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Durlng 1974 2 new 1nternaulonal series of symp081a Wwas: 1nst1tuted to
dlSCUSS advances in the organic chemlstry of germanlum, tln and lead. The

,empha51s of the flrst symposium clearly lay towards tln. all seven of the

'plen:n-v lectures and thirty four of ith

1]
{
I

. being wholly or in part concerned with diverse zspects of the chemistry of

1 ’ ’ .
-this metal. The second symposium is scheduled to be held in Utrecht in 1976.

1.. REVIEW ARTICLES.

Several reviews have appeared which contain sections devoted to
aspects of orgauofin chemistry. Perhaps the most interesting is that by
'Thayer which deals with the interaction of organometallic compounds wit
iiving organisms. Other subjects which have been reviewed are stannaborozanes ,
,fiuxional organotin compoundéi, organotin peroxy compoundés, O-organotin
hydroxylamlne and oxime deri vaulvesa, cycloalkanes containing heterocyclic

fin7,the preparation and chemistry of tin-free—radicalss, the ligand character—

istics of the Me . SnCH - groupg- the chemistry of coordinated organotin-
substituted phosphines10, and the production and use of organotin compounds“°
The use of organotin compounds as stabilisers for PVC has also been»reviewediza
M8ssbauer data for monoorganotin derivatives has been collected together and

efraluatedza?°

2. COMPOUNDS WITH FQUR TIN-CARBON BONDS.

Crystals of tetrakis(pentafiuorophenyl)tin. ( CoFs 4Dn, consists of
discrete molecules with exact Z-crystallographic symmetry (Fig° 1). The

Sn-C bond distance and CSnC bond angle are 2.126(8)% and 105.5(4)°, respectively
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4Sn along the molecular 7 axis. (Reproduced by

?ig. 1. View of (06F5)

permission of the American Chemical chiety).

Transfer of methyl groups from triﬁethylgallium to tin films forming

and CF_ radicals abstract

tetramethyltin has been observed at 190° 4, oo, 5

hydrogen atoms from tetramethyltin:

CX + L
>

Not unexpectedly, H atom abstraction is more efficient with CF3 radicals; the

SnCF,

-

W

reactivity ratio RCF3/RCD being ca. 58 at 373K15° The reaction of He
_ 5 .
with GFBHgOZCGFB proceeds with Sn-He bond cleavage giving MeZSn(CF3)02c-0F3 o

and CFBHgMe:

esSnCF; + CF.Hg0,CCF; —> Mezsn(CF3)OZCCF3 + CF,HgMe

Rél‘eiepces p. 346,
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'Me3anF3 and pentafluorobehzoyl fluoride were heated at-either 14o° or. 2oo°,
but- J.xsertlon of of difluorocarbene into the’ term:mal C-F bond took place on
: heatlng He35n0F3 with p~C.F OCF(CE‘ )CE‘ OC.L'(CE )C(O)F at 140° 17,

Mé SnCF3 "+ C.F_OCF-CER oc':F-c(o)-.F —_9. C,F,OCF~CF_OCF-C(0)-CF

3 3TH 3 o i 277 3
: CF.). CF.). - C‘.E‘3 Cl‘"3
49%
+ MeBSnF
83%

19

Both Seyferth18 and Bulten “ have published routes to small-ring

stannacycloalkanes. Seyferth has synthesised the first distannacyclobutane,

I, via the lithium reagent (I'Ie.).Si) ,CBrLi according to the scheme:

Me_0 ' Me,SnC1

2
(Me s1) oCBrli + Buli ——> (Me i) ,CBrLi
-115° -115"],

2

}Ie3S1 >< S:.I'Ie
Me 2Sn><
Me Sl SiM

I 20%

Other ti_ﬁ—contéiﬁing prodﬁcts present in trace guantities were tentatively

3 ifi i i by o ition to
identified as 1"Ie25n[(}13r(S:.HeB)2]2 and (HeBSl)QC(San Ie2)2 In additi
spectroscdpic data, T was also characterised chemically by its reaction with
an equmolecula.r amount of methylllth:.um at room temperature followed by

hydrolys:.s in.th aqueous NH 4CI° Th:.s procedure y:r.elds (He Sl) (Me Sn)CH and

: 3Sz:l.C(S:l.l‘!e ) SnHe C(S:_Me ) H whq.ch are the products expected to ar:.se
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from hydrolys:Ls of II and III the expected cleavage products from the.

. reactlon of methylllthlum w:Lth I:
Meli )
_.9 ] i i iMe.. 3
I (Me3SJ_)2(Me3Sn) CLi + Me3Sn(Me3S:L)ZCSnMe20 (slmep)zxa
IT © o IIT

NH401/320
(Me3Si)2(Me3Sn)CH + -Me3Sn(He3$i)ZCSnMeZC(SiMe3)2H

The reaction of I with two moles of bromine irn refluxing methenol results

in only -partial methyl group cleavage from tin yielding IV.

3 5
Br
MeZSn Sn/ v
T~Me
Me3S:_ S::.!‘Ie3

The ‘.reactionof the bis-Grignard ieagent Bng(Cﬁz) 4I'IgBr ‘or magne'éium
cyclopentane with dimethyltin dichloride yields s 1:1 mixtures of dimethyl-
stannacyclopentane V and polymeric products VI even under optimum rezction
conditions. Treatment of 1,4-dibromobutane either with MeZSnNa2 in liquid

ammonia or with MeZSnLi:2 in THF or HMPT gave only traces of V:

Brig(CH,) MeBr

Mezanl o : » A )
Y
gezen ‘ * MeZSn(CH2)4 n

Mé:::i] | i | v vI

" References p. 346
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_Dla.kylstannacyclopentanes and -hexanes may, however, be obtalned in~ hlgh i

ylelds (>80%) by the dlsproportlonatlon of aca-bls(trlalkylstannyl)alkanes i

&t 250-280°:

R3Sn(CH 3 SnR3 —_— R4Sn + RSn (0512)n n=4,5

N
The reaction is enhanced by Zn012 or AlCl3 catalysis, although these
catalysts a;éo facilitate ring-opening to afford polymeric species. 1,1=
Dimethylstannacyclohepfane is formed in onlf.gg. 40% yield even when the
'reaction>isrperformed in great dilution. Only traces of ring compound could
geAdete'cted in the case of the corv.'e—s .—,19;20

The 'lithium-salt' method has, however, bee.n employed successfully

to prepare. the more sophisticated tin-containing carboeyelic compounds VII

and VIII from Me28n012 and the appropriate dilithium salt:

Me Me
Ssot”
Li I/—\ SNl N
oie_SuCl. + 2 UF) _— (CF%I/H/\ L/(CFZ)
Ii Ssd
Me \Me
(ref. 21)
n = 2, 3, 4 . VII
Biofo
MeZSnC12> + (Llc2 10 10) MMe -5 HeZSn MMe2
. N\ -~ -
M= Si, Ge B,oBio - (ref, 22)

IThe'stannacyclohéxadiene IX has been obtained in_58—68% yields By'the zddition
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‘of ‘dibutyltin dihydride to the diynes '(Hcéc)zcﬁo:{e:; B

: R Hecgﬁ ‘ X EX, Z\n '
_Bu,_SnH + (HC——G) cnone — ﬂ)] —_— s E/u - -
22 ABIBN u‘s " B=pP ¥§ R
Bu2 : :

< , X
‘The compounds IX may be converted into substituted phospha—- and arsabenzenes
X by treatment with phosphorus or arsenic trihalides in the presence of

triphenylphosphineZJ°
The synthesis and reactivity of tetraorganostannanes containing a

;sulphoxid.esz and sulphones protolyse the Sn-N bond of stannylamines

affording the appropriate %-stannyl derivatives:

Bu,SulBt, + PHSOMe ~——> Bu SnCE,S0,Ph ' (ref. 24)

BujanHez + MeSOR —> Bu3SnCH280R (ref. 25)

(}.\_I'—Alkyl—g—methylaminomethyl)tributyltin compounds, Bu'BSnCHZNRMe, from. the
reaction of Bu3SnLi‘with either‘§g§facetals, isoxazolidines, imidazolidines,
or sodium N, N—dlsubstltuted amlnometba.nesulphonates, exchange m.th butyl-

lithium to afford the corresponding lithium dériva‘bive:z31

Bu.3SnLi + MeRNCHZX e I-IeRCH SnB + LiX
{ .

Bu4Sn '+' L:LCEZN"IeR i

0 Na;’ R PhCH-. Me.NCH CH_. Me(OCH CH.

" References p.346



248 . T e
' x-Stannylamines have been used as a source of the CE,NRL ligand in the forma

“of maﬁg_énese', carbonyl qomplexés;'

R, SnCHNR) = +  Mn(CO).Br ———> RINCH, Ma(CO),
R' = Me, Et, Pr, Bu, I-IezCHCH2
Wardell has investigated «- and p-sulphur-substituted stannanes27o The
w—substituted compounds are available by metathesis of Ph3sn1,i and

"C1CH.SC_H, Me-p and also of Ph.SnCH X (X = €1, I) and NaSC,.H,Me-p:
- & U 7 P4 U &4 - .

Ph3SnLi Ph3SECH2X
+ —_ Ph3SnCHZSC6H 4Me—_g & +
C1CH,SC.H,Me-p NaSC,H,Me-n

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

radical addition of HSCSH4Me—_r_:_ to Ph.j.SnCH:C’HZ:

(b) free-radical addition of PhSnH to CH,=CHSC4H,Me-p:

Ph,SaH  +  CH,+CESC.H,Ne-p __ABIBN Ph,SnCH,CH,5C,H, Ne-p

and (c) from bis(triphenylstannyl)magnesium:
(E%Sn)zMg ~+ 2BrCH,CH,SC.H Me-p ———> Ph,SnCH,CH,SC.H, Me-n

;I‘_T;-(2§Triphenylstannylethyi)e.mines XI may also be obtained by metathesis

from PhZSnLi and the appropriafe 2-chloroethylamine in THF:



.v i i 3 ) . . L ' - . ‘ : - ,» B
Ph3Sng +. CICE,CHNRR'' PhSSnCHetm NRR' Ph Sn
©XI

R = R' = Me, Bt, Ph; R,R! = (cnzcaa)ao; R = Me, MeCO, R' = Ph

Ph3SnC H NHFh was isolated in low yield from the reactlon of N—(2—chloro—
ethyl)acetanilide with PhjsnLl. The szme compound was also produced by )
either hydrolysis (alcoholic KOH). or reduction (LiAlHA) of Ph,,SSnCHZCHZN?hCOMe,
Reconversion to the acetanilide.derivative may be accompliéhed using ascetic
enhydride., The A
hydrogen halides (HX) varied with the substituents, R and R', and the reagents
MeX and HX. The quaternary ammonium salts or amine hydrohalides XII producedr
from Ph,SnCH,CH,NR,, (R = Me, Bt) and MeX or HX (X = Br, I) are unstable, and

decompose by nucleophilic attack of X~ et tin forming Ph3SnX, ethylene, and- -

alkylamines:

T r —— n .+ -} . O
(v}

rn_jo‘n nzbnzﬂnz Ph35n—’CH M—CH ENR B ru3 J1 8 +
2 2 2 —_—
—_—
+ ) . CH_=CH, + NR,E
%< 272 2

EX L J

XIT
E=Me, H

The corresponding chlorides, XIT (X.= Cl), are stable, but a2re converted

quantitatively to (2—alkylaminoethy1)phenyltin dichloride hydrochlorideS—XIII

in the presence of excess HCL by electrophilic attack of E' on the phenyl
groups.
Ph_SnCH,CHNR,HE c1~ .oxcess HC1 01 PHSCH,CH NR§ 01~
_ s
b5 SnCH,CH Ry pPhSnCH,CH R,

XI1I

The reaction of ﬂf(2—triphenylstahnylethyl)arylamines with HC1 affords

References p. 346
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‘:Vm:n.xtures of Ph3Sn01, Ph2SnC12, PhSnClB' e.nd sec—arylamlnes, as 3 resu.‘l.t oI
competltlon between nucleoph:Ll:Lc attack of c1~ at the tin atom a,nd the electro-

-phJ.l:Lc attack of H' on the phenyl groupszso

-VVDergu.nov,_ej_: al. have sfudied .the reactions of Bu3Sn(CH2)3NCQ yan's
’withr a va;ciety of reggents., With ﬁater and isobutyl alcohdl, 1,3-bis 3-
(tributylsta_ﬁnyl)propyl urea XV and isobutyl[B—(tributylsta_nnyl)prOpyl]—
Lcarl')amate I (R = isoBu) are produced quantitatively:

1: Y ROH
Bu3Sn(CH2)3NCO — B%Sn(CHz)sNHcozR

' [B%Sn(cﬁzjéNH] ,C0

- XV XIv XvVI

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

'With,NHj, EtzNH, and PhNH_, the urea derivatives XVII are formed:

R NH
XIV 2

Bu3Sn(CH2)3NH.CO.NR

2
R, = H,, BEt,, EPh

VIt 2 2?
XIV itself spontaneously trimerises, albeit very slowly (8.2%. 10 hr, 100°)

to give the isocyanurate XVIII.

2
Bu,Sn( c&2)3—1il/ \T_ (CH,) ;SnBu

Cx XVIII

4C X

0 \N 0
I
(052)3SnBu3

. The trimerisation is greatly azccelerated in the presence of hexakishydroxy-—
methylheiamine é.nd ammonia. - With allyl isocyanate, XIV forms the mixed

. isocyanurate XIX:



Q=0

CHé:_CH—CHz—N/ Ny

XX

0. %o
g

I
(CHZ) 3Sn}au3

Pommief and Kuivila have investigated the thermal decomposition of
4—tosyloxybutyltrimethyltin XX. The initial decomposition step involves
dehydrdtcsylatian to form toluenesulphonic acid and 3-butenylirime
This reaction may be arrested if sodium carbonate or 2,6-lutidine is present
to neutralise the evolved acid, but iﬁ the absence of base, secondary ¥éactions:
take place leading to the formation of methylcyclopropane, 1-butene, methane, ..
trimethyltin tosylate, and 3-butenyldimethyltin tosylate. Further reactions

lead to the formation of tetramethyltin

and trans- 2—butenes:3o

(o]
>140
_— =
MeSnCH,CH,CH,CH,0Ts Me SnCH,CH,CE=CH, + HOTs
| I
v R ¥ +
Me,SnCH,CH,CH=CH,, MeBSnOJ.s Ts0 I%IeBSnCHZCHZCHCg3
0OTs . - |
+ CH CH ‘L
4 CHCH,CE=CH 2~
2 2 CHC + Me_SnOTs
|
CH,CH=CHC o
' ' S Me,Sn +. Me Sn(0Ts)
4 P AN /2

Poller has synthesised a number of 4—6x6pentyltin compounds by’
‘initial protection of the cérbonyl groﬁp in 1—chloiopentans4—ohe by,dioxolan n
< o . . T e ] 11oxo ,

fo:ﬁafidng, Reaction of the readily formed Grignard-reagent XXT with Ph3Sn01't

‘References p. 346



.gave XKII, but attempts to remove the protectlng ethylenedloxyare31due u31ng

"hydrochlorlc acl& also resulted in cleavage of phenyl groups from tln g1v1ng -

PhZCISnCH CH FH COMe. Successful conversion of XXII to the 4—oxopenty1t1n' l
derivative XXIfI #as achieved using_g—toluénesul—h*nic acids
1 1
0 & o 0 o
i : N '
Me—C—(CH2)301 > M cl— (CHZ)SCI Me C \CH?_)SMg(
' XXT
l Phjﬁn'l
i ~ U
HOTs (
He-c—(CHz)BSnPh3 - HMe c \CHZ)BSDIW
XIIT ho:a)

, afforded di(4-oxopentyl)diphenyltin XXIV

and di(4-~oxopentyl)tin dichloride XXV. Treatment of XXIV with bromine gave

A similér procedure using PhZSnCI

di(z-oxopentyl)tin dibromide XXVI; both XXV and XXVI formed 1:1 adducts with

2,2'-bipyridyl. The reaction of the Grignard reagent XXI with SnCl, afforded

fthe expected tetrakis(ethylenedioxyyentyl)stannane, but conversion to

anf{nrr PN U0 i -
[BIIRQVIs PR VIe Yy 4 wWas LUL SUCCEeSS1iUula Uut:bb.LUbbU_y.u. uaia U et

molecular coordination of the carbdnyl group to tin in the halogenotin

: . - 31
derlvatlvesj °

Methyllithium abstracts a boronic ester group from the bromomethane—

which reacts with Ph3Sn01:



. ass

_Trialkylti.n—substituted pyridines react with (MeBSi) ,Bg to give
products of the type XXVII, which dissociste to give stable free-radicals

of the type XXVIII D,

/: T\
Me_Si- —~S3i
e3 i SlMe3
nR_ nR_
2 2
XXVIT

u.-Thienyltin compounds have been synthesised from «~thienylmegnesium iodide

and tin hallde534

Reaction of tin(IV) chlo;ria.e with vinylmagnesium bromide gives
H=CH,), as the majo
-Russian petent reports the synthesis of vinyltin compounds by the treatment
of 'a]_k:yltin halides or alkylpolystannanes with alkali metal in ligquid a.mmonie
followed by the Teaction of the resultant alkylstannide with acetylene or a
vinyl hal‘ide36., 2-Chlorovinyltributyltin has been obtained in 86% yield by

the resction of BuBSnH and (ClCH—CH: HE 37

. ether
Bu3$nH + {cicE=CH 2Hg —_— Bujbn

Q
L‘t)
!‘l
3]
)
i

i

" References p- 346
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1V1nylt_n der vatlves undergo epox1dat10n to glve the corresnondlng stannyl— ;f;
38 ‘

‘oxlranes on treatment wlth pertrlfluoroacetlc ac1d'

+ CF.CO0H

30, > R3Sn \o/

%SnCH#CHZ

R = Me, Ph

Both ¢is- and trans—crotyltfimethyltin react with butyl- and methyl-
" lithium in ether to give crotyllithium in high yield.  Further reaction of
this reagent solution with He33i01 in both cases gives a gg,”3/2 mixture of

trans—~ and cis-crotyltrimethylsilanes;

’ BuLi Me,SiC1
MeBSnCH20E=CHMe —_— L1CW2CH=CHMe —_— Me381CHZCH_CHMe

cis or trans cis and trans

Analysis of the tinfcontaining product shows the formation of Ne4Sn and
MeZSnBu2 in addition to the expected product Me3SnBu, illustrating the
presence of alkyllithium-promoted‘exchange equilibria. The addition of

1Q mple % of Buli or ﬁeLi to isomerically pure cis or trans trimethylcrotyltin
results in a rapid isomerisation yielding a 3/2 trans/cis ratio of trimethyl-
crotyltin isomers. The isomerisation is also promoted by metallic lithium.

In this case, a metal displacement mechanism is postulated, in which smali

amounts of crotyllithium are formed which can then equilibriate with the

remaining trimethylcrotyltin:

MeCH=CHCE,SmMe; + 2Li ———> MeCH=CHCE,Li + MNe,Snii
HeCH-CHCH,SnMe; + MeCH-CHCH,Ii — > MeCH-CHCH SnMe_ + MeCH-CHCH,Li

The préférred method of generation of crotyllithium is from triphenylcrotyl- -



.ﬁin;aﬁd.pﬁényilithiuﬁ'ihiethér; Tetiéphenyitinfpfeéipitéteé in high yiéldf‘

leaving orotyllithium in solution:>?
} ether

cis/trans mixture

in

gem-Dichloroallyllithium reacts with MeBSnBr to give HeBSnCHZCH=0012
97% yield. No evidence foT the formation of I'Ie3Sncc:12c:H=CH2 Wwas obtaix;edﬂ'o.

Allyltin compounds react Wwith epoxides giving as the principal
products alkoxytin derivatives produced from addition to the carbonyl

compound resulting from isomerisation of the epoxide:

OSuBu; OSuBu
i - BuSﬁnCEZC_=CHﬁe Bu3SnCH2C_=CHn B -
PhCH_CHCHCE=CH, - PhGHE-CH 5. PhCE,_CHCH_CH-=CH
2 | 2 N/ 2. 2 2 2
d .

fe

The reaction with cis and trans i-phenyl-i,2-epoxypropane gives only a

poor yield of threo and erythro isomel‘s:41

-OSnR.,
| 2

R,SnCH,CE=CE, :
PHQE-GHle 2 PuCHCHMe
0

CH,_CH=CH
2 2

threo and erythro

Guillerm et al. have demonstrated that propargyltin cdmpoﬁnds canv
exist in equilibrium with their alxenic isomers whén the tau%émerisati?n V
is catélysea by eiectroﬁrdonating solvents or bj;Léwisiéc;ds.- The -
piedominance of ‘each particular isoﬁerrdepends»strgng1j:§nv§h§ suB#tituenfS;és?

_References p. 346.-
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"PhuSnCH;-C=CH ===

R
| Pn,Sn~CE-C=CH  T—=—x
7 | Me :
Me,SnCH,~G=Cle _—

Ph_55nCH=C=cH R

2
98% -
Ph3shCH=C=CHMe
100% -
Me,Su-C=C=CH,
Me
2_-?{

Exchange of the unsaturated groups is apparent when a mixture of egual V

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

‘'of Me_SnCH,C=CD and Et,SnCH,~C=CH or Me

2

3 2 3

Et Sn_o"u—_o_0
=t on-C

n: C=CH,
3 2

Me_jSpCHzcECD

+

Me_Sn-CH=C=CH

Et ,SnCH,C=CH 3
3

Me Sn—CD:C:CH2

and by the reactions:

. BrI-IgCHzc =CMe
- _5—-_ 2 -t= I il -

. Me anH=C=CHME'
g E] -
i, = —p

ether

Bt,S0CH=C=CH, '
Me,SnCH=C=CHMe >

3 chL) , ether

L=

Sn-CD=C=CH,, and Et

3 5 =('JH=(}'=CH2 in the

3

1=~ B
il Me._ SnCD=C=CH;
BgCl,; 20° 3 2

—
2 ether +

2 Et,Sn-CH=C=CH,

3

Me,Sn-CHE=C=CHMe - 58% )

allenic compounds with -

ethyl substituents 5%.
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C_The rate of the Ph3SnCH C_.CH ] Ph3SnCH#C—CH 1nterconver31on is
:dependent on the solvent used and on added Lewls acld (MgBr HgCl

:_ZnCl ).- In a2 varlety of solvents used the rate decreased in the order S
'DMSO 'MeQH. EtOH pyrldlne Z—methylpyrldlne, MeCN, PhCN HMPT 2y 2 -
-rdj.dethy:_l.pyridine,r i:;—BdOH. An 1on-pa1r mechanism involving solvent or -

Lewis acid was proposed42.

A patent reports the addition of mixed carbon tetrahalides across

the C=C triple bond of alkyayltin compounds:43

v
40-50°

R3SnCEECH + YCX3

R3SnCY=CHCX3

X, ¥Y =201, Br

The free-radical addition of butane thiol to triethylethynyltin affords a
44

mixture of products:

— he _ g
Et3SnC=;CH + BuSH —m> EtSSnCH—CHSnEt3 + (EtBSn)zc—CH2

trans .

+ BuSCH=CHSBu + EtBSnSBu

The alkynyl-tin bond of XXIX 1s cleaved by halogen in organic solvents :45

bd
R5Sn~C=C-CO,SoR; —_—2 5 XC=C-CO,,SnR,

XXIX-
Phj'Sn&CPh displaces carbon monoxideb from’cpr(CO) 4 formin_g m:"'ﬁ

Ph,SnC=CPh  +  cpNb(C0) _pentane _ - . Nb(cO)(Ph.SnC=CPh)
v _ 4 N , Lo

2—fold excess o L XX
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' :flljcﬁéxobentaiiényltin compdundéiand[o;gandtin'chlo;idésfunde:gg';,];5

~fé¢ilé‘redi5tributi6n at,rpbm'féﬁpérature to yield hixed;cycioﬁéntadieﬁyiff;

tin chlorides: - -

(ref.

3 + 2RSn¢p3 —_——— chZSnCI
90%
oRSnCl. ~ + RSnep. ————> RepSnCl (ref.
3 IJ - P-4 2 LY
95/0
R SnCl, + R Sncp, ——> R,cpSnCl (ref.
100%
R = Me, Bt

'Carbéxylic acids cleave cyclopentadienyl groups of cp4Sn

L. . N . PR . 1
dienyltin tris\carcboxylates) XXXI:
~~0
cp,Sn  + 3RCOH ——> cpSn(ochc)3
of
E = Et, Me,CH AL 95%

The treatment of

47).

-~
3
N

48)

to give cyclopenta—

the lithium salt XXKTT with Ph SnCl in ether at —60°

gives thne complex XXXIIT which undergoes Sn-cp bond cleavage with dry ECL.

Q—SnPh,.
2

>

/1; N PhSnC1 ,Iiin\ HC1 v/_rizn\
——ﬁ
o€ ¢ o€ ¢ % I S - B}
0 0 -0
XXXITT

After removal of the solventrfrbm the solution of XXXIII,

treatment of the



A 289
fi'dry re51due w1th NaMh(CO) in ”HF gave an. 8% yleld of (OC) Mn(C )SﬁPhBMn(CO)éi

- Ph3Sn(C )Re(CO) is’ 31m11ar1y cleaved by dry HCl affordlng che(CO) 50

" Mixed al

Iy envlitin dichlorides
=~ g enylitin cichigoriges

treatment of triphenylalkylstannanes with an ethereal solutioﬁ of hydrogén :

chloride:

PhSuR > RPhSnCl, + 2PhH
100%

R = Me, Et, “Pr, *°%r, "By, PhCH

HcLean hes investigated the syn thetic utility of the reaction of tetra-

organostannanes with iodine monochloride and monobromides in CCl 51. The

4

following reactions gave very high yields of product, and were considered’

to be of preparative importance:

° .
. 30°/5 mins .
Pn,Sn  +  2mc) L2725, PnSncl,  +

30°/30 ming
=l 5

Ph4Sn + IBr Ph3SnBr + PhI

77°%/4 hr
Ph,Sn + 2IBr ——~f """ 5 Ph SnBr + 2Phl
4 27T
By Sn o+ 1o -20/30mins  pisicr 4 Bur
4 3
Q. . .
Bu,Sn + 2IC1 —20 /15 mins Bu,SnCl, + - 2Bul
30°/5 mins

Bu,Sn + IBr

Bu3SnBr + Bul

Cleavage of aryltrlmethylstannanes by ultrosyl chloride follouea by 011dat10n ’

of the resulting nitrose compounds provides a useful route to some aromatlc
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e n«@-SnMe3 +. NoCi ———> Me3$NO L 7

1KMn0 4/3230 .

MesanNoa

Aromatic sulphenyl halides and thiocyanates, RSX, cleave aryl-tin bonds
when the aryl groups contain a strongly electron-relessing group forming

unsymmetrical sulphides:

Bu35nC 6H 41'-2 + RS ———> RSCsﬂ 4Y“.E + Bu.J.Sn.X !

"X =X'=C1, Br; X = SCN, X' = NCS; ¥ = OMe, OEt, OPr, SMe

A much smaller yield (22%) of the appropriate sulphide was obtained when
Y = Me. C(Cleavage of allyl groups from tin by o-nitrobenzene sulphenyl

chloride occurs more readily than aryl-tin bond fission:

PhBSnCH20H=CH2 + 9_—02NC6H 4SCl ——~——>[Ph33n0ﬂ + CH2=CHCHZSCGH 4N02—_g

67%

o~0,NC E,SC1

. g 64 % :
rrans—Ph3SnCHZCH-CHIPh > PhCH:CHCHZSCGH4N02—_o_

13%

—CHO o] -

52%

The reaction of _0_-02NC,‘6H SC1 with PE133151C!I£—.CI':I2 gave both the cleavage and
addition froducts: '

: 9-0,NC.H,SC1 : , : ,
: Ph3SnCE=C'Hz' - P%SnCHClCHZSCGHl;NOZ—g + CH2=CESCGH 4.1‘102—_9_ .

u% B ‘39% o
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Loss of ethylene occurs in’ the reactlon w1th the ﬁ-stannylsulphlde

Ph3SnCH cn sC H4He-_g.53

A_F S H

PhSo’ o ‘( S-CgH,Me-p —————> Ph_SnCl " SCgH;Me-p
1—5 5C_E, N0, -0
~O 64 2
CGH4N09ﬁg

-Electrophilicallj—induced destannylation of alk-3-en-lyltin compounds has
been employed in the synthesis of cyclopropylcarbinyl compounds. A iv'e.riety
of electrophiles, 012, Er,., I, soj, HgClZ, SCJ_Z, ArSCl, react ui'bh :
R35nc H CH_CE comnou.nds by initial eddition to the double bond forming
electron-deficient carbon atoms y to tin. These incipient carbonium ions
then electrophilically induce heterolytic fragmentations of the Sn-C bonds

with concurrent ring formation:

Sn\/\// + BN — 335\/\5 == RgSa _~_—F

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

of tetra(but-3—enyl)tin gave surprisingly small yields (~50%), The reaction
of norborn-2-en-5-yltributyltin XXXIV with 2,4-dinitrobenzenesulphenyl
chloride :Ln glacial acetic acid at 160° gave ‘a 5% yield of the 5171‘8-27-1195-

nortricyclic product XXXV:

Refetencap 346 B T D L .
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'but bromlnatlon of cyclohex—}-en—1—yltrlbutyltln at'—65 -only resulted in

.the bromlnatlon of the double bond'

Heating,the adduct XXXVI to ca. 160° caused fragmentation to give approximateiy

Ny | R
sV neXane afill 4—-0romoCyCcLo—

hexane; the latter ccmpound probably arising from the rearrangement of the

former:
A _
B - -~ Br
160°
XKV —4———— + + BussuBr
B

hr

‘An attempt to effect cyclodestamnylation of 3J-methyl-but-2-en—1-yltributyl-

tin failed: instead an SEZ' reaction took place:

+

/\____/
Bu,Sn — + ' RSC1 ———_—ﬁ>Bu,Sn//N\\éi:>*<‘
3 \ 3 .

AT

m-Chloroperbenzoic acid also does not induce cyclodestannylation. Rather

reaction with XXXVII produced the epoxyéompound XXXVIIL, Cyélodéstannyl;

T RO O 1 I, T = YTYYUTTT L. 111
a .-LULI. COULQy LLUW!'_‘VC' (4 viiir O

HCl, picrylsulph

54 .

[}
£

[
]
[
U
&

‘BF,.0Et,, dr methyl fluorosulphonate, or. thermally:
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A - sy

CXXXVIT A ) B%Sn\/\lc;
R )
e RY ’
9 / XXEVIIT
Bu_Sn :
st » .
l,‘ A
A\/OR + Bu SnY : . '
>
[>—ongoume,

Ph30+ X~ (X = HgBr., C10 a0 ZnClZBr) salts abstract hydrogen from tetra~

orgenostannanes XXXIX giving Ph_jCH and mixtures of alkenes:55

o, CH,CL,
Pn. ¢’ X~ + RCE CHMeSnR! ———=—23> PnCH <+ RCH,CH=CH, =
hf o e3n L > s + P EZ + RCE=CHMe
75-95% cis + trans

Tetraphenyltin undergoes complete dearylation by alkali metal amides in.

liquid ammonia to afford the amido-stanmates XL:56

lig. 1
s MZSn(NHZ) 6

XL

Ph 4Sn + I-INH2

M = K, Rb, Cs

Several kinetic studies of Sn-C bond c¢leavage have been reported.
Eaborn et al. have studied solvent isotope effects in ,varioﬁs'systems.' “For - -

the cleavage of the aryl-tin bond of X.CGH4°Sn_M93 ‘comp.oundsrbyrsodium methoxide .

'in methanol at 21°, the kinetic data indicate the reaction sequence:
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(£ast)

.geq + | MeBSn.CGHl‘_X ‘_———= (HeO)Me Sn. 06H4.X JXLI Y

(MeO)Me Su” 0654.x + MeOH — (MeO)Me Sn” CGHS X+ MeO™

XLIT . (sloW)

. .
(MeO)H¢3Sn oColg X ———> neosnMe3 + CgHX (fast)

in which proton transfer from the solvept to the carbon atom of the Sn-aryl
bond in involved in the rate-determining step, which is probably the conversion

of the pentavalent species XLI into the Wheland intermediate xLIr.>?

(11e0) Me3SnX
H

XLIT

In the cleavage of XCGH4SnMe3 compounds by acetic acid at 500, the data
suggest that proton transfer to form the Wheland intermediate is rather
more than half completess° The cleaiage of the benzyl-tin bond by sodium
methoxide in methanolsg, excess trifluoroacetic acid in benzeneGo, and also
by aqueous methaﬁolic perchloric acid61 has beeﬁvinvestigated. Solvent
isotope effects én the cleavage of the substituted benzyl-tin compounds

H,CH.SnMe., by sodium methoxide in methanol indicate that a free carbanion

XCgH,CHySnlles
‘is not formed, but favour a rate~determining step again involving proton
transfer from the solvent to the carbon atom af the breaking Sn—CH266H4X
. bén&, with the Me0-Sn bond fully or almost fully formed in the transifion
state. Initial formation of the pentavélent intermediate v

[(I-IeO)Mé Sn.CHE_.C.H,.X ]15 proposed59. Both benzyl—tih and methyl-tin

2 64°
‘bond cleavage is observed in the cleavage with trifluorocacetic acid in' 
benzene, although the rate of disappearance of stannane is stricily first-

ordef.v For the m- and n—Cl, m—~ and Irc 57 p-Me and p-OMe-substituted



compounds, a tran51t10n state XLIII is proposed Ain wh*ch C-H bond formatlon '
is well advanced and oxygen coordlnatlon of the molecular acid to the t1n

fbo;ng ;mportant.

/-
. O
wi_ 5
XLITT
CF3

The rates for the m-Me and m-OMe substituted derivatives are abnormally
fast and are not accomparied by any Sn-Me bond cleavage, and in these cases

a mechanism involving protonation of the ring wes proposed:

S
nMe3
CH,Snife CH cn D (or EY) _ CHZD(or H)
c
F3coon
—_——— —_—
OMe OMe OMe

LIV D(or H)

+ Me3SnOCOCF3

Brominolysis of XLIV also results in ring substitution by an analogous

mechanismso.

Very s1m11a_ results were obtained for the cleavage of XC CH SnHe

654 3
compounds by aqueous methanolic perchloric acid. For X = H, p-Me, o-Me,
p:tBu;,gr; o~ and p-F and -Ci, and o-Br, the éleavage of ‘the benzyl#fin
'bond involves attack of the acid at the benzylic carbon atom, and is not

.puoh'faster than Sn-Me bond'cleavage, but the finghprotopation mgohahism
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Br2 (1 equiv.) . \x;apld

NaOAc buffer
CH Br

GH,Br GH,Br | cH_Br \@ gy NeOAc
,OHe @om @OMe

+ He3SnBr + Unreacted XLIV

is important for X = m-Me, and greatly predominant for X = grOMe61, The

second-order. rate constants for the SE2 substitution of tetrzethyltin by
meicury(II) carboxylates, Hg(O CR)2, in methanol increase along the series

R = Bu<1~"t<Me<Ph<c1CH20H <MeOCH, £CICH,. Ca. 60% of the reaction

2 2°
takes place through the species Hg(OZCR)Z' Rate constants for attack of
Hg(dZCR)B—’ Hg(OZCR)Z’ and Hg(OZCR)+ are in the order 0:1:102. The subsfit-
ution by Hg('ozcrt) , in methanol was deduced to take place via a sEz(oper;),
rather than a cyclic, transition state.62 Kinetic and product studies of
the solv.orlysis of 5—R3Sn-substituted sulphonates indicate a concerted 1,3-
elimiﬁgtion mechanism rather than reaction pathvays involving intermeﬁiate

63

ions or ion-pairs “.
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-3, HYDRIDES

The molecular structures of Me3SnH and Me SnH have ‘been studled

by gas phase electron. dlffractlon. Both molecules are approx1mately.tgtra-r

hedral with Sn-C bond distances of 2. 147(4)a ﬁlpjsm-l and. 2.150(3)A rMe'Sn_E 1

and Sn-H bond distances of 1.705(67)A E’Ie SnH| and 1. 680(15)A E-Ie SnH ]64

The 1,4—concerted addition of Me_SnH to the singlet excited penta-

>
1;3-dienes yield both gis— and trans-adducts XLVa and XLVb accordiilg to a

stereochenistry which is incompatible with an allylmethylene relaxed

MEBSn SnI-Ie3
—_ N\ . .
Me
Me
XIVa XLVb
65

configuration, and suggests a doubly twisted state ™. Triorganotin hydrides
add to the C=C triple bonds of alkynylaminess6 gnd propargyl glycidyl
ether67 to yield R3SnCR'=CHNEt2 compounds and 1—(trialkylstannyl)—3—

\glyc idyioxy)propene, respectively. Knocke and Neumann have demonstrated
that sma2ll amounts of mixtureé of RZSn(OR')2 and RZSnX2 (X = nalide, acylate,
or acetylacetonate) strongly accelerate the addit’ion‘of-RZSnH2 to aldehydes
and ketones. A mechanism involving the intermediacy of the mixed species

RZSn(OR')X and RZSn(OR')H was proposed.

R,SnH,
R Sn(OR')X ——— R, SnXH

t
RSn(OR'), + R, SnX, ——= ——

2 < 2

" mnog
R20H0

RICHOE ~&€——— IR, Sn/

2 [\0—

g*-—"
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'The same systems also catalyse the addltlon of R SnH and R3SnH to cyclo-zg

'~hexanone yleldlng the alkoxides XLVI in hlgh yleld

The BugSnE-reduction of benzyl and cyclohexylchloroformates under
ffee—ra&ical conditions (ABIBN/hgxane) affords toluene and cyclohexyl formate,
_féspecfivgly, as the only product in each case., Rationalisation of these
:esult; in terms ofitheralkoxycarbonyl radicél XLVITI is consistent, since

its rate of fragment%.tion is determined by the stebility of the incipient

radical ﬁ. Thus, in the case of R = PhCHZ, decarboxylation to PhCH _» is

2
‘ 0]
favoured, and toluene 1is formed, whiist, when R = 66311’ the 0631100 survives
to be reducedsg.
Bu3SnH
i —> R+ 4+ CO2 —_— RH
l (R = CH_Ph)
9 2
ROGC1T —Zs R‘.g-
XLViT
l Bu,SpH 0 3 .
L = ROCH (R = 06H11)

ketones by Bu3SnH under both ionic and free-radical conditions. The stereo-

‘chemistry of the products is little affected by the mechanism of the hydro-

stannation, and the stereochemistry in both cases is minorC. The reaction

71 72

of Bujan,with cyclopropyl~ and cyclocbutylketones under free-radical
conditions lead to both cyclicband seyelic products. At 80°, eyelopropyl—
ketdnes,giVe exclusively ring-opening:
[>—C—R + Bugsm LT T T
) 80° \/\'/ , '

;4



: 26'9':'~f

,v/“ YY’ R ooy

but at 250, cjclopropazioky‘bributyltin is obta_ined:‘

D—c—a ——> HR + v OSnBu -
I -25° o

OSnIBu.3 R

These results are consistent with a mechanism involving the rearrangement of

the intermediate radical:

[>—Icl-n + Bugfn- —> D—?-—R —-—_—_—A'\/\/R

o} OSnBu3 OSnBu3
Bu3SnH
R

OSnBu3

Cyclobutylketones also give both reduction and ring-opening by an identical

mechanism:
—R  + Bu_Spn* ——> E.‘.—R
<>‘g 3 g

Bu.anH; —Bu.an C /
¢ 1

H 0SB
<>—(I:—-R e— , E

OH . S osmau3 * Bu,SnH; _Bn_jbn- :

SR n-BuC-R <——— Q:
N ll \OSnlBu3
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fThe amount of rlné—opeﬁlng 1ncreases Wlth 1ncrease _n temnerature, dlmlnution
?1n hydrlde coﬁcentratlon, and is also favoured when R = Ph 12 Complete 1035
.of stereochemlstry occurs during the Busan—reductlon of 2—subst1tuted
:Z—halonorbornanes73 ‘The extent of aryl group m*grat;on from 31llcon to

carbon durlng the BuBSnH—reductlon of g-silyl halldes.

BuBSnH/ DTBP

. - . .
7 ArMe281CH2CHZCH2X ArMe251CH2CH2Me + EMe2SLCHZCHZCH
depends on the halogen in the order C1 Br, the effect being more pronounced
at higher reactant concentrations. In order to rationalise this observation,
the rearranged radical XLV was proposed also to arise directly from the

¥-silyl chloride but not the bromide:74

'SnBu3 n3

> >>5i~ GH,AT _____e,>sm CH;

l?)

The addition of a very small excess of Bu3SnH to a solutioh'ofr

dichlorocyclopropenyl hexzachloroantimonate in tetramethylene sulphone solution

. ives»1;2-dibh19rocyclopropene as the only reduction product:304




NN 6 R

o1

Bu3SnH

cy, c1

H

C1 H .
. c1
> , B E
" H7 C1 .

Il L slow
(03]

H
C

In contrast, the reduction of 1,2,5-trichlorocyclopropene by BuBSnH under
free-radical conditions affords a mixture of 1,3~ and 3,3-dichlorocyclo-
propenes. The different behaviour was attribﬁted to contrasting eubstituent
effects of chlorine in the stabilisation of the two transition states. In the
radical intermediate, the chlorine atom stabilises the radical localised

on an adjacent carbor atom, reaction with which Bujan will produce 1,3- .
dichlorocyclopropene. In the corresponding cation however, a localized
transition state for hydride transfer wili preferentially put positive.

charge on the carbon atom bearing hydrogen, not chlorine.3o4

4.  BALTDES.
‘As usual, con51derable attentlon has been devoted to the synthe31s
of organotln halides. Several patents report procedu.es for the 'dlrect'

:;synthe51s of organotln halldes from metallic tln and alkyl hallde in the R
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"presence of varlous catalyst systems75 ’7, Whllst one descrlbes an apparatus §

Efor thelr contlnuous preparatlon by percholatlng alkyl hallde or’ eplchloro—f
'hydrln through.a column contalnlng tin granules and 1nterst1tlal phosphonlum .
'or~ammon1um salt as’ catalyst78 The 'dlrect' synthe51s of butyltln bromldas |
»;from elemental tin and butyl bromlde in the presence of varlous catalysts"
has been 1nvest1gated 1n.deta11. Tetraalkylammonlum salts were found to be
the most eff1c1ent catalysts, giving quantitative or near—quantitative
convers;on of tin in 24 hrs at 101° in the presence of iodine. The follow1ng

79

,feacﬁion»scheme was proposed. for the catalysis:

I + Sn RX + R3N
SnI, + Sn(activated) R,NX

¥

RSnanéN
~ ~.

RX, R,SnX, RX; -R,NX
—R,SnX ~
v R,SnX,

R3Snx + SnX2

The alkylation of +in(II) halides has also been studied as a route
to monoorganotin trihalide derivatives. Dialkylmercurialé react With-tin(II)

flupride,to form RSnF3 cqmpounds:ao

R2Hg + SnF2 —_— RSnF3>

= Bt, Pr, ;Bu,.. He(CHé)4, He(CH2)5

netpyit;n trichloride may be obtained in high yield by ‘the reaction of-

tin(II) qhigride and methyl chlo:idejusing’eyclic'shlphones as solvents
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-160—180 1n.the presence of Bu3P, 1od1ne, and FeCl3 as catalysts ;p“
:ﬁThe reactlon of tln(II) halldes with halomethylsllanes at 140 180 inta.
Vsolvatlng solvent or in an inert gas affords 3351CH Snx3 o Chloromethyl—'

-silane’compounds in general react similarly with +in(II)" chlorlde in the

\ cniory

-,abéence-qf cetalyste,in'solvating solvents such as THF or DME:
- 140—200 .
tph . tpn
RR!'R SlCH201 + Sn012 ———————————€> RR RS:.CHZZSnCl3

R, R', R" = R, Ar, RO

Chloro(chloromethyl)silznes react analogously with SnCl

ot but the corres-

. et Yatanmanme amnld nak ke $andoto PR
ponding trlanorO\cn¢oro ilylmethyljstannanes could not be isolated because.

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

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

solvents:
. R4EX
Cl Me SiC-'H201 + SnC 12 ——? ClnHe_ nS:'LCH?-SnCl..
o 5-n 140-180 = ’
E=N, Py As, Sb; X =C1, Br;jn=1, 2, 3
e preparation of C1_SiCH SnCl_ was accompanied hy the formation of some

it A 4ttt "3"’""‘2 ’3 ] £ ' —
(013SiCH2)2Sn012, which was characterised by further methylation:

féLl ----- P50l (c18iCH,),SnC1, MeMgBr o (u s~§ﬁ ) Sa¥e,
SRRRRRE. $ —
: : i jal e3SiCH,) 5 €5
' H
Llsblb ) nbl35
R
Tha agnnmnno{+;l;n nf TIiDh et mAanm A aaan S o Tom e armm AP 4__-_I-|;-r\
+0t QOCURpUSLoiin Ui J.J.A.u4 av IO0L emper ure T presScencCe Ol vida\ttr)

chloride affords a mixture of phenyltin(IV) cvhlorides:

Refe'renca p: 3465




: S SnCl ) S - T o S

JP 2 T R R

~Tifh, TlCl; + Biphenyl + thsnglz +" PhZSnCl + Ph 4Sn
| 20~ . 10-15% 15-20% 10-15%

”he analogous decomp051tlon in tbo presence of hexaphenyldltvn.gave TlPh3
(85 ) benvene, biphenyl, and Ph4Sn84.

Alkylation and dealkylation of (orgeno)tin(IV) halides has been
employed particularly in the synthesis of monoorgznotin trihalides and

nixed tri~ and diorganotin halides:

SnCl, . + R,AI0R' or CIAIROR' ——> RSnCl4 (ref. 85)
A1C14
T 1
_— 1 -
R'SnCl,  + MeBS:LR STyt RR'SnC1, (ref. 86)
’ benzene
+ .
SoX,  + (PnCH )ZHg ———2=——> PhOH,HgX PhCHaan% (ref. 87)
X = Cl, BI‘, I
C H,  MgX H,0
611 2 "
_— —_— H ° .
SnCl1, (06H11)33n01 5 (c6 11) SnOH (rer. 88)
2 Gl I r
PBSnC _— RBH Sn SnCl4
© or — e 5 or _ T 5 R,R'SnCl  (ref. 89)
R2Sn012 RZR'ZSn
RSnX, + X, ———> ESnig (refs.90,91)
R = -020; £¥=¢Cl, Br, I
8 hr _NaOH/H,0 HC1
: —_—— s
RSnI, + I, S RSnT; 20, RSn(OH)O —=> RSnCl, .

120-130

R = Bu, (CH,) Me, CiMe, (ref. 90)
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Substltuted monoaryltln trwchlorldes have also been obualned by dlazotlsatloni

—of the appropr1ate substltuted an111ne, followed by’ subsequent stannylatlon -

uSing SnCl492u chhlorocarbene, devlved from PhHgCC 13, inserts into the
VQn_Bm ThAand af +-Fn{T'V'\ hramide T'hn arntiial }\rnr'lnn'l- Janlat+ed 'hnt.rntrn'nr o
Sp-Br bond 'of tin{IV) bromide. he actual product isclated, however, wa
XLVI due to halogen exchange:gg
?l
PhH—"Cl3 + S“LBI4 —_— Br———?-—-SnBr3 + PhHgC1
Cci
1
" | SnBr
J 5
i
Br —C-—-~SnBr +  SnBr.Cl
] 3 3
Cc1
XLVI

RSn(0_CR® + sSpp _ penzene RS R'CG
n( 5 )3 5 20-220 nfy  + 3 i
R = alkyl, aryl, alkenyi; R’ = alkyl

Seyferth has described an improved synthesis of Mezsn(Cﬁzl)I by

the reaction of Me_ SnCl, with one mcle of IZnCHQi in TEF. The formation

M

of the organotin iodide rather than the chloride is rationalised in terms

lJn
=]

metal in

HE
HeZSn(CHZI)I reacted readily to give hexamethyltristannacyclohexzane in 22%
yield. The involatile residue from this reaction appeared to be m;terial

of composition- (MéZSnCF_T ) 902
’ 1ZnCH, T o v Mg/THF
—_—_—— —_— M
Me,SnCl, — » Me2Sn(?1;21)1 — (e ,SnCH,) 5
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" The molecular st:ugtures:qf MeSnCl, and M¢3Sﬁci in fhe;éés phése, 
* have bgep'reihvestigated by electron diffraction., Both'cbmpouﬁdsvare :
app;oiimatély tetiaﬁedral, and have very similar_Sn-C bond‘distanées
[?;108(6)A (Me3SnC1) and 2.105(16)A (HeSnClSi]. Increased chlorine sub-
 stitution leads to a contraction of the Sn-Cl bond distance [?.354(8)A :

11:.{ and 119Sn nmr data indicate that

(MeBSnCl) and 2.306(3)A (MeSnCl3) 64,
rapid exchange of halogen and SMe groups takes’ plaée at room température
in binary mixtures of He4_n$nxn/Me4_n$n(SMe)n (X = halogen, n = 1-4). The

95

rate of exchange is slowest when X = 1”7, Birchall et al. have studied

the solvolysis of methyltin chlorides Me nSnCln in highly acidic media

4-
using nmr and MBssbauer spectroscopy. Solvated cations such as [MeBSn:r,
[Mezsn]2+, E{eSnClZ_J-", and [MeSnCl]2+ were detectedgﬁ. The formation of
complexes between alkyltin(IV) cations and fluoride ions has been studied

in a constant ionic medium (1M NaC104) at 25o by potentiometric and solubility
methods. In the concentration range examined only mononuclear complexes

were found97. Treatment of the lithium salt XLVIT with Me3SnCl leads to

a mixture of C~ and O-stannylated isomers XLVIIIz and XLVIITb, The same

product mixture is cbtained by treating the ylid—Me3Sn01 complex IL with

butyllithiums:
B .+ Snlfe
—c” —c Ii =c” 2
PhgP={ BuLi FRsE=E - Me,Smcl T30 |
Cc=—0 —_——— C—==0 —_——————— C—
] ] i
R , R R
-4
XLviI XLVIIIa
Me,SnC1 , +
: BuLi ' PnP=C
e i Snile
Ph_P=C . o~ 3
5P _ ¢—0 ,
?=0-—>SnMe Cc1 R - X

3

R ’ .
XLVIIIb
I .
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Elimination of Me,SnOMe occurs during the reaction of Me SnCl with the 1lithium

, 3 3
" salt L:
/
B ' it ‘ /I
Phgp=0 BuLi PhjP Z?L— v Me,SnC1 Phgb==(¢—~Snle;
: =0 —_— cC—=0 ———9 ' ﬁ—r OMe
OMe OMe oy

L l \

Ph_5P= =C=0 + [Me3Sn0Me]

whilst during attempted complex formation between the disubstituted ylid LI

and Me_SnCl, the complex Me

3

g8
SnCl.OPP was formed:
3 l:|3 a. .

e otte
/C=° Me,SnC1 /C =0 Ph.C=C.COMe
= —_— = _ ‘
P}13P C\ Ph3P C % .
(l:= 0 ﬁ ——Pn
Ph o M’eBSnCL,OPPh3
cme3s:1“

The complexation of methyltin halides in donor solvents such as aéetone,
dioxan, DME, pyridine, DMF, DMSO, HMPT, émd tetramethylethylenediamine have
been studied by means of 1H nmr spectroscopy, and equilibrium constants

SnX.D complexesggq The Me. SnCl_ anion has been obtained

3 3 3
as the tetramethylammonium salt by heating a mixture of He4N01 and excess

evaluated for the HMe

HeBSnC1 in a sesled tube at 140° for 4 hrs. The complex is stable wken

stored under anhydrous conditions, but probably releases chloride in solution.:
The MBssbauer data are consistent with T-shaped SnCi3 units in an octzhedral -
'configuration.1oo Elegbede and McLean have prepared the 1:1 complexes

‘Ph,SnX EMPA {(x = c1, Br, I, N,

CN)7 Reaction of the Ph3SnCl.HMPA cpmpiex o

: Reterencés p- 346
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with F~ or OH" ions caused dissociation to give PhsSuF and Ph, SuOH, respectively
but excéhange occurred with I and N3- giving the corresponding thSan,EI‘EPA :

(x=1 I‘I3) complexes. No reaction occurred with Br  or CN™ 101.

The crjstal structure of Ph_SnCl,.bipyridyl shows that the -’ci’nratoms
are octahedrally coordinated with trans phenyl groups- (Sn—-C = 2.1521.)_and cis
chlorine atoms (Sn-Cl = 2.509R) (Fig. 2). The bipyridyl group is not planar,
one 05H4_N ring is slightly twisted (4.,26) with respect to the other, with ;l:he
two Sn-N bond distances being unequal (2,344 and 2.575K)'°2. The similar
complex PhZSnC]_é.ZDHSO has an almost identical structure (Fig., 3) wi'_th Sn-C =
2.116Kk, Sn-Cl = 2.474, 2,355k and Sn-0 = 2.355 and 2.280Kk. One of the methyl—

148

sulphoxide groups is disordered into two positions Novel 1:1 adducts

Ao
cus) cal
cus Jeaz
cin c

vl 2472 ,,(7.5‘32 o%*':‘ s
Y ST RS A 4
222 =L N

\f_{ ¥ 4
o/ ko
et AN o )
Wi Q\ﬂ ) 5(2 =~
s )? [{E)]
3
L,
)m\o
v Hiz} L)

2 2

permission of the Chemical Society).

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

Fig. 3. The molecular structure of Ph,SnCl,,2DHSO.
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;hEVe beeﬁ oB¥aine§,from the nickéllcomplex Kjﬁf-éthyiéneﬁis(ééiiéjlidehé;»1
) imiﬁato)niqkei(li) KNiéaien)sﬁith di—'énd ﬁonoorganotiﬁ(IV):tho;ia;sa
SpeétroscOpicrdéta show that the square pianai‘cqﬁfigufatio#{é;oﬁﬁd nickel
is méintained,'and the coordination to %in ihvolves—choordinafe-phenolip

103

oxyéen atoms resulting in ocizhedrally-coordinated tin The trans—Rz,

cis-C1l, configuration deduced spectroscopically for the RZSnﬁlzﬁisa;en’,

2
complex has been confirmed when R = Me by a crytsallographic»Stﬁdy104=

The structure is shown in Fig. 4, and is distorted significahtly from regular
octahedral coordination (CSnO = 161.0(7)%, 0Sn0 = 61.3(3)%). The two Sn-C

distances are equal (2.125(1)1), but the -Sn-0 and Sn-Cl distances are not

eativalend re.._n — o420 nacc{4Yh. @n_01 — 2 A0 o £9=(2) -I Toae_ S mad
Teguivaseny Lu.u U = LeitUy LedI\VjRy Ol=ud = oty ancJ\hr/nJ. z A1 Ta—TCTQ
spectra of the complexes AIZSnXZ,ZL'(Ar = aryl; X =C1, Br, I3 L = amide)
indicate cis-aryl and krans-halogen arrangements agbout tin. The amide is

105

coordinated via the carbonyl oxygen rather than the nitrogen atom - Mono-,

di—-, and triethanolamines form complexes of the general type Arzsnxz.nL

o
[ @)
o =

. O I 255 AN 3
L213

Figg 4. Projection .of Me25n012.Ni(salen)'along'the'h_axis;
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FA(Ar aryl, n =1 for L = MEA and'Dm, and n =2 for TEA) with: dlarylt:.n

dlhalldes., Agaln a: cls-aryl—trans-halogen arrangement about octahedral

>»:tin is inulcatedg Both MEA and DEA functlon as bidentate llgands, bondlng

: through both oxygen and nitrogen atoms, whllst TEA acts as a unldentate

ligand via the oxygen atom Oo

5.  PSEUDOHALIDES.

Crystalé of triphenyltin isothiocyanate consist of infinite zig-
'rzag =S..:.Sn-N=C=S...Sp~ chains similar to those in MeBSnNCS, but with
- siightly longer Sn-N (2.22(5)1), shorter Sn-S (2.92(6)&) bond ‘distances,

and almost planar SnCy units (Sn-C =2.09(3)R) (Fie. 5)197,

Fig. 5. The asymmefric unit of Ph3SnNCS projéoted perpéndicular to Y.

' Tribﬁtyltin isocyanate reacts with cyanamide in triethylamine

to form bis(tribﬁtyltin)carbodiimidé and a mixture of triazines'°Z.
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| 2Bu;SaNCO + NE,ON ———2—> 2HNCO + Bu,SnNCNSnBu,
“NE,CN

triazines
Dergunov et 2l. have studied the thermal decompositions of R3SnNC0 and

R3SnN=c=NSnR3‘ (R = Bu, Pn). Bu35n1€co decomposes to metallic tin, GO, N,,

butane, and butylene:

(o]
Bu,,SnNCO 20, sy 4+ N, + CO + butane + butyleme
6 br 5z 60% 5% 95% 90%

In contrast, Ph3SnNCO undergoes disproportioration:

(o]

200
Ph_anNCO — > Ph4Sn + thsn(nco)2
70-73%

Similarly, Bu,D.SnNCNSnBu3 decomposes at 250—2700 to metallic tin and a
mixture of butane and butylene, but only Ph4Sn (90%) was isolated from
the thermolysis of Ph3Snl‘ICHSrr.Ph,5'1 09., Pseudohzlide derivatives of the type

R Sn[C(CN) COMe may be obtained from the organotin chloride and the

4~n
silver salt AgC(CN) 2CO‘Me in acetone. Triphenyltin acetyldicyanomethanide
results from the reaction of dicyanocacetone and tetraphenyltin in CCl 4°.

The M8ssbauer spectra of the pseudohalide: derivatives Ph33nX [X = NCC(CN)

NCNCN, ONC(CN)Z c(cn) COMe , Et.Sn C(CN) COMe|, Me ,SnX, [x = NCNCN,

3
c(cnr)zcoue':], and -(BuZSnNCN) 4 indicate polymeric structureg. with coordimg.fion
numbers greater than four. The spectrua. of (P_hCHZ) ZSnI:C(CN)ZCOHe 2 shows . - V
two different types of tin ascribed to the presence of. six—coordipate,’,poiy:ﬁerié
o 110- : T

and four-coordinate monomeric species
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Trlphenyltln cyanamlde reacts w1th acyl’ chlorldes, chlorocarbonates,

“and benzenesulphonyl chlorlde in- the presence of excess trlethylamlne to

~g1ve hlgh ylelds of the correspondlng trlethylammonlum (organocyanoamlno)—,

chlorotrlphenylstannates LII.,

- ; + ' .
VIr’h3SnNHCN' + RCL + NEt; ——> Bt NH Ph3Sn(C1) [N(CN)R]:I‘

3
o LII
-~ R = MeCO, EtCO, PhCO, MeOCO, Et0OCO,
PhCH20C0, Ph502
» : +
LII (R = MeCO)- was also obtained from the reaction of NEtBH Cl™ with

Ph3SnN(CN)COMe, itself prepared by treating Ph;SnNCNSnPh, with MeCOCL:
Ph_SnNCNSnP MeC SnNCOM Ph_SnC
h3 nN h3 + eCOCl —mm —> Ph3 ICO e + h3 nCl
CN

NEt_HC1
t5

NEt,H [Phan(m) [N(CN)COM;_‘]

The MBssbauer spectra indicate the five-coordinate trigonal bipyramidal

sfructure LITT for the complexes111,

Ci

-Ph

-

Ph Snzz””

Ph LIIT

RNCN



:5;3cmnﬁs ALKOXTDES, AM)MﬂﬂﬂD]EmEMTEES.

 ' _ Tetrabuty1—1 3—d1acyloxydlstannoxanes (RCO )Bu SnOSnBuZ(O CR)

LIV and/ or tetrabutyl— —acyloxy—3—hyd.roxydlstannoxanes (RCO )Bu28nOSnBu20H
LV may be ,pz_'epare_d from,v eq_ulmolecular amounts of.dlbutyldlallyltm ‘and -the
C§rb9xyiiéraci&‘RCOOH‘(R = H, Me, CH,Cl, CHCl,, CCly, CF) in moist mgfhahol
' or»acejbone/w;‘i:er (50/50). Isolation of compounds LIV .or LV‘depends on the’
hydi-olysing power of.the medium and the nature of R112.v The solid—stafe
stmctue$ of (Me3Sn)2(OH)N3 and hexamethyl-~1 ,S-diazidotristan.noiane liavé.
been investigated by MUssbauer, infr;a-redrand Raman spectroscopy;' Proposed
structures are shown in Fig. 6. (Me33n)2(013)n3 is thought ;:o consist of
infinjte chains of planar Messn groups bridged alternately Ey OH and N3
groups., Hydrogen 'bdnding links adjacent chains. The diazidotristannoxzane
is considered to be dimeric through oxygen and terminal azide bridges. All

the tin atoms are five coordinate113. Hexaethyldistannoxane and its chloro-

! \ N
=-"RNN f’H"-- H c\gz__nu"
HyCdg CHy HC~f HiC™ N\ Lcmg
3 L7 TCH3 / /Sn‘CH
G-H---NHN :;té)sh_o 3
}bc\Sn’CHJ' Y. CH; 3 \ \ _CHy
§“CH, HL\ Oy weo 10 /S“-CH3
--NNK o-# - hac>sa—d
H_-’C:snxl"ls HJC:SH\ 3 N——\Sn/CH3
HaC™\  -HL7TCH, N “CHy
f'H"'NNN N N
\ '3
(a) (b)
Fig. 6. Proposed structures for (a) (1*1(33811)2(0H)1‘I3 and (b)

N_Me Sn[OSnMe

3 2 2N3] 2°

.
derivatives rezct with lactones containing four to seven-membered rings
to form 1:1 adducts with ring-opening. With Et3SnOSnEt3,

LIV is thermally unstable, and reverts to the reactants on attempted

the addl;ct fomed
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dlst111at10n, but treatment w1th elther .one or two moles of/acetyl chlorlde_

ylelds the 1solab1e mono— or dlacetate.

i o, _ R ’ ] A

(CHZ)n (l:=o + (EtBSn)zo —_— EtBSnO(CHZ)nCF)ZanEt?

{——4 . LIV

n = 25 MeCOC1
i‘Eﬁ3anl
MeCO, (CH.) CO_COMe Mecoc1 MeCO_ (CH.) CO,SnEt.
2 2'm 2 = 2 " 2'n 2
-Et;5n01

ClBt SnOSnEt201 reacts similarly giving ClEtZSnO(CHZ)BQOZSnEt201, which

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

ethyl distannoxane appeared to proceed largely to form LV:

o' A . > C1Et,Sn0(CH,) CO,SnEt,

(cE,) I + C1Et,Sn0SnEt; —— :
c=0 . '

SRS . b——> Et;Sno(cH,) 00 SnEt,01
n=2-5 LV; o

but the reaction of B-~propioclactone and C12EtSnOSnEt201 gave épproximately

equal amounts of LVI and LVII:z

——> C1Et SnOCZH4COZSnEtCl2

—0 LVI

] +  C1Et,5n0SnEtCl,

L . C=0

L 1
Cci EtSn002H4COZSnEt Ccl

LVII

Kinetic measurements of the reactions gave the following ofders of reactivity:



. 25
»"Cl EtSnOSnEt Cl> Et SnOSnEt >C]F..t SnOSnEt )ClEt SnOSnEt C'l, monomerlc >

2
'dmerlc stannoxanes- and non—polar)pola.r or baslc solvent“4 Heatmg

mlxtures of b:.s(trlalkyltm) oxides and b:.s(trlallqugermyl) oxides affords

'(3;535)20 + (é.;ce)zo —_ 2R3Sn6GeRé.
IVIII

The reaction of hexzabutylgermastannozane with phenyl isocyanate and chloral

is considered to take place exclusively at the Sn-O bond:“S’ 116

PhNCO > Bu_Sn.NPh.C0.0GeBu_
Bu_Sn0GeBu_——
E E CC1.CHO - o
= > Bu3SnO—CH-OGeBu3
ccl,
3 . _ -

Similarly. Bu_,SnOS:.Me was also consmered to react w:Lth PhNCO solely a.t

the Sn-0 bond'1 17

i » .£0.0S81
31135110511'163 + PhNCO _— Bu3Sn NPh.CO S:lJ'Ie3
The addition reactions of monoorganotin»tris(alkoxidés) and alkori.de halides
with isocyanates and isothiocyanates, and of dibutyltin glycolates have

117

been hriefly reported:

r
a S

RSu(0'Pr);  + DR'NCE — ’RSn(NR'."C0.0iPr)'(O-iPr)-}”

RSn(oiPr)'B_ncin’ +(3—n)PhNCO —_— BSn(NPh C0.0lPr) _xC
. R=Et Bu; R' = rh,,e;-Np; E=0, B

. Rgl’erenbéé i:.'346 .




:ﬁTrlbutyltln methoxlde adds to’ arenesulphonyl 1socyanates to form the adducts

t,va as'a tautomerlc mlxture.::’-

-

CRC_H,SO_NGCO- - v .- Sy Cee . QOMe -
.‘/MeCOZH' S \'PrZNH

Bu38nOAc + RC6H4SOZN'HCO Me . BUBSnOMQ + R0634502NHC0NPr2

. Thé'édducts undergo protolysis with both acetic acid end dipropylamine! 18, -
B:Ls(tr:.‘butylstan.nyl)mercaptoethanolate reacts W:Lth :Lsothlocya.nates at room
'temperature to afford e.n adduct LXI whlch elmmates 'b:_s(tr:.butylt:_n)

lsulphlde on heatlng




,hlocarbonate and '7 bls(trzbutylstanny )glycolate

ﬂyﬁggests that the splro compound LXII is a common 1ntermed1ate.r At emPtS
119 ' R ‘.

to 1solate LXII fall d

cH 0. CH.-CH
| 2 :>c=o + \égz’ 2
CH20 oo .

- '\',

A patent reports the synthe51s of ‘some dlorganot_n glycolates of e

_ the types LXIII and IXIX from dlalkyltln oxide and the approprlate d101120;}ﬁ

SRR S e g .m
‘ R9$ﬁ<((?jjfs><ff\>x PR » : Bugsni::o,’x“




ML, ————> Bu,Sn-CH,~CH,~CH,0MR, -

-+ 'R

cx e ¢

Bu28n<j . 4+ RMCL, — > BuZS'n-CH=CH-CH201iIR2
0

c1 7 c1
M=25i, R=Me; M= Ge, R =Me, Bt

Heating the linear derivatives LXX and LXXI above '_cﬁ., 130° causes cyclisation

with the elimination of Bu23n012:121

?
0
1307 -
GERz —_— BuZS:z1.Cl2 + 0
Ge
Sn.Bu2 t="—tC1L R/ Ng

C1

. .
Buzsln(CHZ) 3OS|1M32 _ s Bu,SnCl, + MEZS:L\ j
a e 0

. /(082)3_0\
polymers + Me 253'.

~ /SiI-Ie2
- - o-(cr,)3
2! ,3'—_0_-(dibutylstannylene)nucleosides IXXIY bhave. been oﬁtained
as c:ystallrine solids by heating methanol suspensions of the nucleoside

and dibutyltin oxide:



- B = uracil, cytosine, adenine

hypoxanthine LXXIT

~The derivatives LXXII react witﬁ acyl, alkyl, sulphonyl, and phosphonyl = -~
chlorides resulting in preferential substitution at the 2'(3') positions,

with no substitution at the 5 position:

HOGH, _O.__ B A : HOCH, O
R BO - OR . 0]
0=CR N - '
RCOC1 RX ////71 . o
(R = Me, Ph) {MeI or PhCH Br)

i 61075 .
U

HO 0Ts

(r0) . POC1

0
(R = Me, P};) \s{,
: . Bu2 POCl3
i o —_—
(rO) ,P=0 S E  P(0H)0

Bls(trlalkylt1n)nuc1e031de 5'-phosphates LXXIIIa and LXXIIIb result from

reaction of bls(trlbutyltln) oxlde and the nucle031de 5'—phosphate122
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LXXIITa : ' LXXIITb

) The structure of trimethyltin methoxide consists of chains of )
 methoxy-bridged planar trimethyltin groups [?n9c = 2.14(2)k; Sn=0 = 2.23(3)&;
0500 = 172.4(7)%; Sn0Sn' = 131.2(12)°] (Fig. 7)'%. Van den Berghe and van

" der Kelen have investigated the structure of methyltin alkoxides Me4_hSn(0R)n

Figo. T- The repeat unit of the cheins of [%e3SnOM%] . (Reproduced with
- 20

permision from Acta Crysta)o

{n=1-3; R = Me, Bt) by 'H and ''7Sn nmr. The trimethyltin alkoxides are
monomeric and tetrahedral in solution, but the data for the dimethyltin

dialkoiides and methyltin tris{alkoxides) indicate the presence of polymeric
species such as LXXIX124,
— f R
M M ‘ A

e’\ /o\\ Ie// - - '

Sn " Ysal | LXXIX R' = Me, OR

/ \ ,,’l \\ .

R 0o”  -R' -

|




fExchange reactlons between trlethyltln alkox1des with pentafluorophenyl—
: 205 - ;202 -

'germanlum and -tin bromldes have been descrlbed.‘
0 ) I
(c.F.), GeBr_ + nBtSnOMe — 90 o (o7}, .ge{OMe) + nEt,SnBr
6 5/4-n n 3 ) 6°5/4-n ‘n 3
n=1, 2
100° , :
(C6F5)3SnBr + Et;5n0R ———> (Cst).anOR + Et;SnBr
R = Me, EL

Triorganotin alkoxides react with polyhalomethylmethanes under free-redical
conditions giving the corresponding carbonyl compounds. Two secondary
reactions also occur giving an alcohol and perhalc derivatives of pentane.
The mechanism of the reaction proceeds by the abstraction‘of a hydrogen atom
on' the «—carbon atom of the alkoxy group followed by the rapid 1m1nat10n

of a trialkyltin radical:

>CHOSn€ + -CCl, — > >C-0Sn& +  HCCl,
> A <

- _—_ N . - o
L-0n- ——> 200 + Sn<

>Sn- + BrCC13 _ ,—}SnBr + 'CCl3

The formatlon of alcohol and perhalo derivatives of pentane occurs by attack
of a '0013 radical either on the tin atom with subseauent elimination

of a RO» radical or abstraction of a hydrogen atom on the B-~carbon atom

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

molecule'125
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C2ez

o DSnOR L+ eCCLy > SN0l 4]
RO- + Q& ———> ROH  +
. ° - : . ~ o . .
N - c -
RZQHCHZSné + 00y — RCCHE,Sn& +  HC 13

«CC1 l

3 R_C=CH. + -Sn<
2 2 TN

R_CCH.CC1.
2 2 . D
; BrCCl,
) 3

R,CCH,CCL;  +  *CC1

in  dimethoxide and dibutvlitin bis{acetvlscetonate) disnron
ibutyltin. dimethoxide and dibutyliin bis(acetylacetconate) disprop
. - . . 68
in hexane forming the dimer LXXX:
II'Ie
Me A Bu Bu Me
Bu,Sn(0OMe) - — 0.

3 0 “Sn )
o -_— =207 | ™| \o-_-'L

BuZSn( acac) > . He ’ Bu l Bu ) e

dihyﬁride at low temperatures. forming mixed dibutyltin hydride azlkoxides,

} 68,126
but at higher temperatures elimination of alcohol occurs:™ -

ERS

PR o ]

L : o : - L 25% : .
—_ T N .
Bu SuE,  + Bu,Sn(0R), ~ 2Bu_SnH(0R)
R = Me, Et
: o
by Sl oMe) 60-70"__ nMeOH =+ {(Bu Sn)
nBu SnH(OMe) ————>  nMeOH ( )




 '293f
The attempted addltlon of Bu Sn(H)OMe to allyl alcohol resulted only 1n
the decomp051tlon to methanol and (Bu, Sn) .Bu Sn(H)Oallyl can, however, “
be obtained by exchange at low temperature, but mlld heatlng results 1n

cycllsatlon accompanled by elimination:
\ . . S

. o :
. " 20 .
BuZSnH2 -+ BUESH(OCHZCH:CHZ) 2 —_— ZBuzs‘nOCHZGH:CH2 K
, S .
40°
(Bu2311)n + BuSn
AN

30%

Dibutyltin hydride chloride adds to allyl and propé;gyl gcetateS'fbfming

LXXXTI and LXXXII, respectively:

H_C=CHCH,0_CMe .

2 22 5 Bu CISnCH.CH.CH.O.CMe
2 2CH,CH0,
Bu,Sncl, g _
IXXXI
+  ——> 2BuSmHC1

Bu,Snll, ) Yc;:ccm'cozne : o
> cis-Bu,C1SnGH=CHCRR' CO,Me

LXXXII

R,R'! = H, Me

Attempted reduction of LXXXI to Buz(H)Sn(CH2)3OH by LiAlH, yielded an ether.

phase which evolved hydrogen gas even at 0% as cyclisation teakes: place:

o LiAlH, :
———% —————)
IXXXI Bu (H)SnCH cnzcn OH Bu?_Sn\o
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ﬂCyclostannaoxapentanes and —pentenes may be formed d1rect1y by the reactlon £

of BuZSn.Hz w:l.th allyl or. propargyl alcoholS'1?6
',,"—A"_-":' ;'
HOCR'CR"=CE, = 50l STTR
-H, \\0—-"—R
5 :
RI
BuZSnH‘2
HOCRR' C=CH
> BuS
-H 2 11\0———13'.
2
Rl

Mehrotra hes investigated the products of reaction of butyltin

128

tris(isopropoxide) with alkanola.mines127 and P-diketones Various

.products‘are obtained depenc’iing on the molar ratio of the reactants, viz.:

BuSn(OPr)3 + HOXNHR ———> \Sn/ o——)[{
Ny
BuSn(opr)3 +  2HOXNER ~———>> \ *}I(
. . NR __‘
L / L_x__l \ __|

ngSn(opr)3 + BHOXNHR — >

BuSn(OPr); + SHORVER ——> BuSn(OXNHR) 5



: BuSn(OPr)3+ nHOXl\H'Ie2 - -5 jBu.Sn(OPr)3__7':1(V(?)Ct‘ﬂ'l'le‘)n‘f_;',,.: )
n=1-3 R= H x_cr{cnz, CHCHCH

R = Me; X = CHCE,

O—CH_CH

2CHy
BuSn(OPr), + (HOCHCH,) NH — > \ / i .
3 2 22 / \ /
. O-CH_CH
2P
2Busn(0Pr); + 3(HOCH,CH,) NH -
/CHZCHZO\ Br/ocgacnz\
Sn—O 0—>=Sn NH
CH.CH o/ H_CCH_NHCH <I:H OCH, CH/
2752 P S N RS
OCH,_CH

AN

13uSn(OPr)3 + (HOCH20H2)3N ~————> BuSn— OCH,CH;—N
£y

OCHZUHZ

The same products could, in gemeral, also be obtained using butylstarnonic

acid. Higher reaction temperatures caused condensation of N-H bonds:

13u$n(01=1~)3 +  HOCH,CH,NH, ——-@—9 BuSn(OCHZCHZN)
xylene
) ——O\Bil " Bu /o-;.
: : ) :
BuSn0, , + HOCH,CH,NMe —benzene © sw—o—sal . |
: ° . reflux . . Co

Me- ' ) ' Me
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},-—D:Lketones and &hydroxyuumolme also afford dEI:Lva.'blves of. -z-.he 'by'pes '

7LXXXIII and LXXXIV dependlng on’ the molar ratlo of reactants.

o O:::ﬁfl
© U Busn” [ . 'CH | (OPr) BuSn
: "N 4 3-n
NG
8]
\
R' In
. R -—d
LEXXIIT
'Méhrotra129-131 and Gupta132 hafe investigated the chemistry of

compounds containing the Sn-0-B linkage. Several synthetic methods were

employed:

ZB(OH)_5 + 3(113511)20 — s 2(R33n0)3B +  3H,0 (ref. 129)

in vacuo; -B2O3

B.o, + ( Sn)d —> (R,Sn0BO) b= (R,Sn0)_B
2% BySn)5 % > “im,0; 120-240° 53005 v
(ref. 129)
2Bu,Sn0 + 2H;BO; + 2diol _ QOSnBu,0SnBu,,00 (;gf. 130)
0 00—
Q B/ B/ B
- - , -
\o \o——f-—
(o] O
/s e
Bu,SnCl, + 2NaOB\ ~——> BuySn OB\ + 2NaCl
- N0 _ 0 e

(ref. 130)



2Me SnQ +- B

2Me Sn0 + 2H,BO; + 2E(OH)2

E =
L ] o ——— b4 A s
NOH
. Va .
(rR.Sn),0 + 2B(OH). + 2R'C -
] 2 3 N
NE,,
N"‘O\\
R;SnCl + BtgN + il BOH
. R’C\N
"
O
\\ // N
(H3Sn) 0 + "
5 -
R’CT\\y’/ \\N"’C\R

H

R’ \‘~N

L oaer

j(ref. 130)

N—”O
S l/B—O—SnRB

(ref. 132)

These types of compound undergo reaction with a variety of reagents at the

Sn~0 bond:

3EC1
= H, Ac

B(OSnR3)3 —]
24H

A = AcO, SBu, SPh, OPh
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—> 3R3Sn01

+

3R38nA ’

+ B(OE)3

B(om) 5
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B0OCO.NPhSnMe o -
i T2l T

.~ pPhNCO 5
BOSnMe,| O

| 2Me.siC1 N,
3 /BOS:.Me3 + (clSnMez)QO

O-Triorganostannylamidoximes LXXXV 153 and diorganotin derivatives of

2-thenoyltrifluoroacetone LXXXVI134'have also been synthesised by similar

‘methods,.
S
NOS:
. / " ' - 0=—C
R'C A TN
Nym R_Sn TCH
2 TN .
No=—"0
R = Me, Bu, Ph ~CF, | 4-n
» 3]
R' = Me, Et, Pr, Ph n=2, 3; R = Me, Et, Bu, Ph
LXXXV LXXXVI

Organotin alkoxide and acetylacetonate derivatives have been obtained
by oxidative—addition reactions of tln(II) bis(alkoxi des), b1s(P—ketoeno1ates)

and bis(f-ketoesters): 2202227230

T EtO C CO Et
. VSn.Xz + EBt0,C.C=C. C02Et S

X = OMe, acac
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"."Sn(acac) -&; T RX ———-—> RSn(acac) X~ =

'BXV-.. MeI BrCH CE:CH ’ PhCH Br

Sn(OR) o R'I — > R'Sn(0R),T-
R = MeC=CHCO_Et, PhC~CHCOPh, 0—0634002Et

R' = He, Et, Bu

Serpone and his coworkers have investigated the mechanism of intér;
‘molecular ligand exchange and configurational rearrangements in organotin
acetyiacetonafes. Acetylacetonate exchange between thsn(acac)2 and
MeZSn(acac) o is first-order in PhZSn(acac) o but zero-order in MeZSn(acac) >
concentration. A mechanism was proposed in which the rate-determining stép
is tin-oxygen bond rupture in PhZSn(acac)2 to yield a five-coordinate fin
species with a 'dangling' unidentate acetylacetonate ligand. This species
is then thought to react with a similar five-coordinate species formed
from 2 rapid equilibrium step from Mezsn(acac) 21 35. Configurational
rearrangements ln RClS)a(e.cac)2 (R = Me, Ph) complexes probably proceed
via twist motions through trigonal-prismatic transition statfes, if the
exchange process occurs by a sole reaction pathway136. In CDCl.D; and CEBr3
solutions these compounds have predominantly the cis structures with only

a small amount of the trans isomer. When R = Ph, the complex is ca. 95% -

cis and ca, 5% trans. Kinetics of configurational rearrangements which '

exchange acac ring protons between the two non-equivalent éites in

C:LRSn.(acac) 5 (R = Me, Ph), along with exchange of methyl groups in }?11251'1(acac)2

have zlso been studied. Substitution of chloride in ClZSn(aéac) 2 by r_phéinyl

or methyl grqups increase the labili‘l:y in the ordber'_ C128n< PhClSn (HeClSn(r

ths_n? 7, o '
.Ruddick' and Sams'° have investigated the ;tﬁctﬁies’ of qrgaiﬁqtii;

'o_xine and "rei'af_‘ted deriﬁativés ‘z.)yj magr;etiégliyéperturbed',ﬁBSst;a;ﬁérVlvs‘preclti'és‘cvt'ﬁ?&er
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8007

ii?RSﬁCl(dx)” (R.' Bu Ph) compounds h_ve the . CIS~RSan4 octahedral struﬂture,t
:{.thlst BuSn(ox) 1s sevenrcoordlnate thh three. equlvalent bldentate ff::'ﬁ
-}; oxlne groups, The complexes R SnCl(Ox) (R Me, Ph) and the dlmethyltln 8
Tderlvatlves of N;(Z—hydroxyphenyl)sallcylaldlmlne, Me Sn(sal—N—ZOC H, ),

-have flve—coord_nate structuresg * The data for Me3Sn020He and Ph3Sn(ox) are

vﬂrstereochemistriég? but -the complex Ph3Sn(s;1f§72-3Q06H4)7éppearsvto possess

the;novelrgggroctahedral confiéurétion. Nmr and uv data indicate that

B cﬁérdinatingréoivénts such as pjridine,‘trimethylphosphate, DMSO, or HMPA

 do not interact with the substituted dimethyltin bis(oxiﬁates) MeZSn(ox—Y)z'
(Y = Me, Et)'79. Full details.of the crystal structure of Ph.anOﬁPh.CO.Ph 7

nave been published . The tin atoms are five-coordinated with s distorted

gis-Fh;SuX, configuration {Fig. 8). The value of the M8ssbauer .quadrupole
splitting is satisfactorily explained using the point charge approximation.
Several organotin derivatives of tri- and tetradentate Schiff bases

have been investigated. The diphenyltin derivative of 2—(grhydroxyphenyl)—

Fig. 8. . The molecular structure of Ph,Sn0.NPh.CO.Ph. (Reproduced by

permission of the Chemical Society).



- Eor
fbenzothlazollne, thsnSAT, has heav11y dlstorted trlgonal—blpyramldal L
‘geometry.— The nltrogen atom and the two phenyl groups occupy equatorlal

'p051t10ns, w1th the sulphur and oxygen atoms occupylng the axlal 51tes

,(Sn,s = 2. 496(1)1 Sn-0'= 2. 093(2)1- Sn-N = 2. 217(3)1 Sn=C.= 2, 123(3)1)

‘(Fi 9)141.‘ The structure ‘of the dlmethyltln derlvatlve of 2—hydroxyaN—(2-
hydroxybenzylldene)anlllne, Me SnSAB, is similar, although heak 1nuermolecular
Sn...0 coordination (Sn...0 = 2.881(8)A) occurs to form rather loose dlmers,
(Fig: 10). Each individual molecule, however, also possesses the distorted
trigonal bipyramidal stéreochemistry, agaiﬁ with the nitrogen and both B
carbon atoms occupying equatorial sites and the oxygen atoms. the axial‘r sites
(Sn=C = 2.117(14)&; Sn-0 = 2.112(9)4; Sn-N =.2.229(11)£)'*2. organochiorotin-
derivatives of similar ONO and SNO Schiff bases, RC1Sn{trid), have also been

synthesised and investigated spectroscopically. The data indicate polymeric

Pnanyi-
ring I

Pnenyt -
rng ¥

Fig. 9. The molecular structure of thsnSAT. (Reproduped with permission

from Z anorg. allg. Chem.)._r_
Fig. 10. The molecular structure of MeZSnSAB.' (Rep:oduced:with permission-

from 2. anorg. allg. Chem. ).
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7 Bé*ieoléted'iﬁ;tﬁof;somerlc forms;ln_the sql;djeteﬁe;'

'fSpectroscoplc data show that these have 31x—coord1nate 015 and trans geometrles

}u th, respectlvely, a benu CSnC m01ety and a non—planar BSED llgand and

;'vnearly 1mear CSnC mo:Lety and a symmetrlc BSEID llgand. .The - two forms

gundergo c1s—trans 1somerlsat10n in solut1on, the cis 1somer belng favoured

{1n.non—coord1nat1ng solvents (CH C1 ) and PhNO ) and the trans form by .

ncoordlnatlng solvents (DMF and HMP&) The~trans 1somer—1s also favourede'
vfat hlgher temperatures. In alr, the complex is converted to, 1n1tlally,
”(Me Sn) O(BSED), for which structure LXXXVII is proposed, and ultlmately '

“to the. 1:Lga.nd and dmethylt:m onde144

Me - . . " Me

Me |
\\\\‘Sn”’/’ \\\\‘Sn

\‘ ‘/

LXXXVII

Mee.

Messbauer data for the dlphenyltln and phenylchlorotln uerlvatlves of the -

btetradentate 11gand dlacetylbls(benzoylhydrazone) 1nd1cate octahedral ‘
‘ 145

.geometrles for both, w1th llnear CSnC and CSnCl skeletons, respectlvely

CARBOXYLA"ES AND OXYACID DERIVATIVES

Me3Sn02CMe and MeBSnOZCCF3 are. 1sostructura1, con81st1ng of chalns

»o ‘carboxylate—brldged planar He3Sn groups (Flg. 11) The carboxyl brldglngi~”f




FigP 1. The repeat unlt of the polymerlc chaln “of” Me3Sn0 CCF3 : (Reprodeced”

with perm1551on:from J. Cryst. Mol. Struct ).

Tis not equal' the tlnyoxygen bond dlstances belng 2. 205(3) and 2. 391(4)£

for the acetate and 2. 177(14) ‘and 2. 458\15)5 for the. trlfluoracetate14sef

"Osmometrlc and “infra-red data for- tr1v1ny1t1n formate in carbon tetrachlorlde
fsolutlon suggest the presence of a monomer*_.dlmer equ111br1umﬁ47; Garner -
'and Hughes have shown that d1v1nylt1n bls(trlfluoroacetate) 1s monomerlc

with mdentate trlfluoroacetate groups1 49

The patent llterature reports
jthe synthe51s of dlalkyltln maleates from malelc anhydrlde and. R SnO 1n an
organic, solvent15 the compounds Lmvnla and’ TXXXVIITb. from FZSnOH ot

-(R3Sn) 0 and the correspondlng carboxyllc acld151,>and R3Sn0 CCE—C(OR')CH R"_f




130%:2'7

':_'from R3Sn0R' and HO CCH C—'CR' at temperatures i excess. of 160
Mono~ and bls-trlalkyltln esters of the unsaturated carboxyllc aclds

' H0 CCMe_CHCO H and CH C(CO H)CH co H, may also be obtalned by reactlon :
ulth tgi,triorﬂangtin (hv r)gzideg The derlvatlves readvlv nolvmerlze..

and copolymerlse w1th styrene and methy1 methacrylate 53,' Trlorganotln-:

‘ esters of blcyclolg 2, [Jhept—2—ene-5—carboxylates may be obtalned by the

_Dlels-AJ.der addition of R35n0 CR'=CH, to cyclopentadiene at 150-250° 194,

Bié(trialkyltin) oxides disproportionate in liquid sulphur dioxide
at and above room temperature giving diorganotin sulphites, R2Sn303, and

triorganotin monosulphinates, RBSnOZSR, or diorganotin disulphinates,

reSpectively155n—
liquid 502

R,SnOSnR, + 280, —————> R_‘SnO SR + R,SnSO.

4 o =

1 day

R=Me; T = 60°

R =Et, Py T = 25°

' liquid SO,

,
R,SnOSmR, + 350, _—_>1 -~ stn(ozsri)2 + R,SnSO;

‘R = Bt, Ph; T = 60

d—Thiényltriorganotin compounds react with SO2 at —20° exclusively at the

Trlphenylmethyltln reacts with liquid b02 at =30" to glve a mlxture of

mono— and dl—lnsertlon products IXC and XC:




805

jPth_SnMe‘ + 80, Ty Ph,MeSn0,SPh. + PhMeSn(0_SPh),,
: o ImC 1% X 48®
-} 20-60°. - .
PrMeSn(0SPh), <«——_  Ph MeSn
C 2 2 _ aqueous SO2 h3

XC

but at temperatures of 20—600, or using aqueous sulphur dioxide, only XC
' ' ’ 156

was formed. In.ﬁo casé_was the Sn-Me bond attacked « Similar studies

with perfluoroorganotin derivatives demonstrate that (06F5)4Sn is inert

and (CF2=CF)4Sn shows only slight reactivity. In mixed derivatives such as

Ph3Sn06F5 and Ph3SnCFECF2, reaction tskes plece only at the phenyl-tin bond:
20-60°

Ph.SnL + 280, S22 5 Ph(L)sSn(0,,SPh)
"3 2 1iq. 50, 27772

L = C6F5’ CF=CF2

The presence of the CGFS group in Me..SnCGF5 deactivates the molecule to

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

o ,
MeSnC F, 90°/14 days (Me,Sn) Me,(C,F )sn SO

65 . 4
liquid 502

- XCI

Perfluoromethanesulphinate derivatives have been obtazined from the organstin

halides and the sodium qulphlnate'157

' 20°%/2ER ‘ o ,
. __......_.__.> . .
7114 SnX - + nNa0 ,5C0F5 R, Sn(OZSCF))n + n.’Na.X»

R = We, Et, Ph, p-C e; X = Cl, Br; n=1, 2.

6 4M

Arguments favourlng an S 2 mechanlsm for the SO 1nsert10n reactlons of

tetraorganostannanes have been presented by Khnze and K001a158
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The adducts Mo, Sn(l\O ) (py) a.nd MesanO (py) are Iormed by hé'*-- -
addltlgn gf nv:r_'l dme o -chloroform’ susnens:.on o:f.‘ the annronrlate anhydrous
methy1 tm n::.trate. MBSébauer, mfra—red, and‘Raman ‘data md:.ca_te structu;!.-es

XCII and XCIII w1th unidentate nitrate groups for the two compLexesor

0 o
- I‘Y\\ 0 -;-__ / B A
0 ' (o} : \ e @
| o. ,
-t ~od <7
ot SnZ en
[ e
P 0— N Me
@) No

XCII XCIII

Structures XCIV involving bridging nitrate groups was proposed for anhydrous
asan 159

. lﬂl%bm‘l U3

0
i
Me_—_.Sn< XCiv
! )
o]

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

equatorial sites (Sn-C =2.13(4) 1) and the nitrate group bonding in a

‘unidentate fashion via an axial site (Sn-0 =2.30(3) ). ®wo nydroxy -



- 7307

brldges 11nk adJacent tln atoms v1a the remalnlng equatorlal ard ax1a1iif“

sites (Sn-o 2. 18(3) %) (Flg, 12)160

PO C\_?:m'
\‘s{,\___‘gi:(z'l
ooy
v\ _J
o

T

o3~

Fig. i2. The structure of Me Sn{0H)NO

o 'Reproduced by permission of the-

5
Chemical Society).

The structure of (MeZSn)s(P04)2,8H20 consists of infinite 'ribbons'
through the crystal (Figs 13). One tin atom has a regular octahedral
environment with trsns methyl groups, whilst the other ftwo enjoy highly

distorted (CSnC = 147, 1500) tetrahedral geometries due to weak coordination

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

bonding to each other and to phosphate oxygen atoms161. The compounds

(ow

'Fig. 13. The structure of (Me Sn) (20,),.8H,0. . (Reproduced by permission -
N of the Chemlcal Soc1ety) ' ‘ L '
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,Me3 >

.:methyltln chlorlde and P O Cl Ir and Mbssbauer data suggest that the o

compounds are assoclated through OPO brldges a leutyltln buto

rPolymeric,dibutyltin arsonates, Bu,SnO_AsAr, have been obtained from Bu Sﬁd

and the

hydroxide has been dete

=

SnO PCl2 and Me Sn(O PCL ) have been synthe31sed from the approprlate

162 .

23
. ..,164 . LS
arsonic acid .

The crystal structure of polymeric tris(frimethyltin) chromate

mined. Eac

of th

ree crystallograp
- = o k<

+in atoms has approximately trigonal bipyramidal geometry with approximately

planar Me3Sn groups. The oxygen atoms of the chromate groups are bonded to

tin, and the hydroxide group bridges two Messn groups, and is also probably

hydrogen—bonded to one of the chromate oxygen atoms. The Sn-0O

chromate

bond distances are longer (2.48(5)1 and 2.51(4)K) than the Sn—OE bond distances

(2.14(3)X end 2.51(4)Ek) (Figs. 14a end 14b)165.

Fig. 14.

ra

() Projeétion of part of the structure of basic'trimethylfin
chromate perpendicular to Z, showing the. chzins in the X_axis_

direction. (b)vProjegtionqu part of the structure perpendicular'

to—l,'showing the chains in fhe.Q axis direction. (Reproduged

¢<l

e
[
:
4]
w
)
<]
<]
Q

R
oy



309 .
8s SUI.PHU'R DERIVATIVES
Sym.heses of organotm sulphldes and thiolates are. reported in

varioils'-pa uents. Trmerlc ethylhydrotm sulph’:r.de, (EH:ES::S)3 ’ -1s formed in’

56,'5 yleld. by the actlon of sod.'lum thlosu_pnate on etny.!.tln tJ':J.ck'L_Lor"d.e1 66; .
Mixed vinylalkyltin sulphides O', _BuZSn[SC cr,0(CH,) , Mt 21 68, and alkyltm'

(isooctyloxycarbonyl)me'l:hane'l:hiola'l:es‘l 69

have also been synthesised by
standard procedures. - Hezting mixtures of organotin alkoxides or oxides
with thioesters affords the corresponding orgé.uotin thiolates in yields ,

amdm OO
pto 95%:

| 4 ” - " - ’
RnSn(OR.) gen *+ MHeCOSR" ——> RnSn(SR ) 4n * MeCOR

- M, R 5 1] X
RnSnO%_( 4n) €COSR” > RnSn(SR ) 4en T RnSn(OZCIIe) 4

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

Triethyltin thioacetate reacts similarly with triethyltin methoxide:17o

+ MeCO_,Me

Et.SnSCOMe + E"_J.SnOHe _ E‘I:BSn.SSn.EH:3 >

3

Stapfer and Herber have investigated the synthesis and structures
of organotin mercaptoesters, RnSn[S(CH ) 1_oC0R :I 4—n1 M. The compounds were
prepared by the condensatior of the organotin chloride and thiocompound
with or without an HC1 acceptor such as sodium bicarbonafe or triethylamine.
The trialkyltin mercaptoesfers Bu3Sn.SCH CO.R (R = Me, CBH,I,_(, Na) a1l
appear to be isostructural with foﬁr—cdordinated tin atoms. The stmoture.s'f
of the dialkyltw_;n ‘ois(mercaptoesters), hc_mever, depend on thé na'bure and

size of the. 1igémds and also on the method of preparation. Generally, the 7

two mercaptoester groups are not equlvalent- one functlom.ng as a un:.aentate'
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viand the other ds a. bldentate 11gand through 1ntramolecular carbonyl—4>t1n )
icoordlnatlon.r Butyltln trls(1soocty1thlog1ycolate) has flve-coordlnate tln?
'twhen prepared in -an aqueous medlum, but 31x-coord1nated tlu when obtalned
- under gog-aqueoy§ condltlons. Again both unidentate - and bldentate mercapto—

- ‘ester groups are present.

Treatment of dibutyltin bis(thiobenzoate) with dilute aqueous
hydrochloric acid results in the cleavage of one thiobenzoate group from

tin forming XCV:'T12

BuSn0 + 2PhGOSH — > BuZSg(SCOPh)z BuZSn01(_SCOPh_)
93%
XCV

173

Razuvaev has investigated the inluence of freshly preclpltated

copper on the reaction of organotin sulphides. With bis(triphenyltin)

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

ce1, inert
///// ) atmosphere
¥ A
Ph35nCl + C,0L, (Ph35n) 2
90% 38%

In-the presenée of freshly precipitated copper, hexachloroethane reacts more

ngourously with bls(trlalkyltm) sulphides than CCI

was proposed.,

A heterolytic process



',3];1?_ -7

Cap \gma e

oy ?‘ Vﬁ’:ypl | _;______;> 2R3Sn01 o 02014 +  cus
N ¥ _ 9% - 60% 92
,cl/ S Nea ' o ’

In the absence of copper, the reaction did not proceed, even after‘prolongéd.‘
heating. Hexaorganodistannanes also react wlth.c 016 with the formation of =
R3SnCl° BuBSnSSnBu3 and dl—tert—butylperox;de (300% excess) at 65 in the,:

presence of copper gave copper sulphide and Bu3Sn0tBu as the major products:

(Bu3Sn)ZS + Buoo®Bu _JE&_; CuS + Bu3SnOtBu + (BuBSn)2 + acetone
' 50% 505 10%

No reaction was observed between RBSnSSnR3 (R = Bt, Bu) and triphenylphosphine,

but BuBSnSSnBu3 and PhoPCl, underwent exchange:

131.13SIJ.SSnBu3 + Ph3P012 —— ZBu3Sn01 + PhsPS
S0% 80%

Tributyltin p—~tolylsulphide rezcts with triphenylmethylchloride and phenyl-
mercuric chloride to form tripherylmethyl p-tolylsulphide and phenylmecury
Ertolylsulphide174. Kiavtsov;g§_21ﬁ175’176 have studied the kineties of“'
mefal-proton exchange end metal-metal exchangé between triphenyltin arylfr
mercaptides and thercorrespoﬁding phenylmercury, friphenyllead a:yimercaptides
or the free (substituted),thiophenol. In chlorobenzene, mgtal—mefalzéxchgﬁge.
proceeds at algieatér,rate than metal—prot&nkexcﬁangé, whilst_pyiidiné_f—~f

‘accelerates the metal-proton éxchange-to a_greét§r gxﬁént’th&n fhermétal-
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’metal exchange. ﬁe inds)t pi;obable meéh’ahi sm fér ‘the ,-exéhaﬁge"i'eé.ctions’
'1nvolves an associative nathway, the rate of exchange belng malnly determlned 7
y.the ability of the migrating group to form a cyclic tran31t:r.on state w1th»r

vdéio'c:ali's‘ed bonds. - The rates of cleavage of i’:riorganotin thicphenclat’es
have been measured;invneutral aﬁd acidic équeous dioxan. - The driving force
for the San‘bond cleavage was suggested to be a stretching of the bond by
nucleophilic assistance of water. The fast reverse reaction (k;22>ké)

between thiol and R,SnOH, which instantly gives R;SnSPh, stebilizes the

f the R3SnSPh derivatives in neutral aqueous diozan. For the acid hydrolysis,

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

attack (k3) of a proton on the sulphur atoms (1
k1 S— &5+
HZO + PhSSnR3 = PhS......,SnR3.0H2

T \

k2 k_2 HC1
50 // | l’%
. +
PhSH "+ HOSnR + H.,O -
3 2 [£h§......SnR3.OH;] Cl
L', " . ~

|

PuSH + ClSnRZ, + H,0

VPotentlometrlc, spectrophotometric, and polarographlc studies 1nd1cate that
,tne a._sso_LutJ.on of etnyu:n_n sesqulsmpnlue in aqueous solution, in tn ,nréS'n(:'
of sulphlde ion at pH values between 8 and 11, is due to. the formatlon of the .
two complexes [EtSnS ]3— and - I_EtSn) (OH) G(HS) J5— 178 Bls(trlbutylstannyl)_

‘ethane dit hlolate reacts wlth CS and methyl or. phenyl 1sothlocyanates Over"ii




ili313' 

‘ a perlod of several days at 40—90 to afford 2-th10- and 2-methy11m1no- or -

2—pheny11m1no—1 ,3—d1th.101a.nes, respect:wely' 19
CB,~S~SnBu . CHz's\ / —(Bu3Sn) S °© CH,S
[ 2 _X=C=S l 2 |2 \c—x
CH,-S~SnBu; CE S \SS B CH,S”
: 2 U3
SnBu3

Ishii et 2l. have synthesised di- and triphenyltin esters of dithiocarboxylic
acids from the phenyltin chloride and the piperidinium dithiocarboxylate.

The products are crystalline, and are unreactive towards methanol, but ﬁith
primary or secondary amines, however, thé organotin sulphide, thioamides,

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

sulphide) were produced:

S

il
ArCSSnPh; + HNR, — Arﬁ/r\/\inm%
5) o Chr,
o }
i
AxCSH  + EzN‘Sﬂ%]
HNR,, | \:fa:cszsnrh3
ﬁ i It
. — -+
ArCNR, + H,S - Ar(S" "NE R, ArC ----- S SnPh3
R N—--- SnPh3

S
1 v
A?CNRZ o+ (Ph3sn) 25
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. ot u5) . -\
Ph,Sns); + eCGH4CS X SR

2
96% a4 -
ﬁ’ ,
o+ niec634c1vj >
. _ 475
_P?12S§(SZCCG He)
2HeCGH4NH2 s
(Ph23n5)3 + Me06H4CNH06H.4Me + H.S
: 94% 92%
Ph
R NH i don 1
, 2 S _
?hZSn<SZCR) 5 R1N. sln S-CR + ' RCSH
Ph
]
RINE
Ph_SnS RgN'R' gs‘ + 1
[hz ] * 2 RS NERS

l
E’hzsnSJS : o ‘ \

'Phenacylldenetrophenylphosphoranes dld not react with Pi SnS CAr com ounds,
: "3 P

'but w:.th Me3SnS CNp—oL a monomenc 131 adduct was obta:med.

+
Ph;?f-Q-EPAr o

- : o gt —CHCOAT. .~ o . 4
MesSnSyOipmy o+ BRgPoCHCOAr. . =~ o

—NpCS———SnI'Ie




7:{315  ?;;}:
Treétheht of Ph3SnSéCCGB#MeVwifh'pheﬁacyiideﬁe—tetramethylené?Sulphﬁrané'—
afforded XCVIz o ' ' '

Ost—cncoph + Ph;SnS,0C.H,Me ———> PhSnSSnPh; + _I'IeC6H4CSZCHZCOPh
. xevI
+ unidentified yellow

crystals

Sodium methoxide displaced the thiobenzoate group:179

Ph;SnS,CCHMe + Na' TOMe —> PhSnoMe + Nat s CCH,Me

Diphenyltin bis(yggf—dietbyldithiocarbamate) possesses a distorted

cis octazhedral geometry (Fig. 15).

The anglé subtended at the tin atom by

i 15. The mo'lecular structure of Ph Sn(S CNEt )

?(Re’ptbaucé,a" with

B permlSSlon from J. Mol° Cryst. Struct

“References p: 346
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.the groups 15 101 4(6) , wlth the two Sn-C bond dlstances equal (2 176(17)l)

The Sn-S bond distances of one llgand are -approximately equal (2 613(5) and

2.637(5)1), but differ significantly in-the other (2.548(5) ana 2.790(6)%)'8C.

PRI

Tetramethyltin undergoes Sn-C bornd cleavage with HSP(S)FEt giving

monomeric MejsnSP(S)FEt for which nmr data suggest the five-cdordinate

structure J(CVII1 81

=
®

)
&3

to
-3
[
it

Petridis and Fitzsimmons have synthesised anionic diorganotin and
triorganotin complexes of the sulphur ligands (CN)ZCZSZZ— (MNT) 2nd

oN(CO,Et)C,S,” (CED), E:LS_Q(MH‘)_—P". rRASn_(CED)__]Z- and rR_sg(mﬂ‘

Me, Bu, Ph). From stsbauer data, it was deduced that the [R Sn(MNT) ]2"

N

(»

z

(R = Me, Bu, Ph) end LBu Sn\CED)ZJ" complexes possess distorted octahedral
structures with chelating llgands and CSnC bond angles of ca. 130°. The
E’h Sn(MNT)ZJ 2- anions, however, appeesr to have four-coordinate tin atoms182°

A s:.mllar MBssbauer study of organotin-MNT complexes has also been carried

18
out by Allen and Brown 3. The neutral species RZSnI'INT (R = He, Ph) are
mmT e et A Mhs MNM 13 aand 3a unidantata in R SHMET ~ anions. but hidentata
Puilyncil Lo LT I LLBGlU L0 WhiiuTiiva ue si u.jua.uu.-.~ L, GMEVLDe WVUue OLuTaul uly

leading to five-coordinate tin atoms, in the [RZSn(I-m‘.:D)X]— (R = Me; X = €1,
Br, I: R = Ph; X = Cl) anions. A gis octahedral structure was also assigned
“to the ['RéSn(MN‘I')Z]Z- (R = Me, Ph) enions, in agreement with thé observations

_of Petridis and Fitzsimmons.

“9a . NITROGEN AND PHOSPORUS DERIVATIVES
- bo_LvO_LyS1$ of B nu3bm'n in. _qu_u1(1 a.tmnoma J.n the 'oresepce of "‘nz.: -

:.affords the prlmary sta.nnylam:.ne XGV’II as a mo:.sture—sens:.tlve u.q\ud. .
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ENH./C_H
PBugSnen -+ WE, 266, tBu3SnNH2

XCVIT

+

Bu3anD2 is similarly produced using KND, in ND;. Both compounds form

2
bis(tri—tert—butyltin) carbonate on reaction with wet carbon dioxide, but
unlike other stannylamines, the Sn-N bond in XCVII is not cleaved by carbon

184. Di—tert—butylstannylbis(dimethylamine) reacts with,an‘

tetrachloride
excess of methyl—- or benzylamine to give the stannylamines XCViII, which
themselves condense at 100—130o with loss of alkylamine to form the 1,3,2,4~

diazadistannetidines IC as colourless crystals:

t ) t
13u25n(N1~1e2)2 + 2RNH, —————> BuZSn(NE:R)z + 2Me NH

XCVIII

100-130°
R
N

b 0n”

t.
R = He, PhCH2 BuZSn Sn Bu2 + 2RNH2-

IC

Reaction of IC with benzonitrile produces the eight-membered heterocycle

C, but with sulphur-containing heterocumulenes such as 052 or vhenyl iso- -
thiocyanate; the cyclic dithiadistannane CI is .’formed:i85
. N N - - ‘/Y

::I,R‘efex{ép;:&;p. 46 N
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S N=C;+N_Me
Bu s satea, ZU=0S_ 1o PhCN, tg s! ok
2 !1 . n uzs u2 n - -?n Bu2
S Me-N g:N
|
cr. Ph
+ c
: 2E.f=C=N—Me " R=5, PN

The phosphonitrilic-substitued tfistannazane CII has been obtained by the

following rcute:186
( , FalisFs
] MeSSn)ZNP3N3F5 + (CF3CO)20 - Me3SnN\\. + Me3Sn02CCF3
: : - COCF
. 3
i—MeCOCF3
fe2
NP ,,/Sn\ PN < MeZSnNPzNqu
5 3'3\1 I’ 33 5 -7
Sn
Me2 \:!{/ nMeZ
1
P N_F
335

Ie*hanesulphdnobis(methylimide)methylami&ostannanes of the general composition
He SnI_NMeSMe(NMe)ZJ4 (n = 0-3) CIIT have been synthesised by transamination

of the correspondlng stazmylam_nes with MeS(N‘Me) HBMe'

The same compounds can also be synth951sed by substltutlon usmg

HeS(NMe) NMeNa ‘. - Proton nmr spectra. mdlcate the occurrence of mtra—_'
i 87 . , .

Tmolecular" exchange processes 1n solut:.on such ass .



- .31,9

» Me ’ Me -
I N D i
Me . : : -
: ~—— N —\ — - e
MeS , ?IT S:f:lMe3 | H:? iﬂ-le ——L M:ﬁ ' i\]’._l‘!e
2N N-Snlte, N
Me Me Me

The trimethyltin derivative of'7,7,8,8—tetracyanoquinodimethane,.HessnTCNQ;

has been obtained from MesSnCl and it (TeNg)” in water as an intense blue,
air-stable solid with five-coordinated tin a‘boms188. The'preparation of

trialkyltin triazole derivatives from RSSnOSnR3 &= CgHyqs Bu, *pr, tBu,

H ) and 1,2,4-triazole has been reported in a patent189
59

The crystal structure of Me Sn_]’.‘l’Mel\IO2 consists of planar Me3Sn

3
groups linked by planar N-nitromethylamine groups (Fig. 16) (Sp-C = 2.16(7)2

So-N = 2.55(4)4, Sn-0 = 2.36(5)8)"'%°,

Fig. 16. . The repeat unit of the chains of MesanMeNO ] '

Trls(trlmethylstannyl)amlne reacts w1th the methylchlor0511anes,;

: M 4_ S:_Cl (n = —4) to a.fford m:.xed sta.nnyls:.lylam:mes CIV' v

| :(9?3_?.”?‘.)? Moy

oy P80l s la,"_“-?s?*%?fzf*‘?‘é.ﬂea: L



- give. the corres _»"'-

seudohal:.de der:.vatlves. .

U:.th S4N4, (Me Sn)SN glves the d.:.stannyl—u-

Sulphodllm:l.de, MejanSNSnHes, wh:Lch 1s also prouuced, together Hlth

MeSSnNSNS:.Me3, from, the reactlon of CIV (n = 1) w1th S N
: :»,:V,‘Z(tHe3Sn)2NSViMe;5 + S 4N4 —._> Me3SnNSNSnMe3.- + s + 21§e3SﬂN$N§1h%e3
44

(Me_Sn) JNSiMe NCS also reacts with £,N,: 2"

. 2(MeySn) NSiMe NCS + S,N, ——> Me,Sn + Me,SnN.S 2Me. SnNSNSiMe, NCS

ANy PnligS, * o SNey e
A N=S=N :
2Me,SNCS  + MeZSi/ \smez'
N=S=N-"

LehnigBO3 has studied thegmechanism of the photochemical decomposition

‘of Me3SnNEt2using CIDNP. The following reaction scheme was proposead:

» > Me,Sn  + Me-CH-NE%
, , s
H?SSI.’N_EtZ —_—_—D MeSSn' . N'Etz -—

b——> Me,Sn. + Et¥-

2

| MegSuE  + Me,SnNEt, — > Me SnSuMe; + EtNE

2MeSn- —— > Me._SnSnMe

oSy -
| 2BE N+ —— > MeCH-NEt + EtNH

M 3s,l- T4 BENe oy MeSnH ¥ MeCHsNEt . .




giving the overall reaction: .

- 2MesSuNER, — Y > MeSnSnMe, ©+ BENH +  MeCH-NEt PR

'The addltlon of excess tert-butyl chloride to the system greatly suppresses

-the format:.on of HeBSnSnMe3, end instead Me3Sn01 is formed. 2

The expected insertion pfoducts CV are obtained from the reaction
192 o IR

of triorganotin cyanamides with isocyanates:

~ r

2}
=3
Q
=}

- Q. ann s
53011“311 +

<

RjS”U

1 -——ti‘-a
H.
- (9]

........ e d (Me_Sn) NM :1 Adduc are obtained from gn exothermic
P \Megon)
reaction at room temperature:
. N-CMe
: e v ?
PhCO.N=C=N.Cle +  Me_.SnN —————> PhCO—N—C
3 3 N\g [\ e
N/
. Me_Sn g
R = Me, Me35n 2 MR
CVI

Spectroscopic anc‘x molecular wei ght de.‘i:a; suggest the :i_ﬂtra.ﬁioleeularly coord—'

_inated structures CVII and CVIII for the two compounds, although proton n.m:r:-
o 193

spectra mdlcate that MeBSn group excha_nge occurs wrth CVIII at }50

:;References p. 346 "
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. 10. ° MIN_MATN GROUP METAT BONDED DERIVATIVES,

- Weibel and Oliver have shown that in solutions of LanMé3 and KSnMe3
an ,eQuilibrium'exists, between contact and solvent-separated ion pairs of these
spec1es. HMPA strongly solvates the alkali metal iom, and shifts the

equ.lllbrlu.m :

M,SnMe : M “ SnMe3
Astrongly to the right. Decreasing solvating ability is shown by DME and

"bis(ﬁ—ethoxyethyl)ether, until with THF the equilibrium is strongly displaced

‘ to the left; The additiqof two moles of HMPA to a TEF solution of LiSr.\Me3

. causes a &iséiacement of the equilibrium to the right. A lowering in
feﬁperature also-results in a shift to rhe right. No attack of the solvent
by Méjsr.l.i was observed, but on heating the compound rearranges to Me 4Sn

195

and Llsn(SnMe The same

3
authors have reported proton nmr data for the species Li I-Xe3SnI-IHe:] (M =

)3, a process which is aided by added HMPA

“ AT, Ga, In, Tl) and Ll[(IIe Sn) TlMe The presence of tin-metal bonds

:Ln these complexes was con.flrmed by the observation of tm-—across—-metal

‘ coupllng, and for the thall:.um derlvatlves by the add:.tlonal observatlon

’ of thalllum—across—t:.n couplmg 201




a3

Vyanza.nkln et a1°1_-96 ‘have- mvestlgaued the reactlons of trls—f;f-, :

(tr:.methyls:.lylmethyl)stan.uyll:.th:l.um with ‘peroxy compou.nds.._ thh::.um a:ud.

tr:.s (trmethylsllyl)stannyl tert—butox:.des or benzoates were obtamed-'

,(Me3SiCH2)3SnLi §u00~ Bu N (Me3SiCHz)3OtBu + tBuOLil__
‘ ' 65°; THF o :
Bz00Bz
20° 7
I-IeaMOOtBu (Me3SJ.CH2)3SnOBz + LiOBz
= 3i, Ge
(Me3SiCH2)3SnLi
v
(Me_SiCH, ) SnSn(CH_SiMe_)
(I'Ie3SiCEa)35n0tBu S M 2°es/5
+ Lio®Bu

Thermally-stable stannylmercury and stannylcadmium compounds have been -

obtained by hydrostannolysis: 197,198

~20, 5,
2(Me SIiCH,) SnE  + Et,Ca —_>[(Me $iCH,)8n |,Ca

CcX

2hr/20°
e s
2(Me3CCHZ)3SnH +  Et M o a [(He3CCH2)3Sn]2 ;&
256 oxt
M = Ccd, Hg ,

The derivatives (s5:4 and CXI are fery reaétiire., CX is readlly oxldlsecl by
molecular oxygen in hexane solut:.on to the stanny‘l oxycad.m:.um cumpound

CcX131, and w:.th benzoyl perox:.de to g:.ve the organotm and cadm:mm benzoa’ces .;'""‘
Rel’erencmp:iés S




1824 0

“Lithium metal displaces cadmium forming (Me,S1CH,) Sl

. [ S S 0,; hexane e . o
o (Me351§H2)35n 04 — ; (Me3510H2)3SnQ]20(1 .
AR o ~ ) CKII '
) Bz00Bz
Li/THF \
-cd -
Cd(OBz)2 + (I-‘IeBSiCHZ)BSnOBz
: ’ ) Et3SJ'_Br
. - - \ - -
(Me351CH2)3SnL1 (DIE331CH2)3Sn81Et3

Both CX and CXI are oxidised by iodine and mercury(II) compounds:

M
(R.Sn) M B (Ciytg)z M(CH,COMe), + R,SnCH,COMe
Hgonl, 22" faontia
2% 1 HgCl
9 2 gc 2
- ) \l
MI, + RgSal , R5SnC1
R = MeﬁSiCHz, MesCCH,; M = Cd, Hg
~¥Eeﬂ_the réaction of CXI (M = Hg) with icdine in a2 1:1 molar ratic is

v .carrieéi out éf,;l:émpézjatqreé -of {1 0 - -_-600 in hexane,’m'erc.ilry (97%) ana

‘triorgenotin iodide (81%) are produced:

SRR L  hexané  B - L
Ce I, . TSXel®  y .. R SnI' + R, SnHgl
B - —'1‘0<—’ f60° . R3 " & R3
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Mitchell has synthesised sténnylmercﬁry>compounds of the fyﬁgl
RHgSnR% by the exchange of triorganotin methoxideAQith,thercorrésponding

silylmercurials:

REgSiMe, + RiSnOMe — > REgSnR}  + MeSSiOMe
CXIII '
R' = Et; R = Bt, Pr, Bu, 'Bu

R = tBu; R' = Bu, lBu,'Me

When R = R' = Me or R = Et, R' = Me,rthe desired product CXIII is unstable,
and mercury and He4Sn or MesEtSn are produced. The observation of CIDNP
signals in the nmr during thermolysis for the tBuEgSnR% compounds indicates
homolytic cleavage of the C-Hg bond. Photolysis of CXIII also involves
free-radical intermediates199, The reaction between tBquSnR3band benzyl-

idenemslononitrile leads to the formation of N-trialkylstannylketeneimines

CXIV:
+
ArCH=C(CN) s * }3uﬂgSnR3

= Z0=NSi ' ~CH— =C=
ArcE-c(cN)=cC NSlHe3 + R3SnOR _—t A;(l:H c(cu)—c_ns:m3

‘tBu tBu

CXIv

R Sul +- Ar?HC (ox) Bg “Bu

tBu

The same- compounds may also be obtalned from the correspondlng 311y1ketene-xi

imine and trlorganotln alkox1de or from trlorganotln hydrlde and the adduct:

between benzylldedmalononltrlle and Bu,Bg —.' eradlatlon of toluene

s

6 5

solutlons of (06F ) SnBr and bls(trlethylgermyl)mercury ‘r Ev'GeHgGe(C 3-;




f;eads to the formatlon.of bls(trlpentafluorophenylstannyl)mercury CXV and {5,7

- the mlxed sta.nnylgermylmercu.rlal CXVI:.

GeBr + [( C6F5 ) 3311 ZHg

L o we L
v2_(C6F5)3SnBr + (EtsGe)ZHg — 2Et3

CXV

(CgF;);SnBr + EtGeHgte(CyF —B¥ 5 EtGeBr +
’6"5'3 6573 , 3 ,
: (061?5)351::HgGe(c6F5)3

CXVI
Without arradiation, mercury and the ditin compound are formed:

20° .
2(06F5)35n3r + (Et3Ge)2Hg —=——> 2Bt,GeBr + Hg + (CGFS)SSnZ

CXv shdws the ususl reactions of this type of compound, eg:

2(¢c,F.)_SnC1 2(c_F_)_SnOBz
653 HgCl, Bz00Bz 6573
+ —_—> [(C6 3Sn.] He —————)- +
. THF 50°
2Hg . Hg

7 The tripentafluorophenyltin alkoxides (CGFS)BsnORT' formed by exchange
" condense with triethyltin hydride to give the mixed distannane CXVI, which
. itself exchanges with (06F5)3SnBr forming the symmefrical distannane CXVII:
ey “ 1o° : o

7 (Cst)sspBr + - EtzSn0R _Bt;SnoBr + ‘(96F5)3Sn0R

(o]

R = Me, Et ' ‘50 )

100

Et SnH.
E ’-I-IeOH S
- (c )3SnBr
Vjsnm- R (c6 5)33115,11((:63'5)3 Et3snsn(q )




vy

Hexaethyldlstannanereacts much ‘more slowly w1th (06F5)3SnBr produclng

Et3SnBr, cxv1 and cxvn-zo2

L d

- ’ " 400° L C o B
EtSn, + (063'5)331- >  BbgSnBr. Et3$nsbz:1((f‘6F5‘)3

(c ) SnBr

Et SnBr + (CgFs) gSn

- 203
Germanium-tin bonded devlvatlves may also be obtained by hydrostannolysis

100° =
- + +
(CGF5)3GeH 3+ Et3SnNVt2 _— > (C6F5)3GeSm:.t3 E 2NH

(cgF )GeH + 2Bt,SnNEt, _.—__-,\ Et,SnGe(C Fy) SnEt; + 2Bt NE
Triphenylstannyl and tributylstannyl radicals generated photo-—
chemically frém the corresponding hexaorgancdistannanes abstract halogen
_atoms from alkyl halides. The fate of thé resulting alkyl radicals depends
largely on the nature and concentration of the hydrogen atom donors present
in the system204. Mixtures of symmetrical hexzaorganodistannanes rapidly

equilibriate in HMPT to afford the mixed distannenes CXVIII as distillable

oils:

R3Sn5n33 + R3SnSnR3 = 211331151:113
: o N CXVIII
R = Me; R' = Et, Pr, Bu, 1Bu‘ ,

7W1th the Me Snz/Me6Pb2 system 1n THF (w1th 5% MeMgBr as. catalyst) only

the decomp051tlon of Hest 1nto Me4Pb and 1ead was observed.. In:EHET‘:f

3-_'Rér§egcés§ dig
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v anq_without a catalyst, however, equimolecular amounts of Me65n2 and Mé4Sﬁ,.

4Pb and lead; resulting from the décomposition of the

intermediately formed sfannaplumbane CXIX:

" together with Me

3

MeSn, + MePb, —> [Me SnPbMe.Dzl —> Me,Sn + ’}IeZP‘:E)
' CXIX

Me4Pb + Pb

Hexaalkyldistannanes react readily under polar conditions with
C=C triple tonds and N=N double bonds. Hexamethyl—- and hexaethylditin
with diphenylacetylene in HMPT with 5 mole % NaOMe catalyst affords 70%

of trans-1,2-bis(trimethylstannyl)-1,2-diphenylethylene:

R3

//,Ph
Sn3 PhC=CPh —8 =C
33 nanR3 + h \S

Sn
~
pn”” nR
A jggggradduét was also obtained with rhenylacetylene, but only a very
small amount of reasction occurred with i-hexyne. Diphenylbutadiyne reacts

with I-'xeGSn2 in either a 1:1 or 1:2 molar ratio to give CXX.

Ph—C—C—C=—0——-7Ph
S
Sn Sn Sn Sn CXX
HMe, Me, Me, He :

3773 773773

2

,Thé reaction of HéGSn. Wwith both para- and ortho-diethynylbenzene gave
rafhe: complex'mixtures f:om'which CXXI ~ CXXIII and CXXIV, respectively,

: were isolated. . : : B




MeBSn\\ H .

- SnMe H SnMe3

CXXIV

N

H

The reaction of Me_SnSnEt_ with PhC=CPh affords all three possible adducts

3 3
from both symmetrical distannanes as well as the unsymmetrical distannane.

Hexamethylditin formed the additim product CXXV with diethyl aszodicarboxylate:

Me.Sn. + Et0,.C.N=N.CO_.Et —> Ny=—x
62 //’

2 > '
Et0.C o5t

but no reaction was observed with C=C, C=0, or C=N double bonds, and only
conversion to the isocyanurate occurred with phenyl isocyanate. Mechani;ms
involving stannyl Grignard reagents;(MeMgBr catalysis) were propose& for the
disproportionafion and addition'reactionszo5. Hexaalkyldisfannades’are
oxidised by tetracyanoéthylene (TCNE) and 7,7;8}B—tetracyaﬁoqqiﬁddimethane
(TCNQ) to the corresponding R3Sn('rcm;) and _RSSn(_TCNQ) dgrivat'ives.. With .
héiaphenyldistanpahe ana TCNQ; a Qf-;n)'chérge“transfer complex of compdsikiqﬁ 2

. x
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“(PhSSn) (TCNQ) was obta1ned206 Peloso has ' 1nvest1gaued the klnetlcs of the

»ox1dat10n of hexaorganodlstannanes by trls(1 10—phenanthrollne)1ron(ITI)

207, and substltuted 1,10-phenanthroline, 2 2'—b1pyr1d1ne, and -

208
)

'perchlorate
2y 2' 2"—terpyr1ume complexcs o“ :Lron(I” . In ali the systems studied
. the tln-tln bond is cleaved w1th the concomltant reduction of two moles of-
_1ron(III) complex per mole of hexaorganodistannsne. The reactions all obey
a second—order rate law, being first-order with respect to both distannane
and the irqn(I;I) complex, and the reactivity incresses in the order PhcSng
Me3SnSnPh3<(HeéSn2<;BuGSn2. ‘An outer-sphere redox mechanism involving two

~one—electron transfer steps was proposed, the initial electron transfer

being the rate-determining step:

R:Sn, + Feril _319% o psn -t 4+ pell
6 2 6 2
R65n2'+ + Fe"II ——;EEEE——4> 2R.sn* + iy 3
Rssn2'+ __jEEﬁL§> R.Snt  + R;Sn*

The reection of diphenyltin éihydride with carboxylic acids, or
t‘lphenylsllane or triphenylgermane carboxylic acids, yields the 1,1,2,2~
209

tetraphenyldicarboxylatodistannane derivatives CXXVI as monomeric species:

2Ph,SnH, + 2RCOH _._.__>’ Ph4Sn (och)2

: _ CXRVI
'R = Et, Pr, 'Pr, 'Bu, CH,Ph,

S;Prg, V(‘}ePh3




Trls(trlmethylstannyl)st1blne dlsplaces carbon mon011de from nickel

tet"'acarbonyl form:.ng the complex CIX'194

—C0; pentane

Ni(c0), + (MesSn);Sb > (MeSn)SoNi(CO0)5

cIX

11. TIN-TRANSITION METAT. BONDED DERIVATIVES.

The cycloheptatrienyldicarbonylmolybdenum—tin complexes
C7E7HQ(CO)ZSnPh.nX3_n (X = c1, Br; n = 0-3) have been synthesised by a number

of methods:
7 7Mo(co) Br + L3 SnPh., _— 0737110(00) oSnPhy  + Libr

C7H7I-io(CO)2SnPh3 + HCl —— > C7H7-I'10(C0)23nPh201 + CgH,

2HC1; —2C6H6

q M
C7n7do(00)231101.,
I3 ]
C7H7I‘[0(C0)2SHC1-. + PhZHg —_— C7H7.IO(CO)ZSn.Ph012 + PhHgClr )

The reaction of [c h,?; o(C0) ] B T Witk HaSnP]n3 does mot lead to

C7H7M0(C0)ZSnPh3, but rather hexaphenylditin is produced:21o

+ - ‘ ‘ <
E:,,H7Mo(co)£‘» BF,” + NaSnPhy ——> E:7H.Tt-m(co)3]2 + NeBF, + Ph6$n2>

The reactions of Me3SnCH I with NaMo(CO) 3Ps NaFe(CO) 2CPs Na.Mn(CO)

and NaCo(CO) 4 in THF do not lead to the SnCHZM der:.va.tlves. I_nstead Sn—C

,bond cleavage takes place, and the correspondlng Me

3Sn—M(CO) cp complexes-.

Reférences p.‘ 346




'-.HCl and HBr cleave organlc groupo from t:r.n in trz.methylt:.n,

:t‘rlnhenyltm, and phenyl(pentafluorophenyl) tm—-:u:on, '-manganese, -ch.rom_um,
_:v—molybdenu.m, anu —tungsten complexes., React'- on of‘ the same complexes w:.th S

QD‘Q-
A=

lchlorlne. 1od1ne. 1c1, o,,CEil'res_lted,;n fin-transition metal bond cles

: exrcve‘p't-bin the ceSe o_f .Sn-Mn bonded complexes with chlo;‘ine whére ageiﬁ enly: v
sn-¢C fpoed véiee;rag.'e'obeurreiiglg. The complex cpIs‘e(CO)(CIVWI'Ie)Sn.Me3 1s fermed-
frrom‘_r_theAbase7ca-.t‘7alrysed Teaction of Me,SnCl with the hydride cpFe(CO) (CNMe)H.V
A ;eechanism involving,a: base-induced deprotonetion of the hydride leading
'Eo ,:th.e, anion !:che(CO) (CNMe):l'_ was proposed213. Tﬁe related comﬁlexes
:(m&e C )Fe(co)":5@h3 have been obtained by the reaction of the sodium salts.
-Na L\me4‘5 _' With Ph3bn(7121 Ae Garner and Hughes have investigated

“the synthetlc ‘utility of divinyltin b:_s(trlfluoroacetate) in the formatlon

“of tin-manganese,. -iron, and —cobalt bonded derivatives. The reactions
- with NarMn(CO),:I Na, I-Fe(CO) ~| and Naﬁ!o(CO) -l, afforded the complexes

(CH _CH) Sn(O CCF )[Mu(CO)SJ (CH =CH) Sn[Mu(CO)S:‘Z,{(CHZ_CH)ZSn I:Fe(CO) 4]}
a2 (e PR e a ) e M fmny |

anu. \un2=Cn)23n uu;4;12 - The structure of bn2=«" )2311 Mn 5_]2 has
four-coordinated tin with the two I'In(CO)5 groups in a pseudo~staggered
149,

conformation (Fig. 17) second complex, (CH2=CH) SnZFe4(CO)16, was

also isolated as a biproduct from the reaction with Na.pl—}-?e(CO)A_I. The

si_:ructure CXKVII was proposed on the basis of spectrscopic data215

H CH,=CH o
\04 2013)% /

C

\ 115.7 ar !
} o Mn ‘ G
. i M

H:
=t

F

— r__ ,_\7 rd .'
JH) .Sn M.u\CO_)5 P - (Reproduced
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| -(CH2=CH)?Sn\ s |
NreGo),  reco),
CXXVII

Nesmeyanov et al.have studied the nucleophilic replacement of metal

caibonyl groups in trﬁhenYltinrtransition metal carbonyl complexes Ph,SnX

by other carbonyl anions ¥ (X £ Y = co(c0) 2 I-'[o(CO)Bcp, 1~In(co)5, Re(CO)s,
Fe(uO)ch)216. The reactivitiesof the phenylchlorotinpﬁn(*O)s and —Fe(CO)ch

compounds, Phj_nCIHSnM (M = Mn(CO)S, Fe(CO)ch; n = 1-3) towards CgFgLi
T

depend on M and the number of phenyl groups attached to tin21 . Tin(II)

chloride inserts into the Fe-C bond of cpFe{CO0) R (R = substituted allyl)
o y

to afford the products che(CO)ZSnCl r%29,

2

In diethylether ditin compounds react rapidly with C02(00)8 to

give the tin-cobalt compounds CXXVIII as the sole product:

i Et 0O
2
—_—i
X SoSnKy  + Co,(C0) g 22(331100(00)8
SXXVILIT

stn = Me3Sn, Et.Sn, EtZClSn

3

but in THF, Messn2 and COZ(CO)B give, besides CXXVIII (X = Me), substantial

- ]
amounts of He4Sn and MeZSnl?o(CO)QJZ:

, - ,
MeSn, + Co,(C0)g ———> 1.01-1935nc°(c_0) 4 0.5Me,Sn

S+ 0.3Me,3nrc°(co) ._|__,
. < L 432
Thésg;;d&iﬁigpai reaction products do not arise from avﬁiSpiopdrtionation.
" of CKEVIIT (X = Me).. With a catalytic amount of Co,(CO)y in THF, less
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Lo ol 1c°2(co)8 ' S ' IRRR
;He Sn ————————————} Me Sn, + [#e Sn —_—_> brown 1nsoluble
o ‘solid. FE

;iThe extent of thls‘cataly51srdlsproportlonatlon decreases with the volarltyA
ilof the solvent, and no - reactlon at all is observed in benzene or pentane.
ilcareful bromlnatlon of the brown product afforded MeasnBr, Me23n3r2 and -
b;MbSnBr3, 1ndlcat1ng that the dlmethylstannylene polymerlses durlng the .
: reactlon to a nolytln product with a branched structure. The following
“mechanlsm, 1nvolv1ng nucleoPhlllc attack of Co(CO) on Me3SnSnMe3‘as the

rate-determlnlng step-
 Co,(C0)g + THF — 3 Co(c0) ,*.THF + Co(c0),”
L 7 7 )
-cs(co)4_.m + Me65n2 + CO(C0)4 _

MeBSnSnMeZCo(CO) P MeCo(CQ) 4 + TEF

B Me3sns}ane2'co(co) g —> Lie3$nCo(CO) 4t i I:Me-asn:'

Me,SnCo(CO), + MeCo(CO), — = 3 Me,Sn + Co(CO),".THF.
A St 'Y 4 " T ey ; 4
e co(do)4"

'”Hn (CO)10 1s also an effectlve catalyst for the dlsproportlonatlon of -

j,Me6$n2, but less so than Co (CO) 218 Trlmethyltln hydrlde reacts exa— ;'

nermcau‘ with CO (co) at 20 to glve Me_’.SnCo(CO) in hlgh yleld . ’I‘he

fcorrespondlng311y1and oermyl complexes may also be converted to

reactlon‘




- EIEZSnCo(CO) épl contams two crystallograph:r.caJ_'L

-'mdependent, but almost geometrlcally 1dent1ca1, molecules.

»ﬁerlsed by a four-membered Sn Co [SnCoSn = ‘78 0(1)o CoSnCo 101 ;8(-1)9.-' .

2 542(2)}:] The tln atoms have sl:.ghtly d:.s'!:or'ced tetrahed:cal
)2 0

Sn-Co’=

,ge‘bmetr'y,_ Sn-C = 2.20(1)&] (Flg. 18

c@3’)

Fig. 18. The contents of ‘the unit cell of E:p(CO)'(h:rSnl;Iez]2 seen in
~ projection along 2. (Reproduced by permission of the Chemlcal

Society).

Collman et al. have mvestlgated the chemstry of some organo‘b:_n
1

N complexes of tetracarbonylosmlung, . B1s(tr1organot1n)osm1um tetre.ce.‘r:bonyl
~der1vat1ves CXXIX are obtamed in hlgh yleld from Na Os(CO)

<>———“’—> 1o 050 ft“%—'**-f:r.aﬁsf%s.#>a@%<°°>4.

 mpno g



rec éf?jtfézAfﬁé’QSmiﬁg;at6ﬁ;i#&icatédibi_igfié
L wss “pﬁ_l_-niéd‘ for the tpfiphenyltid?"cpmpouhd—,bjr ‘an X<ray diffraction :

féﬁuﬂyl(?iggiigji‘ ihe_Sn;dshﬁond-disténcé‘is,2}711.3”

Fié. 19. . The molecuiar structure of trans-{Ph.Sn).0s(C0),. (Reproduced
: - 2 4

by permission of the American Chemical Society).

The same complexes may also be prepared from the dihydride H2OS(CO)4:

. PO, B N Ph._SnCl1
© Nay0s(c0), ——=—=> B,0s(c0), —2—> (3E") H03(00)4],‘, 3

(Ph35n) 20s(co) 4

ﬁzoS(CO)4, +;'2RanE —_— (R3sn)20s(co)4 + ZEH

" E = $0. OR, ¥R,

'Tréafmént of the compléxesVCXXiX with hydrogen halides,iesults in Sn~C .

] bdgd”cléavagé;;bﬁ§:¢hlorine causes ShéOs'boﬁd fissign;" g
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tr.

e (P5) 08(c0),

Cl

2
trans—(ClaPhSn) 50s (co) 2 J trans— (Br3Sn) 508 (co) 4
. trans-CIZOs(CO) 4
C
trans-(PhBu,Sn) ,0s(C0), —HOT o trans~(C1Bu,Sn) ,0s(C0),,
CXXX

Reaction of CZXX with HRe(CO) 5 affords CXXXI with the Re-Sn-0s-Sn-Re skeleton:
Bt NE
—_—
2ERe(CO)5 + CXXX (OC)BReSnBuz 2Oso.e,(co) "
CXXXI

Cyclic SnzO's2 ring systems are produced from RZSnCl2 with NaZOS(CO) 4 and also
221

from treatment of CXXXI with HZOs(CO) g in the presence of base:

, sn2 CXXX +
N Et,NH
1\13205(00),Jr + R SnCl, —> (00)403 05(00)4 —_ 5 H20s.(co)4
Sn
B = Bu, Ph R2

Trimethyltin hydride aﬁplaces alkane from PiR, [(éhZP) 20}12]
(r =‘Me, Et) at rooﬁx teuiﬁerature, or at ‘500 when R = Ph. The ;1_6 ;_product )
:-‘—PtH(Sn;Mes)j [(PyZP)ZCHz], iissociétés revérsiﬁly in sp}utib;l to ‘
?F(?ﬁﬂéﬁé[@héé)écna‘] .,: X Réa'ctigﬁ— ofthe aj:.xalo}g.c;us iead -'ccra;riplgx?wit}lj 7
jSull gives PHE(Swte,);[(PrP) 0, ana Fngrv,. . Waen peci,[(eny2) 0m]

'_‘M:e

SRt




3381;Q,"‘
:MeBSnBI y:.elds l:he complex PtCl(theS) [(Ph P) 2032] whlch also dlssoc:Lates-
in solut:.on to PtCl(SnI\Ie )[Ph P) CH] Oxidative-addition ofVHeBSnH to

Pt[:Ph P)ZCH;] similarly produces Pt(Snlte,) Bpn P)2 301,

2. * DIVALENT ORGANOTIN DERIVATIVES.
Laﬁpert, Tht;)mas et 21. have described the in‘tera;c'bion of
N diEbis_(trimethylsilyl)methyl]tizi with some transition metal carbonyl and
chloride; compleres. The stannylene is a good nucleophile, and is able to
‘displace CO or P.3P'and cleaves the chloride bridges of the binuclear PtI-

complex —[(EtBP)PtCJ'Z]Z" The reactions are summarised in Scheme 1.  The

. (PhsP)3Rh01 (norbornadiene )¥o{C0O) 4
(Pth) 5 (RZSn)R.h(H (RZSn) ZIro(CO) 4
RZSn

: cp (H¢)

: (EtBP)PtClZ 2 che(co)2 > Ny / \ /

(EtBP)PtC;(SnRz) (snr,C1) > /.be\ / .
' R Sn cp

2
CP(CO)SMOH cp(CO)SMoﬁe
’cp(co)SMosnRZH < _ - S cp(CO)SMoSnR2Me

R = (Ivle_),Si)ZCH 7

,crysté.l s‘ti'uctl'lrver of the pentacarbonylchromium cbmplex of the. sfannylene

ha.s been determlned, and is shown :|_n ‘Fig. 20. The tin enjoys tv‘igonal
coordmatlon, w:_th the two carbon atoms and the chromum atom bound to :

,.the tln, a11 fou:r: atoms belng coplanar (sum of “the a.ngles at tin = 360 )'

’:?The Sn—-C bonds are not’ unusual (2.18, 2. 19A) but the Sn—Cr bond dlsta.nce -
'_(2 562(5)L) 1s cons:r.derably shorter than :Ln the related. complex i -

: ff(2 654(3)3)222 [(Me SJ.) CH] Sn reac us m.th dlu-on fl e
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neture of [('MeBS:L)‘_ZCHJZSnCr(CO)5 (Reproduce

by permission of the Chemical Society).

nonacarbonyl to give the complex CXXXIZZZ, but bis(cyclopentadienyl)tin

compounds react to afford the cyclic dimers CAXXIIa, which undergo Sn—Fe

bond cleavage in pyridine giving the monomeric species CXXXITIb:

Xz
SnX, + PFe,(CO)y —> (oc) ,F /Fe(CO)_4
\ S
Sn
X =C_H MeC_H XZ
552 5
CXXXITa
(oc) Fe_ \
Sn[CH(S1Me..) ] : | ey
( )4Fe J
CXXXL py.X,Sn.Fe(C0), .

efgr\cés p. 346 R




The reactlon.of SnX (X = CSHS’ HeC ) w1th Cr(CO)6 does not proceed

: :thermally, 'bu"' photolys:.s of SnX2 w:r_th M(co) 6 (M = Cr, Ho, w) ;m THF
':produces the complexes X SnM(CO) 223 224 Complexes of Sn(C5H5) and
ISn(C H Me) -w1th “Group III trlhalldes have- also been reported brlefly 45~
'Bls(methylcyclopentsdlenyl)tln forms the charge transfer complexes"
i(MéCSHﬁ) Sn,nTCNE (n=1, 2) with tetracyanoethylene188° Dicyclbpenté—
'dlenyltln and bls[g,grbls(trlmethy181lyl)am1no tin are in equilibfium

with the monocyclopentadienyltin amine CXXXIII, which is also formed

“from C_H SnC1 and LiN(Sirqe3)2:225

‘(csﬁs)VZSn + Sn[N(SiMe3)2 L= CSHSSnN(SiMe3)2

CXXXIII

f

CgH;SnC1  + Li_N(SiHe3)2

The reaction of (C HS) Sn with iodine is rather complex. CSHSSnI
(C5H5) SnI and C E'SSnI3 formed by exchange and ox1dat1ve-add1tlon, have

all been identified in the reaction mixture:

' ' I, (c5 5)zsn
(c H) oSn ———e (c 115) Snl, —>25> (C5H5)3SnI + CgH SnI

 (CgHg)5SnI

05H58n13

'ﬁiéyéioﬁenja@ienjltin also undergoes exchange with ﬁéthyltin(IV) halides:

(c 115) Sn + He SnC12 —7%—>>Me2(c555)7an1: : T‘ CSHSS?(:}. N }




T ;‘(CSHS)Z%? + 2MeSnCl3 —_ 2Me(C B, )SnC1, * " GgHoSnCL. .
The reaéfioﬁbf v(VCEVHS).ZSi; with methyl iodide in benzene é_.t.room temperature '

575

in d.ayiight iﬁitially' gives ‘rise to e.—precipitafe of C_H_SnI, bﬂt:}zlting.tely
only.Me(CBHS)éShI (> 90%) was prseent, suggesting the reaction scheme:

. (C5E5)ésn (
(CSHS)an + MeI ——3 Me(CSHS)ZSnI == Me CSHS)BSn

+
CSHSSnI
lMeI

Me(C.H_).Sn
575’3

Me (0535 ) Sn12

(C5H5)28n also undergoes oxidative-addition with diethylacetylene dicarb-

oxylate to give a mixture of six-~ and nine-membered ring products.

' Et02(l! fant '
(CoH),Sn  +  Et0,C.CE=C.COEt — > c:({ -
n=1, 2 (egg) Sn n

With benzaldehyde, addition of the Sn-C bond across the C=0 bond occurs:22®

» (CjE),Sn +  2PWCHO ———> Esns_lcig_o]sn -
: : h . |2

The cleavege of (HeCéH;) ,Sn by 5-§iketones—affords +in(II) bis(f-keto-

’éﬁpléteé):zgrz C

‘Referenices p. 346 .




(RS 4 R00.0E,CO! > Sa(OmORCOR),

SRy R = Me, CFy '
:iPentacarbonylmanganese hydrlde also cleaves cyclopentadlenyl groups (C H ) Sn

-affordlng the unusual tln hydrlde H Snﬁ[hn(co);],, the structure of whlch

has conflrmed by an X-ray dlflractlon study228°

13. 7PHYSICAL'AND SPECTRCSCOPIC DATA.

In this Section-are collected references to spectroscopic and

physical data for compounds not previously referred to in the text.

Data bave been obtained for the following compounds: Sn(03H5)4

( V232 _ v : 233,
(IR and R) 5 Bu, SnX (pn =1-3; X = F, C1, Br, I) (IR) 3

4-n
.HeZSnClz.ZDMSO (single crystal and solution Raman study)234; 1-oxa—-2—
stannacyclopentanes and 1-oxa—2-stannacyclopentenes (IR and R)237’236;

)238; meta— and para-substituted

Me,SnS,Cle (IR and r)227, He SnC=CH (IR

239 260

AvCH, SnMe_ derivatives (IR) ; I'IeZSn(acac)Z (R)258; divinyltin compounds“ .

2 3
:(ii) Nmx Datar
Reeves has used nmr to study the behaviour of the dimethyltin ion

,iﬁ lyotropic nematic phasesz4o. Gielen has shown that methylneophylphenyl-
tinrhydride,>(Methylneophylphenylstannyl)cyclopentadienyl molybdenum
:tip't;icarbonyl, and MeZPhSnGeﬁePhu-Np are configurationally stable within
the nmr time scale even in the presence of strong nucleophile5254o A
'ﬁheore#ical interpreta#ion of the‘1193n nmr chemical shifts of methyltin
aﬁines,'chiqridé§, mefhylthiolates, alkoxides, and hydridés, and hexamethyl-
‘ 256 o ‘ ) : o

ditin, ﬁas been presented
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Other data whlch is avallable 1nc1udes the followlng Me%SﬁCgH7'

(13 and 13C)241; meta—'and uara—substltuted phenyltrlmethylstannanes ( H - -

d;130)?42; stannacycloalkanes (1 )243°'PhSnCl3 and Hecsﬁ SnCJ.3 (1H and
ds 13n\245 orza ..v-l- n

a3 famTnATIT
L %3 CTOmPOUnS

(1193n)?46;:tfiflﬁéromethylphenyltin éompounds (1195n’and
substituted phenyl-, benzyl trimethylstennanes (13¢)248, Me SnCH,Ph,
4-fluoroindenyl and indenjltrimethyltin, '

SnMe SnMe

3 3
F) and (N N (P30)249,
\_/

oxirane—-tin derivatives ('H) s methyltin alkane— and benzenethiolates

(1195n)251; trimethylstannylphosphines and their pentacarbonylchromium,
and tungsten complexes (1193n)252; hexaorganoditins (119s5n)253,
Me_SnS_cMe ('E)®7; Me_snc=cE (*B)®*®; exo- and endo-2-norbornyl, 1- and
- - (136)255

2—-adamantyl and 3-nortricyclotrimethylstannanes s and organotin

(iii) Mass Spectral Data.

Ionization and appearance potentials have been measured for -

238 270

Me3SnCEECH and Me_ SnSPh . UYass spectral data have been listed for

3

£y o I's P-4 ~r - ra n -.-\233i T N, . 1 - . _ .
Bu onAn in=1->, X =¥, Ci, Br, i; H ]

4-n
and —heptane5268; 10,10-dimethyl- and 10,10-diethylphenoxastannin, 10,10-
dimethylphenothiastannin, 10,10¥dimethylphenothiastannin 5,5-dioxide,
5,5—dimethyl—5,10—dihydrodibenzo{g,é]stannin, and 10,10'-spiro-biphenoxa-

. 269 _ a=)271
stannin”; and Phs_ (C.FS) Snin(CO)g (n = 0-3)7" .

(iv) MBssbauer Spectra.
The three 1somers of trlgonal blpyramldal R3SnL derlvatlves

have been dlstlngulshed by llnear regre551on analy51s of quadrupole spllttlng .

—Réfe‘yences P 346
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jdata for flve—coordlnate R3SnL and 51x—coord1nate R SnL4 spe01es. ’Séllttlngs
;fa11 in the ranges ca. 1.7-2.3 mm/sec for cls-R3SnL » S8 3.0-3.9 mm/sec

for ecuatorwal—RBS o and ca. 3.5-4.0 mm/sec¢ for mer—R3SnL 257, Me Sn(acac)
'has been subjected to a detailed temperature study in the range 4.2€T¢

120 K?S?. Other systems which have been studied include six—coordinate

cgmplexes.of the types [#ZSnFA][;]Z’ RZSnClZLZ’ RSSnClL2 (R = Me, Ph; L =

‘oxygen donor; X = BPh, , 0104-‘br PFS_)QSQ; divinyltinjcompoundszso;

4
, . 261 . R - . 262
3-stanna-1,2-dicarba~closo-dodecaborane s diorganotin dihalides ;

263; organotin dialkyldithiocarbamate5264;

.triorganotin and diorganotin arylmercaptideszss; organotin derivatives of

succinimide, phthalimide and hexahydrophthalimidest; and tin-cobalt bonded

detivative3267g

organotin acetylacetonates

(v) Miscellaneous Dats.

He(I) photoelectron data have been measured for Sn(CH SlMe,) 272

Me_SnPh and Me-SnCHéPh 73; cyclopropylcarbinyltrimethyltin, allyltrimethyltin

3
and isobutyltrimethyltin 274

stannane275; and Me_SnSMe 76. ESCA core electron binding energies have

3
been obtained for dialkyl{in dihalideszsz. The electron spin resonance

3 trialkylallylstannanes and benzyltrimethyl-

spectra of organotin radicals produced by 60Co ¥-irradiation of R4Sn.(R =
Me, 'Ei;, Bu), R3Snc1_ (R = Me,- Bu), RSn, (r = He, Ph) and Ph33n3277, and’
also of the stab1§ tin—centred radical [zMe3Si)20é}3Sn'278have been measured.
Aﬂélysi§ of esr spectral data has been used to derive the following order

of Leﬁié acid acceptor strength SnCl4>-SnBr4j>SiEA.ZFBuzanr(CO)5t$310142b

4

GeCl,279, United atom theory has been applied»tb trisubstituted radicals
_and anions of the type SnX, (x = 8, Me, 7, 01)200, '

Dlpole moments have been determlned for Me3SnSPh, Me. SnSC H 0112,

37674
) 232. Dielectr;p data-

_MeBSnss:;Me.j , 1, Me3SnNCO and t«e3Ncs ,T_ , and Sn(C3H5
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for benzene solutioms of R4Sn,,R2$nC12 and RZSnl9ZC(CH2)6Me 5 gre_

availableZSo,

The uv spectrum of Me3Snssze has been measured237. The heats of
mixing of tetraalkyltin compounds with normal and branched alkénes have
been determinedza4. Extended Hiickel calculations of allyltin compounds

have provided evidence for UZJtconjugationzss.

A method for the determination of tin in organotin monomers and

polymers by radioisotopic X-ray fluorescence analysis has been describedzss.

14. APPLICATIONS.

R3Sn006HZXZCN (x = halogen) compounds are selective herbicides

for clover, sugar beet and soya bean288. Tris(cyclohexylmethyl)tin derivatives

show miticide activity and fungicide activity against bean flour ﬁildew,

283,290

apple mildew and scab BuBSnCHZOZSPh shows pesticide activity

4

and is 2 seed antifungal agent2 .« The related Bu3SnCH SOR compounds are

. ~ %

COR {n = 1,2,6

. . .- 25 . o
acaricides, insecticides, and herbicides®~. R3'nS(CH

exhibit hydrophilic biocidal activity?’l. Organotin thiophencarboxylates 2!,

substituted aryltin trichloridesgz, perfluorodistannacyclohexadiené
derivatives?', and R, Sn(X-C_H.N-E), (B = 0, S)292 show bacteriocidal and
(= P =

fungicidal activity. Mixed triorganotin chloride derivatives, RZR‘Sn01,

norbornyltin  compounds are fungicides and miticide5293, and triorganotin
18 '

triazoles are acaricides and insecticides' ~. Some R3SnOC(NR)NHCN

derivatives show antifungal activity192. Cyclic diorgznotin dialkoxidesTZO

294

-and diacetatodistannoxanes are datalysts for the polymerisation of

H,WO,,. and MeBSnOH~VO(acac)fcataiyse the_ePoxidéfion pf,élkeneéggs._37v

2nTar
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. OrganophosphatdStannanes h'a.ve'been used as catalysts for hardening organo-

-_~pc>1ys:.1c>xa.1;es1 . 3. Several types of thiolato-tin der:.vat:.ves have been
69,172,296~2

used as poly-mer stablllz:_ng agents1 66 168,169,17 3 99

stn( OR')( OSnR,, ) ( OR') derivatives are useful as curing agents in

adhesmn—resmtant organopolysﬂoxane compounds for vegetable parchment
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