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50 P.G. HARRISON 

1. Reviews 

Articles concerning sulphinato-tin complexes [!I, organotin 

complexes containing intramolecularly coordinated carbonyl groups [2]. ana 

the application of topology to the stereochemist+of 4, 5, ad 6 coordinate 

complexes of tin \3J are included in the first issue of a new review journal 

dealing solely with the chemistry of the Group IV metals. Other subjects 

which have received attention are: organotin b&ides and pseudohalides L433 
aspects of five-coordination In organotin chemistry [4a], the preparation, 

structure, and reactions of organotir compounds f5], the formation and 

cleavage of the tin-carbon bond [6], th e use of organotin compounds in 

organic synthesis [7,8,9], tin-transition metal bonded compounds ho], O- 

and C-isomerism in keto-en01 tin systems [los], stannyl Grignard reagents 

r 11 , 

r3 

organotin peroxides p2], commercial aspects of orgenotin compounds 

13 , tin-119m MBssbauer spectra kJ* and radical reacticns p 5-J.. Bibliographies 

of organotin structures determined by X-ray diffraction, comprehensive upto 

1971, c.161 and toxicities of organotin compounds [17] have been compiled. 

2. Comnounds with Four Tin-Carbon Bon& 

Two patents have described the synthesis of tetraaUa;lstannanes. 

Stannane adds tad-olefins at low temperatures using ted-butyl peroxide 

and cobalt nephthenate as catalysts PI- A more efficient Drocess employs 

the reaction between trialkylalanes and tFn(IV) chloride kg]. 

Grignard and organolithium reagents have been used extensively in 

the form&ion of functionally substituted arylstannanes and similar compounds, 

YLz.: 

R2SnC12 + 2Li 

R2SnC12 i- 

R=Me, Ph 

Ph2Sn0 f 

2R3SnX + 

R = Me, Ph; X = Cl, Br 



B3+X4, + (4-dcllilg SiHe3 A Bu$no SiMed4_n k23 

R = Me, F'h 

[ol a 
3 
SnCl + Li 

Q - [(3$snQ 

[ol 
s 3SnC1 -t LiQ - [@$SnqJ 

CH2NMe2 

Li 0 0 snBuR2 
Fe (i> $Sd2 pe + 

H 
(ii) BuLi 

Sterically hindered triorganotin halides 

organostame or the coupled product depending on 

Thus with ted-BuMgX or tert-BuLi, tert-BuR2SnX (R 
I-. 

111 23 

Fe 

L-241 

1241 

t 

-snBu2 

[25,26]. 

2 

yield either the tetra- 

the degree of crowding. 

= Ph, PhCH ~ 2, "Bu) affords 

(tert-Bu)2RZSn. whilst (tert-Bu),RSnX gives L(tert-Bd2RSn 
12' 

These latter 

products arise by initial halogen-lithium exchange producing (tert-Bu)2RSnLi, 

which can then react further, viz.: 

tBu2PhSnCl f tBuLi d tBu2PhSnLi + 
t 
BuCl 

tBu2PhSnLi + tBu2PhSnCl - 
t Bu2PhSn-SnPhtBu2 f LiCl 

Reaci$on of tert-any1 Grignard reagents with Ph2RSnI results in the formation 

of the coupled product when R = ted-Bu or neophyl, but forms the normal 

substitution product when R = ?hCH2. Normal substitution products are 

also obtained from the reactions between tri-iso-butyl-, trineophyl-, or 

tri-tert-butyltin chloride and phenyllithium c27.281. The potassium reduction 

Referencesp. 140 
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of 1,1+iphenyl4ibenzostannol in DMB produces a red solution;but n,o 

radical anion can be detected. Oxidation with benzoyl peroxide.is chemi- 

luminescent [2&a]. 
: 

Both the propargyl (I) and allenyl (II) isomers are obtained 

1-E C=CH Gi-NP - 
I .-- 

Pli 

(1) 

Me 

I 
cc-Np- SnACH=C=CH-Me 

I 
ph 

(11) 

when d-NpPhMeSnI is treated with HC=Z.CHMe.MgBr. The relative proport- 

i&a of each isomer produced depends on the reaction conditions, although 

I is readily converted into II by warm methanol. Both exhibit erythro- 

three isomerism p9J- The reaction of the allylic Grignard reagent 

MeCH=CH,CB2_MgBr with 
R3 

SnX (R = Me, Ph; X = Cl, Br) preferentially gives 

the branched product, R_$inCHMe.CH=CH2, whilst R3SnLi and MeCH=CH.CH2X 

preferentially yield the linear isomer, 
R3 

SnCH2CH=CBMe. 

with CH2=CiLCD203SMe to give 7i+85$ R3SnCD2CH=CH2 

R3SnLi also reacts 

1301- 

and 30-1546 R3SnCH2CH=CD 

(Q = (CR~R~CR~=CR~CR~R~ 

R' 

Unsaturated compounds of the type Me3SnQSnMe3 

- R6 = H, Me, aryl; n = 2 - 8) are obtained by treating 13g with E di- 

olefin in THE‘ in the presence of ethyl bromide or 1,2-dibromoethane, and 

treating the resulting Grignard reagent with Me3SnCl [31]. A number of 

triethylstannyl derivatives of dialkynes have been synthesised using liquid 

ammonia as solvent: 

Et3SnNa i 
BrC=C.C=CR _5t Et3Sn.CsC.C&R 

Et3SnBr + HC=C.C=CH Na > Et3Sn.C&.C~CR 

Et3Sn.C~C.CECH + NaNH2 + Et3SnC1--+ Et3Sn.CL-C.CzC.SnBt3 

Et3.Cs.CECH + NaNH2 f EtBr _I_) Et3Sn.CsC.CsC.SnBt + 
3 

Et3Sn.CEC.CsCEt 

Et3SnNa + Et3Sn.CsC.CECH + Me1 __) Et3Sn.CEC.C=C.SnBt3 + 

Et3Sn.SnEt 
3 
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1,3-Dipolar addition of diazomethane takes place with.the terminal alksne 

group of Et_$k.CsC.C~CH prcducing the ethyns'lpyrazcle derivative III. 

The same product is also obtained by treating the intermediate formed 

III 

from (CGCH)2 and diazomethane with bis(triethyltin)oxide [32]. 

Functionally substituted methyltip derivatives continue to arouse 

interest. ci-Sulphonylmethyl- and bi-thiolatomethylstannan es are readily 

obtained using the respective lithium reagents: 

BgSnCl + RS02CH2Li *p>B SnCR2SO2R 
u3 F] 

BuuSnC14 n + PhSCH2Li.TElRD - Bu2S+$SPh]4_, [q 

Bu.$inCl + Fa] * 
MeSCH2Li.TBRD ___f 3 B SnSCH2Me 

B SnCl 
‘5 

i- ~ssCR2Li L_) Bu$WH2SR f35Pl 

R = Me, Ph, pMeOC6H4 

c&Thiolatomethyltin compounds may also be synthesised by the substitution 

of the corresponding bromomethyltin derivatives using the sodium thiolate 

[34]: 

kCH2)4Sn i- 4RSNa _ (RSCH ) Sn 
24 

R = Bu, Ph 

t 4RSNa - (RSCH2)2Sn(SR)2 

Org8nozinc compounds are the preferred reagents for the synthesis of halo- 

methyltin derivatives p6]. Iodomethylzinc iodide produced by'the reaction 

of ethylzinc iodide and diiodomethane is to be preferred to the previous 

diiodomethane-zinc/copper couple method,.enabling Me3SnCH21 and Me2Sn(CB21)2 

Refenncesp. 14C 
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54 P-G. HARRISON 

to be prepared in >?C$ yield. The reaction of ethylzinc iodide with 

Me3SnCR12 in TRF gives good yields of Me3SnCEIIZn1, which reacts further 

with Me3SnC1 to give (FIe3Sn)2CBl in high yield: 

Me3SnCH12 
EtZnI 

) Me5SnCHIZnI 
Me SnCl 

-3w (Me3Sn)2CHI 

83% 

Me_$SiCRiSnMe3 and MeegSnCEIMe are prepared similarly: 

c=2=2 
EtZnI ) ITeCHIZnI - 

Me$hCl w ?4eCHIS&e 
3 

75% 

Me3SiCBl, 
EtZnl 

) Me3SiCHlZnl - 
Me3SnC1 

) MejSiCHlSnMe3 

91% 

Trimethyltindihalomethyllithium reagents have been obtained in moderate 

yields by the reaction of BuLi with bis(trimethyltin)dihalometha.nes in 

TRF at low temperatures: 

(Me3Sn)2CXY f BuLi _ Me3SnCmi t BuSnMe 
3 

X, Y = C12, ClBr, Br2 

MeegSnCBr2Li is also produced by bromine~lithium exchange between Me3SnCBr3 

and Bulk. The lithium derivatives are stable only in TEIF-rich media at 

temperatures of -95O or below. Their reactions with quenching agents 

such as trimethylchlorosilane and methyl iodide are very complicated, 

since the products of such reactions (eg. Me3SiCX2SnMe > are of comparable 

reactivity towards the lithium reagents [37]. Arehetzols add to allyl- 

trialkyletannan es under free-radical conditions to form 3-(trialkylstannyl 

propyl aryl sulphides: 

R3Sn.CH2CH=CH2 -I- HSAr 
u-v 

'Is 
Sn.CH2.CH2.CH2SAr 

R = Me, Et, Bu; Ar = Ph, p-tolyl 

Prefential cleavage of the ally1 group occurred when R = R' = Bu or Ph: 

R3Sn.CH2CR=CH 
2 -+ 

R'SB __) R_j3nSR' + C$CH=cH2 

I- 

. 
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Whilst diallyltin dibromide and benxenethiol yielded stannous bromide 

I+ Treatment of the p- and g-hydroxystannanes PhR2Sn(CH2)nCR120R 

(R = Me, Ph; R' = H, Ne; n = 1, 2) with CX4 (X = Cl, Br) and triphenyl- 

phosphine results in the formation of moderate yields of P?LR~S~(CH~)~CR*~X 

E-G Similar halogenated products are obtained from the insertion of 

dichlorocerbene (derived from phenyl-bromodichloromethylmercuxy) into the 

F-C-H bonds of Me3SnCHMeCH C 
93 

and Me_$nCDMeCH2C 
73: 

MejSnCXMeCH2CHj 
~CCl*J+ 

Me3SnCXWe.~A.CHj 

X=H,D 
ccl2R 

Nmr data (13C and 'H) suggests no deuterium rearrangement to the 8 -position 

takes place, and hence a process which involves stabilisation of the trans- 

ition state by metal-carbon bond hyperconjugation, rather than a stanna- 

cyclopropenium ion intermediate, is preferred [40]. In contrast, ethoxy- 

carbonylnitrene, generated under a variety of conditionq is inert to insert- 

ion into the &-C-H bonds of Me4Sn and the F-C-H bonds of trimethyliso- 

butyltin (1411. Perfluoroalkynyltin derivatives react with trimethyltri- 

fluoromethyltin at 150° to give perfluorocyclopropyltin derivatives: 

HenSn(CsC.Rf)4 n + (4-n)Me3SnCF3 __t MenSn/Cv.Rf\ 

Rf = CF 
3 
, CF2CF3, CF(CF3)2 1 F2 _I 4-n 

presumably by the addition of difluorocarbene to the triple bond. Therm- 

olysis of Me SnCF produces difluorocarbene probably in its singlet atate, 
3 3 

since it adds stereospecifically to the double bonds of both cis- and 

trans-butene. Addition of difluorocarbene also takes place to the double 

bond of trimethylvinyltin, but not to cyclopropenylstannanes c421- 
Triallrylstannylacetic esters of alkynyl alcohols are formed when 

ketene is passed into the trialkyltin alkoxides at 10-15' [43-J: 

Et3SnO(CR2)n.C=C.R8 + CH2=C=0 __) Et3SnCH2.C02(CR2)n.CsC.R1 

R = H, Re; n = 1, 2; R = H, SnSt 
3 

The reactions of similartrialkylstannylacetic esters with halosilanes 

has been investigated in some detail @41* Initially the 0-silylation 

Referencesp. 140 
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product IV is formed, -which subsequently rearranges to the isomeric silyl- 

ated acetic ester V: 

TsSL 
/ 

OSiR3 

R'3SnCH2C02Me CH2=C R3SiCH2C02Me 

-R'3SnCl \ - 
OMe V 

IV 

When R = C13Si, C12MeSi, or ClMe,Si, the O-isomers may be isolated by 

performing the reactions under mild conditions. The inclusion of a hyaro- 

gen bonded to silicon (HSiCl 
3' 

MeSiHC12, Me2SiHCl) precludes the isolation 

of 0-isomeric products, the intermediate nature of which may only be detected 

by infra-red spectroscopy. The use of excess tin compounds facilitates 

the replacement of all chlorine atoms bound to silicon: 

MeSiHCl2 + 2Bu2SnCHiC02Me w MeSiH(CH2C02Me)2 f u3 2B SnCl 

HSiCl f 
3 

3Et3SnCH2C02Me d HSi(CH2C02Me)3 + 3Et3SnC1 

The less reactive trimethylchlorosilane reacts only under more severe 

conditions giving the 

be obtained using the 

silanes afford stable 

8c@ yields. 

C- isomer Me3SiCH2CD2Me. although the O-isomer mey 

more reactive trial.kyliodosilane. Trialkoxgchloro- 

0-isomeric products which could be isolated in 60- 

(RO)3SiC1 l 

/ 

0Si(OR)3 

Bu3SnCH2C02Me .__) CH2=C 

\OMe 
R = Me, Et 

Alkynylstannylacetal derivatives have been prepared by treating trialkyl- 

tin alkoxides 01 oxides with an acetylene [SO-J: 

55 SnOR' + HC=C!X 0CHR"OR d . $SnC~CX.OCHR"OR + HOR' 

X = CH2, CH2CH2, CEiMe, CMe2 

:. 
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Treatment of trimethyltin chloride with tetramethylenesulphonium 

phenacylide gives the sulphonium salt VI. The low value of the infra-red 
-1 

carbonyl stretching frequency (1524, 1487 cm ) suggests strong intra- 

molecular coordination. 

E -&--CH-CO.Ph + MegSnCl, 

Me 
3 

VI 

Cl- 

Thermolysis at 150' or irradiation of VI affords tribenzoylcyclopropane, 

trimethyltin chloride, end tetramethylene sulphiae, via nucleophilic attack 

of the chloride anion at tin: 

=. 

1 =o 

-CH 
I - C Ph.CO-CE: 1 Me SnCl 

3 
t 

c 
S 

SnNe 
3 

cl- 
Phco 

FhOC-C/\H COPh -- 

Butane was liberated upon treatment of VI with BuLi gave the stannyl ylide 

VII, which converted phenyl isocyanate to the corresponding isocyanurate 

and was readily hydrolysed [45]. 

VI 
Btii ,I: PhNco ~ 

Me SnOH 
3 

t- 

References p. 140 
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The pyrolysis of tetramethyltikhas been studied in a toiuene 

carrier flow system from 803~941°K using total pressures of 10.6 to 52.4 

mm. Methane, ethane, ethylene , and ethylbenzene were formed consistent 

with the release of four methyl groups for each molecule of tetramethyltin 

reacting b6]. Thermal decompositions of tetraorganostannnn es has been 

studied at 400° in the presence of amines and alcohols. Metallic tin 

and radical products are again produced. Similar pyrolysis of dibutyltin 

diacetate gives stannous oxide C47J Tributyl-, -octyl-, and -phenyltin 

compoun&3 are stepwisely degraded by ultra-violet irradiation via di- ana 

mono-derivatives to metallic tin. Dialkyltin derivatives appear to be the 

most sensitive to W decomposition bl- Price has demonstrated that 

triphenyltin compounds sre degradated to inorganic tin compounds kl= 
The tin-carbon bond is cleaved under a variety of conditions. 

Studies of cleavage by electrophilic reagents have been extended. The 

iodination of propargyl- and allenyltriphenylstannanes produces, respect- 

ively, iodoallenes and propargyl iodide r501. 

-3 Sn-CH-CCCH 
k 

Ph3 
Sn-CH=C=CH-R 

*2 *PSnI i 
h3 

ICH=C=CH-R 

I2 
> PSnI i 

h3 VECH 
R 

R = E, Me 

The bimolecular halodemetallation of substituted cyclopropyltrialkylstsnnanes 

is stereospecific, and proceeds with retention of configuration at carbon 

in methsnol, acetic acid and chlorobenzene [50]. Two possible mechanisms, 

both involving the participation of ring orbit&s, sre postulated depending 

on the polarity of the solvent. 

Polar solvents: 

c-’ 
I 

Sn- + solvent e solvent-Sn 
\ -Xl 

/\ 



TlN 

I 
solvent-& 

-4 
I\ 

I 
+ X2 _ solvent -Sn -a A 

x2 

I 
X -Sn-solvent + 

I\ 

; =k 

1 
Less polar solvents: 

D-S 
n- 
ci- 

L 

X 2’ \I Il- 7-l 

E%enyltrimethylstannane reacts with cganogen chlodide in the presence of 

59 

aluminium trichloride to give benzonitrile. Similarly tolyltrimethyl- 

stannanes afford toluonitriles, but cyanogen bromide affords aryl bromides 

1511* 
Unsaturated groups such as cis- or trans.-2-butenyl, &propynyl, 

or allenyl are cleaved from tin by thiocyanogen. 

fission and ot-methallyl, allenyl, and 2-propynyl 

are produced. 

3 
Sn-CH2-UT&H-Me -I- (SCN)2- 

55 
SnNCS 

Rearrangement accompanies 

thiocyanates, respectively, 

+ CH2=CH-:H-Me 

SCN 

55 Sn-CH2-CsCH + (SCN)2 - 
55 

SIlNCS i- CH2=C=CH-SCN 

3 Sn-CEkC=CH2 -I- (SCN)2 - 55 
SnNCS + HCSC-CH2-SCN 

References p. 140 
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Wit@ m4Sn.and Me3SnCE2Ph, no cleavage and polymerisation of tbiocyanog+ 

took place. cis- and trans-Styryltrimet~ylst annanes are cleaved with 

retention of configuration at the vinylic carbon _ f521. Mercuric chloride 

and acetate cleave argl-tin bonds to afford useful syntheses of mercur- 

iated derivatives: 

sae3 f 
TEP/Et20 

&Meg 
2Hgc12 + 2Me3SnC1 -t 

6 
I 

rrgcl 

HgCl 

kef. 533 

O 0 

X= Cl, OAc 

With phenyl reercuric chloride, para-bis(trimethylstamyl)methylamine does 

not yield the expected product VIII, but a colourless, k&b-melting solid, 

H&l2 - Fe -i- ph3SnCl 

0 0 c 1 ref. 79 

insoluble in all common solvents save pyridine and DMF, and for which 

structure IX is proposed 21 . : 

Me 

Me3Sn f--JfU . \ &Me3 -I- 

l-Met?iyl-2-(trimethylstannyl)pyrrole reacts with ethyl chloro- 

formate to give l-methylpyrrole-2-carboxylate, hilt with benzaldehyde phenyl- 

l-methyl-2-pyrrolyl-ketone is unexpectedly produced, presumably via the 
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lcll 
7 

SnMe3 

Me 

61 

IIY- 

(7 
C-mt + 

N 
MegSnCl 

I 
Me 

Me Sn 
4 

+ 0 + tar 
H 

oxidation of the stannyl ether intermediate under the reaction conditions 

used. 2-Trimethylstannylthiophene is similarly cleaved-by benzoyl chloride 

to yield Me?SnCl and phenyl 2-thienylketone. Phenyl chloroformate gives 

Me3SnC1 and diphenylcarbonate [54]. The reaction of the stannylketene 

derivatives X (2 = Si, Ge) and dibutylchloroborane results in tin carbon- 

bond fission [55]: 

MegSy Bu B 
21 

F") + 
Bu2BC1 _ MegSnC1 + 

F=O 
Me?Z Me3Z 

Trityl perchlorate reacts with Me4Sn to give a low yield of 

rns 
CMe, but with Pr4Sn and Bu4Sn proton abstraction takes place, and tri- 

phenylmethsne, trialkyltin perchlorate , and the appropriate olefin are 

formed [56]. 

Transmetallation occurs with alkali metal alkyls. l- and 2- 

Naphthylmethyllithium, -sodium. and -potassium may be obtained by the 

reaction [573: 

B SnCH2Ar 
u3 

+ BuM - 

M = Li, Na, K; Ar = 1 

Referencesp. 140 

ArCH2-M+ + Bu4Sn 
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p+lylstannyILhe~enes ( 22 and perhalomethyltin compounds [37] react f 

similarly with lithium reagents: 

BunSn~gHqSiNe3]4_n + (4-nhLi + Bu4Sn 

n=o, 2,3 

Me3SnC!C12H + BuLi 4 BuSnMe3 f LiCCX2H 

47% I 
1 

Iye SiCZ 
3 

z Me3SiCC12H 

42% 

t (4-n)Me3SiPh (223 

c371 

Me3SnCBr2H + LiCC12H +EIe3SnCC12H + LiCBr2B 

766 

The rates of cleavag= -_i cinnamyl- and benzyltin derivatives 

have been measured in strongly aqueous or alcoholic DNSO media. Kinetic 

isotope effects support the mechanism 

r R R 1-i 

RO- + R4Sn -k [A:----Jf-----!I -+ ROSnRj -I- R- 

Analogous cinnamyl-silicon and germanium derivatives undergo cleavage 

much more slowly. Relative rates in 68.3 mole% aqueous DIG0 at 40° are 

Et3Si, 50; EpGe, 1.0; EtgSn, 2.8 105 [58]. In contrast, phenyltrimethyl- 

silane is ca. 9 tines as reactive as its tin analogue under similar cond- 

itions (0.051 KOH in DMSO containing 53 water). Such an unusual order of 

reactivity has been attributed to the smaller degree of proton transfer 

to the separating carbon atom in a medium of low hydroxylic content [59]. 

An estimation of the effective steric bulk of the PIe3Sngroup 

has been obtained from the exo/endo ratio of products of epoxidation and 

hydroboration reactions of syn-T-substituted norbornenes. The data indicate 

an effective steric order tert-Bu>&!e >Br>SnPie3>C1>H [60). 

Tetraorganotins have been used as alkylating agents towards 

transition metal derivatives. Thus &C6H6 hC1_&, 
c 

triphenylphosphine. 

and Me4Sn or Me5SnCl yields (?Z-C6H,)RuMeC1(PPh5), and tetraallyltin and 

.. . .-- -_. : 
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No reaction could be 

observed with tetramethallyltin ["I]. When a mixture of -aluminium tri- 

chloride and ClCCo3(CO)9 is treated with Me4Sn, MeCOCCo3(CO)9 rather than 

MeCCo3(CO)9 is produced b2]. Beating mixtures of ~2=CBCB2PdCl]2 ana 

(Re2CHC3,CH2)4Sn or ph4Sn result in the formation of the triorganotin 

chloride and unstable palladium compounds which dscompose at the temperatures 

used to Pd metal [SS]. 

N-Salogenosuccinimidees react with tetraalkgltins to 

corresponding alkyl halide and N-trialkylstannylsuccinitides: 

0 4 0 

R4Sn f- 
r 

c\ 

r 

CI; 

N-SIB 
/ 3 + 

The displacements are inhibited by galtinoxyl and accelerated 

give the 

Bx 

by ai-t- 

butyl hyponitrite end phenylasotriphenylmethane, and proceed by a radical 

chain process in which the chain is propagated by the steps 

(cH~C~)~= + sdt4 .v (CH2C0)2NSnRJ + R* 

R* i- 

The rates of 

in the order 

formation of 

kH2CO),Nx -Rx + (CH2C0,2N- 

homolytic attack of the succinimidyl radical at tin decreases 

Me>Et>%, %I>~Bu suggesting steric 'hindrance in the 

the intermediate five-coordinate species (CI1200)2R&R4 . 
1 

Bensyltributyltin reacts essentially only by benzyl-tin bond cleavage at 

a rate ca. 15 times that of tetrabutyltin, illustrating the effect of the 

resonance-stabilised incipient bensyl radical [290]. 

A new fluxional organotin compound, trimethylstannyl-2,4-cyclo- 

heptadiene, has been synthesised by the following route: 

hi+ 

5 

Referencesp.140 

nMe3 CT -; 2=1 

Re3SnCl 

-LiCl 
Li+ < 

0 

, 

..___I 

4 3 



64 .P_G.NARHISON 

The temperature dependent 'H nmr spectrum is consistent with rapid 1.,5 
I: 1 

Ke$SSn migration, with an activation energy of 16-19 kc&mole (cf. 10.1 

kcal/mole for the similar 1,5 shift in triphenylstannylcycloheptatriene). 
[II 

The 1,3,5-trimethylcycloheptadienicle anion reacted with trimethyltin chloride 

or bromide to give complex mixtures, the major product of which appears to 

be a mixture of isomeric trimethylcycloheptadienes. Similarly, the 1,1,4- 

trimethylcgclohexadienide anion and trimethyltin chloride yielded 1,1,4- 

trimethyl-2,4-cyclohexadiene as the only olefinic product. The l,l-di- 

methylcyclohexadienide anion does react with trimethyltin chloride: 

t Me5SnCl ___t 
XI 

As expected, XI does not exhibit fluxional behaviour L64J The crystal 

structure of the fluxional compound, triphenyl-7-cyclohepta-1,3,5-trienyl- 

tin, shows that the.molecule consists of an approximately tetrahedral 

triphenyltin moiety a-bonded to the seven-membered ring, which possesses 

a non-planar boat conformation. Endocyclic bond distances indicate alter- 

nate C-C double bonds (Fig. 1) [65]. 

Fig. 1 The structure of triphenyl-7-cyclohepta-l,J,5-trienyltin LA* 
(Reproduced by permission of the American Chemical Society). 

:. 
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'Ilributylcgclopentadienyltin has been obtained from tributyltin 

chloride and cyclopentadineylthsllium(1) [66]. Bistrimethylstannylcyclo- 

pentadiene is obtained from cyclopentadiene and excess trimethylstannyl- 

diethylamine [67]. Variable temperature nmr spectra of both this compound 

and trimethylcyclopen*adienyltin show them to be fluxional on the nmr 

time scale. Me3SnC5H5 has been noted previously to display broadening 

of the ring proton resonance at -70°. At lower temperatures the broadening 

increases, and at -150' en AA'BB'X spectrum is obtained (Fig. 2). Although 

a complete analysis of the spectrum was not possible, an analysis of the 

germanium analogue, MegGeC5Hg, showed that the Me Ge group migrates via 

a 1,2 shift. The methyne proton exhibits 117'1fgSn satellites J("7"1gSn 

Fig. 2 PMEI spectra of cyclopentadienyl protons in MegSn(C $$I at Various 

temperatures 68 . CI 

References p. 140 
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-'"5) = 91 Hz) k8-J. The spectrum of (MegSn)2C5H4 consists of an U'BB' 

multiplet at lower field to the methyltin singlet , corresponding to structure 

XII. Complete analysis of the spectrum was possible in this case, and 

&(AA') = 6.57, &(BB*) = 6.30 ppm; J&A*) = J(BB') = 2.7 Hz; J(AB) = 

J(A'B') = 4.4 Hz; J(AB') = J(A'B) = 1.2 Hz. Tin satellites are apparent 

for both pairs of olefinic protons: 

-'s) = 6.4 Hz. 

J(117911gSn_'Ha) = 8.4 Hz; J(117111gSn 

SnMe 
3 

N 
SnMe3 + nMe3 - SnMe3 

XIII XIV 

The 5,5 isomer XII is in equilibrium with the 2,5 isomer XIII, although 

the latter is present in such small quantities that it cannot be detected 

by nmr. Its presence, however, can be verified by the formation of the 

tris(trimethylstannyl)cgclopentadiene XIV on treatment of the tautomeric 

mixture with Me3SnNEt2. Similar evidence for a 1,5 isomer could not'be 

detected. No conclusive evidence is available to support either a I,3 
1: 1 

shift or two successive [1,2]shifts for the rearrangement XIIZXIII [671. 

Sequential 1,2 shifts are, however, 
Cl 

favoured for the metallotropic Me3Sn 

migration in trimethylstannylindene on the basis of semi-quantitative PM0 

theorr[69] and in addition the measured activation energy, 13.8 kcal/mole, 

deduced from the temperature-dependent 13 C nmr spectrum (cf. 7.1 kcal/mole 

for the corresponding cyclopentadienyl compound). The 13C-H satellite 

magnetic resonance spectrum of trimethyloyclopentadienyltin has been obtained 

and analysed. The evaluation of the coupling constants J' and J2 in this 

and other model r- and fC-cyclopentadienylmetal compounds yield criteria 

for the distinction of the two types 71 . c 1 
Diastereotopic non-equivalence has been demonstrated for molecules 

of the tspe RMe2SnCHPMe (Y = Et, Ph; R = alkyl, aryl), meso-R~2Sn(CHYMe)2 

(R = Me, CH2Ph), and for diastereoisomers such as Me 4_nsn(cRzMe)n (z = 
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Et, Pr; n = 2, 3) and Me-iso-Pr-cycle-HexylSnCEM&h[72~ These compounds 

were obtained by the general routes: 

Br2 
AlkSnMe3 - 

MeOH 

Br2 
EtMeHCSnMe3 - 

MeOH 

Ar2SnMe2 
Br2 ~ 

MeOH 

PhYCElMeMgCl 
AmnMe2Br -AlkMe2SnCHPhme 

AUrMgBr 
EtMeHCSnMe2Br ____) AlkMe2SnCHEtMe 

MeYCRMgCl 
&cSnMe,.Br A A&de-CHYMe 

c L 

PbMe2SnCHYMe 
Cr2(CO19 

v (OCJgCr F%Me2SnCHYMe 

Tetramethyl- and -ethylstannanes react with 

under mild conditions to form the trialkyltin acetate_ 
i 

a-1 acetate, via the unstable allqyllead triacetate L73J* 

R4S" + Pb(OAc)4 2oo ‘, [+b(OAc)3] 
benzene 

i- R3SnOAc 

lead tetraacetate 

lead(U) acetate, 
7 

AcOR + Fb(OAc) 

Peregre has studied the stereochemistry of the addition of cis/ 

trans mixtures of tributykrotyltin to al&ewes. 

Me 

I 
B SnCH2.CH=CHMe 
"35 

+ RCHz=O __I, R H.CH.CH=CH;! 

H 

CH2(COOH& 

R H-kH.CHdH2 
F 
OH 

The addition is stereospecific, the tranS isomer giving rise to the three 

alcohol and the cis isomer to the erythro alcohol[74]. 

Several stannylcarboranes have been synthesised. The lithium 

derivativea of l-phenyl-1,6- or l,lO-dicsrbaclovodecaboranes react with 

and 
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dimethyltin-dichloride forming Me2Sn(C$I&CPh)Z [235]. Mironov ha@ stithes- 

lsed stannyl-substituted cerboranes by the protolysis of stannylamines 

by o-9 m-, a& p-carboranes at elevated temperatures b36,237]. 

HCB,OFl,OCH + 
R3 
SnI?Et2, $SnCB,$,OCH -I- R3Sn"B,0H;OSd3 + Et2m 

R = Me, Et, Bu 

Temperatures of 90-100' are needed for the formation of the monostannyl 

derivatives, but more vigorous ccnditiona are required (160-180~) for the 

introduction of two stannyl groups. Substituted carboranes also react 

similarly: 

H2C=CR'CB,oH,oCH + EtgSmt2 --+ Et3SnCB,0R10CR'C=CH2 + Et2m 

I-Vinyl-o-carborane gives a dicarboranyl-tin derivative with Et2Sn@Bt2)2, 

but o- and m-carborsnes yield low molecular weight polymers [237]: 

Et2Sn(HEt2)2 -I- HCB, oH,oCCH=CH2 .-> Et2Sn(~B,$, ,CCJLCH2& 

Et2Sn(NEt2)2 -I- HCBIOH,OCH + 
f 

CB,bHlo C&Et2 
I- n 

n<7 

3. Hvdrides 

Lead tetraacetate acylates di- and trialkyltin hydrides in benzene 

[73-J: 

0 

Et3SnH + Pb(OAc)4 20 Et3SnOAc f HOAc -I- Pb(OAc)2 

9196 9796 

2Et3SnH + Pb(OAc)4 
50° F 2Et SnOAc 

3 
+ H 

2 
+ Pb(oAc), 

99dp 9& 9fs 

Et2SdL2 -i- pb(oAc)4 250 > Et2Sn(OAc)2 + H2 + Pb(OAd2 

86% 94% 95% 
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0 

2Ph2snH2 f Pb(OAc)4 25 l'h2(AcO)Sn&(OAc)Ph2 + 2R2 i fi(OAc)2 

40% 8556 92% 

Tributyltin hydride adds to arenesulphonylisocyanates at room 

temperature to give the arenesulphonamide derivatives Xv. At ca. 60' these 

adducts are in equilibrium with the isomeric species XVI [75J: 

60° 
B?S& + ArSO2NCO -+Bu_jkO.CH:N.SO$r _ ArSO2N(SnBu$CHO 

xv XVI 

AYC= Ph, p-MeC6H4, p-MeOC6H4, p-C1C6H4 

Irene sulphonylazicies evolve nitrogen upon treatment with di- and tributyl- 

tin hydrides in benzene [76]: 

B%SnH -I- ArS02N3 ____) B Sn.NH.SO2Ar 
n-L3 

+ N2 

Bu2Sd2 + 2p-MeC6H4S02N3 -w Bu2Sn(NHS02C6H4Me)2 + 2N2 

The hydrostannation of 2-vinyl-4,4,6-trimethyl-1,3,2_dioxabor- 

inane by trialkgltin hydrides gives only f -stannylated products. The 

rates of addition are accelerated. by the addition of ABIBN, retarded by 

galvinoxyl, ana unaffected by changes in solvent polarity, confirming 

operation of a free-radical mechanism [I773. 

the 

Me 

$ 
SnH + CH2=CHB 

Me 

R = Me, Et;Pr, Bu, Ph 

Me 

Me 

Referencesp.140 
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The rate of hyclroxtannstion of styrene has been studied using infra-red 

spectroscopy. At 30' the relative rates of reaction followed the order 

ph2SnH2> EtPhSnB2> Bu2SnH2 [781 Tricyclohexyl-2-(2-pyridyl)ethyltin 

is obtained by the hydrostannation of E-vinylpyridine r4. 
friphenyltin 

hydrideadds to ferrocenylacetylene (FcC~H) to yield FcCH=CHSaPhj. 

~SnCFc=CH2 was obtained by the substitution of FcCC1=CH2 by Ph-jSnLi 

in TEIE'/Et20 [79]. Organotinacetals, Et.$inCH=CHXOCHMeOBu (X = CH2, CH2CH2, 

CBMe, CMe2), have been synthesised by heating triethyltin hydride and the 

corresponding acetylene [80]. The addition of tributyltin hydride to 

substituted bell- aldehydes, XC6H4CH0, may take place by a free-radical or 

a polar mechanism depending on the conditions used to give the adducts 

XC6H4CH20SnBu . The relative rates correlate with the Bammett 6 and 6" 

constants for X, the polar mechanism being best correlated by 6 and the 

free-radical addition best by rt C8ll. The reactivity of tributyltin 

hydride tith two series of aromatic substituted x-cyclopropylketones, 

2-phenylacetylcyclopropanes, and bensoylcyclopropanes under radical con- 

ditions has been studied [82]. In all cases cyclopropyl-ring opening 

occurs: 

cpq-“. 
R 

Bu3Sn= A 

-P 

+r- 

R' 

OSnB~ 

R 

Electron-withdrawing substituents increase the rate of reaction. Similar 

results are obtained with aromatic-substitued bensalacetones: 

@ 

/ 
B Sn* 

=CH-C-Me u3 6H-CFLC-Me 

II I 

R 
0 OSnB 

‘5 

.,. 
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This polar effect on the radical addition may be rationalised by the 

effective charge delocalisation which is possible in both cases, viz. 

The stereochemistry of the reduction of ferrocenylcyclohexanones 

by triphenyl- and tributyltin hydride in the absence of solvent has been 

investigated. The product composition depends on the nature and position 
14 of the substituents R -R and the presence or otherwise of free-radical 

initiators. 

Fe 

0 0 

Sdi R-5 {e? / + 
H 

end0 exo 

With a radical initiator, the product mixture usually consists of 70; endo 

and 3sof exo ferrocenyl alcohols. Ionic reduction produces only small amounts 

of the endo alcohol (lo-40$) and the olefin product ( <lO$), and no exo 

isomer [83]. Pereyre has studied the tributyltin hydride reduction of 

-x-acetylenic esters and nitriles in methanol in detail 
P41' The reactions 

maybe summar ised as follows: 

MeOH 
Me02C.CEC.CO2Me + BgSnH v "\,=C/C02Me + B SnOMe 

65 Me0 C' 'H 
u3 

2 

Me02C.CZC.C02Me + 2Bu3SnH 

References p. 140 

MeOH . 

w 
Me02CCH2CH2C02Me 
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14~.C3C.C02Et 

f- 
65O or IJV, 

BuplE MeOH 

H-CZC.C02Me 

+ 65O + H\C=C/H -I- B 

Bu$mH 
MeOH H/ 'CO Me ' 

SnOMe f MeO.CH=CE.C02Et 

7% 2 
!& 11% 

H\c&/co2Me ~ H 
B"3Sn\ ,H 

i- 

H' ' SnBg BrfSn H/c=c\CO Me 
2 

59% 

+ Bu3SnCH2CH2C02Me 

6% 

NC-CZC-CN -I- Bu3SnH 
65' ACJH f 

MeOH H/ _'CN 

93% 

CN 

65' H\ / 
H-CsC-CN i- B?SnH 

MeOH H/csc\snB * 
3 

38% 

The ester products cannot be interpreted on the basis 

B SnOMe 
"3 

H\ B 
H/c=c\cN 

47% 

of a.n intermediate 

hydrostamtion adduct or reduction by nascent hydrogen. Instead, the 

transition state 

Lo 
B Sn-----? 55 

I 
I (0 

1- 
c-9 

c 2 I , 

k __ _____t-~Me 

(0 (0 

._ 
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involving solvent participation is preferred, which also rationalises the 

formation of trans isomers. Ethyl tetrolate gives only hydrostannation 

73 

products, which did not decompose even after prolonged reflux in ethanol. 

The reaction with methyl propiolate affords small quantities of MeO.CH=CHCO2Bt, 

B 
'f 

Sn.Cz%C.C02Me, an& Bu$inCH2CH2C02Me. The former arises from tributyltin 

methoxide-catalysed addition of methanol to methyl propiolate, whilst the 

formetion of the two latter products arise from the reactions 

BgSnOMe + H.CGC.CO2Me __t B Sn.CEC.CO2Me 
‘5 

B SnH 
5, 

MeOH 
B SnCH=CH.C02Me 
u3 

Bu_,Sn.CH2.CH.C02Me 

I 

saY 1 
___f Bu+ZinCH,CH,CO,Me 

The nitrile reductions proceed via initial hydrostannation of the CSC 

triple bond, followed by Sn-C bond cleavage, either by nucleophilic attack 

of MeO- (or MeOH) on tin: 

S&Me 

or by a concerted mechanism involving a four-centre transition state with 

solvent participation: 

Y 

>‘ H..~.6.y.s&g 
‘\ c“‘c_‘* 

\ 
H 2 2 

CITC-CH-CBMe-CHzCH2 
BU+FI 

&- 

bH exothermic 

Tributyltin hydride selectively reduces the chlorine function 

of unsaturated chlorinated alcohols [74 3: 

C12CH-FH-CHMe-CH=CH2 .-, 

bH BujsnH 

loo", 2br 

CH_$HCHMe-W.&H2 

OH 

References p_ 140 
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U-V and ABIBN OH 
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The reduction of 7-halonorcaranes by tributyltin hydride under free-rdical 

cdnditions gives predominantly the endo-substituted isomer (> 9C$), fiue 

presumably to the greater st&ic~repulsion in the hydrogen transfer from 

the tin hydride to the endo side of the radical than to the exo side E863. 
Chlorodeoxgsugars may be reduced to deoxy sugars under similar conditions 

[87]: Cyclisation accompanies the radical reduction of CH2=CH(CH2)3COC1 

producing cyclohexanone (36$). Similarly Me2C=CH(CH2)2CHMeCH2COCl gives 

menthone (43$), and Me2CH(CH2) CH.=Me2 

intermediate acyl radical 87 . c-J2 

(2796) via the decarbonylation of the 

The reduction of the dichloromethyl deriv- 

ative XVII (R, = H; R2 = CHC12) by B 
u3 

SnH yields 

XVII (R, = H; R2= CH2C1), which colild be reduced 

enisole to XVII (R, = 8; R2 = Me). However, the 

the monochloroderivative 

further in refluxing 

chloromethyl derivative 

XVII (R, = CH2C1; R2 = H), under identical conditions, afforded a 5d 

yield of XVIII (X = Cl) instead of the expected product XVII (R, = Me; 

R2 = H). A nearly quantitative yield of XVIII (X = Br) was similarly 

obtained from XVII (R, = CH2Br; R2 = H). When the reactions were carried 

out with pure Bu$inE, 3C$ yields of the rearranged products were obtained. 

These results can be rationalised in terms of the scheme El: 

: ‘.. 
_- .: : 

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



H 

H 
':/4Ar~e 

H H 

Q 
\, 

.Hx 

Triphenyltin hydride reduction of XIX similarly produced the unexpected 

products XX and XXI rather than XXII [89]: 

Referencesp.140 
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AcO 

AC 

4. Halides 

Several patents refer to the direct synthesis of alkyltin halides. 

Thus, tin metal and butyl chloride heated fox 14hr at 18Oo in the presence 

of hexamethylphosphoramide and iodine resulted in 93$ tin conversion to 

Bu2SnC12 (20$), B SnCl (21.5$>, and a hexamethylphosphoramide complex of 

Pu*SnC12 (48mp) [a9 9 Powdered tin and octyl chloride uith a catalyst formed 

in situ from octylamiae, octanol, borFc acid, iodine and red phosphorus 

heated for 4hr at 155' gave 94% tin conversion to OctylSnCl3 (34%), 0cty12SnC12 

(47%). and Octyl3SnC1 (12%) [90-J A 99$ tin conversion was obtained using 

compounds possessing an oxirane ring as catalyst. Heating tin and butyl 

iodide with glycidyl acrylate at 160' for 3br gave 87$ of Bu2Sn12 [91]. 

Mono- and dibutyl- and -octyltin chlorides and bromides are obtained by 

heating tin, alkyl halide, alkyl iodide, and tributyl antimony under pressure 

c921. The use of anfimonites or arsenites with iodine gave 14-46s yields 

of octy12sn.hr2 [93J Similar yields (15-57$) of dibutyl- and -octyltin 

dichlorides and dibromides are obtained using titanium tetraalkoxides and 

iodine [94]. Chloromethylsilanes react with metallic tin at temperatures 

of 150-200' with tin(N) iodide and triethylamine or piperidine as catalysts 

to give 50-7& yields of bis(silylmethyl)tin dichlorides, together with 

small (he) yields of mona- and trialkyltin products [95] 
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ClnMe3 nSiCE$Cl + Sn __) (ClnMes_,SiC~2~2SnC12 + 

(ClnMe3_nSiCE2)3Sd!1 + ClnMe3_nSiCH,SnCq 

EIethyltin trihalides may be obtained in ca, 90% by the exchange 

reaction [96): 

Me2SnBu2 + 2SnX4 __jr 2MeSnX3 + BqSnC$ 

X = Cl, Br 

High yields of the unsymmetrical dialkyltin dichlorides BuRSnC12 fire pro- 

duced by the analogous reaction: 

BllS 
"f4 + 

3BuSnCl3 20-1400 > BuRSnC12 

R = Et, allyl, Ph, ti-tbienyl 
89-95s 

Under the same conditions R&C13 and RSnB? gave complex mixtures containing 

R2SnC12, Bu2SnRCl, and Bu2SnC12 [97-j. Stennouz halides react with dimethyl- 

acetylene dicarboxylate in refluxing TBF to give 1:l adaucts formulated as 

the 1,1,4,4-tetrahalodistannacgclohexaclienyl der%vativea XXIII. 

snx2 + R.C=C.R + 

R = C02Me; X = Cl, Br, I XXIII 

XXIII are thought to be polymeric via intermolecular carbonyl-rtin coord- 

ination. Consistent with this the derivatives are insoluble in all but 

the most s$rongly coordinating solvents such as DISC and DMF which can 

break down the coordination @3]. 

Tetramethyltin is solvolysed in anbydrous BF at 25' producing 

trimethyltin fluoride. When the reaction is carried out at 130°, substantial 

amounts of the difluoride are formed. 

9 Me3saF f cH4 Me4Sn + HF . o 

13' - Me2SnF2 + ZCH, 

Referencesp.140 
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The solvolysis of methyltin chlorides at 25' results in the cleavage of 

one Sn-Cl bond Me3SnE' and the novel mixed chlorofluorides 14e2SnFC1 and' 

MeSnPC12. 

MenSnCl+n 
HF 

25O 
Men&PC1 

3-n + 
EC1 n=l-3 

higher temperatures cause further Sn-Cl or Sn-C bond fission: 

I&s SnCl ELF; 130° 
3 

Me2SnF2 + HCl + CH 
4 

FIe2SnC12 RF; 130° 
I&2.%92 -I- HCl 

MeSnC13 Me&F3 + IX!1 

The conversion of MeSnC13 to the fluoride in this way is synthetically 

useful, however the conversion of di- and trialkyltin chlorides to the 

corresponding fluorides is more conveniently accomplished using ao_ueous 

rather than anhydrous EE' [98a]. 

The structure of chloromethyltin trichloride, determined by 

electron diffraction in the gas phase, consists of a distorted tetrahedral 

arrangement of groups about tin (LClSnCl = 105O; LCSnCl = 113O) (Fig. 3). 

The bond distances are of normal length (Sn-C = 2.23h; Sn-Cl = 2.3&), 

but there appears to be restricted rotation about the Sn-C bona 1991. 

Trimethyltin and triethyltin chloride solvent interactions have 

been studied through 'H -El'9 ) Sn heteronuclear double resonance. The 

solvents studied fall into three categories: (i) 'neutral' solvents such 

as carbon tetrachloride and methylene chloride, which do not significantly 

Fig; 3 The structure of chloromethyltin trichloride (Reproduced by 

pe_rmission of the Consultants Bureau, New York). 

:_- ._.. . . .: ._.-.: ,.:. _ ._ 
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affect the 119 Sn chemical shifts; (ii) polar solvents, such as acetone, 

acetonitrile, dioxane, which form complexes; and (ii) alcohols (methanol, 

ethanol) which probably cause ionisation of the solute. Molar enthelpies 

of ccmplex formation were estimated to be 4 - 5 kcal/mole for the trimethyl- 

tin chloride complexes and 3 kcal/mole for the triethyltin chloride compl- 

exes EOO]. 

The crystal structure of the trimethyltin chloride complex of the 

phosphorus ylicie triphenylphosphine-acetylmethylene shows that the ylide 

residue is bonded to tin via the carbonyl oxygen atom rather than the 

ylidic carbon atom (Fig. 4). Coordination about tin is almost perfectly 

Fig. 4 The structure of _ phjPCH.CO.Me-Me3SnCl fiOl]. (Reproduced by permission 

of the Chemical Society). 

trigonal bipgramidal with a planar trimethyltin moiety. The Sn-Cl bond 

distance is longer (2.571) than that of the analogous pyridine complex 

(2.422), and the bond distances of the ylide skeleton indicete concent- 

ration of electron density eway from the phosphorus atom bOlJ. 4-Picoline 

fo- a similar I:1 complex with trimethyltin chloride, but 4-aminopyridine 

forms a 1:2 edduct for which the ionic structure 
[ 
Me3Sn.2(4-tinopyridine) + 1 

Cl- is proposed. Trimethyltin nitrate forms an analogous complex. Dimethyl- 

tin dichloride forms 1:2 adducts with a wide variety of picolines, amino- 

pyridines, and 2-, 3-, and 4-substituted pycidine-N-oxides fiO2j. Both 

1:l and 1:2 adducts of dimethyltin and diphenyltin dichloride are formed 

with oxygen donor molecules of the general type RnEO (E = C, N, P, S). 

The 1:2 aaaucts have octahedrally-coordinated tin atoms with trans-methyl 

cr phenyl groups, end cis chlorines and cis donor molecules, except for 

the p&dine-N-oxide complex. The 1:l complexes have trigonel bipyramidal 

structures in which the two organic groups and a chlorine atoms occupy 

Referencesp.140 

. _ :- ;_ 



80 P.G. HARRIiON 

equatorial positions. The p-dine-N-oxide complex is again exceptional 

with both chlorine atoms occupying the apical positions fio3, 103aJ. 

Dipole moments and Molar Kerr constants show that six-coordinate dimethyl- 

tin tropolonate exists exclusively as the cis isomer [109a]. Methyltin 

chlorides, MenSnC14 n (n = 0. 1, 2, S), form 1:1 complexes with S,S-di- 

methyldiimide, Me2SGH)2 bO4-j. Inf ra-red tin-ligand stretching vibra- 

tions have been used to assign the geometries of complex organotin anions 

derived from B4N+Cl_and organotin halides. The Me3SnXi (X = Cl, Br. I), 

Fe2SnXf (X = Cl, Br) and Ph2SnCl;, and Me2SnX2- (X = Cl, Br, I> anions 

were deduced to have structures XXIV (D3h), Xk (C,,), and XXVI (D,,), 

respectively. The 2J(Sn'17'11g -C-'II) coupling constant for methyltin 

X Me 

Me 

e / 
Me < 

\ I 
k i tie 

XXIV xxv XXVI 

compounds increases ae the coordination number at tin increases, consis- 

tent with a dominant Fermi contact mechanism. The effect is paralleled 

by a decrease in the tin-carbon bond distance and an increase in the tin- 

chlorine bond distance which is expected on the basis of isovalent hybrid- 

ratio1 /jOSJ; 2,2,6,6-Tetramethylpiperidine-1-oxo-ammonium chloride 

TMF%O %l- reacts with dimethyltin dichloride and phenyltin trichloride 

to give the complexes TMPN =O Me2SnC 

respectively bO6]. 

[ + ][ I& and 2~MPNO+=O][BhSnC15]'- 

Thermogravimetric analysis has been used to study the 

mode of decomposition of the adducts H2SnC12.4$ and HSnC13.4L (H = Pr, F'h; 

L-= i-picoline, morpholine). The picoline adducts pyrolyse to give 1:2 

adducts, but the morpholine adduct decomposition is complex [107]. 

Complex cations are present when ethyltin chloride is dissolved 

in basic aqueous ethanol. The polycation [(EtSn),,(OH),J+, present in 

neutral media, slowly depolymerises on increase of pH. 

the cation [(EtSn)S(OH)23r, 

With potentiometry, 

the acid and the anion 

[(EtSn)s(OH),o]- 

[(EtSn)m(ON)3m] , 

have been found. The value of m depends on concentration 

and pH, and in dilute solutions m = 1 and 8. The anion btSn(OH)J- is 

the only species present in 1N N.&H &08]. Dimethyltin dichloride has 

been studied polarographically in aqueous solution, giving rise to an 

anodic wave due to chloride anions, and three or four cathodic waves bog]. 
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5. Pseudohalides 

-The structures of some trimethyltin pseudohalides has been the 

subject of a thesis blO3. In dimethyltin dicyanide, strong N----Sn inter- 

molecular interactions occur giving rise to nearly octahedrally coordinated 

tin and planar [sII(cN)~]~ sheets EI 13. 
Butaneselenol reacts with tributyltin isocyanate to form tributyi- 

tin butylselenide and Se-butyl selenocarbamate. The most probable course 

of the reaction involves initial addition of the selenol to the isocyanate 

to form the stannylselenocarbamate, which is then rapidly cleaved by further 

selenol [112-J: 

Bu3SnSeBu 

B 
u3 

SnIi=C=O f BuSeH + + 

H2N.C0.SeBu 

Analogous unstable stannylurea and -carbamate intermediates have been 

detected by infra-red spectroscopy in the reactions of tributyltin isocyanate 

with primary or secondary amines and alcohols respectively b13]. The 

tin-nitrogen bonds of bis(tributylstannyl)carbodiimide are cleaved by a 

number of reagents. Butyl and methyl alcohols form the corresponding 

tributyltin alkoxide and cyanami de, which is converted into melamine und 

the reaction conditions (125-130' for 12h.r): 

N 
H2N\C4 \&NH2 

B 
$ 

Sn.N=C=N.SnB~ + 2ROH ~2Bu$3n~ t 
[N82CNJ - 

bC,; 

I 

The reaction is reversible, and the carbodiimide is reformed in high yield 

when the tin alkoxide and cyanami de are mixed at room teffiperature. Carbox- 

ylic acids react under milder conditions (benzoic acid, 80-85O 5hr; acetic 

acid, room temperature) forming the tributyltin carboxylate, melamine and 

cyanodiamide b143: 

B Sn.N=C=N.SnB 
u3 u3+ 

2RC02H - 3 2B Sn02CR 
+- CNH2CNl 

I 
v 

(ffH2C$ + @‘H2&CNCN 
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Hydrogen chloride at room temperature gives tributyltin chloride and cyan- 

amide dihydrochloride kl5]: 

B Sn.N=&N.SnB 
u3 u3+ 

.$HCl -N 2Bu3SnC1 + IiH2CN.2HC1 

Ethyl and pentyl bromides react with bis(tributyltin)carbodiimide 

when heated in a sealed ampoule to form the corresponding dialkylcyanamide 

in ca. 70$ yield, rather than the dialkylcsrbodiimide. It was postulated 

that the unsymmetrically substituted intermediate undergoes a carbodiimide 

+ dicyanami de rearrangement bl5]: 

B Sn.N=C=N.SnB 
"rs 3 + 

2RBr 
llo-120° 

-c 
33 Sn.N=C=N.R 

8hr "7 1 I 
+ 

B Sn 

2B SnBr t R2N.CN < RBr 3\ 

"7 

[ 1 N+=N 

R' 

Tritgl chloride, however, reacts smoothly in ether at room temperature 

with bis(triphenylstannyl)carbodiimide to give bistritylcarbodiimide: 

~Sn.N=C=N.SnE'& •t 2PIQCl __t 
/ / J Ph3 

SnCl i- ,C.N=C=N.CPh3 

When the reaction is carried out 

carbodiimide XXVII is obtained: 

PhjSn.N=c=N.Sy + pscc1 

EWE reacts further with trityl 

in high yield: 

78% 74s 

in a 1:l molar ratio, the unsymmetrical 

c_f phC.N=c=N.S 
nphj 

t PgSrlCl 

635 55% 

XXVII 

+ Ph3C.N=C=N.CPh3 

115 

chloride to afford bistritylcarbodiimide 

P Sn.N=C=N.CP3 
4 

-t 
P% 

cc1 --* Pb_plcl 

619 

_ .:- ~. : 
-. ‘-. 

. . I 



TlN 83 

No reaction occurs between bis(triphenylstannyl)carbodiimide and benzyl 

bromide in ether at room temperature. When the reaction is carried out in 

refluxing acetonitrile, triphenyltin bromide and its complex with dibenzyl- 

cyanamide XXVIII are isolated: 

P Sn.N=&N.S 
h3 np4ji 

PhCH2Br __t Ph5SnBr + PhjSnBr.(PhCH2)2NCN 

9896 57% 

XXVIII 

XXVIII is stable in air and may be recrystallised unchanged from pentane, 

but recrystallisation from isopropanol results in decomposition to its 

components, from which it may be synthesised in boiling acetonitrile. 

isopropanol 

Ph3 
SnBr + (PhCH2)2NCN ( > XXVIII 

refluxing 

acetonitrile 

A similar complex is obtained in low yield ( no 25%) from (triphenylstannyl)- 

tritylcarbodiimide and benzyl bromide or triphenyltin bromide ana benzyl- 

tritylcyanamide: 

P Sn.N=C=N.C 
h3 

Ph5 + PhCH2Br 

=3 SnBr + -'\NCN / 
/ 

SnEk- 
3”\ 

9 g”” 
Phc 2 

PhCH; 

Bis(triphenylstannyl)carbodiimide and ethyl iodide in refluxing acetonitrile 

gave a 7796 yield of triphenyltin iodide, but no complex. No reaction 

whatsoever occurred with ethyl bromide under the same conditions. The 

varying modes of reaction are probably due to the differences in steric 

bulk of the trityl group which prevents two trityl groups occupying the 

same nitrogen atom. Consistent with this hypothesis, triphenylstannyl- 

cyanamide and trityl chloride give rise to carbodiimide products: 

26' 

Ph3 
Sn.NS.CN -I- 

Ph3 
cc1 + 2NEt5 T NSt5H+Cl- + 

benzene 
56% 

ph? SnNCNC Ph5 -I- Ph5CNCNCPh5 

5s 36 
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.Nmr and infra-red studies indicate that the nitrile nitrogen rather than 

the.amino nitrogen atom is coordinated to the tin in the cyanamide complexes. 

Ris(triphenylstannyl)carbodiimide readily reacts with phenyl 

isothiocyanate to form the 1:l addition product XXIX, which may be hydro- 

lysed to give the derivative XXX: 

0 

=3 
.%.Gc!dx.s 

T+ 
plYllr=c=s --* 

,-- 

FWkC.S.5 

benzene Inphj 

pa, 
SnN.CN 

7-e 

XXIX 

ph_jsnoII f PhN=c.ssnph 

I 
HN.CN 

SS$ 

XXX 

XXX and analogous N-substituted N'-cyano-S-(triphenylstannyl)thioureas 

can also be prepared from triphenylstannylcyanocyanami de and organic iso- 

thiocyanates: 

?5 Sn.NH.CN t RIkc* ___f PhI?=;.ss, 

HN. CN 

The rates of these reactions vary with the nature of R in the order 

p02NC6H4NCS>PhNCS>FhCH2NCS-p-EtOC H NCS>EtNCS, 
64 

consistent with a 

mechanism which involves the slow formation of the polar transition state 

6- E- 
R~_____qL_____S 

I 

@cN 

The adduct XXX decomposed in refluxing benzene to give bis(triphenyltin) 

sulphide and the heterocycle XXXI , which may also be obtained in 24s yield 

from bis(triphenylstannyl)carbodiimide, cyanamide, and two moles of phenyl 

isothiocyanate. Similar decomposition of XXIX gives bis(triphenyltin) 

sulpbide (63s) and an unidentified yellow solid fi16-j. 
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NPh .; 
PhN=c.ss HN’ 'N CN 

I 
mj ___f bpd2S -I- 

I I’ 
NHCN 84s 

XXX1 

Bis(triphenylstan.nyl)carbodiimide has been synthesised by 

methods: 

2Ph3SnOSnPb3 t Ii2N!NH2 

2Ph3SnI + H2NCN f 2Et3N 

-2NaI 

several 

Triphenylstennylcyanamiamide is obtained by allowing bis(triphenyl)tin oxide 

to react with excess cy anamide in refluxing ether: 

Ph3snosnPh3 + 2NE2CN ___) 2PbjSnNEKN + 

76% 

Trityl(triphenylstannyl)carbodiimide may be obtained by 

of reactions: 

H2° 

a similar series 

mfSnOS~ + Ph_$XHlNH2 
I 

Ph3SnOSnPh3 + 2PhJCNHCN 

Ph3 
SnI + 

9 

C*CN + BTIj Ph3Sn*N=C=N.CPh3 

3 

The reaction of 1,34isubstituted thioureas with bis(triphenylstannyl)- 

carbodiimide gives the corresponding N,N'-disubstituted-N"-cyenoguenidine: 

References p. 140 

:. 



.86 _ PG. HARRISON 

E 
NCN 

9 
Sn. N=C=N. S 

nps i- 
RNHCNER -* Fl2pSsnpbj f Rh&HR 

Thiourea itself gives bis(tripheny1ti.n) sulphide and triphenylstannylcyan- 

amide fi17]. Tetrameric dibutyltin carbodiimide may be obtained using 

the silver salt fi18]: 

'Bu2SnC12 f Ag2NCN -F % Bu$nNCN 4 
(: 3 -I- AgCl 

Novel sulphinylaminotin derivatives have been synthesised by 

exchange between tin alkoxides and the corresponding sulphinylaminosilanes. 

The compounds are pale yellow liquids which react with chlorosilanes to 

regenerate the sulphinylaminosilanes 019-J 

B SnOMe 
?3 

+ MeTSiNS ___) BgSnNSO -I- iVe3SiOMe 

Me3SnOEt + Me3SiNS0 _ Me3SdEi0 + MegSiOEt 

The terdentate ligands, terpyridyl and 8-(2_pyridylmethylene- 

amino)quinoline (PHAQ), form neutral seven-coordinate.complexes with dibutyl- 

and diphenyltin diisothiocyanates. Infra-red and Mbssbauer data indicate 

a pentagonal bipyramidal arrangement with trans axial C-Sn-C bonds. This 

has been confirmed by an X-ray diffraction study of Me2Sn(NCS)2.terpyridyl, 

for which the C-Sn-C bond angle is li'3.7O. The five nitrogen atoms occupy 

equatorial sites at distances of less than 2.6k. Appreciable ionisation 

of the complexes occurs in DKE' solution. The use of excess sodium tetra- 

phenylborate in the synthesis of 

species c 

the terpyridyl complexes yields the ionic 

R2Sn(NCS).terpyridyl]+bPhql_. The first reported complex of 

dibutyltin difluoride, with 

rated DMSO solutions of the 

suggests seven-coordination 

complex also [120]. 

:. ‘. 

: .y_-.’ .:. .. _, . . . _. ._ ;.:-- 

phenanthroline, is precipitated when concent- 

reagents are mixed. The infra-red spectrum 

with fluorine bridging is present in this 

_, 
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6. Oxides. Hvdroxides. Peroxides. and Al&oxides 

Davies et al.. have investigated-the trialkgltin hydroxide - 

bis(trialkyltin)oxide equilibrium by infra-red and Mtlsspaue? spectroscopies. 

His(trialkgltin)oxides react with water at O-5' to give the corresponding 

trialkyltin hydroxides. The oxides show a characteristic strong band in 

the infra-red in the region 740-770 cm -' r_Sas(SnOSn)] 

exhibit bands at 3610-3630 -' [; (CH)] and 880-920 cm"~~~~)~:' zrfoxiaes cm 

methyl- and triphenyltin hydroxides are stable at room temperature, but 

triethyl-, tripropyl-, and tributyltin hydroxides are low-melting solids, 

which are in equilibrium with the corresponding oxides. The MBssbauer 

spectra of the bis(trialkyltinoxides, which contain four-coordinate tin, 

have quadrupole splittings of 1.18-1.63 mm/s. in contrast, the hydroxides 

probably contain chains of oxygen bridged trialkyltin groups with five- 

coordinate tin. Consistent with this formulation, they exhibit quadrupole 

splittings 2.78-2.99 mm/s fi21]. This typ e of chain structure is present 

in the mixed compound Me3SnNC0.Me3SnOH, in which trimethyltin groups are 

bridged alternately by nitrogen.atoms (from NCO) and oxygen atoms (from 

OH). The tin-oxygen bond distances are more or less equal (2.14, 2.159), 

but the tin-nitrogen bonds are inequivalent (2.43, 2.75A). Adjacent chains 

are interconnected by NCO----HO hydrogen bonding to form a layered structure 

[122-J. Triphenyl- and tri-p-tolyltin hydroxides have been prepared from 

the organotin-bromides and sodium hydroxide in aqueous solution b231. 

The addition of 0.2-2$ of alkyl acetates effectively stabilises bis(tri- 

alkyltin)oxides with respect to precipitate formation on long storage [i24). 

Dialkyltin dichlorides or tetra-l,J-dichlorodistannoxancs react 

with sodium azide in the presence of water to give haxealkyl-1,5-diazido- 

tristannoxanes XXXII [i251: 

R2SnC12 + 

ClR2SnOSnR2C1 f NaN3 - XXX11 

R = Me, Et, Pr, Bu 

Dioctyltin dichloride yields the octaoctyl-1.7-diazidotetrastannoxane xXx111: 

0ct2SnC12 + NaN 
=2O 

3 
N30ct2Sn(OSnOct2)3N3 

XXXIII 
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P&iminary X-rag data for the butyl derivative indicate a centrosyxauetric 

dimeric tristannoxane structure XXXIV, similar to those already characterised 

for the 1,34isubstituted disteunoxanes. 

Bu Bu Bu Bu B BU 

\ \ 

N3/~\OI~\,.~~S"\, 
I , I 1 3 1 
I I : 

M3\ s,./~\s~/~~S&H3 

\ \ 
Bu Bu Bu Bu Bu u 

When treated with refluxing methanol XXXII (R = Me) gives the azide 

methoxide XXXV: 

refluxing 
N3Me2Sn(OSnMe2)2N3 ______t 

methanol 
N3Me2Sn(OSnMe2)20Me 

Mksbauer data for the organostannonic acids RSn(O)OH n (R = Me, Et, Bu, 

C8H17, Ph) indicate the presence of four coordinate tin,in these compounds, 

but five coordination cannot be excluded. Alkyltin trichlorides react 

with the sodium derivative of triethanolamine to give organostannatranes 

XXXVI, which may also be obtained by the azeotropic dehydration of the 

organostannonic acid and triethanolamine in boiling toluene. 

RSn(O)OH 

RSnCl 
3 

+ (NaOCH2CH2j3N __f RSn(OCHzCH2)3N (-_ + 

(HOCH~CH~)~N 

Mbssbauer data suggest that phenylstannatrane is probably tetrahedral, but 

significant intramolecular N+Sn interaction occurs in the allqlstannatr- 

enes as in XXXVII fi26-J. 
R 

P-. I 
\’ o/w--o \ 
\p- 
J t \ _---- ) XXXVII 

: 
.:. ,._. .’ :-. :. 1 ,. 

. .~ 



TIN 89 

Bis(trialkyltin)oxides and diaUryltin oxides are readily converted 

into the corresponding chlorides in quantitative yield by thionyl chloride 

[li7]: 

$SIlOS~ i SOcl2-I_ 2R3SnCl + SO2 

R2SnO + SOC12----+ 2R2SnC12 -I- SO2 

Heating methyl tripropylstennylacetete with bis(triethyltin)oxides et 115' _ 

affords triethyltin tripropylstannylecetete [43]. Triethyltin hydroxide, 

tribenzyltin hyar0iiide, and bis(tributyltin)oxide react with cyanuric choride 
in boiling toluene to give the tria(trialkylstannyl)isocyenurete XXXVIII, vie 

the thermal isomerisation of the expected tris-stennylcyanurate XXXIX: 

6R3SnOH Cl-C 
#\ 

C-Cl C=Cl 

f 
I 

01 
II 

-R3SnCl 3 
R SnO-i!/riij-OSnR3 

* - R 
1 I 

N N 
tic/ N\ P 

Sn-N 
3($Sn)*O 

k 
ci 

3 \C/N-=? 

R$.no 8 

xxxrx XXXVIII 

Such a rearrangement has been observed for tris(tributylstannyl)isocyanurete, 

prepared independetlg under mild conditions from sodium cyanurate and tributyl- 

tin chloride [128] : 

NeO-C 
//N\ //N\ 

I 
C-ONe 

!i 
f 3Bu3SnCl 5oo) 

B?SnO-C 
I 

c-OSnB~ 
Ii XXXVIII 

N 
Bc/ 5hr N 

L 

ANa 

6C/ 
N 

(R = Bu) 

When 1:l molar ratios of dibutyltin oxide and aminophenol, o-phenylene- 

diamine, or o-aminophenol are heated in boiling toluene, no water is liber- 

ated, an& the derivatives X.L are formed, for which the octahedral binucleer 

bridged structures XL1 are postulated. These compounds may be dehydrated 

Rcfercncesp.140 
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bailing 

toluene 
,Bu2Sn(o-H2NC6H4Y)(OH) 

XL 
Y=O, NH, S 

reduced 

pressure 

Q 

NH 
‘SnBU, 

Y' 

XL1 XLII 

by heating under reduced pressure giving rise to the derivatives XIII. 

When the reactions are carried out using a 152 ration of reactants, water 

is liberated and the bis substituted compounds XLIII are formed p29-J. 

Bu 

Bu 

XL111 

A patent describes the reaction of dialkyltin oxides with zinc chloride 

and butyl p -mercaptopropionate in the presence of water and sodium bicarb- 

onate to give the compounds [I'Bu02CCH2CH2S)R2SnO]2Zn 6301. 

Tert-butylperoxytin derivatives are formed by the protolysis 

of organotin alkoxides or amines b31a] , eg. 

Et snNEt2 
3 

-i tBuOOH ___t Et3SnOOtBu + Et2NE 

(CH2=CH)Me2SnOMe + tBuOOH -> (CH2==CH)Me2SnOOtBu + MeOH 

Triphenyltin hydroperoxide decomposes at lo-40° in benzene, toluene, dioxane 

and acetonitrile to give diphenyltin oxide, triphenyltin hydroxide, phenol 

and oxygen b32]. Dialkyltin dimethoxides yields insoluble (probably 

._.. . . -.__... .: :. ..: . . _ . . ,, 
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polymeric) peroxides when treated with 98% hydrogen peroxide. In the 

presence of an aldehyde or ketone , peroxides of general'formula 

c 
-0-CR'R"-0 -SIB 

h 
- 

2 2, 
are obtained. These materials are predominantly 

simple monomeric heterocycles XTJV, but higher cyclii: Or linear oligomers 

may be present. Two possible pathways are envisaged: 

‘i’ 
FM=0 

i-V 

=2O2 

R2Sn(OMe)2 

f----) 

=202 

PhfPH 
'OOH 

OOH 
/ 

R2Sn 
\ 
OMe 

R2Sn(OMe)2 7 
-W PhC-00SnR20Me 

Ail 

fI 
PhC=O O-O A / \ 

* R2Sy 
'Lh 

Me0 !3H 

R R 

\ 
HPh 

XISV 

Neat dibutyltin benzaldehyde peroxide decomposes thermally in a sealed tube 

by first-order kinetics: 

(1) heat 
33u2Sn03CHPK ____) Bu2SnC12 + O2 i- PhCH=o f PhCOOR 

(2) HC1 
1.0 0.84 0.31 0.29 0.35 

The activation energy for the decomposition is 23 kcal/mole, and 18 kcal/mole 

for the valeraldehyde analogue p3-51. Trimethyltin and sryldimethyltin 

alkoxides have been synthesised by ligand exchange reactions with tributyltin 

alkoxides, viz. 

Me3SnBr -t- Bu$inOR d Me3SnOR + B SnBr 
u3 

R = Me, Et, iso-&, tert-Bu 

+ B SnOMe -P p-RC6H4SnMe20Me + 
$ 

B SnBr 
u3 

Polymeric dialkyltin dialkoxides 
C 
R2Sn-OR ‘-0 1 n are obtained from dialkyl- 

tin dichloride and the sodium alkoxide or using interfacial techniques [135,136]. 

Dialkyltin catecholates and catechol sulphonates are isolated by potentio- 
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metric titration of mixtures of dialkyltin dichloride and catechol-6r di- 

-aodium catecho disulphonate I 137,138]. 

Tributyltin methoxide adds to the triple bond of dimethylacetyl- 

en~~dicarb6xylate to give the cis addition product, which may be cleaved 

B SnOEk 
"s 

t- 

bMeo2c\c=c~02Me 

Me0 
/ \s 

J 

55 

MeOH 

Me02C 
\=C/co2Me 

Me/ 'If 

by methanol with retention of configuration, The tributyltin methoxide - 

catalysed addition of met&no1 to the acetylene dicarboxylate, however, 

results in the formation of the trans isomer via a solvent-assisted trans- 

ition state [84]: 

r 
d+ 6- 
H---OMe 

B StiOMe 
EIe02C.CEC.C02Me t MeOH ?5 

I 

* Me02C 

I 

-cWd-C02Me 

I c .- 

B Sn---LXe 
?5 
df 

Meo2c\ 

i 
OMe 

HP=c<coMe 
2 

Cyclic and acyclichalohydrins readily displace methanol from 

taibutyltin methoxide to form @-halosubstituted tributyltin al&oxides, 

% SnOMe 
?5 

+ EO-LA-X --* 
I I 

,sn.o-+X 

the thermal decomposition of which has been studied in detail b39,140]. 

Trans cyclohexyl and cgclopentyl derivatives afford excellent yields of 

the corresponding enoxides , via nucleophilic attack of the oxygen atom 

at the carbon atom bonded to the halogen, viz. 

-._ 
- 

. “.. 



In contrast, the analogous cis isomers decompose following first-order 

kinetics affording cyclicketones. In this case a mechanism involving a 

1,2 hydride migration: 

The cis derivatives XLV (X = Cl, Br) undergoes e ring contraction to give 

qyclopentylmethyl ketone: 

-Me + BgSnX 

The chlorine derivative also forms methylcyclohexanone by a methyl group 

migration, presumably due to the higher reaction temperature used. 

0 

e 

-I- B%SnCl 
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Acyclic i-haloalkoxytin compounds decompose to give high yields of epoxide, 

but also appreciable quantities of ketone: 

R 

RJ$Q 
I+ * - 

+ B?SnX 
B SnO:' 
'5 

Lithium amides cleave tin-oxygen bonds forming moderate yields 

of aminostannanes 0413: 

Bu_$inOBu i- LiNEX2 ___t B SnNEt2 
3 

38% 

B SnOPh 
3 

+ LiNJ3t2 - B 
?5 

SdEt2 

783 

Bu.@OF~I)~ + 2LiNEX 2 ___t Bu2Sn(NEt2)2 

5G74 

Me$iiOSnH~ + hiNEt _*H 'SnNEt2 
P 

56$ 

Triorganctin hydroxylamines are conveniently obtained in high 

yield by the azeotropic dehydration of the hydroxylamine and the organotin 

oxide or hydroxide, 

R SnOH 
3 
or + HONR'R" .-+ R+SnONR'R" + H20 

R3SnOS 
np123 

Trimethylstannyl-N,N-diethylhydroxylamine is a monomeric oil which readily 

reverts to the protic precursors in air. N-Acyl substituted derivatives, 

_, : : ._ 
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however, very stable in air, and strong intramolecular 

carbonyl oxygen atom to tin is postulated, giving rise 
I- -I 

coordination of 

to a cis- 
Ya2 

the 

configuration at tin L142J. An X-ray diffraction has confirmed this type 

of structure for triphenylstannyl-N-phenyl-N-benzoylhydroxylamine, the 

first such identified. The structure (Fig. 5) consists of a distorted 

95 

Cl51 

CM 0 aa 

Cl31 cm 
a2l 

Fig. 5 The structure of PkjSn.0.iGh.CO.B fi43]. 

of the Chemical Society). 

(Reproduced by permission 

trigonal bipyramidal arrangement of groups about tin, with two phenyl 

groups occupying equatorial sites (Sn-C = 2.14, 2;15A)- and the third an 

axial site at a longer distance (2.18%). khe acylhydroxylamine residue 

chelates the tin atom via the remaining equatorial site (Sn-0 = 2.09x) 

and axial (Sn-0 =.2.3iff) sites [143]. The tripropyltin analogue slowly 

disproportionates to give the dipropyltin derivative, whilst attempts to 

prepare triphenyltin-N-benzoyl- and trimethylstannyl-N-acetyl-hydroxylamine 

resulted in the formation of tetraorganotin and/or the corresponding di- 

organotin compound. 

rs 
SnOH + HONR'.CO.R" + 

3 
Sn.0.NR'.C0.R"-_3R4Sn + R2Sn O.NR'.CO.R" 2 

c 3 

Anionic species may al$o be FrepaYed. In this way triphenyltin-N-benzoyl- 
c -L 

hydroxylamine may be stabilised 11421: 
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excess 
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=3 
SnCl + H0.NH.CO.W NEk+ 

NEp 

MeOH 

Organotin nitrosodicyanamide 

silver salt b44-j: 

IJEt3H* 

R = Me, F-h 

derivatives have been synthesised via the 

RnSnC14 n + (4-n)AgNOC(CN)2 __) R&@C~crr),l,, + (4-&&l 

R=Bu,Ph; n=l,2 

The Schiff base derivative N,N'-ethylenebis(salicylideneiminato) - 

climethyltin possesses a distorted octshedral arrangement of groups about 

tin (Fig. 6). The two methyl groups are mutually trans (Sn-C = 2.07, 2.16&), 

and the equatorial coordination atoms are nearly coplanar (Sn-0 = 2.19- 

2.25x; Sn-N = 2.24-2.271) p45-J. 

Fig. 6 Thetiructure of N,IP-ethylenebis(salicglideneiminato)dimethyltin 

p453. ( Reproduced by permission of the Chemical Society). 

7. Caxboxvlates 

Commercially -eful organotin carboxylates have been prepared 

from the organotin oxide and the carboxylic acid 

148) 

[146] or anhydride [147 

, and from the organotin hydride and the acid [149-J. Triallyltin 

acetate and monochloroacetate may be obtained by the acid cleavage of 

tetraallyltin in methanol at room temperature. Mono- and dichloroacetic 
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acids cleave two Sn-C bonds.wheh the reaction is carrLed out using-a 2:1 

ratio of r.eac*tants. In the presence of moisture, 1,5-diacyloxydistann- 

oxanes XLVI are fo&ed. Unusually, the formation of these compounds appears 

not to involve Sn-0 bond cleavage but Sn-ally1 cleavage, since the treatment 

of triallyltin monochloroacetate with moist methanol produces propene and 

the distannoxane [I 503. 

( CH~=CRCH~ ) 4s~ 
RCO2H RCO,H 

-F (CH2=CHC3,)jSn02CR ---,(CH,=CHCH2)2Sn(02CR)2 

I 

Trimethyltin chioride also undergoes Sn-C bond cleavage by acetic a+ 

balogenated carboxylic acids at 100' to afford dimethyltin chloride carb- 

oxylates. Spectroscopic data indicate the presence of pentacoordinate 

tin in both the solid and solution phases. The solids are polymeric with 

bridging carboxylate groups. In solution, the fluorinated carboxylates 

are monomeric, while the remainder retain polymeric character (j5l-J. 

Me3SnC1 -I- RC02H -+ Me2SnC1(02CR) + CH4 

R = Me, CF3, C2F5, C1F7, CR2C1, CR2C1, CRC129 CC%, CR2Dr, CRSI 

These compounds may be hydrolysed stepwise according to the scheme c52]: 

nvridine 
CY- --~ 

Mee,CISnO,R > RC02SnMe20SnMe20H 

I \ H20 I 

(Me2Sn02CR)20 -%I$etone > Me2Sn0 

Trimethyltin derivatives of amino acids have been reported by 

Zuckerman. The 0-trimethyltin and tricyclohexyltin derivatives of glycine. 

DLr-alanine, DL-e&amino-n-butyric acid, DCdcvaline, DL-X-leucine, 

a-isolsucine, ff-alanine, and &wylglycine are obtained by the azeo- 

tropic removal of water from the organotin hydroxide and amino acid in 
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boiling benzene. 

be present L5-53. 
Bridging by -NH2 rather than -CO2 groups was thought to 

Triphenyltin acetate is degraded to inorganic tin by 

irradiation with W light b54]. The reaction of triphenylphospbine with 

tributyltin trichloroacetate in the presence of cyclopentadiene produces 

tributyltin chloride, triphenylphosphine oxide, and the adduct 7,7-dichloro- 

bicycle 3,2,0 -hept-2-ene-6one [155]. 

Bu3Sn02CC13 + Pb3P i ,-w BrfjSnCl + Ph3P0 

+ Qr 0 

ci Cl 

8. Oxvacid Derivatives 

Lindner has carried out a detailed investigation of the reaction 

between liquid sulphur dioxide and tetraorganostannanes.. A variety of 

products are obtained depending on the reaction time and temperature, and 

the presence or otherwise of water. At low temperatures, SO2 inserts into 

one S-C bond of tetraalkglstannan es forming trialkyltin alkylsulpbinates 

XLVII. The reactivity of the stannane decreases in the order Et>Me>n-Pr 

>iso-Pr . 

‘ 

R4Sn 
-liquid SO2 

) R3Sn02SR 

XLVII 

As the reaction temperature is raised, bis(trialkyltin)sulphates (R3Sn)2S04 

are formed, and at 90° they are the major reactions products. Tetraethyltin 

is exceptional, giving rise to diethyltin sulphate Et2SnS04 fi56). The 

addition of bipyridyl suppresses the formation of (R3Sn)2S04. Thus, a I:1 

molar ratio of tetramethyltin and bipyridyl at -30° gives a 2:l mixture 

of the mono- and di-insertion products. A decrease in the amount of bipyridyl 

used results in the formation of (Me3Sn)2S04 b57]. 

-30°, 60br 
2Me4Sn + 3s02 - 2Me3Sn02SMe f 

bipyridyl 
Re2Sn(02SMe)2 

, .- : 
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When the reactions are carcied out in the pxesence of water at 60'; the 

reactions are more complex, and may be summar ised as follows: 

Ne4Sn 
liquid SO2/H20 

* (Ne$n) SO 
2 4 

9& 

Et4Sn 
liquid SC2/H20 

w Et2W.O 
3 

t Et2Sn(02SEt)2 + EtpSnSC4 

5e 2@ 15?4 

Pr4Sn .- 
liquid S02/H20 

+Pr3Sn02SPr + Pr2Sn(02SPr)2 + pr2Sa03 

7@ 13s 5% 

=soti4sn - 
liquid S02/E20 

riPr2Sn(02SiPrJ2 + (%r3Sn)2S04 

33s @ 

Bu4Sn - 
liquid S02fHp0 

=_ B 
"7 

SnO2SBu + Bu2SnSO 
3 

+ Bu2Sn(02SBu 

60-7c$ 155 3z 

At go’, the major Products are the dialkyltin sulphates. Trimethyltin 

methylsulphinate, though tetrameric in benzene solution, is thought to 

consist of sulphinate-bridged polymeric chains XLVIII in the solid, similar 

to that deduced crystallographically for trimethyltin propargylsulphinate 

(R = CH2-C=CH) b58]. Higher homologues are monomeric with chelating 

k 
_~_/\,1p,, ,o_,I,_o~s\o_ 
d he 

I 
Me 7 Me EIe 

it 

XLVIII 

sulphinate groups IL. 

Referencesp. 140 
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The bis(triallwltin)sulphates and the dialkgltin sulphates, sulphites, and 

bia(sulphinates) are usually infusible, and se considered to have the poly- 

meric structures L - LIII involving 5- or 6-coordinate tin [i56J. 

R 
I 

i //“~s_O-Sn~o~s-o ‘; 
-O-p/ - I \()/ 

R 

LII 

LIII 

L 

LI 

Tetraarylstsnnan es only give the diaryltin bis(erylsulphinates) when 

treated with liquid SO2 at 60°, although at low temperatures (<20°> 

tetrabenzyltin affords small quantities of the monosulphinate prOdUCt. 

Tfiaryltin chlorides disproportionate in liquid SO2 at 20' to yield the 

disulphinates: 

2o" 
Ar3snc1 + 2s02 - 

liquid SO2 
Ar2Sn(02SBrj2 f Ar2SnC12 
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Diaryltin dichlorides are inert, except for di-p-tolyltin dichloride which 

undergoes di-insertion at 60°: 

60° 
(@W6H4)2SnCl 

2 
+ 2S02 ______)c 

liquid SO2 
(p-MeC6H4S02)2SnC12 

Mono-, di- , and triaryltin sulphinates are readily obtained by metathesis 

between the aryltin chloride and sodium sulphinate p59-J : 

p"nSnC14 n -t (4-n)Na02SAr' -~nsn(02SAr')4_n + (4-n)NaCl 

The oxidation of butyldithiostannonic acid with tert-butylhydro- 

peroxide leads to the formation of bis(butylhydroxJtin)orthosulphite LIV 

Bu 

2 I 2tBuOOH .-BU\Sn/"~S/o\Sn/oH 

HO' \O/\O/ \Bu 

LIV reacts with carboxylic 

LV, and with sulphonic and 

sulphate LVII respectively 

LIV 

+ 2H2S04 -k S + lOH20 + 12CH2=CMe2 

acids and anhydrides to form the carboxylates 

sulphuric acids to form the sulphonates LVI and 

fi60]; 

RC02H 

I 
w (RC~~)B~S~GO~S~BU(O~W 

DiaUryltin salts of strong monobasic sulphonic and phosphoric 

acids are obtained by the acid solvolysis of tetramethyltin and alkyltin 

chlorides at 25', although the monofluorosulphate LVIII may be obtained 

from Me4Sn by carrying out the reaction at -80': 

Refercnccsp.140 
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-alo 0 

Me3S.&03F _ Me4Sn t EiSo 
-GE4 3F 

25 

-CE4 

Me2Sn(SOF)2 

LVIII 

Ke3SnC1 2Hso31? -+ Me2Sn(S0~)2 -t HCl f CR4 

MeSnC 
s 

R2SnC12 

R2SnC12 

R2SnCl2 

2EiSO$ ___) MeSnC1{S03F)2 +- 2RCl 

2HSO$ -+R2Sn(S03F)2 -i- 2x1 

2HS03C!F3~ R2Sn(SO+!S?3)2 + 2ECl 

Hpo2F2 -)R2Sn(P02F2)2 + 2HCI 

R = Me, Et, Fr, Bu, Octyl 

Methyltin fluorosulphates have 

b613, viz. 

also been obtsined by ligand re&istribu+Aon, 

Me4Sn f Me2Snk303F)2 -m+ Me3SnS03F 

?Ie2SnC12 + Me2Sn(SOjF)2 1_3_ Me2Sn(C1)S03F 

&SnClq f Me,Sn(S03F)2 -> EleSn(C1)2S03F 

M8ssbauer and vibrational spectra indicate polymeric kdxvd.res with 5- 

and 6-coordinate tin involving planar Me Sn and line&r R 

b61,162] . 
3 2 

Sn moieties, 

respectioely 

Tximethyltin nitrate hydrate possesses a trigonel bipyramidal 

configur&ioa with planer Xe 
3 
Sn groups and water molecules and us&dentate 

nitrate groups occupying the apical positions in a disordered menner 

(Sn-Qwater = 2.47& Sn-Otitrate = 2.22&; Sn-C = Z.??ff). Intermolecular 

hydrogen bonding (O---O contact = 2.721) connects the water of one molecule 

and the nitrate group of an adjacent molecule Studies of organotin 

nitrates have been reported in a thesis 

: 
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9. Suohur, Selenium. and Tellurium Derivatives. 

Hethyldithiostannonic acid is tetrametic and possesses the ada- 

mantane structure (Sn-C = 2.136-2.1571: Sn-S = 2.381-2.3951) (Fig. 7) (J64a]. 

Me 

Fig. 7 The structnre of @~SLIS,.~)~* 

Bis(tripentafluorophenyltin)sulphide, -selenide, and -telluride 

have been synthesised by reacting tripentafluorophenyltin bromide and 

bistriethylsilyl, -germyl, or -stannyl chalcogenide in toluene at 100' b65-j. 

2(C6F5)pBr -i- (Et&Y --- (C6F5)p Y + 2Et3SRr 

z z Si, Ge, Sn; Y = S, Se, Te‘ 

Several >%ssbauer studies of Sn-S bonded compounds have appeared. The 

similarity of the spectra for the orgaaotin sesquisulphisles (R&S 1 

(R = Fe, Et, Bu, Octyl, ph) suggest that all are isostructural, h%ni 

the adamkntane structure of the methyl compound k26-j. Quadrupole splitting 

values for the tributyltin and triphenyltin derivatives of benzene thiol., 

ethane dittiol, and dithioacetic acid are consistent with four coordination 

at tin. Spectra for pyridine soXu%ions of these compounds exhibit signific- 

antly increased splittings due to CoordFnation of solvent producing unstable 

complexes OF the type 
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The derivatives of 2-mercaptoaniline show similar effects. P-Triphenyl- 

stannylthiolatopyridine appears to be four-coordinate even in pyridine 

solution presumably due to steric considerations, whereas 4-triphenylstannyl- 

tbiolatopgridine has five-coordinate tin in the solid k66]- Herber has 

deduced that carbamates function as weakly bidentate ligends towards tin, 

forming one strong bond and a second weak interaction fi67J. The crystal 

structure of dimethyltinbia(N,~~m~thyldithiocarbamate) illustrates the 

anisobidentate nature of the chelation (Fig. 8). The two carbamste groups 

Fig. 8 The structure of dimethyltinbis(N,N-dinethyldithiocarbamate) [168]. 

(Reproduced by permission of the Chemical Society of Japan). 

each form one short bond (2.525, 2.4978) and one much longer interaction 

(2.954, 3.0611) in approximately equatorial sites of pseudo-octahedral 

coordination. The two methyl groups are trene to each other, but the 

C-Sn-C bond angle is only 136'. The coordiantion at tin may be considered 

therefore to be intermediate between tetrahedral and Octahedral k68]. 

For Ph2Sn(S2ChRt2)2, however, the organic groups occupy cis positions 

in a distorted octahedral configuration with a C-Sn-C bond angle of ca. 

101' b69]. Triphenyltin N,N-diethyldithiocarbate contains a unidentate 

carbamate b69], which has also been suggested for the diorganotin chloride 

carbamates R2C1SnS2CNR'2 b7o-j. 

The reaction between disodium dicyanoethylene-1,2-dithiolate 

(Na2Mnt) and monoorganotin trichlorides at room temperature results in 

Sn-C bond cleavage leading to the ionic derivatives (Sn&t3)2- or (SnMnt2C12)2- 

depending on the ratio of reactants used. With triorganotin chlorides, 

$SnMnt- anions are produced for which the structure LIX is postulated 

(cf. the structure of 
Ph3 

Sn.O.NPh.COPh - Section 6). Diorganotin dichlorides 

: 
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afford R SnMnt, 
Z- 

depending on the reaction conditions 

@71,172 . 4 

R2SnClMnt-, or R2SnMnt 

CN 

LIX 

The preparation of organotin derivatives of 1,2,4-thiadiazoles - - 
has been reported 

R4_nsnc1n 

in a patent 117351: 

SMe 

Patents also report the synthesis of diorganotin derivatives of mercapto 

esters from the corresponding oxide b74,175] : 

R2Sn0 + 2HS(CH2&C02R' 

R = Bu, Octyl; n = 1, 2; 

Na2S04 

w R2Sn S(CH2)nC02R' 
c 3 

2 + H2C 

R' = Bu, Octyl PhCH T 2 

Derivatives of thioglycol, thioglycolic acid and similar compounds 

have been prepared from the orga-din chloride in the presence of triethyl- 

amine, eg. 

R3SnCl + HSCH2CH20H *t3 ) 
R3 

SnSCH2CH20H 

R = Me, Bu 

PMe3SnCl + -HS(CH2)nC02H 
NEt3 

) Me3SnS(CH2)nC02SnMe 
3 
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'The~trimethyltzin comgoutds disproportionate at llO-130° giving tetrsmethyl- 

tin and a dimethyltin derivative fj76]: 

123' 
2Ne3SnSCE2CS20E ___+_ 

10 hr 

HSCH2CH20H -t Me4Sn + Ne2Sn(SCH2CH20) 

4% 43$ 

1,aO 
Me3SnSCH2CO2SnHe3 .i+ le4Sn + Me2Sn(SCH2C02) 

645 95% 

130° 
Me3SnSCE2CH2C02,SnMe3 y> Me4Sn f Me2Sn(SCH2CH2C02) 

64% 74% 

Phosphorus dithioacids dealkylate tetraethyltin leading to tri- 

ethyltin dithiophosphorates LX , which are glso obteined from triethyltin 

chloride and ammonium dithiophosphate. 

Et.% i- R'R"P(S)SH -+ EtgSnS2PR'R" + 
'2II6 4 

R', R" = EeO , 

Smaller a&y1 groups are cleaved ;;qferentially from tin, thus triethyl- 

propyltin is cleaved to give both etlsne and propane in an 8:l ratio , and 

Lx 

EtO, Pro, Me 

t 

Et3SnCl f NH + -S2PR'R" 

butyltripropyltin eve propane and bukrra in e 6tl. ratio. Further Sn-C 

bond cleave&e is effected by trichlor~rcetic acid yielding m, which is 

also produced from triethyltin trich_oracetate and dithiophosphorus acid p77]. 

Et3SnS2P(CEt)2 + 
cc13c02a ---A_ 

Et3Sn02CC1 
3 

+ (EtO)2PS2H ------- 
"2'6 

* 2 '0 CC1 
2 3 

Polymeric triethyltin dithiophosphates such as XII are similarly prepared b78). 

-C2H6 
Y Et Sn 

,S2P(CRt)2 

H OEt 
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Relatively moisture stable trimethyltin selenobenaoate has been 

obtained as a pale yellow oil b79-J: 

0 - 0 

Me_jSnCl -I- K+ -SeGPh --N Me+%Sekh + KC1 

IO. GrouD V Derivatives 

Appel has prepared triorganotin dimethylsulphodiimice dcx-iva*vcc 

LXIII by dehydrohalogenation of the complex WV using sodium methoxide, 

and by transamination of triorganotin amines with S,S-dimethylsulphodiimide, 

viz. 

//” NaOMe 11" NH 
0 

2Me2S\ _RjSnCl -Y 
R = Me 

55 Sn.N=S=N.S 

he 
%3 

4- MeS 

NE 
R=Me,Ph 2+NR 

+ 2R SnNSt2 
3 

method. 

N=S =N- &Me2 

LXIV WI1 

The polymeric materials IXV and IX?1 were also obtained using the latter 

I 

f; 
Ne - S- Re 

II 
Me 

7 

Me 

I I 
N =,5-_-N-Srr---NzS---N 

! I I 
Me 

Ke-' 

Me 

S-Me 
II 

r IxvI. 

The triphenyltin derivative WI1 (R = Ph) hydrolyses only slowly and gives 

no reaction with methyl iodide. The trimethyltin analogue, however, hydro- 

lyses rapidly to trimethyltin hydroxide and the parent sulphodiimide, and 

reacts exothermically with methyl iodide to give trimethyltin iodide and the 

sulphonium salt mII. 

2KeI 
LKIII (R = Me) -p + Me3SnI 
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.Only one of the Sn-N bonds of IXIII (R = Me) is reactive towards CO2, CS2, 

and "02 giving the insertion products IXVIII, IXCX, and LXX, respectively. 

s 
Me s/Nx-OSn=3 

2 \SnMe3 

LXVIII 

IXiX is monomeric, 

and are postulated 

ure LXX1 Cl043 . 

s 

4 
N-LiSnMe3 

Me2%$ 
N&Me 

3 

N-ii OStie 
// - -3 

Ne2S\ 
: NSnMe 

3 

LXIX Lxx 

but IXVIII and LXX are involatile and difficultly soluble, 

to have the intermolecularly coordinated polymeric struct- 

N-Tributylstannyldiphenylmethyleneamine LXXII reacts 

large number of multipy-bonded reagents to form stable adducts 

R.N=C=O 
4- 

R.N=C=S 
P 

R.CH=O 
F 

CH2CH-CN 
B 

~L-N~.N=C=N.N~-~L 
Bu3Sn.N=CFh2 3p 

LXXII PhN=S=o 

o-5=0 
r 

.- 
-: _ .- .._..y 

Bu3Sn.NR.C0.N=CPh2 

with a 

&so]: 

Bu3Sn.S.C(:NR).N=CPh2 

Bu3Sn.0.CHR.N=CFh2 

B Sn.0.CFtR'.N=CPh2 
3 

r! 

Bu3Sn.CH(CN).CH2.N=CI'h2 J 

Bu3Sn.NFh.S(:O).N=CPh2 
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B?Sn.S.C(:S).N=C% 

Bu$n.O.C(:S).N=CPh, 

The bromal adduct reacts with a further molecule of chloral forming the 

di-&duct LXXIII: 

B Sn.0.CHCBr3.N=CPh2 
‘f 

+ CC4CH=O -~B~Sn.0.CHCC$.0.CHCBr3.N=CPh2 

LXXIII 

With the other aldehyde adducts, however, complete displacement of aldehyae 

takes place, and the chloral adduct is formed. 

B Sn.Q.CEiR.N=CPh2 
u3 

t CC$CH=O .-p BgSn.0.CHCC4.N=CPh2 +: RCH=O 

R = Me, Et, iPr, Ph 

Only partial displacement of aldehyde usually occurs with perhalogenatsd 

ketones, leading to equilibria between the two .possible adducts and the two 

acceptor molecules, eg. 

17 hr 
CC12F 

1 

B"rs 
Sn.O.CHCBr 

3 
+ CC12F.C0.CF2Cl kp Bu$in.O.C-N=C% f CBr3CH=Q 

room I 
temperature 

CF2C1 605 

Isocyanates and.isothiocyanates react in all cases by further addition, eg. 

I 
exothermic 

B Sn.0CHMe.N=CPh2 
"7 

+ MeN=&O -w 

17 hr 

Bu_j3n.NMe.C0.0CFDIe.N=CPh2 

B 
3 

Sn.0CHCBr3.N=CPh2 + MeN=C=O 
33.5O 

7 Bu_j3n.NMe.C0.0CHCBr3.N=CPh2 

75s 

44 hr 
Bu$in.0CHMe.N=CPh2 + PhN=C=S 

room 
) B Sn.S.N(:CPh).0.CHMe.N=C!Ph2 

‘5 

temperature 5os& 
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I&ii. has investigated the reactions of heptamethylsilastannazaue 

with various heterocumulenes b81]. Ititial reaction always takes place 

at the Sn-R bond, although in several cases, 1,340igration of the trinethyl- 

sllyl group take5 place. Thus, uhereas phenyl isocyanate gives the adduct 

LXXX, methyl isocyanete affords the isomeric product LXXV: 

PhN=C=o 
Ke3Sn\N_C_N/SiMe3 

_) 

Ph' $ 'Me 

He3Sn-NMe-SiMe - 
3 

mxrv 

Isothiocyanates not unexpectedly react more slowly. Methyl isothiocyanate 

gives the stable 1~1 adduct m, which exhibits only one N-Me resonance 

in the nnr spectrlu. indicating repid exchenge of Me 
3 
Si &roups between 

Me3Si \ 
N-Me 

Me3-NMe-SiMe3 + MeN=C=S -jp Me-N=C' 

I 

s-N Sdie 
3 

IJXVI 

two chemically eo_uivalent zlitrogen atoms on the nmr time scale. The structure 

of IXXVI is therefore best represented as 

Me Si 
3,' .\ 
I 

Me-N<-C_>-Xe 

I 

Infra-red and nm evidence suggests that the similar 1:1 adduct with phenyl 

; .- _. :__: .- ;._ .__..:.:.-: . . _. i :. 
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isothiocyanate is composed of a mixture of two interconvertible structures 

LXXVII ad. l2zXUI. 

Me3Sn-NMe-SiHe 
3 

-I- 

PhN=C& 

Meg.%, 11 
Ph 

/” \c//N-EIe 
I 

The adduct is thermally unstable, and decomposes completely at 100° into 

phenylmethylcarbodiimide, and a mixture of dimetal-sulphides. This facile 

decomposition is readily rationslised using the isomer LXXVIII, viz. 

RN-Me 1 oo” 
) Me3SiSSnMe3 + Ph-N=C=N-Ne 

1W 

'SiMe3 

i 
disproportionation 

The 1:l adduct with carbon 

mixture of both isomers. 

Me3Si-NMeSnke 
3 

f 

S=C=S 

(Me3Si)$ + (Me3Sn)$ 

105 55s 

disulphide is similarly considered to be a 

Me3Sn\ Me 

s\Cr'SiMe 

Me3sns\cHme 
II 3 

$ 
S SiMe3 

Triethylstannyldiethylamine readily reacts with tertbutylhydro- 

peroxide in hexane to form triethylstannyl-ted-butylperoxide. 
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Et3SnXEt2 + tBuOOE -+Et3SnOOtBu f Et2NH 

85% 

The reaction of the stanqflamine with dibenzoyl peroxide was more complex. 

Using a 1:l ration of reactants in benzene, triethyLfin benzoate (0.72 mole), 

0-benzoyl-N,N-diethylhydroxylamine (0.75 m&e), N,N-diethylbanzamide (0.05 

mole), ethyl benzoate (0.13 mole), and diethyltin products were isolated. 

The main reaction pathway involves Sn-N bond fission, viz. 

: ) 
Et3Sn-0-C-Ph + 

Tin-carbon bona cleavage gives rise to ethyl benzoate and 

derivatives b313: 

0 

Ph-tl‘-o-NEt* 

the diethyltin 

P 
.-7_ PhCOEt + 

+ 

Et2Sn(02CPh)2 + Et2Sn(mt2)2 

The synthesis and oxidation of organotin hydrazines has received 

much attention. N-Tributylstannyl-N'-arylhydrazines are conveniently 

obtained in high gield by the transamination route /j82]: 

BgSnNEt, + ArNENH2 

Wiberg has prepared several 

the lithium salts: 

) B%NHNEAr + Et2NE 

simple and mixed metallated hyclrazines via 

?%NELNEr2 
(1) BuLi; (2) Me3SnCl 

l 

F% 

\ / 
&Me3 

H/N-N\H 
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(1) ZBuLi; (2) 2Me SnCf 
PhNR-REPh 3 

c (Me~S~~~-~(S~e3~ 

Me2N-NH2 
(1) 2BuLi; (2) 2Me3SnC1 

) Me2!N-X(SnMe3)2 

(1) 2Bu%; (2) 2Me3SnCl Ee 

MeNix-NH(We3) x, \ /siMe3 N--N 

Me3Sn ' 'SnXe 
3 

(1) BGi: (2) tie3SnC1 
He 

Me(Me3Si)N-NE(SiEIe3) * 

Me3Si 

(1) BuLi; (2) Me3SnCl 

(i> BuLi / 

(2) Me,SnCl. 

“\, */< ’ 
MegSD/ - \nMe3 

=\ N_N/mee3 
Ii’ 'S&e 

3 

B 

WhenM= Sn, the isomers A and B are formed in equal proportions, but 

when M = Si isomer B is favoured (A:B = 40:60). The germyI.stannyIhydrazine 

~(M~3Sn~N-~(GeMe3)2 was synthesised similarly 183 
c 3 

. 

StannyIhydrazines are read.djly oxiaised by a number of reagents. 

Oxidation by benzoquinone generally leads to substituted dkimines via a 

radical pxocess, viz. 

R -N=N-SiMe3 

R = Me, tBu, Ph 

Rcfercncesp.140 
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R\ iGe1’Ie3 
Me 

3 
S,/ N*\GeMe 

3 

R-N=N-GeMe 
3 

R = Me, tBu, Ph 

The analogous stannylimine, R-N=N-SnMe 
3’ 

cannot be obtained by the oxidation 

of (Me_@RN-N(SnMe3)2, and Ra radicals and molecular nitrogen are formed 

by further reaction with bensoquinone. 

Ptl\N_NP*1e3 u -0 
- 

2 

Meg% 
/ 

\s 

Ph-N-hTSnMe 

nMe3 
-NegSnO SnMe3 

:H 

J -Me3Sn0 osnMe3 

ph-H -I- N=N 

Nitrogen is also produced by the benzoquinone oxidation of tetrasubstituted 

hydrazines, (Me3Sn)(Me3E)N-N(HMe3)(SnMe3) (E = Si, Sn), again presumably 

due to the instability of the incipient diimine. Indeed, the disilyldiimine, 

Me3Si-N=N-SiMe , 
3 

reacts vigourously even at -70° with benzoquinone to give 

nitrogen. B concerted mechanism for the oxidation of l,P-disubstituted 

hydrasines would lead to cis diimines. However, the oxidation of 

Me3Sn(Ph)N-N(Ph)SnMe3 leads only to trads-azobenzene, and the two-stage 

process 

\ / N-N 

+ O ’ 
‘N&/ + ro 

Me3Sn MegSn 
/ O&Me 3 

3 

LXXIX 

1 -!-Te3SnO~OSnMe3 

in which free rotation about the N-N bond of the intermediate radical 

IXXIX can take place, is favoured. 1,1-Disubstituted hydrezines are oxidised 

by benzoquinone or molecular oxygen to give a mixture of monosubstituted 

hydrazine and diimine b83]: 

_..: : 
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0 0 
a + tBuN=N-EMe 

3 

3 
-Me3Sn0 OSnMe3 

E = Si, Ge 

m\N_N,SiMe3 lo 
22 

H' 'SnMe 

wPh\N-NiSiMe3 + m-N=N-SiMe3 

3 
-Me3SnOSnMe 

3 
H' 'H 

Me\N_N/Stie3 

Me' '&Me 
3 

Me2N-N=N-NMe2 + 

Me2N-NMe2 + NGN 

The oxidation of N-aryl-N'-tributylstannylhydrazines using a 

variety of reagents has been used to prepare biphenyl derivatives. With 

mercuric oxide, Bu$inNH.NHPh gives biphenyl, diphenylmercury, and e quant- 

itative yield of 

B Sn.NH.NHPh 
"rs 

t HgO -> ?h-Fh t Ph2Eg -I- PI2 

35s 65s 100% 

the yield of biphenyl is increased to 93%. In pyridine Using chloranil, 

or anisole as solvent, e mixture of phenylpyridine and methoxybiphenyls, 

respectively, are produced. 

nitrogen. 

References p. 140 64% 22.5% 
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Bu$W4BNBC6H4Me-p Ps 

6 

+ 

I 

Me 

9& 

Me 

8 

+ 

Ne 

6'4 

P.G. WiRRlSON 

\ 

8 

\ 

o-574 

Again, a radical mechanism, with the intermediate formation of the staanyl- 

diimine, B 
3 

Sn.N=NPh, is postulated: 

Cl Cl 

0 0 

Cl Cl 
B SnIEIHHPh 

-N2 

9 A 
>Ph= f B SIX* 

3 

I 

1 Ar-H 
-H. 

Ph-Ar <- 

The formation of the.polymer 
c 
B~_~w-NH-c~~~-NEI]~ via the 

interfacial polycondensation route using a variety of solvent systems has 

been studied GE@.. 

Several trialkyltin derivatives of azole rings have been synthesised 

from the sodium salt in liquid ammonia fia5-J 

3 
SnEk + R'Na 

liquiaN$ 
b R$nR' -I- NaBr 

R = Me, Et, Ph 

Rf = pyrazole, imidazole, 2-methylimidazole, benzimidazole, benzotriazole 

Derivatives of 1,2,3-triazoles are also obtained by the l,+cycloaddition 

of tributyltin azide to alkynes , and also by the condensation of bis(tri- 
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butyltin)oxide or trimethyltin hydroxide and 1,2,3-triazoles. 

117 

R-CZZC-R' + B$S"N7 --_) 

, 
Me3SnOH 

Dipole moment, UV, nmr, and viscosity data i.nd$cate that the tin atom is 

attached to the E-nitrogen atom, hence the cycloaddition must be accompanied 

by a i,2-migration of the tri&ilkyltin group b863. Tributyltin derivatives 

of 3-phenylpyrazole, 4-phenylimidazole, 3-phenyl-1,2,4-triazdle E86], and 

isatin [ 187 have also been synthesised by the condensation route using ] 

bis(tributyltin)oxide. 

The tin-rzitrogen bonds of these and similar compounds are easily 

cleaved by acyl halides in light petroleum or ether to afford high yields 

of the N-acglated heterocycles, viz. 

Referencesp. 140 

3R.CO.Cl 
OQN\(# 

-3Bu3SnCl * 
I I 

R.OCNN\,r“-CO.R 

II 
0 
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A ’ 
NbN-=l- 

(Cl.CO.CH c ) 
2 H2 2 

-2Bu9nCr 

Me SO,Cl 

t F 
-Bu$nCl 

J 

c 
c//o 

-SZlB cz “3 
0 

Me.CO.Cl 

-;B SnCl 3 

I7 .’ 
N-N-CO 0, 

Ng-02s ee 

* L- 
c//o \ / N-SnB~ 

No 



Imidazole displaces phthalimide from its I?-tributylstannyl derivatives-c87]:. 

Trimethylstannyldiethylphosphine reacts with a -propiolactone 

via the cleavage of the alkyl-oxygen bond of the lactone, leading to tri- 

methyltin p diethylphosphinopropionate E88): 

Me3SnPEt2-r Me3Sn.0.C0.CH2CH2.PEt2 

Acyl-oxygen bond fission is observed for the reaction with succinic anhydride 

giving the keto-ester LXZX: 

Me3SnPEt2 - >Ie3Sn.0.C0.CH2CH2.C0.PEt2 

The complexes (Me3Sn)3P:M(C0)5 (M = Cr, MO, W) undergo tin-phos- 

phorus bond cleavage with diphenylchlorophosphihine k89-J: 

(Ne3Sn)3P:M(CO)g t 3Ph2PC1 ___P (Ph2P)3P:M(CO& + 3Me3snC1 

However, tin-carbon bond.fission occurs when the similar.stannylphosphine- 

metal pentacarbonyi complexes LXXXI are treated with boron trihalidee. UP 

to-two methyl.gr&qs may be removed -from tin bgBBr3, although -only eye is .'-.~ 

cleavkd bi’BCl$ [190]. _‘- 
. . 

e : : _. .~ -._ . . _ .. 
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ClMe2SnFFh2:M(CO)5 + MeBCl2 

I = Cr, MO, V 

BrM+F'~:M(CO) 
5 

+ MeBBr2 

Br2NeSnPF'h2:M(C0)5 + 2MeBBr2 

11. Tin-I&in Group Metal Bonded Derivatives* 

Organostannyllithium and magnesium reagents have been the subject 

of a thesis hgl]. The reaction of triorganostannyllithium reagents with 

hexachlorotriphosphazenes does not result in the formation of stannyl- 

substituted phosphazenes. Instead, hexaorgsnodistannanes are formed in 

g00a yield. The most probable mechanism involves initi&l lithium-chlorine 

exchange b92]: 

Cl Cl Cl Li 

7 

>( 
'P' 

N //\ 

cl\p 
i/C' ---_tLi 7 

3F+SnLi 

Cl/\/ 'Cl 
1 I 

i/Cl + 

Cl>\N/*ALi 

L 
J 

I&Cl f unidentified 

products 

Similar exchange reactions have also been postulated 
I- -I 

-I 

3R5SnCl 

i 

5RjSnLi 

3R3SnSx3R3 

by both Traylor k93-J 

and Kuivila jj94J to rationalise the stereochemistries of the reactions 

of trimethyltin alkali metal derivatives with alkyl halides. Carbocyclic 

bromides react with Me3SnLi with retention of configuration. However, 

analogous tosylates react with inversion of configuration (Table 1). 

* Including zinc, cadmium, and mercury compounris. 
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121 

Reaction 
Btructurc! time, Yield, sterco- 
of RX I1r % Product chcnlistry 

Retention 

Inversion 

Retention 

Rctcntion 

Table 1 Products and stereochemistry of the react%on 

Me3SnLi + RX,RSnMe3 + LiX 

in THF at 25' c93-j. ( Reproduced by permission of the American 

Chemical Society). 

Hexanethylditin and olefin are also observed as biproducts 

nMI (d= 

(l93]. The 

reaction of syn-7-bromonorbornene with Me3S Li, Na, K) (from 

Me3SnC1 and the appropriate alkali metal naphthalene radicai anion at -20') 

yield mixtures of both syn- and anti-7-norhornenyltrimethyltins, the relative 

proportions of which depend on the nature of MI and the cordinating capacity 

of the solvent. By appropriate choice of gegenion and solvent, the reaction 

can be made to proceed predominantly by invarsion or retention, - sometimes 

dramatically. Thus, the reaction of trimethyltin sodium in THF proceeds 

with 9& retention, but addition of 0.053M tetraglyme causes a-change to 
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. 
9170 inversion. Similar experiments with anti-7-bromonorbornene show a great 

predominance (usually >9@) of retention of configuration, indicating the 

presence of a severe restraint in the anti bromide againat the occurrence 

of the inversion mechanism. The ease of the retention process is also 

demonstrated by the high yields of I- and 2-adamantyltrimethyltins from 

the corresponding bromoadamantanes [194]. The data indicate the availability 

of alternative mechanisms for t'ne reaction of the trimethyltin anion with 

alkyl halides, ie. (1) SR.2 reaction at carbon, giving inversion; and (2) 

SR2 reaction at halogen, followed by a rapid coupling reaction, leading to 

retention of configuration. This scheme also explains the formation of 

ditin products. 

RBr + R'>SnLi __f RLi f 

I 

R'$InBr 
R'gSnLi 

) R'3SnSnR'j 

fast 

RSrWj + LiBr 

Noltes, Van der Kerk and their coworkers have synthesised several 

tin-zinc and tin-cadmium bonded compounds by hydrostannolysis of the reactive 

metal-carbon bonds in coordinating solvents [195,196]: 

?3 sdi + R2M.L -+ (PhjSn)2M.L + 2REI 

8 = Et; M = Zn L = TBF, DNE, TMED, bipyridyl 

R = Me: I3 = Cd 

p”3 SnH f EtZnC1.L _ 
=3 

SnZnC1.L + 
'2=6 

L = Et20, DME,TMED 

2MePh2SnH + Et2Zn.TMED -+ (MeFh2Sn)2Zn.TBED -t C2H6 

MePh2SnEI -t EtZnCl 
TEIF 

) MeIePh2SnZnCl + C2Hs 

Dimeric, uncomplexed PhjSnZnCl may be obtained by removing ether from the 

corresponding complex in vacua. Coordination saturation at zinc or cadmium 

not only promotes reaction (reactions carried out in hydrocarbon solvents 

result in decomposition to zinc or cadmium metal), but-also significantly 
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enhances the stability of the product. Thus, attempts to remove TEE' from 

(PhjSn)~Zn.TBF at 5o”/10-3 mm Hg result in gradual deposition of zinc, 

whereas the analogous TMED complex melts unchanged at 172.5-174’. Similarly,. 

PkfSnZnCl decomposes completely at 102-105°to zinc, but its TMED complex 

melts at 164-165', again without ciecomppsition. 

Complexed and uncomplexed triphenyltin-zinc chloride differ 

considerably in their chemical behaviour. The TMED complex IXXXII behaves 

as expected for a triphenyltin group attached to a more electropositive 

metal, eg. 

ph7 SnZnCl.TMED 

UMXII 

Ph_$.n-S~ + ZnC12.TXED 

? 
MeSn + ZnClI.TMED 

ps 
SnI + ZnClI.TMED 

Unsolvated 9 SnZnCl in TEE', in contrast, displays completely different 

reactivity: 

These.reactions indicate a phenyl group migration from tin to zinc, similar 

to that previously postulated for % SnMgBr, and hence the complex is 

formulated as the stannylene complex IXXXIII. 

WCXXIII 

Chemical evidence lends support to this formulation. The products of the 

reactions with iodine and methyl iodide are readily rationalisea on the 

basis of oxidative-addition of the reagent to a Vh2Sn:" species, followed 

by phenylation of the result& product by "PhZnCS', viz.:. 
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Me1 
J?h.pl. PhznCl __f ZnClI -I- 

THF 
Ph2XeSnI 

[PUSI] 
SnPIe 

'Ph3 

36% 584 

Ph2Sn.PhznCl 5 W ZnClI + 
ph snI 

TBP 
2 2 cphz~c1)~ P 5 SnI f Ph4Sn 

3746 s& 346 

The phenyl migration may be reversed by the addition of strongly coordin- 

ating ligands such as TMED. Both methyl and phenyl group migration is 

observed for MePhjSnZnCl: 

TBF 2MeOH 
MePh2SnE f EtZnCl -p MePh2SnSnCl ____f CS4 + 

THF c6H6 

12$ 88$ 

Nmr evidence confirms the methyl group migration. Addition of TMEB to a 

THP solution of MePh2SnZnC1 causes a sh5ft of the methyl resonance of 

6 -0.78 ppm to & -0.97, the latter position being identical to that in 

MeZnCl.TKEB. Tin-119m Mtlssbauer evideqce, however, 2oes not support form- 

ulation as a stannylene complex (formally Sn 
II 

), but rather the resonance 

structures 

PhSnA1\ZnPh 

2+ t 

PhSn\clYSfi2 

PhSnjl%nPh 

2l I 
PbZn 

-\clinPh2 

The actual structure most probably possesses phenyl groups bridging both 

tin and zinc (cf. triphenylaluminium). 

The silylmethylstanuyl derivatives, (Me3SiCH2)$n 2M (M = Cd, 

Hg), (from hydrostannolysis of Et2M by (We3SiCH2)3SnB) exhibit markedly 

enhanced thermal stability over normal alkyl derivatives. Both compounds 

are stable in polar and non-polar solutions, and melt without decomposition 
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at ca. 100°. The reactions of the stannyl mercurial have been Qivestigated 

extensively: 

150°/10 hr 

BrCH2CH2Br 
') 

02/TEF 

w 

2EtBr;sunlight 
P 

ELi/THF 

t 

w2 i x = Cl, 

t 
CH2C02Me, l?hCZ, 

co(co)4 

IIg?-C(CF3)3& 
9 

I&-CF(CF > 7 
- 3 2J2 

CsF catalyst 

Hg -+ k&j+ Sn -I- R4Sn 

Rg + C2H4 + R3snBr 

Erg •i- (R3Sn)20 

Et2Rg + 2R3SnBr 

Bg f 2 $ SnLi Et3GeBr -3 SnGeEt 
3 

LXXXIV 

[r 
2R3SnHgX]- 2Hg f 2R3SnX 

kRjSnHgC(CF3)3] __f Hg * 

2gsnF + 2(CF3)2C=CF2 

~~S~H~CF(CF~)~] ---+ 2Bg + 

2R3SnF + 2CF3CF=CF2 

The germylstannan e =IV may also be obtained by the reaction p97-j: 

-Hiz 
(Et3Ge)2Hg + $Sncl I_) Et3GeC1 -t 

c 
R3SnHgGeEt 

3 1 - TnGeEt3 

The reaction of (Me3Ge)2Rg and trialkyltin methoxides yield the 

mixed mercurials LXXXV, which are in equilibrium with the corresponding 

symmetrical mercurials: 

Me3Ge-Hg-GeMe3 + R3SnOMe P>MegGe-Hg-SnMe3 + Me3GeOMe 

R = Me, Et t1 

$(Me3Ge)2Hg + $(%Sn)2Hg 
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~--&itch+1 1991 ha 
P 

s used the phenomenon of CLDNl?to demonstrate 

.the.'free-radical na-&re.of. the t'nermal dec?mp&sition of the stannylTmercuria&s 

-1 (R = tie, Et), according to the scheme 

l -55 

1 tBU- 

Me2C=CH2 + Me CH 
3 

eidence that the first step involves homolytic Hg-Sn rather than Hg-C 

bond cleavage comes from the reaction of the stannyl-mercurials with malon- 

onitrile derivatives, which afford stannylketeneimines: 

tBuHgSnE&, i- XC6H4CH=C(CN>, _____) XC6H4CHtBu.C(CN)=C=N.S5 

@en the decompositions are carriea out with the presence of nitrosobenzene 

or hexamethylditin, the tert-butylphenylnitroxide radical 
t 
BuPhI?O and 

Et Sn-SnMe 
3 3’ 

respectively, are formed. 

Treatment of 1,3-dimethyl-2-1,3,24iazaborolidine with trimethyl- 

~tannyllithium gives the borylstannane LXXXvI1~00]. 



-. Cleavage of the.:SiSn bond of 

gives alhigh-yield of the.aminosilane 

: 

bSe_,$XSaB + BU2NLi 

by lithi& dib&ylami&k -. 
: 

74s 

Lead tetraacetate converts tin-tin bonded compounds to tin acetate derivat- 

ives under very mild conditions 73 []: ..-.. 

2o" 
Et3Sn-SnBt 

3 -I- 
B(OAc)4 -F 2Et3SnOAc. + 

benzene 
dOAd 

86 904s 

(ph2Sn)6 + 3Fb(OAc)4 2oo; exothermic 
benzene 

Ph2(Aco.)sn-sn(aAc)n12 

57% 

-I- 3fi(OA& 

77% 

Irradiation of mixtures of hexaalkyldistannanes and diarylketones 

in benzene-at 20-25' affordti bis-stannylbenzpinacols LXXXVIII. 

2Az-co-Ar + $Sn-S% -=-w &2f 
-cAr 

, 
} 2 

0 

"3:: k% 

LXXXVIII 

The derivatives LXXXVIII 

on warming the solutions 

stabilised. radicals IXC, 

are stable in non-polar solvents up to 20°, but 

become cherry-red, due to dissoc.iationinto the 

which may also be obtained from di-tert-but&- 

peroxide and the organotin alkoxide XC. On heating to 6C-70°, the starting 

ketone and distannan e are produced [201]' 

A 0 

I&XVIII ,,4 2ArCosr5 .L* 2Arpo + [2B$n*] 

IXC 

1. 
-2tBuOH 

4. 

!PSn5 . . 
tBuOOtBu- -I- 2Ar2C(OSnB+)H 

: 

Ref&cesp:i40 _' .' 
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The reaction of tert-butylperoxy radicals with hexaphenylditin 

is first order in both radical and distannane'concentrations [202J. Ingold 

has observed a weak esr signal due to MegSn*, rather than the expected 

strong signal due to Me3SnSnMe2EE2 radicals, when hexamethylditin is photo- 

lysed in the presence of di-tert-butylperoxide indicating a SP2 reaction 

at the tin centre [SOY]: 

tBuO- + MegSnSnMe3 pp Me$JnOtBu + Me3Sn l 

12- Transition Metal Derivatives 

Davison has investigated the stability of seven-coordinate tri- 

phenyltin-substituted Group V metal carbonyls. The thermally unstable 

hexacarbonyl derivatives XI may be obtained from the corresponding anions, 

although the presence of water is necessary for the preparation of the 

vanadium compound. 

[ 
&8(diglyme)n]~(CO),]] + ph$Wl cE2c12 W ?Sa(CO)6 

MI =K,n= 3; MI = Na, n = 2 

M = V, Nb, Ta 

xc1 

These compounds undergo facile cleavage of the Sn-M bond in weak donor 

solvents such as ether and TEE'. For example, in the latter solvent, 

Ph3 
SnTa(CO)g is completely dissociated into the 

Sn+ species. 

~(co)J- anion and presumably 

solvated P 
$ 

This dissociation is reversible, and on removal 

of the solvent, +,SnTa(CO)6 may be recovered quantitatively. Phosphine 

substitution at the Group V metal, however, enhanced the stability of the 

Sn-M bond. Although direct substitution of the Nb and Ta compounds using 

Ph3 
P ana Ph2PCE2CH2PPh2 is rapid ove~l at O", substitution of the V deriv- 

ative is exceedingly slow and is accompanied by much decomposition. Sub- 

stitution by triphenylphosphite is similar; Ph+3nTa(CO),~(OF'hj3]is formed 

in five hours, but pssnV(co)6 is unreactive. The phosphine substituted 

derivatives are more conveniently synthesised by mixing P 
h3 

SnCl, the phospbine, 

and the appropriate hexacarbonyl metallate in methylene chloride. The 

effect of phosphine substitution on the stability is quite marked. 

Ph_$Sn7(CO)5Pp4J and P% SnV(CO)4(Ph2CH2)2 are both stable in TELF, in which 

the hexacarbonyl is completely dissociated. -SnV(CO)5PpS undergoes 

complete heterolysis in acetone, whereas the diphosphine derivative may be 

. . . 
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refluxed in this solvent 

(=2PCH2)2 is cleaved by 

IV(CC)@h2PCH2>2 pO53. 

129 

and acetonitrile without change kO4] 3V(CO>4- 

iodine at -60' in methylene chloride to afford 

The zirconium and hafnium derivatives XCII are readily obtained 

by substitution of the metallocene dichlorides with triphenylstannylsodium 

bO6-j. 

-50° 
(c~H~)~M(S-)C~ + WaCl 

XCII 
M= Zr, Hf 

Reaction between trimethyltin hydride and Rn2(CO),o affords ' 

MejSnMn(C0)5, but only in poor yields. The compound is unaffected by 

protic reagents such as water, methanol, and aqueous sodium hydroxide, 

but undergoes Sn-Mn or Sn-C cleavage with a number of reagents, viz. [207-j: 

BrCH2CH2Br 
=_ 

I $-MeHgX 
7 

X = Cl, Br 

Ph%Cl 
w 

Me3SnWn(CO)5 
LiAlH4 

F 

HSiCl 
=, 

SnCl, 
P 

CF CON 
r 

Me$nBr + C2H4 f BrMn(C0)5 

Re3SnC1 + +H{Mn(CO)5-j2 

-@e4Sn + +We3SnX + %g[Mn(CC)J2 

sPh2Hg + +H(~~(CO)~]~ + MegSnCl 

Me3SnH 

I~e2ClSnMn(CO)5 + Weg%C12 

Meg_xClxSnMn(CO)5 + xI%SnClj 

Cleavage of the MO and W compounds.Me3SnM(C5~)(CO)g by iodine proceeds 

with dominant Sn-M bond fission, although some displacement of carbon monoxide 

occurs in more polar solvents. Mercuric halides react similarly, but 

Refenncesp.140 
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without any CO .formation: 

P.G. HARRISON 

M~~s~M(c~H~)(co)~ + HgX2 A Me3SnX + BIgM(C&(CO)3 

Tin-carbon bond fission occurs with triallyl derivatives: 

(CH~=CHCH~)~S~M(C~H~)(CO)~ + ~gx2 ---_rCH2=CHCH2HgX f 

(cH~=CHCH~)~S&)M(C~~)(CO)~ 

Treatment of the trimethyltin derivatives with organomercuric chlorides in 

acetone rapidly yields the mercurials XCIII,. which subsequently undergo slow 

symmetrisation [2OS3: 

R=Me, Ph, 

-- t FE&Cl -+ Me3SnCl -t llHgM(C5H5)(CO)3 

1 

xc111 

CH2=CHCH2 
P2Hg + Hg 

The compounds (C5EL)Mo(CO)2(L)SnMe3 (L = PB3, P(OFd3, PPhMe2, 

P(OCH2)3CC$,-Asp4J, SbPhj) are prepared by the reaction of the anion 

C 
(c3~3)Mo(C0)2LJ- with Me SnCl. 

3 
The P 

=3 
comPlex may also be synthesised 

by the substitution of (C5H5)Mo(CO)3SnMe3 by P 

. disproportionate at 200° giving Me4Sn and Mea% Mo(C~HS)(CO)(L~)~ Eo9J. 
t 

at 160°. The derivatives 

Lappert has synthesised several tin-transition metal derivatives 

_ using alkynylstannnn es according to the schemes [210): 

(C5H5)Mo(CO)3 2 t Me3SnCCPh 
refluxing diglyme 

CO: 36 br 
P(C5Hg)Mo(CO)3SnMe3 

Co2(CO), + 

TKi?; 2o"; 4 hr 
Me3SnCCph ._ Me3SnCo(CO)4 

(Ph2Fmnpt + B'SnCCPh _.(+.RP)2Pt(CCPh)SnR'3 

R = Me, Ph; n = 3, 4; R' = Me, Et 

.; : . . 
. _’ 



(n-$P)* (ccP.00 

The crystal structure of EMe2Sn)Fe(CC)& has been determined, 

and is shown in Fig. 9. The four-membered Fe2Sn2 ring is planar with a 

Fig. 9 The structure of &e2SnFe(CO)4~ bllj. (Reproduced by permission 

of the Chemical Society). 
'p 

Fe-Sn-Fe bond of 103'. The Fe-Sn bc. .istance corresponds closely to the 

sum of the covalent radii of Fe 
II 

and Sdv [211-j. Harks has reported that 

compounds of this class undergo rapid homely-tic cleavage of the metal- 

metal-bond in solution in the presence of Lewis bases (L) to give 'stannylene' 

complexes: 

ReferencEsp. 140 
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R2 

(OC) F /=\Fe(CO) 

4e\Sn/ 4 

+ (OC) Fe+SnR 
4 

+* 
L 

Similar equilibria may also be detected for stannylene-chromium carbong 

_ complexes: 

raDid 
R2Sn9Cr(C0)3 -t L -7 

* 
R2Sn-jCr(C0)3 + TEE' 
f 

THF L 

Triphenylphosphine, however, causes displacement of the stannylene @2-j: 

R Sn-+Cr(CO)3 + Ph3P 
2* 

A, 
. m4P9Cr(CO)3 + "R2Sn" 

THF -t TED? 

Tris(triphenylphosphine)nickel undergoes double oxidative-addition 

of R3SnCl (R = Me, Ph) to give the stable complexes I?i(PPh3)2(SnR3)2C12. 

Preliminary X-ray analysis of the trimethyltin derivative indicates a 

trans,trans,trans octahedral configuration about nickel c213J9 
The reaction of trialkylstannanes to trens-(Ph3P)2(CO)ClIr are 

complex. However, with the dihydroiridium complex (Ph3P)(Me3Ge)(CO)(H)21r 

XCIV, displacement of trimethylgermsne occurs and the analogous triallgrl- 

stannyl complex is formed. Using Me3SnD, both Me3GeH and Me3GeD are formed 

and both iridium protons are equally deuterated, suggesting a mechanism 

involving reversible dissociation and reversible oxidative-addition steps 

[214-j 

XCIV _ 
~p\Ir/H 

-I- 

Pb3P' \co 

Me3GeH 

Me3SnD 

Ph3P,[,SnMe3 

~P+;-p 

%5'\ /") 

~_p,Ir,co + Me3S&L) 

: 1 . . . --:. I.,. 
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13. Divalent Derivatives 

The cyclopentadienyl rings of dicgclopentadienyltin are easily 

removed by proti2 reagents leading to a wide range of previously inaccessible 

inorganic tin(I1) derivatives @5,216]. 

MeOH 

(C5H5)p 

1 (EON=CMe), 

T, 

(=CH2)2 
w 

ECN 

SXl 
,ON=CMe 

I 
\ON=CI~E 

[ I dN7 Sn 4 2 

Sn(Sd2 

SzF 
'S 3 

S&X)2 

I IiN0 
3 ) Sn(NOj)2 

Halide-ring exchange takes place with stannous halides in THF producing 

mono-organotin(I1) halides as white crystalline solids: 

-1 

(C5H5)2Sn + sIlx2 ___) C5%Snx 

x = Cl, Br 

Referencesp.140 
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Mono-organotin derivatives may also be prepared by protoiysis: 

PhOH 
C5~SnOPh -t------- 

HCl 

(C5H5)2Sn ____f 
c5% 

SIlCl 

the solid state structure of the mono- 

involve halide bridge? [217]: 

Although monomeric in solution, 

organotin halides is thought to 

Amma has synthesised and determined the structures of two more 

arene-tin(X) derivatives. The complexes 
c 
Ar.SnCl(A1C14) 2 I (Ar = Ph, 

p-MeC6H4Me) (from SnC12 and a deficiency of AlCl J in the aromatic solvent) 

exhibit distorted octahedral coordination at tin. In both 

C6 ring is axially symmetric (viz. Fig. 10) [218j. 

Fig. 10 The structure of [p-MeC6H~Ne.SnCl(AlCl~)& EIS]. 

permission of the American Chemical Society). 

complexes the 

(Reproduced by 

14. ADDkb33tiOI3S 

A tunsten hexachloride - tetramethyltin mixture is a catalyst 

for the metathesis of methyl esters of unsaturated fatty acids. Thus, the 

methyl esters of cis and trans-octadec-9-enoic acid are converted into 

octadec-9-ene and the dimethyl ester of octadec-9-ene-dioic acid [219-J. 
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Several patents report application as pesticides 35b, 220-2263, fungicides 

b4, 33, 35, 227-2291, 1 b u ricant antioxidants f c 230 , stabilizers for halogsn- 

containing resins FSO], p e oxide polymerisation catalysts 

lysts for polyurethane foam production [233]. 

~31,232], cata- 

A report documents attempts 

to prepare organotin compounds possessing antimalarial activity [234]. 

15. Phvsical Measurements 

(i) Bond Enerties 

Pedley has evaluated the thermochemical bond energy terms E(Sn-X) 

for a number of compounds: Me3SnOH, E(Sn-0) = 77 kcal/mole; Me3SnOEt, 

E(Sn-0) = 66 kcal/mole; Me3SnC1, E(Sn-Cl) = 75 kcal/mole; Me3SriBr, E(Sn-Br) 

.= 61 kcal/mole; Me3SnI, E(Sn-I) = 45 kcal/mole: Me3SnSBun, E(Sn-S) = 52 

kcal/mole; Me3SnNMe2, E(Sn-N) = 41 kcal/mole; E(Sn-N) = 48 

kcal/mole; (Me3Sn)3N, E(Sn-N) = 42 kcal/mole Sisler has estimated 

the bond dissociation energy of the Sn-P bond to be 44 kcal/mole 692-J 

D(Me3Sn-Me) has been estimated to be 64.5 kcal/mole b6]. 

(ii) Infra-red and Raman Suectra 

The following compounds have been the subject of study in varying 

degrees of detail: P 
5 

RSn (R = 'Bu, iBu, Neophyl)(IR) [28]; stannylcarb- 

oranes (IR) k37]; organotin ferrocenes (IR) [25]; Et3SnCH2C02Me (IR) p39]; 

benzyltin (IR, R) b40] and para-substituted benzyltin (IR, R) compounds 

[24l]: _ MenSnF4 n (n = 3,2,1), Me,SnClF, MeSnC12F (IR, R) 

Me2Sn(C5E702)2 and Me2SnC12.2DMS0 (single crystal R) 

stannous halides with dimethylacetylene dicarboxylate (IR, R) [981; 

R2SnC12.anE0 (R = Me,'Ph; m = 1, 2; E:= C, N, P, S) (IR) bO3,1034; 

organotin complex anions and cations (IR) bO5,106]; substituted cyanamide- 

'5 
SnBr complexes and N' -cyano-S-(triphenylstannyl)-isothioureas (IR) pl6]; 

diorganotin diisothiocyanate complexes of terpyridyl and-8-(2-pyridylmethyl- 

eneamino)quinoline (IR) cI20); (BujSn)2NEt, BgSnNRR and Bu2Sn(NR2)2 (IR, R) 

[244]; Me3SnPHPh (IR) [245]; B (IR) p193; trialkyltin pyrazoles, 

imidazoles, and triazoles (IR) 

and Me3SnNMeSiMe3 (IR) b81] 

adducts of Bu3SnN=CPh2 (IR) p80] 

with various unsaturated acceptor molecules; 

Me3Sn02CCH2CH2PEt2 and Me3Sn02CCH2CH2COPEt2 (IR)~88); triorganotin oxides 

and hydroxides (IR) E21]; Bu2Sn(o-XC6H4NH2)(OH) (X = 0, NH), Bu2Sn(o-C6H4NH), 

Bu2Sn(o-YC6H4NH2) (Y = 0,s) (IR) b29]: trialkyltin derivatives of thio- 

glycol, glycollic acid and thioglycollic acid (IR) k76]; Me3SnONEt2, 

Referencesp.140 
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31 P: 

@-6-j; 

($sn)nm3, (R = H, Me, Bu, Ph; X = H, Me, ph; n = 3, 2, 1) 

Me_$hGYh _ 2, (CO)5MDPa2SnMenX3_n (M = Cr, MO, W; X = Me, Cl, Br; n = 

1, 2, 3) poJ. 

55PiZl: 

--psSnMn(Cd5 [267]. 

I1%&_ -- 

Me3SnCl/solvent interactions EOI); ethyl- p68] and benzyl- [1?58] 
I- 7 

tin compounds: di- and trial*ltin alkoxides p69J; organotin carboxylates 

k701; Me3Sn(CH ),CH=CH2 (n = 1, 2, 3) [2561; R&C13 (R = Me, 

octyl, Ph) b26 . 3 

Et, Bu, 

Ulrich and Dunnell have studied molecular motions of trimethyltin 

fluoride by continuous wave and pulsed nmr methods. Their results show 

that the trimethyltin group rotates about its chain axis at high temperatures, 

with relatively free methyl group rotation even at 77'K [_271]. 

(iv) Tin-119m Mbssbauer Suectra 

Tin-119m MBssbauer studies of organotins have been the subject 

Bancroft has deduced the quadrupole moment of "'Sn 

Clark et al have used a simple molecular 

orbital model for the correlation of MBssbauer quadrupole splitting with 

stereochemistry in organotin(IV) compounds [274-J. 

Data is available for the following compounds: R3Sn(CH2)3SR' 

Bu3SnSR' b8]: (RSCH2)/qSn (R = Bu, Ph). 

(PhSCH2)2Sn0 b43; (C5H5)Fe C5H3(CH2NMe2)SnBu3 

of o--, m-, and p-carboranes 

triphenyltin compounds triorganotin derivatives of imidazoles, 

terpyridyl, 

and trialkyltin alkoxides 

carboxylates E 51): 'monoawltin orthosulphites fi6O-J; dialkyltin bisfluoro- 

sulphates. bistrifluoromethane sulphonates, and bisdifluorophosphates [i&23; 

MenSnClm(SO$)4_(n+m) (n,m = 0, 1, 2; X = F, CF3) b611; dimethyltin oxalate 

monohydrate, phthalate, molybdate, tungstate, and carbonate, o-phenylene- 

dioxydimethyltin 2471; Me2Snsalen c [2461: organostannonic acids, organo- 
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stannatranes, and organotin sesquisulphides, BuSn(OMe)3 b26); R.$hR' 

(R = Bu, Ph; R' = AC, CH2CH2SSnBu3, Ph, C6H4-NH2-2, Ph$WiC5H4N-2, 

Ph3SnSC5H4N-4 b66 

dithiocsrbamates ? 

; organotin dithiocarbamates 6673; diorganochlorotin 

1701; EtnSnX4_n (n = 4, 3, 2; X = Cl, Br, I) ki'7'] 

MeSnC12F, Me2SnClF, R2SnF2 (R = Me, Et, Pr, Bu, octyl) bh]; 

Me3SnF, 

MeSnF3, 

stannous halide adducts of timethylocetylene dicarbomlate C?l; R2SnC12.nR;E0 

(n = 1, 2; E = C, N, P, S) 103,103a ; tin-manganese 

iron c 

[278-282) and tin- 

281,282] bonded compounds; C5E5Sd (X = Cl, Br) (&'7]. 

\ 

(v) Mass st&tra 

PhR3 
Sn (R = tBu, IBu, Neophyl) @%>trimethylstannyl-2,4-cyclo- 

heptadiene and 1,1-dimethyl-4-trimethylsta~yl-2,~-cyclohexadiene 

5,10-dihydrophenazestannes c 3 

[641; 

283 lO,ll-aihydro-5E-dibenzo b,f stannepins 

@3-j; - 
[l 

rmxed tetraalkyltins an8 trimethyltin halides b84ji 

fi7o-J; ( 1 

PhiSnCl(S2Cmt2) 

2- trTbutylstannyl)-4,5-diethyl-1,2,3-triazole fi86-j. 

(vi) Ultra-violet Snectra 

(vii) Electron Spin Resonance 

Spectra due to the following organotin radicals have been observed: 

Bu_jS&HCH2C$ p853; Bu3&CH~CH=CH~H2 

BujSnCH,&Et, Et3SnCH2~H2 @9]; 

(a = Me, Et, Ph; Ar = eh, p-tolyl, p-Me3SnC6H4), 

(viii) Kinetic Deta 

Hate constants have been determined fpr the following reactions: 

Homolytic substitution of tetraalkyltins by N-halogenosuucimides f29d 

reaction of ted-peroxy radicals with %3SnCl k@] and hexaphenylditin 

Eo2-j; hydrostannation of 2-vinyl-4,4,6-trimethyl-l,3,2-dioxaborinane with 

R3SnH (R = Me, Et, Pr, Bu, Ph) [77-j; ozonolysis of hexaethylditin c291]; 
. 

self-reactions of Me Snr end Me SnCH2 radicals 

tetramethyltin p6]:3the cleavti3@ of cinnamyl- 

c203-J i the pyrolysis of 

and benzyltin derivatives 

References p_ 140 
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i~&ongly basic .ac&ous or alcohblik- DMSO [$I; the cleavage of PnMe2.n 

.byKOE.in aqueous BMSO [59J 

(ix). Miscellaneous 
. Dipole moments have been evaluated for the following ~onpo~~~ds: 

MenSIlC14_n (n = 1-3) b553; B%SnN5C2BB (R = Et, Ph), Bu5SnN$2=h [186-j; 

iron-, molybdenum-; and tungsten-tin bonded compounds .[2921? 

Molar conductances have been measured for R2Sn(NCS)2.L (R = 

Me, Bu, Ph; L = terpyridyl, 8-x2-pyridglmethyleneamino)quinoline) fi20]; 

NE% + RgSnS2C2(CN)2- 
4 

(R = Me, Ph) fi'j'2-J. 

Polarography has been applied to Me2SnC12 bO9] and EtSnC13 LO81 

in aqueous solution. 

The '5 Cl.nuclear quadrupole resonance frequency of p-Me3SnC6H4C1 

hss been measured. C2g3Js 

The helium-(I) photoelectron spectrum of tetramethyltin has been 

reported and assigned using a simple molecular orbital model 

ESCA ionisation energy of Me3SnSPh has been determined c2?51= 

[294]. The S2p+ 

Crystal data for P"4Sn have been compared with other Group IV 

tetraphenyls kg6J. 

(R = Me, Ph) fi72]. 

X-ray powder data are available for Et4N+ R~z%S~C~(CN)~- 

Optical, electro-optical, ana electrical properties of single 
crystal of Ph4Sn have been investigated k97]. 

The Del Re method has been used to predict bond orders 

spectra k99J. 
[&d nmm- 

and chemical reactivity 3003 of organotin compounds. c 
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