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.&ix& 1974 2 new- international series of spposia wt.5 instituted~to 

discuss advanceb in the organic chemistry of germanium, tin ar&lead. The 

emphasis of the first symposium clearly-lay towards tin: all seven of the 

plenary lectures and thirty four of the forty short c&munications delivered 

beingwholly or in part concerned with diverse aspects of the chektry of 

this meta1.l The second symposium is scheduled to be held in Utrecht in 1976. 

1. HEVIH'~AHTICLES. 

Several reviews have appeared which contain sections devoted to 

aspects of organotin chemistry, Perhaps the most interesting is that by 

Thayez which deals with the interaction of organometallic compounds with 

living organisms. Other subjects which have been reviewed are st-boroxanes3, 

4 5 
.fluxional organotin compounds , organotin peroxy compounds , J&organotin 

hydroxylzmine and oxime derivatives6, cycloalhsnes containing heterocyclic 

tin7,the preparation and chemistry of tin free-radicalsa, the ligand character- 

istics of the Me5SnCH 2- groupg, the chemistry of coordinated orgsnotin- 

substituted phosphines", and the production and use of organotin compounds 
11 

o 

The use of orgvlotin compounds as stabilisers for PVC has also been reviewed 
12 

., 

Mksbauer data for monoorganotin derivatives has been collected together and 

evaluated287. 

2. COMPOUNDS WITH FOUR TIN-CARBON BONDS. 

Crystals of tetrakis(pentafluorophenyl)tin. (C6F5)4Sn, consists of 

discrete molecules with exact 4 crystallographic symmetry (Fig, l>- The 

Sn-C bond distance and CSnC bond angle are 2,126(8)1 and 105*5(4)', respectively 

_ 
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Fig. 1. View of (C F ) Sn alow the molecular z axis. 
654 

(Beproduced by 

permission of the American Chemical Society). 

Transfer of methyl groups from tr&ethylgallium to tin films forming 

tetramethyltin has been observed at 190' 14- CDg and CFT radicals abstract 

hydrogen atoms from tetramethyltin: 

K=D,F 

Not unexpectedly, H atom abstraction is more efficient with CF5 radicals, the 

reactivity ratio ILCF$CD being _ca. 58 at 373K15. The reaction of Me3SnCF, 

with CF3Hg02CCF3 proceeds zith Sn-Me bond cleavage giving'Me2Sn(CFY)02CCF3 

d 

and CF HgMe: 
3 

Me3SnCF f 
3 

CF3Hg02CCF3 + Mee2Sn(CF3)C2CCF3 + CF3HgMe 

In c&kcast, Me3SnCF3 uld.CF3HgCl hardly react, whilst the reaction between 

tetramethyltin ana CF+OZCCFg is very slow 16 o No reaction occkrred when 
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ie$nCF3 tid pentafluorobenzoyl fluoride were he&ed.a&either 140' or 200°, 

butinsertion of of difluorocarbene into the terminal C-F bond took place on. 

heati&Ne3SnCF3 with &?.3F70CF(CF3)CF20CF(CF3)C(0)F at 140° 17: 

ae3SnCF 140° 
3 

+ C F OCF-CF2yF-C(O)-F 
371 

CF 
3 

CF 
3 

) C3F72;-CF,oFy-C(O)-CF3 

3 
CF 

3 

46 

+ Me3SnF 

83% 

Both Seyferth 
ia and Bulten" have published routes to small-ring 

stannacgcloalkanes. Seyferth has synthesised the first distannacyclobutane, 

I, via' the lithium reagent (I*e3Si)2CBrLi according to the scheme: 

(M&3Si)2CBrLi -I- BuLi 
Me20 

) (Me3Si)2CBrLi 
Me2SnC12 

-115O .-iJ 

S.iMe3 

..' _ 
S&i2 

SiMe3 

I 20% 

Other tin-con&- rning products present in trace quantities were tertatively 

identified as Me2Sn CBr(SiMe3)2 2 and (He3Si>2C(SnCl~le2>2~ In addition to 
c 1 

spectroscopic data, I was also charscterised che&cally by its reaction with 

an equimolecul&c amount of methyllithium at,room temperature followed by 

hydrolysis uith~aque&s NH4C1, This procedure yields (FIegSi)2 (Me$in)CH and 

Me.$nC!(SiHe ) Sn-?~~2C(Si31e3)2H, which are the products. expected to &se 
32 

: _: 
- _. . . . 

~.. .:. ~- .. .’ 
:‘_. :_ .: -. : 



from hydrolysis of II and III; the expected cleavage products from the 

reaction of methyllithium with I: 

I 
MeLi 

) (MgSi),(Me3Sn)CLi 

II 

(Me Si>,(Me Sn)CH 
3 3 

i- 

I 
Me3Sn(Me@ 2CSdIe2C &l-k3 ) 2Li 

III 

NH,Cl/,,O 

+ -1~e3Sn(Me3Si>2CSnMe2C(SiMe3)2H 

The reaction of I with two moles of bromine in refluxing me-khnnol results 

in onlypartiaL methyl group cleavage from tin yielding IX 

Me3Si SiMe3 

X Me2Sn SIYB' 

X 'Me 

Me,Pi SiMe3 

IT 

The reaction.of the bis-Grignard reagent BrMg(CH2)4MgBr or magn&ium 

cyclopentane with dimethyltin dichloride yields a 1:l mixtures of dimethyl- 

stannacyclopentane V and polymeric products VI even under optimum reaction 

conditions. Treatmentof 1,4-dibromobutane either with Me2SnNa2 in liquid 

ammonia or with Me_$k&i2 in THJ? or HNPT gave only traces of V: 
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Di&l+lS f- cycl&e~&&s. and -hexems .may, however, be obtained inhigh. _ 

y&ds (>8C$) by the.disproportionation of cc,w-bis(tria~lstannyl)aUranes 

a-t 25O-280°: 

_ $Sn'CR2>nST . 
n 

x R4Sn + qCR ) R2Sn 

w2n n=4'5 

The reaction is enhanced by ZnCl, or AlC% catalysis, although these 

catalysts also facilitate ring-opening to afford polymeric species, l,l- 

Dimethylst-cycloheptane is formed in only=. 4C$ yield even when the 

reaction-is performed in great dilution. Only traces of ring compound could 

be detdcted in the case of the corresponding.stannacgclooctane. 19;20 

The 'lithium-salt' method has, however, been employed successfully 

to prepare the more sophisticated tin-contain53 g carbocyclic cempcunde VII 

and VIII from Me2SnC12 and the appropriate dilithium salt: 

2Me2SnC12 + 

. 

Li 

.1c 

2 (CF2)n- 

Li 

~CR2@;~R2~n 

e 
(ref. 21) 

n = 2, 3, 4 VII 

Me2SnC12 + (LiC2B, oH, o> 2MMe2 - 

M=Si, Ge 0 22) 

VIII 

The.stannacyclohexadiene IX has been obtained in58-6& yields by-the addition 

-. -. 

. . 
. . 
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of ~Fiibutylti~ dihydride:to'the 

BU2SILH2 + (HC+,CROMs 

The cor~pounds TX may. be converted into substituted phospha- and arsabenzenes 

X by treatment with phosphorus or arsenic trihalides in the presence of 

tripheaylphosphde", 

The synthesis and reactivity o f tetraorganostannanes containing a 

functional group in one alkyl chairi continue-to be investigated, Wethyl- 

sulphoxidesz4 

affording the 

and sulphones 25 protolyse the Sn-N bond ck stannylamines 

appropriate w-stanngl derivatives: 

B~SnNEt2 i- PhS02Me - Bu$inCH2S02Ph (ref. 24) 

Bu_+,SnNMe2 + M&OR - B3SnCH2SOR (ref. 25) 

(g-Al&l-&methylzminomethy~)tributyltin cpmpouncls, Bu$3nCH2NRMe, from.the 

reaction of B 
?5 

SnLi with either N&i-acetals, isoxasolidines, imiciazolidines, 

or sodium N,N-disub&ituted aminometh&esulphonates, exchange with butyl- -- 

lithium to afford the corresponding lithium derivative: 231 

Bu..j%&i t MeRNCH2X ___j* MeRCH2SnB~ + LiX 

1. .’ 

BuLi 

Bu4Sn + LiCH2NNeR 

X = SMe, SPh, OMe, &'Me2, S03Na; R.= PhCH2, MQICH2CH2, Me(OCE$32)3 

Referencesp.316 
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a-~tumyl&es have been used as a source of the CE NR' litid. inthe for& 
.2.2 

of mang&ese carbonyl complexes: 
26 

: 

ynCH2NR; i- Ma(CO)iBr - R;NCH2 I$(CO> 
.4 

R' = Me, Et, Pr, Bu, Me2CHCH2 

Wardell has investigated u.- and &3-sulphur-substituted stannanes 27 o The 

U-substituted compounds are available by metathesis of P 
h3 

SnLi and 

C1CI?2SC6H4Me-a and also of P&,SnCH2X (X = Cl, I> and NaSC6H4Me-2: 

P SnLi 
"s 

Ph_j3nCH2X 

f _> Ph_$inCH2SC6H4Me-2 t-- -t 

clCH2SC6H4pIe-2 NaSC6H4Me-T) 

Three routes to the &substituted derivatives are available: (a) free- 

radical addition of HSC6H4Me-e to P$SnCH=CH2: 

Ph_$3nCH=CH2 + HSC5H4Me-2 
ABIBN 

> Pb$inCH2CH2SC6H4Me-2 

(b) free-radical addition of Ph_$TnH to CH2=CHSC6H4Me-2: 

P SnH 
55 

ARIBN 
f CH2+CHSC6H4P’e-2 ____) Ph+5nCH2CH2SC6H4Me-2 

uld (c) from bis(triphenylstannyl)magnesium: 

(+jM2Q + 2BrCH2CH2SC6H4Me-2 - Ph$ZnCH2CH2SC6H4Me-2 

g-(2-'l'riPhenylstannylethyl)amines XI may also be obtained by metathesis 

from Ph$%&i and the appropriate 2-chloroethylamine in THF‘: 

.:.-. 
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-k_plLi +> _ ClCH,CH+TRR- --. P$SnCH&&R' f Ph6Sn2 .' '~ ' 

XI 

R = R* = Mu, Et, Ph; R,R' = (cH~CH~)~O; R = He. MeCO, R* =' Ph 

P 
hs 

SnCH2CH2NEiPh was isolated in low yield from the reaction of E-(2-chloro- 

ethyl)acetanilide with Ph+%Li. The ssme compound was also produced by- 

either hydrolysis (alcoholic KOH) or reduction (LiAIHg) of P~nCH2CH2NPh~OMe. 

Reconversion to the acetanilide derivative may be accomplished using acetic 

anhydride, The products of the reactions with methyl halides (MeX) and 

hydrogen halides (EIX) varied with the substituents,'R ad R', and the reagents 

Mex and Hx, The quaternary ammonium salts or amine h.ydroh2lides XII produced 

from Ph$inCH2CH2NR2 (R = Me, Et) and MeX or BX (X = Br, I) are unstable, and 

decompose by nucleophilic attack of X' at tin forming Ph$nX, ethylene, and- 

alkylamines: 

/ 

E = Me, H 

The corresponding chlorides, XII (X = Cl), we 

quantitatively to (2-alkylaminoethyl)phenyltin 

in the presence of excess HC1 by electrophilic 

groups, 

P SnCR2CH2L2H 
5 

? 
snx + 

- 
CH24.Z2 i- NR2Z 

stable, but .zre converted 

dichloride hydrochlorides XIII 

attack of Hi on the phenyl 

excess EC1 
+ 

Cl- H C12&SnCH2CH$iR2H Cl- 

XIII 

!The reaction of x-(2-triphenylst&nylethyl)arylsmines with HCl affords 
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mixtureti-of--P S&l, Ph2S&i 
-3 

2, PhSnCi- an& &kcyla&nes, &3 a rksult ol :_: 
3 

competition bet&n nucleopbilic attack.0f.C.f. at the tin atom and.th& electro- 

philic attack 
_-+ 

of H 
as on the phenyl groups 0 

Dergunov et al, have studied-the reactions of Bu$-~~(CH~)~NCO XIV 

with a variety of reagents. With water and isobutyl alcohol, 1,3-bis 3- 

(tri>utylstannyl)propyl urea XV and isobutyl c 3-(tributylstannyl)propyl 1 - 
car&mate XVI (R= _ -'Bu) are produced quantitatively: 

H2° 
ROH 

2C0 - Bu_+CH2$NC0 - B%Sn(CH2)3NHC02R 

xv XIV XVI 

Reaction of XIV with phenol is slower, producing XVI (R = Ph) in 65% yield. 

With 
9' 

Et2NH, and PhNR2, the urea derivatives XVII are formed: 

XIV 
R2NH 

- Bu_j3n(CH2)jNH.C0.NR2 

XVII 
R2 = H2, Et2, BPh 

XIV itself spontuleously trimerises, albeit very slowly (8.274. 10 hr, 100') 

to give the isocyanurate XVIII. 

BupdCH2)3-N 
I 

'-'N-&H) SnB 

I 
23 u3 

o+C\h;/C*o 
XVIII 

I 
(CH2)3S~ “3 

The trimerisation is greatly accelerated in the presence of hexakishydroxy- 

isocyanate, XIV forms the mixed 



0 
II 

._ 

/\ 
+_(CH,),Sd+ 

Pommier and Kuivila have investigated the thermal decomposition of 

4-tosyloxybutyltrimethyltin XL The initial decomposition step involves 

dehydrotosylation to form toluenesulphonic acid and 3-butenyltrimethyltinn, 

This reaction may be arrested if sodium carbonate or 2,6-lutidine is present 

to neutralise the evolved acid, but in the absence of base, secondary reactions 

take place leading to-the formation of methylcyclopropane, I-butene, methane, 

trimethyltin tosylate, and 3-butenyldimethyltin tosylate. Further reactions 

lead to the formation of tetramethyltin, dimethyltin ditosylate, and a- 

30 and trans- 2-butenes: . 

Me3SnCH2CH2CH2CH20Ts >140° w MejSnCE2CH2CH=CE2 t HOTS 

Ne2SnCH2CH2CH=CH2 

OTs 

f CH 
4 

Poller has synthesised a number of 4-kopentyltin 

Me4Sn +. Me2Sn(OTs) 2 

compounds by 

initial protection of the carbonyl group in I-chloropentan+-one by dioxolan 
d. 

formation, Reaction of the readilg formed Grignard reagent XXI.with P 
SSnC1 : ; 

Referencesp.346 
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-gave XXII, but attempts to remove the protecting ethylenedioxyiresidue using-.. 

h$drochloric &id also resulted in cleaiagh of phenyl groups from tin giving : 

Ph2ClSnCH2CH2~H2COMe. Su&zessful conversion of XXII to the Ci'oxopentyltin 
, 

-derivative XXIII was achieved using*-toluCnesulphonic acid: 

Ob 

Cl - Me- MEl > - - Me 'C' (CH ) Mg( 
23 

XXI 

1 Ph3SnC1 
f 

I: 
qe-C-(cH2)3SnPh3 < HOTS MeL&CS > SaPl 

23 

XXIII XXI 

A s&ail& procedure using Ph2SnC12 afforded di(4-oxopentyl)diphenyltin XXIV 

and di(4-0xopentyl)tin dichloride Xxv. Treatment of XXIV with bromine gave 

di(Z-oxopentyl)tin dibromide XXVI: both XXV and XXVI formed ?:I adducts with 

2,2'-bipyridyl. The reaction of the Grignard reagent XXI with S&l4 afforded 

the expected tetrakis(ethylenedioxypeniql)etannane, but conversion to 

Sn(CH2CH2CH2COMe)4 was not successful. Spectroscopic data indicated intra- 

molecular coordination of the carbonyl group to tin in the halogenotin 

derivatives3'. 

Methyllithium abstracts a boronic ester group from the bromomethane- 

triboronic ester, BrC(B02C2Me4)3, to form the carbanion, -CBr(B02C2Ple4)2, 

which reacts with Ph3SnC1: 32 



!kialkyltin-substituted pyfidines react sith (Me3Si)2Hg to give 

products of the *e XXVII, which dissociate to give stable free-radicals 

of the type XXVII133. 

FIe3Si-CQ;~-L3iW3 

XXVII 

Me3Si- 

% 

XXVIII 

ar-T!hienyltin compounds have been synthesised from or-thienylmsgnesium 

and tin halides34. 

iodide 

Reaction of tin(IV) chloride with vinylmagnesium bromide gives 

SZ&I=CH~)~ as the major product accompanied by some Sn2(CH=CH2)635. A 

-Russian patent reports the synthesis of vinyltin compounds by the treatment 

of alkyltin halides or alkylpolyst annanes with alkali metal in liquid ammonie 

followed by the reaction of the resultant alkylstannide with acetyiene or a 

vinyl h.alide36. 2-Chlorovinyltributyltin has been obtained in 86s yield by 

the reaction of B?SnH .snd (C1CH=CH)2Hg:37 

B%SnH + (C1CH=CH)2Hg 
ether 

------+?3 SnCH=CHCl 

Referencesp.346 
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'Vinylth derivatives und&go ep~xicktion to give the_-corresoo~~ing.stannyl-' '.-;_ 

oxire& on treztmetit with pe&rifluoroacetic acid: 
38 -.. 

5 
SnCH=CH2 + CF3C020H -> 

$sny- 

R = Be, Ph 

Both&- and trans.-crotyltknethyltin react with butyl- and methyl- 

lithium in ether to give crotyllithium in high yield, Further reaction of 

this reagent solution with Ne3SiCl in both cases gives a =..'3/2 mixture of 

trans- and a-crotyltrimethylsilane; 

BuLi 
~Ie3SnCE2CEAXIKe P* LiCk2CH=CHKe 

Ne3SiCl 
5 Me SiCH2CHAXXe 

3 

& or trans &and trans 

Anzlysis of the t5n-containing product shows the formation of He4Sn and 

Me2SnBu2 in addition to the expected product Meg%%, illustrating the 

presence of alkyllithium-promoted exchange equilibria. The addition of 

10 mole $I of S+i or MeLi to isomerically pure cis or trans trimethylcrotyltin 

results in a rapid isomerisation yielding a 3/2 trzns/cis ratio of trimethyl- 

crotyltin isomers. The isomerisation is also promoted by metallic lithium. 

In this case, 2 metal displacement mechanism is postulated, in which small 

amounts of crotylllthium are formed which can then equilibriate with the 

remaining trimethylcrotyltin: 

MeCHdXCH2SnKe3 + 2Li - PIeCEkCHCH2Li -I- Ke3SnLi 

MeCH=CHCE2SnMe3 f FIeCH&&!H,Li .-+ MeCH~CH?!H_$inMe3 + MeCH=CHCH2Li 

of crotyllithium is from triphenylcrotyl- 



ether 
‘PhII% ____) Ph4Sn- + MeCHdHCH2Li. 

cis/t.rans mixture 

B-Dichloroallyllithium reacts with Me3SnBr to give NejSnCH2CH=CC12 in 

97% yield. No evidence for the formation of Me3SnCC12CH=CH2 was obtained 40 o 

Allyltin compounds react with epoxides giving as the principal 

products alkoxytin derivatives produced from addition to the carbonyl 

compound resulting from isomerisation of the epoxrde: 

OSnB~ 
I %?n 2 

CB CH=CEMe 
PhCH2CHCHCFi=CH2 < 

I 
Ne 

Bu+CH$H=CH2 
> PhCE2CfiCH2CH=CH2 

The reaction with cis and trans I-phenyl-1,2_epoxypropane gives only a -- 

poor yield of three and ervt*o isomers:41 

~SnCH2CH=CH2 
> PhCHCJZXe 

I 
CH2CH=CH2 

three and ervthro 

Guillerm et al. have demonstrated that propargyltin compounds can 

exist in equilibrium with theeir allenic isomers when the tautomerisation 

is catalysed by electron-donating solvents or by Lewis acids, The 

predoeance of each particular isomer depends strongl$ dn the sudstitue&s,eg: 
. . 

Rif&en& p_ 346 . . 
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Ph3 
Sn-CH-CsCH c P SnCH==C=CEMe 

55 .-. 
Me 

lo@ 

Me3SnCH2-CsCMe T--_ Me3Sn-C&&H2 : 

Ne 

9& 2% 

Ekchenge of the unsaturated groups is apparent.when a mixture of equal 

amounts of all four possible allenic products is obtained from ether mixtures 

of le Sd!H2C!=CD end Et3SnCH2-CSCH or le Sn-CD=C=CH2 
3 -3 

and Et =CFi=C=CH2 
3 

in the 

presence of mercury(X) chloride: 

Me_$TnCH&!ZD 25% 

-I- 
Hgc12; 2o" 

Et3Sn-CH=C=CH2 
MejSnCD=C=CH~ 

ether 
Et3Sn-CD=C=CH2 25s ( 

Egm2; 2o" 

ether 
+ 

Et3SnCH2CZH 
Me$in-CH=C=CH 

2 
25s Et+CH=C=CH, L 

Me3Sn-CD=C=CH2 25% 

and by the reactions: 

phs 
Sn-CH2-CcCPh 

BrQCH2C=CMe 
> P Sn-CH2-CzCMe 

h3, 

Ph3 
Sn-CHdkCH2 

Me3SnCH=C=CHMe 
;, P SnCH=C=CHMe 

ether h3 

Et3SnCH=C=CH2 
_Me3SnCHd=CHMe Hgclj 

*, ether 

Me+%-CELC=CH2 l& 

allenic compovsds with 

ethyl .substituents 5$ 



.depence& on the solvent us&i a& on added Lewis acid (MgBr2 $$12 

z&2>. In a variety of solvents used, the rate decreased in the-ql;der 

&MS0 MeOH'. EtOH pgridine 2-methylpyridine, KeCN, PhCN, BMPT -2,2'- 

-dimethylpyridine, &BuOH. An ion-pair.mechanism involving solvent Or 

42 Lewis acid was proposed a 

the CrC 

A patent reports the addition of mixed carbon tetrahalides across 

triple bond of allqynyltin compounds: 43 

55 SnC=_CH -I- YC $ w > R$TnCY=CHC~ 
40-5o" 

X, Y = Cl, Br 

!i'he free-radical addition of butane tIrio1 to triethylethynyltin affords a 

mixture of products: 
44 

Et3SnCECH + BuSH hS > Et3SnCH=CHSnEt 3 
t (Et3Sn)2C=CH2 

trans. 

+ BuSCH=CHSBu + Et3SnSBu 

The alkynyl-tin bond of XKlK is cleaved by halogen in organic solvents: 
45 

$ 

x2 
Sn-CEC-C02S+ - 

xc=c-co2snB3 

XXIX 

P&,SnF3JPh displaces carbon monoxide from c~Nb(C0)~ forming XXX: 
46 

P%SnCTPh + /zp&CO), pentane > cpI'+(CO)(P%SnC=CPh)2 

2-fold excess : gxx . . 



., 

C&opentadienyltin compounds and'organotin chlorides-undergo :. .- 
.‘. _. .-’ 

facile.redistributibn at room td~perature to yiel-d .k.ixed cyciopentadienyl-~ 

tin chlorides:- 

-, 
RsoC13 + ==CPj - Rep SnCl 

2 (ref, 47) 

2RSnC13. f 

R2SnC12 i 

R = Ne, 

Carboxylic acids cleave cyclopentadienyl groups of cp4Sn to give cyclopenta- 

dienyltin tris(cacboxylates) XXXI:4g 

90% 

RSncp? > RcpSnC12 

95% 

(ref. 47) 

R2Sncp2 _ R2cpSnC1 

100% 
Et 

(ref. 48) 

cp4Sn f 5RCO2H 'O" , 

E = Et, 3ie2CH 

cpSn(02CR)3 

xxx1 95% 

The treatment of the lithium salt XXX11 with Pb5SnC1 in ether at -60' 

gives the complex XXX111 which mdergoes Sn-cp bond clezv.zge with dry HCl, 

After removal of the solvent from the solution of xXx111, treatment of the 



.. g9 -~‘._- :: 

: 

.._ d?$ +dtie'-with GMn(C?>5 in TED' gave an.@ yield of (OC)3Mn(C5R4)S&h&n(CO)5;Y~ 

is-similarly cleaved by &&I&L affording cpRe(CO)g.50 

: 
Nixed alkylphenyltin dichlorides 

treatment of triphenylalkylstannanes with 

chloride:28 

. . 

are_conveniently prepared-by the 

an ethereal solution of hydrogen 

IX1 in ether 
Ph3SnR _7 RPhSnC12 + 2PbH 

lo@ 

R = Ne, Et, nPr, isoPr, ?%_I, PhCE2 

HcLean has investigated the synthetic utility of the reaction of tetra- 

organostannvles w+th iodine monochloride znd monobromides in CC1 51 4 o The 

following reactions gave very high yields of product, and iiere considered 

to be of preparative importance: 

Ph4Sn i 21C1 3o”/5 mins, Ph$inCl -i 
2 

2PhI 

Ph4Sn + IBr 
3o"/30 mins > Ph3SnBr + Phi 

Ph4Sn t 2IBr To/4 hr > Ph2SnBr2 f 2PhI 

Bu4Sn -t ICl 3o"/30 mins > B SnCl 
?J 

+ BUI 

Bu4Sn -t 2ICl 
3o"/15 mins ) Bu2SnC12 f 2RuI 

Bu4Sn i IBr .300/5 mins ,B SnBr 
?3 

i BuI 

Cleavage of aryltrimethylstannanes by nitrosyl chloride folloved by oxidation 

of the resulting nitroso compounds provides a useful route to some aromatic 

nitro compounds, eg: 52 

:- 

Refer&ces p. 346 :. 
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.x3- Me3Sn SnMe_j .f NOCl - 

NO2 

Aromatic sulphenyl halides and thiocyanates, RSX, cleave aryl-tin bonds 

when the aryl groups contain a strongly electron-releasing 

unsymmetrical sulphicies: 

x = X’ = Cl, BT; X = SCN, X' = NCS; Y = OMe, OEt, OiPr. SMe 

A much smaller yield (22%) of the 

Y = He_ Cleavage of ally1 groups 

chloride occurs more readily than 

appropriate sulphide was obtained when 

from tin by o-nitrobenzene sulphenyl 

aryl-tin bond fission: 

Ph3 
SnCH2CH=CH2 -z- g-02NC6E4SC1 t CH,=CHCE,SC6H4N0,-2 

67% 

BSX ~->FLSC6H4Y-~ -i- BySnX' 

group forming 

SnCE2CH=CEIPh tram-P 
h3 

,-02Nc6E4sc1 
?= PhCH==CHCH,SC6H4N02-2 

f CH2=CHCHPhSC6H4N02-0 

52% 

The reaction of ~-02NC634SCL with P~SnCEkCH2 gave both the cleavage and 

addition pr0aucts: 

P 33 SnCH==H2 
+02NC6H4SC1 

3 P 
h3 

SnCHC1CH2SC6H4N02-2 i- CH2=CHsC H NO -0 
64 2 

44s. 39% .. 



'261‘ 
.- 

LOSS of ethylene occurs iKthe.reaction with the #-stannylsulphide -. 

~~~-,ca;;C~H~~*~~:~' 

.-> PlfSnCl 

76H4x*2 
SC6y4N02-g 

Electrophilically-Lndunduced destmylation Of elk-3-en-%yltin compounds has 

been employed in the synthesis of cyclopropylcarbinyl Composts. A variety 

of electrophiles, Cl_,, Br 
2 
, 12, S03, R&X2, SCI2, A&XL, react.with 

$SnCH2CIT,CEkCH2 compounds by initial addition to the double bond forming 

electron-deficient carbon atoms rto'tin. These incipient carbonium ions 

then electrophilicallg induce heterolgtic fragmentations of the Sn-C bonds 

with concurrent ring formation: 

““vd -I- E+ -‘z”& _ R_pl~E 

1 
Rp+ -+ Ly/E 

In some cases, small amounts of R-Sn bond cleavage was detected, but use 

of tetra(but-3-enyl)tin gave surprisingly small yields (-5&o !Che reaction 

of norborn-2-en-5-yltributyltin XXXIv with 2,4_dinItrobenzenesulphenyl 

chloride in glacial acetic acid at 100° gave.a i'5$ yield of the strained 

nortricyclic pr0auOt XXXV: 

Lb . . . . 

sC6$(N0& 

c ixgv .y -xxxr -.. 

Rkfe~en&sp.346 . . : - -. : 
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b~t.bromination~of cyciohe~T3-e&l-yltributyltin at :65O: onILy--re~uli&f.&-- I:. 
-. 

.the. broni&.ion of the double. bond; 
-._. 

:. 

Heating the adduct XXXVI to ca. 160' caused fragznentation to give approximately 

equal q-tities of trans.-2-bronobicyclo 3,1,0 hexane and 4-bromocyclo- 

hexane; the latter compound probably arising fro3 the rearrangement of the 

forner: 

XXXVI 160" Iqr t oBr f Bu$inBr 

An atten?pt to effect cyclodestannylation of 3-methyl-but-2-en-l-yltributyl- 

tin failed: instead an SEZ' reaction took place: 

m_-Chloroperbenzoic acid also does not induce cyclodestsnnylation. Xather 

reaction with XXXVII produced the epQxycompovnd XXXUII. Cyclodestannyl- 

ztion could, however, be induced in XXXVIII by HCI, picrylsulphonic acid, 

-54 BF3.0Et2; or methyl fltiorosulphonate, or thermally: 

._ 



. _. 

EL&,,/ + 3-ClC6H4C03H 

KXKVII 

P 
s 

C+ X- (X = EigBr Cl0 
3' 4' 

ZnC12Br) salts abstract hydrogen from tetra- 

orgsnostannanes =Ix giving PhCE snd mixtures of zlkenes: 55 

P “s c” x- i- RCE2C13NeSnR+ + RCH=CHMe RCE2CE=CH2 P CH 
%5 

-i- 

75-95s cis + trsns -7 \ 

Tetraphenyltin undergoes complete dearyl&ion by alkali metal amides in 

liquid smmonia to afford the amido-stmtes XL: 
56 

Ph4Sn + m2 
liq. 15 

_____j N2s"(N82)6 

N=K, Rb, Cs 
Al 

Severs1 kinetic studies of Sn-C bond cleavage have been reported. 

Eaborn et al have studied solvent isotope effects .ti various systems. For --* 

the cleavage of the 

in methanol at 21O, 
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aryl-tin bond of X.C6H4.Stie ~ compounds by sodium methoxide 

the kinetic data indicate the reaction sequence: 
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MeC- + Me3Sn.C6H4X .X5 (WeO)Me5Sn-.C6H4.X. '1. XL1 . . (fast) 

(MeO)Me3SnW.C6H~~X f MeOH + (MeO)MegSn-_C6H5f.X f Me6 '. 

-XL11 (slowj 

.(MeO)Me3Sn-.C6H5+.X - NeOSnMe5 + 'Sh5' 
(fast) 

in which proton transfer from the solvent to the carbon atom of the Sn-ar~l 

bond in involved in the rate-determining step, which is probably the conversion 

of the pentavalent species XLJ into the Wheland intermediate XLII. 
57 

XL11 

In the cleavage of XC6E4SnKe3 compounds by acetic acid at 50°, the data 

suggest that proton transfer to form the Wheland intermediate is rather 

more than half complete 58 o The cleavage of the benzyl-tin bond by sodium 

methoxide in methanol 59 , excess trifluoroacetic acid in benzene 
60 

, and also 

by aqueous methanolic perchloric acid 
61 

has been investigated. Solvent 

isotope effects in the cleavage of the substituted benzyl-tin compounds 

XC6H4CH2SnMe5 by sodium methoxide in methanol indicate that a free carbanion 

is not formed, but favour a rate-determining step again involving proton 

transfer from the solvent to the carbon atom af the breaking Sn-CH2C6H4X 

bond, with the MeO-Sn bond fully or almost fully formed in the transition 

state. Initial formation of the pentavalent intermediate 

[ 
(MeO)MegSn.CH2.C6H4,X - 1 is proposed5'. Both benzgl-tin and methyl-tin 

bond cleavage is observed in the cleavage with trifluoroacetic acid in 

benzene, although the rate of disappearance of stannane is strictly first- 

order. For the J=- and *Cl, =- and &Z'5 , *He and e_OMe-substituted 
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compounds, a transition state XLIII is proposed in nhich C-H bond for&ation- 

:- 

is well advanced and oxygen coordination.of the moleculsracid to the tin 

.being impor&nt. 

B_-- 
(( )EH2--------SK- 

XL111 
\ 
CF3 

The rates-for the g-Me and g-OMe substituted derivatives are abnormally 

fast and are not accompanied by any %-Me bond cleavage, and in these cases 

a mechanism involving protonation of the rhing we.5 proposed: 

XLIV 

Brominolysis 

mecbanism6b . 

Very similar 

compounds by aqueous methsnolic perchloric acid. For X = H, PMe, @Ie, 

+ Me3SnOCOCF 
3 

CH2D(or H) 

I 

OMe 

&or H) 

of XLIV also results in ring substitution by an analogous 

results were obtained for the cleavage of XC H CH SnlrIe 
642 3. 

~_tBu, g-, =- and D_F and -Cl, 2nd g-Br, the cleavage of the benzylitin 

bond involves attack of the acid at the benzylic carbon atom, a& is not 

?uch faster than %-Me bond cleavage, but the ring-pro&nation me&anism 
t. 

: 
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I Br2 (1 equiv.) 

\ 

rapid 

NaOAc buffer 
CH Br 
I * 

Br 
NaOAc + HHr.- 

Me 

f Me3SnBr + Unreacted XLIV 

is important for X = &4e, aa greatly predominant for X = +OMe 61 _ The 

second-order rate constants for the SH2 substitution of tetraethyltin by 

mercury(I1) carboxglates, Hg(O*CR)*, in methanol increase along the series 

R-= tBu<Et<Me<Ph<ClCE2CH2U4eOCH2<C1CH2. &. 605% of the reaction 

takes place through the species Hg(02CR)2. Rate constants for 

Hg(C2@3-, Hg(O*CR)*, and Hg(O,CR)+ are in the order O:l:lO*. 

utioll by Hg(02CR)2 in methanol was deduced to tale place via a 

rather than a cyclic, transition state. 
62 

Kinetic and product 

attack of 

The substit- 

S&open), 

studies of 

the solvolysis of a-$S n-substituted sulphonates indicate a concerted 1,3- 

elimination mechanism rather than reaction pathways involving intermediate 

ions or ion-pairs 63 o 
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3. HYDRIIZS.. 
: 

_: 

'The niolectiar structures of Meg&H and Me2&H2 have been studied 

by gas &se electron diffraction. Both molecules are a&&mately t+cra- 

hedral with Sn-C bond distances of 

and sn-H bona distances of 

The 1,4-concerted addition of Me3SnH to the singlet excited 

1,3-dienes yield both _cis- and trus-adducts XLVa-and XLXb according 

stereochemistry which is incompatible with an allylnethylene relaxed 

penta- 

to a 

configuration, aa suggests a doubly tiist~a state 65 . Triorganotin hydrides 

addd to the CSC triple bonds of alkynglamines 
66 

and propargyl glyciayl 

ether67 to yield $SnCR1dXlHEt2 compounds ana l-(trialkylstannyl)-3- 

(glycidyloxy)propene, respectively. Knocke ana NeumaM have demonstrated 

that small amounts of mixtures of R2Sn(OR')2 and R2SnX2 (X = halide, acylate, 

or acetylacetonate) strongly accelerate the addition of‘R2SnH2 to aldehydes 

ancl ketones, A mechanism tivolving the intermediacy of the mired species 

R2Sn(OR')X ana R2Sn(OR')H was proposed. 

R2Sn(OR')2 t- R2SnX 2 eR2Sg(OR')X , 
R2=H2 

. R2SnxH 

11 

R"CH0 
2 

References p. 346. 

R"CHOH 
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Tli~ same systems also- catalyse the addition of R&H2 a& R+%Et to oyclo-. .. 

hexanone-yielding the alkoxides XLVI in hi&yield 
68 

. . 
.. 

R &nS"H, + nC6H,00 --> R4_,Sn(OC6H,0)n 

n = 1,2 XLVI 

The B 
?J 

&H-reduction of benzyl and cyclohexylchloroformates under 

free-radical conditions (A.RlBN/hexane) affords toluene and cyclohexyl formate, 

respectively, as the only product in each case. Rationalisation of these 

results in terms of the alkoxycarbonyl radical XLVII is consistent, since 

its rate of fragmentation is dete rmiued by the stability of the incipient 

radical 2. Thus, in the case of R = PhCH2, decarboxylation to PhCH2- is 

0 
favoured, and toluene is formed, whilst, when R = C6H,,, the C6E,,OC- survives 

to b.e reduced 6Y 

[- R. -i- co2 

BgSnH 
)RH 

I 
9 

ROCCl 

(R = CH2F'h) 

XLVII 

I 
Bu$%H 0 

> ROEH (R = C&> 

Pereyre has determined the stereochemistry of the reduction of acyclic 

ketones by Bu+%.EI under both ionic and free-radical conditions, The stereo- 

chemistry of the products is little affected by the mechanism of the hydra-. 

stannation. and the stereochemistry in both cases is minor 70 . The reaction 

of Bu+,SnH with cyclopropyl- 71 and cyclobutylketones72 under free-radical 

conditions lead to both cyclic and acyclic products- At 80°. cyclopropyl- 

ketones give exclusively ring-opening: 

.p- .j” + ‘B”4sn.H ABIBN 

80' 
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25O, cyclopropanoxgtributyltin is obtained: 
: 

f=-: IF 
w 

-25') 
HR 

0 OSnB~ R. 

These results are consistent with a mechsnism involving the rearrangement 

the intermediate radical: 

I>rc rR * 
0 

Cgclobutylketones 

mechanism: 

u fi -R + 

6 

also give both reduction and ring-opening by an identical 

OSnB 

/ 

3 

Bu$hH; -By5n 

J 

u ?. 
C-R < H2° I;r 

i * 
-R 

I 
OH. 0sn.B 

55 
I ~ By%I; -~FIY 

H2° 
g-B&-R f-- 

G= 
C/R .‘. 

II 
.o- -. 

\- OSdg _. 
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-The amotit-of ring-open&g increask with increase in temperature; c&i&ti~~~- . . 

iLhy&iG concentratiori, -&nd is 21~0 favoured when R = PL7' &mp%e loss- 

'of stereochemist& occurs during the B ~u3SnE-reduction of 

2-halonbrbornanes D 
73 The extent of aryl group migration 

carbon during the Bu_$ZH-reduction of g-silyl halidesr 

Bu$H/DTBP 

Z-substituted 

from silicon to 

ArMe2SiCH2C!H2CH2X ' > Ar~Ie2SiCH2CH2Me t EIMe2SiCE2CH2CH 

depends on the halogeninthe order Cl Br, the effect being more pronounced 

at.higher reactant concentrations. In order to rationalise.this observition, 

the rearranged radical XLV uas proposed also to arise directly from the 

K-silyl chloride but not the brotide: 
74 

a 
XLV 

The addition of a very small excess of BgSnH to a solution of 

dichlorocgclopropenyl hexachloroantimonate in tetrvnethylene sulphone solution 

gkes 1,2-di&&rocyclopropene as the only reduction product: 
304 



H 

H 

fast 

-97 H Cl 

'H 

In contrast, the reduction of 1,2,3-trichlorocyclopropene by Bu3SnH under 

free-radical conditions affords a mixture pf l,J- 2nd 3,3-aichlorocyclo- 

propenes. The different hehaviour was attributed to contrasting substituent 

effects of chlorine in the stabilisation of the tiqo transition states, k the 

radical intermediate, the chlorine atom stabilises the radical localised 

on an adjacent carbon atom, reaction aith which B 
F5 

Sn9 will produce 1,3- 

dichlorocyclopropene. in the corresponding cation howeirer, a localized 

transition state for hydride transfer will preferentially put positive 

charge on the carbon atom bearing hydrogen, not chlorine. 
304 

4. EALIDES. 

.As usu31, considerable attention has been devoted to the. synthesis 

of organotin halides. Several patents report procedures for the 'direct' 

synthesis of orgenotin halides from metallic~tin ana alkyl halide in the 
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&esence of varioti catalyst systems whilst one descrrbes aniapparatus.. 
‘. 

.._ -- 

.f?r'ihe&r continuous preparation by percholating alkyl halide or..epich&ro-: 

hy&in through a column containing tin granules and interstitialphosphonium 

or-ammonium s,alt as. catalyst 
78 

o The 'direct' synthesis of butyltinbromides : 

-from‘elementil tin and butyl bromide in the -presence of various catalysts. 

has been investigated in detail, Tetraallqlammonium salts were found to be 

the most efficient catalysts, giving a_uantitative or near-quantitative 

conversion of tin in 24 hrs at lOlo . m the presence of iodine. The following 

reaction-scheme was proposed for the catalysis: 
79 

SnI 
4 

+ Sn(activated) 

I 

3- 
Rsr!x,R-p 

/ \ 
Rx, R2Sf12 

Rx; -3P 
-R SnX 

J4 

L 

R2s"x2 

R? 
snx f snx2 

The alkylation of 

to monoorganotin trihalide 

tin(I1) halides has also been studied as a route 

derivatives. Dialkylmercurials‘ react wi&tin(II) 

fluoride to form RSIIF~ compounds: 
80 

R = Et, Pr, Bul Me(CR2)4, he(CS2>5 

Hethyltin trichloride may be obtained inhigh yield. by the reaction of 

tin(k) chloride and methyl chloride using-cyclic sulphones as Solvents 

. . ._ 
: : 
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.-at.=.. -160-l&y.in the presence-of B 
"spy--- 

. . 

xodine, :a.& FeCLj F c~talysts8~_:] 

_imLe reaction &t+(II) halides with halome~hylsilanes at 140-180' in-a. 

solvating solvent or in en inert gas affords H_+CH2S~**~ ~Chlo~or&yls- 

silane compounds in general react similarly with tin(I1) chloride in the 

-.absenc& of catalysts in solvating solvents sl;ch as THF or DME: 

RR'R"SiCH Cl + SnC12 
140-200' 

2 
) RR'R"SiCH SnC 

2 4 

R, R’s R" = R Ar RO , t 

Chloro(chloromethyl)silanes react analogously with SnC12, but the corres- 

ponding trichloro(chlorosilylmethyl)stannanes could not be isolated because 

of reaction with the ether solvent. These compounds, however, could be 

obtaized using 'onium salts. as catalysts with the exclusion of solvating 

solvents: 

ClnMe 
3-nsicHP + 

SnC12 R4= 

140-180' 
3 ClnMeg_nSiCH2SnC13 

E = N, P, As, Sb; X = Cl, Br; n = 1, 2, 3 

The preparation of C13SiCH2SnC13 was accompaz5ed by the formation of some 

(C13SiCH2)2SnC12, which was characterised by further methylation: 
83 

C13SiCH2S,nC12 
,-I- -----, 
;c1 

_S*Cl 
t 

8 I 
4, (CljSiCH2)2SnC12 MeMgBr > (Me3SiCf-f2)2Stie2 

C13SiCH,$nClg I 
I I 
1______2 

The decomposition of TiPh4 at rook temperature in the presence of tin(I1) . . 

chloride affords a mixtur&.of phenyltim(IV) chlorides: 
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TiPh4 L.>_ TiCl, f EPhenyl _+ Ph2SnC12 +- PhjSnCl. T "4s". .-: 

9O& IO-15% 15-2O$ .lO-15% .: 
. . 

The sn~&gous decomposition in ths.presence of hexaphenylditin gave Ti+, 

84 (85$), benzene, biPheny1, and Ph4Sn D 

Alkylation and dealkylation of (organo)tin(IV) halides has been 

eE!Ployed particularly in the synthesis of nonoor@otLn trihslides snd 

nixed tri- uld diorganotin halides: 

SnCl i 
4 

R2A10R' or ClAlROR' - RSnCl 
3 

(ref. 85) 

RrSnC13 c Ke3SiR 
AK13 

catalyst ) 
RR'SnC12 (ref. 86) 

=4 + (PhCR2)29g --+==+z> PhCH2EgX i PhCH,$i"5 

X = Cl, Br, I 

C& , Mgx 
SnC14 _____3 (C6H,,)3SnC1 

H2° 
-+ (C6H,,)3SnO" 

(ref. 87) 

(ref. 88) 

R_pCl _\R'Sn 

R'Q-Cl 
SnCl 

or Or 
4 R2R'SnC1 (ref. 89) 

R2SnC.1, R2R'2Sn 

R2S"X2 -I- X2 - 
RSnX3 

(ref.s.90,91) 

R = C,-C20; X = Cl, Br, I 

R2Sn12 + I2 
8hr 

12O-130° 
> _RsnI3 ~ NaoH'H20+ RSn(OH)O HC1_ FtSnCl 

3- 

R = Bu, (CH2)7PIe, .CBMe2 (ref. 90) 
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Substituted moaozryltin-trTchlorides.have also Geti obtained by diasotisation 
. . 

-of:_the'approprihte substituted aniline, followed by subsequent stannyiation.- 

i&g SnC1492. Dichlorocarbene, derived from PhHgCCl3, inserts into the. .. 

Sn-Br bond. of tin(N) bromide. The actual product isolated, hoh-ever, ias 

XGVI due to halogen exchange: 93 

Cl 
I 

PhHgCC13 f S&r4 -> Br-I-SnBr3 + PhH&Cl 

Cl 

Br 

I 
Br-C-Stir3 + 

I 
SnBr3Cl 

Cl 

XLVI 

Moioorgaotin trifluorides may be obtairzed in high yield by treating the 

corresponding tris(carboxylates) with _KE' in benzene: 94 

RSn(02CR')3 + 3RP 
benzene 

20-25' 
> RSnP3 t 3R'C02H 

R = al&l, aryl, alkeoyl; R' = alkyl 

Seyferth has described an improved synthesis of Me2Sn(CH21)I by 

the reactio= of i'Ie2SrGl2 with one mole of IZzCE2I in TEE'. The formation 

of the organotin iodide rather t&n the chloride is rationalised in terms 

of halogen exchange between tix and zinc. With magnesium metal in 'ELF. 

He2Sn(CE121)I reacted readily to give hesamethyltristannacyclohenane in 22% 

yield. The Lrwolatile residue from this reactioo appeared to be material 

of composition (I&~SECE~)~:~'~ 

IZnCH21 MgjTEp 
Me2SnC12 

!mF 
> Me2Sn(CH21)I > (Me2SoCH2,)3 

Refereneesp.346 
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The molecular structures of NeEWX.3 and Ne3SnCl in the gas phase 

bve been'reizkestigated by eLectron diffraction. Both compounds are 

approximately tetrahedral, and have very similar Sn-C bond distances 

k.iOS(6)A (Me+%Cl) and 2.105(16)A (MeSnClj)l. Increased chlorine sub- 

stitution leads to 2 contraction of the .%-Cl bond distance 
c 
2.354(S)A 

(Me3SnC1) and 2.506(3)A (MeSnC13) 1 640 'H and "'Sn nmr data indicate that 

rapid exchange of halogen and SMe groups takes place at room temperature 

in binary mixtures of He4 nSnXn/Me+nSn(SMe)n (X = halogen, n = l-4). The 

rate of exchange is slowest when X = I 95 D Birchall et 21. have s.tudied -- 

the solvolysis of methyltin chlorides Me4 n SnCln in highly acidic media 

using nmr and Mksbauer spectroscopy. Soiv2ted cations such as ~e,Snl+, 

k,Sn12', w12r, 2nd ~eSnC!l.]'* were detectedy6. The formkk if 

complexes between alkyltin(IV) cations 2nd fluoride ions has been studied 

in 2 constant ionic medium (11,~ N2C104) at 25' by potentiometric and solubility 

methods. In the concentration range examined only mononuclear complexes 

were found". Treatment of the lithium salt XLVII with Me3SnCl leads to 

2 mixture of c- and &stannylated isomers XLVIIIa and XhYIIIb, The same 

product mixture is obtained by treating the ylicLMe5SnCl complex IL with 

butyllithium: 

BuLi 
FO - 

R 
B 

XLVII XLv111.a 

i- 

C=O+SnMe3C1 

k 

II. 

_.. 

.- 
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Elimination of He3SnOWe occurs during the reaction of He3SnCl rith the lithium 

-salt L: 

/ 

H 
P P=p' 

+ 

"s BuLi 
P%P==C. Li 

I i- Me$inCl 
p~+arr.g 

c=o > 
?"I0 

> 

AMe OMe 
ET""" 

o\ 

PhJP=C=C=o + p+OMe] 

whilst during attempted complex forztion between the disubstiikted ylid LI 

PM” Fe 
c=o 

P%P=C<c=o 

Me3SnC1 c-0 

hj< - 

Ph.C'_C.C02Me 

> P P=C 
i- 

kh 
i?'" 
0 

Clm?3Sn~ 

Me3SnC1,0PP 
s 

LI 

The conplexation of methyltin halides in donor solvents such as acetone, 

dioxan, DIG, pyridine, DMF, DNSO, EEVT, and tetramethylethylenediamine have 

been shdied by means of 
1 
H nmr spectroscopy, and equilibrium constants 

evaluated for the Me SnX.D complexes 99 
3 

D The Ne3SnC13- anion has been obtained 

as the tetramethylamnonium salt by heating a mix&e of Me NC1 and excess 
4 

Me3SnC1 in a sealed tube at 140' for 4 

stored under anhydrous conditions, but 

The Mksbauer data are consistent with 

configuration. loo Elegbede ki McLean 

hr.S. The complex is stable wken 

probably releases chloride in solution. 

T-shaped SnCl 
3 

units in & octahedral 

have prepared the 1:l complexes 
.- 

Ph_$3nXJMPA (X = Cl, Br, I, N3, CN). Reaction of the %$inCl.HMPA complex 
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with F- or OH- ions cauked dissociation-to give 3! k13:n.F scud P%SnOH,: res&ctiv,e$ 

but exchange occurred with I- and N3- giving the corresponding Ph3SnX,HEPA 

(k = I, N3) complexes. No reaction occurred with Br- or CN- 101 o 

The crystal structure of Ph2SnC12.bipyridyl shows that the tib atoms 

are octahedrally coordinated with trans phenyl groups.(Sn-C = 2.152h) and Q 

chlorine atoms @n-Cl = 205098) (Fig. 2). The bipyridyl group is not planar, 

one C5HLN ring is slightly twisted (4,2;) with respect to the other, with the 

tie Sn-H bond distances being unequal (20344 and 2.3751)'02. The similar 

complex Ph2SnC12, 2DNSO has an almost identical structure (Fig. 3) with Sn-C = 

2.1166, Sn-Cl = 2.474, 2.355A and Sn-0 = 2.355 and 2,280x, One of the methyl- 

sulphoxide groups is disordered into two positions 148 D Novel 1:l adducts 

Fig. 2, The molecular structure of Ph2SnC12. bipyridyl. (Reproduced by 

permission of the Chemical Society). 

Fig, 3. The molecular structure of Ph2SnC12.2DIG0. 
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-hde been obtaine$.from the nickel complex N;Nr-ethglenebis(salicyliden~~ -: 

iminato)nickel(II) (Nisalen).with di- and monoorgenotin(IV) chlorides, 

Spectroscopic data show that the square planar configuration:around nickel 

is ma.Qltained, and the cobrdination to tin involves 3-coordinate phenolic 

oxygen atoms resulting in octahedrally-coordinated tin 103 . The trans-R2, 

a-Cl2 configuration deduced spectroscopically for the R2SnC12Nisalen 

complex has been confirmed when R = Me by a crytsallographic-s_hldy to4 D 

The structure is shown in Fig, 4 , and is distorted significantly from regular 

octahedral coordination (CSnO = 161.0(7)O, OSnO = 61.3(3)'>. The two Sn-C 

distances are equd (2.125(1)x), but the-%-O and &-Cl distances are not 

equivalent [sn-0 = 2.40, 2.55(l)& Sn-Cl= 2,403, 2.523(4)&l. Far-infra-red 

spectra of the complexes Ar2SnX202L (Ar = aryl; X = Cl, Br, I; L = smide) 

indicate m-aryl and trans.-halogen arrangements about tin, 

coordinated via the carbonyl oxygen rather tbzn the nitrogen 

di-, and triethanolamines form complexes of the general type 

The amide is 

atomlo _ Mono-, 

Ar2SIlX*.Z3L 

0 Ni 

8 Cl 
QN 
00 
OC 

C 

Fig. 4. Projection of Me2SnC12.Ni(salen) along the a axis. 
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1 for L =-EEA and DELA.and -n = 2 for TEA) with'diaryltin 
-_ .. 

dihalides.-. again a-&&ryl~trans-halogen arrangement aboutoctahedral~ 

.tiu is indicated. Both.= and DEB function as bideutate liganas, bonding : 

through both oxygen antI nitrogen atoms, whilst.TEA acts as a unidentate 

ligand via the oxygen atom 106 o : . 

5. PsExrDoHALPxS. 

Crystals of t?iphenyltin isothiocyauate consist of infinite Zig- 

aag =S.;. Sn-N=C=S_.,Sn- chains similar to those in He SnNCS, 
3 

but with 

skghtly longer Sn-N (2.22(5)x), shorter Sn-S (2.92(6)X) bond distances, 

and almost planarSnC$ units (S&C =2.09(3)x) (Fig. 5)'07- 

Fig. 5. The asymmetric unit of Ph5SuNCS projected perpendicular to 1. 

(_ 

Tribdtyltin isocyanate reacts with cy anamide in triethykmine 

to form bis(tribu-tyltin)_carbodiimide and a mixture of triazines 
108 

. 
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2BNco + Bu-jSnNCNSnBu-j ._ 

-mr,CN 
: 

. 

triazines 

Bergonov et al. have studied the thermal decompositions of FL$inNCO and 

~SnN=C=NS"R? (R = Bu, Ph). B u3 SnIkO decomposes to metallic tin, CO, N2, 

butane, and butylene: 

Bu3SnNC0 7:~ Sn -I- g2 -I- 5: + butane + butylene 

58% 95s 90% 

In contrast, P$SnNCO undergoes disproportionation: 

Ph3SnNC0 
2oo" 

> Ph4Sn f Ph2Sn(NC0)2 

70-73s 

Similarly, Bu3SnNCNSnBu3 decomposes at 250-270' to metallic tin and a 

mixture of butane and butylene, but only Ph4Sn (90$) was isolated from 

109 
the thermolysis of Pb3Sn??CNSsrPb3 D Pseudohalide derivatives of the type 

RnSn C(CN)2COMe 
C 1 _ my be obtained from the organotin chloride and the 4 n 

silver salt AgC(CN) 
2 
COXe in acetone. Triphenyltin acetyldicyanometbanide 

results from the reaction of dicyanoacetone and tetraphenyltin in CC1 D 

The MBssbauer spectra of the pseudohslide derivatives P 

NCNCN, 0NC(CN)2, C(CN)2COMe , Et3Sn C(CN)2iOMd, 

h$ZnX k = NCC;CN)2, 

Me2SnX2 
L 
X = NCNCN, 

C(CN)2COMe 1 , and .(Bu~S~CN) 
4 

indicate polymeric structures tith coordination 

numbers grezter than four. The spectrumof (PhCH2)2Sn C(CN)2COMe 2 shows. [ 1 
two different tgpes of tin ascribed to the presence of six-coordinate.polymeric 

and four-coordinate monomeric species 110 o 
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Triphenyltin cyanamide reacts-with acyl.chlorid&s, chloro&rbo&$esi: 
: .‘_ 

-ad benzentiklphonyl chloride in the presence of exc&gs t&.ethyla&ne & 

‘give high yi&ks of the corresponding triet~lunmoniwn(prganocyanoamino)- 

chlorotriphenykdannates LII: : 

Ph$W4HCN + RCl i- NEt3 - Et+ k%Sn(Cl) [N(CN)d]_- 

R = keC0, EtCO, PhCO, MeOCO, EtOCO, 
LII 

PhCH20C0, PhS02 

LII (R = MeCO).was also obtained from the reaction of &tgH Cl- with 

P%Sti(CN)COMe, itself prepared by treating P%~SficmT with +kCOCl: 

- -P 
hs 
SnNCNSlip 

h3 + MeCoC1 
~- P SuNCOMe f 

%I 
P SrlCl 
"s 

CN 

1 

NEt3HC' 

NEt3H [P~s~C~)[TN(CN)COM~J 

The MBssbauer spectra iudicate the five-coordinate trigonal bipyramidal 

structure LIII for the complexes 
111 

0 

LIII 

I 
FfNCN 
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5:: OXIDES. ALKOXIDES; AN- HEZATEZ) D&l+ATIVES. _ " .., ~- .-. . 

: T~~~abutyl~i,3-diacylo~distannoxanes (RCO~)BU~S~%I~~(~~~R) .. 

LIv and/or tetrabutgl-l-acyloxy-3-hgdroxgdist-oxanes (R(o&~S~OSIIE+~~H 

LV may be -prepared from equimolecnlar amounts of-dibutyldiallyltin an*-the 

c~bozqrkc ecid RCOOH (R = H, Me, CH2C1, CHc12,-CC13, CF3) in moist netho% 

or acetone/water (50/50)- Isolation of compounds LIV or LV depends on the 

hyckolysing power of-the medium and the nature of R 
112 

. The solid-state 

structures of (Me Sn)2(0H)N 
3 3 

and hexunethyl-1,5-diazidotrist-oxane have 

been investigated by Mtksbauer, infra-red aa Fban spectroscopy. Proposed 

structures are shown in Fig. 6. (Me3Sn)2(0dN3 is thought to consist of 

infinite chains of planar MeYSn groups bridged alte-tely by OH and N3 

groups - . Hydrogen b&ding links adjacent chains. The diazidotristsnnoxane 

is considered to be dimeric through oxygen and terminal azide bridges. All 

the tin atoms are five coordinate 
113 

. Hexaethyldistannoxane and its chloro- 

(a) -(b) 

Fig. 6. Proposed structures for (a) (Me3Sd2(0H)N3 and (b) 

derivatives react with la&ones containing four to seven-membered rings 

to form 1:l adducts with ring-opening. With Et3SnOSnEt3, the add?& formed 

LIV is .thermally unstable, and reverts to the reactants ok attempted 

Referencesp.346 
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distill&ion, but treatpled with either one o&two moles 0f_a0.++0riak... 

yields the isolable rnoz& or diacetate: 

i- (Et+26 + EtgSnO(CH2)nC02%Et3 

Iiv 

n = 2-5 

MeC02(CH2)~02COMe < 
MeCOCl 

MeC02(CH2),C02S"Et3 

43tgsnc1 

ClF&2SnOSnEt2C1 reacts similarly givjzg C1Et2SnO(CH2)nC02SnEt2Cl, which 

could also be converted to the diacetate. The reaction with chloropenta- .’ 

ethyl disteoxane appeared to proceed largely to form LV: 

ClEt,SnO(CH&02SnEtj 

jH+ iEo + C1Et2SnOS-ts 

ll = 2-5 LV ] .~ 

but the reaction ofp-propiolactone and C12EtSnOSnEt2C1 gave approximately 

equal amounts of IX1 and LVII: 

C1Et2SnOC2H4C02SnEtC12 

C1Et2SnOSnEtC12 --II LVI . 

C12EtSnOC2H4C02SnEt2Cl 

Kinetic measur&ments of the reactions gave the following orders of-.reactivit$: 
-. 

c0a~rolact~ne>6-v~erolactone>$-pr0piol~ctone>~-butyrolacto~e; 

-I 
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~C12EtS~OSnFk2C1>E~3SnOSnEt 
.3 

>ClEk2SnOSnEt3)C1Et2SnOS66t 
.2 

Cl; monomeric 7: 

dimeric stanno&es ; and non~polaz>poiar or.besic solvent 
114 ..’ 

., ,H&.&t~~: 

mixtures-of bis(tri~1ti.n) oxides and bis(tria&ylgerm$l) oxides affords 

mixed germastannoxenes .&III: 

(FL@,0 im <R$Ge>20 - %pyertj 1 _-. _. 
LVIII 

R = Bu; RI = Me, Bu 

The reaction of hexabutylgertitannoxsne with phenyl isocyanate and chloral 

is considered to take place exclusively at the Sn-0 bond: 
115,116 

By%. Nf'h.C0.0GeBu3 

Bu3SnC-CH-0GeBu3 

cc1 
3 

Similarly, Bu3SnOSiMe3 was also considered to react kth PhNCO 

the Sn-0 bona:"' 

_- ._ 

solely at 

B SnOSiMe -t 
?3 3 

PWCO A Bu3Sn,NPh.C0.0SiMe3 

The addition reactions of monoorganotin-tris(alkoxi&s) s.na alkoxi&e hsliaes 

with isocysnates and isothiocyanates, uld of dibutyltin glycolates have 

been briefly reported: 117 

EK3n(Oihr)3 + gz”NCE .-> xin(m~ ~co.o%r)n(O%rj,~ . 

RSn(O$r)3 nCln +(3_n)PbNCO. _A RSn(NPh.C&OiPr,3_nCln 

: 

R : Et, '&; $ = Ph;+Np; E = o;, ti '-. . . . 
_ _. -. : . . 

Referencesp.346 .. . 

_. 
: : 



Bu.$?i?OAc mi'.RCiH4S02NHC02Me %SnOMe + RC6H4SO$HCONPr2 

%'he.adducts undergo pktolysis with~both acetic acid and dipropylamine 
118 

0 

Bis(tri~~~stann~l)mercaptoethenolate reacts with isothiocyanates at room 
. 

_(Bgs”)2s y%-O\c=NB 
> 

SIdphide on-heating: 

~&&it of r&tit& CS fpl-20 hrs at $6: yielded,ethylene.dit~ocarbnmate 
,:.2 : 

: 



A patent reports the synthesis of some diorganotiz_&ycolates of -: 

the types ,LXIII.and LXX from.dialkjrlt5.n oxide & the.approp&ate diof 
129 ~. 

. 



Bu2Sn 9 10 + R2Mc12- 

_>Bu2Sn-CILCH-CH20MR2 

I I 
Cl Cl 

Lxx1 . 
M=Si,R= Me; M = Ge, R = Me, Et 

Heating the linear deriiratives JXX and Lxx1 above ca. ljO" causes cyclisation 

with the elimination of Bu2SnC12: 
121 

c EeR 130° 

Tgb - 

BU2sex2 + v A-O 

%Ehl 
F1Cl Fe, 

12 

R R 

Cl 

f 
Bu2Sn(CH2)pStie2 & 

I I 

Bu2SnC12 + 

Me2Si10 
> 

Cl Cl 

A. 
. 

,(CH2+0, 

polymers + Me,% 

'o-(CR& 
/ 

SiNe2 

. 

,2',3'-O_(dibutylstannylene)nucleosides LXXII have been obtained 

es crystalline solids by heating methanol suspensions of the nucleoside 

and clibutyltin oxide: 
-: . 



: 

Bu,snO/MeOH 
>. 

B = uracil, cytosine, adenine 

hypoxantbine Lxx11 

'The derivatives Lxx11 react with acyl, -7. sulphonyl, and phosphonyl , 

chlorides resulting in preferential substitution at the 2'(3') positions, 

with no substitution at the 5 position: 

0 OH 

HOC! +HOw. 

HO OR ,. .. RO OH 

O--CR 
I- ; 

RCOCl Rx 

? OH 
(RO)2P=0 H p(Od20 

Bis(trialkyltin)nucleoside 5'-phosphates WcIIIa and LXX1133 result from 
: 

.122 
reaction of bis(tributyltin) oxide and the nucl&oside 5'-phosphate . 

-. 



LxxIIIa LxxIIIb 

The structure of trimethyltin methoxide consists of chains of 

methcxy-bridged planar trimethyltin groups 
I: 
Sn-C = 2.14(2)& Sn-0 = 2.23(3)x; 

0.51~0 = 172.4(7)'; SnOSn' = 131-2(12)"] (Fig. 7)'235. Van den Berghe and van 

der Kelen have investigated the structure of methyltin alkoxides Me4_nSn(OR)n 

Fig. 7. The repeat unit of the chains of ~e3SnOM~~- (Reproduced with 

permision from Acta Cry?&), 

<II = 1-3; R = Me, Et) by 'H -13 "?%I -- The trimethyltin alkoxides are 

monomeric '&cl tetrahedral in solution, but the data for the dimethyltin 

dialkoxides and methyltin tris(alkoxides) indicate the presence of polymeric 

species such as LXXIx 
124 

o 

IJXXIX RI = Pie, OR 

: 



: ..' 29% 

E&&z&e reactions b&reeli.triethylt%n al&o&es with pentafluoro~henyl- 

ger~m203 and &202 
bromides hate beeti.described: 

. 

0 
(C6F5) 4_nGeBrn + nEZ3SnO14e .z> (C6F,_)4_tiGe(OMe)n~ + nEt3S& 

n=l,2 

(C6F5)3SnBr + Et3SnOR loo0 > (C6F5)3SnOR + Eg3SnBr 

R = le, _Et 

Triorganotin alkoxides react with polyhalomethylmethes under free-radical 

conditions giving the corresponding carbonyl cpmpounds. Tuo secondary 

reactions also occur giving an alcohol and perhalo derivatives of pentane. 

The mechanism of the reaction proceeds by the abstraction of a hydrogen atom 

on-the e-carbon atom of the alkoxy group followed by the rapid elimination 

of a trialkyltin radical: 

>CHOSnf -t -cc1 3 L> >LOSn+ f HCC13 

> ?LOSnf -> >c=o i- * Snf 

>Sn- t BrCCl3 d 3 SnBr + -cc1 
3 

The formation of alcohol snd perhalo derivatives of pentane occurs by attack 

of a -Ccl3 radical either on the tin atom with subsequent elimination 

of a RO- radical or abstraction of a hydrogen atom on the k-carbon atom 

of the tributyltin group leading to an olefin which adds a polyhalomethane 

molecule:125 
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m l CCl 1. 

R2CCH2CC1.3 < 3 R2C=CH2 + -Spf 

I 

.R$CH2CC% f ‘ccl> 

Br 

.Dibutyltin. dimethoxide and dibutyltin bis(acetylacetonate) disproportionate 

68 
in he&ne.foymingthe dimer LXXX: 

Me 

+ > 

B~~Sn(ecac)~ 
Me 

Dibutyltin dialkoxides also disproportiomte with dibutyltin 

dihydride at low temperatures foi_ming mixed dibutyltin hgdrid& zlkoxides, 

but kt higher temperatures elimination of alcohol occurs: 
68,126 

- Bu2SnH +- < 25O,. 
2 

'BUSSED F 2Bu2S&OR) ’ 

R=Me, Et 

nBu2SnH(OMe) 
60-70° 2 nMeOH + (Bu2Sd,. 



.. -,. 
293 -_ 

The‘ attempted-tiddition. of Bu2Sd(H)O+-to ally1 aidohol resulted- o&in 
: .I 

the decomposition to methenoi'and- .(Bx~~Sn)~b .Bu2Sn(H)O+lyX~can, hoieqer, -i 
-_ 

be obtaineaby exchange at low temperature, but mild heating results &. 
I 

cyclisation accpmpanied by elimination: 

! .\ 

Bu2SnH2 + Bu+(OCH~CIGCH~)~ 
2o" 

> 2Bu2SnOCH2CHzCH2 

I :_ 
4 

-. 
_*. ,.. 

Dibuty&tin hgdride chloride adds to ally1 and pro&&l ecetates.'forming 

LXXX1 and LXXXII, respectively: 
_ -’ -. 

H2C=CHCH202CMe 

/ > &2ClSnCH2CH2CH202~Me 
Eu*SIlC12 

/ IXXXI 
+ --> 2Bu2SnHCi 

\ 

Bu2SnH2 - 

R,R' = H, Me 

Attempted reduction of Lxxx1 to Bu2(H)Sn(CH2)30H by LiAlR4 gielded sn ether 

phase which evolved hydrogen gas even at 0' as cyclisation takes~place: 

cis-Bu2ClSnCH=CHCRR'C02Me 

LXXXII 

Lxxx1 
LiAlH4 

> Bu2(H)SnCH2CH2CH20H 
-H2 > 

, _-. _- 

‘. .- 
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C&ost&o&p&-&& and,'-pentenes mAy,be formed. direct1y.b; th6 .+eaction.'. 

of Bu2SnH2 with allil.or $~opargyl alcohols: 1?6 .~ _. 

._. 
._ 

HOCR'CR"=CH f1 
2 

-Hi 
3. Bu2Sn\ 

3 
R 

R' 

HOCRR'C=CH 

-H2 
j %!S"\ 

9 
0 R 

R' 

Mehrotra hss investigated the products of reaction of butyltin 

i27 
tris(isopropoxide) with alkanolamines and +diketones'28. Various 

products are obtained 

BuSn(OPr)3 + 

BuSn(OPr)3 + 

depe=d?ng on tbe molar ratio of the reactants, viz.: 

HOXNHR ->. 
B”\sn/O-j* 

2HOxNEB - 
B”\sn/olx 

RmHo/'NR-J 

2Busn(OPr)3 i- 
r”q_ ;_;y”lx 

3HOXNE.R __) X 

I,/ L-X-J \N-l 

R R 

BuSn(OPic)3 f 3HOXNkR > BuSn(OXNHR)3 

_ ..-. 
j 

: .: _ 



_. -..:- : . . 
: ‘. 

._.. &-,_ I 
: ..- . . . . . . -. 

_I-_ B&n(Ol&)3-~ + nHOXNMe2 BuS,(OPi);, + (O&e);. . . - ...: :-‘ 
. 

g= 1-3; R = H; i-i CH2CH2, CH2CH2CH2'. .. 

fi=Kee;. Xi CH2CH2 

ms~~(oPr)~ + (H~cH,cH~>~~H + 
B"\s,/~c=2cH~m 

Pro/ ‘O-m .CH’ 
2 2 

/ 

“\ 
cH2cH20\Br o_~/ocH2m2\m 
CH2CH20 /s",:CH NHCH dEI 

2 2 22 
\OCH CH' 

2 2 

/ 

OCH2CH2 

~u~n(o~r)~ + <HoCH,CH,>~N 
\ 

_ BuSnKOCH2CH2TN 

0CH2CH2 

The same products could, in general, also be obtained using bu~1stakoni-z 

acid- Higher reection temperaties caused condensation of N-H bonds: 

BuSn(OPr)3 -t HOCH2CH2NH2 139O 

xylene 

BuSn(OCH2CH2N) 

0 Bu 

+ HOCH2CH2NEMe 
benzene \! 

Busnol.5 
Sn4-sn 

reflux 
N / 

Me 



PIehrotra'2g-131 and Gupta"* have investigated the chetistry of 

compounds cod eking the %-O-B lb&age. Several synthetic 

emplbged: 

=bd3 +- 3b3Sd20 - 2(R$d3B f 3H20 

in vacua; -B 0 

B2°3 
f (R3Sn)2d __3 (%SnOBO)3 \ 

2 3, 

fB203; 120-2406 

2Bu2Sn0 f 2#BO3 f 2diol _ QOSnBu2OSnZu2OQ 

Q= -B<l2 , -B<x 

methods were 

(ref. 129) 

($snO> 3B 

(ref. 129) 

(ref. 130) 

f 2NaCl 

7 

:- 
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: 

. . : 

(%,Sd20 f 2-B(OH)3 i- 2R’C 
\ 

hi2 

1 

55 SnCl + 3 BtN f 
“\ 

i- ,BOH 

RHC'N 
ir k 

bpl)20 i- (ref..132) 

ir ii 

These types of compound undergo reaction with a variety of reagepts at the 
i 

sn-0 bond: 

B(OSnRj)3 

A = AcO, SBu, SPh, OPh 

. 
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O_!iZriorgenostannylamidoximes Lxxxv 133 and diorganotin derivatives of 

2-thenoyltrifluoroacetone IXXXVI 134 have also been synthesised by similar 

methods. 

R = Me, Bu, Ph 

R' = Me, Et, Pr, Ph 

4-n 

n = 2, 3; R = Me, Et, Bu, Ph 

LXXXVI 

Organotin alkoxide and acetylacetonate derivatives have been obtained 

by oxidative-addition reactions of tin(II) bis(alkoxides), bis(k-ketoenolztes) 

and bis(p-ketoesters): 
226,227,230 



: -._, 

Rx _I__j* Rsn(acac)2x 
& = Me& BrCH2CHdH2,~ PhCH2Br 

: 299 : 

Sn(OR)2 f R'I .-> R'Sn(OR)21- 

R = MeC&HC02Et. PhC=CHCOPh, Q-C6H4C02Et 

R' = Me, Et, Bu 

Serpone and his coworkers have investigated the mechanism af inter- 

molecular ligand exchange and configurational rearrangements in or&notin 

acetglacetonates. Acetylacetonate exchange between Ph2Sn(acac)2 snd 

Ke2Sn(acac)2 is first-order in Ph2Sn(acac)2 but zero-order in Me2Sn(acac)2 

concentration. A mechanism was proposed in which the rate-determining step 

is tin-oxygen bond rupture in Ph2Sn(acac)2 to yield a five-coordinzte tin 

species with a 'dangling' unidentate acetylacetonate ligand. This species 

is then thought to react with a similar five-coordinate species formed 

.135 from a rapid equilibrium step from Me2Sn(acx)2 o Configurational 

rearrangements in RClSn(acac)2 (R = Me, Ph) complexes probably proceed 

via twist motions through trigonal-prismatic transition states, if the 

exchange process occurs by a sole reaction pathway 136 . In CDC13 and CBBr3 

solutions these compounds have predo minantly the cis structures with only 

a small amount of the trans isomer. When R = Ph, the complex is ca. 959 , 

cisandca. 5$trans. Kinetics of configurational rearrangements which 

exchange acac ring protons between thd two non-equivalent sites in 

ClRSn(acac)2 (R = Me, Ph), along with exchange of methyl groups in Ph2Sn(acac)2 

have zlso been studied. Substitution of chloride in C12Sn(acac)2 by phenol 

or methyl groups increase the lability ti the order &2Sn<PhClSn<MeC1Sn< 

Ph Sn'37 
2 a 

'138 
.Ruddick and-Sams have investigated the structdres of orgs&tin 

oxine and reiated deri<atives by magnetically~perturbed M8ssb&r spectroscopy. 
. 
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-: 
: . 

k&Cl(o~)~'(R .=.~Ju, Ph> ~.mp~&ds.&~e the &&&XY4~octd+e&al s+-udur,e,~~] 
.2-.. 

.whilst:BuSn(k~x) 
: ._ 

'is seven-coordinate with three.eQ.zivalent bide&ate : 
3. .-_ .‘. 

oxine qollps. The com&exes.,R2S+(ox) (R = Me, Phj and the dimethyltiti : 

-derivativ& of g-(2-hydroxyphenyl)salicylal&mine, M~2Sn(sal-&20C6H4), .. 

heve fivedoord+ate qtructures. 'The data for Me3Sn02CMe and Pb_$Zfl(ox) a+ 

cokistent with the previously deduced trans and &+_$&XY five-coordinate 

stereochemistries, but-the complex P 
55 
Sn(sal-g-2-HOC6H4) appears to possess 

the'novels-octahedral. confi&ation. Nmr ma uv data indicate that 

cdckdinating solvents such as pjrridine, trimethylphosphate, DMSO, or HMPA 

do not interact with the substituted dimethyltin bis(oxinates) Me2Sn(ox-Y)2 

(Y = Me, Et)"'. Nl details .of the crystal structure of P%SnONPh.CO-Ph 

have been published 140 D The tin atoms are five-coordinated with a distorted 

e-P3SnX2 configuration (Fig. 8). The value of the Mtksbauer quadrupole 

splitting is satisfactorily explained using the point charge approximation. 

Sev.eral organotin derivatives of tri- znd tetradentate Schiff bases 

have been investigated. The diphenyltin derivative of 2-(g-hydroxyphenyl)- 

Fig. 8. . The molecular-structure of Pb$3nO.NPh.Cd.Ph. (Reproduced by 

permission of the Chemical Society). 



,. ‘301 . . : 
: 

be=~othiazbline, Ph2SnSAT, hzs heavily distorted trigonal-bipyr.smid& 1 
..i.. 

geotietry. The nitrogen atom end- the two phekyi groups occupy-equ&tori&: : 

.ppsitions, wi?h the:sulphvr and .oxygen atoms occupying the axial sites. 

&L-S = 2,496(l)& Sn-0 = 2.093(2)x;.&-N = 2.217(& Sn-C = 2,123(-3)x) 

(Fig. 9)'4'. The structure~of the dimethyltin derivative of 2-hydroxy-x:(2- 

hydroxybenzylidene)aniline, Ke2SnSAB, is similar, although weak intermolecular 

Sn... 0 coordination (Sn...O= 2.881(8)A) occurs to form rather loose dimers 

(Fig. 10). Each individual molecule, however , also possesses the distorted 

trigonal bipyramidal stereochemistry, again with the nitrogen and.both I 

carbon ~tozs occupying equatorial sites and the oxygen ato~@s the axial Sites 

@n-c = 2.117(14)A; Sn-0 = 2.112(9)A; Sn-N = 2.229(11)hi)'42. Organochlorotin 

derivatives of similar ON0 and SNO Schiff bases, RClSn(trid), have-also been 

synthesised an& investigated spectroscopically. The data indicate polymeric 

Fig, 9. The molecular structure of Ph2SnSAT. 

from Z anorg. allg. Chem.). _ . 

Fig. IO. The molecukr str~cture.of Me2SnSAB. 

from 2. anorg. allg. Chem.). 

._: .- 

(RepToduced-with permission -’ 
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$iie&yl&_n bi$(s&i&l&iebyde j~&k.$&&di e. wte)-..- .' 
._ : 

Me,$@SH)~~:~~gbe -isolated-& tw&isomeric' forms in the ~olid'&te; .-, .~. 
__::. -. 

_ ~: ~- -. __ . ..~ .. 
"Sp_&&os&pic d&a sh&x tbat~these.bave si.x-+oordi&te & and tr&s &oietries. . . - -:. 

_.~ith;lrespective‘iy,.a.bent .CSnC moiety and a non-plan& ES%-li&d.and 
_. :_ 

‘ne&y:ltiear i&SnC miie_ty arid a _&nmeti.ic .BSti ligqd. --The two fan+ . . 
.- _: -- /: 

.tider&cfs-t&&s‘-isomerisation in soltition, the &isomer being favoured . . 
_. ,- 

.innon-cqb~~ing-solvents-. (CH Cl > and PhNO ) end the t+- form by. 
: -2 2.'.- 2. 

-~oo&lating solv&lt~~- (DMF a& EIMP+). The .trans isomer.is alsq~favoured. 

.at higher temperatures, In air, the.cohplex is c&verted to, ini&ally, 

($2S?)$O&XD), >or .which structure.LXXXVII is proposed, and ultimately 
. 

-to the lig&d and dimethyltin oxide o 144 

: - 

Me Me 

I_xxx& 

: 
.- 

M&&baier &at.+ for.the.di&engltin a&phenylcblorotin derivatives of the 

t.&adentate l&and diacetylbis(be&~ylhydr~~one) indicate 

.&eo&et&es for botti, with.line& CSnC and CSnCl skeletons, 
: 

::7~,. ... 
_. .- 

-. i.HegSq02cMe.-and.~~e'.Sn0. CCF -a~e:i&structural+ consis&g of @.II& 
-. 3: 2 3; -,: : 

. 
of_~.arbpxjrlate-br~ddge~-pianar Me Sn grdups (Fig..ii)_;.:.The c&oxyl:~&id&g .- :.. 

-.. . . . 3 .. : _ :- _, : . . . .. _: 
_I ._.. .-I _,: .. -: : ._ : ,,-...- 
_ : . . . -.. :. . . 
_. :’ :. _~..._-_‘_:.. .;. .. -. _ . . _:_ . . 

.’ ..__.;_.: ‘__..L ‘:-.. ~‘.:-.. .._ .._. ; -. .I _-. z I: 



is not equal; the tin-oxygen bond distances being 2.205(T) ii 2;?91(4)8 

for the a&tat& and 2.177(14).and 2.458(15)x for the.trifluoracetate 0 
146 

-Osmome*ic am2 infra-red dsta for txyivinyltin formate in carbon tetrachloride 

147. .-: 
-solution suggest the presence of a monomer&dimer equilibrium Garner 

--cl Hughes have shoti tha;t kvinyltin bis(trifluoroacetate) is monomeric 

149_ 
with unidentate izcifluoroacetate groups The patent litdature reports. _' 

the-synthksis of'dialkgltin maleates from deic sn&dride and_~$ld g an 

yrganic.solvent15'~ , the compounds-~~IIIa.and ~1133 from $SriOH br- 1 
. . 

(%Sn)20 and t& correspcxxEn&carboxylic acid15'; ~ani R$@2CCR<(?R~)CR2R~ 

., 

_-R, -. -. R’ 

.~.:a .2x : 

: 

R; .- ‘1 -cop+. 
.. ;~*;;i;J/$~y~+~ :I;; ..‘;;y 

.~ .. ..:.. s :. :: 
_:. _,: 

:. -.- 
: --; LILXgTT1G.I :..: .’ _,. .i -L. _ .. .:_ :I::_I,r. __:;_ ;.__.‘li- 

.. _&&& _.;. _.+ _-. _ : :- 1. 
..: -: ..: -_:._:._.-_ .- . __ :... 

:_- _:- 
.-I : -- ‘. 
.L~f--P- 3461;’ : .. ;+ < .-, 1:. ‘-.:_:; I’: .:-,: : ; _. -;_. 

..-_. -_- ( ._ 



at temperatures &-excess of 100 
-0 152 -. ., :.. : 

of the unsaturated'.darboxylic acids, i : 

H02CCMe=CHC02H and CH2C(C02H)CH2C02R, may~also be obtained by react&on- 
: 

w+th the.triorgsnotin (hydr)oxide. !&derivatives readily porymerize, 

~153 : 
and copolymerised with styrene and methyl methacrylate o Trlorganotin 

esters of bicyclok,2,l]hept-2- ene-5-cerboxylates may be 0btaine.d by the 

D&s-Alder addition of R5Sn02CR'=CH2 to cyclopentadiene .at 

Bis(trialky1tj.n) oxides disproportionate in liquid 

at and-above room temperature giving diorgsnotin sulphites, 

150-250' 15'o 

sulphur dioxide 

R2SnSOs, and 

triorganotin monosulphinates, FL$Sn02SR, or diorganotin disulphinates, 

155 
respectively 0 

$ 
SnOS~ t 2s02 

liquid SO2 
> 

I day 3 Sn02SR -t R2SnS03 

R = Me; T = 60° 

R = Et, Ph; T = 25O 

R5SnOSnR5 + 3S02 
liquid SO2 

> 
1 day 

R = Et, Ph; T = 60° 

R2Sn(02SR)2 i R2SnS03 

cZ-Thienyltriorganoti compounds react with SO2 at -20' exclusively at the 

tin-thienyl bona:34 

-0 0 
Sn 55 s 

-I- SO2 .-2o> R$SnOi -0 
0 s. 

Triphenylmethyltin reacts i?ith'liquAd SO2 at -30' to give a mixture of 

mono7 and diiinsertion products IXC ana XC: 
--_ 

. . : : .._ .. ‘. 
._ : : : 
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: 
: ;P+&_ +- && .: .-30° > Ph2MeS~02SPh: +. -PhMe&(O;SPh); 

-..... i 
20-60'. 

Ixc ll$ ii2 46$ 

PhMeSnj02SPh)2 f--------- Ph$eSn 

xc 
aqueous SO, 

but at temperatures of 2C-60° , or using aqueous sulphur dioxide, only XC 

was formed. In no case was the %-He bond attacked 156 . Similar studies 

with perfluoroorganotin derivatives demonstrate that (C F ) Sn is inert 
654 

and (cF~=cF)~s~ show only slight reactivity. In mixed derivatives such as 

P 
h3 
SnC6F5 and P%SnCF=CE;, reaction takes place only at the hhenyl-tin bond: 

P SnL 
3 

f 2so2 

L = C6F5, CF=CF;, 

The presence of the C6F5 group in Me3SnC F deactivates the molecule to 
65 

attack, and the tin sulphate XC1 is produced after 14 days at 90°: 

?Ie3SnC6F5 90°/14 days (Me3Sn) Me2(C6F5)Sn SO4 

liquid SO2 
xc1 

Perfluoromethanesulphinate derivatives have been obtained from the organ&in 

halides and the sodium sulphinate: 157 

R 4 nS@n + nNa02SCFg 
20°/THF 

> RbnSn(02SCFT)n -I- nNaX 

B = Xe, Et, Ph, &!6E4i+Ie; X = Cl, Br; n = 1, 2 

Arguments favouring an SE2 mechanism for the SO2 insertion reactions of 

tetraorganostannsnes h&e be& presented.by Kunze and Koola 158 o -. .: 

Referenceip.346~ : ’ . . : 
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The &ducts Me2+(N03)2($~)~ ani Me3SnN03(py) are form&$ the'.- 
-.. 

sdd&tion :of- pgridine to chlorofoti. suspension'of the 3ppropriAte ahydrous 

methyltin nitrate. Mbsbauer, tifra-red, an&.&man data indicate struc+es 

XC11 and XC111 with unidentate nitrate groups for the two com&%xes. 

P 

o/';\O 

1. /He 
Me-Sn' 

I 
\Me 

XCII xc111 

Structures XCIV involving bridging nitrate groups was proposed for enhydrous 

I 

'\N-0 

0’ 
I ,Me 

Me-SW' 

!I 

kMe 

O-N 

< 

P 

XCIV 

Dimethyltin nitrate hydroxide is dimeric in the crystal. Each tin atom 

enjoys trigonal bipyrsmidal geometry with the methyl groups occupying 

equatorial sites (Sn-C = 2.13(4) H) and the nitrate group bona;dg in a 

~tiaerkate fashion via an aXiaJ_ site (Sn-0 =230(3) A). TWO tiar0q 

._. : 
_ .- : -- 



,. -_ -3b7 : 

bridges link adjacent .tin atok via the remaining equatorial ard exi& 

sites CSn-0 =2.18(3)' A) (Fig.'.i2)!60. 

Fig. 12. The strucGure of Me2Sn(OH)N03. (Reproduced by permission of the 

Chemical Society). 

The structure of (Me2Sn)3(P04)2~8H20 consists of infinite *ribbons' 

through the crystal (Fig, IS). One tin atom has a regular octahedral 

environment with trvls methyl groups. vhilst the other two enjoy highly 

distorted (CSnC = 147, 150') tetrah edral geometries due to weak coordZnation 

of two water~molecules. All the water molecules are involved in hydrogen 

bonding to each other and to phosphate oxygen atoms 
161 

o The conpounds 

Fig. 13. The structure of (Me2Sn)_.(P04)2.~H20. (lXeproduced by pemk3iOn 

of the Chemical Societg); 

ReNrences~. 346 

_’ 
z ._ 



Me$nC$PCl, and M&,,$%1(02PC12)~ have-.been synthesised from -ihe 'appropriaGe,~-. 

methgltiu chlorideLand P2O$l4. -Ir and Mksbauer data.suggest that the.:. 

162 
: 

compounds are associated through OPO bridges D Dibutyltin bukoxz&e 

diethilphosphate has been prepared from diethylphosphate and Bu~S~(OBU)~~~~~ 

Polymeric dibutyltin arsenates, Bu2Sn03AsAr, have been obtained from B112Sti0 

and the arson& acid'64. 
*- 

The crystal structure of polymeric tris(trimethyltin) hbromate 

hydroxide has been determined. Each of three crystallographically independent 

tin z~ttorns has approximately trigonal bipyremidal geometry with approximately 

ple.nz+r P4e3Sn groups. The oxygen atoms of the chromatd groups are bonded to 

tin, and the hydroxide group bridges two 14egSn groups, uld is also probsbly 

hydrogen-bonded to one of the chromate oxygen ztoms. The Sn-Ochromate 

bo& distances are longer (2.48(5)x and 2.51(4)x) thau the Sn-OH bond distances 

(2.14(3)x and 2.51(4)x) (Figs. 14a 2nd 14b>'65. 

Fig. 14. (a) Projection of part of the structure of basic trimethyltin 

chromate perpendicular to z, showing the chains in the yaxiti 

direction. (b) Projection of part of the structure perpendicular. 

to y, show&g the chains in the 2 ax& direction. (Reproduced 

by permission of the Chemical Society). 

_ . . 
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: 

8. .: SDT,PwR DWtiATIVES. 

Syntheses of org~ot& sulphides and thiolates are reported,in 
: 

varioirs' patents. Trimeric ethylhydrotin sulphide, (EtRSnS)3,~~is formed in 

56$ yield by the action of sodium thiosulphate on ethyltin:trichloride 
166 

_ 

Mixed vinylalkyltin sulphides 167, .~uPn[lS~=~CH20(CH2),?Ne12168, anti alkyltin 

(isooctyloxycarbonyl)methanethiolates 
169 have also been synthesised by 

standard procedures. Heating mixtures of organotin alkoxides or'oxides 

with thioesters affords the corresponding organotin thiolates in yields 

upto 95s: 

RnSn(OR')4 n -I- MeCOSR" ___+ .RnSn(SR1*)4-n f MeC02R 

RnSnO 1 

7_(4-d 
i- NeCOSR” -> RnSn(SR")4_n -I- RnSn(02CMe)4-n 

R,R' = alkyl; R" = alkyl, aryl , alkenyl 

Triethyltin thioacetate reacts &.milarly with triethyltin methoxide: 170 

Et3SnSCOMe 
i 

f EtjSnOMe .- E&,SnSSnEt 
3 

f MeCO$e 

Stapfer and Herber have investigated the synthesis and structures 

of organotin mercaptoesters, R,Sn 2C02R' 
1 

171 
4-n 0 

The compounds were 

prepared by the condensation of the organotin chloride and thiocompound 

with or’ without an HCl acceptor such as sodium bicarbonate or triethylamine. 

The triallqltin mercaptoesters B ~SnSCH2C02R (R = Me, C&7, Na) all 

appear to be isostructural with four-coordinated tin atoms. The structures 

of the dialkyltin bis(mercaptoesters), however, depend on the nature and 

size of the_ligan& and also on the.method of preparation. Generally, the 

two mercaptoester groups are not~equivalent; one functioning as a u&dentate. 

Referenw p. 346 
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s@d -t&e oth&r:as a. bideptate ligand'tbrough intranolecular-carbonyl.~tin 

.coordination~ Butyltkn tr~s(isooctylthioglyco&ate) has five-coordinatetin ’ 

when prepared.iaan aqueous medium, but six-coordinated tin when obtained 

under non-aqueous conditions. Again both unidentate and bidentate,mercapto- 

ester groups are present. 

Treatment of dibutyltin bis(thiobenzoate) with dilute aqueous 

hydrochloric acid results in the cleavage of one thiobenzoate group from 

tinformingXCvr 172 

HCI Bu2Sn0 + 2PhCOSH + Bu2Sn(SCOPh)2 -+ Bu$Ml(SCOPh) 

93% 

XCV 

Rasuvaev'73 has investigated the inluence of freshly precipitated 

copper on the reaction of organotin sulptides, With bis(tripheny1ti-n) 

sulphide, Ph3Sn- radicals are generated which dimerize in an atmosphere of 

inert gas. In carbon tetrachloride, chlorine abstraction takes place: 

Ph+%SP~ cu CuS i- 2P Sn 

/'\ 
CCL4 inert 

1. 

atmosphere 

4 

P 
"s 

SnCl + 
c2c14 

(Pb3Sn)2 

9@ SE4 

kthe presence of freshly precipitated copper, heracuoroethane reacts more 

vigourouslg with bis(trimltin) sulphides than CCiq. A heterolytic process 

&as proposed: 

:_ 
_: ‘. 



3if 
: 

-. 

: 

=3 
SIlCl .+ C.-p4 + ;cus 

9846 60% 9246 

B the absence of copper, the reaction did not proceed, even after prolonged 

heat++ Hexaorganodistsnnan es &so. react with C2C16 with the formation of 

55 
SnCl, 3 B SnSSnB~ and di-w-butylperoxide (SOO$ excess)-at 65O in the 

presence of copper gave copper sulpbiae and B? SnOtBu as the major products: 

‘Bupd2s f tBuOOtBu -A> CuS + ySnOtBu + (Bu+I)~ + acetone 

No reaction was observed between R._$inSS~ (R = Et, Bu) and triphenylphosphine, 

and P+PC12 underwent exchange: 

Bu+WSnB~ + P~PC12-----+ 2Bu3SnCl + P%PS 

9@ 80% 

Tributyltin -Q-tolylsulphide reects with triphenylmethylchloride and phenyl- 

mercuric chloride to form tripheEyl.methyl ~tolylsulphide ana phenylmecury 

e_tolylsulphide 174. fiavtsov~et a1,7751176 have studied the kinetics of“ 

metal-proton exchange .sd metal-metal exchange between triphenyltin aryl- . . 

mtircaptides and the corresponding phenylmercuxy, triphenyllead arylmercaptides 

or the free (substituted) thiophenol. In cblorobenzene, metal-metal exchkge. 

proceeds.at a.greatkr rate than metal-pro& exchange, whilst pyridbe 

accelerates the metal-proton exchange to a greater ext&.than the metal- 

Reiferencesp. 346 
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; : 

-metal exchange. The m&t probable mechanism for the exchange re&t$or& 

involves an associative pathway, the rate of exchange being mainly determined 

by the ability of the migrating group to form a cyclic trans'ition state with 

delocalised bonds. The rates of cleavage of triorganotin thiophenolates 

have been measured in neutral and acidic aqueous dioxan. The driving force 

for the Sn-S bond cleavage was suggested to be a stretching of the bond by 

nucleophilic assistance of water. The fast reverse reaction (h_W2) 

between thiol and R$inOH, which instantly gives R3SuSPh. stabilizes the 

intermediate with respect to the firal products and accounts for the stability 

of the 
55 

SnSPh derivatives in neutral aqueous dioxan. For the acid hydrolysis, 

the mechanism which best accommodates the data Involves a rate-determining 

attack (k3) of a proton on the sulphur atom: 
177 

kl 6- 
Hz0 + PhSSnRj d PhS.......S 

k 
-1 

=2O 

PhSH '+ HOSnR 
3 

-I- H20 1 I 
+ 

PY......S 
4 

.0H2 cl- 

L. = -I 

I 

PbSH + C&R3 -I- H20 

Potentiometric, spectrophotometric, and polarographic studies indicate that 

the d&ssolution of ethyltin sesquisulphide j.n aqueous solution, in the presence 

of sulphide ion at.pH values. between 8 and 11 , is due to. the formation of the 

two-complexes EtSnS [,_ .3]>7_aA ~~tSrd3(OH),(%)~]?- 'F.. Bis(tributy?sknyyl)- 

etbane dithiolate reacts.with CS2.and.methyl or phenyl isothiocyanates -over .,. 
'_ ~. 

.-. ._ -_: 1- 
. . .._.. :: 

_: -:._, ._ ., 
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a period of several days at 40-90° to afford 2-thio- and 2-methylimino- or .' 

.11g 
Z-phenylimino-1,3-dithiolanes, respectively: 

CH,-S-Sa,, 

I 
CH2-S-S&33 

Ishii et al --a have synthesised di- and triphenyltin esters of dithiocarboxylic 

acids from the phenyltin chloride and the piperidinium dithiocarboxylate. 

The products are crystalline, and are weactive towards methzznol, but with 

primary or secondary amines, however, the organotin sulphide, thioamides, 

and amine salts, or their decomposition products (thioamide and hydrogen 

sulphide) were produced: 

3 
ArCSH c 



g4 :. -. 

.‘. 

: 

Ph2SdS2CCsH44")2 

(Ph2Sd3 + 

94% 

Ph2S$S2CR)2 
R;NB 

J 

.: 

3 
MeC6H4CNHC6H4Me -I- H2S 

ii 
RCSH 

1 

RpH 

i? 
RCS- +-NH R’ 

22 

\ 

Phenadylidenetrophenylphosphoranes -did not react with Pb3SnS2CAr compounds, 

bx~t with MeegSn.S&ZNp-+sa monomeric 1:l addgct was obtained; 



3i5. : -- 
. ... 

Treatmeht of Ph_.j%S2CC6H4Me with phen~cylidene-tetraet~ie~~~sulphurane .. 

afforded XCVI: 

-. . 

+ Pb$iti2CC6H4Me + PlLpSSIlP~ + MeC6HiCS2CH2CoPh 

XCVI 

+ unidentified yellow 

crystals 

Sodium methoxide dis$eced the thiobenzoate @OUT: 
179 

Ph+%S2CC5H4Me + Na -I- -0Me ---+ P%SnONe + Nat -S2CC6H4Me 

Diphenyltin bis(&g-diethyldithiocarbate) possesses a distorted 

&octahedral geometry (Fig. 15)- The qgl& subtended at the tin atom by 



316 

-the groups is 101.4(_6)*, -with ihe two Sn-C bond dist.znces ecyl (2.176(17)11)0 

&e Sn-S bond distances of one ligand are .approximately equal (2.613(5) and 

2.637(5)x),. but differ significantly in-the other (2.548(5) and 2.790(6)f)'*'. 

Tctramethyltin undergoes Sn-C bond cleavage with HSP(S)FEt giving 

monomeric Me SnSP(S)FEt for which nmr data suggest the five-coordinate 

structure XCL181. 

MeS/'\PYF 

3\S/'Et 

XCVII 

Petri&is and Fitzsimmons have synthesised anionic diorganotin and 

triorganotin complexes of the sulphur lig.=nis (CN)2C2S22- (MNT) 2nd 

CN(C02Et)C2S2- (CED); 
[I 
R2Sn(MNT)2 *-, 

I[ 
R2Sn(CED)2-j2- and [R3Sr&HJT)l- 

(R L Me,. Bu, Ph). Prom M&ssbzuer data, it uas deduce& that the 

1. 1 
II 
R2Sn(MNT)2 1 Z- 

(R = Me, Bu, Ph) ad Bu2Sn(CED)2 2- complexes possess distorted octzhedral 

structures with chelating ligands and CSnC bond angles of ca. 130 
0 
. The 

[. 
Ph2Sn(MNT)2 *- 1 anions, however, appear to have 

182 
four-coordinate tin atoms e 

A similar MtIssbauer study of organotin-MNT complexes has also been carried 

out by Allen ani Broun'83. The neutral species R2SnMNT (R = Me, Ph) are 

polymeric. The MNT ligand is unidentate in R3SnMNT _ anions, but bidentate, 

leading to five-coordinate tin atoms, in the R2Sn(MHT)X - (R = He; X = Cl, 
t 1 

Br, I: R=Ph; X= Cl) anions. A & octahedral structure was Also assigned 

-to the 
t 
R2Sz(MRT)2 2- 

1 
(R = Me, Ph) anions. in agre&ent with the'observations 

of Petridis and F'itzsimmons. - . . 

9. N&ZEN AND PHOSFORUS DERIVATIVES. 

Solvolysis 
~-. : 

of tB SnPh in&uid_ ammonia in the presence of XI?Hi. 
> "j. 

.af$ords the pr_imary stannylaniipe~.XCVlI as 2 moisture-sensitive l&&i:- . . . 
: 

I 1 
:: :. :.. ._. .- _‘. 1 

,.:. -. . 
. : .__,_ ..: 

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



tBu3SnPh + NH3 
wTH2/c6=6 

XCVII \ . 

tBu3Sn%D2 is similarly produced using KND2 in ND3. Both compounds form 

bisttri-w-butyltin) carbonate on reaction with wet carbon dioxide, but 

unlike other stannylamines, the Sn-N bond in XCVII is not cleaved by carbon 

tetrachloride'84. pi-a-butglstannylbis(dimethylamine) reacts with an 

excess of methyl- or benzylemine to give the stannylemines XC&I, which 

themselves condense at IOO-130' with loss of alkylamine to form the 1,3,2,4- 

diazadistannetidines IC 

R= Re, PhCH2 

as colourless crystals: 

+ 2RNH2 - tBu2Sn(NIIR)2 -I- 2Me2NH 

XCVIII 

1 

loo-130° 

tBu ,/'\ 2 \,/SntBu2 + 2lWQ 

R 

IC _' 

Reaction of IC with benaonitrile produces the eight-membered heterocycle 

C, but with sulphur-containing heterocumulenes such as CS2 or phenyl iso- 

thiocyanate, the cyclic dithiadistannan e CI is formed: 
185 



: 3i8'- 
: 

: 
Tk 

N=C--N-M; 

t Bu Sri/~ Sn'Bu2<=~ IC PhCN I 
> tBu2Sn 

I 

* \S/ I 

-SntBu2 

I 
Me-N- CzN 

CI I 
Ph 

-I- C 

q'=C=N-Me R=S,PhN 

The phosphonitrilic-substitued tkstannazane CII has been obtained by the 

followi&oute:'S6 

(Me3Sn>2NP3N3F5 + (I~F~CO)~O d Me3Sfi 
/P3N3F5 

\ 
+ Me3Sn02CCF 

3 
COCF 

'I 3 

-MeCOW 

F5EF3y 
-$,-P3N3F5 f------- Me2SdTP3N3F5 

Me Sn 
8 

2 'N'nMe2 
I 

p3N3F5 

CII 

~e~hanesulphonobis(methglimide)methylanidost annanes ofthe general composition 

[ 
yenSn NMeSMe(NMe>b 

.I 
4_n (n = O-3) CIII hsve been synthesised by transzmination 

of the correspond&g stennl&es with MeS(NMe)*NEMe: 
. 

MenSq(lke2)4_n .+ (4-n)MeS(NMe)2NEYe 

-. 
,. : 

!i!h~-same-co&o&% ten aLso.be synth&sed by. substitution~using~~ 
: .:- - 

.:,HeS(Nke)iNMeNa+, Prptoz.mwspe&a indicate ihe .occuqcenc%of.&tka-. __ 
y-_. ,8.i_-, ., 

_~~oXec&r:'ekchange p*ocekes in sol&ion- such.ss: 
‘. .. ‘. 

./ -..- 
. . ..I- . . .-.. _. 

I’.; .: :- .;::_ ../ .: :- ( : 
: .__ I__~ ..-yl_ ::.;__ 

i .-::_ -.- .... -. ‘: : --. __ . . -. . . -.. __ .,._ .._. . . I. 
g.1:. ~..__ -_.- ,. (_ ._. .- .i:::.‘ ., :___. --~.-~‘..- :- ...c: _: ,.:_ .. -_ . . ._L _ -,- .-_ ‘._.- _.._ ‘..-I__... --_--;‘- --‘I. _:..__- (;.’ z : .-- 3 -. -..,: 
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:I. Ne SnikiSi& ,-f?om the reaction of CI$ (ti = 1) with-S4N4: 
:I, ~.3 _: ; 3. 

:. 
;. 

: 2&e &)2NSiML- 
: 3 3 + S4N4 . > Me3Sn.NSNSnMe3 t US' + 2Me35NSiMe~ 

(Ne$b)~NSiB$NCS also reacts with E4N4:lg' 

P(Me3Sn) 2NSiMe2NCS -t S4N4 -> Me4Sn .+ Me2SnN2S2 i 2Me3SniiSNSiMe2NCS 

2Me3SnNCS 

J 

Lehnig303 has studied themecbnism of the photochemical decomposition 

of He SnNEt2using 
3 

CIDhT. The following reaction scheme was proposed: 

Me-CH=NEt 

Me 
.3 
SnNEX2 -B Me3Sn- *NE-$' 

Et2N- 

Me3SnH + Me3SnITEt2 _ Me3SnSnMe3 + Et2NH 

2Me3Sn- - Me SnSnMe 
3 3. 

. : -_ 
.- 

_ 2Et2N' . . MeCILNEt i -Et26 

._ ;: :. 



The addition of- excess -m:butyi chloride to the system greatly suipresse? 

-the formation of He3~nS&e‘. 
3 

and instead Me SnCl 
3 

is formed. 

The expected insertion products CV are obtained from the reactions 

of triorgenotin cyenam ides with isocyanates: 192 

5 
SrlNEiCN i- R'NCO B RjSnONJ&N 

I 
NR' 

CV 

Ishii has described the reactions of benzoyl-w-butylcarbodiimide with 

MegSnNMe2 and (Me3Sn)$9Me 193 ., 1:l Adducts are obtained from an exothermic 

reaction at room temperature: 

PhC0.N=C=NN,CMe3~ + 13e3SnN 
/Me 
'R 

R = Ie, le3Sn 

-ciN-CMe3 
\,,Me 

\R 

CVI 

Spktroscopic a.na moleculer we+ght de& suggest the &trvaolecula.rly coord- 

inated structures CVII and CVIII for the two compounfis,.although proton nmr 

spectra indicate that Me3Sn group exchange occursuith CVIII at >50° lg3. 

.Refer&cesp.3& .’ ,- 

... : :_- _._,‘_,.. :. _: .- 
‘..- 
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. . _. .' CVII 
Ke .. 

3 

.- CVIII 
. . . 

IO- fcI&XXiX GROUP METALi BONDED DZRIVATIVES. 

Weibel and Oliver have shown that in solutions of LiSnMe3 and E&Me3 

an .eFilibrium exists between contact and solvent-separated ion pairs of these 

species. HMPA strongly solvates the alkali metal ion, and shifts the 

equilibrium: 

M,SnMe3 ,& M 
II 

&Me3 

strongly to the right. Decreasing solvating ability is shotm by DICE and 

bis&ethoxyethyl)ether, until with TD?? the equilibrium is strongly displaced 

to the l&t, The additicnof two moles of ENPA.to a TEE' solution of LiSnMe 
3 

causes a displacement of the equilibrium to the right. A lowering in 

temperature also-results da a shift to the right. No attack of the solvent 

-by x.2 SnLf was observed, 
3 

but on heating the compound rearrtiges to Me4Sn 

end LiSn(SnMe3)3; a process which is aided by added HHPA'g5. The same 

authors have reported proton nmr data for the species Li He SnMMe [ 3 31 (!I = 

_-Al, Ga, In, Tl) and Li 
[ 
(PIe3Sn)nTlMeq-n D 

1 
The presence of tin-metal bonds 

-'in these complexes was confirmed by the observation of tin-across-metal 

'-coupling, and for the thallium derivatives by the additional observation 
I 

of -thal_liu+across-tin coupling 
201 

o 

. ‘. 
. . ,. ..:. ._. 

.: 
.~. ~. : . . 
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Jy_aneankin.et al,- have_ +vestigated'the reactions of trik-.' .,: ‘-‘-..... 

,..(trimethylsilylmethgljst~~~lithium with peroxy compou@s:. Lithik ad', .,-.: 
. . 

tris(tr&ethylsilyl)stannyl tert-bu:oxides or benzoates were obtained: 

(Me3SiCH2)jSnLi 
tB*OOtBLl 

.. < b3-~~2~3~t~” .T. ;,.II.. 

2o" 

14e3MOOtBu 
(Me3SiCH2)3SnOBz -t LiOBz 

M = Si, Ge 

v 

(Me3SiCH2)$5nOtBu 

+ LiOtBu 

Thermally-stable staonylmercury and stannylcadmi~ compounds have been 

obte.ined by hydrostamolysis: 
197,198 

2(Me3SiCH2)+331 + 
-2c._& 

~t#d ____z $13 

cx 

2(Me3CCH2)$WI + Et2M 
2hr/20° 

-2C2H6 4 
(Me3CCH2)+ 2 N I 

CXI 
M = Cd, Hg 

. . 

The derivatives CX and CXI are very reactive. CX is readily oxidised by. 
: 

molecular oxygen in hexane solutioti to the staanyloxycadmiti cOmp&n& .' 1. 

CXII, and with benzoyl peroxide to give &i or&otin arid ca&&m benzc@tek~~‘_ 
_. ‘. _. 

: .._- 
,:.. .’ 

: _: 
Referen*p:.346._~ : 

._:\_::. 
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.~ 
_: 
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Both CX and CXI are oxidised by iodine and mercury(I1) compounds: 

Hg(CH2CO2He)2 
> N(CH2C02Me)2 t R$3nCH2C02Me 

MX2 + E$klI F5 
SnCl 

R= Me3SiCH2, Me3CCH2; M = Cd, Hg 

Whezi the reaction of CXI (M = Hg) with iodine in a 1:l molar ratio is 

carriei! out at $emperatures.of -10 - -60' in hexane, mercury (96) and 

,triorgaktki &did; (81%) are prc&ced: 
_ .- 

.:.. 

-. .: ~(R+?a~>~%?g. ’ -::.,.. 
-, ., .-.. 

,:. .,. 
._ .: 
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Nitchell has synthesised stannylmercuq compounds of the type- 

RHgs”R; by the exchauge of triorgauotin nethoxide with the correspoudiug 

silylmercurials: 

RHgSiMe3 + R$SnOICe ) RHgSnFl$ t Me$XQMe 

CXIII 

R' = Et; R = Et, Pr, Bu, tBu 

R = tBu; Ii' = Bu, iBu,. Me 

When R = R' = Me or R = Et, R' = Me, the desired product CXIIi is unstable, 

and mercury and Me4Sn or Me3EtSn are produced. The observation of CIBNP 

signals in the omr during thermolysia for the tBuPgS~ compoLuk%s indicates 

homolytic cleavage of the C-Eg bond. Photolysis of CXIII also involves 

free-radical intermediates 199 o The reaction between tBuHgSziF$ and benzyl- 

idenemalononitrile leads to the formation of g-triallqlstannylketeneimines 

cxiv: 

ArCH-C(CN)&kNSiMe3 f RjSnOR' 

--I+ 

ArCH-C(CN)=C=NS 
nR3 

cxiv 

$SnH -I-- ArCHC(CN)*HgtBu I 
I 

tBu 

The same.compounds may also be obtained from the corresponding silglketene-.__ 

imine andtriorganotin al&oxide or from triorgauotinhydride~ and-the.adduct. 
. -. .~ 

between bensylidedmaldnonitrile~ and tBn~Hg**. Irradiation of toluene. -.:-I 



.‘t;e~~s..tdthe,'fbrmationof bis(tripentafluoro&enylstaunyl)mercury CXV and . . .- 

'the a$eed stannylgermylmercurial CXVI:- 

.. 2(C6F5)5SnBr + (Et5Ge)2Bg h3 > 2Et5GeBr + 
t- 
(CgF5)5Sn 2Hg 1 

CXV 

(C&&Sdk f Et3GeHgGe(CgF5)5 
hV > Et5GeBr t 

(C,F5>,SnHgce(C6F5)s 

CXTI 

Without arradiation, mercury and the ditin compound are formed: 

2(C6F5)5SnBr + (Et3Ge)2Hg 
260 > 2Et5GeBr -I- Hg + (C6F5)gSn2 _ 

CXV shows the usual reactions of this type of compound, eg: 

2(C6F&SnC1 

E&Cl2 

2(C6F5)5SnOBz 

+ > 
TRF t 1 

BzOOBz 

(CgF5)5Sn 2Hg > + 
5o" 

2% CXV Hg 

The tripentafkorophenyltin alkoxides (CgF5)5SnOR, formed by exchange 

condense with triethyltin hydride to give the mixed distannane CXVI, which 

itself exchanges with (C6F5)5SnBr forming the symmetrical dist annane CXVII: 

(C6F5)5SnBr + Et5SnOR 'Ooo > .EfS_nBr •t (C6F5)5SndR 

R=Me,Et 



: 327 -. 
. . . 

Hexaethyldist&n&reacts much.more slowly with- (kGF5)$nBr &?ducing. 

Et$5nBr, &VI and CXVII:202 
I . 

: 
: 

EtgSn2 t (CsF5)sBr loo0 > Et3SnBr. + Et3snSn(C6F& 

(C6F5)3Shr 

EtgSnBr + (CsF5)& 

Germanium-tin banded derivatives may also 

(CgF5)3GeH + Et3Smt2 
loo0 

be obtained by hydrostennolysis: 
203 

(C6F,_)3GeSnZtg + Et2NH 

(CgF5)2GeH2 f 2Et3SdEt2 
loo0 ) Et~SnGe(CsF5>2SnEt3 + 2Et2NH 

Triphenylstannyl and tributylstannyl radicals generated photo- 

chemically from the corresponding hexaorganodistannanes abstract halogen 

atoms from alkyl halides* The fate of the resulting alkyl radicals depends 

largely on the nature and concentration of the hydrogen atom donors present 

204 
in the system . Mixtures of syinmetrical hexaorganodistannanes rapidly 

el_uilibriate in HMpT to afford the mixed distannan es CXVIII as distillable 

oils: 

55 snsnRg -f R;s”sej c v-3 ._ .., 
CXVIII 

It = Me; R' = Et, Pr, Bu, 53, 
- 

With the Meg%2 .6 2 Me Pb ,system $n rEK(with 5% MeM& as-catalyst) bky: -:-..’ 
-. ;_ 

.-the-d&om$osition-of &&?J~,:i&o Ne41%_a?d .1&d was.obseyed. Iii TT .-:. .:- 
. . 

'- .: -. 

~-R~&ence&.3~6- _. 
. . ._._. 

_ ._' : : . '. __ ,' 
.1. : ., ._- -~, : --: . -.. 
. : _~ 
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and without a catalyst, however, ~. equimolecular amounts of Meg&2 and Me Sn, 
4 

together -with Me4Pb and lead, resulting from the decomposition of the 

intermediately formed stannaplumbane CXIX: 

Me6Sn2 f Me6Pb2+ Me+TnPbMeg & Me4Sn + c 1 

Me4Pb f Pb 

Hexaalkyldistannanes react readily under polar conditions with 

CSC triple bonds and N=N double bonds. Hexamethyl- and hexaethylditin 

with diphenylacetyl.ene in IIMP!? with 5 mole $ HaONe catalyst affords 76 

of tr~-l,2-bis(trimethylst~yl)-l,2-diphenylethylene: 

R$Wi+ + PinCECPh __j 

A trans-ad&t nas also obtained with phenylacetylene, but only a very 

small amount of reaction occurred with l-hexyne. Diphenylbutadiyne reacts 

with ge6Sf2 in either a 1:l or 1:2 molar ratio to give CXX. 

P"-p"i-~=i-Pb 

Sn Sn Sn Sn 
Pleg Me3 ;?ej He3 

CXX 

!Tbe reaction of Me6Sn2 with both m- and ortho-diethynylbenzend gave 

rather complex mixtures from which CXXI - CXXIII and CXXIV, respectively, 

were. isolated. . 

1 ..~ 

:. 
._ ._-- . . . -. 

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



Me3Sn\ 
$-%I& 

3 

CXXI 

HnSdfe 
3 

PI&--’ = 

CXXI CXXIII 

H 

c-l 
&Me3 

0 
( 

H 

CXXIV 

\ \ 

cH 

The reaction of MejSz?SnMt3 with PhCECPh affords all three possible adciucts 

from both symmetrical distannanes as h-e11 as the unsymmetrical distanrnane, 

Hexamethylditin formed the additimproduct CXXV with diethyl azodicarboxylate: 

MegSin + Et0 C.N=N CO Et 
2 -2 

- 

=SSn\N=N/ sy=3 

Et02C / \C2Et 

CXXV 

but no reaction was observed uith C=C, C=O, or C=N double bonds, and only 
U 

conversion to the isocyanurate occurred with phenyl isocyanate. Mechanisms 

involving stannyl Grignard reagents (MeMgHr catalysis) were proposed for the 

disproportionation and addition reactions 205 _ Hexaawldist annanes are 

oxidised by tetracyanoethylene (TCNE) and 7,7,8,&tetracyanoquinodimethane 

(TCNQ) to the corresponding $Sn(TCNE) and,R_@TCNQ) derivatives. With 

hexaphenyl+listannan e ani TCNQ, a (o-4~) charge transfer complex of composition ... 
; 

3 
Referencesp.346 : 

.- 
-... ,_ : 
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($fiJn)~(‘?CZN@~ais obt&ed2C6. Peloso has investigated the kinetics.df the 

oxidation Of hexaorganodist annsnes by tris(l,lO-phenantlirol.ine)iron(III)~ 

perchlorate 207 and substituted l,lO-phenanthroline, 2,2'-bipyridine, and 

2,2',2"-terpy&ne complexes of ir0*(111)~~~. In all the systems studied 

.the tin-tin bond is cleaved with the concomitant reduction of two moles of 

i.ron(III) complex per mole of hexaorganodistznnane. The reactions all obey 

a second-order rate law, being first-order with respect to both distannane 

and the iron(I.11) complex, and the reactivity increases in the order Pn so ( 
6 2 

Me3SnSnP~<Ne6Sn2(Bu6Sn2. An outer-sphere redox mechanism involving two 

one-electron izrensfer steps wzs proposed. the initial electron transfer 

being the rate-determining step: 

R6Sn2 + FerlI 
SIOV .+ 

R6Sn2 -t FeI' 

R6Sn2 
.+ + Fe 

III .fESt 
Fe’I 

R6Sn2 
.-I- fast 

> LjSn" + RjSn' 

% 
SD.’ t Fe"' fast > RjSnf i- Fe" 

The reaction of diphenyltin dihydride with carboxylic acids, or 

triphenylsilane or triphenylgerman e carboxylic acids, yields the 7,1,.2,2- 

tetraphenyldicr~boxylatodistannane derivatives CXXVI as monomeric species: 209 

2Ph*SllE* f 2RC02H -> Ph4Sn2(02CR)2 

R = Et, Pr, iPr, tBu, CR2Ph, 

Sip GeP 
3 5 

: - 
:. 

: 
.1_ i 
.; : 

.-. 
. . :. *- 
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~is(trimethglstanny1)stibbin.e displaces carbon monoxide from nic?.kei 

tetracerbonyl fo 
194 rning .the complex CIX: 

Ni(CO)4 + (MejSn)3Sb -CO; pentane 
> (MejSn)+5bNi(CO)S 

CIX 

11. TIN-TRANSITION METAL BONDEXI DEHIVATIVES. 

The cycloheptatrienyldicarbonylmolybdenum-tin complexes 

C,&?Io(CO)2SnPhn~, (X = Cl, Br; n = C-3) have been synthesised by a number 

of methods: 

C7H7Mo(C0)2Br + LiSnPs B C+i$Io(CO)2SnP~ f 

c7H7Mo(co)*SnPL~ + EC1 -> '+,Mo(CO)2SnPh2Cl + 

I 

2HCl; -2C6H6 

C.$+Io(CO)2SnClg 

C7H$to(C0)2SnC13 + Ph2Hg -, C7H7_nlo(C0)2SnPhC12 + 

The reaction of 
II 
C H Yo(CO)? 
71 1 

+ aF4- witii NaSnFiph3 does not lead to 

C7H.+io(CO)2SnP~, but rather hexaphenylditin is produced: 
210 

LiBr 

c6H6 

PhHgCl 

E7yMo(CO)$ BF; t N&P% -> k.&Mo(CO)J2 '_ NaBF4 -t Ph6Sn2 

The reactions of Me3SnCH21 with NaM0(C0)~cp, NaFe(CO)2cp, NaMn(CC)$, 

and NaCo(CO)Lt in THF do not lead to the SnCH M derivatives; 
2 

Instead, Sn-C : 

>cd cleavage takes place, and the corresponding.Me$n-M(CO)ncpm complexes 
: 

Referencesp. 346 _/. ., 
._ _ ‘. ,:.:- 
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L resuit?l 11 .-1.. ; : 
-' .: : 

_ .o;.-RCl ~and.HBr cleave organic'groups from tin in trimethgltin~ 

L kipJ&yl&’ and phenyl(pentafluorophenyl)ti.%iron, -manganese;-chromiu;d,. 
. . .. - 

.,-molybdenun+and -tungsten complexes. -Reaction of the same complexes with 

-chlorine, iodine, ICl, or CF$Z resulted in tin-transition metal'boncl cleavage, ._ 

except-in the case of Sn-Mn bonded complexes with chlorine where again only 

212 
.Sn-C bond cleavage occurred . The complex cpFe(CO)(CNHe)SnMe5 is formed- 

from,the-base-catalysed reaction of ReTZinC with the hydride cpFe(CO)(CIiMe)H. 

A mechanism involving a base-induced deprotonation of the hydride leading 

to the anion kpFe(CO)(C+)]- was proposed 213. The related complexes 

:(RRe4C5)Fe(CO).@P~ ha ve beeh obtained by the reaction of the sodium salts 

Na (RMe4C5)Fe(C0)2 with Ph5SnC1214. 
I: I Garner and Hughes have investigated 

the synthetic utility of divinyltin his(trifluoroacetate) in-the formation 

of tin-manganese, -iron, and -cobalt bonded derivatives. The reactions 

wz ~i~ccI~~~FiT;f;~Cy'jl, and Nabo(CO)4], afforded the con@exes 

c2 2n 2 3 aco5 ' (cH2=CR)2Sn[ti(CO)5]2,{(CR2=CH)2Sn pe(CO)4])2 

and (CH2=CH)2Snko(CO)d2 e The structure of (CH2=CH)2Sn~(CO)~2 has 

four-coordinated tin with the two Rn(CO)5 groups in a pseudo-staggered 

conformation (Fig. 17)14'. A second complex, (CH2=CH>2Sn2Fe4(CO),6, was 

also isolated as a biproduct from the reaction with Na2 ke(CO)J. The 

structure CXXVII was proposed on the basis of spectrscopic data 215 

Fig; ,17. The mole&&r qtructure of (CH2=CH)2Sn Mn(C0) 
[. 512. 

(Reproduced 

: :.by permission of the Chemical Society). 

: : 
: : 

: . -.: 1 . 
‘- --~ ‘: _. :._ 



Nesmeyanov et al-have studied the nucleophilic replacement of metal 

carbonyl groups in trp?lenyltin-transition metal carbonyl complexes P%SnX 

by other carbony anions Y- (X f Y = COG, I40(C0)~cp, Nn(CO)5, Re(C0)5, 

Fe(C0)2cp)216. The reactivitiesof the phenyl&orotin-%dCO)5 and -Fe(C0)2cp 

compounds, P~_nClnSti ($1 = Nc(co)5, Fe(C0)2cp; n = l-3) towards C6F5Li 

217 depend on M and the number of phenyl groups attached to tin . Tin(II> 

chloride inserts into the Fe-C bond of cpFe(C0)2R (R = substituted allyl) 

to afford the products cpFe(CO),SnC1,R22g 0 

In diethylether ditin compounds 

give the tin-cobalt compounds CXXVIII as 

react rapidly with COAX to 

the sole product: 

$S"sd+ i- co2(co)8 
Et20 

> %SnCo(CO>, 

CXXVIII 

X3 
Sn = Me3Sn, EtgSn, Et2C1Sn 

but in TED?, Me6Sn2 and COAX give, besides CXXVIII (X = He), substantial 

amounts of Me4Sn and #e2Snko(C0)4]2: 

Ne6Sn2 t COAL THF > 1.0EIegSnCo(CO)4 c 0.5Me4Sn 

+ 0.3Me2Sn[Co(C0)~2 

: 

These addit+al reaction products_ do not'arise from a _disproportionation 
., 

?f CXXKIII~ (X = Me).. With a catalykc~~ount of.Co2('C0,j8 *.TkF, iess .- 

;+ef&en&p.346 ..' -.:_ ,; ;__ -. : :--- ~ 
:, _-.. 

I __ ~._ -: :- 
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: 
L>-. brpwn insoluble 
_ ‘. 

._. -_- :. 
-.> 

solid. 

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

’ .The.&ent of f&iS catalysis. disproportionation decreases with the polarity 

: 
of the solvent, end no-reaction at-all is observed ti benzene or penttie, 

: 
~careful . bgomination of the brown product afforded Me SnBr, 

., 3 
Me2SnBr2 and- 

Me+%,,; .. indicating that the dimethyls&nnylene polymerises during-the 

readtion to a polytin prod&t with a branched structure. The following 

mechanism, invo~&q~nucleo&lic attack of Co(CO)- on Me .%&Me 
3 3 

as the 

rata-dete&i.&ing step: 

cO,(co), +THF -> co(co)4+. THF -I- co(co)q 

co(co)4~. THF + Me6Sn2 i- co(co)q _, 

Me3SnSnMe2Co(CO)4 + MeCo(CO)q + T~F 

MegSz&Me2&(CO)4. _> He3SnCo(C0)4 f 
[ 1 Me2Sn 

Me3&b(CO)4 + MeCo(C0)4 =. > Me4Sn + CO(CO)~+.TEF. 

. . 
-.+ co(do,, 

: _. 

I$(F~)~&is~%lso an effective catalyst for %he disproportionatiod of 

Me&2;lbut TG$& s.p th& co (&),?8~~~ 
: T+!nethylt_in hydrid$ reacts exe- 

. 
S:ai 2&O to:give Me3+L!?(CO)4 in high.yield. -1 TEe. :: .. 

L I 
~'co&e&ponding'&fiyland germyl_~&rpl&es n&y~al&be &&e&d to- .-: : ':. : -(__ 



Fig, 18. %he contents of tiie unit cell of cp(CO)CoSnP¶e2]2 seen in 
L 

projection stlong 2_ (Reproduced by permission of the Chemical' 

Society), 

~Collmvr &.al. have investigate$-the chemistqof some orgznoth 

2?1 
--complexes of .tetra~arbonyiosmium . Bis(trio&notin)osmium tetrecsrb&yl 

-derZvatives C&G are.obtaioed.in.high yield from Na,Os(cO) : -4 



Fig. 19. The molecular structure of trans-(Ph+20s(C0)4. (Reproduced 

by permission of the American Chemical Society). 

The same complexes may.also be prepared from the dihydride H20s(CO)4: 

Na20s(CO)4 Ispa4> H20.s(CO) 
4 

= > (~~+)jj0~(t20)~]-3~~~~ 

(PbjW20s(C0)4 

H20s(CO).4 +. 2R$kiE d (R+20s(C0)4 + 2EH 

S=_io. OR, NR2 

T&&ient of the complexes CXXIX with hydrogen halides results in Sn-C 

boo_* cleavage; .but chlorine causes Sn-OS bond fission:‘ 



-- 2 2 4 
(Br3Sn)20s(C0)4 trans- 

.tr2ns-C120s(C0)4 

trans-(PbBu2Sn)20s(C0)4 
HCl 

Z trans-(C1Bu2Sn)20s(C0)4 

CXXX 

Reaction of CXXX withWe(C0)5affords CXXXI with the Re-%-OS-Sn-Re skeleton: 

c_ 

2HRe(C0)5 + CXXX 
Et2NH 

CXXXI 

Cyclic Sn20s2 ring systems are produced from R2SnC12 with Na20s(CO)4 and also 

from treatment of CXKXI uith H20s(C0)4 in the presence of base: 
221 

R2 cxxx i- 

Na20s(CO)4 i- R2SnC12 d (OC)40s ~s"\os(Co) 
Et2NH 

L/ 4 

> H2~(CO)4 

R = Bu, ph 
R2 

Trimethyltin by&ride ai-splaces alkane from PtR2 

(R = Me, Et) at room temperature, or at 50' when R = Ph. The g6 product 

PtR(SnMeg)3 (Ph2P>2CH2 , 
3 

dissociates reversibly in solution to 

~P+M$)2 (Ph2P)2CH2 0. 
t 1 

Reaction of the anal&gous &a& complex.with 
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.ie&@.yields ~the- complex PtCl(SnEie3)2~Ph2P)2CR2} 
- 

which also.,dissociates 

& solution to PtC1(SnMe3) 
L 
(Ph2P)2CH2 1 a Oxid&tive-addition of Ne3SnR to 

Pt (Ph2i);CH2 2. 
c 

] similarly ~proclkxs Pt(SnMej)8[(Ph2Pj*CH2]30'. 

12. DIVALEWF ORGAXOTIN DZRIVATIVES. 

- L~psert, Thomas et 21. tive described the titeraction of -- 

di~is(trimethylsilyl)methyl]t in with some transition metal czcbonyl and 

chloride complexes, The stannylene is a good nucleophile, and is able to 

displace CO or R3P and cleaves the chloride bridges of the binuclesr Pt" 

complex 
c 
(Et3P)PtC12 2m 

1 
Thi reactions are s ummzrised in Scheme 1. The 

(Php)2(R2S&hCl 
i(P%~)3Rhcl , ,(~orborMaiene)“o(co~~ ~R2Sn121’Io~C0~4 

(Et3P)PtCl(SnR2)(SnR2Cl) 

. . cp(co)3~IosnR2R 
< cp(C*YoE 1 I cp(%Mo=-, cp(CO)gMoS&2Me 

R = (Me3Si)2CH 

.crystal, structure of the pentacarbonylcfixomium complex of the stannylene 

l&-been determined, and is sho& in Fig. 20. The tin enjoys trigonal. 

coordination, with the two carbdn ato& and the chromi.um&om bound to 

~h~~&n,~alT Pour atoms be& coplanar (sum of.the angles at tin =.3600). . . 

The SkC_bo&s are.not un~kkal.(2.18, -2.198); but-the'Sn-Crjbqnd distance 
-- ~ '. . . - 

.: 

shorter'than +.-the reiated domilex c 
:_. 

_.. 

Me3Si)iCF 2Efn r&As ] : 
.‘.’ I 

._:. -_ I .. 
-. ._. j., ~_.;;;::_.I ... :;. ._ ._‘T. _ -_.. ... : -: .:’ 
..<-. _: .-_ . .._. ..-;:_::-, .. : 

: .- .: . . . -_. ..::.. ._._- 
..‘. ^ :.. ‘.... .,..- . .._._. ._ 

*:I- -.;x-..I. :: .: ;. ,: -_:y - ;._ _.._. ,.., _. :-_ . . . . :- .:,.-..-.: _.; r, . . _ : .-_ . . : ._. _~ : ‘I _I _. :-.L. -’ . . . _. .,.-.-... .__ -..; 
._:.. ‘... _ :.;.A1 ‘-.. .^ :; .._.* -.y .. :_ _,:...: :. ‘-.I:_ ;. ., . . . . ._c__:._l’.L, _/: 



339 

Fig, '20. The molecular structure of L 
(aegSi)2cE]2~n~r(CO)50 (Reproduced 

by permission of the Cheticzl Society), 

nor;zcarbonJr~ to give the complex CxxX1222, b&t bis(cyclopentadienyl)tin 

compounds react to afford the cyclic diners CXXXIIz, which undergo %-Fe 

bond cleavage in pyridzhe giviog the monomeric species CXXXIIb: 

x2 

/\ 
sn.Xp + Fe2(CO)9 A (oc)4Fe,sn,Fe(co)d 

X = C5H5, NeC5H4 x2 

CXXxIIa 



:-go_: --I .- :_ 1-1 :I..:. .-. .; 
,.. ._ 

-. ._ . . 
.- : -. 

~~$'kr~a&ick of.SnXk.(X =.C H'..Me&H4)_ 
-_ 

-15 5' 
with C&CO)6 does._not. proceed- 

. . . : 
’ *her&dig;-b&photolysis of SnX~ &th I(C6)6 (M ='Cr, MO, b) in $THF 

~&duces .the complexes XzSnM(CO)5 2235,2240 Complekes of ShCC$T.-~,.Ad~ 

224 Sn(C5H4Me), with Group III trihalides have also been reported briefly o 

Es(methylcyclopentsdienyl)tin forms the charge transfer complexes -' 
-. 

(MeC~4>2Sn+lTNE (n = 1, 2) with tetracysnoethylene 
188 

D Dicyclopenta- 

di&yltin and bis[.,&bis(trimethylsilyl)amino]tin are in equilibrium 

.with the monocyclop&tadienyltin amine CXXXIII. which is also formed 

.from C ,&SnCl and Lj.N(SiI~e3)2:225 

<C5%>2Sn + Sn \ C5HgSn.N(SiG5) 2 

C5H5SnC1 + LiK(SiFIe3)2 

!i%e reaction of (C5E$.)2S n with iodine is rather complex. C5H5SnI, 

(C5~)3SnI, and C5%Sn%, formed by exchange and oxidative-addition, have 

all be& identified in the reaction mixture: 

(c5q2sn 
.I2 

> k5H&n12 
(C5H512Sn 

> (C&,SnI -I- C5H5SnI 

-Picy~loqentadienyltin~?t~dienylt~ also undergoes exchange with kethyltin(l?T) halides: 
: 





R, R' = Me, CF .- 
_- 

. .3 .: _ 

. 

.- Pentacarbonylmangsnese hydride-also cleaves-cyclopentadienyl groups 
_- 

.affording the unusual tin hydride 
.~ 
was confirmed by an X-ray diffraction study o 

(C& 2Sn 

which 

-13. PHYSIC&. AW SPECTROSCOPIC DATA. 

In th+s Section-are collected references to spectroscopic and 

physical data for compounds not previously referred to in the text. 

(i) vibrational Snectra: 

Data have been obtained for the following compounds: sn(yy4 

(IR and R)232; Bu4_nS&n (n = l-3; X = F, Cl, Br, I)‘(lB)233; 

Me2SnC12.2DMSO (Single crystal snd solution _&man study) 234 ; 1-0x2-2- 

stannacyclopentanes snd I-0x2-2-stsnns cyclopentenes (IB and R)2359236; 

Me3SnS2CMe (IR and R)237; Me3SnCeZH (lR)238; &- and para-substituted 

ArCH2SnMe3 derivatives (IR)23g; Me2Sn(acac)2 (R)258; divinyltin compounds 
260 

. 

(ii) Nmr Data: 

Reeves has used nmr to study the behaviour of the dimethyltin ion 

in lyotropic nematic phases 
240 

. Gielen has shown that nethylneophylphenyl- 

tin hydride,_ (Methylneophylphenylstannyl)cyclopentadienyl molybdenum 

tin tricarbonyl, and M_e2PhSnGeMePhK-Np are configurationally stable within 

the nmr time scale even in the presence of strong nucleophiles 
254 0 A 

theoretical interpretation of the “‘Sn nmr chemical shifts of methyltin 

amines, chlorides, methylthiolates, alkoxides, 

.256 
ditin, has been presented D 

and hydrides, and hexamethyl- 



: : 
343 

. . : 

-: Other data which is avkable inclkies the-,follokng:- -~f+C9~ : 

('H and 13C)241.;-d- 
.:. 

&l a-substituted-phenyl-%&hylst&ian&s (- 'H 

and 13C)?42; s&nacycloal&nes (1H)24?;,PhSnC~ '+i N+Hi$nC4 ('H an&: 

13,)*44; neophyltin cornpOunds ( 13&245; organotin cyclopekadienyl derivatives 

(‘19,,)*46; trifluoromethylphenyltin compounds ( l19Sn an& 19#47; 

substituted phenyl-,benzyltrimethylstsnnanes ( 13C)*453; Me+SnCH2Ph, 

4-fluorotidenyl and indenyltrimethyltin, 

SnMe3 Stife3 

(Y = H, F) and 
Y 

& (13c)249; 

oxirane-tin derivatives (1H)250; methyltin alkane- and benzenethiolates 

(119sn)251 ; trimethylstannylphosphines and their pentacarbonylchromium, 

2nd tungsten complexes (11qSn)252; hexaorganoditti ("'S~L)*~~; 

Me3SnS2CMe (1H)237: Me$inCECH (1H)238; exo- and endo-2-oorbornyl, l- and 

2-adzmantyl snd 3-nortricyclotrimethylstunanes (13C)255; and organotin 

acetylacetonates ( ii) 1 263. 

(iii) &ss Snectral Data. 

Ionization and appearance potentials have been measured for 

Ne3SnC=CH2" and Me3SnSPh270. Iirzss spectral data have been listed for 

Bu S"xn (n = l-3, X = F, Cl, Br, 1)2'3; 

an~-~heptanes268 

stannacyclopentanes, -hexanes, 

; lO,lO-dimethyl- and lO,lO-diethylphenoxastannin, lO,lO- 

dimethylphenothiastannin, lO,lO-dimethylphenothiastannin 5,5-dioxide, 

5,5-dimethyl-5.1~dihydrodibenzo b,e stannin, 
[I 

and lO,lO'-suiro-biphenoxa- 

stannin 269 ; and P%_n(CsF5)nSnNn(CO)5 (n = O-3)27'o 

(iv) MBssbauer Spectra,. 

The three isomers of trigonal bi$yramidal $SnL2 deriiratives 

heve been ai&inguis~ed by linear regression dlysis of quad&pole splitting 





for benzene solui&ons of R4Sn, R2SnC12 and R2Sn 

available2830 

2 are 

The uv spectrum of MegSnS2CMe has been measured 237 D The heats of 

mixing of tetraallqltin compounds with normal an& branched alkanes have 

been determined2840 Extenaea HUckel calculations of allyltin compounds 

285 have provided evidence for a--rcconjugetion . 

A method for the determination of tin in organotin monomers end 

286 
polymers by radioisotopic X-ray fluorescence analysis has been described e 

14. APPLICATIONS. 

%SnOC6H2X2CN (X = halogen) compounds are selective herbicides 

for clover, 
288 

sugar beet and soya bean . Tris(cyclohexylmethyl)tin derivatives 

show miticide activity and fungicide activity against bean flour mildew, 

apple mildew and scab 289,290 . B3SnCH202SPh shows pesticide activity 

and is a seed antifungal agent 
24 

. The related Bu$inCH2SOR compounds are 

acaricides, insecticides, and herbicides25. %S~IS(CH~)~COR (n = 1,2,6) 

291 exhibit hydrophilic biocidal activity 151 D Organotin thiophencarboxylates , 

substituted aryltin trichlorides 92 , perfluorodistannacyclohexadiene 

derivatives2' , and R2Sn(X-C5%N-E)2 (E = 0, S) 292 show bacteriocidal and 

fungicidal activity. Mixed triorganotin chloride derivatives, R2R'SnC1, 

89 show wide insecticidal, herbicidal anti fungicidal activity . Tri-2- 

norbomyltin compounds are fungicides an& miticides 293 , ana triorganotin 

triazoles are acaricides and insecticides 
189 

o Some RJSnOC(NR)NHCN 

192 
derivatives show antifungal activity D Cyclic diorganotin Salkoxides 

120 

aa diacetatodistannoxanes 294 are catalysts for the polymerisation of 

polyisocyanates. Organotin systems such as.Me3SnOH-Mo02(acac), Bu$nCl(OH)- 

H2W04,.and Me3SnOH-VO(acac .295 ) .cata&se the epoxidation of alkenes - 
t 

,- 



Organqhosphatostannanes &ve been used a5 catalysts for hardening orgarzo- 

.-~olyeiloxanes'630 Several types of thiolato-tin derivatives have. been 

used aS polymer stabilizing agents 
166,168,169,172,296-299 . 

R2Sn(OR')(OSnR~)n(O~') derivatives are useful as curing agents in 

adhesion-resistant organopolysiloxane compounds for vegetable parchment 
300 

. 
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