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Books; reviews 

In 19.71 the first two volumes appeared of a new monograph entitled 

**Or ganotin Compounds !‘, edited by A. K. Sawyer cl, 21. Authors of a variety 

of well-known organotin research centers have contributed to this up-to-date 

monograph which covers the entire field of organotin chemistry. Volume I 

deals with the oiganotin hydrides, halides and oxygen derivatives (oxides, 

alkoxides). Volume II contains chapters on organotin oxygen (carboacylates, 

salts, complexes ), sulfur, selenium, tellurium, nitrogen, phosphorous, 

arsenic, antimony and bismuth compounds. Much attention is given to 

reaction mechanisms and physical methods like IR and NMR spectroscopy. 

Tables of physical constants of compounds .have been added to many chapters 

Complexes of organotin halides with arnines have not been included. Volume 

III, containing among others a chapter on.applications and biological effects 

of organotins will appear within short. 

Sharp et al. composed a review with 458 references on inorganic, organic 

and organometallic compounds containing elements of Group I-VIII E31. 

Less specific review articles. on organometallic chemistry, organotin ..: 

chemistry included,~ have been prepared by Stone c4,57 and ROC~OW c6>. 

Heter&yclic coinpounds of the &x~p. IV elements have b&n syve$kd gy 

Yoder and &&&,rman oh’the-basis of.390 refer&es c?l. 
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Review:papers.on specific class,es oforganotin compounds are being’; 

mentioned_belowunder the relevant headings. 

-Direct s--theses. Matsudaprepared.a review in,Japanese on&z methods 

of preparation of organotk compounds s&ha& R,Sr$, RgREkX, 

R3SnH, "4% and (R2Sn),, together with reactions of tin-carbon bonds c83 

Organoantirnony compounds havebeenfoundto be very effective 

catalysts in the direct synthesis of dialkyltin dibromides and dichlorides 

(cf. AS 69;486)E93 R eaction of tin powder with octyl chloride, initiated 

by octyliodide and catalyzed byPC13 gives a mixture of OctZSnCIZ (about 

58%) andOctSnC13 (about 15%'0), whereas no Oct3SnClis formedC101. 

Rather complex catalyst systems for the reaction of tin with alkylhalides 

have been describedin a German patent applicationCll]. For example, 

reaction of tin (15 parts) with octyl chloride (56 parts) for 4 h at 155O in 

the presence of H3R04 (0.6 parts), 0ctNH2 (10 parts), redP (0.5 parts), 

I2 (1.5 parts) and 1-octanol (1.7 parts), gave 94% conversion of tin to give 

34% of GctSnClj, 47% of OctZSnCIZ and 12% of Oct3SnC1. 

Reaction of tin with alkyl iodides to give alkyltiniodides may be 

catalyzed by amines (cf. AS 69; 486 and AS 70; 249)tlZI& by organic 

acids and alcohols (cfc. AS 6.9; 486) cl31 - and by zinc together with alcohols 

El4, 152 Another direct.s&hesis process involves reaction oftin/zinc 

or tin/magnesium mixtures with alkyldalides in the presence of a catalyst 

mixture comprising a quarternary ammonium saltaidznether, thioether or 

amine El63 

.- As regards the direct synthesis of dialkyltin dibromides under the 

influence ofy-irradiation (cf. AS 70; 2491, Popovaet determined the .- 

60 
optirnurnratio r of diameter to height for Co Y.-radiation chemical 

~reactors C177. 
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Alkylation and arylatiok Rate studies of the gas-phase reaction of 

trimethyltin chloiide with sodium were interpreted onthebasis of attach 

of the sodium ontininstead of.on chlorine, qiz. r181: 

Russian authors reported a slightl?modifiedBarbier synthesis oftetrabutyl- 

tinby reacting simultaneouslymagnesium, butylbromide andtintetrachloride 

in hydrocarbon solvent containing ten percent of dibutylether cl93 By 

means of Grignardprocedures a series of alkoxyphenyltin derivatives, 

lo-RO-C6H4)4Sn, have been synthesizedCZO3 

According to GotzeCZlg reaction ofneopentyhnagnesium bromide with 

tintetrachloride gives 82% oftetraneopentyltintogether with only a trace 

of hexaneopentylditin. In contrast, reaction of neopentylmagnesium chloride 

withtintetrachloride has previously been reported to give trineopentyltin 

chloride (62%), hexaneopentylditin (3270) and only a trace oftetraneopentyl- 

tin~G.Zirnmer. et_ J.Org.Chem., 29 (1964) 26322 Grignardtechniques 

were also applied by Jutziinthe synthesis of 9-sila, -germa and -stanna- 

dihydroanthracenes [IZZI 

ClMg.MgCl 

(M = Si,Ge,Sn) 

+ Me2SnX2 

(M' = B- R" = Me,Ph,Cl; . 
M' = As;R*' = Me,Cl; 
M' =Sb; R” = Cl 1 

Tin-hydrogen compounds. Seyferth composed a review of reactions of 
-. 

Group IV hydrides and halides with diaioalkanes, carbenes, halomethylzinc 
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.comp~~~ds-‘and.sodio-trichloroacetate and the.formation.of carbenes from m_’ 

merouriali E23>..Sn reactions’ of organosificon-&d;organotinhydrides with 
_. 

ZinC $arbqoids generatied from dieihylzinc and -gernina diazotianes .it was 

observed that with- Et3SnH reduction of the orgtiic iodide predominktes over 
. 

methylene ins.&tion &o the Sn-H Pond.[524]:- 

Et+?.+ CH_.& +:‘Et2Zn 

By &nventionai’tkchniques some mixed alkyl and alkylaryltin &hydrides. 

RR’SnH8 (R = Et, R’ = Bu, Ph; R = Bu, R * .= Ph) have been synthesized c25, 261. 

A patent application has been filed on the preparation of cyclohexyltin trichloride 

(4% yield) and iso-propyltin trichloride (8% yield) by reaction of tin foil with 

hydrochloric acid and cyclohexene or propene, respectively, in diethyl ether. 
:. 

The reaction is suggeated to proceed by addition of intermediately formed 

I-&Cl_3 following Markovnikovrs rule E271. According to the same team 

addition of SnH ’ 4 
to olefins such as 1-butene, is effectively catalyzed by a 

mixtv-re of t-Bu 0 and cobalt-naphthenate to give unlikely high yields of the 
22. 

corresponding tetraalkyltin compounds, e. g. 73% of Bu4Sn i28]. 

In an attempt to synthesize organotin barbiturates Maire etal. performed 

the hydrostannation reaction c29]: 

AIBM 
R3SnH + CH2TCH-CH2-CR’(COQet)2 F R3Sn(CH2)3CR*(COOEt)2 

(R = Me, Bu. Ph; 
Rx = H, Me, Et) ; 

Cycfizatlon of these adducts with ureum failed with.the butyl and phenyl 

derivatives; but succeeded with ihe kegby compound c307- 
-. 

: 

: 
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Me3Sn-(&iz)3- &R(CO&t); a t 
(NHZ)ZCO‘ : :I.-. : . . .; : ,C(O):NH,- .:.’ 

‘_. ._ -‘. ~.e3:~~-‘C~2’3-~R,_C(0) NH,c(0) 

(R = B, Me) 

. 

Japanese workers reported on Y-educed addition of RjSnK (R =.-Et, B;) 

to carbon-carbqn double bond systems, e. g.,c311: 

Bu3SnH i- CH2=CHl$ A Bu3SnCHZCHZR (R = COOEt, CH;OOCCH3) 

i 

Investigations into the relative reactivity of alkenylsilanes towards Group 

IV hydrides such as Et3SnH, showed the order of reactivity of the unsaturated 

substituents to be ethynyl ) vinyl > ally1 > methallyl E321. 

By ESR spectrometry Kawaxnura determined that the principal 

adduct formed in the addition of Me3SnH to 1, 3-butadiene is the trans-o- 

substituted allylic radical (I) rather than the cis-isomer, as reported 

previously by Kuivila et al. (cf. AS 67; 361). Presumably in the latter 

studies isomerization had occurred [33-J. UV catalyzed addition of 

MegXSnH (X = me, Cl, Br, I) and of MeC12SnH to norbornadiene afforded 

in each case four isomers (II-V). Mechanism and structure are discussed 

(iIf) (VI 

in detail c347. R ussian groups studied the hydrostannation of some acetylenic 

c357 and vinylacetylenic alcohols 1361 as well as of enyne hydrocarbons 

containing Group IV substitueixts (C, Si, Sn) at .the triple bohd r377, viz. 

RC=C- CH=CHZ (R = alkyl, R$%i, R3Sn)i ‘With the tin derivatives relatively 
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'.:ltirge Rr,oRo~rtio&~of allylic-products are formed. ‘. .c.._l. :- .--. y.- . ..- Next to~mductive~effects ..-.. 
: 

.‘steric-effect; tiere concluded to be &great importance as regards the product. 
/.. . ..- 

:-_distiibutipn obtained. 
: 

&elrad etal.r38>. used the adduct obtained on additionof Bu2SaH. to 
2 : 

o4liethynylbenzene;VI, as an intermediate forthe preparation of 3-H-3- .. 

benzobor.epm-3-ol. Insufficient credit was given to Leusinket al; who made 

detailed studies of this particular tin-hydride addition reaction& AS 70; 

254jandwhopreparedthe-veryfirst examipie of an aromatic beniobo&epin 

(cf As 67; 292). -2 

T ,Bu 

CL 
’ I 
1. - 

Sn\Bu 

(VI) 

As reported by Neumannetal., r397free radical displacement reactions 

oftriorganotin radicals withtriazene systems canproceedin two different 

ways: 

/> Ar-N(SnR3)-NH-NRlR2 

R3Sn. + R1H'3SnH X1* + 

Xr 

.Gith R1, R2 = alhyl reaction proceeds exclusively according to (A), 
~ 

.whereas reaction (B) becomes preponderant when atleastone ofthe.groups 
_.T I ‘.. _: .’ 
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i ..- 
R1 or’R2 is stabiliaed in its -rackcal form, -e. g. PhCH2,: Ph3C or ve3S”. 

% : _ 

hike in 1970, nurnerdk papers' dealing with. the:applicatjon of organotin 

hy&-ides.in organic chemistry-appeared in 1971, viz. the re+UCtiO@ Of 

~,7_&&0~0_2,2~di&thyl-2-silanorca~ane -with ‘BugSnET [40x the 

reduction of specific.types of organomercurials with R3&zH a&R3SnD 

c411, the photoreduction of (Y, 8 -oxide-steroid-ketones .with Bu3SnH to give 

the corresponding g -hydroxysteroid-ketones [42r/, the reduction of steroid 

vicinal halohydrins with Bu3SnH c43]’ 
or8anotin hydride reduction of 

geminal dihalides r447 (cf. AS 70; 2561, the Bu3SnH reduction of some 

heterocyclic carboxylic acid chlorides to give the corresponding aldehydes 

E45] and the photoreduction of .benzophenone z46-J and of acenaphthene, 

benzanthracene. and phenanthrene with Bu3SnH [473. Reaction of the two 

isomers of 7-bromo-7-chloronorcarane with Ph3SnH gave selective 

reduction of the bromine atom c481. T riethyltin hydride was reported to 

be much more reactive than tripentyltin hydride in the reduction of 

di+kylchlorophosphites c49, 501: 

(RO)2PC1 + R$M-X 
Et20 

< 3o” 
3 (R012PH + R.$nCl 

At Bordeaux Pereyre and coworkers studied the use of Bu3SnD for 

the selective deuterium labelling of (Y, 8 -unsaturated ketones., esters and 

nitriles and the reduction of o-cyclopropyl ketones to o! or y-deuterated 

ring-opened ketones and labelled-cyclopropyl alcohols [ISl]. 

Tin-metal compounds. Davis and Gray prepared a review on alkali-metal 

and magnesium derivatives of organosilicon, -germanium, -tin, -lead, 

-phosphorous, -arsenic, -antimony and -bismuth compounds c.523. 

According to Zavgorodnii et al. reaction of triethyltin sodium with enynes 

proceeds mainly by terminal addition to’the carbon-carbon triple bond: 
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- ’ .:.., : 
Et3SnFe=CH-CH=CI-II. ., 

.-. .:.:_ :._ 

;- .>. :.. ;. 

: 
.-. 

W&tricthylt_k lithiunth~ reactjogis less,selectiV&, V& c53, 543 ._ . .._ 
: : 

: 

!isi W-Is. 
‘~Et3SnLi’~-.Me~6-CH=CHt H o > 

( 2 ) 

Et Snke_CH c;_CH. _ _ - 
3 2+ 

(3) : 

hieCH=C(&Etj)- CH=CH2 : 

-(l) 

Triorganotk .aJka.K metal compounds have been .used in the synthesis of the 

novel bicyclie organotin compounds VII-X c553 (cf. ref. 34). 

Lahournkre and Valade continued their investigations on tribaityltin; 

magnesium chloride (cf. AS 70; 257, 258). Reaction of this compound 

(VII) (VIII) (Iti, R - Me, Ph) (X) 

with ethylenic ketones proceeds by a 1,2- or a 1,4-addition reaction, 

depending on the si?;e of the substituents (cf. Chart 1) c56]. With epoxides 

Bu3!nCRR’-CH=C(OMgC!)ti Rri’C=CH-C(OMgClj(SnBu3)R 

&;SnCRk+12-C(O)R c ’ h 
120° 

: :. 



:. m-- .:..: .‘. -y : 
~. 9 . . 

the foHowmg reactions take -place ~57~: .. ,’ 
_- 

(n=i; R=ti, Me, Et, 5.5-60s; 

n=2. R=H, Me, 70%) 

The preparation and properties of diphenylboryltin compounds by Nijth 

and coworkers has been discussed previously c58] (cf.A.5 69; 493). 

Men&Cl4 n 
$Co(RP%& 

p MenSn(RP~)4_n 

(X = P$PCH2CH2PPh2, n = O-3) 

As determined by PMR studies the self-exchange of (Me3Mj2Hg (M= 

=Si,Ge,Sn) proceeds by a second order process. With the tin compound no 

quantitative results could be obtained because of its low thermal stability 

(dec. above -2OO). The rate of the group exchange decreases in the order 

( MqW2Hg > ( M? Ge)2Hg> ( M2Si12Hg > (.Me2C1Si)2Hg > Me2Hg E9f. Exchange 

reactions between organotin halides and germyl-mercury compounds have 

been found to be useful for the preparation of germyl-tin compounds, viz. __+J: 

Ms ~EtjGeSnMe3f EsGeX + Hg (X=MeO, EtO, Et2N; 60;90%1 

WtjGe12H EtjGeSnPh3 t Ph6S$., (X= Cl,NCO; 30-40%) 

(E4jGe)2SnEt2 f E%GeX + Hg (X=Cl,OMe; 54-66%) 

The structure of 1,2-diacetoxytetraphenyhditin as proposed by Plazzogns 
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Fig. 1. Crystal structure of i;2-diacetoxytetraphenyl- 

ditin from C, P&nattoni, G. Bandoli and D. A. 

Clemente, J. ChemiSoc. D, (1971). 311. 

From the results obtained in a gaschromatographic study ot compounds of 

the type EtrjMM’Et3 (M, Ml =S i, Ge, Sn) the dollowing electronic pofarizability 

values were derived: Si-Si, 15.4; Si-Ge, 15.8; G&e, 16.7; SiSn, 17-O; 

Ge-Sn, 19.2; Sn-Sn, 20.6 A3 $21. 

Abel end Moorhouse reported further studies on reactions of hexamethyl- 

ditin iith transitidn’metal compounds, = 

Me6s”2 
Fe(CO)5 

(-CO) 
3 (Mf$3iI2Fe(CO& Me ;nP 

4 

M% 
-( “-5%) MHSn \M(CO)(n-C& 

‘Sn/ 

M2 .(M=Co, Rh) 
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Dehalogenation of halomethylbenzene derivatives and of acid halides with 

hexaethylditin gives high yields. of the corresponding dimers; for example 

Ph”,H/ZsPh (63%) 

cis + trans -PhCCl = GClPh (92%) -- 

P%C =CPh2 (83%) 

PhCH2C(0)C(O)CH2Ph (+ PhC(O)Ph) 

The results obtained in a kinetic study of the iodine cleavage of group N 

hexaalkyldimetals, R3MMR3 (M?S i, Ge, Sn; R = Me, Et) have been mentioned 

previously EiJ (cf. AS 70; 259). 

Aleksandroves. p463 studied the mechanism of ozonolysis of hexaethyl- 

ditin : 

E%Snz 
4 _m+ (EGj%20 + (E3SnO)2 (l/l) 

Anderson and Drake synthesized some new representatives of compounds 

containing Sri-As bonds (cf. AS 68; 695), according to k+j: 

MeljSnBr + LiA1(Asl$)4 _g 4 Me.$nAs~ + LiBr + A1Br3 

M~SnCl.+ H+As~ --3 Mcy%~As$ + l-J$SiCl 

.Ma3SnC1 + .(B3Si)2AsR --+ (Me3Sn)2AsR + H3SiCl 

(Me3Sn)2AsR + 2K + 
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These- new trimethylstannyl arsmes have a rather low.thermal stability;.:. 

Schumann et kg] studied g roup IV organometal-stibine.s as’ ligands.in. 

transition metal carbonyl complexes. 

(Me3M)3Sb + M’(CO& % (Me3M)3SbM’(C0)5 t CO .(M=G&,Sn; M’= 

= Cr, MO, W) 

From IR studies ( uCo) it was concluded that substitution of .germanium for 

tin has no appreciable effect on the o-donor and n-acceptor capacity of the 

stibine ligand. 

Synthesis and spectral characteristics of the following organotin-transi- . 

tion metal compounds have been reported: MenSnPh4 ,amM(C0)3 (n = 2,3; 

m= 1,2; M=Cr, MO), (Me3Sn)2C6H4 -Cr(CO), and Me3SnCH2Ph4Zr(C0)3 Esif; 

(n- C5H5)Fe(CO)(L)SnR3 (R= Me, Ph, Cl; L=PSP, PSAs, Ph3Sb) and 

(n -c5Hs) 
Fe(L)2SnRj. (R= Me, L=Ph3Sb; R = Ph, L = Ph2MeP;‘PhMe2P) kg ; 

(rr-C5H5)Fe(C0 )2SnPhnCS_n (n=O-3) kg ; Ph3Mpe(C0)3 N0z4_n and 

PhnSn j&(C0)3NO14_n (M=Ge,Sn,Pb; L=CO,P(OPh)3; h=O-3) .kd; 

(n-C5H5)(CO)XRhMX2R (M=Si,Ge,Sn: R,X=Cl: R=Me, X=1) f3]; 

@<SnFe(CO)(n-C51+g2-L and Ph3SnFe(n- C5H5)L (L= butadiene) pd ; 

Ph$nFe(C&)(ri-C5Hr)L (L 7 Ph3P, C2H4) f5]. 

Examples of- exchange reactions of organotin-transition metal compounds 

reported by Nesmeyanov et al. 663 are given in Chart 2. Little group ex- 

change takes place between Pl$3nRe(CQ5 and NaFe(C0)2( n-C5H5). 

NaFe(CO)2( n-C5H5) 

. . Chart.2. Exchange reactions with organotin-transition 

-. 
metal compounds. 

. . 
.: ,. _ - : : _ 

._ 1 :> __ ..: ..:. 1. G,::_ :;::3.: .. _: ; :- 
_. _. 

:: .- .-.. -. .__._-. ‘- ._. 
._ _._ ._..I.- ,_-‘__.-:-. 
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George [ ] 7.7 reported the first example of tin-transition metal compounds. 

exchanging alkyl-metal groups. The mechanism of thi$ reaction was. suggested 

2 M+SnMo(CO&( n-C$+)L 2oo o > Me&S” + Me$n po(cO&(n -c5~)L]2 

(IL = Pl3P) 

to involve a bimolecular process proceeding tbr.ough a four-centre activated 

complex. This type of reaction was also observed by Clarketal.@d: .- 

2 M~+MII(CO)~ *a (trace) Me4Sn + M%Sn @l(CO)J 2 

Attempts to insert difluorocarbene into Sn-hfn, Sn-Fe and Sn-W bonds 

were unsuccessful, but resulted in the discovery of the reactions: 

Me3MMn(C0& + Me3SnCF3 + Me2CF3SnMn(C0)S f Me4M (M=Ge,Sn) 

Me2CF3SnMn( CO), + M?SnMn(CO)3 - Me2Sn[&Jn(CO)5~2 t M%SnCF3 

By means of oxidative addition- elimination reactions Lappert et al. 1 r76J - L_ 

synthesized some group IV metal cyclopentadienyltricarbonylchromium, 

-molybdenum and -tungsten derivatives, s : 

M~MCSI+ + M1(C0)3(MeCN)3 4 Me3MM1(C0)3(n-C5Hg) + 3 M&N 

(M= Ge,Sn; M’=Cr, Mo,W) 

In these reactions the reactivity was found to decrease in the sequence 

Cr> MO- W and Sn> G+> Si (unreactive). The crystal and molecular structure 

of di(benzenesulfinato)- u -(hydroxo-phenylstannio)tetracarbonyl-di- n- 

-cyclopentadienyldiiron have been determined by X-ray analysis @o] .(& 



Fig. 2. Crystal structure of di(benzenesulfinato)-,,, -$ydroxo-phenyl- 

stannio)tetratarbonyl-di-n-cyclopentadienyldiiron from 

R..Restivo and R. F. Bryan, J. Ghem. Soc.A, 21 (1971) 3364. 

According to Marks 321 reaction of Na2Cr2(CO) 
CJ 10 

with R2MC12 (M= 

Ge, Sn ; .R = Me, t-Bu) yields compounds that were tentatively suggested to 

R2MC12’+ Na2Cr2(CO)lo Ts R2MCr(CO),*THF + NaCl + NaCr(CO&Cl 

-be pentacarbonylchrornium complexes of dialkylgermylenes and. -stannylenes. 

The MSssbauer spectrum.of the compounds was stated to be “quite unlike 

spectra of tin(IV)-transition metal compounds”. 

From a kinetic study of PSMMn(CO& with phosphine ligands no conclusions 

could be drawn as to a change in bonding properties along the series 

~P&MMII(CO)~ + L 3 P%MMn(C0)4L f CO 

‘_ (M s Si, Ge, Sn, Pb ; L = Ph3P, l33P) 

: _- 

Si,.Ge, Sn,Pb ‘pg. Oxid a rve addition of hexamethylditm to Pt(PPbj)4 or t’ 
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M+SnM% + Pt(PPS), --3 trans-Pt(SnMa&PPl& + 2 PP% 

cm 
: 

: 

proceeds already’ smoothly at room. temperature according to’ .[Isg: 

(X1) + h$, benzene> PtH(SnMe$(PPh3& l M%SnH 

Some of the quite interesting reactions 0bserve.l by Clemmit and Glockling 

CJ 83 with trimethylstannylplatinum complexes are compiled in Chart 3 

(cf. A 570; 263). Compound XII was found to be stable in air for over 3 - 

months. Attempted recrystallization from benzene resulted in loss of 

dipho%Pt(H)SnMe3 

? dipho? Pt 

/ 
Me3SnH 

diphos Pt(H)(C1)(SnMe3)g 

Me$i 

NJ 

benzene 

(XII) 
HCl 

diphos Pt(C1)SnMe3+M%S 

@TIC1 

Diphos Pt(Cl)SnM~fMe3SnH+Me4Sn+~+Sn diphosPtC% + Me3SnH 

Chart 3. Some reactions with tin-platinum compounds (diphos = 

P$PC~CYPPh$ 

Me$&l, this reaction being reversible with Me3SnH addition (9-elixni: 

.nation/addition). As regards reaction of compound XIII with hydrqchloric 
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2 .- seeond..Pt-_Sn :bToP:d .iS :clesved to give the corresponding platirmm chloride.: -, . . 

tid tin .hydride, ~~hereas.&ith 6 nonY&s-&helating phosphine; such as tr,i- 
. ..’ ; _:: :_ 

ph&ylphosphine, the reaction lead&to the platinum hydride and the &I ‘. 
_- 

I . . chloride, 

: 

Tininitrouen compounds. Ishii arid coworkers 84 continued their studies I3 
of org&otin;nitrogen compounds (cf. As 70; 264). The applicability of the 

latter q&z of txm&mnds ih organic synthesis was demon&rated once more 

by the synthesis of~‘2,6-diphenyl-1,3,5-oxadiazin-4-one (XV). Additiou-of 

N 
Ma+NMe2 

PhC(O)--N=C=O > ,I 7 PhC(O)-_N=C=O 

Ph 0 

(XV) 

~~methy&afinotrimethyll& to benzoylisocyanate gives the pentacoordinate 

. . . structure (XIV). With an excess of benzoylisocybate comporrnd (XV) is formed 

v&a cy&oadditi&across the carbon-nitrogen double bond of (XIV). Reaction 

of bis(tr~bu~lst&irnyl)phenylarnin e with Chloral proceeds by addition to the 

'&?&A&yg& double bond-(Chart 4.; .,cf. As. 68 ; 700, ?Oi) b5];. Hydrostanno- 

..,_ 
:. 



._ 
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lysis of Me$M= with cyclopentadienylsilanes yields the corre&ondmg.-. : 

silyi-stannyl cyclopentadienyl derivatives. The latter dompouxids have-been 
. . : . : . . 

used for the preparation of a series pf silyl-substitnted~~Ykyclopentadiekyl ‘. 

metal carbonyls by methathetical reactions [8q_ 

Me.$kiNM~~ + C&Si% + Ma3SnC5H4SiR3 + M%NH 

Me3SnC5H4Si% i- ClM(CO&-+ (R3S i- n+-I4) M(CO& + MepnCl 

(M=Mn,Re) 

Interesting new information on Group IV substituted hydrazine deriva- 

tives was reported by Wiberg and Veith (87,881. Reaction of hydrazine with 

M%MCl.(M=C,Si,Ge,Sn) or Me3MNMe8 (M=Si, Ge,Sn) and reaction of 

By+, ,-lB5 B%sn, yc13 ,O=B% 
(Bn$n&NPh 

C$CCHO, 
N-C\H 

C&CC”0 

P< 

N-C--O-C~H 

ccl, 
Ph/ H 

==l, 

(Bu3Sn)80 + PhN =CH-CC\ Bu$XkC(O)H t Bu.$nCCLj 

Chart 4. Reaction of bis(tributylstannyl)phenylarnine with chloral. 

hydrazides of the general formula (Me3M)mNZHnLip (mfn fp = 4) with 

Me3MC1 yield the thermally stable hydrazines (Me3M1)(MejMz)N-N(M3Mej) 

(M4Me3,(M1 = C, M’=Si, M3 =Ge,- M4-=Sn). The tin derivatives are rather 

.susceptible to solvoiysis and oxidation. The synthesis of mixed-group iV 
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\ 

_. ,Im=.=N-MM? (M=Si,Ge; R-M..t-~U.Ph) 

N-N, Me+? 

I 

> R-N=N--C-eM% (R=gh) 

M’“‘?3 -Mqn~~eM~ 

Chart- 5. Preparation and reactionsof group IV substituted hydrazines. 

substituted hydrazinesmd some reactions are-given in Chart 5. 

The prepaiatick of-organometallic polymers of the structure 
-_. : 

acial polycondensation of d&nines with R$5nC12 



. l-g .I. .. ., ‘. 119.. 

TR=- .. alkyl,aryl) in the presence of organic bases has been-studied b-i Car- --- 

raher et.b9,94 (cf. EO3,lOg). -. 
. 

Two research groups reported further studies.on the addition of-organotin 

.azides to unsaturated systems, as observed initially by Luijten&&(cf. 

AS 64;142). Reaction of BySnN3 with phenylisothiocyanate gives the tetra- 

zole (XVI), but from the reaction with carbon-disulfide the analogous cyclic 

adduct couldnotbe.isolated as such kg. Likewise,,reaction of tin azides 

.._ 

PhNCS 

/ 

ph-Y-7=s 

Nu /N-snBy 
N 

BySnN3 (XVI) 

with nitriles affords the coiresponding tetrazoles. On the basis of spectral 

and dipolemoment studies the structure.was interpreted to be the 2- rather 
, 

than the l-trialkyltin isomer. Like the correspondingirnidazole derivatives 

the tetrazoles have polymeric structures in solution (pentacoordination) 92. Cl 

R 
\ 

(R'= Me,Bu; R=Me,.Ph; 

.C= N 

R3'SnN3 i- RC=N --+N/ 
\ 
N-Sn< 

R'=Bu, R=Et,Pr,PhCH2, 

NN' 
CI$=CH, p-tolyl,p-N%C6H4. 

p-C3+OC6H4’ 

The- crystal structures of dimethyltin bis(dicyanamide), M=2Sn~(CN~2, 

and of trimethyltin dicyanarnide, Me3SnN(CN)2, have been reported kd. 

One of the products formed in the reaction of bis(triethyltin)carbodiimide, 

E3SnNCNSnEs (cf.AS 70; 269), with ZnC1;? is Et$nNCNZnCl lI94,.9q. 

Reaction oftribufyltin isocyanate with amines in the presence of water has 

beenusedfor the synthesis of some 1,lAisubstitutedureum compounds Eq. 
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substi&d phosphazane and phosphaxeno isomers; @7]. Just like trimethyl- 
: 

~_B~PP&iEtj ‘I) BuLi 2j Me3MC1> t-B%P( MM?) = N-SiE% (M = Si; Ge, Sn) 

stannylar.sixie (cf. ref. 67), trimethylstannylphosphine has a rather low - 

thermal, oxidative and hydrolytical stability bg]. The inversion en&y 

-4 hn%SnCl + LiA1(P%14 + 4 Me$nP% + LiCl t AICIS 

.barriers in group IV substituted phosphines of the structure M?MPPhR 

_(M= C, Si, Ge, Sn; .R = Me, i-Pr) have been found to decrease linearly with 

the Allred electronegativity values of the hetexoatoms and with the chemical 

shift of the M%?A-protons @j. 

Schumann and coworkers continued their studies in the field of organotin- 

-phosphorous chemistry (cf. AS 70; 268 and AS 69 ; 502). They synthesized - 

some cyclic organotin phosphines according to 

R2snc’2 E%N 
px< (R+5nPPh& (R = Me, Bu, Ph) 

Furthermore,.- new .examples were given of the -use of organotin-substituted 

phbs.phine derivatives as_ ligands for transition metal carbonyls (cf. AS 70: 

265 &_AS -69; .494), e. : 

‘(Me$~3P&C015 :(M _- - Si. Ge. Six; .M’ = Gr. MO, W) PO g, (M%M&PCo(NO)(CO& 

..z:(e: c, Si;,Ge. S&p3 and (ME+)~P_~(CO)~( ~1 --%J+) (M = C. Si, Ge,Sn? EOd - 



: .., -.. 
-&&y:_ ; .:-.I. ‘-- 1, ._.:_ .;. ,-‘: : .:; :<_ .- ;. 2i 

.:. ~’ .: 
-~T&~&&& &mpounds.-_Sdcai and.Ishii tirepared a-review in Japanese on : 

the:&pliqat~o~nof organotiris in chemical synthesis GOi.. _ 

Bis(triphenyltin)oxide. reacts instantaneously with.mercuric: halides; . . -. 

_Hg$,:m diethyl ether to give phenylmercury halide, triphenyltin halide.kd 

diphenyltinoxide as the main products. The suggested intermediate, 

P%SnOHgX, could not be isolated or prepared otlierwise 

(Pl$Sn),O + Hg% * @$nOHgX] -3 Ph$5nX + p%SnO]n + PhHgX 

._ - _. ‘_’ ‘. .‘. 

Base-catalyzed hydrolysis of t-Bu$3nC+. g ave the first representative of 

an organotin hydroxide chloride. 106 [ I_-. . Wrth an excess of base the corresponding 

oxide and subsequently the dihydroxide are formed. Russian workers paid 

t-B%SnC$ -H2 
o/oI-P OH 

0 
3 t-Bu$in(OH)Cl’ > t-Bu.$inO 

OH@ 

_. 
> t-Bu$In(OH& 

considerable attention to experimental.details ofthe base-catalyzed hydro- 
i -_ I 

lysis of diorganotin dihalides to give the corresponding oxides bo7-11+ 
:.: 

Carraher and coworkers extended their studies?‘bf the production of organo- 
,_ 

metallic polymers by the interfacial technique (cf. refs. 89,90) to reactions - 

of $SnCb with disodio adipate (R = Bu) El31 and with alkylene diols (R = 

Bu,Ph) +). F or example, polycondensation of P4SnC18 with 1,4-butanediol . : ;. 
in the presence of triethyl amine gave a product (XVII) 

_ 
with a softening range 

) 3oo”. Matsudaetal.,prepared a series of aikyl- and arylstannonic acid 

derivatives, (RSnOOH)n (R =Me, Bu, Ph, o-, m-, p-tolyl. p-Cl-sH41. The 

:. 

8. ‘1: _ 

alkyl compounds were reported to be insoluble even in polar solvents like 

dimethyl sulfoxide. Ther.mal decomposition occurs at 260-3600;. thermolysis 
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.~ (N=Si,ke,R~Me; M=Pb,R=Bu) 

. 

In a similar way reaction of dibutyltin oxide with phenylmercuric chloride 

and with Bis(pent~luoropheriyl)thallium bromide gave B~CXSnOHgPh &d 
. . . 

'kp~~0~1(~~+~~; respectively. No reaction occurred with the less CO; 

vales& dimethylthaflium bromide. cho& $173 d e t ermmed the crystal and 

. . . 

Fig: 3.. The kolecuiar structure of ~M~$INCS),C$ From Y. M. Chow, 

Inorg. Chem. t 10 (1971) 6731. 

molecular structure of dimeric tetramethyl-1.,3-diisothiocyanatodistan- 
. 

.noxane (cf. Fig. 3). Mehrotra et.synthesiz’ed gome symmetrical distahnox- - 

-es by reaction of dibutyltin dichloride with potassium hydrophthalate or 

,‘v&&n~di&e acid kid. % ome oligdstannoxanes of the formula kCH(NHRs)- 
-;’ 

.COO(~eBujO)aS-~-~oOCCH(NHRI)R, 
. . 

wherein the aminoacid moieties are- 
‘.. . ~. : . 



Trirnethylstannyl metaborate, :M&$nBC$, was- obtained by reaction.of 

~trimethyltin bromide with silver me&borate 

X-ray analysis confirmed the-molecular structure of methyltin tri- 

nitrate as proposed earlier on’the basis of UV.--IR tid PMR spectral-studies 

(cf. AS 70; 271). The coordination around tin is appr&cimately pentagonal 

bipyr amidal FZg .(g Fig. 4). 

Fig. 4. The structure of methyltin trinitrate $rom G. S. Brodee,. A- 

Walker, S. C. Nyburg and .T. T. Szyrnanski, 3. Chem. Sot. D, (1971) 

10731. 

In a Japanese patent application organotin-sulfamic acid dc 2ivatives, 

RnSn(OS%NH2)4_n (R = alkyl, Ph; n=2,3) have been claimed to be useful as 

fungicides E24- By conventional methods. Lindner et al. k23].prepared some 

new organ&in sulfinates, PhSn(C$SR)3 (R =Ph,p-tolyl). The same authors 

reported that the inSoluble polymeric triphenyltin-g-tolylsulfinate depoly- 

merizes on heating in benzene solution, whereby the IR spectral character- 

istics remain unchanged: Under the sam e conditions triphenyltin - 
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-.;_~+‘_. y__ .:-. I. :;_- c -.-‘ ; :. ‘: .. _ .: -1 ~‘~EJ_BuL~&~ 
,.__._.. .:.- -: -: -:. -. 
:, .~~~_~CP-~~-C~H~-C~~~ ;enz:ne’.lf+> --. -- 

_. m.p;.qg_2-lp .- y-y?60 

.nPh$n(p-~~-~<H i.C%) ~t. .‘-_ .. m-p. 205 zo47p .. 

.,.- . . . .. ::. : : 

., i . . I: ._ .-. : 

__ ph+yls&nate remains polymeric, but the IR spectrum does -change as: the. 

.;es-i& of a-phase;transition into a crystal .structure of higher symmetry_ [.24]- 

._&ganot-& ‘compounds containing fluorine substifuents in ,the anionic -group 
__‘.’ .: 

htyk been prep&ed by reacting Me.$pCl, or (Me.$%&NMe with ,. 

p&luoro-anhydrides,thiophosphoryl halides and dithiophqsphoric acids 

MejSnCl + HPS2FX + Me$nSPFX + IICl-. (X=F, Me) 

An X-ray study showed that dimethyltin bis_(fIuorosulfate). M+k(OSC$F&,- 

has a structure consisting of polymeric sheets. with FOS02-groups acting 

as- bridging ligands between the linear dimethyltin units k24 (cf. Fig. !I. 

In accordance with the latter observation, Moessbauer and vibrational 

spectra of Me3SnOSC$X (X = F, Me) were interpreted on the basis. .of penta- 

coordinate tin with bridging .0S02X groups 1271.. c 

Garrodd et. p2S] critically discussed the conclusions of Stapfer et al. 

(cf. AS .70; 27:l) as to the monomeric gtructure of bis(tributyltin)suIfate. It - 

was argued that the I&and Moessbauer data do not warrant the conclusion 

that this compound has a monomeric stru&ure in the solid state. In a reply 

Herber &d Stapfer. l& mass- and Moessbauer _. .: 

spectrometric evidence in favour of the monomeric.structure_ , 

-4ccording to Pommier et al. 



-‘.- 
-: 

TLN: . . . . ...’ .- 
25 

Fig. 5. Crystal structure of M~Sn(OfSq~~ Eros &. H. Allen, J. A. 

Lerbs cher and J. Trotter, J. Chem. Sbc. A, (1971) 25071. 

compounds with magnesium gives the corresponding (3_trialkylstannyl)pro- 

panol derivatives: 

B ySn%Cl$-CR1R2-CHR3- B r 

The synthesis of some oxygen-containing t&-substituted acetylenes was 
; 

dealt with in a Russian patent application k3q. 
-.. . . 



:.k ,g. +JLTEN -. 

:: .._ 
,_ :.. 

. : .I&& spe~~rop~.q~~nietrfc’stud~ &the &ethanolysis of triphenyltin oxm&e 

the-fciliow&& equil&ium~~as observed .-pq.. .;. -. .._ ‘. .:;- 
..‘... ._-. _.. :‘.. -. _ .- -~ . . ._ .‘. 

: .. _. $ ;... ‘: :~ ,‘- -. .< .; : ~- ‘;-; :.- ,, 

F&&Ox k- MeOH ( -~Ph$nOx*MeOH- e Ph+OMe i HOi“ . . 
.: 

___ 
_.’ 

‘. 
. . .jox=-&&&; K1.z 5.6 x io-z-. , K..p.~.i IOL3)~- 

.- . 
.: 

Generally ieaction of organotm alkoxides with alkyl halides gives the. cor- 

responding orgtiotin halide and the ether. Pommier et al; 
: 

b33] observed,‘. 

bowe+ek,. that. with p&lyhalides a free radical oxidation reaction takes place, 

via. : - ‘. 

B~SnOCH.RR’ + CX4 ;; 3 Bu$aX + RR’C = O-I- CHX3 
A 

(R =H, alkyl, aryl) 

Ishii and coworkers presented a full account of their interesting-new 

syntheses of spira-orthocarbonates, by reacting bis(tributyltin)alkylene 

gIycolates having a C@4 unit with carbon disulfide 1_134 (d. AS 70; 273). 

The same authors concluded froma mechanistic study that reaction of 

dibutyltin dialkoxides, with phenyl isothiocyanate proceeds via the initial 

‘B+?n(OMe& + PhNCS _j Bz$%rS + PhNC(OMe~ 
‘_ 

formation of the one/one adduct k35]. 

Pere);re atakstudied the kinetics and substituent .effects of the &c&a&e 

‘~h&ween~tr&lkyltin al.k&ides and optically active. sifanes, R#%i, a reaction 

that proceeds with complete retention of configuration at silicon (cf. AS 70; 
. - 

.275), -The results point to a four-centre mechanism with charge distribution 

in the transition state,’ the formation of‘the Si4 dotid preceding the formation. 



,reacts with acylfluorides ._ 

according to [i_37]: : 

BySuOMe + t-BuC(O)F j BujSnF + t-BuC(O)OMe 

In the eth&olysis of tri-isopropyltin halides, i-Pr3SnX, the reactivity de- 

creases in the order I?> Cl> Br > i k34. V oronkov et al. made a comparative _ 

rate study of Me3EOEt (E = C. Si. Ge. Sn). With the germanium and tin 

derivatives, however, -hydrolysis in neutra 1 media was too rapid for a 

kinetic study- E39]. Baukov.’ et al. [ 140 used the reactivity of the tin-oxygen ] 

bond towards ketenes for the preparation of some new group IV metal- 

substituted esters, e.g. : 

R3$nOMe + R3’MCH = 0 + ~*MCH(COOMe)SnR3 

(R =-Et-Bu, R’ = Me, Et, M =Si; R* = Et, M= Ge) 

(Et+&0 i- EsSiCH= C = 0 + Ef$iCH( COOSnE~>SnE~ 

By conventional methods a series of trimesitylalkoxy- and aryloxytin com- 

pounds have been synthesized E413. 

The structure, thermal stability and fungicidal activity of a series of 

compounds R3SnC(CN) = CP% -prepared by thermal decarboxylation of the 

corresponding esters, R$nOOC(CN)= CP4 - was studied by Cummins et al. 

[1;4+ According to Tagliavini and coworkers k44 bia(trialkyltin)oxalaz 

(l?+nOOC& (R = Me-Pr) h ave a polymeric structure as a result of penta- 

coordination, the R3Sn-groups being planar. Alkyltin carboxylates may be 

used for the preparation of mono- and dilcetones /$.4]: 



~&s&,&r, -1) PhIi 
2) KU&O’ 

.PhC(O)&e 

. . . . . . . I-.. _. ._’ .r 

Thermolysis of alkyltin chlorocarboxylates at.240° results in the- elimjnation 

of i+&idtin chlorid&as ‘the sole chlor’tie captaining products E4E.l. .Fr.eel 

.- -.. 
-radical induc$d~copolym’e~~=atibn of trialkyltinmethacrylates with malbic 

X=(cly_ :+._~y (A_’ ‘___ __--.- 

+n(OOC_X-q * yF, X = -(CQ_+. C$_+c] 

X=CHMe. L 
=4Hlo -. 

;%=CH-COOH 

31c(&o .-. . 

! __ . . 

anhydride and with styrene yields ternary copolymers with bactericidal and 

fungicidal properties b46). . Dannley et al. applied for a patent appiicat&i 
..\ . 

on ‘the preparation of -(probably cyclic) organotin peroxides from dialkyltin 

dimethoxides, aldehydes- or ketones, and hydrogen peroxide 147 (cf. AS 69; c I- 
._ 

508). Compound XVJG const&utes .another example of a cyclic organ&n 

p.eroxide k48l.i In a kinetic study of the rearrangement of P h+OO(OI 9 3 9 

o-o 
_ : 

/ 
_’ 

.- Me2C .\ 

I 
SnBu2 
I 

(B~SnO)n +-M~C(OO~)‘-_(C~~n~(OOH~M~ + .(c’“2,n 0 I: {n = 1,4) 

.- I 
:_. ” :. M%C- 

\ 
dnB, 

/ 
: -. : . . 0.7 0. 

(XV& 
. . ..-... . : ) . . . ._-j Y. 

-into Ph+OPh100~grT9.~ ., . . . . 

__ . . _; ‘._ .__ 

among others it was found that the rate of forma- 

tion nrom: PhljSnOH and gH19C(OIOOHJ 

_._ __ _ . . _ __ 

is much higher than that of the 

rearrangement k493 i 

: 



_-- :. : 
.I -pJ ..: ‘: : ... -. 

*cJ : 

: - , 

Tin-sulfur, -s&leni&, a&i -telkarkk compounds 

As di, cuszjed abdve -dor&ogds co&inin& t++hosph&s ‘and tin-tirskniti 
. . 

bonds are readily accessible via the~,c&~&ponding_lithiurn aluminates E7,. . . 

94. Th .. e results of Anderson and Drake show this technique td be g&n&r+lly 

applicable for establish&g tin-heteroelement bonds E50], s : 

%.. AMXn’ + n/4 LiAl(SMej4 -----, R4_nM(SMeIn f nj4LiX + n/4A13$ 

n/4 LiAlH4 -I-’ nM&SH f (M=Si.‘Ge,Sn; R=Me; X=.Cl,Br; n=l,Z) 

Wardell Gal. k513 reported further studies into the cleavage of organotin 

sulfides by aromatic.sulfenyl compounds and by divalent sulfur chlorides 

(cf. AS 69; 509). No reaction was observed with sulphenylcyanide, -amide, 

ArSX C R+SR* j R$nX + R’SSAr 

R$inSAr 

=2 
R$%nCl + 

R$nCl + 

ArSSSAr 

ArSSSSAr 

(Ar =p-tolyl, 2-nitrophenyl, 2,4_dinitrophenyl; 

R, R’ = alkyl, aryl; X = Cl, Br, SCN) 

-e&ers, or -disulfid&. Organ&ins were found to be convenient materials 
-. 

for the synthesis of organic trisulfides and tetrasulfides as well. 

By conventional techniques a series of trimethyltin derivatives of. 

4-substituted phenylsulfides, p-k%e-$n~H4X (X=Me. F, C1,Br,NH2N%), 

have been synthesized. On the basis of IR a& UV data p (S) +d, (Sn) 
l? 

bonding was suggested- to occur !5$ Reaction of dimethyltk dithiocarba- 

mate w,ith ’ dihaloalkanes proceeds according to 



M@I~S~)CNM~P~]~, .:“-*z’m--> [PhMeNC(S)S(cH2)m]i +:, M+S”L2. __ _z. 

iX=Cl,Br,I; n=-I,2; m=2-4). , ..:_ .; 
: : 

Matsuda it al. II-J- *- 154, 155 rnvestigated the thermal decomposition of several 

: 
types .of dialkyltin mercaptides, R$n(SR’)2 (R, R’ =.alkyl), The thermal- -. ._ 

stab&y of these .compounds decreases in t&e order ~R~SII(SR~)~>~S~- 

k(CE$)2COOR1]2 > F$Sx+CHR”COOR~2. S ome (tr&lkyltin)butylselenides,: 

R$nSeBu, have been prepared by cleavage of Sri--- and Sri--O bonds with- 

y-butylselenol k56]. 

Alkenyl- and hlkynyl-tin compounds. The Grignard route to _tetra+llyl 

group IV metal derivatives has been taken up in Inorganic Synthesis F57]. 

Ai found by Pereyrees_ 1581 the tin-carbon bond in tributylallyltin com- r 
.- . 

pounds is sufficiently reactive to allow addition to the carbon-carbon triple 

bond of dimethylacetylene dicarboxylate and to the carbon-oxygen double 

bond of reactive aldehydes. In all cases allylic rearrangement occurs. No 

.(R = Me, R’=H, Cl; 60~70%) 

._ . 
.- 

. . : 

. .: 
,_:.,: -. 

. . .- “-: 
.^.. .’ 

: ,:. I_ :, ” “.: -_, .~ ..-’ 
._.:_- >:.: ‘- -,.. ‘___‘_-.- ._ ~_ -. ..:. .: .-. , - : .: 
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reaction w%s:observed:with methylpropiolate, -maleate, -fumarate and with- ..- -.. 

malenitrile. .The reactions were explained on the basis of a reversible. 

addition reaction followed by a direct substitution reaction. For example, 

with C13CCOOC2% no adduct was .observed, only the substitution product: 

Bu.$uC%+H=CHMe + C13CCOOEt 
20.0° 

_Bu3S.Cl < CH2=CH-CHMe-CC13>OOEt 

_. _. 

According to Abelet al. reactions between halo- 
_-. 

-transition metal carbonyls and allyl-, cyclopentadienyl-, indenyl- and 

fluorenyl-organ&in compounds are quite convenient for the preparation of 

the corresponding transition metal-n -complexes (cf. AS 70; 2831, s: 

Me$3nCH2-CH=C~ + M(CO)SX --co 
-M%SnX 

> (n-C3H$M(C0)4 + Me$5nX 

(M= Mn,Re; X=Cl,Br) 

Likewise, reaction of trans-cinnamyltriethyltin with BBr 
3 

proceeds with the 

preferential transfer of the trans -cinnamyl group from tin to boroti fi60j. 

In the ionic polymerization of triothylvinyltin catalyzed by butyl 

lithium, only low molecular weight poly(triethylvinyltin) is formed. During 

the process the catalyst lost its reactivity, which was ascribed to complex 

formation with the triethylvinyltin moieties [16d (cf. AS 70; 284). Butyl 

lithium catalyzed anionic copolymerization of trialkyivinyltin compounds only 

succeeded with styrene (cf. ASJO; 284), .not with methyl acrylate or methyl - 

methacrylate E64. 

Fitch etal.prepared some alkylvinylsilane and -tin complexes of 

copper(I) chloride, Mc@nCH=CH *C&l and R2Sn(CH=CH2)2~2 CuCl (R= 

Me, Bu). The divinyl. complexes were mentioned to be among the most stable. 

olefin-copper(I) chloride complexes.described so far b63j. 



_’ .-: 
,.. :. -’ (R=Me,Et,Pr; MkSiiGe,‘Sn) ‘, ,, -. ;. -- ._ -. :_- 

_.~ . . . 

R&c&n of styrenyltm t&hloride.with PhIC12 gave a ‘small amouixt.(5%) 

& phenyl-,s+s&enyl iodoniilm iodide,. Ph~GH&%&bh E6g. : s. 

: *.. The Russian group of Zavgortidnii. paid much attention to the prepa- 

r&on fib61 
,. 

-), polymerization and copolymerization @7,164 of l- and 2- 

-t,~ialliylstannyl-1,3-butadienes. Another Russian group reported the syn- 

thesis of a’ series of polymetallated cyclopentadienes (XIX, XX) -[lb91 i 

(XW 

fMfSi, h@=Si,Ge,Sn; (M, Ml, l& = Sn; M, MI = Sn, M” g Si; 

M = Ge, :M’.= Ge, Sn; M’=Sn, M=Ge, m’=Sl; -’ . 

-.M, M’=Sn)- M, M? f Si; M’ = Sn) 

Me3M M’Me3 

(XX) 

By’conventional methods Zavgor,odnii and coworkers prepared some alkynyl- 

tin compounds, such as EtjSnCECR (R=OMe;SMe;6H20Me, GH2SEt) 870_17~], 

i, Ge; R = alkyl) 

“. _ 

f 74, EtrjSnC &-R (R = CH2Cl, CHBr Me) 

Gullenet al. tne perfluoroalkynyftin compounds, ~_ 

K$$nSn(G’CR)4_~ fR& C3f?3, kF2C.r3* CF(G_F&; n 7 (I-3) are’irhermally ani 

hyd&lytic+lly .uhst_abie, whef.e&s’ the co?fretiponding silicon and germaniuti 

: 
.. 
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-. _.. . 

:. _. Cdrbon-functidnat .tia.boinpounds::. The .synthesi& of. the. germa--and. 

stanna undeckborkes, 
:I..;.. _. ._ : w+MBIO<i i~=Cie,S’ ) n was reported.byNorman : 

. . 
. . .etal E76]. .. :, :.. ‘- ..’ ‘, : ; -- _ .~ .. c: 

-Trimethylfpalyiluoroaryl)tin compounds have -been used for the prepa- 

ration of iome polyfluorobiaryls](df. .+3 67; 377) .F77], s:., 
: 

. . 

Furthermore, group IV fluoroorganometallic compounds have been dealt 

with in a Ph. D. thesis 1781. As reported by Chivers, c r&action of _- 

2”(trifluoromethyl]phenyltrimethyltin with I%F 
3 

gives Me3SnF and 

o-CF 3- C6H4BF2. With BC13 the simultaneous occurrence of a halogen- 

exchange was observed as weif r1791:, 

By reaction of chlora-imin es with group IVmetal-lithium derivatives some 

carbon-substituted imino derivatives of germanium, tin and lead have been 

prepared &_80]- The crystal structure ,of triethyltin cyanide .was determined 

53 
M,.i PhCCl=NR’ 

> RJMC(Ph)=NR’ 

fR= Me, M=Sn; R=Ph, M=Ge,Sn,Pb; R’=Ph,Ch) 

: _._’ 

by Chow and Britton 18<. By conventional methods Peterson synthesized a 
[:’ 

1. , series ef cr-functionaHy substituted organotins, Bu$ZnC%X (X =SCE$ SO R, 
2 

SC$NM%* S02Ph, p-SC$C6H4C1, p-Sq-C6H40Me,- etc. ) and studied.their 

reactivity. towards ooivolysis among others by butanol. The seemingly sig- 
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IRand.Pl& spectroscopic data of PSMCATCOOEt (M=C,Si,Ge;Sn; prepared 

by means ofthe Reform&ski reagent BrZnCI+COOEt) didnotprovidein- 

dications for an intramolecular interaction between the heteroatom and 

oxygeninthese compounds [;84 Such.an interaction was notte bo expected 

in view of the rather unfavourable four-membered ring structure that would 

have been formed, 

successfully appliedhalomethyl+n& halides in the 

synthesis of monohalomethylgermanium, -tin, -1eadand mercury compounds. 

_%R'SnX- ICYZni sR'SnCl-$I ARX ~R'SnC~X 

(R= Me;R'= Me,Ph; (R,:R'=Me;X=Cl,Br) 

R, R'= Ph,Cl) 

Good.yields were obtained except for the reaction withSnCl4: The mechanism 

was tentatively proposed to involve a nucleophilic sttack by the organozinc 

reagent at tin. In the free-radical reaction of benzoyl peroxidewith bis- 

(trimethyl~stannyl)dichloromethane, (Me+&CC~; the intermediate formation 

ofthe~(trimethylstannyl)dichloromethyl radical, M%SnCCb- ,'was suggested 

E8$ .- 

Gielen and coworkers reported a convenient method for the synthesis of 

haloalkyltincompounds. f87]: 



. : ._ “. ... 
(n = 1, R &, R& =H; n=Z,R=Ph,R’R”= 

H, Me; R = Me, Ph, R’R” = H, ‘Me; 

X = Cl, Br) 

The PMR spectrum of M~PhSnCH2CH26HMeOH shows two diastereotopic 

methylgroups at tin ,with A .6=0.3 Hz. Me2BrSnCH2CH2CHMeOH showed no 

detectable non-equivalence, not even in the presence of tris(dipivalomethanato)- 

europium(IH). The latter tin compound was concluded to .have largely a five- 

-membered ring structure 188 . 
L I 

Redistribution and cleavage reactions. Moedritzer published another 

review article (with no less than 495 references) on redistribution equilibria 

of organometallic compounds F89] (cf.. AS 68; 718). 

Iri i patent application a variety of inorganic metal salts (Lewis acids) 

.and cdmplexe-s;- such as AlC I..& GaC13, TaC15, BF3, BF3’Bu20, NaAlC14, 

were d1aimed.t.o bo Affective. redistribution catalysts, for example: 

3 Ph4Sn 1) 0.5 h at ZOO0 + SnC14 2 
) % GaC13 at 150° ’ Ph??nC1 (96%) 

1 

3) 15’ at 1100 

Without a catalyst the yield in the latter reaction was only some 10% lower 

E9$_ Aluminium trichloride can also be used for the preparation of mixed 

alkyl-phenyl substituted compounds, such as Ph2BuSnCl E913 _ According to 

MeL’ ngchenko etal. (cf. AS 70; 290) this type of compounds can be prepared 

2 Ph3SnC1 - + Bu.+Cl @%+3PqBuSnCl 
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-‘:a’~~~w4.i -witli&i-a :c$talyst,-.--b&t a .-rat&r specific:altemat&ig heating process 
-. 

_y:_$k&&~& be required.. 1921. : 
;. [_ .. 1 : .. ....- __ ;. .. -.. 

.- 

2PhjSntit.i- Et?c$ ‘2) 4 h at 210° ’ 
1) 0.5 h ‘at 120° 

3 P~EtSnCl (77%) 

3) 3 h at 150° 

0 
Me2Bu2Sn t Bu2SnC12 :I’ l k zi y:oo > 2 Bu2MeSnC1 (87%) 

3) 2oo” 

The same authors studied some’ redistribution reactions of tetraalkyltins with 

tin acylates -b9j : 

2h 
_ 

Et4Sn + C12Sn(OAc)2 175o > 2Et2Sn(OAc)C1 (86%) 

Et4Sn + Sn(OAc)4 _kc> 2Et$n(OAc)2 (71%) 

Abraham and coworkershave continued (cf. AS 70; 294 and AS 69;519) 

their mechanistic studies on bimolecular electrophilic substitution reactions 

of tetraalkyltins by inorganic and organic mercuric compounds, HgX2, in : 

different polar solvent systems F94-1971 

R4Sn + HgX2 + R$5nX + RHgX 

(R = Me, Et, Pr, i-Pr, Bu, i-Bu; X= Cl, I, OAc) 

-In the solvent systems: -methanol, aqueous methanol, tert-butanol, methanol/ 

/tert-butanol .and acetonitrile the reactions with:HgC12 -and with Hg12 proceed 

.by the SE2 (open) mechanism of electrophilic substitution at carbon;. through 

a transition state in which there is considerable charge separation. In the 

reacti0.n with Hg(bAc)2 in tert-butanol. solution a.cytilic SE2 mechanism may 
-_. 

. . 

-. .:. 
-.. 

I 
..-.. . 

:_:__: __ ..~... -.__ -- :- .‘. _:: -1 :c: : .:,-:;.-_ . __ 
.‘.: .,._. .: : 
_, ^ _ _‘_. _ .i _- 1 -. __ : . 



be:involve&- The relative rate coefficients for'these reactions 'in acktonitrile 
: 

.. -were deter rninedte be 4.5 (X=OAc), 1-O (X=-CIj: and 1,8-(X =I), 'whefeas.in 

methanol they are 250 (X=0&), 1.b &Cl) and 0.8 (X-I) E91_ 

A kinetic study has beenreported of mercury- ancl:iododestannylation 

reactions of MeIjSnR (R=Me,Bu,Pent;(CH2)4ph, (CH2j2CH=CH2.-(CH.&CH= 

&X-$, 
_.. .- 

(C~)2COOP.+e, norbornenyl and norbdrnadienyl derivatives) k98]. As 

was to be expected on the basis of previous studies of Abraham et al (cf d + 

AS 70:294) and Fielen and Nasielskietahit was found that with exception of 

thelatter tw‘o derivatives, almost exclusively demethylation occurs. The 

stereochemistry and mechanism of-bromodestanrrylation has been studied 

with different tetraalkyltins F99J. Russian authors prepared a review(in 

Russianj -.vith 250 references on reactions of organometallic group I-IV 

derivatives with polyhalomethanes [200]. 

The-rather unexpected solvent effects observed with cleavage reactions 

of aryltrimethyltin compounds, Me3SnC6H4X (X=H,p-F,m-Cl,m-Br,p-Me, 

p&Me), with aqueous ethanolic perchloric acid were discussed on the basis 

of counteracting effects of water on the acid proton and on the transition 

state involved fiOl]. The base-catalyzed hydrolytic cleavage of these aryl- 

trimethyltin derivatives in aqueous dimethylsulfoxide has been studied by 

the.same group pod. 

On heating triphenyltin hydroxide with strong carboxylic acids innon- 

-coordinating solvents like benzene or carbontetrachloridetin-carbonbond 

cleavage occurs, whereas in methanol or ethanolatroom temperature the 

corresponding triphenyltin carboxylates are formed 

. . ~_ .. 

v&b ~hSn(0)QOCRJx 

methanol 
~.P~+OOCR 

(R=Me, C31, CH2_Br.C~&~H&.2~CFS) 
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_.~‘; .: &i&&r:e& made further-studies on the behaviour of t&raorgaqot& _y 

.-t&rd~~~~&fur_ dioxi,de .(cf. AS -79; 295) pO4). Fling and Kitching investigated ._ : 
_, . : 

'R4S" lig;sq;&!$+ R$S03. (R=tit,50%; Su,!l5%) -- 

: 

:.._ 
-. -. .:\ * 

-. 

:, 1 -. 
thekinetics andmechanism of the insertion of sulfur dioxide into the carbon- 

. . . 
.-tin b&id-of a variety of aryltrimethyltin compounds.‘ 

_'- I : 

Y 

Me+* 33 Jvfe$nOS(0)~y 

(Y= m-Me,-OMe,-Cl,-CF3,p-Me, --OMe, -Cl,-C-F31 

. -. : 

The results obtained were interpreted on tie basis of an electrophilic sub- 

stitution at carbon (S&, involving some.charge-separation in the transition 

state 2051..Similar conclusions were 
c 

reached with respectto sulfur dioxide 

insertion reactions into the phenyl-tin bond in some iron-tin derivatives 

.~ 

(Tl-C5h$-)(CO)2FeSnP~ % (rr-C~~)(CO),FeSn(Sc1LPh,Ph..~~ 

. . I 

(n-G5~)(C0)2FeSn(S02Ph)2 

-: Aloksandrovprepared a review article on the oxidation of organo- 

metallic group IV derivatives by ozone 
r+L The same author reported 

that the ozonolysis of Et4_n SnCln (n=O-2) proceeds as a bimolecular reaction, 

the reactivity of the tin compounds towards ozone decreasing with increasing 

number of chlorine atoms [208,20~. 

Peterson reported details on the preparation of N,N:disubstit&&d 

amihokethyllithium compounds by cleavage of the corresponding tin compounds, 



B%SnCsNRR’, with butyllithium (cf. AS 70; 296) FlO]. 

Bu3SnCH2NRR ’ f BuLi 4 .Bu4Sn + LiCH2NRR’ 

(R, R’ = Me, Ph, (CH& CH2-CH2-+CH2-CH2) 

Seyferth gave a summary of his research on divalent carbon inter- 

mediates formed by o-elimination from organometallics /q.‘j.. .’ 

As observed by Kochetikhina Eld, ‘_ in addrtion to homolytic fission 

group W organometallics (M=Ge,Sn) also undergo decomposition by metal- 

-hydride elimination, viz. : 

Complexes and coordination. Zahrobsky discussed the application of a 

stereoche-mica1 model to several mono-nuclear complexes of tin that had been 

studied by X-ray diffraction. For the octahedral complexes the calculated 

bond angles are generally within the experimental error with those observed 

by X-ray pl?j. 

.Several groups reported investigations into the complex formation of 

diorganotin diisothiocyanates with nitrogen or oxygen containing ligands 

.c 214-216 (cf.AS 69; 521). 1 C - omparison of the stability constants of 2,2’- 

-bipyridyl adducts of diorganotin diisothiocyanates and dichlorides in benzene 

-and toluene solutions showed that the diisothiocyanates. are much detter 

acceptors (by factors of agout 500) than the dichlorides. Reaction of di- 

‘. methyltin dichloride with tetraphenylarsonium chloride gives rise to the 

formation-of th2 corresponding penta- or hexacoordinated complexes, 

depending on the reaction conditions employed @17] _ 
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Barbie=; and coworkers made further spectroscopic studies into both 

the.soiid state configuration (cf. Fig. 6) kl81,. and the structure in methanolic 

solution. f219j f o a series of one to one adducts of R2snc’2 
:. 

(R = Me, Et: Bu, Ph) 

-. 

__j’ 

. 

Fig. 6. S uggested solid-state configurations of R2SnC12-b&cetyl- 

acetone)ethylenediirnine adducts from R. Barbieri, R. Cefalu, c 

S..C. Chandra and R. H. Herber, J. Organometal. Chem., 
: - 

?2(!971)93 

with bis(acetyIacetone)ethylenediimine (cf. AS 69; 521). In methanol complete .- 

dissociation into the free ligand and the solvated organotin halide moieties. 
,. 

was inferred, From PMR spectral data of the very same compounds Smithetaf. _’ - 

Cl.‘.. __ 220 concluded also that these adducts are largely dissociated even in non- -. 

-coordinating-solvents. However, conductivity studies in nitrobenzene solution 
. . .__ i. . 

indicated that the species in solution are non-ionic. The complex formation of 

:. .- ., : 
_.. ~...-.. : 

:_ 
‘: _. ..:--. 

_; ._ 1 
.._ 



TIN.- ..y 41 : 

dimethyltin derivatives hasbeen the subject of two doctoral dissertations . . 

@21* 224. 

Other papers dealing with molar conductance and/or spectroscopic 

studies of complexes of organotin lialides.with donor ligands in’clude:‘a 

cryoscopic study of the complex formation of Bu 4 nSnCln (n= l-31, BySnBr, 

Bu2Sn(OAc)2, Et$nCl and Et2SnC12 with a wide range of oxygen and nitrogen 

containing ligands k24, complexes of the types R2SnX2-2DMF $24, 

R2SnX2.*2, 2’-bipyridine 1224 and R2SnX2*l, lo-phenanthroline fz2$ (R = Ph, 

PhCH2, o--, m-, p -tolyl; .X = Cl,.Br, I), one to one adducts of PhPrSnC12 with 

CI- and 9 -picolines and one to two adducts of PhRSnC12 (R = Et-Bu, PhCH2) 

with pyridine, quinoline, isoquinoline, morpholine, piperidine or aniline 

kZ7, 224 (cf. AS 70; 297’ ,, complex formation of Me;?SnC12 with N, N-dime- 

thylpicolinamide, -isonicotinamide and N-methyl-N-benzyl derivatives in 

benzene/methylene chloride solution (rapid equilibrium) E24] as well as 

with some peculiar Schiff bases @30]. On the basis of IR, conductivity and 

molecular weight data for diaryltin bis(acetylacetonates), R2Sn(acac)2 (R= 

Ph, o--, m-, p-tolyl) a hexaeoordinated octahedral structure was concluded 

f231]- 

Physico-chemical investigations. By conformational analyses and 

-lattice energy calculations the crystal and molecular structure of tetra- 

phenylcarbon, -silicon, -tin and -lead have been determined 234. The cal- I .- 

culated structure of tetraphenyltin was in good agreement with that determined 

experimentally by X-ray analysis 
.: c 233 (cf..AS 70; 301). Other compounds of 3 

which the crystal and molecular structures have been determined are tetra- 

benzyltin p34], triphenyltin chloride 
r 1 235 and a series of (4-halo&l, 2,3,4- 

-tetraphenyl-cis, cis-1,3_butadienyl)dimethylphenyltins E361 ( 
2 

cf. Fig. 7 and 

AS 70; 284,285). As determined by an electron diffraction study.of the 

structure of gaseous trimethylcyclopentadienyltin the cyclopentadienyl moiety 

\ 
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Fig.7. Thq structure of M~PhSnG(Ph)=C(PhI-C(Ph)=C(Ph)Cl 

&or-n F.P.Eoer,F.P.Van-Remoortere, P.P.North and 

G.N.Reeke, Inorg.Chem., 10 (1971) 529J. 

is not planar 237. C-1 A gas-electron diffraction study.of dimethyltin dichloride 

confirmedthe occurrence of a regular bond contraction in goingfrom 

Me$inCl to SnC14, as pointed outpreviouslyby'Ski&er andsutton in 1944. 

.I_ 1 238 _ 
-, : 

Perkins and Wall presented an analysis of the charge distributions in 
T 

Me4 o&Hi (n=O-4) and Me4_nSnXi (n=O-4, X=halogen). Replacement of 

halogen.atoms by methyl groups.reduces the polarity cf the tin-halogen borrd, 

because methyl groups act in this context a&sources of ele'&rons, largely 

via the G-type orbitals. The involvement of 5 d orbitals is small in '-' 
.: . 

_Ge4 ,S+n-(n=O-4), larger in the tetrahalides &X4 andlargest in the 
:-.. 



Tm:“ -’ 43 

hexahalide anions S-8- E39]. G ui e remarkably, t the opposite was cont. t 
II 

.cluded by Gupta et=. [240]. On the basis, of electric dipole moment- calculations 

these authors concluded that the bond polarity of the tin-chlorine bond de- 

creases in the order R3SnC1>R2SnC12 > RSnC13 >SnCl,. 

A Russian group studied the polarografic behaviour of- R3SnC1 (R=Bu; Ph) 

-- 
and R2SnC12 (R = Et, Bu) ~41-24~~. 

i 

Jn a review article .Aylett discussed the stereochemistry of the main 
. - 

group IV elements on the basis of 310 references -244.. Likewise, Nasielski 
._ - 

._ 
dealt with the structure, mechanism and stereochemistry of organotins 545 . . - 

Sisido and coworkers $471 reported that bromine cleavage of &- and trans- -- 

-(2-phenylcyclopropyl)trimethyltin in the dark proceeds with >48% retention 

of configuration (cf. AS 70: 300). This result is in agreement with previous - 

Ph Br 

+ M?SnBr 

Ph 

+ Me3SnRr 

observations of Baekelmansetal. (cf. AS 67; 380), viz. halogen cleavage of! -- 

(cyclopropyl)trimethyltin derivatives proceeds by an ionic mechanism, pro- 

vjde.d ,that the maximum precautions are taken to avoid free radical reactions. 

..Under free radical conditions (NBSI) a racemic mixture is .formed. .Va$de 

and Calas .etaL studied the. asymmetric hydrostannation of (-)-menthyl- 
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I_. E.iBuLm~t 
.: - -._ 

.__ 

.: -. : -. 
-1 '_'~transLfrot~~te.with tributyltiq hydride;on-' : -: iubSe~u=nt'i~eductionlwith -. i ..- 

_ ‘_ _~~~~(-)(R)_-~-tribusylStannylbutane ~3s .obt+med [248j. aptidally active. 
_: .,:.. 

compo.~ds.have-also.beeh prepared by.couplmg_reactions of triphenyl-group 

..- iy rn”t+l a&l rl$+Anp~yds pq, _v+ -. :. :. : 

. . _ 

Pl# + (s)-(+) -set--BuBr +(R)-(i)-set-BulL@hj f,Br 
a .. . 

_ 

(M=Si,Ge,Sn,Pb) 

Allred et 
.__.CJ-. 

250 dzscussedthe factors influencing the magnitude ofdia- : 

.. 
stereotopfc non-equ%valence in the PMEZ spectra of asymmetric tin compounds. 

From& compari_son of a variety of such compoundsitwas among others con- 

cluded that the large anisotropy of the phenylxing is important in establishing 

a sufficient difference in shielding for diastereotopic non-equivalence to be 

observed (cf. AS ?0;300). - 

Afluxionalsigmatropic rearrangement has been observedwithtri- 

phenyl-7-cyclohepta-1,3,5_trienyltin (XXI) p5qr 

H SnPh3 

.3 .-. 

i/ \ 

(XXI) 

The experimental evidence on the ability of group IV metals to use 

their empty d-orbitals to form (p.&l)n bonds with ethylenic systems has 

been distkssedin a review @52]. On the basis of an IR spectral study of' 

niixtures 6f CDC13 with different orgtiosilicon, -germanium and-tin con% 

.po&ids, it w&s concluded that (p3djn conjugation does occur, this inter-' 

action being greater.with.silicon than &h.germanium or tin c25?L U&&the 
(. 

shift in the visible~absdrptiotimaximum of hexanitrodiphenyl amine the order. . . 
: 
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of base strengths. for M%MX was concluded to be Me.$%S+ < M<CSMe. 

< MeljSnSMe 7 Me$%.NM% 12547. ._ _._. 

Guptaes_ developed a method for calculating the heats-of atomization 

of organotin compounds F553. 

-Miscellaneous physico-chemical studies include the fluorescence 

quenching of anthracene by M%Hg, Me4Pb and Me4Sn !;2563, the mesomorphic 

behaviour of p-M?M- substituted benzaldehydes (M=Si, Ge, Sn) 2571 and the 

solubilities of R+M (R = Me, Et; M=Si. Ge, Sn) compounds in mixtures of water 

with methanol, ethanol; dioxane, acetone and acetic acid >58!. - - 

Spectral studies. In 1970 W. 0. George edited the monograph YSpectro- 

scopic Methods in Organometallic Chemistry” ‘2591. In 1971 the East 

German authors K. Licht and P. Reich published the book “Literature Data 

for IR, Raman and NMR Spectroscopy of Silicon, Germanium, Tin and Lead 

Organic Compounds” k60]. In the latter book, covering the literature only 

up to 1966, spectroscopic data of about 5500 compounds have been listed and 

indexed on the basis of some 2100 references. 

IR and Raman studies. - A short survey on the application of vibrational 

spectroscopy to organometallic chemistry has been published by Downs ‘361:. i i 

Furthermore, the vibrational spectra of intra- and intermetal and semi- 

-metal bonds have been reviewed b62.j. More specific studies include the 

following compounds: Me6% (M=Si,Ge,Sn,Pb) k63]; P%M2 (M=Sn,Pb) and 

(Pl@n&Sn F64; R$%MIu(CO& (R.= Me, Ph, Cl, Br) @65]; Me2MM’(n-CgH5)(60& 

(M=Ge, Sn; Ml =.Cr, MO, W) -r266j ; FI$nF (R = M~Bu, Ph) F67] ; Me2SnF2 jI264 ; 

Ph*Sn, Ph3SnX, Pl+n$ (X = halogen) k693 .- 
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UV. &&es_~ &. t&e ..i&&s : Ms$MCH2Ph. (ML C, Si, Ge, Sn) the displacement 
. 

of. & UV &ec~ull;i.~ftion-i that of benzene increases when carbon is subs&ted 

-baa Si, de: or ‘Sn_. Replacement of the methyl group by’chlorie res’tilted in a 

decrease-of that displacement- These results were interpreted OR the basis 

of (.o- IT) conjugation ‘276]. The UV spectra observed for a series of 2-sub- 

stituted pyridines-- substituents being CH3-, Me$%CI-$CE$-, v?EC%-. 

(E = C, Sit Ge), .(Me3E)2CH1 (E =Si, Sn) - were likewise interpreted in terms 

of carbon-metal ( ai n ) hyperconjugation- p7g. 

NMR studies. In the series “Characterization of Organometallic Com- 

pounds” (Ed. M. Tsutsui) R. 6. Kidd prepared a review on NMR spectroscopy 

of organometallic compounds F72 . 
3 

This subject was also reviewed by 

MC. Far-lane .2.73:. More specific subjects studied by NMR spectrometry in- 
- - 

elude: the primary isotope effect on the magnetic shiel’ding of ‘17Sn and 

U9Sn nuclei j27*1- ‘I9 
I’ Sn chemical shifts in a series of organotin compounds 

L 
lH_ 119 -by Sn double resonance experiments @75,276] ; 117’119Sn satellite 

spectra and 117’119Sn-proton long range coupling constants in tetra(2-furyl)-, 

tetra(3-furyl)-, tetra(2_thienyl)- and tetra(3-thienyl)tin ;277] ; Me3MM’Me3 

(M, M’=C,Si,Ge,Sn) ;27i):; R6Sn2 (R=Et, Ph), Ph$nMMej (M=Ge,Sn), 

Me3SnGePh3 279:; 1H and 55Mn NMR spectra of %_,X,Snhln(CO), (R= Me, Ph; . - 

X=Cl,Br; n=O-3) !80]- , gexninal spin-coupling constants in a series of 

group IV hydrides by double resonance experiments [28 q ; halogen-eFchange 

between Me@1 and. Me$nBr __ _, ‘2823. spin-spin coupling constants for Me4_n- 

SnX, (X-=Li, Re(CO&, Mn(CO&., SnM~, SiI-$, Co(CO)4, NMe2, SMe, OMe, 

I, Br, Cl; n= l-3) 583!; ‘H, 13G and ‘19Sn NMR spectra of MenSn(SMe)4_n : - 

(n = O-3) : 284’; low temperature PMR study of diphenylbis(2, C-pentanedionato)- . . 

tin(IV) 285: ; -119 Sn and 31P s’pectra of M%SnPHPh and Me3SnPP% >861; 
- 

55h4n spectra of R3_n XnSnMn(C0)5 (R= Me, Ph; X = Cl, Br:n = O-3) p87]. 

: .,:_ 
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MGssbauer-studios:Quite a series of Mijssbauer studies of-organ&n 

compounds have appearedin 1971. Althoughthistechnique has been foundto 

be of great help in the elucidation of many structuracproblems-in organotin 

chemistry, care should be-taken in the interpretation of the Msssbauer 

phenomena observed..For example, on the basis of MGssbauer studies it 

has been concluded that Ph2SnC12 has a pentacoordinate structure. Recexitly, 

however, an X-ray study revealedthatthere is no molecular association in _ 

the Ph$nCb crystal. The authors, Greene and Bryan, concludedthat 

anomalous results in MGssbauer spectral measurements of this and similar 

compounds, having large deviations from regulartetrahedralgeometry, are 

likely to be the rule rather than the exception c24 

Reviews on Mijssbauer spectroscopy have beenpreparedby Herber El 89, 

Gibb k9d, Keune and Trautwein b9d and Gol'danskii k94, as well as by 

Kazimir k93] and Beaumont k94J. 

In accordance withthe results of Greene and Bryan mentionedabove, 

Parish and Platt concluded from a Mijssbauer study of different organotin 

compounds that the stereochemistry plays an important role, viz. the isomer 

shift of dtalkyl- and diaryltin compounds increases with increasing C-&-C 

bond angle. In compounds ofthetype R3SnX and, to alower extent, R2SnX2, 

the isomer shift is insensitive to the nature of the ligand X, owing to changes 

in electric shielding 295 IT II= 

The quadrupole splitting data observed for cyclohexyltin derivatives, 

for P%XSn(G%)4SnXPh (X=I,OH,OAc,Ph), for BunSn(OAc)4_n (n=2,3) and 

for dibutyltin maleate were used empirically to discuss internal association 

in organotin compounds E9d. Origin and sign of the quadrupole coupling 

constants in different organotins have been discussed by Parishetal. 

by Greenwood et al.k00,30g &dby Gol'danskii 204. 

b97-29$ 

- - 

Malyshevaet.concludedthatthetemperature dependence of the 

y-resonance absorption of organotin compounds cannot be-usedas a direct 
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:ni&hok ior ‘det&Fqining the c&dix+zion&mher of’@n(N); cbmI%&ds 

&g :--_ ,;, .;. _. 
‘.‘.. : ‘.’ ‘E :- 303, 

‘, . . . . ~. y .‘. ., . . ._;. 
. 

--. .->;..: ._‘, ..‘.:‘.. :;. ,‘_,,:.. :. 
:. ‘.. 

-_. +Jhid :$~oirger shifts &s&t&I -ior i& ‘addu&.of dicyclopenta;lienyltin(fX) 
-’ . 

arid~bis(methylcyciopentadien~l~t~tII) with ph~ylnia&r&siurri‘brornide~ ivere 

-fetid tb bk well- below-t&t of @.-&;‘which poi&$s ;o the structure ‘. ‘. 

_._: ‘. 
&h&r.‘M&sba6er studies pf orgkotin corn&Ads include: &C6O)Ph$%- 

.SnPh2(00CR) (RI= M&, C%GI, CC$ GF3, Ph) ;iO.q; Me3SnM(C0)3(” -C+I+j (n/i= 

CL, l&h, W>; MsSnh;lzrq (R= M e,Ph; M?C;Si,G&), PI-$%&4 jM=Si,Ge,Sn), 

P+nlsHfX~~CoHP&3~2 (X = Cl, I), M~~~I~I~X!C~)(CO)(PPS)Z (X =-I.-I, D), 

-P4SnrrH(Cl)(Co)(PhzRP)~ (R = Me&) EOj ; compounds of the type 

(-ri-Cg~)Fe(C0)2SnP5,nC1, (n = O-31, (n -GsH.-~Fe(CO)ZSnMeljI (CO)5MnSnX3 

(X k Me, Ph, Cl) gO8f ; ~~nXnSnMn(C~f, (Ii = Me, Ph; X = Cl, Brf EGO]; 

complexes of Pr2SnC$ PrSnC13 and PhnSnC14_n (n = I-3) with piperidine, 

morpholine, fl -p.icoline; y-picoline and isoquinoline 309 ; comments on Cl 
.the theory of Williamson. (s AS 70; 303) on orbital populations .derived 

from the Miissbauer spa&a of organotin compounds $102 and a reply to 

the& 'comments 3; g ; B%SnC4-2 L, ‘Ph$&zG1;1*L, RSnC13*2 L (R = Bu, Ph; 

L = P%PO, F$AiO, ByPO, Ph3P) El 2.; R3SnX (R = Me, Ph; X =various 

anionic substituents] E13]; Ph$nC+=F$SO, Ph$nC12’2 RSO (R = Me, Pr, Bu, 

(C’q)4 kl+; dialkyltin(IV) complexes with tridentate planar ligands having 

ON0 and SNO donor groups 

&h.$M~S04, 

c 1 
315 ; alkyl- and aryltin cyan&es $14; 

Bu$kX (X = F; LIAe), Bu.$%n~ (X = F, OAct k14 ; RpOOCC~_nXn 

(n = O-3; X =,Cl, J?; & =alkyl) plq; Ph..$nOOGR (R= Me, G%Cl, C%Br, GH$, 

C&C&, *CF3) EOq,(B$X&j20 (X=halq -n) Fig. 

-Aleksandrov et a?. ‘used y- resonance spectroscopy in a s;ud+ of the 

mechanism of the reaction of a triethyltin ,derivz&ve of *VC, viz, 

with hydrogen chloride k2Oj (cf. A& 70; 3743. 



-l-p4 : 49. 

: The ‘vibrational acisotrc.py and Gqldanskii-Karyagin effect .in Me+F .have 

been studied by. 
i19 

Sn ti%ssbauer ,spectrometry in the-temperature range. 

-7< T< 296°K’E2$ . -, 

ESR studies, In the series “Characterization of Orgtiometaliic Com- 

pounds*: (Ed. N. Tsutsui) Smentowski published the contribution “Characteri- 

zation of Orgdnometallic Compounds by ESR” [323; Jacks0n.prepared.a 

review with X17 references on silicon,‘germanium, tin and &ad- radicals 

524 1 (cf, AS 70; 248). The ESR study of the- adduct of the trimethyltin radical 

with butadiene as performed by Kawamura et al. has been dealt with in.the 

section tin-hydrogen compounds p3f.- Krusic et al. p25] .as well as Lyons 

~.[326] studied the &SR spectral phenomena of 8 -metal substituted alkyl 

radicals of the structure R3hM;H2-CH2’ (R=alkyl; M=Si, Ge,Sn, P,As,Sf. 

Mass spectral sty* Mass spectra &ad fragmentation patterns of the 

following types of compounds have beea reported: R_4M (R = Me, M=Sn; R= 

allyl, M=Si,Ge,Sn) /!327]: Me4M and MegMM’Me3 (M. Ml = C, Si, Ge, Sn, Pb) 

k28]; R6S% (R=Et,Ph), PSSnMM? (M=Ge,Sn), Me$nGePS [279]; 

M~MM’&+( TT-C~H$ fM=Ge,Sn; M’=Cr, Mo,sW) [266J ; (C6F5)4~,SnKn 

(R = Me; Bu. Ph; n = I-3) and (Me$3n)2~6X4 (X = F, Cl) F24-; Bu2Sn(CH2--C~- 

--CoocH.& b303: p-t__ - rrmethyltin-substituted phenyl sulfides r33J.f; some 

group fV acetylides :j3+ 

Analytical studies. Luijten composed a bibliography of organotin 

analysis [55OJ. Gaschromatographic analysis has been studied with the 

following organotin compounds: RJSaMe fR = Et, Pi* i-p+), Bu3SnR (R = Me-Pr), 

R3SnH (=Et-Bu) and R6Sn2 (R= Me-Bu) t3335; (Et3M)2X (M=Si,Ge,Sn; X= 

S,Se, Te) c334; Bu4_nS.nC& (n= O-3) ,F35]; organotin chalcogenides p36]:’ 

Me4_nSnCln- (n = 0,4) f33?1; Et3MM’E_~ C-M, M’ =Si, Ge, Snf g<. 

References p. 62 
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. . ~.. -. 
: .Thin-layer. ch&matography has been applied td the -separation of eight 

r .T 
organotin:stabilizers in plastic formulations 238;. Commercial organotin 

stabilir.&s have %lso been identified by chemical break-down and separation 

of the break~down products c334. 

3i-gyridylfluorone has been found to .be useful in the photometric _ 

determination of tin in organotin compounds (after destruction) c340_. 

Booth etal.(cf. AS 70; 304) extended their studies-on the application of -- 

anodic stripping voltametry to the determination of sub-microgram con- 

centrations of P%SnX (X = OH, OAc) k4L3. The latter technique has also been 

applied to the determination of Bu3 .SnCl c3423. 

Organotin stabilizers can be determined quantitatively by potentio- 

metric titration with sodium methoxide in dimethylformamide, pyridine or 
. 

THF solution 343 . 
Cl 

Polarographic determinations have been studied with the following 

organotin species: EtjSnX (X = Cl, OH, QOC-C( Me)=C%), (%Sn&O (R = 

El, Bu) and BySnX (X = Cl, OOG-c( Me)=C%) p44 ; organotin stabilizers 

in PVC k45,346]. 

Havranek et al. reported a fast method for X-ray fluorescence analysis 

of tin in organotin stabilizers as such or in PVC films 347 . CJ 

A method has been developed for the determination of sulfur in organo- 

tin mercaptides by coulometric titration 

Applications and biological effects. The rapidly increasing industrial 

importance of organotin compounds is reflected by the large amount of 

.scientific papers and patent applications dealing with the many different 

types of applications of organotins as well as with their biological effects. 

Several review articles featuring-the most important field of application 

of organotins, viz.’ the stabilization of PVC have appeared. Yukitomo re- 
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viewed both the stabi&ing effect of among others organotin compounds -[349] 

‘-and the mechanism of stabilization >50]. Granick and Weisfeld 351 dis- 

cusse.d the legal limitations on the use of stabilizers in PVC ~food packaging. 

among which the dioctyltin stabilizers. A survey of the-recent.developments, 

advantageous and disadvantageous of today’s most impcrtant types of PVC 

stabilizers, prepared by Thomas, clearly show& the outstanding properties 

of the organotin stabilizers. In that paper the most important single develop- 

ment in PVC stabilization of recent years is mentioned to ‘be the acceptance 
i 

of organotih compounds for food-packaging materials 352’. Furthermore, c _ 

this type of application of organotins has been treated by Evans in Tin and 

its Uses L;53] as well as in Tin International [354J. 
According to Rockett and coworkers I I 

355 the reactivity of an organotin 

mercaptide or carbothiolic acid salt towards hydrochloric acid is a measure 

of its efficiency as a heat stabilizer for PVC, the stabilizing effect of a 

given compound increasing with increasing reactivity towards HCl. On the 

basis of DTA and TGA analysis Zavarova etal. concluded that dibutyltin 

dicaprylate inhibits the HCl cleave either by adding to the double bonds in 

the polymer, or by forming a complex with the pofyene or chlorine atoms 

[356]. The same research group applied UV and IR spectroscopic methods 

in studying the mechanism of the stabilization of PVC by organotin compounds. 

IR spectra showed inhibition of conjugated double bond formation with di- 

butyltin dioctauoate, maleate and bis(thiododecylate) for one hour at 175O. 

Under these conditions butylstannonic acid had no effect, whereas bis- 

(tributyltin) oxide increases the conjugation rate. It was concluded that the 

stabilizing mechanism involves the formation of stable Cl-Sri-Cl bridges 

.between PVC macromolecules k571. In a study of the thermal and photo- 

-stabilization of PVC with compounds of the type B%Sns (X =SCi2%5b 

OOCCf&,, SMe, OAc) the mercaptides were found to be the most effective 

r 1 358 1. 
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.. ,Sei&er&‘.>59) used . 14C labelled dioctyltin stabilizers m study& 
_ : 

-~the.i& nii&ra~ion’from hard PVC into edible oil. With sir%ilar techniques. Figge 

.’ and coworkers !.60,36g obkerved that the type of fat-in foodstuff has no 

appreciable effect on the migration, whereas the type of resin is of great 
. 

im@ortauce. The latter group also determined that migration -of dioctylfin 

bi~(2-ethylhexylthioglycolate) from PVC bottles in beer after 8 weeks at 20° 

is far below the limit of 1 mg/l of organotin stabilizer as permitted by the’ 

US Food and Drug.Administratfon c.3621. S’ rmilar migration studies have 

been performed with different types of liquid foods [363] as well as with 

various solvents [364]. On the basis of biological inertness and low toxicity 

the best plastic formulation for use in vascular catheters has been reported 

to be a.dioctyltin distearate containing type of PVC. Polyethylene was stated 

-. to be less satisfactory for this medicinal application [ 3651. In contrast, 

however, Stetson recommended that no plastic devices that will be in contact 

.-with human tissue contain an organotin stabilizer: organotin stabilized PVC 

devices cause inflammation and necrosis when placed in intimate contact 

with rabbit muscle [366]. 

Specific types of organotin compounds claimed to be useful as stabilizers 

for PVC include: R3SnNCO(R= Et, Bu, Ph. CH2Ph) (cf. AS 70; 3og) ,@6fl; 

dibutyl- and dioctyltin maleate [ 368, 3691; dibutyl- and dioctyltin phenolates 

[370.-3711: metallostairnoxanes of the structure R2C1MOSnC1R2’ (R = alkyl, 

aryl; RI = alkyl), for example Me2ClSiOSnClBu2, prepared from Me2SiC12 

and Bu2SnO [372]; d imercapto derivatives of distannoxanes or thiodistan- 

noxanes c 3731 as well as many other types of organotin-sulfur derivatives 

;374-3831; boron-containing organotins such as ClJH23COOSnBu20B(O- 

-SnBu2SCH,CH,00CCH=CHCOOCJ-J2CH2SH)2 C 3841 ; fluor.oalkyltin compounds 

0f the type [CF~CH~CH 2 4_nSnXn [385]; dialkyltin derivatives containing 3 

reactive’dienophilic groups, such as, Bu2Sn(OOC- CR=CR’- COOCnH2nt1)2 

(.R~R I = alkyl; II = l-5) (386-3881; stabilizer systems consisting of an 
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‘organotin _compound’and an acidic phosphoric acid alkyd ester [389]; 

R2Sn(OOCCH2CH2ORt) (R = Me, Bu; R’ = Me,‘Bu, CIOHzl) and 

R2Sn(OOCCH2CH2SCH2CH2COl~R~)2 (R = Me. Bu; R* = Et, Oct. C12Hz5) [390]_ 

The stabilizing effect of a mixture of dioctyltin oxide/dioctyltin bis(iso- 

thioglycolate) = 18/75 has beer claimed to be better than that of the latter 

compound alone r391 j. 

The following monoorganotin dervatives are effective in the thermal 

stabilization of chlorine containing polymers: RSnX 
2 

Cl(R = Bu, Ott; 

X = octylthio, laurylthio) [392], [BuSn(S)SCH2COOR]x (R = different 

hydrocarbon moieties) [393], [PhSn(O)OH]x [394]. 

A synergistic effect has been claimed for mixtures of divalent 

organic sulfur compounds with conventional dialkyltin stabilizers [395] 

as well as with butylstannonic acid [396], and for mixtures of dialkyl- 

and monoalkyltin compounds i397,398]. 

Organotin phenolates may be used as UV stabilizers for synthetic 

polymers like polystyrene [ 399,400] . . Polyethylene and polypropylene 

with improved heat and light stability may be obtained by incorporating 

ditin compounds, R6Sn2 (R = Ph, p-Me2N-C6H4, p-Me-C6H4, etc. ) 

[401] (cf. AS 70; 305). 

The number of papers and patent applications featuring organotin 

compounds as suitable catalysts or co-catalysts for many different 

industrially important processes is rapidly increasing. 

A mixture of tetraethyltin, aluminium trichloride and dicyclopenta- 

dienyltin dichloride has been claimed as a catalyst for the preparation of 

polyethylene [402]. Complex catalyst systems containing organotin 

hydrides can be used for the preparation of stereoregular polyethylene 

(cf. AS 69; 528 and AS 70; 306) [403 j and of cis- 2.4:polyisoprene [404], 

and for the polymerization ‘of cyclopentene [405f. Tetraalkyltin compounds 

References p. 62 
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&e useful ai cat&ysts-.or_co-catalys.ts in thetelomerization of cyclic .: 

olefins &h-a++& olefins, [?06], inthe polymerization ofbutadiene or 

Goprene [4+3 Ad &the polymerization of trio-e [4083. Bu3SnF-is 

‘a s&table co-c?ttdysts in the stereospecific (cis) solution polymerization 

-of butadiene [409l (cf. AS 70;306). Dialkyl- as well as trialkyltin 

derivatives catalyze the polymerization of formaldehyde [4rP] (cf. AS 70; 

306). Other processes (co-)catalyzed by organotins include: alkylene oxide 

polymerization (R4_nSnXn, n = l-3) [411], the polymerization oflactones 

(R2SnXY).[412, 4131, the polymerization of 2,5-dioxopiperazine 

(R4_nSnCln, n = l-4) [4143, thetrimerization ofisocyanates (Me3SnSX, 

X =H, Me3Sn)[415] and the polymerization of vinylethers [416]. 

In a general survey Evans gave an exposition of the application of 

dibutyltin dilaurate and tin dioctoate as polyurethane catalysts [417.418]. 

Lipatova and coworkers continued their studies oftbe kinetics ofpoly- 

urethane formation in the presence of dibutyltin derivatives. The results 

were interpreted on the basis of the formation oftermolecular complexes 

between the reactants and the catalysts (cf. AS 70;306) [419,420]. Similar 

kinetic studies have been reported by Volodarskayaetal. [421-l- The 

applicability ofdialkyltin derivatives as catalysts for the preparation of 

polyurethanes is claimed in several patent applications [422-4251. 

The application of dialkyltin compounds as catalysts for the cold-curing 

of silicones also continues to arouse interest[426]; severalpatent 

applications were filed [427-4291. 

Dialkyl- and monoalkyltin compounds have beenfoundto be highly 

effective catalysts in the cold-curing of a specific newtype of epoxy resins. 

.Catalysts claimed to be active intransesterification and/or poly- 

condensation reactions to give linear polyesters such as poly(ethylene 

terephthgate) i.&lude R3SnOP(0)X2 or (R3Sn0)3_,P(O)Xn (R = alkyl. 





Sigelprepared a.general ieview-of the biological siginificance.of -. :. .: 

-:’ organometallic compounds [4537, and Thayer discussed the biological 

.. aspects of-organometallic chemistry C45.43. ... 

~-.Manypapers featuring the biocidal activity of organotin compound 

have appeared in 1971. Ison etal, studiedthefungicidal. insecticidal, 

acaricidal, molluscicidal and anthelmintic activity of a series of 

tributyltin sulfur derivatives containing twenty diIferent heterocycles. 

Within this series little or no effect of the nature of the heterocycle 

was observed, the pesticidal toxophore being the trialkyltin grouping. 

These results corroborate the original observations of Luijten and 

Van der Kerk inthe fifties [455], Th e same conclusion was reached by 

Polster etal. in biocidal studies of different tributyl- and triphenyltin 

compounds towards some 50types offungi. yeasts andbacteria[456]. 

-The latter group also made a comparative study of the fungicidal effect of 

tributyltin compounds and a series of non-metallic fungicities, the tin compounds 

being the most effective [457]. C ompounds of the general formula 

R3SnOMR*n_l(R = alkyi; M = Si,B.Ti,Sb.Al.V; R* = alkoxy. vinyl: 

n =valency of M) are useful for rendering substrates like textile, paper, 

synthetic resins, cement, paints, adhesives or wood, ‘resistant to fungi 

and bacteria [458j. Bartletal..(cf. AS 70:308) continued their investigations -- 

into the use-of organotinfungicides in cement, limes andplasters [459-461J. 

TBTO containing PVC filmhas been used as atransfer mediumfor imparting 

biocidal activitytoleather shoes [462]. According to Kochkin et al. [146, 

463, 4643 &oIymers of maleic anhydride (or acid), styrene andtriorganotin 

or -lead acrylates are most effective in antibacterial activity. A specific 

fungicidal and bactericidal ccmposition based on TBTO has been claimed 

.tobe useful for finishing textiles [465]. Inlaboratorytests effective growth 

inhibition of slime prganisms was observed withB~~SnCl(0.5 ppm). 

Bu3SnOAc(4 ppm) and to a lesser extent with TBTO Q30 ppm). Triphenyltin 
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hydroxide or acetate were ineffective. None of the compounds,- however; 

were effective (50 ppm) for.slime control of the white water in a paper 

'plant; Only as much,as 200ppm of TBTO(lOOO-ZOOOppmfor puIp).gives 

a significant effect[466]. F re y schuss. studied the co~&teractidn of-fungal 

attack in groundwoodpulp by among others TRTO [467]..Fungal growth in 

optical and electronic instruments can be prevented by painting with alaquer 

containing l-3 wt.% of TBTO[468& 

Systemic fungicidal activity has been observed withtriphenyltin acetate 

against cercosporabeticola on sugarbeet, but the systemic activity was 

inferior to that ofbenomyl[469]. Of twenty-one fungicides tested (among 

which benomyl) three formulations containingtriphenyltin derivatives were 

found to be the most effective [470]. According to Mchrtoshthefungicidal 

activity of tributyltin acetate and of a series of dibutyltin compounds is 

(0.1 times the activity oftriphenyltin acetate against late blight (potato) 

c471J. 

Miscellaneous compounds andformuiations for whichfungicidal and/or 

bactericidal activity is claimed are: R3SnOOC-CHR'-CH2-COOSnR3 

(e.g. R = Bu,R' = octyl,. decyl, dodecyl, octadecyl) [472, 4731, 

R3SnOOC-C(CN) =CPh2(R =Me-Bu,Ph) [142], diorganotinphthalates 

(cf. AS 70; 308) [474-4761, dibutylt' III bis(5-methylthio-4-methylsalicylate) 

[477], tributyl(2,4-dichloro-6-cyanophenoxy)tin [478), mixtures of 

Ph3SnX(X = CLOH.OAc) and 1,2-propylenebis(dithiocarbamic acid)- 

-salts of divalent metals (e.g. Zn) [479], partiallyhydrolyzedtriphenyltin 

chloride [480. 4811. (CF3CH2CH2)4_nSnXn(X = H. anionic group: n = 1.2) 

[385]. RnSn(OS02NH2)4_n (R =C1_4 alkylor Ph,n = 2,3)[122]. 

In a comperative study of marine antifouling systems Sheldon-observed 

excellent activity in excess of two years with TBTO. In particular this 

compound is very effective in algae control[482]. Very effective ship-bottom 

paints arepreparedbymixingacommonvinylresinvarnish with 30% of 
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akkyltm.compound,~such as bis(tripropyltin)succinate [483] an-d by 
.- 

.mixing a polyurethane-with-a triorganotin fluoride,‘ e.g. BugSnF.[484j. 

Anticcrrosive coating compositiork obtained by treating an glkydresin with 

(~,Sn)20(R = Pr,Bu,Oct,Ph).gave eight months of-fouling protection on 

steel sheets andfishingaets [4853. Acrylic plastics pressure treated with 

TBTO were less effective, viz. after thirty days allpanels were covered 

with marine growth [486]. 

Accordingto Lorenz optimal results are obtained with antifoulingpaints 

: containing a mixture of TBTO andtriphenyllead acetate [487]. Stronganov 

C.S. reported a comparative study of the toxicity ofR4_nMXn(R = Me-Pr; 

M = Si,Ge,Sn, Pb; X = Cl,OH,OAc; n = O-3) again&t different aquatic 

organisms such as Scenedesmus quadricauda, Chlorellavulgaris and 

Daphniamagna[488]. 

Other compounds claimed to be effective antifouling agents are: 

triphenyltin derivatives [489), bis(triorganotin)tetrachIorophthalates 

c498, 4911, triorganotin sorbates (synergistic effect) [492], mercury 

containing stannoxanes of the structure R3SnOHgRr(preferably R = Et,Bu; 

R* = Et,Bu,Hex,Ph) [493] and combinations of 2-amino-3-chloro-1,4- 

-naphthoquinone, a copper salt like CuS04 and TBTO [494]. 

Interest in organotin compotias wood preservatives, in particular 

TBTO, is increasing-very rapidly. This is partly due to recent governmental 

regulations indifferent countries (England, The Netherlands) prescribing 

the preservation of timber for state-aided buildings. British standard 

specifications for TBTOhave been described [495]. Levi& studied the 

effect of TBTO preservative distribution following different drying techniques, 

& freeze-drying, rapid air-drying and slow air-drying [496j.-TBTO 

.based-wood-preservatives were also studiedby Hof (cf AS 70: 309) [4971 2 

sndby Hocking[498]. A ccordingto Da Costa et al. [499] tributyltin sc.etate 

is slightly more effective as awoodpreservativethanthe corresponding 
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lead compound. Bothtriphenyltin and -1edd compounds are almost completely 

. 
ineffective. Other organotin containing wood preservatives reported are. 

triorgtiotin sorbates [492]. triorganotinperc+orates [SOO] and mixtures 

of compounds like diphenyl(hydroxLpropyl)tin bromide and diglycidylether 

(reducedleaching)[501]. 

Molluscicidal activity has been-claimed for R3Sn-X-C(Xl)-NR'R"(X,-X' '0;s 

R =phenylor substituted phenyl; R,R* = H,alkyl, aralkyl. aryl) (cf. AS 70; - 

309) [502]. Del R’ lvero tested the efficacy of 63 different insecticidal 

formulations against the cabbage worm (Pierris brassicae). All tin containing 

products were found to be phytotoxic [503]. 

The recently disclosed Miticidal properties of tricylohexyltin hydroxide 

(Plictran; cf. AS 69; 725 and AS 70; 310) gave rise to a variety of patent - 

applications ontricyclohkxyltin derivatives-as pesticides, J&. Ch3SnX 

(Ch = cyclohexyl, X-=OH)[504], X=OAr (Ar=p-N02C6H4, C6C15. 

2,4.5-C13C6H2, etc.) [505], X = substitutedphenoxy group, such as 

4-nitroahenoxy, pentachlorophenoxy[506], X = YR, (Y =O,S;.R = organic 

group) ;507), X = CH2CH2Y(Y = CN,COOH,COOMe,COOEt. preparedby 

addition of Ch3SnHtothe corresponding ethylenic conpound) [508], 

X=chlorophenylthio group [509], Xzavariety of ester groups, such as 

ferrocenoate. picolinate. phenoxyacetate, phenylthioacetate, dichloro- 

phenoxyacetate [SlO], X =heterocyclic group, such as imidazol-1-yl, 

4.5-benzotriazol-1-yl, 4.5-benzimidazol-1-yl[511), X = CC(O)R 

(R =CF3.C4F7,C6F5) [512], and compounds ofthetype ChSnX3(X=C1,Br) 

[513). According to Trombettiet. tricyclohexyltin hydroxide causes only 

a slight delay in the must fermentation of grdpevine in laboratory trials, 

whereas in fieldtests no such delay was observed [514]. Findlay investigated 

the toxicity as well as the antifeedant and the reproduction inhibiting effect 

of Ph3SnX(X =OH,OAc) on the different stages ofthelife-cycle of the 

Egyptian cotton leaf worm, Spodopteralittoralis [515]. As determined in 
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..~.~++I~r.i+zdi&~ castor leaf-bits dipped insO.4% Ph SnOAc solutionsgave 
;. .-3 ~_ ; 

amarked reductijn oftheleaf area eaten and aillarvae &pose.dto-a- 
: '_ 

: ?0,.05oA; solutiondied in48 hours without eating at all [516]..Ascheretal, 

continuzdtheir studies of-Me6Sn2 (Pennsalt TD-503Zj (cf. AS 7.8;.310).. 

'This celmpound.tias'foundto be four times as effective as dichlorvos.in 

controlling larvae and eggs of the Egyptian cotton-leaf worm [517, 5181. 

The-same group published further dataonthe effect,offentins on the 

fertility of the female housefly. In the same paper the influence offentins 

on thecfertility and fecundity qf other insect species was critically reviewed 

Other organotin compounds claimedtobe useful as insecticides are: 

R3SnX and (R3Sn)2Y(R = Ph or monosubstituted phenyl; X,Y = mono- 

and divalent '*solubPizing_moiety'*) [SZO], compounds of the type 

[(Rum+ CRR'-CH ) 2 3 SnjnX, for example trineophyltin chloride, 

(PhMe2CyCH2)3SnC1, and (PhMeCH-CH2)3SnC1(less.phytotoxic than 

tricyciohexyltin derivatives, more effectivethan.parathion) [SZlj, 

R3SnCH2S02X(X a alkyl, aryl; R2N etc.) [522]. 

Herbicidal activity has been claimed for compounds of the formula 

R3SnX(X =OH,CN,N3) especially Bu3SnN3 [523]. R3SnCH2SRt. preferably 

R =Bu,R* =Me [524j andphenoxytin compounds such as tributyl 

(2,4-.dinitro-6-sac-butylphenoxy)tin [525], 

According to Poller [526j Ph3SnOAc is subject to microbial 

$egradation.in soil. By means of l3 C labeling it was provedthatthe carbon 

dioxide formed stems from the phenyl groups. The rate of degradation slows 

down after evolution of an amount of carbon dioxide corresponding with one 

phenyl group. 

Cellulose containing material,. e.g. sawdust, is an excellentabsorbent 

for organotins and can be-used for the.purification of.solutions and emulsions. 

containmg_TBTO [527]. Isoamyl gallate has been claimed to be useful for 

.the stabili&ion of TBTO [528]. 



.TIN _- :. . 6i 

On the basis of investigations into the modes of action and the anti- 

nicrobial spectra of Pr3SnOAc and Ph3PbOAc Kourai etal. concluded that. 

.the primary sites of -inhibition are the bcosynthesis of DNA and RNA 

(of E. coli K 12) [529]: Aldridge gave a review of the inhibitory effects of 

trialkyltin compounds, their stimulation of ATPase, the chemical binding 

of Et3113 Sn and Me3113 Sn and of proteins which combine with Et3Sn [53d]. 

The latter authors continued their studies on the inhibition of the oxidative 

phosphorylation by trialkyltin compounds (cf. AS 69; 529) and discussed 

the relation between the specific binding of Me3Sn and Et3Sn to mitochondria 

and their effects on various mitochondrial functions [ 531). Gasida and 

coworkers made a detailed study of the oxidative dealkylation of tetra-. 

tri- and dialkyitins and tetra- and trialkylleads by liver microsomes. The 

extent of metabolism was found to decrease with increasing size of the 

organic substituents, JJ&. Et3Sn. Pr3Sn. Bu3Sn> Pent3Sn> Ch3Sn>Hex3Sn 

>>Oct3Sn>>Ph3Sn, the latter species not being metabolized at all. The 

Presence of a-hydrogen atoms is essential for rapid microsomal degradation, 

for which the following degradation sequence was,proposed [532]: 

(R-CH2)4Sn & (R-CH2)3Sn-CH(OH)-R a (R-CH2)3Sn* __+ 

(R-CH,),Sn’- Ci’-I(bH)-R _) ------- d R-CH2Sn3+ 

As much as twenty papers on toxic effects of organotins have appeared 

in 1971. Two rather conflicting papers on the toxicity of organotin stabilized 

PVC to human tissue have been mentioned in the section on organotin 

stabilizers [365, 3661. A bibliography of organotin toxicity has been composed 

by Luijten [551]. 

Different medical research centres reported on studies of the patho- 

biology of brain eudema in rats as produced experimentally by means of 

triethyltin compounds [ 533-5411. According to Zoltan et al. [ 5423 the functional 

deterioration of the central nervous system induced by triethyltin sulfate 

poisoning can be decreased (abclut 40% decrease in mortality) by silylmarm 
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.(Leg%lon).: The protective effect oftheophyllinis markedly-weaker; whereas 

rmnitol is ineffective; ; 

: 'Pelikanetal. studied the effe&.of 10~ doses of bis(tributyltin)oxide 

on~the skh'f543]. as yellas on the eyesofrats [544]. Horacek& repprted 

on the Characteristic features of intoxication of some workers handling 

Brestan; a.commercial fungicide based ontriphenyltin acetate [545]. The 

irrfluentie ofthelatter compound onlymphatic tissue and on immune responses 

jnguineapigs was discussedby Verschuurenand coworkers [546]. The 

LD50 of Bu3SnX(X = C1.OAc.OOCPh. oleate. laurate) and of Ph3SnOAc for 

n-ice and rats was determinedtobe loo-250 mg/kg, whereas for zoo- and 

phytoplankton andfor cold-blooded animals the LC50 was foundtobe 

0,002-O.lppm[456]. 

Pelikan et al. studied the toxic effects in white mice of intragastrically 

administered dioctyltin bis(2-ethylhexylmaleate)(LD50 = 2.7 g/kg), 

dioctyltin bis(butylmaleate)(LD50 = 3.75 g/kg) and dioctyltin maleate 

(ID50 = 2.25 g/kg) [547]. The latter authors also reported on analogous 

studies with some monobutyltin compounds.ata4000 mg/kgdose [5481; 

Investigations into the effects of peroral administration of dioctyltin 

bis(isooctylthioglycolate) and of dibenzyltin bis(isooctylthioglycolate) on 

rats for 3 snd 18 months periods learnedthatthetoxicities of these 

compounds depends onthe dose andtheperiod of administration. The 

benzyl derivative is more toxic than the octyl derivative [549]. 
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