

Me2sn~ 139 43 44.40 4. 26 s. 64 24.12 
(44.93) .{4.57) (5.82} (24. 69) 

--------------------------------------------
acalculated values in parantheses (%) 

L == - s-cH2CONHPh 
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Table - 2. Infrared Spectral data (cm-1 )a 

--
Compound -v (NH2) ...J((co2) -J(NH) V(C=O) .y (Sn-C) asym,sym 

asym,sym 

PI'HA 3390m,3280m 1650s 

Ph3SnL 3240m 1625s 510w,460w 

Bz
3

SnL 3275w,b 1650s 565w, 515m 

Cy
3
snL 3260m 1650s 535w,510m 

Ph2sn~ 3260w,b 1610s, 510rn.,460w 
1600sh 

Bu2sn~ 3260m,b 1640s, 515m, 505w 
1625sh 

Me 2sn~ 3255m,b 1650s, 560w,520m 
1630sh 

----------------------------------------------------------------
a 
All spectra were recorded as KBr pellets in the range 4000-600 

-1 1 -1 em and as Nujo mulls on Csi windows in the range 60Q-200 em • 

s = strong, m = medium, w = weak, sh = shoulder, b = broad. 

PTHA = PhNC(NH2 )SCH2000H 

L = -SCH2CONHPh 
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Table - 3. 
1 H >:~MR Spectroscopic datac (90 HHz) 

Compound 

a 
Bz

3
SnL 

.Ph2Sn~ 
b 

.Protons of org~nic_groups dn tin 
bPh of ligand/--~----~ -

SnPh/SnCH2Ph 

7.26m{20) 

' 

7.52m(20) 

asr~ctra recorded in saturated solution of coc1
3 

bSpectra recorded in saturated solution of d
6

-DMSO 

Lig_and protons 
}, CH

2 
of 

SnCH
2

Ph 
::, NH ~ CH

2 

2.63s(6) B.20,s(l) 3.23s(2) 

~C117sn-1HJ-57 Hz 
2J(119sn-

1
H)-63 HZ 

10.33s(2) 3.51s(4) 

cppm relative to Me 4si, s = singlet, m = complex multiplet. Data in paranthesis indicate 

number of protons. 

L = -S-CH2CONHPh 
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Table - 7. 
1 a 

H ~m Spectroscopic data (300 ~illz) 

bNH 

a.S26(1),s 

9. 01 (1), s 

9. 69 (2), s 

9.75(2),s 

bsn-Bu/Cy/Me 

1.26-1.93 (33),m 

o.ss2(6),s 

2 
JSn-Ch 78.94 Hz 

0.865-1.712(18),m 

~ Sn-Ph/N-Ph 

7.05-7.736(20),~ 

7.09-7.59(5),m 

7.11-7.57 (10),m 

7.10-7. 55 (1 0), m 

bCH2 

,. .. :Lr 
··~ 

3.368 (2),s 

3. 45 {2), s 

3.57(4),S 

3.54(·1),S 

--------------------~-----------------------------------------------------------------------------------

L = -SC~CONHPh 
a = Spectra recorded in CDC1

3
, chemical shift in ppm downfield relat·ive to Me

4
si 

as internal-standard. 

s = Singlet, m = multiplet. 

47.1 Hz 

27.27 Hz 

40.90 HZ 

27.27 Hz 
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Table - 8. 13c Nl"ffi Spectroscopic data (bPPm)a 

Compound c1 c2 

3 2 

(4<o>J:snL 136.61 130.08 
3 

3 2.. 

(A1Q!):snL 31.92 31.35 
3 

1 
(CH

3 
)2sn~ 2.52 

4 3 2 1 
{CH3cH2CH2CH2 ) 2sn~ 28.30 26.57 

5 6 
L = -s-CH2 - CD - NH--@10 

g 9 

a = Spectra recorded in CDC1
3 

c3 c4 

130. 00 129.05 

28.86 26.70 

22.64 13.63 

(:i_ 

c5 c6 

31.40 168.00 

32.03 168.75 

c7 

136.75 

137.51 

ca 

1\:.,.
'l,(!r. 

c9 

---
c1o 

128.69 119.65 124.33 

128.89 119.44 124.29 

~2.38 171.42 137.02 128.96 120.68 125.17 

32.52 1~1.67 137.21 128.92 125.06 120.65 
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Table 4 · 

Compound ~ {nm) f. max Other absorption 
max (nm) 

4 
Ph

3
SnL 212 1.80 X 10~ 241 

Bz 3SnL 242 3.75 X 104 
209 

Ph2SnL2 
244 3.95 X 104 

208 

Bu2SnL2 
205 6.16 X 104 242 

He 2SnL2 245 0.78 X 10
4 

206 

cy3SnL 208 2.15 X 104 242 

---
PhNC(NH2 )SCH2COOH, 243 3.33 X 104 210 

(ligand) 

119 .. Sn Mossbauer Spectroscopy: 

A selection of compounas of the tri- and di-series 

were examined by tin-119 ~Pssbauer Spectroscopy. The data are 

summarised in Table 9. The small increase in the I::~omer Shift 

(IS) value for Cy
3

snSCH
2

CONHPh compared with Ph
3

SnSCH
2

CONHPh 

and for Me
2
sn(SCH

2
CONHPh) 2, Bu2sn(SCH

2
CONHPh)

2
-compared with 

Ph2Sn(SCH
2

CONHPh) 2 are due to reduced electron withdrawing 

ability of the cyclohexyl, methyl and butyl group substituents 

compared with phenyl group. 
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Both Ph3SnSCH2CONHPh (1.49 mms-l) and Cy
3

snSCH
2

CONHPh 

(1.85 mms-l) sho\'1 quadrupole splitting (QS) typical of regular 

tetrahedral triorganotin co~~ounds (1.00-2.40 mrns-1 ; 61 • 

cy
3
snscH

2
00NHPh has a tetrahedral structure (please see the 

crystal structure description later). Similarly the QS data 

suggests Ph3snSCHzOON~h to have a tetrahedral structure like 

the tricyclohexyl derivative. 

Five coordinate £:!:.2 and trans R3snx show QS values in 

-1 -1 
the range of 1.70-2.40 mms and 3.00-4.00 mms respectively. 

The octahedral R2snx4 may also show two .types of QS parameters 

-1 -1 corresponding to Cis ( ,.._ 2. 00 mms ) and trans ( ......... 4. 00 mms ). 

The compound Bu2sn(SCHzCONHPh)2 has Q~ value of -2.35 mms-1 and 

possesses a tetrahedral structure distorted tow-ards five coordi-

62 
nate Cis structure with ~ c 2ssnso coordination sphere as 

evident from x-ray crystal structure determinations (a brief 

description is presented later). 

The similarity of QS value for Ph
2
Sn(SCH

2
00NHPh)

2 
of 

-1 2.53 mms suggests a similar structural core of c
2
ssnso in 

Ph2sn(SCH2CONHPh) 2 • 

The QS value for Me2sn{SCH2CONHPh) 2 is 3.12, slightly 

higher than the corresf~nding Bu2- and Ph2- compounds. The less 

bulky .He groups around the tin atom might allow further expansion 

of the coordination sphere leading to six coordination through 

the co group of the secvnd ligand (QS values for trans 
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Table - 9. 119 .. b sn Noss auer -1 (mrns ) data for 

compounds a 

Compound IS QS 

Ph3 SnL 1.29 1.49 

Cy3SnL 1.50 1.85 

Bu2SnL
2 1.38 2.35 

Ph2SnL
2 

1.19 2.53 

.l'-Ie 2sn~ 1.30 3.02 

a = Data recorded at 78K; relative to casn0 3 • 

L = -SC~ CO NHPh 

selected 

r 

0.84, o.83 

0.89, Oe89 

0.91, 0.88 

1.02, 0.95 

o. 92, o. 91 
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Fig. 4.18 119Sn Mossbauer spectrum of tricyclohexyl tin (N-phenyl 
amido methyl mercaptide) 
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4 00 -1 d . - 2 ()0 -1 )61 R2snx4 ~ • rnns a.n ~ R2snx4 ~ • . mrns • HO\vever, 

it is also likely for the 11e2sn (.SCH2CONHPh) 2 to be isostructural 

with Bu2sn(SCH2CONHPh) 2 , the exact geometry, can not be ascer

tained at present \vithout the x-ray crystallographic data. 

Hossbauer spectra of cy3snscH2CONHPh is given in Fig._ 4.18. 

4. 4. 3. 7. Crystc:J Stru~~ 

The study of the structural chemistry of organotin 

corr~ounds has received considerable attentioq owing to the 

various structural types that are adopted in the solid state. 

These may be monomeric or polymeric species. Organotin compounds, 

therefore, are alv1ays interesting to study structurally. In the 

present study we have investigated two compounds as representa-

tive of tricyclohexyland dibutyl series contain-ing the thio ligand, 

namely, -s-cH2-CONHC6H5 • The crystallographic v10rks were carried 

out in collaboration with Dr. C.J. Cardin at the chemistry 

laboratory, Reading University, U.K. A brief description of 

the two structures are presented below: 
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Crystal data: 

c26H4 .. 
1

NOSSn, M'W.= 534.36 Triclinic. . a= 

9.565.(6), b = 13.763 (6) 1 c = 21.701 (6) A 1 CIG= 100.69°(6), 

0 0 . 3 -3 
~ = 99.70 (6), ~= 107.88 (6), u = 2592.9A , De= 1.320 gr.cm , 

~ -1 z = 4, F~OO) = 1036., ~= 0.71069 A, f~o-KcJ = 10.81 em • 

Data collection and reduction: 

3 A crystal approximate size 0.1 x 0.2 x 0.2 mm , was 

mounted on an Mar Research image plate scanner, and graphite 

0 monochromated Mo-Ke:: radiation ·was used to -measure 95 2 frames 

with an exposure time of 12 0 sec per f r arne the data were 

corrected using the XDS package to give 7234 unique reflections 

(Rsigma = 0.0307). 

Structure solution and refinement: 

The structure was solved' by the direct method SHELX 86 

and refined using SHELXL (courtesy of Prof. G.M. Sheldrick, 

University of Gottingen), by full-matrix least squares of 557 

variables, to a final R-factor of 0.0718 for 5670 reflections 

with [Fc:H )4ac(F). All atoms (including hydrogens) were revealed 

by difference Fourier maps. Non-hydrogens atoms were refined 

anisotropically, Hydrogen atoms were placed geometrically and 

refined with a fixed temperature factor of o.o5. The final 

difference Fourier map had a largest peak of 1.280A-3 • 
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crystal structUl':e of cy3snscH2CON~n.: 

I 
The structure,of ~cy3sn(SCH2CONHPh)_7 is shown in 

Fige 4.16, and selected inter atom~c parameters are listed in 

'l'able 10. It should be pointed out here that as mentioned in 

Section 4.4.3.1, ~he ligand PhNC(~2 )SCH2coo- has undergone 

rearrangement to SSCH2CONHPh during the reaction which is being 
I . 

also indicated by the crystallo~ra~[hic data e.g., the angle 
0 . 

0(1)-C(2)-N(1) is 123.4{8), the bond lengths, N(1)-C{2)-is 

1.339(!!)A0
, 0(1)-C(2) is 1.230(1!)l0 and S(l)-C{1) is 

1.808(9)A0
• The ligand, SCH2CONHPh [coordinates the tin atom 

via the sulpher atom forming a Sn-S(1) interaction of 2.425(2)A0
• 

There is no significant interactioJ bet~veen sn (1)-0 (1) or 

Sn (1 )-N (1) atoms. The absence· of otlher significant inter- or 

intra- molecular interactions involving the tin atom confirms 

the monodentate rrode of coordinatioln of the ligand. The angles~ 
C(10)-sn(1)-C(30) of 112.9(4)

0
, C(10)-Sn(1)-C{20) of 110.0(4)0 , 

C(30)-sn(1)-C(20) of 107.7(4)
0

, C(1f)-sn(1)-S(1) of 116.7{2)0 

and C(30)-Sn{1)-S{1) of 107.0(3) 0 ihdicates that the tin atom 

environment is slJghtly distorted tltrahedral. The maximum 

distortion from the ideal tetrahedr\\al geomet~y being manifested 

in the C(10)-Sn(1)-s(1) angle of 116.7(2)0 which may be traced 

to the proximity of the non-coordinating 0(1) atom. The non

coordinating nature of the atom 0(1) is indicated by the bond 

length 0(1)-C(2) of 1.230(!!)A0
• Th~ angle C(1)~S(1)-Sn(1) of 

108.5(3)0 is indicative of tetrahe~al environment around the 

atom S (1 ). 
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Fig. 4.16 The molecular structLire and crystallographic numbering scheme 
for tricyclohexyl tin (N~phenyl amido methyl mercaptide) 
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The molecular structure of Bu2sn(SCH2CONHC
6

H
5

)
2 

is shown 

in Fig. 4.17 and selected inter atomic parameters are given in 

Table 15. It may be seen from Eig. 4.17 that the structure 

adopted a~ intermediate between tetrahedral and £!~-trigonal 

bipyramidal structural type63 • The Sn atom exists' in a distorted 

trigonal bipyramidal geometry with trigonal plane formed by two 

Sn(1)-C(11,21) and one Sn{l)-S(1) bonds. The axial sites are 

occupied by the 0(1) atom, Sn(1)-0(1) 2.472(4)A0
, and the S(?) 

at 2.460(2)A
0

, distorted S(2)Sn(1)0(1) angle is 166.89(13)0
• 

The -scH2CONHC 6H5 ligand spans equatorial and axial sites. The 

Sn(1)-S(2) bond in the second axial site trans to the co-

ordinate sn . . . . . . 0(1) bond is marginally longer C2.472(4)A0J 
compared to Sn(1)-S {1) bond L2.395 {2)A0 J, \'lhilst the sum of 

the equatorial angles at tin is 353.1°. The axial-equatorial 

angles G ( 11 )Sn {1)S (2) and c (11 )Sn (1 )S {1) are ,96. 6 (2) 0 and 
. 0 
120.4 (2) respectively. The close proximity of the 0 (1) atom 

influences the coordination geometry about the Sn atom by 

opening up both the C(11)s~){l)S(l) = 120.4(2) 0 and C{11)Sn(l) 

C(21) = 119.9{3)0 respectively compared to the S(l)Sn{l)C(21) 

angle = 112.8 {2)
0

• Notable in the struc·ture is the .. non-

involvement of the 0(2) oxygen in inter or intramolecular 

coordination. The compound is monomeric, in which the S(l) 

Sn(1)0{1) bite angle is 75.71 (li) 0
• 



l/1 
n 
I 
> 
;:>; 

Fig. 4.17 The molecular structure and crystallographic numbering scheme 
for dibutyl tin bis (N-phenyl amido methyl mercaptide ) 
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Table 10 Selected bond lengths (A) and angles (deg.) 
for Cy 3SnSCHl.C~_H_P_h. __ _ 

Sn(1 )-C (1 0) 2.114(10 

Sn(1)-C(30) 2.160(9) 

Sn(l)-C(20) 2.162 (9) 

sn(1)-s (1) 2.425 (2) 

sn{2)-c(70B) 2.11 (3) 

Sn(2)-C(50) 2.137(11) 

Sn(2)-~(60) 2.171!13) 

sn(2 )-c (70A) 2.22 (2) 

sn (2)-s (2) 2.423 {3) 

S(l)-C(1) 1.808(9) 

S{2)-c (3) 1.816(10) 

0 (1)-c (2) 1.230(11) 

0(2)-C(4) 1.219(11) 

N (1 )-c !2) 1. 339 (11) 

N(1)-C(40) 1.411 (11) 
N(2)-C(4) 1.338 (11) 

N(2J-c(8o) 1.405(11) 

C(10)-sn((1)-C(30) 112.9(4) 

C(10)-sn(1)-C(20) 110.0(4) 

C(30)-Sn(1)-C(20) 107.7 (4) 

c (10 )-sn (1 )-s (1) 116.7 (2) 

C{30)-Sn(l)-5(1 ) 107. 0 (3) 

C(20)-Sn(l)-S (1) 101.7 (3) 

C(70B)-Sn(2)-C(50) 117.6(8) 

C(70B)-Sn(2)-C(60) 102 .. 6 (9) 

C{50)-sn(2)-C(60) 115.9(5) 

C(70B)-Sn(2)-C(70A) 16.4 (8) 

C(50)-Sn(2)-C(70A) 113.6!5) 

c (60)-sn (2 )-c (70A) 116.5[6) 

C(70B)-Sn(2)-S(2} 103.9{8) 

c (5 ')-sn (2 )-s (2) 107.9 (3) 

c (60 )-sn (2)-s {2) 1_o8.1 (4) 

C(70A)-sn{2)-s(2) 91.0(5) 

c (1 )-s (1 )-sn (1) 108.5 (3) 

Contd •• 
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Table 10 (Contd •• ) 

C(3)-:;)(2)-Sn(2) 106.4{3) 

+ C(2)-N(1)-C(40) 124.5 .(7) 

C(4)-N(2)-C(80) 124.9 ·{7) 

C(2)-C(1)-S(1) 114.2 (6) 
O(l)-C{2)-N(l) 123.4(8) 

O(l)-C(2)-C(1) 120.7(8) 

N (1 )-C (2)-C (1) 115.8(8) 

C(4)-C{3)-S(2) 113.5(6) 

0(2)-C(4)-N(2) 123.2(9) 

o (2)-c (4)-c (3) 122.2(9) 

N(2)-C(4)-C(3) 114.6 (8) 

'"" Symmetry transformations used to generate equivalent 

atoms. 
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Table U. Cryatal data and structure re Unement for .. ·c73S,S~H£0NHPh 

Empirical formula 

foTmu lt\. weight 

Temperature 

Wavelength 

Crystal system 

Space g:roup 

Onit cell dimensions 

Volume 

z 

Density (calculated) 

Absorption coefficient 

1?(000) 

Crystal si:z:e 

Theta rang~ ~or data collection 

Index ranges 

Reflec~ions collected 

Independent reflections 

Refinement method 

Data I restraints I par~eters 

Goodness-of-fit on F .. 2 

Final R indices (I>2sigma(I)] 

R indices (all datal 

Extinction coefficient 

Largest diff. paak and hole 

C26 H~l N 0 S Sn 
5~4.362. 

293 (2) K 

0.71070 A 

Triclinic 

p 1 

a 9.565 A 
b = 13.763 A 
c 21.701 A 

4 

1.320 Mg/:n .. 3 

1036 

alpha = 100.69 deg. 
beta = 99.70 deg~ 

gamma= 107.88 deg. 

0.1 X 0.2 X 0.2 mm 

1.66 to 24.82 deg. 

O<:=h<=ll, -l6<=k<=l5, -25<=1<=24 

7234 

7234 [R(int) .. 0.0000] 

Full-matrix least-squares on F .. 2 

1. 062 

Rl = 0.0718, wR2 • 0.1932 

Rl = 0.0987, wR2 • 0.2219 

0.0082(9) 

1.280 and -1.365 e.A .. -3 
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'Ia.ble1J. Atomic coordin~tes ( X 10.4) and equiv~lont iaotrapic 
displacement param&tera (A•2 X 10.3) O(eql ia defined 
a~ one third ot tba trace of tho orthogon•li~ud 01j tan•or. 

c13s~ SCH2C..ON \-1 P'"-

+ X y :r. 11 (eql 

Sn ( 1) 1~)8 (1) 188 ( 1) 3588 Ill Sl(l) 
Sn(~) 6\66 (1) :HH Ill 480(1) 6811) s 11) 212113) 7 5 12) 279211) 65 Ill s (2) 7727 (3) 1654 (2) 864 (l) 66 (l) 
0 ( 1) 4 9 3 I 8 l 153316) 231714) 7912) 
0 ( 2) 5-11017) 172616) 197813) H(2) 
N ( 1 l 2933 (8) 22H (5) 2283 (4) 55 (2) 
II ( 2) 783118) 1979 (6) 2432 Ill 54 (2) c ( 1) 1859 (ll) 4 00 17) 2088 (4) 57 (2) c ( 2) 1688(11) 14-\7 (i) 222414) 55 I 2 l c (3) 6742 (ll) 90117) 136415) 6 3 (2) c (ol) 65tH 110) 1567171 1947 (41 53121 
C(10) -1081 (ll) -79 (7) 32lil4l 5912) 
C( llA) -1854 (U) -1111l4) 3755 (13) 87 I Bl 
C(1lB) ·1936(25) -562 (20) 3748 110) 6615) 
C(l2A) -3655 (39) -266 (:18) 3462116) 112110) 
C(l2B) ·36:10 (23) -720117) 3579(10) 61 (5) c (13) -4312 (l:l) -1446110) n-44161 86 (3) 

~ 
c ( llo) -3563114) ·1159(121 2422161 102 141 c ( 151 -18571lolol -9031111 261316) 94(41 c 120) 1480 (12) ·1038(8) 4047(5) 68121 C(21) 2985(15) ·HS (9) 4472 (6) 92(41 c (22) '3111 (181 ·1618(111 4802(7) 11515) 
Cl23) 2698 11?1 -2649 (10) 4310(7) 107 (4) C(24) 1243120) -2942 (1·0) 3885 (8) 126 (7) c (25) 1123(17) ·2079(8) 354716) 9915) C ()OJ 2411113) 1686(7) 4289(4) 6813) c llll 2554120) 2597 (9) 4007 (6) '110 (5) C(32A) 3748(30) 36401181 45761i1) 72161 C ll2Bl 3H712Bl 3658117) 4479110) 6416) c ( 3 3) 27SO (20) 3705(101 5104(7) 11215) c (34) 2688 119) 2815(11) 538616) 109(5) Cl35) 181~ 1151 1H6 (9) 4877(5) 8914) c (40) 3044 (12) 3338 (7) 2468 (5) 63 (2) 
CIHl 1952 (14) 3682 (8) 2207 (6) 79 (3) C(-12) 2115 (19) 4727 (11) 239518) lOllS) C(-13) 3396(23) 5-ll9 (11) 2817 (8) 111 ISl C(H) 4540 (21) 5083 (10) 3069(6) 108(5) 

)!!' c (-\5 l 4358(15) 4029 ( 9) 2903 (6) 86(3) c (50) 6Hl(l5) 3885(9) 1::6!1 (6) 81(3) c (51) 5907(20) 475~ (11) 1048(7) 113 (51 
CIS~) 6088 123) 562S Ill) 1612 (81 135 (71 C(53l 7570 IHl 60·'7 111) 2058 (8) 129(6) c (54) 8130 (18) 5218110) 2274 (7) 109(5) 
CISSJ 7773 (15) 4)59 (9) 1676(6) 92(41 c 160) 3886(13) 1497113) 51 (51 95(4) c ( 61A) 3068130) l670(:l3) 613113) 82 (6) C16l8) 2781127) 1115120) 468(11) 7115) C(62A) 1400 (37) 914(25) 296 (15) 111(9) C(62BJ 2138(35) 2012(23) 6l7 (14) 102(8) c (63A) 698 (29) 15151211 ·208 (121 86(61 c ( 638) 1311 {l?) 2242 (19) 27 (11) 7 8161 C(GU) 1652 !35) 1567 (24) -723 (l5l 106 (8) CI64BJ 2505 Ill) 2508 (21) -396113) 93 (7) 

~ \ 
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C (65A) 3303 (31) 2072(23) -.U-6(13) 85(7) 
C(6SB) 2936(27) 1488 (20) -595(11) 72 (6) 
C ('1 OA) 7596 (21) 3099(13) -194(8) 43(<l) 

-t- C(70B) 6918(36) 3002(22) -333(14) 89 (8) 
c (71) 7087(15) 2110(8) -787 (S) 83(3) 
C(72A) 8445(38) 2555(24) -1201(15) 93 (9) 
C(72B) 7788(33) 2313(20) -1354(12) 76 (7) 
C(73) 7944 (25) 3323(14) -1480(8) 139(7) 
C(74) 8328(23) 4282(12) -898(7) 128(6) 
C (7 SA) 8166(48) 3994 (32) -208(20) 138(12) 
C(75B) 7 2-5-B- (-22 l 3981 ( 1-4-) -4-58 (-9-) 59-( 4) 
C(80) 7958(11) 2642(7) 3030(4) 57 (2) 
c ( 81) 6833(13) 2450 (10) 3362(5) 75(3) 
C(62) 7072 (19) 3131(15) 3964(7) 107(5) 
c ( 83) 8j5aC23l 3948 (13) 4232 (6) 109(5) 
C(84) 9510(21) 4121 (10) 3898(7) 106 (5) 
C(85) 9298 (14) H90 (9) 3304(6) 81(3) 
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Table 1'3. Cryotal data and structure refinement for 2,u2.S'Y\(SCHl.C.O N H Ph)l. 

Smpirical formula 

Formula weight 

Temperature 

W<&velength 

Ct"'fotal oyotem 

Space group· 

Unlt cell dimenoiono 

Volume 

z 

Denoity (calculated) 

Aboorpt1on coefficient 

F(OOO) 

Cryotal oize 

Theta range for data collection 

Index rangeo 

Reflections collected 

Independent reflections 

Refinement method 

Data I reotrainto I parame~ers 

Goodness-of-fit on F"2 

Final R indiceo [I>2sigma(I)] 

R indiceo (all data) 

Sxtinction coefficient 

Largeot diff. peak and hole 

C~ H34 N2 02 S2 Sn 

S.6,., 38 

293(2) K 

0.71069 A 

TTiclinic 

Pi 
a c 12.4920(10) A 
b D 13.SSS0(10) A 
c D 15.3930(10) A 

4 

l.SS2 Mglm"J 

1216 

0.1 xO.l. x0.2 mJ 

1.92 to 24.71 deg. 

743S 

alpha Q 82.3440(10) dog. 
beta • 81.3450(10) deg. 

garoma g 81.4470(10) deg. 

743S [R(int) g 0.0000] 

Pull-matrix least-oquares on P"2 

7423 I o I 600 

l.OSJ 

R1 • 0.049S, wR2 • 0.1230 

R1 ~ 0.0731, wR2 • 0.1734 

O.OO.U(4) 

0.683 and -o.aso e.~"-3 
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Tabla 1ll· Atomic cuordinatea ( X 1o••1 and oquivalont iaotropic 
dloFlacomcnt parGmotoru (A•2 II 10.3) U(cql 1• defined 
oa ono third of tho traco o! tho orthogonalizod Uij tonoor. 

8~.t1S..,(5C~2.CO Nl+ Ph)l-

X y z U(eq) 

+ ~r.ll J 1195(1) 2283(1) 47H (1) 47 (1) 
!;C}J lH(l) HJ4 (1) S7l5(1) 49 (1) 
s IJ I ·U2(2) 15~0(1) 4575(1) 60 (1) 
0(11 ~ r, = J ( 4) 30H (3) 5268(3) sa ( 1 l 
0 ( Jl ·1902 (5) 3H6 (~) 3331 (4) 82 (2) 
Nl II 2973 (4) 4284 (4) 5981 (4) 49(1) 
Nl:"l - 9Jl (~I 2588(~) 2812(4) so ( 1) 
C(ll 1157 (S) 4273(5) 57H (6) 59 ( 2) 
Cl: I H23 (S) )801 (5) 56~3 (51 50 ( 2) 
CtJ l ·1-139 (61 2592 (6) -1375 ( 5) 6 J (2) 
Cl -1 J -1~~; (>) 3100(5) JHS (5) :. 7 ( 2) 
Cilll 2085 (7) 952 ( 5) 5H7 16) 69 ( 2) 
r: 11 :!.;, 3225(151 6U (1~) .. :i ou { 12) 61 (8) c t ll.;J J 3 6"6 ( 0) -166(33) ~Ja6ill) !Sa (H; 
'":ll:!IJI 2835(18) 483(30) .. ":! 6 '2 6) 193 (20) c illlll H81 (Jl) ·52 (26) -1)57 (JE) 19-i (22) c, :-&1 Hl7 (9) ·187 (10) 3690 (9) l: 9 ( 5) 
Cl: 11 1736 (7) 300~ (6) H78 (5) 71 (2) c t:l 2) 1277 (9) -10-10(8) 3290(7) 112 (4) 
c.~ ll 1715(12) -1530(13) 243-1(11) 17-1(8) c •.: 41 1164(19) 5010(22) 1970 (12) 276(17) c ~! 1) HH(6) -1923 (5) 6152 (6) 62 l2) 
("~~:!) f71) !61 <1655 (6) 6196 (6) -:-; ( ~) c' 5)) 62BO ( 6) 3727 (6) 6114 (5) E 8 •. 2 I c' ~~-~: 576> (6) 29B4 (6) 5971 (6) 6B (2) 
(" \ ~!,) -1657 i6) 3142 (5) 590B (5) 61 ( 2) 
t"1Sbl -1095 ( 5) 4058(~) 60C> (4) ; 5 (1 j 
Cl~l) ·ll (6) 2323 (5) ~397 (5) 64 ( l) 
~\6:!} 144(8) 2567(8) 501 ( 6 I 93 (3) 
Cl b)) .· "2 ~ '12) 3373 (11) II J I 7) llS (5) c. b-l) -1196(13) 3953 (10) OJ (8) ~46 (6) 
c (65) -1381 (B) 3693 (B) 1516(7) 96 il) 
C". 661 • 798 ( 5) 2884(5) 1914 ()) 5) ( 2) 
!;11 I~) -H91 (1) 1505(1) 8691 (I) 51 ( 1) 
ZD) -10-19 (l) 836(2) 9J8] (1) 7 2 ( 1) :; ';I - 1 8 a J 1 11 1 50·1 ( 1) .ll:Z C ~ 1 I 51 ( 1) 
(..' \)) ·)189 (4) lSH (4) 10JO:l (Jj 70 ( ~ l 

.... ''"'' B 12 ()) ·293 (J) 7He 131 so ( 1 I N ( J) ·2557 (4) 1304 (4) 116H (4) so r 11 Ill -I) 4) 3 ( 4) 1JBO (4) 7H6 (4) HI I) c (~) ·1524 (6) 516(7) 10423 (5) 70 (2) Ci6) -2501 (5) 1206 (5) 10768 (5) 53 ( 2 I c l ~ l • ~oo I 5 I 415 ( 5) 7061 (5) H(l) Ci8) 209 I 4 I 469 (~) 7312 (4) 40(1) C(J 1) -3187 (6) 3059-(6) 8666(6) H(2) CIJ2) --1390 (7) 3352 (6) 8789(11) 89(3) C Ill I ·47-11 (9) 4425 (7) 8799 (9) 109(4) C!Hl -59)0 (9) H93 (9) 8879(13) 165(7) c I -Ill ·3910 (91 55 8 ( 8) 88J7 (7) 98 (l) 
C" <•2A) ·JB8l\21) ·-102(21) 8962 (40) 1H (2,21 C I -llAJ ·l11G(~l) ·1104 (26) 9068 (H) 177 (22) X C(~2B) -3057 (U) ·678(32) 8846 (H) 184 (25) C I-ll IJ) -384-1 (J7) ·ll21 (32) 9145(H) 164(20) C"IHI ·l176(15) ·2201 (H) 9lll (1~) 164 ( 6) c I 7ll ·)314 (5) 1H1 (5) 13047(5) 53 ( 2) Cli:!) ·-1088 (6) 2102 (6) 13636 (5) 64 12) C l7J I ·4962 (6) 2699 (6) 1JJH (6) 68 (2) C I 7-11 ·504216) 2837 (6) 12485 (6) 76 (2 I c (75) ·-IH5 (6) 2UB (6) 1!871 (6) 72 (2) Cl76) •))8-1 (~) 1792 (4) 121 H (4) H(1) 
ct e 11 2H6 (5) 1123 (6) 7551 (5) 6o i 21 C I B 21 ll eo~ 171 1481 (9) 7alC (7) 9.; i)) 
C I B l I JOJ8 (9) 2362 (ll) 8~2) {8) ll s (; i 
<:' e -11 ~O~J (9) Hl1 (10) e l 1 1 ~a' l16 ( 4) C I B)) 11 :n (7 I 2S8J (7) Hl7(6) , 6 ( 21 
C IB~ l D J6 (5) 16a8 (SI ; .c; l ~ l .. ) 50 ( 2) 
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Table 15. selected bond lengths (A) and angles (deg.) 

for Bu2sn(SCH200NHPh). 

sn (1)-c (11) 2. 092 (7) 

sn ( 1 )-c ( 21 ) 2.125!7) 

sn (1)-s (1) 2.395(2) 

sn {1 )-s (2) 2.460(2) 

Sn(1)-0(1) 2.472(4). 

S (1)-C(l) 1.776(6) 

S(2)-C(3) 1. 782 (8) 

0 (-1 )-c (2) 1.220(8) 

0(2)-C(4) 1. 2 09 (9) 

N{l)-C(2) 1.317(8) 

N (2)-c (4) 1.327(8) 

C(1)-C(2) 1. 495 (9) 

C (11 )-C (12A) 1.46(2) 

C (12A)-C (13A) 1.30(4) 

C (13A)-C (14) 1.56(4) 

C (21 )-C (22) 1.445(13) 

C (22)-C (23) 1. 461114) 

C(53)-C(54) 1.331 (11) 

C(54)-C(55) 1.385(10) 

Contd •• 
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Table 15 (Contd •• ) 

C(11)-Sn(l)-C(21) 119.93(3) 

c (11 )-sn (1 )-s (1) 120.4 (2.) 

c (21 )-sn (1)-s (1) 112.8(2) 

C(11)-Sn(1)-S (2) . 96.6 (2;) 

c (21)-sn (1)-s (2) 106.0(2) 

s (1 )-sn (1)-s (2) 93.80(6) 

c (11 )-Sn (1 )-o (1) 82.5(3) 

C(21)-Sn(l)-O(l) 85.5 (3) 

s (1 )-Sn (1 )-0 (1) 75. 71 (11) 

s (2 )-sn (1 )-0 (1) 166.89 (13) 

o (1)-c (2)-c (1) 122.0(6) 

o (2 )-c (4)-c (3) 120.6(6) 

Symmetry transformations used t·o generate equivalent 

atoms. 
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Table 1.1, Hydrogen c:oor<hnatoo ( X 10"4) and iootropic: 
dioplac:e~ont parn~atoro (A"2 X 10.3) for flu.\ ~YI(.SC ~2.C.O ~ 1-' Ph)l. 

:j.- X y 1 Ul•ql 

II ( 1) 2663 (41 4811(4) 6219 (4) 59 
ll(l) -6H(4) 1967(4) 2971141" 60 
HilA) 1065(5) 4816(5) 5272 (6) 83 (9) 
H(lB) HS(S) 4563(5) 6100(6) 83 (~) 
HCJA) -2150(6) 2)7~(6) 4567(5) 63 (9) 
H 1 38) ·116~ (61 3090(6) 4752(5) 83 ( 9) 
H (liM ~059(7) 982 (51 5876 (6) 82 H ( IIIII 168) (7) 410 (5) 5189(6) 82 1111 41\l ill5(9) -3H (10) 3114(9) 193 Iii Hill Hl9 (9) -BOJ (10) 

i070 "' 193 H(HCI 5032 (9) 1"14(10) 36H (9) 193 II ( ~ 1hl 2524 171 :t972 (6) H16(5l 65 1\(HII) lS67!71 ~627(61 3033 15) 85 li!22AI li08 (9) Hll (81 J/51 (7) 134 
Hi~2BI Hl (91 -1072 (81 JJ!l (7) 134 II 123hl 2230(121 4951(1)1 25H(ll) 209 
H 12 Jill 2136 (12) 40061131 2106(11) 209 H t~-tAi 1602 (19) 52711221 !Ha 1121 4H HIHBI 753(19) 5556(22) 226i(121 H4 H\2-ICI 610(19) 4601(22) 1810(12) 4l4 ll (5 ll -1233 (f) 5455(51 62~1 (6) 107(7) 
Ill 52 J 6075 (6) 5179(6) 6282 (6) 107(7) Ill 53) 70H (6) 3611 (6) 6159(5) 107(7) 1\(54) 6153 (6) 2350(6) 5H3 (6) 107 (7) 

~ 
ll! 55 I i30i (6) 2622(5) S8oo !51 107 Pi ll ( 611 3 8 1 ( 6) 1764(5) 1657 (5) 107 ( 7) HI 621 664 ( 8) ll65(&) U9(6) 101 (7) H (63 I -2!;6 (12) 3542(11) ·H6(7) 107 (7) H ( 6; I ·1593(1)) -1524 (10) 375(8) 107(7) It( 6~ I -1920(8) •oacal 1857 (7) 107 (7) H <:1) ·19~·l\-ll. lOH(-11 1185St•l 60 H (-I) - S3 ( -1) 1858(4) 7180 (-l) 5-1 H (SA) ·1708 (6) -164 (7) 10505 (5) Bl (9) H(SB) -938 (6) 527 (7) 1076\HSl S3(9) H(7A) ·1206 (5) - 13 3 ( 5) 7440 !Sl 83 (9) li(ill) . 7~6 (51 H2 (51 6-159(5) 83 ( 9 l ll(JlA) -2882 (6) 3303 (6) 9127 (6) 89 KIJ1Bl -lU-\(6) 3388(6) 8103\6) S9 H ( l2Al --1691 (7) 3125 (61 Bll7(8) 107 H(l2Bl 0 ·469-1("1) 3004 (6) 9H3 (B). 107 H (JJA) ·H76 (!I) HH(7l 9291 (9) l)l H(l3Bl ·Hl2 (9) 4779(7) 8258(9) 131 ,:-. 
H(HA) -6109 (9) 5406(!1) B8B5(13) ~ .. , 
H(Hil) -6262(!1) 43!>6(!1) 9-118 (13) 2-17 11\HC) ·6137(<)) H93(9) 8385(13) 2-\7 H(HAI ·Hl-1(9) H3(8l 9l22(7) llB lll-1111) --1268l9l 756(8) 8312 (7) 118 H(HAI ·H5B (15) -25!>7 (1-1) 92!;1 (12) 246 li(HBI ·H65(15) ·2HS(li) 8128(12i 2-l6 H!HC) ·l6H(15) -2357(14) 97S3(12) 2-16 ~ H !"11 l -2728 (5) 1215(5) 13251 (5) 107(7) 111"12) --1017(6) 200B\6) H:ns1s1 1o1 111 H ('ll l -5500(6) 3009(6) 13H1 (6) 107 (7) H(H) -5656(6) 322!1(6) 12:191 (6) 107(7) H (75) --1290 (6) 2557 (6) 11269 (6) 107 (7) H(B1) 2-151 (5) 503(6) iJH\5) 1o7(1) H(B2) 3872(7) 1104 (9) 7769(7) 107(7) H (83) 3620(9) 2591 (11) Bll2 (8) 107 (7) H (8-1) 1967(9) 3563 (10) Bl6oi(B) 107 (7) H(85) 502(7) 2956(7) e~oot6l l01(7) 
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4.4.3.8. Biocidal Propertie~: 

Introduction: 

we discuss below the phytotoxicity and fungicidal 

activity of the synthesised compounds. Search for new pesti-

cides is essential as even successful pesticides can loose th~ir 

effectiveness due to growth of resistance of pests towards these 

pesticides. Moreover, consideration of environmental pollution· 

may lead to the discontinuance of some successful pesticides 

in future course of time. In the search for new pesticides, 

organometallic compounds are gaining much more importance day 

by day. Many organotin compounds are reportedly toxic to various 

organisms and a number of· them have limited but significant 

uses as biocidal agents in agriculture· and technology32 ,33. 

The main advanta£es of organotin agrochemicC~ls, which mainly 

possess prophylactic action are their relatively low phyto

toxicity, low toxicity to non target organisms34·~ 3 5 , lack of 

resistance to crop pests to these chemicals, end degradation in 

env ironrnental situation to harmless inorganic tin residues3 6 • 

Much work has yet not been C!one for controlling the plant 

pathogenic fungi by using organ:otin compouncJ.s. Therefore, study 

of fungicidal activity of the synthesised compounds is imf.Qrtant. 

'l'he fungicidal activity of any compound will be of real 

value if the compound has negligible phytotoxicity. For this 

reason, the compounc.1s were tested also for their phytotoxicity 

level. 
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Experimental 

Fungicidal activity 

Materials and Method: 

The fungal isolates used are given in the following 

table : 

Species Code Host of origin Source of 
isolate 

---=---- --
Alternaria rrcca -3022 brinjal, Plant Pathology 
alternata tobacco Laboratory, 

Centre for Life 
Sciences, N. B. U. 

Helminthosr~riurn ITCC-2684 Wheat n 

sativum 

aiTCC = Indian Type Culture Collection. All the 

apparatus used were sterilised before use. · 

i) Preparation of the culture media; 40 gms of potato 

was extracted with boiling water, 2 gms agar-agar (KDBA, 

Japan) and 2 grms dextrose were added to the water extract, 

volume made up to 100 ml and boiled for few minutes until a 

clear.solution resulte6. 0.01 gm of streptomyc~n sulphate was 

added to the potato-destrose-agar (PDA) medium as anti

bacterial agent. Then slants for culture of fungi were prepared 

with this media by pouring about 2 ml of this molten media in 

each test tube and held in slanting conaition till the media 
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solidified. Then the media was impregnated with spore and kept 

in incubator at 28 + 1 °C for 15 days. 

ii) Preparation of spore suspension: After 15 days, spore 

suspensions were prepared by using sterile double d'istilled water· 

which were used subsequently for experiments. 

iii) Study of the inhibitory effects: The in vitro 

fungicidal activities were deterr:tined follmving spore germination 

method as described by Rouxel ~ ~37 • Compound solutions (two 

drops) were placed on tv;o spots, 3 em apart in a clean, grease 

free glass slide and the solvent was allowed to evaporate. Then 

a drop (0.02 ml) of spore suspension, prepared from 15 days old 

culture was added to these treated spots. In this way sets for 

various concentrations of the compounds were prepared. The slide·s 

were left for 24 hours under humid condition. Finally, one drop 

of a cotton blue-lactophenol mixture was added to each spot to 

fix the germinated spores. The number of spores germinated 

compared to control was then calculated considering an average 

of 500 spores per treatment. The percentage of inhibition with 

respect to control was calculated using the Vincent38 equation: 

% inhibition = C-T X 100 
c 

where C and T are germination of· spores under control and 

treated spore suspensions respectively. The '}~ of spores inhibited 

from germination were determined at different concentrations. 

Then from the percentage of inhibition graph plotted against 
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concentration, the ED (effective dose for 5~/o inhibition) so 
values were calculated in microgram per millilitre (ppm) unit 

and presented in Table - s. 

Results 

The detailed experimental results are given below in 

tabular form: 

Table - 5 

En50 values ~ vitro of the compounds in ~g/ml 

Compounds Name of funSii ,., !:!· sativum f:.· aiternata 

Ph3SnL 0.12 39.80 

Bz 3SnL 316.20 1.,58 

Ph2Sn~ 20.95 0.90 

Bu2sn~ 19.95 1.25 

cy3SnL .. 3.16 0.89 

L ~ -S-CH2CONHPh. 

Phytotoxicity: 

Materials and Method: 

The in vitro phytotoxicity study of these compounds 

were done on rice ~eeds of PUSA 2-21 variety, collected from 

Chinsurah Fice Research Institute, Hooghly, west Bengal, India. 
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Rice seeds were dipped in compound suspensions at 

different concentrations (25, 50 and 100 ~g/ml) for 1, 4 and 8 

hours. The treated seeds were allO\>Ted to germinate, sowed over 

a mat of moist filter papers arranged in covered petriplates. 

one hundred seeds were treated for each experiment. After seven 

days the germinated seeds were counted against control; ·seeds 

producing a root, or coleophile were considered as germinated. 

Each experiment was repeated in triplic-ate. 

All apparatus and materials were sterilised where 

necessary using standard procedures. 

Results: 

Table -6 

The results of phytotoxicity study are given below 

in tabular form: 

Compound Concentration % of germinated % of 
(ppm, ug/ml) seeds treated for germinated 

1 hr. 4 hr. 8 hr. seeds in 
control 

Ph3snL 100 86 84 75 

so 89 87 83 92 

25 90 89 86 

Bz
3

SnL 100 85 85 82 

50 89 86 86 94 

25 92 92 90 

Contd •• 
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Table - 6 (Contd •• ) 

Compound Concentration % of germinated % of 
(p,t:m, ug/ml) seeds treated for germinated 

1 hr. 4 hr. 8 hr. seeds in 
control 

---
Ph2SnL:2 100 87 83 78 

50 88 86 86 91 

25 88 87 87 

Bu2snL:2 100 75 72 65 

50 88 s5 83 91 

25 91, 89 87 

Cy3SnL 100 90 88 84 

50 93 93 91 96 

25 96 94 94 

L = -S-C~C:0NHPh 

Discus~: 

From table 5 it is clear that against !:i• ~tivum, 

J?h3SnSCH2C:ONHPh is the most effective while against A. 

alternat~ Ph2Sn(SCH2CONHPh)
2 

is the most effective. 

Ph2Sn (SCH2CONHPh) 2 and Bu
2
sn (SCH

2
C:ONHPh).

2 
although being 

R2S~ type, show a high anti fungal activity comparable to 

that of R3snx types. The presence of •s• atom in the ligand 

probably has enhanced the fungicidal activity of the 

R2sn(SCH2CONHPh) series. It is worth mentioning that studies 

show that Bz3SnSCH200NHPh is more active against the fungus 

~· alternata than H. sativum. 
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Rice seed germination studies (Table - 6) showed that 

the germination is somewhat more inhibited in case of 

Ph
3
sn(SCH2CONHPh) and Bu2Sn(SCH2CONHPh)

2
, if the rice seeds 

are treated for a longer period, the latter having a greater 

inhibiting effect. Amongst the compounds, Bu2sn(SC~CONHPh)2 
is the most phytotoxic. As a whole, the compound tested have 

a negligible phytotoxicity. 
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