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1. Reviews

Articles concerning sulphinato-tin complexes [j], organotin
complexes containing intramolecularly coordinated carbenyl groups [2], and
the application of topology to the stereochemistry of 4, 5, and 6 coordinate
complexes of tin [3] 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 halides and pseudochalides [4],
agpects of five-—coordination in organotin chemistry PQJ the preparation,
structure, and reactions of organotir compounds LBJ the formation and
cleavage of the tin-carbon bond [6] the use of organotin compounds in
organic synthesm [7 8, 9] tin—-transition metal bonded compounds [1 0] 0~
and C-isomerism in keto-enol tin systems [10&], stannyl Grignard reagents
01 , organotin peroxides [j2], commercial aspects of orgsnotin compounds
[ 3},
of orgenotin structures determined by X-ray diffraction, comprehensive upto

1971, [16] and toxicities of organotin compounds [1?] have been compiled.

2. Compounds with Four Tin-Carbon Bonds

Two patents have described the synthesis of tetraeslkylstannanes.
Stannane adds too -olefins at low temperatures using tert-butyl peroxide
and cobalt naphthenate as catalysts [18] A more efficient process employs
the reaction between trialkylslsnes and +in(IV) chloride [19]

Grignard end organolithium reagents have been used extensively in
the formation of functionally substituted arylstannanes and similar compounds,

viz.:

+
R23n012 + 2M®'0Li — Rasn [@0113']2 -—H)- RaSﬂ[@ OH [20]
R,SnCl, + 2Li @ocn2© _— RZSn.l:@ ocnz©] > [29]

R =Me, Fh

PhoSn0  + 2Li©—OLi —_— PhQSn[Q-OLi:lZ [20]
Ne M
2RzSnX  + Li @N Ii — R;Sn @N@ StR [21]

R = Me, Ph; X = C1, Br

tin-119m MBssbauer spectre [14], and radical reactiona [15] Bibliographies
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N
CEpNMe, CHZNMe2 CHZNMeZW
Fe (1) RpSnky Fe ¥ Fe [25,26].
: (ii) Buli f_'j

Sterically hindered triorganotin halides yield either the tetra-
organostannane or the coupled product depending on the degree of crowding.
Thus with tert-BuMgX or tert-Buli, tert-BuR,SnX (R = Pn, PhCH,,, g54) affords
(tert-Bu) R, Sn, whilst (tert-Bu) ,RSnX gives [(tert—Bu)zRSn - These latter
products arise by initial halogen-lithium exchange producing (tert-Bu)zRSnLi,
which can then react further, viz.:

t

*Buli —— tBuEPhSnLi +  Spyea

tBuZPhSnC1 +

tEuzPhSnLi + tBuzPhSnCI ———-—)tBuZPhSm--S1.11-"1r1.tBu2 + LiCl
Resction of tert-amyl Grignard reagents with PhZRSnI results in the formation
of the coupled product when R = tert-Bu or neophyl, but forms the normal
substituticn product when R = l?hCHZ. Normal substitution products are
also obtained from the reactions between tri-iso-butyl-, trineophyl-, or
tri-tert-butyltin chloride and phenyllithium [2’7,28]. The potassium reduction
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fof 1 1-dlphenyl-dlbenzostennol in DME produces a red solutlon, but no o
fradlcal anlon can be detected. Oxidation with tenzoyl peroxlde is chém1—~
}lumlnescent [?Sa] ’ S

: Both the propargyl (I) and allenyl (II) isomers are obtalned

Me Me . ) Me

gg,—Np—Sln-——- CE—C=CH >x~Np— Sn-—CH=C=CH-Me
Ph ’ Ph
() (11)

when os~NpPhMeSnI is freated with HC=C.CHMe.MgBr. The relative proport-—
ions of each isomer prdduced depends on the reaction condifions, although
T is readily converted into II by warm methanol. Both exhibit erythro-
threo isomerism [29]. The reaction of the allylic Grignard reagent
MeCH—CE.CH .MgBr with RBSnX (R = Me, Ph; X = C1, Br) preferentially gives
the branched product, R3SnCHMe.CH=CH2, whilst R3SnLi and MeCH=CH.CH,X

2

preferentially yield the linear isomer, RBSnCHéCH—CHMe. RBSnLi also reacts

wlth CHZ—CH CD203SMe to give 70—85p R3SnCD CH-CH2 and 30-15% R3SnCH CH—CDg
[30] Unsaturated compounds of the type Me,SndSuMes (Q = (cr'R2cr7-crcr7R 6)

-r® = H, Me, aryl; n = 2 - 8) are obtained by treating Mg with = di-
olefin in THF in the presence of ethyl bromide or 1,2-dibromoethane, and
treating the resulting Grignard reagent with Me,SnCl [31]. A pumber of
triethylstannyl derivatives of dislkynes have been synthesised using liguid

ammonia as solvent:

Et3SnNa + BrC=C.C=CR ———— EtBSn.C:?:C.CECR

Et,SuBr + HC=C.C=CH —Ne o Bt,Sn.C=C.C=CR

' Et3Sn.C:‘—:C.CECH + NeNH, + Et3SnCI——->~ Et35n.c—=-c.05c.SnEt'3

Et3.CEC.CECH + - NaNH2 + EtBr —m>» E‘t:3Sn.C_=_C.CE.C.Sn.l"}t:3 +

Bt Sn. C=C.C=CEt

Et3SnNa + E’c3Sn.C—-C -C=CH + Mel —> Et Sn.C=C. c=c. .SuBty +

Bt Sn.SnEt3
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1 3—D1polar addltlon of dlazomethane takes place with the termlnal alkyne
3Sn C__G ¢=CH produclng the- ethynylpyrazole derlvatlve III

The same product is also obtained by treating the 1ntermed1ate;formed

E%Sn. c¢=cC T?
N

11T

group of Bt

from (CEECH)2 and diazomethane with bis(triethyltin)oxide [32].
Functionally substituted methyltin derivatives continue to arouse

interest. ™ -Sulphonylmethyl- and sol-thiolatomethylstannanes are readily

obtained using the respective lithium reagents: '

BuSnCl + RSO,CH,Li ———> Bu,SnCH,SO,R [33]

Bu SuCl, =~ +  PhSCH,Li.THED BuZSnE:HZSPh]4fn (4]
Bu,SnCl + MeSCH,Li.TMED ——— BuSnSCHNe [354]
Bu;SnCl  + RSCHLI ———>- Bu;SnCH SR [35b]

R = Me, Ph, '_p—M.eOCGH4

a~Thiolatomethyliin compounds may also be synthesised by the substitution
of the corresponding bromomethyltin derivatives using the sodium thiolate

[34]:
(BrCH,) 4Sn + 4RSNa ———> (RSCHZ) 4Sn
R = Bu, Fh

(13::(:15!2)251113::2 + 4RSNg ———> V(RSCHZ)asn(SR)Z

Organozlnc compounds are the preferred reagents for the synthesis of halo-
nethyltin derivatives [36]. Iodomethylzinc iodide produced by the reaction
of ethylzinc iodide and diiodomethane is to be preferred to the previous
diiodomethéne—zinc/copper couple method;:enabling Me3SnCHéI and Hezsn(0321)2

Refe_kﬁnc& p- 140




54 " P.G. HARRISON

to bée prepared in :>70% yield. The reaction of ethylzinc iodide with

Me3SnCHI2 in THF gives good yields of Me3SnCHIZnI, which reacts further
with Me.SnCl to give (Me35n)20HI in high yield:

3

Me SnCHI, ——"2%1 5 Mo SnCHIZnT — —23 by (Me,Sn),CHI
83%

Me,j;SiCHISnMe3 and MeBSnCHIMe are prepared similarly:

CE,I, — BtZal  yecHIZnT — MesSnCl HeCHISnMe

75%

Me SiCHI, — BtZnl MeSiCHIZnI —MegSnCl o Me,,S1CHISuNe,

NG

Trimethyltindihalomethyllithium reagents have been obtained in moderate
yields by the reaction of Buli with bis(trimethyltin)dihalomethanes in
THF at low temperatures:

(Me3Sn)20xr + BuLi ——— MeSSnCXYLi + BuSnDIe3

X, ¥ = C1,, ClBr, Br,

He3SnCBr2Li is also produced by bromine-lithium exchange between MeBSnCBr3
and Buli. The lithium derivatives are stable only in THF-rich medis at
temperatures of —950 or below. Their reactioms with quenching agents
such as trimethylchlorosilane and methyl iodide are very complicated,
since the products of such reactions (eg. Me_SiCX _SnMe_) are of comparable
reactivity towards the lithium reagents [37]. Arenethiols gdd to g2llyl-
trialkylstannanes under free-radical conditions to form 3-(tria1kylstannyl)-
propyl aryl sulphides:

uv

. = —— . . -
R3Sn CH20H—CHé + HSAr RBSn CH2 CH2 CHasAr

R = Me, Et, Bu; Ar = Ph, p-tolyl
Prefential cleavage of the allyl group occurred when R = R' = Bu or Ph:

R_Sn.CH _CH=CH R'SH — 3 R_SnSR' CH_CH=CH
G S 2 7 B * By 2
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Whilst~dially1tin dibromide and benzenethiol yielded stannous bromide

[38]. Treatment of the ﬁ— and K—hydrbxystannanes Pthsn(CHz)nCR'ZOH

(R = Me, Ph; R' = H, Me; n = 1, 2) with CX, (X = ¢1, Br) and triphenyl-
phosphine results in the formation of moderate yields of PhRZSn(CBZ)nCR'ZX
[39]0 Similar halogenated products are obtained from the insertion of
dichlorocarbene {derived from phenyl-bromodichloromethylmercury) into the
f -C-H bonds of Me SnCHMeCH,CHy and Me SnCDMeCH,CH, : '

3 3

:CC1l .
MeSSnCXl‘IeCHZCH3 -—L—zl—» I'Ie3SnCXMe.(IJH.CZ3

cel
X=H, D 2

Nmr data (13C and 1H) suggests no deuterium rearrangement to the B—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 jon intermediate, is preferred [40]. In contrast, ethoxy-
carbonylnitrene, generated under =2 variety of conditionsg is inert to insert-
ion into the oL-C-H bonds of Me4Sn and the 6-C-H bonds of trimethyliso-
butyltin [41]. Perfluoroalkynyltin derivatives react with trimethyltri-

fluoromethyltin at 150° to give perfluorocyclopropyltin derivatives:

I-IenSn(CEC.Rf) 4en * (4-n)Me_SnCF

C——
3 3 — MenSn /C.Rf

C

F 4-n

R, = CF_, CFZCF CF(CF3)2 2

£ 3

3! -
presumably by the addition of difluorocarbene to the triple bond. Therm-

olysis of Me Sn(}I:"3 produces difluorocarbene probably in its singlet state,

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

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

bond of trimethylvinyltin, but not to cyclopropenylstannanes [42].
Trialkylstannylacetic esters of alkynyl alcohols are formed when

ketene is passed into the trialkyltin alkoxides at 10—15o [43}:

= T = =C.R!
Et3Sn0(CR2)n.C_C.R +  CHy=C=0 —— Et3SnCH2.COZ(CR2)n.C_C R

R=H, Mes n=1, 2; R = H, SnE‘l:3

The reactions of similar trislkylstannylacetic esters with halosilanes
has been investigated in some detail EM-]. Initielly the O-silyletion

References p. 140
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7 product IV is fdrmed,-which subsequently rearranges to the isomeric silyl;

ated acetic ester V:

OSiR.

3
R'_SnCH.COMe _3°:C1_  ¢cE =c/ — 3 TR_SiCH.CO_Me
U3 2 2 - 2 \\ 3 2 2
1 4
~R?;SnC1 oo v
v

When R = 013Si, ClZMeSi, or ClMeZSi, the O-isomers may be isolated by
performing the reactions under mild conditions. The inclusion of a hydro-
gen bonded to silicon (HSiCl3, MeSiHCl2, MeZSiHCI) precludes the isolation
of O-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 a2ll chlorine atoms bound to silicon:

Me51H012 + ZBuESnCHzcone — HeSiH(CHZCOZMe)2 + 2Bu3Sn01

HSiCl + 3Et_SnCH_CO

3 3 ,C0Me ——> HSi(CHZCOZHe)3 + 3Et_SnCl

3

The less reactive trimethylchlorosilane reacts only under more severe
conditions giving the C- isomer MeBSiCHZCOZMe, although the O-isomer may
be obtained using the more reactive triaslkyliodosilane. Trialkoxychloro-
silanes afford stable O-isomeric products which cquld be isolated in 60-

80% yields.

OS].(OR)3

AN

OMe

(R0)3S:|.Cl + Bu3snc32c02Me — cnzzc
R = Me, Bt

Alkjnylstannylacetal derivatives have been prepared by treating trialkyl-
tin alkoxides or oxides with an acetylene [BQ]:

B3Sn0R ' 4+ HC=CX.O0CHR"OR —> P3$nC =CX.0CHR"OR +  HOR!

X = CH,, CH,CH,, CHMe, ClMe

2772 2
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Treatment of triméthyltin chloride with tetramethylenesulphonium

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

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

molecular coordination.

i Ph
% _CE—CO0.Ph Me_SnCl —>» CH/:\O c1”
—CH—CO. + e.Snl —
3 L~ \ /
Sn
Me3 |
vI

Thermolysis at 1‘500 or irradiation of VI affords tribenzoylcyclopropane,
trimethyltin chloride, end tetramethylene sulphide, via nucleophilic attack
of the chloride anion at tin:

Pn

~

=0

,S—(IIH ——— [Ph. CO—CE::‘ MesanI + ‘js

L |
3
c1 Phcfo
/CH
FhoC-CE \CH—COPh

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

VII, which converted phenyl isocyanate to the corresponding isocyanurate
r

and was readily hydrolysed L45].

Pn
N

- \ o=C c=0

yp B §— T — C-Ph __FhNCO Ph~I!‘I }ll_Ph
e_Sn i

3. i
leo

Me_SnOH + '§_8H.CoPh
__/

References p. 140
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The pyrolysis of tetramethy1£in-has been studied in a to1uéne
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
reaéting [46]. Thermal decompositions of tetraorganostannanes 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 [}7]. Tributyl-, -octyl-, and -phenyltin
compounds are stepwisely degraded by ultra-~violet irradiation via di- end
mono-derivatives to metallic tin. Dielkyltin derivatives appear to be the
most sensitive to UV decomposition [48]. Price has demonstrated that
triphenyltin compounds are degradated to inorganic tin compounds [49].

The tin-carbon bond is cleaved under a variety of conditions.
Studies of cleavage by electrophilic reagents have been extended. The
iodination of propergyl- and allenyltriphenylstannanes produces, respect-—

ively, iodoallenes and propargyl iodide [50].

I
Ph;Sn—CE—C=CE _—2 5 PhSnI  +  ICH=C=CE-R

I
Ph,Sn—CE=C=CE-R —_— 5 PhSol  +  I0—C=CH

R
R:E, Me

The bimolecular halodemetallation of substituted cyclopropyltrialkylstannanes
is stereospecific, and proceeds with retention of configuration at carbon

in methanol, acetic acid and chlorobenzene [50]. Two possible mechanisms,
both involving the participation of ring orbitals, are postulated depending
on the polarity of the solvent.

Poler solvents:

_ |
>Sn—— + solvent E—2 solvent— Sn—q
= / \
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I 1
solvent— Sn—<l + X, =2 solvent ——-71{—< %,

/\
[ l\ 1+

solvent
' Sn6+
V\X + X—-/Sz\1—-—solvent <— | <q ’
(ﬁg_
R J
Less polar solvents:
[>-_Sn-—\ + X Z n
X—X
*
M +  X—SnZT /\f -;s
\ \\ /l
R e

Phenyltrimethylstannane reacts with cyanogen chloride in the presence of
aluminium trichloride to give benzonitrile. Similerly tolyltrimethyl-
stannanes efford toluonitriles, but cyanogen bromide affords aryl bromides
[5{]. Unsaturated groups such as cis-~ or trans-2-butenyl, Z-propynyl,

or allenyl are cleaved from tin by thiocyamnogen. Rearrangement accompanies
figsion and o-methallyl, allenyl, and 2-propynyl thiocyanstes, respectively,
are produced.

n3sn_c32—c3—_-<:ﬁ-ne + (scn) b —> R3ancs + CH2=CH-(‘JH—Me
SCN

RBSn-CHZ—CECH + (scn)z————> P3SnNCS +  CH,=C=CH-SCN

R, Sn-CH=C=CH, + (SCN)2 ———> R,SmNCS + HC==C-CH,-SCN

References p. 140
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4Sn_and MEBSnCEzPh, no cleavege and polymerisation of thiécyanogen

“took plade. cis~ and trans-Styryltrimethylstannanes are cleaved with
‘retention of configuration at the vinylie carbon [ﬁé]; Mercuric cbhloride

and acetate cleave aryl-tin bonds to afford useful syntheses of mercur-
jated derivatives:

_With Me

SpMe TEF/Et, 0

5 + 2HgCl, ——2> 2Me,SnCl  + HeCl
SnMe

3
3 HegCl

[ret. 53]

S O

::: :: [ref. 79]
Me Me
// l Mezco I
Me_Sn N SnMe, + HgX, —<—> 2Me_SnX + XHg ] HgX
Y Yoy + v 22 el Y
X = C1, Ohc [ret. 21]

With phenyl mercuric chloride, pera-bis(trimethylstannyl)methylamine does
not yield the expected product VIII, but a colourless, high-melting solid,

insoluble in 2l1] common solvents save pyridine and DMF, and for which
structure IX is proposed 21 .,

Te
. a
| VIII
Me,Sn @N-@Snﬁe3 + PhHgCL =<

~ A6
(O,

1-Methyl—Z—(trimethylstannyl)pyrrole reacts with ethyl chloro-

formate to give 1-methylpyrrole-2-carboxylate, but with benzaldehyde phenyl-
1-methyl-2-pyrrolyl-ketone is unexpectedly produced, presumably vie the



0

) i

o c-0Bt + Me_SnCl
N 3

ﬁ.
0 i
—— C~Ph + Me4Sn
!

Me

+ ” li + tar
N
I
Me

oxidation of the stannyl ether intermediate under the reaction conditions

61

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

to yield Me3SnC1 and phenyl 2-thienylketone. Phenyl chloroformate gives
Me3Sn01 and diphenylcarbonate [54]. The reaction of the stannylketene
derivatives X (2 = Si, Ge) and dibutylchloroborane results in tin carbon-
bond fission [55]:

Me3SrIx Buz?
(l:=C=O + Bu2B01 —_— Me3Sn01 + ?:C:O
Me_Z Me_ 2
°3 ©3

4Sn to give a low yield of

Trityl perchlorate reacts with Me
Ph3CMe, but with Pr4Sn and Bu4Sn proton abstraction takes place, and tri-
phenylmethane, trialkyltin perchlorate, and the appropriate olefin are
formed [56]. ’
Transmetallation occurs with alkali metal alkyls. 1- and 2~

Naphthylmethyllithium, -sodium, and -potassium may be obtained by the
reaction [57]:

BuySnCH Ar  + BuM ——> ArCH,"M"  +  Bu ,Sn

M = Li, Na, K; Ar = 1- or 2-naphthyl

References p. 140
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. ‘ » r - -
p=-5ilylstannylbenzenes [Zé] and perhalomethyltin compounds L37] react -

éimilarly with lithium reagents:

64 4
n=0, 2,3

BunSntC ) SiMe3] an * (4-n)Buli ——— Bu,Sn + (4—n)}Ie3SiPh [2_2]‘

Me38n0012H + Buli —————)—BuSnMe3 + LiCClaH

47% ! [57]
Me SiCClZH

Me,SiC1 3
42%

Me SnCBrZH + LiCClZH ————)-Me33n0012H + LiCBr2H

3
% 57]
76 L——') Me SiCBrzH [

MeBSiCI >

The rates of cleavage .. cinnamyl- and benzyltin derivatives
have been measured in strongly aqueous or alcoholic DMSO medis. ZXinetic

isotope effects support the mechanism

Analogous cinnamyl—silicon and germanium derivatives undergo cleavage
much more slowly. Relative rates in 68.3 mole% aqueous DMSO at 40° are
Et3Si, 50; Et3Ge, 1.0; EtSSn, 2.8 105 [58]. In contrast, phenyltrimethyl-
silane is ca. 9 times as reactive as its tin anaslogue under similar cond-
itions (0.05M KOH in DMSO conteining 3% water). Such an unusual order of
reactivity has been.attributed to the smsller degree of proton transfer
to the separating carbon atom in a medium of low hydroxylic content [5§].
An estimation of the effective steric bulk of the NéBSn.group
has been obtained from the exo/endo ratio of products of epoxidation and
hydroboration reactions of syn-7-substituted norbornenes. The data indicate
an effective steric order tert-Bu>MNe >Br}SnMe3>Cl>H [60].
Tetraorganotins have been used as alkylating agents towards
transition metal derivatives. Thus [?C-CGHG)RuCIZJZ, triphenylphosphine,

and ¥e,Sn or Me,SnCl yields (1(—C6H6)RuMeC1(PPh3), and tetraallyltin and
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@K;C )RuClz]2 afforded GC-C )RuCth;C Hs) No reaction could be
observed with tetramethallyltln [61] When a mixture of eluminium tri-
chloride and. ClCCos(CO) is treated with Me , Sn, MeCOCCo (CO) rather than

4
MeCCo (CO) is produced [52] Heating mixtures. of [éH —CHCH PdCl and

(Me CHCH CH ) Sn or Pr,Sn result in the formation of tie triorganoiin
chloride and unstable palladium compounds which decompose at the temperatures
used to Pd metal [63];

N-Halogenosuccinimides react with tetraalkyltins to give the

corresponding alkyl halide and N~trialkylstannylsuccinimides:

0 ¥
—c ¢
RySn + N-k —————> N-SnR + R
yd 3
) X ™
N 0 \.0

The displacements are inhibited by galvinoxyl and accelerated by di~t-
buty) hyponitrite and phenylezotriphenylmethane, end proceei by a radical
chain process in which the chain is propagated by the steps

(cnzco)zu- + SnR4———+ (CHZCO)ZNSnI% + Re

R + (cngco)gmx ~———> RX + (CHQCO)QN'

The rates of homolytic attack of the succinimidyl radical at tin decreases
in the order Fk;>Et:>nPr, Ppu>Bu  suggesting steric hindrance in the
formetion of the intermediate five-coordinate species [KCEZCO)2N§£R4 .
Benzyltributyltin rescts essentially only by benzyl-tin bond cleavage at
a rete ca. 15 times that of tetrabutyltin, illustrating the effect of the
resonance-stabilised incipient benzyl radical [290].

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

heptadiene, has been synthesised by the following route:

aMe MeSnC1 .
5 B, & 2 I
2 ! ~LiC1

References p. 140 4 3



64 . P.G.HARRISON
The temperature dependent 1H‘nmr specfrum is consistent with rapid 1,5]
e Sn migration, with an activation energy of 16-19 kcal/mole {(cf. 10.1

. keel/mole for the similar {1,5] shift in triphenylstannyleycloheptmtriene).
The 1,3,5-trimethylcycloheptadienide anion reacted with trimethyltin chloride
or bromide to give complex mixtures, the major product of which appears to
be a mixture of isomeric trimethylcyclioheptadienes, Similarly, the 1,1,4-
trimethylcyclohexadienide anion and trimethyltin chloride yielded 1,1,4~
trimethyl-2,4~cyclohexadiene as the only olefinic product. The 1,1-di-
methylcyclohexadienide anion does react with trimethyltin chloride:

+ MeBSnCI —— ﬂﬁ
SnMe
3

XI

As expected, XI does not exhibit fluxional behaviour [ 64]. 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 ¢ -~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].

Pig. 1 The structure of triphenyl-7~cyclohepta-1,3,5-trienyltin [_65].
(Reproduced by permission of the American Chemical Society).
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Tributylcyclopentadienyltin has been obtained from tributyltin
chloride and cyclopentadineylthallium(I) [66]. Bistrimethylstannyleyclo-
pentadiene is obtained from cyclopentadiene and excess trimethylstannyl-
diethylamine [67]. Variable temperature nmr spectra of both this compound
and trimethylcyclopentadienyltin show them to be fluxional on the nmr
time scale. MeBSnCSHS has been noted previously to display broadening
of the ring proton resonance at -70°. At lower temperatures the broadening
increases, and at -150° an AA'BB'X spectrum is obtained (Fig. 2). Although
a complete analysis of the spectrum was not possible, an analysis of the
germanium analogue, MeaGeCSES, showed that the Me?Ge group migrates via

a 1,2 shift. The methyne proton exhibits '17?179%np satellites J(}!'7771%;p

N -

-1g"
~120°

-130"

~140

. \ . . 10
z S 5 4 ppm

Fig, 2 PMR spectra of cyclopentadienyl protons in Me

snfc H5) at various
5
temperatures [58].

3
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-1H5) = 9 Hz) [58]. The spectrum of (Messh)20534 consists of an AA'BB!
multiplet at lower field to the methyliin singlet, corresponding to structure
XII. Complete analysis of the spectrum was possible in this case, and
§(aa*) = 6.57, §(BB!) = 6.30 ppm; J(AA') = 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: J(117’1193nP1HA) = 8.4 Hz; J(117'1198n

JHB) = 6.4 Hz.

SnMe
3 Me,SuNEt,
~—————
SnMe3 —_— H. nMe3~———:r——>- SnMé3
Me_)’Sn 1007, (Me3Sn 5
XIT 3 hr
XIIT 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(trimethylsta.nnyl)cyclopentadiene XIV on treatment of the tautomeric
mixture with M’e3SnNEt2. Similar evidence for a 1,5 isomer could not be
detected. No conclusive evidence is aveilable to support either a [1 3>
shift or two successive } 1,2 | shifts for the rearrangement XII@=XIII [67].
Sequential [j,é] shifts are, however, favoured for the metallotropic He3Sn
migration in trimethylstannylindene on the basis of semi-quantitative PMO
theory [69] and in addition the measured activation energy, 13.8 kcal/mole,
deduced from the temperature~dependent 130 nmr spectrum {(cf. 7.1 kcal/mole
for the corresponding cyclopentadienyl compound). The 13C-H satellite
mugnetic resonance spectrum of trimethylcyclopentadienyltin has been obtained
and analysed. The evaluation of the coupling constants J1 and J2 in this
and other model g~=- and tC-cyclopentadienylmetal compounds yield criteria
for the disgtinction of the two types [71],

Diastereotopic non~equivalence has been demonstrated for molecules
of the type RMeZSnCHYMe (Y = B¢, Ph; R = alkyl, aryl), meso—R‘ZSn(CHYMe)Z
(R = Me, CHZPh), and for diastereoisomers such as Me4_nSn(CHZHE)n (z =
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Bt, Pr; n = 2, 3) and Me-iso~Pr-cyclo-HexylSnCHMeFPh [72]. These compounds
were obtained by the general routes:

Br2 PhYCHMeMgCl
AlxSnMe, ———"3p AlkSnMe, Br ———————> AlkMe, SnCHFhYMe
3 2 2
MeOR
Br2 AlkMgBr
EtMeBCSnMe EtMeHCSnMe, Br —————» AlkMe, SnCHEtMe
3 M 2 2
e0H
Br, MeYCHMgC1
Ar, SnMe, —————3» ArSnMe Br ————-— -3 ArSnMe, CHYMe
2 2 2 2
MeOH
Crz(CO)
PhMe,,SnCHYMe —2 9, (OC)3Cr PhMe,,SnCHYMe

Tetramethyl- and -ethylstannanes react with lead tetraacetate
under mild conditions to form the trialkyltin acetate, leead(II) acetate, and
alkyl acetate, via the unstable alkyllead triacetate [ﬁi].

O
R,Sn + Pb(OAc)4 —-_29-—_> [RPb(OAc)3] + R_SnOAc

benzene

AcOR + Pb(0Ac)

Pereyre has studied the stereochemistry of the addition of cis/
trans mixtures of tributylerotyltin to aldehydes.

Me

Bu.anCHZ.CH—-—-CHMe + RCE=0 —————> RXH.CH.CH:CHZ
SnBu3
CHa(COOH)a
Ee
R?H- H.CH=CH,
OH

The addition is stereospecific, the trans isomer giving rise to the threo
alcohol and the cis isomer to the erythro alcohol [74].

Several stannylearboranes have heen synthesised. The lithium
derivatives of 1-phenyl-t,6~ or 1,10-dicarbaclovodecaboranes react with
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dimethyltin dichloride forming Me,Sn(CBgHgCPh), [235]. Mironov has synthes-
iged stannyl-substituted carboranes by the protolysis of stannylamines

 by o-, m-, and p-carboranes at elevated temperaﬁures [?36,237].

HCB1OH10CH + R3SnNEt2-——————)— R3SnCB1OH1OCH + HBSnCB1OH;‘OSnR3 + EtZNH

R = Me, Et, Bu

Temperatures of 90—100° are needed for the formation of the monostannyl
derivatives, but more vigorous ccnditions are required (160-1800) for the

introduction of two stannyl groups. Substituted carboranes alse react
similarly:

C=CR* CB H CR'C=
H,C=CR CBmHmCH + Et3Sn.NEt2 —_— Et3Sn 1004 QPRI C=CE, + EtZNH

{~Vinyl-o-carborane gives a dicarboranyl-tin derivative with Etzsn(NEtz)z,

but o— and m~carboranes yield low molecular weight polymers [237]:

Bt Sn(NEt,), + HCB, H GOH=CH, — > EtQSn(CB

10710 CCB=CH, ),

10H10

EtZSn(NEtz)Z + HCB, H CH — —ECB1bH1 o csnEtg’;_

n< 7

3. Hydrides
Lead tetrasecetate acylates di- and triaslkyltin hydrides in benzene
[7):

(o]
20
Bt;Sol  + Po(0Ac), — 5 Et,SmoAc + EOAc + Pb(0fe),
9% 97%
2Bt _SnHE  + Pb(0Ac) ____EZil~—)— 2Bt Snl0Ac + E + Po(0Ac)
3 4 3 2 2
9%% 98% 98%
‘Bt_SpH + Pb(0Ac) —252—-4,- Et_Sn(0OAc) + BH + Pb(OAc)
22 4 2 2 2 2

86% 94% 95%



o

: ' , 25 )
-
2Ph,SoH, + P‘b(OAc)4 ————»th(Aeo)sn Sn(OAc)Ph2 + 26, ¥ Pb(04c),

40% 85% 92%

Trlbutyltln hydrlde adds to arenesulphonylisocyanates at room
temperature to give the arenesulphonsmide derivatives XV. At ca. 60° these

edducts are in equilibrium with the isomeric species XVI [75]:

60°
BuBSnH + A:L-SOZNCO —>Bu3SnO.CH:N.502Ar — AJ:SOZN(SnBu_j)CHO
xv DAY
Ap = Ph, p—HeC6H4, p—MeOC6H4, p-ClC6H4

Arene sulphonylazides evolve nitrogen upon treatment with di- end tributyl-
tin hydrides in benzene [76]:

Ax + N,

Bu3SnH + ArSO. N, ——m—3 ."131.1_5811.1‘11-1.802 o,

2’3

SO NHSnB

2Bu_SnH + 2N,
2 SO, NHSnBu,

0
Bu,SnE, + 2p-MeC.H,SON, ——> Bu, Sn(NES Celly Me) + 2N

The hydrostannation of 2-vinyl-4,4,6-trimethyl-1,3,2-dioxabor-
inane by trialkyltin hydrides gives only ﬁ -stannylated products. The
rates of addition are accelerated by the addition of ABIBN, retarded by
galvinoxyl, and unaffected by changes in solvent polarity, confirming the
operation of a free-radical mechanism [77].

Me

Me
0 Me 0 Me
-~ pd
RBSDH + CH2=CH:B —~———3~ R_SnCH_CH,.B
\ 3 2 2 \
0 B 0 H
Me :

Me
R = Me, Et, Pr, Bu, Fh
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‘The ;ate of hydroxtannation of styrene has been studied using infra-red
spectroscopy. At 30° the relative rates of reaction followed the order
Ph,Sull, > EtPhSnH, > Bu, Snil, [78] Tricyclonexyi-2-(2-pyridyl)ethyltin
ie abtained by the hydrostannatlon of 2~vinylpyridine [24]. Triphenyltin
hydride. adds to ferrocenylacetylene (FeC=CH) to yield FcCH=CHSnPh,.

SnCFc=CH_, was obtained by the substitution of FcCCl—CH by PhBSnLl

in THF/Et 02[79] Organotinacetals, EtsanH_CHXOCHMeOBu (X = CH,_, CHZCHZ'
CHMe, Cﬁez), have been synthesised by heating triethyltin hydride and the
corresponding acetylene [ao]. The addition of tributyltin hydride to
substituted ben aldehydes, XCGH4
a polar mechanism dependlng on the conditions used to give the adducts
XCGH4CHZOSnBu . The relative rates correlate with the Hammett o and o
constants for X, the polar mechanism being best correlated by < and the

free-radical addition best by 5@ [81]. The reactivity of tributyltin

CHO, may take place by a free-radical or

hydride with two series of aromatic substituted t-cyclopropylketones,
2-phenylacetylcyclopropanes, and benzoylcyclopropares under radical con-

ditions has been studied [82]. In all cases cyclopropyl-ring opening
B .
i:: ¢ E§Sn .
il
o
R

Bu3Sn- /\

gccurs:

Bu3Sn0 R

Electron-withdrawing substituents increase the rate of reaction. Similar

results are obtained with aromatic-substitued benzelacetones:

Bu3Sn‘
// =CH-C-Me CH—CH_C—Me

N OSnBu3
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This polar effect oh the radical addition mey be rationslised by the
effective charge delocalisation which is possible in both cases, viz.

& *

& &~
R“——CH"_-CH-'—‘IC:—ME "“C —R' Rv ——vnﬂc——-R'
;- § :

Q
or et

+
SnBu3 SnBu3 ‘SnBu3

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

of the substituents R1—R4 and the presence or otherwise of free-radical

2 S\ or
R
Y R,SnH 2\//' + &;“:!I"——+ - R2
—_————
H H
@ endo exo

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

injtiators.

and 30% exo ferrocenyl alcohols. ITonic reduction produces only small amounts
of the endo alcohol {10-40%) and the olefin product ( <10%), and no exo
isomer [83]. Pereyre has studied the tributyltin hydride reduction of
X-acetylenic esters and nitriles in methanol in detail {84 ] The reactions

may be summarised as follows:

E\ co Me
— MeOH
Me0,_C.C=C.CO_Me + BuBSnH ———— + Bu_SnOMe
2 2 650 / \ Ug
MeO Cc
71%
MeOH

.C=cC. —_—

MeOZC C=cC C02Me + 2Bu38nH o MeoZCCHZCHZCOZMe
88%
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” : ' : ‘
Me.C=C.CO_Et CO.Et H SnB Bu_Sn CO_Et
L 65°orU‘T;\/2+\C=C u3u3 /2
. Bu,Sal. ' ¥eCH / \SnBu.3 we” \CozEt / \
807
H~-C=C.CO_Me
2 650 \ //
+ —— C=C + Bu3Sn0Me + MeO.CH:CH.COZEt
Bu_SnE MeOH VAN
Uz CoyMe o 11%
T%
H CcO_Me H H Bu.Sn
N S 2 N "3 ~ S
+ //C:C\\ + //C:C\\ //C_C\\
SnBu3 BuBSn COzMe COZMe
59%% ) 1%
+ BuBSnCHZCH2COZMe
6%
NC
¥c-C=C-CN + BusSnH ———5———-——->- \c / +  Bu,SnOlMe
MeOH / \
93%
H CN H
]
B-C=C-CN + BuySui _65° o Ne” + \=/H
MeOH / AN / N
H SnBu,
38% 47%

The ester products cannot be interpreted on the basis of an intermediate

hydrostannation adduct or reduction by nascent hydrogen. Instead, the

transition state
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involving solvent participation is preferreﬁ, which also rationalises the
formation of trens isomers. . Ethyl tetrolate gives only hydrostannation
products, which did not decompose even after prolonéed reflux in ethanol.

The resction with methyl propiolate affords small quantities of MeO.CH:CHCOZEt,
Bu3Sn.C_=_C~002Me, and Bu3SnCHZCH2C02Me. The former arises from tributyltin
methoxide-catalysed addition of methanol to methyl propiolate, whilst the

formation of the two latter products arise from the reactions

Bu3$n0Me + H.CEC.COZMe —_— Bu3Sn.CE-C.002Me

Bu3$nH MeQH
Bu3SnCH=CH.COZHe —_—— [Bu3Sn.C52.CH.C02Me] — Bu3SnCH2CH2C02He

SnBu3
The nitrile reductions proceed via initial hydrostannation of the C=C
triple bond, followed by Sn-C bond cleavage, either by nucleophilic attack
of MeO~ (or MeOH) on tin:

S =
= N - oo
NS

+ Bu3Sn0Me

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

solvent participation:

Tributyltin hydride selectively reduces the chlorine function
of unsaturated chlorinated alcohols |74 J:

B%SDH
C1_C~CH-CHMe-CH=CH —_—e C1 CH—?E-CHHe-CH:CH
3 excthermic 2 2 B
H OH u3SnH
100°, 2hr
BuBSnH
CH3?HCEHe-CH=CH2 s - (11CHZ-(’1H-CHMe~-(','H.=CH2
OH UV and ABIBN OH
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The reduction of T-halonorcaranes by tributyltin hydride under free-radical

" conditions gives predoﬁina.ntly the endo-substituted isomer (> 90%), due
pi‘esuma'biy 7"to the greater steric repulsion in the hydrogen transfer from

7 the tin hydride to the endo sidé of the radical than to the exo side [86].
Chloro:i_eoxysﬁgars may be reduced to deoxy sugars under similar conditions
[67]). cyclisation accompanies the radical reduction of CH,=CH(CH,),COCL

2
C=CH(CH2)2CHI~‘.[eCH COC1 gives

producing cyclohexanone (36#). Similarly Me, ,

menthone (43%), and Me2CH(CH2) CH=Me,, (27%) via the decarbonylation of the
intermediate acyl radical L-87 . The reduction of the dichloromethyl deriv-
ative XVII (R1 = H; R2 = CHCl2) by Bu3SnH yields the monochloroderivative
XVII (R1 = H; R,= CH201), which could be reduced further in refluxing

anisole to XVII (R1 = H; R2 = Me). However, the chleromethyl derivative

, .
]
R, } _-CH Arie
H
i! H
\SoaArMe NH.HX
MeO M20
XviI XVIIiI
XVIiI (R1 = CH,C1; R, = H), under identical conditions, afforded a 50%

yield of XVIII (X = C1) instead of the expected product XVII (R1 = Me;
R2 = H). A nearly quantitative yield of XVIII (X = Br) was similarly

obtained from XVII (R1 = CH,Br; R,

out with pure BuBSnH, 30% yields of the rearranged products were obtained.
These results can be rationalised in terms of the scheme ‘—_88]:

= H), When the reactions were carried




B
i/ ArMe
\\L\, JHX

Triphenyltin hydride reduction of XIX similarly produced the unexpected
products XX end XKI rather than XXII [89):

References p. 140
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' AcO ”

AC? / AXIT

+ Ph3SnH E

-
(o]

o

>
a

@]

“"I
i

4

Ac

:

XIX

4. Halides
Several patents refer to the direct synthesis of alkyltin halides.

Thus, tin metal and butyl chloride heated for 14hr at 180° in the presence

of hexamethylphosphoramide and iodine resulted in 93% tin conversion to

Bu,SnCl, (20%), Bu_,SnC1 (21.5%), =2nd a hexamethylphosphoramide complex of

Bu,5nC1, (48%) [s“?} Powdered tin and octyl chloride with a catalyst formed

in situ from octylamine, octanol, boric acid, iodine and red nhosphorus

heated for 4hr at 155° gave 94% tin conversion to OctylSnCl; (34%), Octyl,8nC1,

(47#), and Octyl SnC1 (12%) [90] A 99% tin conversion was obtained using

compounds possess:.ng an oxirane r:r.ng as catalyst. Heating tin and butyl

iodide with glycidyl acrylate at 160° for 3hr gave 87% of Bu,Snl, [91]

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

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

[92] The use of antimonites or arsenites with iodine gave 14-46% yields

of Octyl,Subr, [93]. 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‘-2000 with tin(IV) iodide and triethylamine or piperidine as catalysts

to give 50-70% yields of bis(silylmethyl)tin dichlorides, together with

small (~ 5%) yields of mono- end triaslkyltin products [95}
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C1 Me _S3CH.CL1 + Sn —>» (ClnMe

3o A nSiCHz) ,SnCl, +

3= 2

{(c1 Me
n

; c1_ M
.),_nslcuz)3sn01 + cL;

SiCH C
e,j_]:1 i an 13

Methyltin trihalides may be obtained in ca, 90% by the exchange
reaction L96]:
Me,_SnBu + 25nX, ———— ZMeSnI’[3 + Bu25n012

277 4
X = C1, Br

High yields of the unsymmetrical dialkyltin dichlorides BuRSnCl2 are pro-
duced by the analogous reaction:

Q
BuSnR, + 3BuSnC1 —20-140" o BuRSnC1,

89-95%
R = Et, allyl, Ph, o -thienyl
Under the same conditions RSnCl_. and RSnB gave complexz mixtures containing
R,SnCl,, Bu,SnRC1, and Bu,SnCl, {97]. Stannous nalides react with dimethyl-
acetylene dicarboxylate in refluxing THF to give 1:1 adducts formulated as
the 1,1,4,4~tetrahelodistannacyclohexadienyl derivatives XXIII.

R R R
C c=¢C
—_— / - -~ ~
Sn¥, + R.CE=C.R —> XZSn\iC| —_— AZSn\czc/SnXZ
R R B
R = CO,Me; X = C1, Br, I EXIII

XXIIT are thought to be polymeric via intermolecular carbonyl-»tin coord-
ination. Consistent with this the derivatives are insoluble in all but
the most sirongly coordinating solvents such as DNSO and DMF which can
break down the coordination (:98].

Tetrametbyltin is solvolysed in anhydrocus HF at 25o producing
trimethyltin fluoride. When the reaction is carried out at 1300, substantial

amounts of the difluoride are formed.

Me_SnF + CH

25° 3 4
P /

T30°
T~
Me,SoF, +  2CH,

Me ,Sn +
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The solvolysis of methyltin chlorides at 250 results in the cleavage of
one Sn-Cl bond MeBSnF and the novel mixed chlorofluorides Mé2SnFC1 and
MeSnFClz.
Me_SnC1 — B o Me SmFC1 + H1 n=1-3
n 4-n 25° n 3-n

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

HF; 130°
Me_SnC — 3 Y 5
e3 nCl Mé2SnF2 + HC1 + CH4

(o]
HF'; 130
—_— " e
He23n012 HeZSnF2 + HC1

. o]
MeSnC1, HF5 130 o MeSuF;  + HC1

Tﬁe'conversion of MeSnCl3 to the fluoride in this way is synthetically
useful, however the conversion of di~ and trielkyltin chlorides to the
corresponding fluorides is more conveniently accomplished using aqueous
rather than anhydrous EF [98a].

The structure of chloromethyltin trichloride, determined by
electron diffraction in the gas phase, consists of a distorted tetrahedrsl
arrangement of groups about tin (Z.C1SnCl = 105°; £cCSnCl = 113°) (Fig. 3).
The bond distances are of normal length (sn-C = 2.234; Sn-Cl = 2.34§),
but there appears to be restricted rotation about the Sn-C bond [99].

Trimethyltin and triethyltin chloride solvent interactions have
been studied through 1H - {119

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

Sq} heteronuclear double resonance. The

as carbon tetrachloride and methylene chloride, which do not significantly

Fig. 3 The structure of chloromethyltin trichloride [éQ]. (Reproduced by

permission of the Consultants Bureau, New York).
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119

affect the Sn chemical shifts; (ii) polar solvents, such as acetone,
acetonitrile, dioxane, which form complexes; and (ii)‘alcohols (methanol,
ethanol) which probably cause jonisation of the solute. Molar enthelpies
of ccmplex formation were estimated to be 4 - 5 kcal/mole for the trimethyl-
+tin chloride complexes and 3 kecal/mole for the triethyltin chloride compl-
exes [1 00] . '

The crystal structure of the trimethyltin chloride complex of the
phosphorus ylide 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

Fige 4 The structure of PthCH.CO.Me-Me SnCl D(M]. (Reproduced by permission

3
of the Chemical Society).

trigonal bipyramidal with a planar trimethyltin moiety. The Sn-Cl bond
distance is longer (2.578) than that of the anslogous pyridine complex
(2.42ﬁ), and the bond distances of the ylide skeleton indicate concent-
ration of electron density away from the phosphorus atom []0{]. 4A-Picoline
forms & similer 1:1 complex with trimethyltin chloride, but 4-aminopyridine
forms & 1:2 adduct for which the ionic structure [Me3Sn.2(4-aminopyridine)]+
C1~ 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-, end 4-substituted pyridine~N-oxides [102]. Both

1:1 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 adducts have octahedrally-coordinated tin atoms with trans-methyl

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

the pyridine-N-oxide complex. The 1:1 complexes have trigonal bipyramidal
structures in which the two organic groups and a chlorine atoms occupy
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eqﬁaforial ‘positions. The pyridine-N-oxide complex is again exceptional
with both. chlorine atoms occupying the apical positions [103, 103g}

Dlpole moments and Molar Kerr constarts show that six-coordinate dimethyl-
tin tropolonate exists exclusively as the cis isomer [109%]. Methyltin
chlorides, Me SnCl4 (n=0, 1, 2, 3), form 1:1 complexes with S,S-di-
methyldiimide, Me S(NH) [104] Infra-red tin-ligend stretching vibra-
tions have been used to agsign the geometries of complex organotin anions
"derived from R4N+Cl-and organotin halides. The Me3SnX (x = c1, Br, 1),

Me Snxg (X = c1, Br) and Ph, SnClg, and MeZSnX4 (x = ¢c1, Br, I) enions
were deduced to have structures XXIV (p,.), =XV (CZV), and XXVI (D4h),

117,119 n
respectively. The J(Sn ’ =C- H) coupling constant for methyltin

X X Me
Me Me X’ X
Me/ © Me/’/\/ j/ l R/
X \X Me
XXIV XXV XXVI

compounds increases as 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-
isation [505]' 2,2,6,6-Tetramethylpiperidine—1-—-oxo~ammonium chloride
TMPNO Cl reacts w1th dimethyltin dlchlorlde and phenyltin trichloride
to give the complexes TMPN =0 EMe SnC ~ and QEPMPNO =Q][PhSn015]
respectively [106]. Thermogravimetric analysis has been used to study the
mode of decomposition of the adducts RQSnCIQ.QL and RSn013.4L (R = Pr, Ph;
L= X—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 besic aqueous ethsnol. The polycation [(EtSn)1o(OH)25]+, present in
neutral media, slowly depolymerises on increase of pH. With potentiometry,
the cation [(EtSn) (OH) ]+, the acid [ﬁEtSn)m(OH)3m], and the anion
[(EtSn) (OH) have been found. The value of m depends on concentration
and pH, and 1n dilute solutions m = 1 and 8. The anion [:EtSn(OH)‘;]— is
the only species present in 1N NaOH [108]. Dimethyltin dichloride has
been studied polarographicelly in aqueocus solution, giving rise to an
anodic wave due to ghloride anions, and three or four cathodic waves E109].
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Se Pseudoh;alides

‘The structures of some trimethyltin pseudohalides has been the
subject of a thesis []10]. In dimethyltin dicyanide, strong N----Sn inter-
molecular interactions occur giving rise to nearly octahedrally coordinated
tin and planar [Sn(CN) ] sheets E11]

Butaneselenol reacts with tributyltin isocyanate to form trlbutyl—
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]:

BuSeH Bu3SnSeBu
BuBSnN=C=O + BuSeH —3» BuBSn.ll\T—T=O [EE— . +
H SeBu HéN.CO.SeBu

Ansglogous 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 [}13]. The
tin-nitrogen bonds of bis(tributylstannyl)carbodiimide are cleaved by a
number of reagents. Butyl and methyl alcohols form the corresponding
tributyltin elkoxide and cysnamide, which is converted into melamine und

the reaction conditions (125-130° for 12hr):

?
NH

The reaction is reversible, and the carbodiimide is reformed in high yield
when the tin alkoxide and cyanamide are mixed at room temperature. Carbox-
ylic acids react under milder conditions {benzoic acid, 80—85° Shr; acetic
acid, room temperature) forming the tributyltin carboxylate, melamine and
cyanodiamide [114]:

B113Sn.N=C=N.SnBu3 + 2R002H _— 2B113Sn020R + [NH2CNJ

Y
(NHZCN)3 + (N'H2) ,CNCN
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Hydrogen chloride at room temperature gives trlbutyltln chlorlde and cyan—
‘amide dihydrochloride 115]:

 BuSn.N-C=N.SnBu, + 4HCI —_— 2Bu,SnCl +  NH,CN.2HCL

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 dialkylcarbodiiﬁide. It was postulated
that the unsymmetrically substituted intermediate undergoes a carbodiimide
—» dicyanamide rearrangement [115]:

o _
BuySn.N=C=N.SnBu;  +  2RBr 1101207, nu3Sn.N=c=N.R]
8hr [
 Bu,Sn
RBr 3 AN —
2BuSnBr  + R,N.ON g N—o=¥
R
L

Trityl chloride, however, reacts smoothly in ether at room temperature
with bis(triphenylstannyl)carbodiimide to give bistritylcarbodiimide:

Phjsn.N'=C=N.SnPh3 + 2Ph3001 —_— E%3SnCl + PhEC.N=C=N.CPh3
78% 74%

When the reection is carried out in a 1:1 moler ratio, the unsymmetrical

carbodiimide XXVII is obtained:

Phjsn.N=C=N.SnP1}3 + Ph3CCI — PhBC.N=C=N.SnPh3 + PhBSnCI

63% 59%
XXVII

+ Ph3C.N=C=N.CPh_5
1%

XXVII reacts further with trityl chloride to afford bistritylcarbodiimide
in high yield:

Ph3Sn.N—C—N CP Ph3001 -———-—%,-Em33n01 + Phjc.N'.—_C=N.CPh3
61% 85%
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No reaction occurs between bis(tri?henylstannyl)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: :

Ph,Sn.N-C=N.SnPh; + PhCHBr ——3» PhSnBr + Ph,Snbr. (PuCH, ) ,NCN
98% 57%
XXVIITI
XXVIIY is stable in air end 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

Ph3Sn'Br + (PhCH.)_NCN — >  XXVIII
272 < -
refluxing

acetonitrile

A similar complex is obtained in low yield (~ 25%) from (triphenylstannyl)—
tritylcaerbodiimide and benzyl bromide or triphenyltin bromide ana benzyl-

tritylcyanamide:

Ph3Sn.N=C=N.CPh3 + PhCHzBr

Ph3C

Ph3SnBr' \\NCN

\ H/
Ph3C ”’/’///’,/f”/)" PnC
Ph3SnBr + :;NCN ¢

PnCH

Big(triphenylstannyl)carbodiimide and ethyl iodide in refluxing acetonitrile
gave a T7% 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:

o]
26
Pn,Sn.NE.CN  + PnCCl + 2NBt; ———» NBt HC1T o+
3 benzene 52%

Ph3SnNCNCPh3 + Ph3CNCNCPh3
5% 38%
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Nmor and 1n.t‘ra-red stud:.es indicate that the nitrile nitrogen rather than.

the a.m:.no nitrogen atom is coordinated to the tin in the cyanamlde complexes.
Bls(trlphenylstannyl)ca rbodiimide readily reacts with phenyl

1sot_.10cyanate to form the 1:1 addition product XXIX, which may be hydro-
13‘sed to give the derivative XXX:

26°
Ph38n. N=C=N. SnPh3 + PhN=C=S ————————— PhN=C. SSn.'t"h3
benzene
Ph3SnN .CN
8%
H20

XXIX

Ph3$n0}1 + PhN=C. SSnPh3

HN.CN

82%
XXX

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

can also be prepared from triphenylstannylcyanocyanamide and organic iso-
thiocyanates:

Ph3Sn.NH.CN + RN=C=5 —————3» FPhN=C .SSnPI::3

I

HN.CN

The rates of these reactions vary with the nature of R in the order
p—OaNCGH4NCS >PhNCS >PhCH2NCS~p-Et006 4NCS>EtNCS, consistent with a
mechanism which involves the slow formation of the polar transition state
&- &-
RNz—==== Coo==== S
]

The adduct XXX decomposed in refluxing benzene to give bis(triphenyltin)
sulphide and the heterocycle XXXI, which may also be obtained in 24% yield
from bis(triphenylstannyl)carbodiimide, cyanamide, and two moles of phenyl
isothiocyanate. Similar decomposition of XXIX gives bis(triphenyltin)
sulphide (63%) and an unidentified yellow solid 016].



PhN=C.SSnPhy —-——-). (Ph3Sn)ZS + HN

Bis(triphenylstannyl)carbodiimide has been synthesised by several
methods:
S

0 ~Ph,SnSSnPh

2Ph Sn0SnPh, + E,NGNE
3 22 ~2H,0
-2NEt3£{+I"
. \T
2Ph3SnI + HENCN + 2Et3h
—2Nal
2Ph3SnI + NaZNCN —%*PhBSn.N=C=N.SnPh3
-H20
Ph3SnOSnPh3 + 2Ph35nNHCN
-H2NC( : NH ) NHCN

4PhBSnNHCN

Triphenylstannylcyanamide is obtained by allowing bis(triphenyl)tin oxide

to react with excess cyanamide in refluxing ether:

Ph,Sn0SnPhy; + 2NE,CN ———» 2Ph SnNHCN + H,0
76%

Trityl(triphenylstannyl)carbodiimide may be obtained by a similar series

of reactions:
i
PhjsnOSnPh3 + Ph3CNHCNH2
PhBSnOSnPh3 + 2Ph30NHCN ==Ph35n.N=C=N.CPh3

Ph3SnI + Ph3CNHCN + Et3N

The reaction of 1,3~disubstituted thioureas with bis(triphenylstannyl)-

carbodiimide gives the corresponding N,N'-disubstituted-N"-cyanoguanidine:
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.Ph3Sn.N=C=N.SnPh3 + RNHgNER —_— Ph3SnSSnPh3 + RNHgNHR

Thiourea itself gives bis(triphenylfin) sulphide and triphenylstannylcyan-
amide [i17]. Tetrameric dibutyltin carbodiimide may be obtained using
the silver salt [118]:

: R ‘J
Bu,SnCl, +  AgNCN ———> 4[Bu25n.NCN L+ Ascl

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 [ﬁ19];

Bu3SnOMe + MeBSiNSO —— BuBSnNSO + Me3SiOMe

Me_SnOEL + Me_,SiNSO ————>» Me,SnNSO + Me_SiOEt

3 3 3 3
Me,SiCl
Me3SiNSO + BUZSnCl
Bu;SnlNSO Me,SiCL,

—> I'IEZSJ.(NSO_) - + 2Bu,SnC1

The terdentate ligands, terpyridyl and 8-(2-pyridy1methy1ene-
amino)quinoline (PMAQ), form neutral seven-coordinate. complexes with dibutyl-
and diphenyltin diisothiocyanates. Infra-red and MBssbauer data indicate
a .pentagonal bipyramidel arrangement with trans esxial C-Sn-C bonds. This
has been confirmed by an X-ray diffraction study of Mezsn(NCS)z.terpyridyl,
for wnich the C~Sn-C bond angle is 173.70. The five nitrogen atoms occupy
equatorial sites at distances of less than 2.6k, Appreciable ionisetion
of the complexes occurs in DMF solution. The use of excess sodium tetra-
phenylborate in the synthesis of the terpyridyl complexes yields the ionic
species RZSn(NCS).terpyridy1]+[?Ph4]_. The first reported complex of
dibutyltin difluoride, with phenanthroline, is precipitated when concent-
rated DMSO solutions of the reagents are mixed. The infra-red spectrum
suggests seven-coordinstion with fluorine bridging is present in this

complex also [120].
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6. Oxides, Hvdroxides, Peroxides, and Alkoxides
Davies et al. have investigated the trialkyltin hydroxide -

bis(trialkyltin)oxide equilibrium by infra-red and MBssbauer spectroscopies.
Bis(trialkyltin)oxides react with water at 0-50 to give the corresponding
trialkyltinrhydroiides. The oxides show a characteristic strong band in
the infra-red in the region T740-770 c:m'—1 [}Qas(SnOSn) , whereas the hydrbzides
exhibit bands at 3610-3630 cm™ [\3 (0H) | and 880-920 — [5 (OH)]. Tri-
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-coordinste tin,
have quadrupole splittings of 1,18-1.63 mm/s. In contrast, the hydrcxides
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 [}21]. This type of chain structure is present

in the mixed compound Me SnNCO.Me3SnOH, in which trimethyltin groups are

bridged alternately by ngtrogen,atoms (from NCO) and oxygen atoms (from
OH). The tin-oxygen bond distances are more or less equal (2.14, 2.155),
but the tin-nitrogen bonds are inequivalent (2.43, 2.755). Adjacent cheins
are interconnected by NCO----HO hydrogen bonding to form a layered structure
[122]. Triphenyl— and tri-p-tolyltin hydroxides have been prepared from
the organotin- bromides and sodium hydroxide in aqueous solution [323}.
The addition of 0.2-2% of alkyl acetates effectively stabilises bis(tri-
alkyltin)oxides with respect to precipitate formation on long storage [124].
Dialkyltin dichlorides or tetre-1,3-dichlorodistannoxzanes react
with sodium azide in the presence of water to give haxealkyl-1,5-diazido-
tristennoxanes XXXII [}25]:

R,SnC1, + NaN3 —_— 5,0
—— >

N3R2Sn(OSnR2)2N,5
C1R,SnOSnR,C1 + NaN3 — XXXIT

R = Me, Et, Pr, Bu

Dicectyltin dichloride yields the octaocctyl-1,7-diazidotetrastannoxane XXYIII:

H.0
2

Oct, S + —_—_

ct,SnCl, Nal, N30ct25n(OSn0ct2)3N3

XXXIIT
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>Pie1iminary X—ray data for the butyl derivative indicate a centrosymmetric
dimeric tristannoxane structure XXXIV, similar to those already characterised

for the 1,3-disubstituted distennoxanes.
Bu Bu Bu Bu B§§ Bu

N \
’////, n\\\\\~0—’/// \\\\\\N

O=ccen ..U)

O‘---

“3\Sn_/ \S:'n/ ~_i "%

Bu Bu Bu Bu u

XXXIV

When trested with refluxing methanol XXXII (R = Me) gives the azide
methoxide XXXV:
refluxing

N Me, Sn(OSnMe ) N, — - N3Me28n(OSn}Ie2)20Me
methanol

XXXV

MBssbauer data for the organostannonic acids RSn(0)OH n (R = Me, Et, Bu,

08H17’ 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 mey aléo be obtained by the azeotropic dehydration of the

organogtannonic acid and triethanolamine in boiling toluene.

RsSn(0)oH
Rs:m3 + (NaOCHZCH2)3N _— RSn(OCHZCH2)3N < *
XKXVT (HOCE,CH, ) ;N

MBssbauer data suggest that phenylstannatrane is probably tetrahedral, but
significant intramolecular N-3Sn interaction occurs in the alkylstannatr-

anes as in XXXVII [126].

|
\’: o ?n/ XXXVII
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Bis(triaikyltin)oxides and dialkyitin oxides are readily converted
into the corresponding chlorides in quantitative yield by thionyl chloride

(4 27]:

lljsnOSnR3 + SOCl2 e 2R3SnCl + 802

RZSnO + 80012————-—-> 2112311.(!12 + SO2
Heating methyl tripropylstannylacetate with bis(triethyltin)oxides at 115°
affords triethyltin tripropylstannylacetate [}3]. Triethyltin hydroxide,
tribenzyltin hydroxide, and bis(tributyltin)oxide react with cyanuric choride
in boiling toluene to give the tris{trialkylstannyl)isccyanurate XXXVIII, via
the thermal isomerisation of the expected tris~stemmylcysnurate XXXIX:

%

N
7N /)v SN
6R;SnOH 01—? ﬁ—C1 R SuC1 R5Sn0-C c_OSnR3 0=C c=0
ar + —_—2 . o
N X N N R, Sn-N_
3(Rg5n),,0 X/ XNe” 3 o s
2 i I
(xR R_Sn0 4]
3
FXXIX KXXVIII

Such a rearrangement has been observed for tris(tributylstannyl)isocyanurate,
prepared independetly under mild conditions from sodium cyanurate and tributyl-
tin chloride L12£J :

N N

y
Na0-¢ 7 c-oNa 50° Bu33n0-C// \c-osmau3
Il + 3Bu3SnG]_ —_—— } XXXVIIT
N. _N 5 hr N N
N A
R (l:/ \\('3/ (R = Bu)
ONa OSnBu;

When 1:1 molar ratios of dibutyltin oxide and aminophenol, c~-pnenylene-
diamine, or o-aminophenol are heated in boiling toluene, no water is liber-~
ated, and the derivatives XL are formed, for which the octahedral binucliear
bridged structures XLI are postulated. These compounds may be dehydrated
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NH
2+ Bu,Sno i‘li-u;é} Bu28n(o-H NCGH,Y) (OH)
TH toluene Y=o0 NH S
. X]:, . - 1 4 »
Bu . Bu reduced
Y l Py l ¥ pressure
Nd &7 \J—
S Sn
B N/ ,\o/ Nva NE_
= 2 SnBu
Bu Bu sl
XTI XLit

by heating under reduced pressure giving rise to the derivatives XLII.
When the reactions are carried out using a 1:2 ration of reactants, water

is liberated and the bis substituted compounds XLIII are formed [1 29].

g ( )
2 - + Bu SnO —_ /r

N Bu

XLIIT

A patent describes the reaction of dialkyltin oxides with zinc chloride

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

onate to give the compounds [(BuOZCCHZCHZS)RZSnOJZZn l:‘l 30].
Tert-butylperoxytin derivatives are formed by the protolysis

of orga.:iotin alkoxides or amines [1 31 a] ;s €8.

t t
S + —_——
Et,j nNEt2 BuOOH Et3S nO0 "Bu + EtZN'Ei

(CH2=CH)MeZSn0Me + *Buoon _ > (CH2=CH)MeZSnOOtBu + MeOH

Triphenyltin hydroperoxide decomposes at 10--40o in benzene, toluene, dioxane

and acetonitrile to give diphenyltin oﬁde, triphenyltin hydroxide, phenol
and oxygen [132]. Dialkyltin dimethoxides yields insoluble (probably
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polyméric) peroxidés ‘when treated with 98% hydrogen peroxide. In the
presence of an aldehyde or ketone, ‘peroxides of 'generali formula
[?O-CR'R"-OZ-SnRz-Wn are obtained. These materials are predominantly
simple monomeric heteroeycles XLIV, but higher cyclic or linear oligomers

may be present. Two possible pathways are envisaged:

H R..Sn{0Me)
LA~ 2 2 PnC-00SnR, OMe

~ 2
HO OCH é)H R\ /R
2z _-Sn
o
| e
00—
H / °\
RZSn(OMe)Z 00H o0 o ,/O'_Q\\? H Ph
+ — RZSn\ —_— RZS? ?—-Ph XLIV
H.O OMe MeO OCH

272

Neat dibutyltin benzaldehyde peroxide decomposes thermally in a sealed tube

by first-order kinetics:

(1) heat

Bu,SnCl, + O, + PhCH=O + PhCOOH
{2) HC1

1.0 0.84 0.31 0.29 0.35

BuZSnOBCHPh'

The activation energy for the decomposition is 23 kcal/mole, and 18 kcal/mole
for the valeraldehyde analogue [133]. Trimethyltin and aryldimethyltin
alkoxides have been synthesised by ligand exchange reactions with tributyltin

alkoxides, viz,.

HeESnBr + Bu3SnOR ————— He3SnOR + Bu3Sn_Br

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

p-RC 6H 4SnMeaBr + Bu3SnOMe ———>» p-RC 6H 4SnMe20Me + Bu3SnJ3r

Polymeric dialkyltin dialkoxides [Rasn—OR'-O] o 8re obtained from dialkyl-
tin dichloride and the sodium alkoxide or using interfacial techniques [1 35,136_].

Dialkyltin catecholates and catechol sulphonates are isolated by potentio-
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:metrlc tltratlon of mlxtures of dialkyltin dichloride end catechol or Gi-
?soalum catechol disulphonate (137,138 1. . '

AR Tributyltin methoxide adds to the triple bond of dimethylacetyl-
'Vene dlcarboxylate to give the cis addition product, which may be cleaved

=cC. = 0
HeOZC.C._.C COZMe — MeOZC (:! \C COZHe MeO C /C Me
+ —> N //
BuBSnOMe 100 MeO---—Sn.'Bu3 \Sn.BtL5
}IeOE/
MeOZC\C /COZMe
B OMi =C,
1.1351:1 e + / \
MeO H

by methanol with retention of configuration., The tributyltin methoxide -
catalysed addition of methanol to the acetylene dicarboxylate, however,
results in the formation of the trans isomer via a solvent-assisted trans-

ition state [84]:

&+ 5

H---OMe

]

Bu_anOMe :

Me0,.C.,C=C.CO_Me + MeOH ————» (Me0.C——-C===== C ——CO0, Me
2 2 2 H & 2
:
Bu3Sn-—-O—Me

AN

" COal'Ie

Cyclic and acyclichalohydrins reasdily displace methanol from
tributyltin methoxide to form 6-—halosubstituted tributyltin alkoxides,

I Pt
Bu3Sn0Me + HO—C—C—X ————3 Bu3Sn. 0—C—~C—X
I [

the thermal decomposition of which has been studied in detail [139,14OJ.
Trans_cyclohexyl and cyclopentyl derivatives afford excellent yields of
the corresponding epoxides, via nucleophilic attack of tke oxygen atom
at the carbon atom bonded to the halogen, viz.

PG HARRISON :
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? _—A_’L\’ﬁl + Bu,SnX

Bu3SnO H

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

kinetics affording cycliCketones. In this case a2 mechanism involving a

1,2 hydride migration:

+ Bu_SpX

The cis derivatives XLV (X = Cl1, Br) undergoes & ring contraction to give

cyclopentylmethyl ketone:

The chlorine derivative also forms methylecyclohexanone by a methyl group
migration, presumably due to the higher reaction temperature used.
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'Acyclic é—haloalkoxytin compounds decompose to give high yields of epozxide,

but also appreciable quantities of ketone:

AP ®

AN
~——ca - > /Ci—/cHz +  BuSaX
| A 2 ;A
BussnO:
H X R Me

R ‘\f\l N/

~cC -—-—CHZ —_—

Q

+ Bu3SnX

o

of
t
®
\
o

Lithium amides cleave tin-ozygen bonds forming moderate yields
of aminostennanes [}41]:

Bu3Sn0Bu + LiNEt2 —_— Bu3Sn.NEt2
38%

Bu3SnOPh + L:‘.I\I'E‘l:2 ——— Bu3SnNEt2
8%

Bu23n(OP‘n)2 + 2LiNEt2 —_— B1.1281:1(I\I'E‘l:2)2
50%

MejsiOSnBu_), + LiNEtz —_— B'L%SI}.!\HEH:2

56%

Triorganctin hydroxylamines are conveniently obtained in high
yield by the azeotropic dehydration of the hydroxylemine and the organotin
oxide or hydroxide.

R_SnOH
3

or + HONR'R" ——— 3 RBSnONR'R" + HO

_RBSnOSnPhj

Trimethylstannyl-N,N~diethylhydroxylemine is a monomeric oil which readily

reverts +to the protic precursors in air., N-Acyl substituted derivetives,
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however, very stable in air, ‘and strong intramolecular coordination of the
carbonyl oxygen atom to tin is postulated, giving rise to a cis—R3SnX2
configuration at tin [142]. An X-ray diffraction has confirmed this type
of structure for triphenylstannyl-N—phenyl—N—beﬁzoylhydroxylamine, the
first such identified. The structure (Fig. 5) consists of a distorted

Fig, 5 The structure of Ph Sn.0.NPh.CO.Pn [143:[. (Reproduced by permission
of the Chemical Society). :

trigonal bipyremidal arrangement of grovps about tin, with two phenyl
groups occupying equatorial sites (Sn-C = 2.14, 2.154) and the third an
axial site at a longer distance (2.18%). The acylhydroxylamine residue
chelastes the tin atom via the remaining equatorial site (Sn~0 = 2.09%)

and axial (Sn-0 =.2.31k) 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 formamtion of tetraorganotin and/ or the corresponding di-

organotin compound.

R3SnOH + HONR'.CO.R" —» I%Sn.O.NR'.CO.R" —-—-)R4Sn + RzSn[O.NR'.CO.R"J2

Apionic species may also be prepered. In this way triphenyltin-N-benzoyl-
hydroxylamine may be stabilised [ﬁ42]:
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excess . .
’ NEts - A7 NEt, /o]
Ph38n01 + HO.NH.CO.Ph ————>» Sn’ C\Ph-<————-—— Hessn C‘Ph
MeOH EE N 7
+
NEt H
J t3
R =Me, Ph

Organotin nitrosodicyanamide derivatives have been synthesised via the
silver salt [144]:

RnSnCl4_n

+ (4-—n)AgNOC(CN)2 —_— RnSn[ONC(C}I)2]4_n + (4-n)agc1
R=3Bu, Phy n=1, 2
The Schiff base derivative N,N'-ethylenebis(salicylideneiminato) -

dimethyltin possesses & distorted octehedral arrangement of groups about
tin (Fig. 6). The two methyl groups are mutually trans (Sn-C = 2.07, 2.16%),

and the equatorial coordinstion atoms are nearly coplanar (Sn-0 = 2.19-
2.25%; sn-N = 2.24-2.278) [ a5 ].

Fig. 6 Thestructure of N,N'-ethylenebis(salicylideneiminato)dimethyltin
E45]. (Reproduced by permission of the Chemical Society).

Te Carboxylates
Commercially u.ecful organotin carboxylates have been prepared

from the organotin oxide and the carboxylic acid [146] or anhydride [547
148], and from the orgenotin hydride and the acid [149]. Triallyltin
acetate and monochloroacetate may be obtained by the acid cléavage of
tetraallyltin in methanol at room temperature. Mono- and dichloroacetic
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acids cleave two Sn~C bonds wheh the reaction is carried out using-a 2:1
ratio of reactants. In the presence of moisture, 1,3-diacyloxydistann-
oxanes XuVI are fu‘% 4. Unusually, the formation of these ceompounds appears
not to involve Sp-O bond cleavage but Sn-allyl cleavage, since the treatment
of triallyltin monochloroacetate with moist methanol produces propene and

the distannoxane [15Q].

RCOH RCOH
(CH2=CHCH2) gSn ——— (CH2=CHCHZ)_5SnOZCR —_— > (CH2=CHCH2)ZSn(OZCR)2

H20

(RCOZ) (CH2=CHCH2 ) ZSnOSn(CH20H=CH2) - (OZCR)

XLV1

Primethyltin chloride also undergoes Sn-C bond cleavage by acetic and
halogenated carboxylic acids at 100o to afford dimethyltin chloride carb-
oxylates. Spectroscopic datae ;ﬁdicate 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 [1 ‘51].

Me,SnC1 + RCOH ——— M925n01(ozcn) + CE,

R = Me, CFy, C,Fg, CsF,, CF,Cl, CH,C1, CHCl,, CCl,, CH,Br, CH,I

These compounds may be hydrolysed stepwise according to the scheme [1 52_]:

pyridine
MeZClSHOZR\ HZO - RCOZSnMeZOSnHe [0)24
H_0/acetone H2O/acet°ne -
2 oE™ OH
base
(Me,_Sno,CR)..0 —egéﬁ-t—"ﬂb Me_Sno
2 2 2 oH™ 2

Trimethyltin derivatives of amino acids have been reported by
Zuckerman. The O-trimethyltin and tricyclohexyltin derivatives of glycine,
DL-¢-alanine, DL-e&l-amino-n~butyric acid, DL-<f~valine, DL-X-leucine,
L-¢-~isolsucine, ff-alanine, and glycylglycine are obtained by the azeo-
tropic removal of water from the organotin hydroxide and amino acid in
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boiling benzene. Bridging by —NH2 rather than -CO2 groups was thought to
be present [ﬁ53]. Triphenyltin acetate is degraded to inorganic tin by
irradiation with UV light [154]. The reaction of triphenylphosphine with
tributyltin trichloroacetate in the presence of cyclopentadiene produces
tributyltin chloride, triphenylphosphine oxide, and the adduct 7,7-dichloro-
bicyelo 3,2,0 -hept-2-ene-6one [155].

Bu,Sn0,CCl; + PhoP + @ ——> BuSnCl + PhFO

cim’ &

8. Oxyacid 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, S0, inserts into

2
one Sn-C bond of tetrazlkylstannenes forming trialkyltin alkylsulphinates
XLVII, The reactivity of the stannane decreases in the order Et>Me>n-Pr

>iso-Pr .
« liquid SO
__________).
R4Sn R3Sn02$R
XLVIil

As the reaction temperature is raised, bls(trlalkyltln)aulphates (R Sn) 4

are formed, and at 90 they are the major reactions products. Tetraethyltln
is exceptional, giving rise to diethyltin sulphate Et SnSO [}56:L The

addition of bipyridyl suppresses the formation of (R3Sn) Thus, a 1:1

4
molar ratio of tetramethyltin and bipyridyl at —30 gives a 2:1 mixture
of the mono- and di-insertion products. A decrease in the zmount of bipyridyl

used results in the formation of (MesSn),s0, [157].

oMe,Sn  + 3S0 » 2Me,Sn0.SMe + Me_Sn(0_SMe),,
4 bipyridyl 3 2 2 2 <
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When the reactions are carried out in the presenée' of water at 600; the

reactions ere more complex, and may be summerised as follows:

liquid soz/Hzo

> S
Me 4‘Sn > (Iﬂe3Sn)2 0 4
0%
liquid 302/520
Bt,Sn > Bt,SnS0; + EtZSn(OZSEt)Z + Bt,SnS0,
50% 20% 15%
liquid Soz/HaO
Pr4Sn . ;Pr3snoaspr + PrZSn(OasPr)a + Pr25n503
705 13% 5%
. liquid SO./H.0 . . .
iso 2772 1 i i
Pr,Sn > PrZSn(OZS Pr), + (Pr3Sn)ZSO4
33% &%
liquid SOZ/HZO
Bu4Sn > Bu3Sn0253u + Bu25n503 + Buzsn(OZSBu)z
60-705% 15% 3%

At 90°, 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 = CEZ-C;CH) [1 58]. Higher homologues are monomeric with chelating

R
Me lS Me Me Nie s
——S‘n—-—O/ \O——\Sn/——o O——Sn——O/ \o_
/ N\ ! ANV AN
Me Me Me x Me Me
R
XILVIIY
sulphinate groups IL.
R (¢}
R—-XSn/ S
ﬁ/ \o/ g L
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The ‘bis(trialkyltin)sulphates and the dialkyltin sulphates, sulphites, and
,bls(sulphlnates) are usually infusible, and are considered to have the poly-

meric structures L -~ LIIT involving 5~ or 6-coordinate t1n[j15§]

R R
| |
R ///,S\\\\O R O////S\\\\O' R
\\\én///o \\\\Lnf/// \\\\| d L
///é \\\\O O'//,A \\\\O O///l ~
N N
| ]
R R

LI

—o0 —Sp——0 — Spe—
R R R/ {R
R R R
0 Q 0, ' 0
\én/ \s/\én/ Ny \Sn/ A LI
/lt\o/\o/il\o/\o/l\o/
R o rlt
—O——Sn// ~ -—O-——Sn/ \ — O JARN]
[ ;\o/

Tetraarylstannanes only give the diaryltin bis(arylsulphinates) when
treated with liquid SO, at 60°, although at low temperatures (g20°)
tetrabenzyltin affords small quantities of the monosulphinate product.
Triaryltin chlorides disproportionate in liquid SO, at 20° to yield the
disulphinates:

20°

Ar,SnC1  + 250, ———————3= Ar, sn(o sm-) + Ar,SnCl,

3 liguid 802
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Diaryltin dlchlondes are inert, except for di-p-tolyltin dichloride which

undergoes di-insertion at 60°:

60°
(p-MeC _H ).SnCl, + 250, ——— 3 (p-MeC, H SO_)_SnCl
6472772 2 Liquid SO, 647227 "2

Mono-, di-, and triaryltin sulphinates are readily obtained by metathesis
between the aryltin chloride and sodium sulphinate [153] :

o  — ' -
AT SnCl +  (4-n)NaO_SAr ArnSn(OZSA.r ) 4en (4-n)NaC1

4-n 2

The oxidation of butyldithiostannonic acid with tert-butylhydro-
peroxide leads to the formation of bis(butylhydrozytin)orthosulphite LIV

Bu

o 4ot BN 7 N s \ /
2 —ixﬁ:.—s— 12"BuO0H ——————— = /S \ / \ / \Bu
LIV

+ 2H2804 + S + 10320 + 12032=Cl-!e2
LIV reacts with carboxylic acids and anhydrides to form the carboxylates
LV, and with sulphonic and sulphuric acids to form the sulphonates LVI and
sulphate LVII respectively [160];

RCO,H
—_— > (nco )BuSnSO 4SnBu(0 CR)
. w
RSO_H :
LIv > (RSO3)BuSnSO4SnBu(O3SR)
VI
E,S0,
5 (H0,50)BuSas0 4SnBu(0303H)
LVII

Dialkyltin salts of strong monobasic sulphonic and phosphoric
acids are obtained by the acid solvolysis of tetramethyltin and alkyltin
chlorides at 250 , although the monofluorosulphate LVIII may be obtained

from Me 4.Sn by carrying out the reaction at -80°:

References p. 140
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Q [a]

‘~Me3SnSO%’F f;;"" Me,Sn + HSOSF {i—a’- Mezs:{(so;)z' [1e1]
LVIII 4 4 :

Me Sl + 2HSOP ——3 Me,Sa(sO.F), + HCL + CEH, [161)

MeSnCl, + 2HSO,F ———3 MeSnC1(SO;F), + 2HC1 [161]

R,SnCl, + 28SO,F ——3 R,Sn(S0.F), + 2mCl [161,162]

R,SnCl, + 2HSO,CF, —» R;Sn(SOCF), + 28CL f162]

R,SnCl, + HPOF, ——»RSn(POF,), + 28C1 [1s1]

R = Me, Et, Pr, Bu, Octyl

Methyltin fluorosulphates have e2lso been obteined by ligend redistribution,

561], viz.

Me Sn o+ MeZSn(SO3F)2 — He33n503F

Me,SnCl, + MeESn(SojF)z —— MEZSn(Cl)SO3F

MeSnCl, + Mezsn(SOBF)Z —_——— r-zeSn(01)2503F

MBssbauer and vibrational spectra indicate polymeric structures with 5-
and 6-coordinate tin involving plenar Mejsn and lineer R.Sn moieties,
respectively [161,162] .

Trimethyltin nitrate hydrate possesses a trigonal bipyramidal

2

configuration with planer Me,an groups and water molecules and unidentate
nitrate groups cccupying the apical positions in a disordered menner
(Sn~0,__, .. = 2.474; S5m0, 0 yo = 2.228; sn-C = 2.11k). Intermolecular
hydrogen bonding (0---0 contact = 2.72&) connects the water of one molecule
and the nitrate group of an adjacent molecule [‘I 63]. Studies of organotin

nitrates have been reported in a thesis [:164].

Ve
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9. Sulphur, Selenium, and Teilurium Derivstives.

Methyldithiostannonic scid is tetrameric and possesses the ad~a
santane structure (Sn~¢ = 2.136-2.157h; Sn~5 = 2.381-2.395K) (Fig. 7) [164e].

Me

|
5/7 \'s
Sn/ ’S\Sil
Me— \, /511\-\5/ e

Fig. 7 The structure of (MeSnS, .),.

Bis{tripentafluorophenyltin)sulphide, —selenide, and ~telluride
have been synthesised by reacting tripentafluorophenyltin bromide and
bistriethylsilyl, -~germyl, or -stamnyl chalcogenide in toluene at 100° [165].

S
2(C6F5)3Sn13r + (E«c3z)21 e (CGF5)3 nY + 2Et3ZBr

% = Si, Ge, Sn; Y = 5, Se, T¢

Several MBssbauer studies of Sn~-S bonded compounds have appesred. The
similarity of the spectra for the orgenotin sesquisulphides (RSnS1 .5) 4

(R = Me, Bt, Bu, Octyl, Ph) suggest that all are isostructural, having

the adamantane structure of the methyl compound [126]. Quadrupole splitting
values for the tributyltin and triphenyltin derivatives of benzene thiol,
ethane dithiol, and dithioacetic acid are consistent with four coordination
at tin. Spectra for pyridine solutions of these compounds exhibit signifie-
antly increased splittings due to coordination of solvent producing unsteble

complexes of the type

B

| @
R! S'——'}S;]\.\(-———N\ N

B R

References p. 140
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The derivatives of 2-mercaptoahiiine show similar effects. 2-Triphenyl-
stannylthiolatopyridine appears to be four-coordinate even in pyridine
“solution presumably due to steric considerations, whereass 4-triphenylstannyl-—
thiolatopyridine has five-coordinate tin in the solid ESG]. Herber has
deduced that carbamates function as weakly bidentate ligands towards tin,
forming one strong bond and a second weak interaction [167_-,. The crystel
structure of dimethyltinbis(N,N-dimethyldithioccarbamate) illustrates the
enisobidentate nature of the chelation (Fig. 8). The two carbamate groups

O
c(4) s(z) clol s

Q) FAN(2)
N{1) r( cay SN .,‘/q ctz)\)
\% ci6)
c(3) é)/ S(4)
S(3)
Octo

Fig. 8 The structure of dimethyltinbis(N,N-dimethyldithiocarbamate) [168].
(Reproduced by permission of the Chemical Society of Japan).

each form one short bond (2.525, 2.497K) and one much longer interaction
(2.954, 3.0614) in approximately equatorial sites of pseudo-octahedral
coordination. The two methyl groups are trans 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 [168].

For thsn(SZCNEtz)Z’ however, the organic groups occupy cis positions

in a distorted octahedral configuration with a C-Sn-C bond angle of ca.
1010 [}69). Triphenyltin N,N-diethyldithiocarbamate contains a unidentate
carbamate EGQ]. which has also been suggested for the diorganotin chloride
carbamates R,C1SnS,CNR', [170].

The reaction between disodium dicyanoethylene-1,2-dithiolate
(Na Mnt) and monoorganotin trichlorides at room temperature results in
Su-C bond cleavage leading to the ionic derivatives (SulMat, 32~ or (soMnt,C1,)%~
depending on the ratio of resctants used. With trlorganotln chlorides,
R3SnM.ut— anions are produced for which the structure LIX is postulated
(cf. the structure of PhBSn.O.N'Ph.COPh —~ Section 6). Diorganotin dichlorides
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afford R SnMnt, RZSnCant—, or RZSthtz_ depending on the reaction conditions
(171,1 '72j. ,
cN
S—-C
R | QEic——CN
~~Sn—_s§ LIX
R—”’!
R

The preparation of organotin derivatives of 1,2,4-thiadiazoles
has been reported in a patent [1 73]:

B S
R, SnCl  + N THF R, Snis
— e M4en s
AN
SMe

SMe| n

Patents also report the synthesis of diorganotin derivatives of mercapto
esters from the corresponding oxide E74,175] :

Na.2SO4
] ]
RS0 + 2Hs(c32)nc0211 —_ 7 nzsn[s(cgz)ncoza ]2 + B0

R = Bu, Octyl; n =1, 2; R' = Bu, Octyl, PhCH2

Derivatives of thioglycol, thioglycolic acid and similar compounds

have been prepared from the orgaictin chloride in the presence of triethyl-
amine, eg.

NEt
3
—_—
R,SnCl + HSCH,CE,OH R3SnSCHZCHEOH
R:Me, Bu
VBt
M 8 —_—
2Me,SnC1  + Hs(caz)npoza Me3SnS(CH2)nCOZSnMe3
n=1, 2

References p. 140
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 ;The-trimethy1tih comgounds disproportionate at 110—130° giving tetramethyl-
tin and a Qimethyltin devivative [176 J:

Q
: 125
aiessnschCHaoxi —1-0:? HSCH,CH,0B + Me,Sn + I-IeZSn(SCHZCHZO)
42% 43%
110°
h ________>
xfe3SnSCH2COZSnMe3 — Me 4Sn + Meesn(SCHzcoe)
64% 99%
130°
—_—>
MeBSnSCH20HZCOZSnMe3 . Me,Sn  + MeZSn(SCHZCHZCOZ)
64% 74%

Phosphorus dithioacids dealkylate tetraethyltin leading to tri-
ethyltin dithiophosphoretes LX, which are also obtained from triethyltin

chloride and ammonium dithiophosphate.

s 1 2=11) 1Rt
Et,Sn + R'R"P(S)SH ———~—_——3>.Et3SnSZPR R + CZHG

LX

R*, R" = MeO, EtO, Pr0, Me 1
Et,SnC1 + NH ~S_ FR'R"
3 2

Smaller alkyl groups are cleaved ri-~ferentially from tin, thus triethyl-
propyltin is cleaved to give both etlane and propane in an 8:1 ratio , and
butyltripropyltin give propane and bukszz in e 6:1 ratio. Further Sn-C
bond cleavege is effected by trichloracetic acid yielding 1XI, which is
also produced from triethyltin trich.oracetate and dithiophosphorus acid [377].

Bt SnSzP(OEt)z + CC1,COo.H

3 s
T ~C.H s.P(0OE%)
276 2 2
> Bt Sn
™~
% %2515
Et3SnOZCC_L3 + (EtO)ZPSZH

Polymeric triethyltin dithiophosphates such as LXIT are similerly prepared [178].

H—- 0(CH, ) ,,0(CH, ),,0P(8) OEt

SSnEt3 n
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Relatively moisture stable trimethyltin selenobenzoate has been
obtained as a pale yellow oil [179]:
o] - 0

_n : i
MeySnCl  + K" "SeCPh ———3 Me SnSeCPh  + KC1

10. Group V Derivatives
Appel has prepared triorganotin dimethylsulphodiimide derivatives

IXIIT by dehydrohalogenation of the complex LXIV using sodium methoxide,

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

viz.
//NH NaOMe e //NH
2Me.S. .R.SnC1 ——m Sn.N:.s:N.SnR34———— Me,S + 2R.SnNEt
2"\ R3 _ R3 | _ 2"\ 3 2
\NH R = Me Me R = Me,Ph NN
LXIV LXTIX

The polymeric materials LEV and LXVI were also obtained using the latter

method. I
r ]
N
Me —S Me
Me Me N Me
| | | i
N—3S ::.l‘l——Sl:ll\’Ie2 —-N==S—— N-——Tn———st—_-_——_N 4
! !
Me n He ﬁ Me
LXv Me — S — Me
I
X .
L. ) Jdn
IXVI ‘

The triphenyltin derivative LXIII (R = Ph) hydrolyses only slowly and gives
no reaction with methyl lodide. 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 LXVII,

2Mel +//NM92 _

= Me, S S
IXIIT (R = Me) — 2\ T o+ HMey nl
NSnMe

3

LXVII
References p. 140
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Only one of the Sn-N bonds of LXIIL

TvTTT D
11 =

ne

- P.G.HARRISON

wards CQ

. oS
= T2 vt

- and So2 giving the insertion products LXVIII, LXIX, and LXX, respectively.

0

7
2S

§§NSnMe3

LXVIII

Me

.
N-b-OSnMe,j,

; j
i ) )
= N-S5-0SnM
49N C-SSnHe3 7 nNé3
Me, S Me,S
2\ 2N\ :
\\NSnMe >\NSnHe :
3 : E
LXIX LXX

IXIX is monomeric, but ILXVIII and LXX are involetile end difficultly soluble,

and are postulated to have the intermolecularly coordinsted polymeric struct-

ure LXXI [104] .

LXXI

N-Tributylstannyldiphenylmethyleneamine LXXII reacts with a

large number of multipy-bonded reagents to form stable adducts [180]:

R.N=C=0

Y

R.N=C=3

Y

R.CH=0

RR'C=0

Y

CHZCH-CN
—»

tx—Np. N=C=N. NP‘OL

Bu3Sn.N=CPh2

LYXTI

3>
. PhN=S=0

0=5=0

Y

Bu3Sn.NR.CO.N=CPh2
Bu3Sn.s.c( :NR) -N=CPh,,

Bu3Sn.O-CHR.N=CPh2

BuBSn.O.CRR'.N=CPh2

Bu_Sn. cH(cH). CH, . N=CFh, .
Bu,Sn. N(a-Np). C(N.»-Np).N=CPh,
Bu3Sn.NPh.S( :o).1~r=an2

B113Sn. 0.s(:0) -N=CPh,
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. CC1,.CN : :
Bu3Sn.N=C (cc13 ) -N=CPh,
S=C=S . .
Bu.53n.S.C( :S) -R=CPh,
0=C=S

Bu3Sn.o.c( :S) -N=CFn,

The bromal adduct reacts with a further molecule of chloral forming the
di-adduct LXXTII.-

BuBSn. 0. CHCBr3 . 1\I=(!Ph2 + 0013CH=0 —————,»Bu3Sn. o. CHCCL} .0. CHCBr3 . N=CPh2

LXXIII

With the other aldehyde adducts, however, complete displacement of aldehyde
tekes place, and the chloral adduct is formed.

B1.13811.O.CHR.N=CPh2 + CCl,j.CH=O —_— BuBSn.O.CHCCZI3.I\T=CPh2 + RCH=0

R = Me, Et, “Pr, Ph

Only partial displacement of aldehyde usually occurs with perhalogenated
ketones, leeding to equilibrie between the two possible adducts and the two

acceptor molecules, eg.

CC12F
17 hr
- —————
.0. .C0.C —————> Bu_Sn.0.C-N=C + CBr_ CH=
B-u3$n o] CHCB::3 + CClZF co CF201 - 1% n | th r3 =0
temperature CFZC1 60

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

a

exothermic
Bu3Sn.0CHHe.N=CPh2 + MeN=C=0 -——-—p ]31.1_),Sn.m*‘le.CO.OCHI‘Ie.I*I:CPh2
17 hr
.N:CIE’h2 + MeN=C=0 ———3—7 BUBSn.NMe.CO.OCﬂCBr +N=CPh

Bu_Sn.0OCHCBr
g 33,5 3 2

3
5%
44 hr
L] L] - == —_——ﬁ - o : - - - —1
Bu_an OCHMe N=CPh, + PhN=C=S —om Bu3$n S.N(:CPn).0.CHMe N—CPh2
temperature 50%

References p. 140
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Ighii has investigated the reactions of heptamethylsilastannaééﬁév
with various heterocumulenes [j81]. Ipitial reaction always takes place
at the Sn~N bond, although,ih gseveral cases, 1,3—migration'of the trimethyl-
silyl group takes place. Thus, whereas phenyl isocyanate gives the adduct
LXXIV, methyl isocyanate affords the isomeric product LXXV:

Me.Sn SiMe
PhN=C=0 0 Ny_e—n”
> —C—
/ 1] A
Ph (o} Me
MeESn-NMe—SiMe3 — LXXIV
Me_ Sn
MeN=C=0 o 3 \\\N__C‘¢;N-—Me
R P
Ph 0
\SiMe3
LXXV

Isothiocyanates not unexpectedly react more slowly. Methyl isothiocyenate
gives the stable 1:1 adduct LXXVI, which exhibits only one N-Me resonance
in the nmr spectrum, indicating rapid exchange of MeBSi groups between

MeBSi
N—Me
Mo -NMe-SiMe, + MNeN=C=S ——p Me -—-N:F/
S
" snMe

IXXVI

two chemically eguivalent nitrogen atoms on the nmr time scale. The structure

of LXXVI is therefore best represented as

Meé§;\‘

- S
Me-——Ni\ ,: —Me
g A
|

S

\\\SnMes

Infra-red and nmr evidence suggests that the similar 1:1 adduct with phenyl
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isothiocyanate is composed of a mixture of two interconvertible structures
IXXVII and LXXVIII, '

Me_Sn-NMe-Sile,

3 3 : Me_Sn iMe
3 3
+ —_— Ny—c -—N/s IXXVIT
PhN=C=S A AN
Ph S Me
Me_Sn Tl
3~ N —Me
/N ~c# LXXVIIT
Fh |
]
SiMe3

The adduct is thermally unstable, and decomposes completely at 100° into
phenylmethylcarbodiimide, and a mizture of dimetal-sulphides. This facile

decomposition is readily rationalised using the isomer LXXVIII, viz.

Ph (o}
N—Me 100
\N—C/ ————>  Me,SiSSmMe, + Ph-N=C=N-le
Me_Sn " 1 hr
3 S 20% 305
SiMe

3
disproportionation

(Me3Si) S (He3Sn) S

10% 55%

The 1:1 adduct with carbon disulphide is similarly considered to be a

mixture of both isomers.

Messi—NMeSnI'fes Me3Sn\ /Me Me3Sn-S\ /NMe
+ —_— S\\\ ///N\\\ C
S=C=S ﬁ Sille |
SiI'Ie3

Triethylstannyldiethylamine readily reacts with tertbutylhydro-
peroxide in hexane to form triethylstannyl-tert-butylperozide.

References p. 140
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BtgSuNEEt, + ¥Buoor —————yEtBSnOOtBu -+ Bt NH

85%

The reaction of the stannylamine with dibenzoyl peroxide was more compiex.
Using a 1:1 ration of reactants in benzene, triethylitin benzoate (0.72 mole),
O-benzoyl-N,N—diethylhydroxylamine (0.75 mecle), 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.

Bt,Sn
3 0 0
o lﬂEtz 1l If
|| -———) Et3Sn-O-C-Ph + Ph-C-O-NEt2

\/

Tin-carbon bond cleavage gives rise to ethyl benzoate and the diethyltin
derivatives [131]:

o]
EtZSn—-—NEtZ 0 v
2% ——> PnCOEt + 0 — Sh—¥at,
PhC 0 —d E!t
\\o’/

° |

EtZSn(OZCPh)Z + EtZSn(NEtZ)Z

The synthesis and oxidation of organotin hydrazines has received
much attention. N-Tributylstannyl-N'-arylhydrazines ere conveniently
obtained in high yield by the transamination route [182]:

Bu3SnN'E1:2 + ArNHNH, ——p Bu.SNHNHA:c + Et2NH
Wiberg has prepared several simple and mixed metallated hydrazines via
the lithium salts:
(1) Buli; (2) MesSnc2 Ph\
PhNH-NH > N—N
2
i

/SnMe
g



(1) 2BuLi; (2) 2Me,SnC1

PRNH-HKPh - 3 (tte,5n) PrN-NPR(SnMe.)
: (1) 2Buti; (2) 2He3SnCl
Me, N-NH, —> HezN—N(SnMeB)Z
(1) 2Bulii; (2) 2MeSac1 "‘e\ /S’*He
HeNH—NH(S:‘.Mez) P / \
MeBSn' SnMe3
(1) Buki; (2) Me Suc1 N /Sﬂ"%
Me(Me3Si)N-NH(SiMe3) > .NmN\
Me Si/ SnMe
3 3
Ph\ /MM% (1) Buli; (2) Mejsnc1 A /mes
N—~N\ g N-N\ A
d Me.D,Sn/ i
M =Si, Sn
B
(2) Me_snC1 -,
3 E/ ™ entte
e, >
\\\ -AN/,/
¥e Sn/ \SnMe
When M = Sn, the isomers A and B are formed in equal proportions, but

when M = Si isomer B is favoured {4:B = 40:60). The germylstannylhydrazine
Ph(Me3Sn)N~N(GeMe3)2 was synthesised similarly [1 83].

Stannylhydrazines ere readily oxidised by 2 number of reagents.
Oxidation by benzogquinone generslly leads to substituted diimines via a

radical process, visz.

Sio, 0@0
\ / R—N=N—SiMe

;‘_ o
3
Me Sn/ \SnMe -Me Sn0< />OSnHe3 -

3
= Me, Bu, Ph
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Gelle, o@o
\ / » R—N=N—CelMe

C - 3
3 / \GeMe —D1e33n0 / O.'SJ:JI'Ie3

R = Me, tBu, Ph

W

The analogous stannylimine, R—N:N—SnMeS, cannot be obtained by the oxidation

of (Me3
by further reaction with benzoguinone.

\ /SnMe 0@‘0

Ph—N =NSnMe,
[ )
Me Sn/ \SnMe —Me_Sn0 @osmvre3

3 3

Sn)RN—N(Snl\Ie3)2, and Re¢ radicals and molecular nitrogen are formed

2

0@0 s B
-Me3Sn0 ©OSnMe3

Ph~-H + N=N

Nitrogen is also produced by the benzoquinone oxidation of tetrasubstituted
hydrazines, (Me3Sn) (I-Ie3E)N—N(E{I4e3)(SnM.e3) (B = Si, Sn), again presumably

due to the instability of the incipient diimine. Indeed, the disilyldiimine,
Me3Si—N=N—SiMe3, reacts vigourously even at -700 with benzoguinone to give
nitrogen. A concerted mechenism for the oxidation of 1,2-disubstituted
hydrazines would lead to cis diimines. However, the oxidation of

He_an(Ph)N—N(Ph)SnHe_j leads only to trans-azobenzene, and the two-stege

process
Ny + o@m — >N3-N./ + -o@osmvxe3
Me Sn/ \SnMe Me_Sn
3 3 3
LEXTX
l —Me3Sn0< >OSIJM€3
yd

/N'-:N

in which free rotation about the N-N bond of the intermediate radical
LXXTX can teke plece, is favoured. 1,1-Disubstituted hydrazines are oxidised
by benzoquinone or molecular oxygen to give a mixture of monosubstituted

hydrazine and diimine [183]:
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b g BN
2 /N N\s > N—N ' + Buli=N El'le3
H nMe -Me_Sn0 0SnMe. H H
3 3 3
E =5i, Ge
Ph SiMe 1 Ph SiMe
N e 3 20, N 3
/N-—-N\ > N—N\ + Ph-N=N-SiMe,
H SnMe —Me_SnOSnMe g H
3 5 3
Me SnMe
ed N

e SnI*Ie3 —Me38n0 < />OSnMe3 D/k-:zl\l-l‘ﬂ-!e‘2 + N=N

The ozidation of N-aryl~N'-tributylstannylhydrazines using a
variety of reagents has been used to prepare biphenyl derivatives. With
mercuric oxide, Bu3SﬁNH.NHPh gives biphenyl, diphenylmercury, and a quant-
itative yield of nitrogen.

Bu,Sn.NH.NEPh + Hgd ———3 Fn-Fh + Phfg + I,

35% 65% 100%

Using chloranil, the yield of biphenyl is increased to 93%. In pyridine
or anisole as solvent, & mizxture of phenyloyridine and methoxybiphenyls,

respectively, are produced.

C1 C1
(o] 0

Bu SnNENHFL —aa o =y J* P
pyridine N N

S %
€1 C1
0 )

MeO M
Bu.SoNENEFh L o
N MeO
anisole + Ui

References p. 140 644 22.5%
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clL C o
OE/HO Me SN

=,

, ci1c
Bu3SnNHNHC 6H 4He-p —_—————

+ +
L
Me Me
93% 6% 0.5%

Again, a radical mechanism, with the intermediste formation of the stannyl-

diimine, BUBSn.N=NPh, is postulated:

Cci C1
o] 0
crc1 --I‘I2
Bu3SnNHNEPh —_— [B%Sn.N=NPh ——> Phe + Bu33n0

Ar-H

~He A
/_' r
- =[O

The formation of the.polymer EBuZSn-NH-Céﬁ 4-NH:]n via the
interfacial polycondensation route using a variety of solvent systems has
been studied E184].

Several trialkyltin derivatives of azole rings have been synthesised
from the sodium salt in liquid ammonia 685]:

liguid I\IH3

R_anBr + R'Na —+-—-—)» R3SnR ! + NaBr

R = Me, Et, Ph
Rt = pyrazole, imidszole, 2-methylimidazole, benzimidezole, benzotriazole

Derivatives of 1,2,3-iriazoles are also obtained by the 1,3-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.
R ' R R?
R-C=C-R' + Bu.SnN, —> \C *.:.C/H —_— \C-—C/
U3 4 N/ \N Né \\N
Bu3Sn/, \\\‘N‘9’; \\\\§///’
Sn.Bu3
R'
R\\G___c/’
/7N
N Sn0SnB
| \N/NH + ~Q-Bu.5 n g
i
! R R R Rt
! ~N /’ . N /
: /C + Me._SnOH c—C
) AN 3 —_— 7 N\
N NH N N
[}
SnI‘Ie3

Dipole moment, UV, nmr, and viscosity data indicate that the tin atom is
attached to the 2-nitrogen atom, hence the cycloaddition must be accompanied
by a 1,2-migration of the trialkyltin group [186]. Tributyltin derivatives
of 3-phenylpyrazole, 4-phenylimidazole, 3-phenyl-1,2,4-triazole |186], and
isatin [187] have also been synthesised by the condensation route using
bis(tributyltin)oxide.

The tin~pitrogen bonds of these and similar compounds are easily
cleaved by scyl halides in light petroleum or ether to afford high yields

of the N-acylated heterocycles, viz.

1
il o
C/ \ 3R.C0,C1 C/ \

| > {
BuSn N\ /‘ snBug i St N\C/N “\co.R
" i

o

(0]

=
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"C¢

CMecocr R L s
~BuySnCl 7
O N </ \) €0.C1

5 . -Bu;SnC1 I~ H-e0 @Nog
[\ ’ (ci.co.cH cH F:\
IS8 i 2 2)2; N -CO. CH_CE

> >
~2Bu,SnC1 X 2

Me@SOZ(}l : F:§
' > XN -0 S@Me

~Bu;SnC1 A 2

2

y

—C
~ _ Me.CO.C1 \ _
EC/N 3113113 —'BuZSnCl g 1 / v SnBu3




‘The N-tributylstannyl derivatives undergo metsthesis with aryltin chiorides
" eg. N L T : - - O

"N N—SnBu, + Ph_SnCl ——3 Ny - N—SnPh
VImidaéole displaces phthalimide from its N-tributylstannyl derivativesi[187]f
. 15’0

“ . ' ~\
l c\>n_smau3 + N\/ NE ——— NG
o '

Trimethylstannyldiethylphosphine reacts with (3 —propiolectone
via the cleavage of the alkyl-oxygen bond of the lactone, lead:.ng to trl—
methyltin £ -diethylphosphinopropionate [188]

@c:o +  Me SnPEt,—— 3 Me,Sn.0.C0.CH,CH,.PEt,

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

giving the keto-ester LXXX:

o

—Z_ |
/o -+ MesSuPBt; — > He,Sn.0.C0.CH,CH,.COPEY,
X0 LXXX

The complexes (D‘[eSSn)SP:M(CO)5 (M = cr, Mo, W) undergo tin—phds-—
phorus bond cleavage with diphenylchlorophosghine [1 89_]: :

_(Me35n)51=:r«(co)5 + 3ph21=c1 —_— (Ph23)3p=m(co)5 + 773He3SnC:‘L

However, t:.n—carbon bond f18810n occurs when the similar stannylphosph:.ne-, -
metal pentacarbonyl complexes LXZXT are treated with boron trlhalldes. ) Up_t
to two .methyl groups may 'be removed from tin by BBr3,' although only one’ 1s
cleaved by BCII3 [1 90]
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1.

of

Me SnPPhZ:H(CO)5

3
M =Cr, Mo, W

LXXXT

_____,.BCL’ ClMe_SnPFh_:M(CO)
oSTPFh,, 5

BBr3

. BrMeZSnPPhZ :M(co)5
2BBr_
2

> Br,MeSnPPh, :m(co)5

Tin-Main Group Metal Bonded Derivatives*
Organostannyllithium and magnesium reagents have been the subject

a thesis [j91].

P.G. HARRISON

+ MeBCl2

+ MeBBra

+ 2MeBBr2

‘The reaction of triorganostannyllithium reagents with

hexachlorotriphosphazenes dogs not result in the formation of stannyl-

substituted phosphazenes.

good yield.

exchange [ﬁ92]:

c1 c1

\P/

N/ \N
Cl\\\g g’/’c1
c1” \N/ ~c1

I c1 Li

N

3R;Suli x? \N
e
c/\N/ Sia

"

LiCl + unidentified

products

Instead, hexaorganodistannanes are formed in

=

R_S
3 3 nSnR.

The most probable mechanism involves initial lithium-chlorine

+ 3R3SnC1

BRBSnLi

Similar exchange reactions have also been postulated by both Traylor l:193:|
and Kuivila [194] to rationalise the stereochemistries of the reactions
of trimethyltin alkali metal derivatives with alkyl halides,

Carbocyclic

bromides react with HeBSnLi with retention of configuration. However,

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

*

Including zinc, cadmium, and mercury compounds.

-
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Table 1
Reaction
Structure time, Yield, Sterco-
of RX hr % Product chemistry
R SaMe,
ﬂ 1-2 51 ﬂ
Re SuMe,™*
-’ -H
3.5 30 Retention

n E
OTos* H
12 63 Inversion
@nr‘ 3.5 57 @\smm Relention

Be
2.5 &5 @‘,@ Retention
cr E fsn.\z.-.
S GG Retention

Products and stereochemistry of the reaction

MeBSnLi + R — >~ E.Sl::l‘!e3 + IiX

in THF at 25° E93]. (Reproduced by permission of the American
Chemical Society).

5
o
]
o
-

Hexamethylditin and olefin are also observed as biproducts [1 93]. The
reaction of syn-7-bromonorbornene with Me3SnI'II (MI = 1i, Na, X) (from
MeSnCl and the appropriate alkali metal naphthalene radical anion at -20°)
yield mixtures of both syn- and anti-7-norbornenyltrimethyltins, the relative
proportions of which depend on the nature of MI and the cordinafing capacity
of the solvent. By appropriate choice of gegenion and solvent, the reaction
can be made to proceed predominently by inversion or retention, - sometimes
dramatically. Thus, the reaction of trimethyltin sodium in THF proceeds

with 90% retention, but addition of 0.053M tetraglyme causes a-change to
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91% inversion. Similer experiments with anti-7-bromonorbornene show a great
predominance (usually >90%) of retention of configuration, indicating the
presence of a severe restraint in the anti bromide against the occurrence

of the inversion mechanism. The ease of the retention process 1is also
demonstrated by the high yields of 1- and 2-adamantyltrimethyltins from

the corresponding bromoadamantsanes [194]. The data indicate the availability
of alternative mechanisms for the reaction of the trimethyltin anion with
alkyl halides, ie, (1) SN2 reaction at carbon, giving inversion; and (2)

SN2 reaction at halogen, followed by a rapid coupling reaction, leading to
retention of configuration. This scheme also explains the formation of

ditin products.

R'3SnLi
RBr + R"3SnLi-———>RLi + R'3SnBr —— R’3Sr:SnR’3
fast
RSnR! + LiBr

3

Noltes, Van der Kerk end their coworkers have synthesised several
tin-zinc and tin-cadmium bonded compounds by hydrostannolysis of the reactive

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

PhSSnH + RML —— > (Ph3Sn)21"I.L + 2RH

Zn L = THF, DME, TMED, bipyridyl
Cd

R
R

I
i

Et; M
Me; M

PhBSnH + EtZ2nCl.L, —— Ph?’SnZnCI.L + C2H6

L = Et,0, DME, TMED

2MePh,SnH  + Et,Zn.TMED ——> (MePhZSn)ZZn.T}IED + C,H.

MePhZSnH + EtZnCl ——THEL—)' I'IePhZSnZnCl + C2H6

Dimeric, uncomplexed PhjannCl may be obtained by removing ether from the
corresponding .complex in vacuo. 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 THF from
(PhBSn) Zn.THF at 50°/10~ > mm Hg result in graduasl deposition of zinc,
whereas the analogous TMED complex melts unchanged at 172.5- 174 . Similarly,-
Ph3SnZnCI decomposes completely at 102—105 to zinc, but its TMED complex
melts at 164-165 , again without decomposition.

Complexed and uncomplexed triphenyltin-zine chloride differ
considerably in their chemical behsviour. The TMED complex IXXXII behaves
as expected for s triphenyltin group attached to a more electropositive

metal, eg.

Ph35n01

—>——> Ph,Sn-SoPh; +  2nCl,.TMED

Ph3SnZnC'_L. T™™MED —F——— Ph3MeSn + nC1lI.TMED

LXXXIT I
S Ph3SnI + ZnClI.TMED

Unsolvated Ph3SnZnCI in THF, in contrast, displays completely different

reectivity:

THF; PhSnCl

> 53 zZ
> Ph4Sn + Ph2 n + nCl2

PhSnZnCl | THF; MeOH

> cH, o+ thsn + Me0OZnC1l

These reactions indicate a phenyl group migration from tin to zinc, similar
to that previously postulated for Ph3SnMgBr, and hence the complex is
formulated as the stannylene complex LXXXIII.

PhZSn:\\\*Z-///, \\\* ’///Ph
/\/\

LXXXIII

Chemical evidence lends support to this formulation. The products of the
reactions with iodine and methyl iodide are readily rationalised on the
basis of oxidative-addition of the reagent to a,“PhZSn:“ species, followed

by phenylation of the resultané product by "FhZnCl", viz.:.
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MeI [ Pnznc1]
Ph Sn.PhZnCl ————>» ZnCiI + Ph MeSnT ———————>. Ph3SnHe
THF
36% 52%
I, [?thCl]

Ph Sn.FhZnCl ——»  ZnClI + Ph Sni ——-)Ph_SSnI + Ph,Sn

THF

7.}

3TR 58% 3%

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 MePh,SnZnCl:

2
THF 2MeOH
MeFPh,SnH + BEtZnCl —————p MeFPh,SnZnCl —————> CH + C.H
2 2 THR 4 66

12% 2174

Nmr evidence confirms the methyl group migration. Addition of TMED to a
THF solution of MePh2SnZn01 causes a shift of the methyl resonance of
§' =-0.78 ppm to & -0.97, the latter position being identical to that i

n

MeZnCl.THMED. Tin-119m MBssbauer evidence, however, does not support form-

ulation as a stannylene complex (formally SnII), but rather the resonance

structures
Ph, Sn“//p \\\‘ Ph, s ’///9 \\5‘
Pth /5 Pth SnPh
\Cl \ Cl /

The actual structure most probably possesses phenyl groups bridging both
tin and zine (cf. triphenyleluminium).

The silylmethylstannyl derivatives, (Me3SiCHé)3Sn oM (M = caq,
Hg), (from hydrostannolysis of EtZM by (Me3SiCH2)3SnH) 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. 1000. The reactions of the staunnyl mercurial have been investigated

extensively:

150°/10 hr

\

Hg + ‘-RGSnZJ—-)Sn + R4Sn

BrCHQCH Br

2
OZ/THF
3» Hg + (R3Sn)20

2BtBr:sunlight
b .

> EtHg + 2R Snbr

2Li/THF Et,GeBr
————————————3» Hg + 2R_).SnLi — l'%SnGeE‘t3

» Hg + 02H4 + R3SnBr

LEXXXIV
[(Mejslcg2)3sn ZHg —— ngZ; X = C1,

> [2R3SanX]~—> 2Hg + 2R SmX
CH,CO_Me, PhCZC,

c°(co)4

-
HgLC(CFg)3

-~
1

22
> E%smgc(c%)ﬂ-——r Hg +
2R,SoF  + 2(c1"3)2c=c:1?2

Ter(erL), |
Hg:._CF CF3 212

CsF catalyst

> | oR_SnHgCF(CF,) | —> 2Hg +
R 3)2)

2R35nF + 2CF

3CF:CF2

The germylstannane ILXXXIV mey also be obtained by the reaction |:19‘7]:
_Hg
c R_SnHgGeEt SnGeE
(Bt,Ge), g + RjSnCl —3 Et;GeCl + [3 sGe 3] —— R, SnCeEt,
The reaction of (I'Ie3Ge)2Hg and trialkyltin methoxides yield the

mixed mercurials LXXXV, which are in equilibrium with the corresponding

symmetrical mercurials:

—He- S . - Me_GeOM
Me3Ge Heg GeMe3 + R_), nOMe MeBGe Hg-SnI'Ie3 + e, GeOMe

3
R = Me, Et ' u

%(Mesce)zﬂg + %(R35n) it
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A;when the reactlon mlxture was 1rrad1ated w1th a sunllght lamp, mercury;cf
_.?'__hexamethyldltln, (Me_Ge). JHe, and Me3GeSnMe3 are produced [ 198] R
3 Mltchell‘i§9] has used the prhenomenon of CIDNP to demonstrate

'ithe free-radlcal nature-of the thermal decomp551tlon of the stannyl-mercurlals

_ LXXXVI (R = Me, Bt), according to the scheme

oy

hus Hg-s R, ’ Bu-SnR; + Hg Bu-Hg®

MeZC=CH2 + Mech

Evidence 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 efford stannylketeneimines: -

t ; ) t
N = -—————} - =C=N.
BuHgSnR, + XCgH,CE c(cn)2 XCgH,CH Bu c(cR)=c=N SnR;
" When the decompositions are carried out with the presence of nitrosobenzene
or hexamethylditin, the'tert—butylphenylnitroxide radical tBuPhNO and

Et3Sn-SnMé3, respectively, are formed.

] Treatment of 1,3~-dimethyl-2-1,3, 2-dlazabor011d1ne w1th trlmethyl—
. stannyll:.th:.um gives the borylstannane LXXXVIT [:2001

© Me
|

, . - : R TN ,
L //;Bf-Cl + LlSnMe3_——f——;> B—Cl - + - LiCi




SR Cleavage of the’ S:L—Sn bond of Me, SlSnBD3 by lithivm dibutylamide - -
;glves a hzgh y1e1d “of the amanSllane Lj41f : ) : !
o M%sis’nﬁﬁj o 'BuZNL:j. PRI 'M%s'imsi;é

' 4%

Lead tetraacetate converts tin-tin bonded compounds to tin acetate derlvat-
ives under very mlld conditions [ﬁ3] ’

o 20° :
Et;Sn-SoBt,  + Pb(0Ac) g ————> 2Et3Sn0Ac o+ Pb(OAc)2
benzene ’ e
. 8T% 90%
200; exothermic
(PJazsn)6 + 3Pb{0Ac) 3 Ph,_ (Ac0)Sn-Sn(0Ac)Fh
. 4 B 2 2.
enzene ,
57%
+ 3Pb(0Ac)2;
1%

Irradiation of miztures of hexaalkyldistannsnes and diarylketones>
in benzene at 20-25° affords bis~stannylbenzpinacols LXXXVIII,

247-C0-Ar  + R Sn-SmRy 2 Anyf—tae,
23
Rsh S,
LXXXVITIT

The derivatives LXXXVIII are stable in non-polar solvents up‘to 209, but
on warming the sqlutions become cherry-red, due to dissociation into the
stabilised radicals IXC; which may also bé obtained from di-tert-but&1~
peroxide and the organotin alkoxide XC, On heating'to 60—700, the starfiﬁg~
ketone and distannane a:e.produced [20{}: w7 » '
o N\ . - 70° : o
LXKKVIIT = 28x80SmRy ———» 2an,00° +  [2RSn~|
: . : P e . 3 o . | ’i,, R
' T-z BuoH Lo R, SoSmR

BuOO Bu +. 2A1- c(os:m3)n )
_ 1
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‘ The reaction of tert-butylperoxy radicals with hexaphenylditin
is first order in both radical and distannane concentrations [éog]. Ingold
has observed a weak esr signal due to MeBSn', rather than the expecfed

strong signal due to Me SnSnMéZEEé radicals, when hexamethylditin is photo-

3
lysed in the presence of di-tert-butylperoxide indicating a SH2 reaction

at the tin centre [203]:

PBuoe  + Me,SnSulle, ———3 Me,Sn0 Bu +  MegSne
12. Transition Metsl Derivatives

Davison has investigated the stability of seven-coordinate tri-
phenyltin-substituted Group V metal carbonyls. The thermally unstable
hexacarbonyl derivatives ZCI may be obtained from the corresponding anions,
although the presence of water is necessary for the preparation of the

vanadium compound.

I CH,C1,
. 1 22 o

{M (dlglyme)n][M(CO)s:' +  PhySnC) Ph33nM(CO) p
MI=K,n=3;MI=Na,n=2 xer
M=V, Nb, Ta

These compoiunds undergo facile cleavage of the Sp~M bond in weak donor
solvents such as ether and THF., For example, in the latter solvent,
Ph3SnTa(CO)6 ii completely dissociated into the [&a(co)g]- anion and presumably
solvated Ph3Sn species. This dissociation is reversible, and on removal

of the solvent, _PhssnTa(CO)6 may be recovered quantitstively. FPhosphine
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

Ph3P and PhZPCH'ZCHZPPh2 is rapid oven at 0°, substitution of the V deriv-
ative is exceedingly slow and is accompanied by much decomposition. Sub-
stitution by triphenylphosphite is similar; PhESnTa(CO)S[b(OPh)sj is formed

in five hours, but Ph3snv(co) g is unreactive. The phosphine substituted
derivatives are more conveniently synthesised by mixing PhBSnC1, the phosphine,
and the appropriate hexacarbonyl metallate in methylene chloride. The

effect of phosphine substitution on the stability is quite merked.
1=h§smr(co)59171;\3 and Ph35nv(co) 4(Ph2CHZ)2 are both stable in THF, in which

the hexacarbonyl is completely dissociated. Ph3SnV(CO)5PPh3 undergoes
complete heterolysis in acetone, whereas the diphosphine derivative may be
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refluxed in this solvent and acetonitrile without change [?04] PhBV(CO) -
(Ph2P0H2)2 is cleaved by iodine at -60° in methylene chloride to afford
1v(co) , (Pn,PeH, ), [?05].

The zirconium and hafnium derivatives XCII are readily obtained
by substitution of the metallocene dichlorides with triphenylstannylsodium

[206].

50
(c535)zmc12 +  PhySnNa ———-————;> (“5 5 ZM(SnPh3)Cl + NaCl

XCit
M = Zr, Hf

Reaction between trimethyltin hydride and Mn (CO) affords
3SnMn(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 reegents, viz. [207]:

BrCH,CH,Br
» Me,SnBr + CH, + BrMn(CO)5
2HgCl,
= Mo SnCl + iﬁg[yn(co)g]z
MeHgX
> He,Sn + HMe,SuX + %Hg[Mn(CO)E]z
X =20, Br
PhHgC1 1
—»> 3P Hz + THg[_Mn(CO) ]2 + Me_SnCl
Me33ni~xn(co)5 ‘ 5 3
v LiAlE,
L MEBSnH
HSiCl
2 = Me C1SoMn(CO). + MeHSiCl
2 5 2
SnCl4
s Me3__xc1xs::1~1n(co)'5 + xMeSnCl;
CF,C001
>

Me201SnMn(co)5

Cleavage of the Mo and W compounds.MeBSnM(CSHS)(CO)3 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
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without any CO formetion:

1»1(3331;.1\1(%115)(co)3 + ngz — e Me33nx + margm(cSHB)(co)3

Tin—carbon bond fission occurs with triallyl derivatives:

(cz12=c:1zcz12)3511141(051‘1'5)(co)3 + HgK, ——»=CH,=CHCH,HgX +

2 2
(cB,=CHCH, ) ,Sn(X)M(C_H, ) (O

Treatment of the trimethyltin derivatives with organomercuric chlorides in
acetone rapidly yields the mercuriels XCIII, which subsequently undergo slow
symmetrisation [208]:

1~1e35111~1(05f£5)(co)3 ~+ RHgCl ————3» MeBSnCl + RHgM(CSHS)(co)3

XCITIT
R = Me, Ph, CH_=CHCH

2 2 R,Hg + HgE‘I(Csﬂs) (co)3]2

The compounds (Csﬂs)Mo(CO)z(L)SnMe3 (L = PPh, P(OPh)3, PPhMe,,
P(OCH2)3CCH3,-A3 . SbPh3) are prepared by the reaction of the anion
[Kcsﬂs)MQ(CO)ZL _.with Me_SnCl. The P complex may also be synthesised
by the substitution of (CSHS)1~Io(co)3311111e3 by P at 160°. The derivatives

Mo(CSHS)(CO)(L)JZ [209].

Lappert has synthesised several tin-transition metal derivatives

v disproportionate at 200° giving Me4Sn and Mezsn

using allkynylstannanes according to the schemes [?10]:

( Yo (CO) refluxing diglyme ( o (CO)
C_H_)Mo{(CO + Me_ SnCCPh - P (C Mo(CO)_ SnMe
5% 5 2 5 PR 5% 5

)

TEF; 20°; + hr
002(00)8 + MeSSnCCPh = Me

3s:acO(co) 4

(PhaRP)nPt + R'SnCCPh —-——».(1=112R1=)apt(ccml)sﬂfu3

R =Me, Ph; n =3, 4; R' = Me, Et
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. S
(Ph3P)3Rh01 ' — o (Ph3P)2Rh(CCPh) nMe.,
: ' Me,SnCCPh €0 or
1LiCCPh ,
CgH, 7CHO
A\ co A
(Ph3P)RhCCP"n . (P}J3P)2Rh(CCPh)CO
MesanCPh
(PhBP)?Rh(Cl)C'O
I-Ie,),SnCCPh
(Ph3P)21r(C.1)CC > (P213P)2Ir(CCPh)ZSnMe300
LiCCPh
Me_SnCCPh
(PhZP)z(CCPh)CO

The crystal structure of [(Hezsn)Fe(CO)4]2 has been determined,

and is shown in Fig. 9. The four-membered Fe23n2 ring is planar with a

It

Fig. 9 The structure of E‘Ie SnFe(CO) :‘2 [_21 1] (Reproduced by permission
of the Chemical Soclety)

Fe-Sn~-Fe bond of 1030. The Fe-Sn be. .istance corresponds closely to the
sum of the covalent radii of Fe and Sn v [21 1J Marks has reported that
compounds of this class undergo rapid homolytic cleavage of the metal-

metal bond in solution in the presence of Lewis bases (L) to give 'stannylene’

complexes:
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R

2
(oc), 7 / \F (co) —_— {0c) ,Fe<s— SnR
4 E\ e 4 e oo 4 e ? >
Sn L
R,

Similar equilibria may also be detected for stannylene-chromium carbonyl

_ complexes:
rapid
R,Sn ~—x>cr(co)5 + L _——— RZSn—>Cr(CO)5 + THE
THF L

Triphenylphosphine, however, causes displacement of the stannylene [?12]:

A 1 11"
+ RZSn

RZS’n—>Cr(CO)5 + PP — 1=h31=—>cl-(co)5

THF + THE

Tris(triphenylphosphine)nickel undergoes double oxidative-addition
of R,SnCl (R = Me, Pn) to give the stable complexes Ni(PPh_j)Z(Sn}%)201
Preliminary X-ray analysis of the trimethyltin derivative indicates a
trans, trans,trans octahedral configuration about nickel [213:L

The reaction of trialkylstannanes to trans-(Ph,P),(CO)ClIr are
complex, However, with the dihydrciridium complex (Ph3P)(Me3Ge)(CO)(H)21r
XCIV, displacement of trimethylgermane occurs and the analogous trialkyl-
stannyl complex is formed. Using Me3SnD, both Me3GeH andVMe3GeD are formed
and both iridium protons are equally deuterated, suggesting a mechanism

involving reversible dissociation and reversible oxidative-addition steps

[214]:
N

XCIV . + Me,Gel

PN 5

= Ir + Me_SnH(D)
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13. Divalent Derivatives

The cyclopentadienyl rings of dicyclopentadienyltin are easily
removed by protic reagents leading to a wide range of previously inaccessible
inorganic tin(II) derivatives [215,216].

MeOH
- Sn(bie)2
HON=CRR!
o Sn(ON:CRR’)2
(HON=CMe)., = . _ON=CMe
o “ON=CMe
HO.NR.COFh

B Sn(O.NR.COPh)Z

HOSi
Ph3 .

311(05117113)2
N N-E
" Sn | XN N
- a
(0535)2311 2 WP
\IHI I\{sz\
—> Sn N
N2
HSR

. - Sn(SR)2

~

(BSCH,), /Sj

—  Sn
S

— Sn(CN)2

> Sn(Noj) 5

Halide-ring exchange takes place with stannous halides in THF producing
mono-organotin(II) halides as white crystalline solids:

\
(CSH5)ZSn + SnX, —> CSESSnX

X = Cl, Br
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Mono-organotin derivatives may also be prepared by protdiysis:

PnOH HC1
—— —_—
CSHSSnOPh (C5H5)25n c5355nc1

Although monomeric in solution, the solid state structure of the mono-
organotin halides is thought to involve halide bridges [2173:

c ¢.H c
SHS\SH-. 5% 5H5\ .

~, \x/sn"\x/sn;\

Amma has synthesised and determined the structures of two more
arene—tin(IT) derivatives. The complexes [%r.SnCl(AlCl4) A (Ar = Fn,

p—MeCSH4Me) (from SnCl2 and a deficiency of AlCl3 in the aromatic solvent)

exhibit distorted octahedral coordination at tin. In both complezes the
C6 ring is axially symmetric (viz. Fig. 10) [218].

Fig, 10 The structure of [?—Me06H4Me.SnCl(AlCl4i]2 [é1é]. (Reproduced by

permission of the American Chemical Society).

14. Applications
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 ofvoctadec—9—ene—dioic acid [é?é].
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Several patents report application as pesticides 5351), 220—-226], fungicides -
[24, 33, 35, 227—229], lubricant antioxidants[-230 s stabilizers for halogen-
containing resins [130], epoxide polymerisation catalysts_[231,232:|, cata-
lysts for polyurethane foam production [233]. A report documents attempts
to prepare organotin compounds possessing antimelarial activity E234].

15. Physicel Measurements

(i) Bond Energies

Pedley has evaluated the thermochemical bond energy terms B(Sn-X)
for a number of compounds: Me_SnOH, E(Sn—O) =77 kcal/mole; Me3SnOEt,
E(Sn-0) = 66 kcal/mole; Me,5nC1, E(Sn-C1) = 75 kcal/mole; Me, SnBr, E(Sn~Br)
= 61 kcal/mole; MeBSnI, B(Sn-I) = 45 kcal/mole; Me SnSBun, E(Sn-S) = 52
kcal/mole; Me,SniMe,,, E(Sn-N) = 41 kcal/mole; (Me Sn)zNMe, E(Sn-N) = 48
kcal/mole; (Me3Sn)3N, E(Sn—N) 42 kcal/mole [238?’. Sisler has estimated
the bond dissociation energy of the Sn~P bond to be 44 kcal/mole [192].
D(Me3Sn—Me) has been estimated to be 64.5 kcal/mole E‘l—G].

(ii) Infra-red and Raman Spectira

The following compounds have been the subject of study in varying
degrees of detsil: Ph.RSn (R = “Bu, 'Bu, Neophyl)(IR) [28]; stannylcarb-
oranes (IR) [237]; organotin ferrocenes (Ir) [25]; EtBSnCH?.COzMe (IR) E239];
benzyltin (Ir, R) [240] and para-substituted benzyltin (IR, R) compounds
[241]; we soF,  (n =3,2,1), Me,SnCIF, MeSnC1F (IR, ) [%ai]; He,SnF,,
Me,Sn(C.H,0,), and Me,SnC1,.2DHS0 (single erystel R) (242,243] ; agducts of
stannous halides with dimethylacetylene dicarboxylate (IR, R) [98_-];
R,SnCl,.mR EO (R = Me, Ph; m = 1, 2; E(: ¢, N, P, s) (Ir) [103,103%;
organotin complex anions and cations (zr) D05,106:l; substituted cyanamide-~
PhBSnBr complexes and N'-cyano-S-(triphenylstannyl)-isothiocureas (IR) [116_];
diorganotin diisothiocyanate complexes of terpyridyl and-B—-(Z-pyridylmethyl—
eneamino)quinoline (IR) [120]; (Bu3Sn)2NEt, BuBSnNRR’ and Buzsn(NRa)2 (Ir, R)
[244]; Me SnPHPh (1r) [245]; Bu_SnNSO (IR) [119_]; trialkyltin pyrazoles,
imidazoles, and triazoles (IR) [185,186); adducts of Bu,SnN=CPh, (IR) [180]
and I‘le,j.SnNHeS:‘LMe,5 (IR) [_181] with various unsatu:zjated acceptor molecules;
Me;Sn0,CCH,CH,PEt, and Me,Sn0,CCH,CH,COPEL, (Ir) [1 aa]; triorganotin oxides
and hydroxides (IR) [121]; BuZSn(o—X06H4NHZ)(OH) (x = o, NH), BuZSn(o—CGH4NH),
BuySn(o-YC.H,NE,) (Y = 0, 5) (IR) [129]: trialkyitin derivatives of thio-
glycol, glycollic acid and thioglycollic acid (IR) [176]; I'IeBSnONEtz,
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R SnONR'.COPh (R = Me, Pr, Ph; R' = H, Ph), NEY, H' Ph $nONCOPR~ (IR) [142];
RnSnE)NC(CN)Z] 4en (R =Bu, Pn; n =2, 3) (IR) 644]; Me, Snsalen (IR) [246];
dimethyltin phthalate, molybdate, and oxalate hydrste, o-pvhenylenedioxy-
and 2,2'-biphenylenedioxydimethyltin (IR) [247]; dimethyltin chlorocarboxyl
ates (zR) [551]; 1,5-bis(dicarboxyleto)tetramethyldistennoxanes (IR) [352];
allyltin carboxylates (IR) [150]; R,Sn0,SR, R,Sn(0,SR), (R = Me, Et, Bpr,
“Pr, Bu), (B;Sn),S0, (& = Me, Et, "Pr, “Pr) (IR) 156,157 ; Ar Sa(0,SAr),
(n =2, 3; Ar = Ph, PhCH,, o-, m-, p-Tolyl) (IR) [159_]; methyltin chloro-~
sulphonato compounds (IR, R) [161]; dialkyltin bisfluorosulphates, bis-
trifluoromethanesulphonates, and bisdifluorophosphates (IR, R) [162];
organotin dithiocarbamates (IR) [:167]; Et, NT RzSn(s,c,(eN),) ~ (R) [172_];

4
Me,SnSeCOPh (1R) [179); (PhySn)M.L (M = Zn, C4; L = TMED, bipyridyl) (IR)
F%]; (CO) M. PPh Snle X, (M = Cr, Mo, W; n =3, 2, 1; X = C1, Br) (IR)
190_]; Ph3SnH(C0)6, Ph3SnI-I(CO)5PPh3, PhBSnV(CO) PBu,, H13SnTa(CO)5P(OPh)3,

PnSa(C0), (P 2CH,), (m = ¥V, Wb, Ta) (IR) [204]; (CH,)Mo(cO),(L)sSnMe

(L = PPh,, PPhMe_, P(OCH,)_.CCH,, P(OPh)_, AsPh,, SbPh_), and Me Sn| (C_H.)Mo(CO)_ L
2 2 2

3 3 55

(L = PPhj, P(ocnz)3cc113) (1R} 209]; a11y13SnW(CSH5)(C0)3 (1r) {208};

(pPng) Pi(ccEn) (SnR*5), (PPhy)Rh(CCPR),SoMes, (PPn;)Ix(CCPR) Sadeco (1R) [210]

(PPh3)2(Me3$n)(CO)(H)zIr (IRr) [:214]; I-Ie2CISnMn(CO)5 (r) Eo_ov]; Ph_jsm-rn(co)s,
PhSuMn(C0) , (PPh.), and Ph,SuFe(c0),(C,H;) (IR, R) [248]. The vasicities
of "alkenylstannanes | 249/, tributyltin aryloxides and dimethylaryltin
methoxides EP_SO] have been determined. As expected, for the two series

of organotin alkoxides, the elctron releasing substituents on the aryl

groups increase the availebility of the oxygen lone pairs [:250:'.

(iii) Nmr Spectrs
Much chemical shift end coupling constant data has been accumulated
during 1972, and is listed here according to the nucleus under examination.

¢

Tetracyclopropyltin [251:]; Me SnC.H., Sn(CoH,),, and (CoH.) Sn-
Fe(C0)2C5H5 - [68,71]; C5H4(Sn1'les)2 [67]: trimethylstannyl-2,4~cyclohepta—
diene, 1,1-dimethyl-4-trimethylstannyl-2,5~cyclohexadiene |64 ]; R;PhSn (R =
®su, 1Bu, Neophyl) [28]; ot-NpMePhSnR (R = CH,~C-CHMe, CHMeC==CH) [29];
M%Mmm@:MJ%wmmWmeWﬁﬂmMﬂW=MJ%M,
Me, Sn(CHZMe) (2 = Et, Pr,; n =2, 3), and Me Pr°Y HexSnCHMeFn [72];
dimethyltin derivatives of substituted ferrocenes [?6]; 2-vinyl-4,4,6-tri-
methyl=1,3,2-dioxaborinane - triorganotin hydride adducts [77]; sec~butyl-

and of-deuterio-sec-butyltrimethyltin [40 J; R,Sn(CH,) CE=CER' (R = Me, Et;

2.
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R* =H, Phy n=1, 2) [256:'; cis- and trans-4-tert-butyl-cyclo-hexyltrimethyl-

tin [193); MeSrR; (R = Me, CH=CH,, FPh, 2-thienyl, 3-thienyl, 2-furyl, 3-

furyl), Sn(CGH4X-p)4 (X = OMe, Me, D, Cl1) [257]; (YCsH4CH2)nSnCI o (¥ =

H F, Cl3 n=2, 3, 4) [258J; tert-butylphenylneophyltin iodide t259_];

Me,Sn, Me SnX, . (X = Pn, C1, Br, 1), Et,Sn, EtSuMe,, Et,SnMe, Et;SnX x =

c1, Br, I), Et,SaCl, [gsq]; Bu,SnCH,Ph and tributyltin succinimide [?9@];

mixed tetraorganotins [ésg];'Me3SnR (R = Me, PhC=C, PhS, PhO, C1, Br, I)

(255]; Pn,Sn, PnSnCH=CH,, PnSnN,, Ph,Sncl, [254]; Me SmNso (119];

Me SnCl, . (NE)2SMe2 (n =1,2,3) [104}; N-trialkyltin derivatives of imid-

azoles, pyrazoles, and triazoles |186|; addition compounds of Bu3Sn.N=(:1=h2

[180] and l\ie381r.\.N1"IeSn.Me3 [181] with various unsaturated acceptor molecules;

MeSiPHPh and Me,SnOPHPh [245]; Me,SnPPh,, (CO)M.PPh Sule X, (M = Cr,

Mo, W; X =Me, C1, Brin=73, 2, 1) [jgo ; Me,Sn0,CCH,CH,PEt, and

Me;Sn0,,CCH,,CE,COPEL, [188]; (R,;Sn0CAT)) [goéj; bis(acetylacetonato)organotin

compounds [255]; organotin carbamates 667]; Me3SnSeCOPh [179:‘; Et4N+

MejsnSZCZ(CN)Z— [172]; trialkyltin derivatives of thioglycol, glycolic acid,

and thioglycolic acid E1'76_]; Me SnONEtz, HeBSnONR.CO.Ph (R = H, Ph) [1 42:';

dimethylchlorotin carboxylates E:151:|; Me3SnS.CO.NMeZ, Me3Sn.E CNMe2 (& = o, s)
[261) s o-, m-, and p-tolyltin chlorides and erylsulphinates f}59]; Et,SnOR

(2175 (men=0)" (Me,Snc1,)” [106]s Me Sn(CO),C H, (M = Mo, W) [208];s
(CSHS)MO(CO)Z(L)SnMe3 (. = PPh, P(OCH2)3CCH3, P(OPh),, PPhMe,, AsPh,, Sb ),
(cgH5IMo(C0), (L) SuMe, (L = PPhy, P(0CH,),CCH,,) [209]; ( h P), (teSn) (c0) (8) ,Ir
F?qj; PoStM(C_H,),C1 (M = Zr, Bf), Me,SnZr(CH;),C1 [205]; Ni(PPn), (snie,) C1,
213]; “BublgSnRy ]5199]; Me GeRgsnlle; [198]; MePn,Snznc [1 95]; C.H_SnX

(x = c1, Br) [217). 72

13C:

Me,CXlNe. Cille,CC1,H, He,SnCTMeCH e (X = K, D) [40]; trimetny1-
stannylindene [:70]; MeBSnSPh [295:).

14y,

T Ph,Snl, [254] .

19,

Sushr (Ar = C4H,F-4, C.H Me,-2,6-F-4, CH Br,-2,6-F-4) [262)
trimethylstannyl [_263] and triphenylstannylmethyl [264 fluoronaphthalenes, .
fluorobenzenes, and fluorobiphenyls; MesanF CF Hn(CO)B,

22

Me3Snc(CF3)c(CF3)=c(CF3)c(CF3)Mn(co)5 [?65].
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315,
(R35n)nPX3_n (R = H, Me, Bu, Ph; X = H, Me, Ph; n =3, 2, 1)
(266 ; Me,snPPn,, (CO) M. PPh,Site X; (M = Cr, Mo, W; X = Me, C1, Br; n =
1, 2, 3) |190].

55

Mn:
PhySun(co), [267].
119Sn:

Me,SnC1/solvent interactions [101]; ethyl- [268]) and venzyl- [258]
tin compounds; di- and trialkyltin alkoxides 26?]; organotin carboxylates
[270]; Me,Sn(CH,) CH=CH, (n =1, 2, 3) [256]; RSnCl; (R = Me, Et, By,
octyl, Ph) |126].

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 [27{].

(iv) Tin-119m MBssbauer Spectra

Tin-119m MBssbauer studies of organotins have been the subject
of .a thesis [?72]. Bancroft has deduced the quadrupole moment of 119511
to be -0.06220.02x1072% 1 [273]. Clark et al have used a simple molecular
orbital model for the correlation of MBssbauer quadrupole splitting with
stereochemistry in organotin(IV) compounds [274].

Data is available for the following compounds: Sn(CH_)_SR!?
(R = Me, Et, Bu; R' = Ph, p-tolyl), BuBSnSR' E3s]; (RSCHZ):”Sn (R = Bu, Ph),
BuZ)SnCHZSPh, [PhSCHZSn(O)OZC‘Me 4» (FhSCH,),Sno [34]; (c B )Fe c,553(01121\114r¢32)s:ﬂ3u3
(5 Fe and 119Sn) [?5]; organotin derivatives of o-~, m-, and p-carboranes
[?75]; triphenyltin compounds[?76]: triorganotin derivatives of imidazoles,
pyrezoles, and triazoles Ess]; R,Sn(NCS),.L (R = Me, Bu, Ph; L = bipyridyl,
terpyridyl, 8-(2-pyridylmethyleneamino)quinoline), [#ZSn(NCS)terpy%]+ [éPb4 -,
Bu,SuF,, . o~phenanthroline [120]; RySnOE, R.SnOSmRy (R = Me, Bt, Pr, Bu, octyl,
Pn) [121]: di- and trialkyitin alkoxides 269]: He_SnONE®, R SnONR.COPR
(R = Me, Pr, Ph; R' = H, Fn), NEt3H+ Ph3 nONCOPL 1342 s dimethylchlorotin
carboxylates [151]: monoalkyltin orthosulphites [160); diellyltin bisfluoro-
sulphates, bistrifluoromethene sulphonates, and bisdifluorophosphates [}62];
MenSnClm(SO,’,X) 4—(n+m) (n,m =0, 1, 2; X = P, CF3) [161]; dimethyltin ozalate
monohydrate, phthalate, molybdate, tungstate, and carbonate, o-phenylene-

diozxydimethyltin [?47]; MeZSnsalen [246]; organostannonic acids, organo-
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stannstranes, and organotin sesquisulphides, BuSn(OMe).:. [126]; R,SuR’

(R = Bu, Ph; R' = Ac, CH,CH,SSnBu,, Ph, CgH,-NH,-2, Ph,SnSC.H N-2,
Ph3SnSCSH4N—4 [}6??; organotin dithiocarbamates [iGi]; diorgenochlorotin
dithiocerbamates (170 ; Bt SnX,  (n =4, 3, 2; X =Cl, Br, 1) (277k e, suF,
MeStF., MeSnCL,F, Me,SnClF, R,SnF, (R = Me, Bt, Pr, Bu, octyl) ESE

stannous halide adducts of dimethylacetylene dicarboxylate [_98]; RZSnClZ.nR&EO
(n=1,2;B=0¢, N, P, S) 103,103a ; tin-mengenese [278—282:] and tin-

iron [281,282] bonded compounds; C_E.SnX (X = c1, Br) [217].

3

55

(v) Mass Spedtra
PhRBSn (r = tBu, iBu, Neophyl) E28]; trimethylstannyl-2,4-cyclo-
heptadiene and 1,1-dimethyl-4-trimethylstannyl-2,5~cyclohexadiene L64];
5s10~dihydrophenazastannanes [2831 10,11—dihydro—5E-—dibénzo b,f-]sta.nnepins
{283]; mixed tetrsalkyltins and trimethyltin halides |284]; PhéénCl(SchEtz)
{170]; 2-(tributyistannyl)-4,5-diethyl-1,2,3~triazole {186]. -

(vi) Ultra-violet Spectrs
. t i . . .
Sn (R = "Bu, ~Bu, Neophyl) [28]; trialkyltin triazoles [JBG];
(ph_Sn) M.L (M = Zn, Cd; L = bipyridyl, TMED) ‘:196]; (PPh3)2Ni(C1)2(SnR3)2‘
[213_]; (CSH )Mo(CO)z(L)SnMe3 (L = PPh, P(OPh)3, PFhMe,,, P(OCHZ)3CCH3, AsPhy

Sb?hj) [2093.

(vii) Electron Spin Resonance
Spectra due to the following organotin radicals have been observed:
- [ L4 -
- H_CH-CHC s H
Bt Sn(jHCHT:, Bu,SnOCECE,,CH, [?85], Bu, SnCH, CH-CHCE,, [286], Me SnCHZCHZ.L_ZS'?—_],
Me SulE,, 288 [; Bu,SnCH,CHEt, Et,SaCH,CH, [289]; Me,Sne [203 3 R_SnOCAr,

3 3 2
(R = Me, Bt, Ph; Ar = Ph, p-tolyl, p~Me SnC6H4),

3

3
(R = Me, Et)

OStR; [202]

(viii) Kinetic Deta

Rate constants have been determined for the following reactions:
Homolytic substitution of tetraalkyltins by N-halogenosuucimides [290_}
reaction of tert-peroxy radicals with nPJ.'3SnCl [2_85] and hexaphenylditin
anj; hydrostannstion of 2-vinyl-4,4,6-trimethyl~1,3,2-diozaborinane with
R SuH (R = Me, Et, Pr, Bu, Ph) [77:); ozonolysis of hexaethylditin [291];
self-reactions of Me_Sns end Me.SnCH, radicals 203]; the pyrolysis of

3 3 2
tetramethyltin [46]; the cleavage of cinnamyl- and benzyltin derivatives
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in. strongly hasuc aqueous or alcohol:.c DMSO [58] the cleavage of PhHeBSn R
by KOH in aqueous DMSO [59]

(1x) Hlscellaneous , :
L Dlpole moments have been.evaluated for the follow1ng comnounds.br
e | snc1 (n = 1-3)’[}55]- Bu3S C_RR (R = Bt, Ph),'Bu3S 5C,HFh [186];
1ron—, molybdenumy, and tungsten-tln bonded compounds | 292 |.

Molar conductances have been measured for RZSn(NCS)2 L (R =
‘Me, Bu, Ph; L = terpyridyl, 8—(2-pyr1dylmethyleneam1no)qu::.noln.ne) [120]'
NEt, R3Sns c,(cn),” (R = Me, Pn) [172]

' Polarography has been applied to Me,SnCl, [109] and E4SnCl [ 08:]
in aqueous solution. :
35Cl nuclear quadrupole resonance frequency of P-Me3an6H401
has been measured. [293]

The hellum-(I) photoelectron spectrum of tetramethyltin has been
reported and assigned using a simple molecular orbital model [?94] The S2P
ESCA ionisation energy of He3SnSPh has been determined [?95]

Crystal data for Ph,Sn have been compared with other Group iv
tetraphenyls [?QQJ X-ray powder data are available fo: Et4N R3Sn52C2(CN)2
(R = Me, Pn) [172].

Optical, electro-opticel, and electrical properties of single
crystal of Ph4Sn have been investigated [?Qj]

The Del Re method has been used to predict bond orders [éQSJ
spectra [é93] and chemical reactivity [}OKB of organotin compounds.
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