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1. HReview ATticles

Szveral Articles of magor iaportzpee have be=n published during the past
yezr. Ho zrd Zuclkermzn hzve produced an esgcellent treatise covering structural

rzzrotln chemistry, which :1s not only coaprehensive in the title meterizl, but

o]

nd Smith have similarly

fu

zlso wocludez cuch other azsccizted data. Smith

compr=hensively reviewsa n ner chezxczl shif't data. Bezides being a lucid

elucadation 1n solution, the review contaips 3 tabular survey of known data.2

The wpportence of pentz-cooraination in ths phys:cal and chem:cz2l properties

-

of organotin compounds has been discuszed by ”aSlElSEl,J wn2lst Grelen has

4

reviewed the synthesis and prooerties oI tetrzorganmotin compounds’™ and much of

18 own work on the :inetics of cleavage or the tin-carbon bond.5 The use of

orgznotin compounds ..8 stabilizers for poly(vinyl chloride) has been rev:.ewed.6
Several other review: which contzin sections of interest have also appeared. A
Ruszsizn monograph deals partly with orgznotin monomers and polymers.7 Rudiments
drgznotin chznastry 223 been deszcribed. 411 azpects or the chemistry of cyclo
pentadienyltin compounds hzve been criiically reviewed by Abel znd his coworker
whilst ths report of Ustyn,uk's plenars lecture at the 6th. International Confe

2

ence on Orgznomstallic Chemastry summarisss his own studies (by 1H. H, and 130

nmr) on th: m=tsllotrop:sm of staznnyl-cyclopcotzdienyl compounds, including mes

10

spectral, structural (elzctron diffraction), and thermodynamic data. The

s:tability of organot:in compleres with anionic and neutrzl ligands has been

1 .
reviened by Reutov and has coworkers. ! Some asapsct3s of orgzrotin electro-

1
chemistry have been mentioned by Dessy. 2 The charzcteraisztion of organctin
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13

radicels by esr and homolytic substitution of organotin compounds are

reported 1n articles of wuch wider scope.M’15

2. Coopounds with Four Tin-Carbon Bonds

Tetramzthyltin has been obtained in 90% yi12ld by refluv:nz tin(IV) chloride
and tetramethyllead in to]uene.16 Treatmert of finely divided tin (from tin{IV)

chloride and magnesium 1n acetone) with €thyl bromide at 400 using Bu4HI, tetra-

1odothiophene, or (EtOCH2CH°)90 &S catalysts afroras tetraetnyltin,17 Tetrelis-

trifluoromethyltin, Sn(CF 1s obtaipnena by the reactiorn of tin{IV¥) iocaide

3)4’
1
with trifluoromethyl radicals (from a hexafluorcethzne d:scharge). 8 The mived

ethylbutylstannanes, Et Bu, Sn (n = 1-3), may be preparsd in hich yields without

4--n
alkyl group migration by the rezction of bis{tributylt:n) oxide, dirhutyltin ozide
or cutylstznnonic acid with Et,_,AlCl or E‘.tAlC12 1n tne pr:zence of sodium or
potass.um cnloriac. Without added alkzli mz=tal chloride, sume sliyl group
redrstribution does tzke place.'9 The molecular structure of tetramethyltin
has pbeen redeterminsd b, ¢lectrom diffrzction. ssuming the Snci framewWork and
the methyl group to have T, and CSV symmetry respsctively, the relevant bond
paramaters were determined to be: r(Sn-C) = 2.133 }a, r(c-8) = 1.1179(9O)A.
The methyl groubs rotate freely, Or very nearly So.
Mircnov &t al. nave attempted to synthesise four-mimoeren heterceyclic tir

compouras viz the following routs:

I“l| Me T‘l‘.e l"}e
B-S1CH,C1 — S5 B-SiCHMgC1 o2l go5108 SacE, 01
| ether l I~
Me Me Me Mz
qe Me Me Me cH

jo]
| | | e /S c
H-S1CH,SrCH,C1 —o CACH, %5 5 €151CH,SnCH,C1 iﬁf‘%m,s \Sn.Me
| | ZnCl | “1 <
Me M2 Me Me CH

The reaction of I witkh magnesium however, although quantitative, does not yie.d
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i1. Instezd mainly polymer is produced, together with a distillable fraction
containing at least six compounds including GlMe,SiCH,SnMe; (1&%) and traces

of Me&,51CH,SnMe,. Suipilarly, BrCH,Saiz,Br (c1cE,SaM=,C1 is inert) reacts with
caznesiun to afford again mostly polymer together with small amounts (3-6%) of

111, IV, and V, but ro four-membered heterocycle:?

ca,

—>> Mo O i \S_,M

e, SN nhie

2 2

Ye \\ ///
| ce;
BrCH,SoSr Mz/ether
il Me,SoCHSnMe, + [MeSucH,], +
IiI w
DMEBSnCHé]ESnMez
v

I1T is also synthesised 1n 35% yield from MeSSuCHQCI, H535n01 and magnesium.21
The Grignard method nzs bsen used to synthesise severzlew-substituted alkyl-
znd alkenylstznnages, RR'SSn (R' = Ph; R =« -undecenyl, 4-~pentenyl, 3-butenyl,

3-pherylpropyl, 4-phenoxybutyl. RB' = Me; R = 3-buteayl, cyclohexylmethyl, 2-

phenethyl, S-phenyloropyl, 3-pnenorybLtyl).22 ﬂ—tert—Butylfﬂ—(Ertrialkylstanny
arylhydroxylamines I have been prepzred by the routes:349
t-Bu o):1
v
Br Br \H
(1) Mg/ether {1) Mz/ether R = Me, Et, Bu
(2) R;SaC1 (2) MesC-lio
Br Br (3) B0 5 i
t-Bu 08 t-Bu H
Br ~n” \H/D
(1) Mg/ether (1) 2Bulz
(2) MeC-HNO (2) 2Me,SnC1 g
gr (3) B0 b (3) 8,0 Satte,

Racemic tetrazlkyliain compounds have been obtained by successive alkylations

by Grignard reagents and bromodem=tzllations:



iso . .
Bu38n01 .,__EIEEE%. 8u.SntS%x —Sll_EFQKESEE_.;> Bujsn*soprcycﬁez
7 (2) ecyclo~HezMgBr <
90% 81%

(1) Br/*“°ProE  + Bu,SnYChex
ise, cye cyc & <
Bu - Pr Y HezMeSn + Bu, ”“HexMeSn  (2) MeMgI e

VIIa Vilb

The final products VIila ana VIIb are formed in a 2:1 rat:Lo.Z—5 Hollowzy hzas
rrepared several i-butyl and t-peatyl subatituted dizsymetric stzonznes znd
distannanes by a similar series of reachions starting from tetraphenyliin,
Reaction of ai-t~butyl{phsnyl)tin chloride with t-butyllithium or -magnesium
alide results i1n the formztion of the coupled praduct (tBu)3PhSn-SnPn(tBu)3,
but the same reagents rescted Wwith diphenylneophyltin i1odiae to yield
th(PhMeZCCHZ)tBuSn. Coupled preoducts were zlso obtaired ty the rzzction of
E-pintylmagnesium ckloride w.tn PagSnl, Ph2t3uSnI, PhZ(Phﬂe:CCEE)SnI, and
Fh(PhCHE)tBuSnI, Orly Phe(PhCEQ)SnI caula be succezstully corverted to the
dss1irea monostznnane, PnZ(FhCEZ)(MeCHECHeE)Sn.2¢ g~ ond p-Biphenyltiriorganozin
derivztives have been obtained in moderzte to gziod yield irom the corresponding,
lithiu~r or Crigmnard reagentis and the approprizte triorgzrnotin chloride. All
exhibited high thermosiability having decompozition points well in ezcess of

2000.25 10,10~-Dimethyl~ and 10,10-d1ethylphenczastannins have been prepzared

0 (o]
- yd
O IO e~ O -
Li La Sn
N

R R

R

@ Noi”

o n
013 4} SnCl2
<:) SnCl3 0 o} Viliz
VIilv
PN

R R
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from the reaction of ory-2,2'-bis(phenyllithium) with R,SaCl, (R = Me, Bt). -

Smzall amounts of the 1.-membered heterocycles VIIIz were also obtained.

Pmr dats showed thzt VIIIz (R = Me) exists in solution as a mixture.of conform-
ational 1somers., The trim=tzllic specic3 VIIIb 1s obtained by reaction of
10,10~-direthylphenoxzestannin #ith SnCl4. 10,10-Dimethylphenotniastannin is
the only product obtaimed from the reaction of thio-2,2'-bis(phenyllithium)

with M=,SnCl,. Oxidation WJith excess p-chloroperbenzoic acid affords IX.J32

S

S
— \ _—— /
@) + Me,Sncl, —2baC @
Li Li /§n\
Me Me

= 54775
0§§S49
o O
IX
Sn//
Mé/ \\He

1-Adamzntyltin derivatives have been synthesised by the rezction of triorgano-
tin sodium compounds and i—-nzlogenozdsmzpntzne 1n liguad agmonaz (R = Me) or by
the Wurtz-Fittig rezetion (R = Ph). Tetrakis(edamantyl)tin was also obtained
by the latter methoc. Bromodemetallation in CDCls occurred with 48% Me-Sn
bond riscion, whilst iododemetallation resultea in 665% Me-Sn bond fission

(comparzd with the statistical value of 75%) in accord with the four-centre

trznsaition stztes X2 and Xb,

- 1% - -
VR L ¥
H "' . (o] ’4‘ Sa
B—C X clc:’ “x
I N ¢
A
1
! Me” Me “Ad | i He’//;;\\\ﬂe J
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the former being Tavoured as the size of X 1ncreases, With Hg012 in DMSO—dG,
exclusive Me-Sn bond fission occurred, presumably viz a more open ionic
transition state. Triphenyladasmantyltiin reacts instantaneously with bromine
in CDCl.5 with exclusive Sn-Fh bond cleavage. Tetrakis(adamantyl)=zin is, not
unexpectedly, very inert to both reagents.26

anti-7-Bromo-syn-7-lithionorcarane, prepared stercospscificzlly by the

reaction of BuLi with 7,7-drbromonorzne in THF at low temperature, reszcts

Br La Me_.Sn
Br Br 2 Br
Mz S
Bulai ; ::J nClE
-108° -
(637)

il

witn Me_.SrnCl to give XI. The isomzric proauct, 3vn-T7-zanti-T-trimstrylstznnyl
7 —

norcarzne AII 1= obtained by the sequencs:

Er Br
Br (1) 'S9%rMzc1/-103° - )\Snﬂe
(2) M2,SnC1

\
\
!

2T Bubi/THF/~103° 1

\
+
[¥1]
7
z

KIIiI

Ruivila and his coworkers have reported further data on thz structures of
the four products 1s0lated from the free-radical addition of Me3SnH to nor-
bornadiene., The structures and configurations of exo~ and endo-norborn-Z-en-
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5-ylirimzthyltin, XIV znd XV respectively, were assigned from the series of

rezctions:

Ll/ne35n01
ﬁh H:/Pd ;b HN=NH
|
5

S-liortricyclotrimsthylt:n XVI cooprises ~11% of the HeBSnH—norbornadlene

zdduct mixture, whilst the fourth proauct 1s gyn~norborn~2-¢n-T7-yltrioethyl-

tin XZVII, The struc-ure of XVII, zna the zbsence of the anti-isomer XVIIT,

SnMe McBSn

SnMe.

Vi Xvil XVIII

wzS estzblished by separate synthes=s. Rsaction of the lithium reagent of

T-brooonorcaran2 witan MESSnCl afforded 30-45% yields of mixturss of both

isomers. The use of sodium napnhthalene to prepare the corresponding Grignard

reagent, followed by reaction with Me3SnCL zave only a 9% yield ol the desired

2
product, but a 31% yield was obtained using the proceclure:‘8

+ N a
2la'C H " + RBr + Me3SnCl —> 2C, 8y = RSnMe3 + NaCl + HaBr
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Both L},4J KL and [?,8] ¥X =dducts are obtzsined from the rezction of

trimethylnaphthyltin and tetrachlorobenzjme:

SnM C
93 c1 C.Cl Lﬁcld
c1 \
/ i:)
C1 /
Cl 2 S &
MP) n M 3Sn
XIX XX
A i oL . - =1 29
The barrier to rotation in XIX was deduced to be 11.7-0.4 ccal. mol 7~

Photoly=zis of trimethylnzphtnyltin 1n mzthanol/wzter or cyclohELane/acetlc

scid yields naphthalene?

M=08/8,0 (95/5)

> C,.H, + Me,Sn0H + Mz(Me,Sn) M=
108 3 e n
SrMe hv o o
°3 3650 €0-T70%
c 4N x
@@ | CeHyn ¥ 4c07(0.4 )gj Ciog + Me,SnOAc + Me(Me,Sn) Me
hy (=} 5 2 n
93% 70%

Th: use of Mz0D or AcOD results in the formzition of more l-dzuterionspnthzlene

thzn 1-protoraphtraléne, in agreemsnt with a meclanism involving = compstition

. . . . 30
betwWween & blmoleculzr pnotoszupstitution znd & free-rzdicsl dissociation.”
x-Irradiation of tetraputyliin gives traces of triwutyltin and dibutyltin

compounds. Similarly tricutyltin chleride gives traces of tetrapubyltin =nd a

dibutyltin compound. Irrazdiation of dibutyltin dichloride produces traces or

tetrztutyltin and a traiputyltin compound, tog=ther with =tapnous chloride (6.€%).

[

BuSnCl3 afforded a tar, whilst (Eu3Sn)2O yreldsd 2 precip:

Irradiation of Bu4Sn and pentzTluorobenzene in hexzre gives traibutyltin Tlouriae

(7.24) and Bu SoF, (0.1%). Hexabutylditin snd pentafluorobenzene yielded Bu,StF

(10,6%) aprd Bu,SuC (4.1%) from traces of water or oxygen. Bu,5nCl znd pentaflior
2 >

benzene gave only Bu,SuF, (5.8%) and no BuBSnF, whilst Bu,SnCl, and pentafluorc-—

References p. 1565

ate of Bu,Sn0 (16.4%).
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benzene :n nexane producea s precipitete of SnCl, (3.0%) =zad no Bu,SuF or Bu,Sn

Ir-adiation of BuSnCl, or (BuBSn),O in tne presence of pentzfluorobenzene gave

1
simi1lar results as bzfore. Bu ,Sn znd perfluoro(dimethylcyclohexane) afforded
BusSaF (3.6%) and Bu,SoF, (0.2%). 51 Trityl bromide is reduced by f -H abstracti
fron tetra=zlkyltins R,Sn (R = Bt, MeyCH, Pr, Megcacag) yrelding PhgCH, R,SnBr,
~ 32
and olefin.,
Demetallation of tetrabensyltin and bencyltrimsthyltin by brominpe in DMF 21

zccompanied by the forrzt:ion of benzyl formate in add:iticn to Lenzyl bromide

3

via zittzck of benzyl czticn:z on the sonlvent:

o + 01 _
O=CAiitte,, EhCEoO‘CH=HH92J Br

- T B.O
R3bn cd Ph —e[Fjun + 2Br + CEZFh] \l 2
¢ ROCHO + NH,Me, Br

R,SnBr PhCH Br

Abraham has shown thzt the increases nzﬂG* on change or solvent from methanol

to tert-butyl zlcohol-mstihanol for the rezction

Et4Sn + HgX, ————> EtHgX + EtBSnX

X =C1, I, OAc

=t

ere lzrgely du= to ipncreazes 1n the frze cnergy of tne transition states.

It is sugzg=sted thzt th= [?t.Sn-HgCl,J transition stazte possesses a very
-+ 2

hish dipole momznt cf cs. 14 D.,J4

ca In zddaition, Abrzhzrm and his coworkers
have reported rzie constants for the subatitution of tetrzzllyltins R4Sn by

mzreury(II) carboxylates (R'COZ)ZEg varyinzg toth R znd R'.35’36 Rate constants
for Lhe SE‘ substitution of tetraethyl- and tetrabutyltin by (R'Coz)eﬁg in
methanol increases along the series tert-Bu< Bt <Me<Ph< C1CH CH2< HeOCB,,(
ClCBz. suggesting an "open' transition state.35 Rate constants for the
substitution of R4Sn by mercury(II) acetate in methanol follow the order

expected on steric grounds (Me) Et >"Pr >PBu >15%, >ne°CBH >180py)
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also suggesting 2 SEQ(opan) mechzniso with retention of configuration at tre
site of substitution. The substitutions in tert-butyl alcohol is suggestad
to take place tnrough 2 transition stzte intermediate petweéen an 'open' and
a fully (cyclic) one.®

Seyferth has reported more symtheses of halomethylstznnanes. Diiodo-

m=thyltrimethyltin XXI has been prepared iz botk lithium and Grignard reagents:

' T e.3nCl
CRL; + “S°PrigCl TEF/ -89 CHIMgC1 Me,SrCl MesSeCHT,  (728)
~PrlI =
ZX1
. ma%/~95%/20 mins Me.SnCl - .
CHI; + bBula ————> CHI,LI — 5" ——> Me.SrCHI, (66%)

=-bui ZZT

Although it was not possipble to obtzan MeSSnCI Li, tre znzlogous Grigmard

reagent, Me335017MgC1 XFXILl, 1s sufficicntly =tzble to be used &5 a preparativs

rezgent:
1319
e gams, S8 [mesaor | ZZTPTMECL o sior weer 4 250
-ENEt,, 1 TEF/-1007 5 <
KRIL
l Me,SnCl
s
(Me ;Sn) €1,
(32%)

All the icdo-zubstituted compounds are light zna air-sensitive, znd colourise

to dark rzd or red-purple even on careful Stora

Me  SnlNR + N_:CHCO,Et

R = BEt, SiMe, Me Sn.c(:nz)co,,st

° / 3
IXI1I
> M
(HeSSn)ZS + HO[F(JZ)COZEE]
hy , =N,
Me Sn(Et0,C)C:

XXV

References p. 155
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Ethyl diazoacetate reacts with trimethylstzrpnylemines to afford ethyl
(trimethylstannyl)diazoacetate XXKIII, The same compound 1s also obtained
from the mercury diazoacetate and (MeSSn)2S.

FXI1I m=2y be cleaved photolytically to give the tin-substituted carbene XXIV,
which can 1nsert into C-H bonds and add to olefinic doubls bonds. Ca. 50%

1nsertion into the C-H bonds of cyclohexane takes place to give KXV:

Tnﬂe3
Ma_Sa.c(l JCO_Et ___Dli__;> —CH-CO_Et
3 2/%%2 C.H 2
612
ZXV

With n-butzne, = 60% yizld of a mixture of terminal and non~terminal insertion

products in & 350:70 rztio 1s obtained:

SeMea

3
Me Sn.C(N,)CO,Et —2 > Me-CH,~CH,-CH,~CH-COEt + He~CE,-CE-Ne
2)C0BL 2=CH,
4710 HC-CO_Et
{7002
SnMe3

W:th iso-butene, and cis- end trans-?-butene, addaition to the C=C double bond

occurs comopletely cis-stercospecifically to yield the stannylcyclopropyl

derivatives ZVI. The carbenes

XXVI

Bis(trimethylstannyl)ketene is formed on the pyrolysis of ethoxy(trimethyl—

stennyl)acetylene. Bis(metallated)ketenes ¥XVII are also available by treating

(alkoxyethyuyl)magnesium bromides with two
allic halide:

succeszive moles of triorgmnomet-
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RGM'R R3M~\
MK+ BriMg.C=C.0R' ——> R.M-C=C-0R' —2—5 S£=t=0
-R'Z

M =M' =Gz, Sn; M = Si, M' = Ce, Sn;

R = Me, Et, Pr; R' = BEt, Bu

The stannylgermyl- or stannylsilylketenes are readily clezved by zermyl-or
39

boryl halides:

Me M Me_M
2 pl
HeESn —Me33n01 R”

M = S1, Ge; R = Cl.Ge, Bu,B

3 2

Stzblz (dizlkylearbamoyl)triaryltin derivetives ¥XVIIiI have been synthesis

from the carbamorl chloride 2nd the zppropriate triaryltin lithium in ’I‘HP:"‘O
o /O
Ar,Snbi  +  Cl.CO.MR, — "5 HE/-78 Ar.,ISn—C/ + 1101
rTRZ

EVITL

The rezction of ketene with trialkylstannylamines or -amices yields the

C-stannylated amides ¥ATXa and XXIZb:

R3Snlm'2 + CHE=C=O —_— R_D.SnCHE.co.rm',_,

XIRa
2.CO.m\'le .C0.Me
X Xb

R.SSn.ll'He.CO.Me + CH,=C=0 ———> RSSnCH

XXXb (R = Bu) may z1so be obtained by group exchange between Bu_anOM-:- and the
O-silylacetal XXX:
0511"1&3

Bu,D.SnOHe + CEZ=C —_— Bu.).SnCH,).CO.HHe.,CO.Me + M-:—..).SiOHe
MMe.CO.Me

References p. 155
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Group excharge =lso occurs betwser ZXIXb =2nd MeBGeBr forming MejceCHZ.CO.NHeCOHé
Triethylstannylzestons (squalibrium m-xture of O0~(10%) and C~(90%) i1somers)
reacts with enantiomsric chloro- and bromo-methyl-1-rzphthylphenylsilane to
Zive the triethylt:n halide and opticzlly active (isopropenoxy)silane:

EtjanED.CO.He

Tj, - (+)—stl*t —_— (T)-Rﬁs;+ocne=092

InAlE

(+)—RqSi*H

1
a2
ths k=zto and &nol isomers, respectlvely.*"
&+ <
——— ] ¢ Et.Sn ~8 7 \/ ¢
EtSSn———CH5—~C——0-—i1-—-X SRR I
g(e EC= C\/ I
= Mo
XX o
FXRII

The reaction of Bu.Cd.COMe with zikylating ageni3 alfioras moaerate
572

yrelds of thsz correspondinrg alkylztea letoass:

Mel/e0°

MeCH,COMs (60%)

2pr1/140°

He(CEg)BCOHe (43%)

o
BrCH,CO,Et/1407

MeCOCH,CHA,COEt  (50%)

C1CB, 0Me/100°

CH,=CMeOCH,0Me  (63%)

M=CH=CHCH_Br/100°
L ———

Bu,SnCH,COMe MeCOCH,CH,CE=CEMe (43%)

—- ~ O
CHQ?EEEEQQEZlEQ,-Mecocszcg,ca=c32 (19%)
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MeLo/DME/M2T  yococEme (4%) + MeCOCHMe, (10%)

MaMgI/BMPT/Me 1

MeCOCE _Me  (53%0)

' 1/DME/L1Br

HeCHZCOMe + MeCOCEHez
(35%) (108)

Direct zlkylztion does not cccur withw-organotin substituted nitreles and

i

ezters, but good results zre cbuzinzd by inxtizl metzl ezchange with Grigr=ra

or lithium reazents, €g:

(1) MeLais (2) MeI/DME Me OHOH
L M=_C N .

Me,CHCHCO,Me s ,CHCHCOMe  (goct
D[].ELLj Mz

. - (1) MeLy; (2) Mei/DME_ N

McCnglldC” MeCEgbtiL.H (605%)
SnBuS 1z

or by tre presence of elther magnesium or lithawm prozides:

oF

M= T N i e et
Me ,CECE(CO_Ne )StB WeI/DME/LIBr e cica(coMe)Ms  (665)

Me CHCH(CO,Et)SnBuy Mel/DME/LiBr _ . caca(co,Bt)Me (525

<7

)

3

1=CECB(CN)SnBu Mel/DME/LaSr_ y.ca ca(ch)ve  (50%)
M=CH,CA(CH)SnBu, _MeI/DME/MgBr,  wcu ca(ch)re  (7Z%)
Me ,CHCA(CH)SnBuy MeI/DME/LaBr _ w. cpcu(ctMe  (78%)

Two rationzlisztions were zdvanced ror ths role of zddad hzlide 1n these rezctions:
(i) Mztal exchange:r

| .-
—C—R + LiBr T— Bu.anIur + |—C—R -——R—“y— —R + LiZ

BuSSn Li

Y —y—

and (ii) nucleophilic zssistance at tin which racilitates electrophilic

attack by the alkylating agent:43

References p. 155



32

- | R -
BusSn—C—CN + Br :—_’Bu_an—(ll—CH R BuSnk + R—C—ON + Br

Br

Irradiztion of mixtures of triethylvinyltin and thiols rasult in free

radical =zddition to thz double bond:

RSH ————in——e> RSe + Ee

. an RSH - - o
r..tSSnCE=CH2 + RS ———>-EtBSnCHCH25R — thSnCHZCHzoR + RS

; cert hosd b

R = ‘SOP!‘, D'Bu, Er Bu
The f-tnio substituted stannznes KXZIII are formea in > 0% yisld. In addition
EtBSnCHZCH,}SnEt3 znd RSCE,CH_SR are formed in appreciable quantities. The

formztion of these products pzy be rationalised by 1n:itial attack of RS~ at

thex —csrbon ztom, followed by dissociation of the antermedizte radicals:

SR
Et.8nCE=CE, + R3* —>» Et,SnCE—CH > Et_Sne + CH_=CHSR
3 > > By 2 —> Fi3 2
E}t._..SnCH=CB'2 RSH
s
Et_anCHECstnEt3 RSCHZCHZR

Corroboration of th:is proposal comss —‘rom th2 reaction of BuBSnCEI:CH2 with

ls°P~rSH, from which only BUTSnCHZCH,SCEMeZ, unaccompanied by zny by-products,
3 2

was igolazted. In tais case the bulkier alkyl groups =z=ttached to the metal

S

prevent attack of the thiyl rzdicals at thex®-carbon. Diethyl nalonate and
ethyl =zcetozcetate rezect wath Et3SnCH=CE2 1in the presence of di-tert-butyl
peroxide to give only the f-zddition products, diethyl triethylstamnylethyl-

malonate (37%®) and J-ethoxycarbonyl-S-triethylstznnyl-2-pentaznone (44%3,
respectively.45 Treatment of alkenyltriorganostannanes LXXIV with perbenzoic
acids sffords mixtures - ° the corresponding (epo:yalkyl)trlorganostannanes
XXV and triorganotin carboxylates XXXVI when n = O or 2, but only the latter

ere formed when n = 1.
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1
——> R_JSn(CH,)nCH-CHEO

XXXV

st:;(caz)ncmcaz + ArCOOOH
XX IV -—-——-—>R33nOCOAr
FIXVI

The Tormztion of the products czn bz rationzlised by either 3-ccantre or 5-

centre trznsition stztes, 1n which compztition for = proton occurs between

th2 1ncipient carboxylate znion znd thed —carbon =tom of the alkenyl groups &g:
R,Sn{C CH=CH
RzSn(ca,),

P + ArCGOOOR

1}

g
q H H
0
\q( _.0----C—Ar N No
l: Tto-- : or |
/c\ B 0 —— ¢—Ar
i CH,— CH — SnR; H/ \ 0
2 2 5
CHE——CEE——bnR3
|
v v
0
s ) S A
R,Sn0COAr -  CH,CE,CHCH, R,jbn(CBg)szCHg + ArCOOH

The seasitivity to electropnilic attzclk of the of —carbon atom in zllyltin coopdlunds
readily accounts therefore for specificity of rezction in that case, No bis-
(epoxyalkyl)t-n compcunds could be formea. Reactiorn of BuZSn(CH:CHE)2 with
3-chloroperbenzoic acid yisld=d d1buty1(epoxyetn51)v1nyltln zrd dibutyltin
bis(3-crlorobsnzozte). whilst d:-Z-butenyldiphenyltin similzarly afforded 3-
cutenyl(3,4-cpozybutyl)diphenyltin. Epoxyethyltin cozpounds decompose within
a few days, but ths epoxybutyl znzlogues zre unchangea on prolonged storage.
Reduction of trlbutyltin(3,4—epoxybutyl)tln with L].AlH4 gave Bu,5 sn(c52)30H90“.46
Allrynyltin compounds undergo 1,3-dipolar cycloaddition rezctions with—

diazo=alkanes to afford the 3tannylpyrzzole derivatives XXXVII:
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R_:;S::—C—_'-C-R' —_—_— FL).S!!-——C —C —R"

Witn dimethylzcetylens dicarboxylate, both possible 1someric pyracoles XXXVIII
and X¥FRXIX are formed in zn 80:20 ratio which czn be converted quantitatively
to the N-nmethylzted analoguea by further dizzomethane. Dimethyldiazomethane

Cd N,
Et.Sp-C3C~-C0 Mg -——— > BEt.Sn—C
> 2 >

3
r/ Q \ca . -":.TC/ W'
Pt ~nN

ITIVIIL O IX

\L CEIEN2 l/ CH2N2

Et,an-—-C ——C~CO,Me 2t Sn—C ——-—C—COZMe
= >

/
CH HC

N
Ms” Ny N N Me

algo reacts with Et. Sn.C=C.CO,Me to afford a mizture of 1someric pyrazolenines,

ZL 2rd XLI, which urdergo ring contraction under irradiation to give quzntit-

atively the stznnylcyclopropepyl derivztaive J'{.I;II:""7
MechQ
E‘.tSSn-CEC.COEMe Sl Er.,J.Sn——/C :c-cozr'!e Etssn ——/C=C\-C.'02He
H.~\\H/CML=2 + Me:,c\n_//z.ri
XL KLI

Attempts to form the distannyldiacetylene XLIII by oxidative coupling using

copper(l) chloride were unsuccessful. but the desired product 13 obtained by
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the rezaction of HeBSnHMeo and discetylene.48

eMejsnmrMez +  HC=C=C=CH ———— Mey.C=C.C=C.SuMe, (163)
/

XLIII

Ac=tyl chloride cleaves the zlkynyl-tin bond of stannyl acetylsnes to afford
alkynyl-tetenes. Et35n01 cztalyses the reactions by forming cooplezes with

4
the acid chloride thus proooting electrophilic attack on the acerylens. 9

- 120-150° . -
Et.}.Sn.C:C.Pb + M2,00.01 —————= Bt_SoClL + Mc.C0.C=C.Ph + Pn.C=C.H
>
1007 352
Et,SaC1/150°
Et;Se.03C.Fh + Ph.CO.CL —Z———— 5 Pn.C=C.CJ.Ph (597%)
Et.SnC1
Bt;Sn.CxC.Bu + Me.CO.C1 —2 > B..C=C.CO.M: (309)
Et.SnC1
Et;S6.C=C.3u + Pn.CO.C1 — 2 = B,,C=C.CO.Ph  (2£%)

Et,Sn.C=C.CH,C1 + Me.C0.ClL ————> CICH,.C=C.CO.Hz  (&3%)

Bromotr:chloromzthane readily urdergoes fres rezdiczl zddition to triorgano-

alkynyltain compounds to give triorgano(1—bromo-},')','j-trlchloropropenyl)stannane

x11v.7°

40-50° - "
R,Sn.C=CE + BrCCl, > R;SuCBr=CH.CCly {(70~-80%)
> hv 2

LLIV
R = Et, Pr, Bu

Reaction of & ~-NpPhMeSnl with the Grignard reagent preparea from 3-bromobutyne
produces 3 mixture of the corresponding propargyl~ (XLV) and allenyl-tin (RLVI'

der:vz=tives:

)

o

o« -HpPhMeSnI + Br-CH-C=CH M_t_h‘i‘) x—ripphneSn-rl:a-C=ca (555%

hE

Me XLV Me

+ o ~NpPbMeSn-CH=C=CH-Me  (45%)
ALVI
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The kinetic product (XLV) 1s readily converted to the more thermodynamically
Stzble allenyl isopsr by donor solvents or LsWis zcids. Both isomers exist in

51

two diastercotopic exythro and threo forms, Propargyl- and =zllenyl~tin

compounds react with chloral to form 1solable orgznotin alkoxides, from which
the parent alcohol may be obtained by protolysis with m2lonic zcid. The cond-

ensatlons are accompanied by respsctive iaterconversion of propargyl and alleny

functiona:s
Rl
| 20 ccL, /i,
R So-CH-C=C—-R" + CCil.-0 -_ s Cl.C-CH-CR"=C=CHR'
3 > Nam p)

0SnR__
b

_0 cer /e,
R._Sn-CR"=C=CHR' + c1__c<j — - Z5 C1.C-CH-CR'B-C=CR"

3 > 5 5
cous

The rezctivity varied wWith the group R in the ordzr Me>Et>Bu >Ph. A com-

renensive kin-tic svudy of the triaryltin derivatives showed thzt the reactions

'o

are second order, a2nc firgt order in ezch reactant, up to 90% of rezction.

The rate of reaction is largely a functior. of unsaturation i1n the carbon chain,
for example PhBSn.CH:CECH reacts 6.5 times faster than its allenyl isomer. In
addition, the rates wre greatly influerced by substitution along the chain and
by substitution on the phenyl groups attached to tin. Thus, Wwhilst methyl
substitutiorn inerzases th= rate of reaction in the propargyl case (Ph3Sn.CHZCECB

=13 PhaanHHe.C=CE, L = 2.4). methyl substitution of the allenyl isomer

b .
rel rel

severely decreese3 the rate. Ph3Su.CEDCECHe z1s0 exhibits a severe decrease

in rate due to the donor effect of the methyl group. Ortho-methyl substitution

of thz ph2nyl groups =zttzched to tin greatly reduces the rzte due to steric
hindrznce; para-substiiution, however, increszses the rate of reaction (ortho—

= 26; para~tolyl, Lk h 35). Activation parameters

T

1, k =13
tolyl, k 1= 1; phenyl, krel

re

have been determined for the reactions:
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0013ca0/cc 1,
Ph.Sn~CH, -C=CH » Cl_C-CH-CH=C=CH,_
> 2 3 Z
! 03nFn§
B, = 12.8 kesl. oole”
A
NG = 23%.6 kesl. mole |
JANS: L 12.5 kcal. mole"z
ZS-S* = =3B e.u,
GeC ].3CH0/CC 1,
I‘ﬂn.jsn-CEH:=(:H2 - 0130-?8-032-02013
; OSnPh.j
E. = 13.2 ktecal.mole™
2
Nor = 34 .5 keal, mole™!

AE* = 12.7 kezle. cole™!

AT

i
]
4>
[
©
[~
»

11) 2n S.2 mechanmism may be

Of the possible mechznisms operating (SE?" 5.2', S B2

E B
discounted sinces this would not zccount for ~he sbzervea propargyl-allenyl
transforcztions. A rezsonable choies betwesn th: two rer=zining possibilities
may be mzde on the basiz of the high valus of‘[&S*, which 1= comparable with the
cyelic trznsation state XLVIT of ar SEl' mechanisp, rather than that (RLVITI)

of zn S 2' mechznisq,

B

Hich corcentrations of certain aldenydes (0013080, p-Ho.C CHJ§XH3634CHO)
(4

6%
promote the propargylsallenyl transiormatior, tut PhCHO, MeCHO, MeCQMe, or
063“0 are inmctive. Rezction of equiliorium m.xtures of profargyl- and
allenylstznnznes with chloral, follcded by hydrolysis of the alxoxytio proaucts
sfrords high yields of the trznaformed zlcohols. The ratio of isomeric alicoholz

diflfered from the stzrting g.roparg,—jl/allenyl rzti0, and aepends on the rate

ol equilirration of the iSomers (kl znd ¥ ,) znd the rates of additon of tne

|

two isoma2rs to ehloral.52
~~ e ~—
- ¢ 0 - C—=0 /
v N7 s
==C-— C\sn/ c -5 \
~~
XILVIII XLVII

References p. 155



3 2
- 23 ceicEo/e, > 21
—~ 8n—C—C=C ——t £ (1 _CCH-C=C=C
s 37
OSnE
0k,

- cC1.CHO/
—Sa-c=C=C —_—l £1,L0B-C—C=C

5 2 1 cspc V203

: 1 .
Ralkaita Yas maasured the variable tzmperzture H nor spectra of 2-methyl-

and 4,T-dimethyl-zubstizuiea trarethylstzrnylaindeass IL and L, ie z continustio

0]

of his studies of ths fluxional rzarrazngements of these compounds. Activation
arzz2ters Tor tne rezzrrzngemsn:t ¢ IL and L were deduced to be 18.6 and 14.0
keal. moie™ (cf. 15.0 kesl, mole” for trimeth,lstznnylindenz). The effect
of cethyl substitution 1n trese positions an AGT were in s mapner parallel to
that predicted froo 2 consideration of U ~¢lectron denzitizs in the indenyl
-:01ety.53 Th:z goleculzr lorisztior potentlals of trimzthylstarnylindene ana

cC
—~ipdzns kzv2 both been deztermainsd to be 7.29 eV,”’” Kocheskov et gl. have Tepor

the synthesis of functionally substituted cyclopentadiznyltin derivatlves.s5
Me
— /
—~—Me
SzMe Me Snlie.
e 2
IL L

HOA
Pn Sn + br(CO) —_— ijun@ c @

{ re:'lu._ |
c/(‘i'r\c c/(llr\c + Fh.:’,SnOAc
o) (0] V]

Cc c

0 0

LI

BzCl_/ethznol

<> B

i
Ph,SnC1 + Cr(co)_j —> PhHgC1



Abel et al. have reportzda the use of allyl-, cyclopentazdianyl-, indenyl-,

and related unssturated trimethylstannanes in the synthesis ot T ~enyl metal

c=rbonyl derivatives. Allyltrimethyltin rezcis with Hn(CO)sﬁr, dibrozo~uctz—

carbonylmanganese, and the dibromotetrzcarbonylmangznese zanion to give high

y1elds of allylt=tracerbonyl mzngznese

l"!e.,Sn..,\CH
]
i CH CH. —CH
. M2 Br R
CH,= " cE,Sulte 0g ~p /y:a 0 :£~5
+ -C0 — 2 -Me_SaBr ~, -2
—_— Mr z Hn
c—"1 ~——¢ ’ ¢ ~~c
'Lr(co)ﬁar 0 l Q 0 I 0
c c
0 0
o} o 0
c c ¢ ¢a,
0. 0 .y. = 0 .
L\l!{n/er\ I!Lr./c 2550058 C\ri-m “/CETE\EQ -Ws_SrEr
———— _ < . =g het
-~ SN R ~ o —_— N7 SnM 2
o° I Br l Gy o l T ar nMe o “l
c C o JEEN
o] o] o M!‘(CO)4(‘CBES)
0 _ o
C c i:ﬂ-reB ,
0 I 0] I 12r - F--%v
o Br M=_SnC_1 C Aot . ~Mz_ SnBr
\ - e
in 535 S~ et 3 Ha(co) , (c.8,)
2 B e 7
o) 0 H
~ CH,_
C c 2
0 0

Interzction of rn(CO)SBr znd a wide range of zllyltriorgznosztannsnes R SnCd,CH=CH

3
(R = Me, Et, Pr, Bu, Fh) =na Me,)Sn(CH,)CEi:cE,})7 zlso produced kiszh yislds

of

Mn(co)4(0355). t~y 2-, or 3-Subkstituted zllyltrimethylstannanes produced ths

corresponqlng T —-allysltetrzezrbonyls of mangansee apa rhenium. In the czse af

1~ 201 S_sutstrtuted =zllylic systems, the CGrigrard methoa produced s mairture of

i1soreric 1~ and J-substatutzd 21lyltinz. Rezction of both isomers, nevertheless,

legds to tne Tormztion of id=ntical products LII, viz.:
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MeBSn ~-CH
cg 0\ 2
aca “cH_SaMe, o. ' Br}t ﬁH o CEFTE
P~ c - C .
N \1 &~ CHR -MeSnBr \!L/cmz
/’/// ~ g I
M(CO)SBr o rI: Cy of (|: S
o} (¢]
M = Mo, Re
’ . m L1I
He Snﬂf\CHR
c YN
ca® E{\criﬁ.mﬁca3 o, . Br) ﬁg o RGHf:TCE
& (] ~1-
- —— e N !4[ Chy, -Me;Snbr N !{/CH
H(C0) jBr c | ™~ 1\
0 c 0 o ¢ “o
0 0

B1milzrly, stzrting froa 3-bromohzzxz-!,5-dizne, a CGrignard synthesis afforded
a mizture of 3-trimethylstznnylbeza-1,5-dicne and f-trimethylstannylhexz~2,5-
diens, boin of which, wnen trezted with rMn(CO) fforded the sape product

LIil=. A further product, 2dentified zs LIIIb, was zlso formed in this reactio

5

CH C -

cE, "7} (3 —CHy—CH-CH BE -== e

- , < 32& ’ ca-na
ac 0/7 \\c\ c/' \c
0 0 o ¢ Co
0

LITIa - LIITH

presumzbly viz displacemznt of CO by ths termin2l olefin LIV, {ollowad by =z

1,5~proton shaft to form the m2thylpentzdienyl ligand systeo.

B cf—"“\ca
N,
| \ ¢u LIV

8,

OC-""

O

PTrimzthylstannyleyclopsntadiene, -indene, and -fluorene are also very useful

precursors for transition metal T -enyl derivetives. The mechanism is probably



411

similar to thet for the allyl systems, although the low Sn-C bond strength

of these compounds does not preclude initiazl Sn-C bond fission followed by CO
gisplscement. The [:Rn(CO),,C]_:]2 dimer is particularly reactive, undersoilng react:on
with Me . SnC, H_ and Me.anC

3 375 5
T ~C,B_Rh(CO)_ and W ~(C_B.)Rn(CO)_, respzctively. Allylstannanes reazct with
39 2 575 2

H5 instantly =2t room temperature to produce quantitrtively

Co,,(CO)8 and Re;(00)10 to form high y:relas of MW-2llyl =nd stann/l-m=stzl product':b7

Ph,SuCHCH=CH, + Coe(co)8—> rt—CBH.SCo(CO)_j + Pn.;.SnCo(CO),_,L

Me SnCECH=CH, + ReZ(CO),‘O ——.>m—03ﬂsﬁe(co)4 + heSSnRe(CO)_S

- 8
Trimethylstannylmethyslaziridine rezcts similzarly 4ith Mn(CO)}_Cl to form s>
o~

O
jasd]
J5¢]

i ===.CH,

e :IC\
c

Me.S i n _C1
€5SnCH,! ~ + Mn(CO)_JC —_—
CH

m

i

2

Leppert znd hls coworkers have 1nvestigzted reactions of th:s alcyryltin compounis
RBSn.CEC.Ph (R = Me, BEt) with low oxidation sStats cooplexess of Moo, HoLI. Coo,

I I o o . N 2.5
Rh™, Ir, and Pt~, Four classes of rezction were opserved:

(1) mwetathesis:

RHCI(CO)(PPh_.j)a Me,anCECPh

Rh(C=CPh)(CO)(PPr.).
2z
(11) oxidative addition, with or without neutrzl ligznd elimanztion:

R.hCl(PPh,J.) + Me_SpCz=CPh ————== Rh(C=CPh) (SnMe ) (PPn.)
= Pl P B4

3 3

IrCl(CO)(PRsz) + R'_anCECPh —_— Ir(C‘ECPh),__,(SnR'.).)(CO)(PRFn;)2

R = Ph, Me; R' = Me, Et

(111) Mctathesas and ovidative addition:
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Pt(PP‘n3)3 + He.SSuCECPh —_— RPN,

o
~

Pt(PPh,R), + R';SnC=CPh —~—d PhC=C PPh,R

—> P\\\Pt
S

R = Me, Ph; R = M2, Et
Rh(CECPh)(PPh.}).J. + MeanC‘_—‘CPh _— Rh(CﬂPh)z(SnNe_j)(PPhj)z
Ir(CECPh)(CO)(PPh.S)E, + Me;SoC=CPh ——>- Ir(CECPh)z(SnMe3)(CO)(PPh3)

(1?) oxldative cleavage:

(rr—C5E5)Mo(CG)_5 5 + M2 SnC=CPh —> (rr—C5ES)Ho(SnHe.5)(CO)3
Ca,(CO)g + Me;SnC=CFh — > co(Snpe3)(co)4 + Coz(CECPh)(CO)s (?)

Matteson hz=s describzd some of his results on tin derivatives ol boronyl-
substituted methanez. Treatment of tetrakis(dimsthoryboryl)methnane with Bubi
or L10OMe followed by PnSSnCI gives the monotin derivative LVI. LVI readily

disproportionatss on Jurther treatment with Buli to produce the ditin derivatav

LVII:
BuB(OM=)
Bul: o- = + T J
c[s(o:»te)94 —_——— > or + L1 % CLB(OMe),J.. (postulated)
- L10Me =42
B(Oﬁe)5 |
3 Ph3SnCl
_ Bali
[1_=y133n_]!2c[B(Ol\fh:)g_]3 - Ph_anC[B(OMe)‘?JS
LVII LVI

LVI and LVII a2re readily hydrolysed at the boromic e¢ster functions. Reaction of
LVII with ethyiene glycol resulted i1n cleavage of one of the boronyl groups
from carbon tc give LVIII, rather than the expected formation of LIX:

O—CH

(Pn,sa).cls” | 2
,/4/’4{/”4;7 Ph3 2 \0“CH
212
LVIT  + HOCH,CH,OH LX
C By
H 0—CH
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[4
A similsr clezvege occur:z when LVII 1s treated witn sodiuc methoxide in methﬁuol:‘g

LVII + M08 + MeO® ——— (P Sr).C

/B(OMe)_?
N&

The propanediol methzne tetraboronic =zster LIX 1s much better behaved, zna leads

10 the zymthesis of a much wider range of stznnyl-oorylzethanes. Trsatment

of LIZ wath Bular ard Ph33n01 as before zi1ves the monotin substitused product
Lx.bo'Bi

L1+

S0 0 0
cls” \ Bul1/THF/-75° No_ds” ~BuED,CH,
No—/ | 1 o s
u

0 0 p)

LiX

(o] o ) 0
/ Pr,SnCl + -
Pr_3-C{B <—————— 11 G|B
2 N\ - AN

)
O]

Unl:ilze LVI, LX dies not und=rgo bzse ca

(13

alysed disproportignatien, but furtrer

rezction with Buln and triphenyl

Ze y —tin, or -lezd chloriaes producsd

the simple LRIz ard zixec LXIb z2nd LXIc disubstituted productis.

Q (o] F: M o]
/7 Buli o, 4 nln” prMrcy 2 N_ | ./
Pth-C B\ -———}Pn.jM—C B -3 s /C B\
0 3 \O 2 Pr M' ¢ =
7
LIXII LXI
(2) M = ' = Su
(b) M = Sn, M' = Pb
(c) M = Sn, M'" = Ge or M = Ge, M' = En

Attemptedorozinztion of LYII w2s not suceessful, but reaciion with 10dine produced

the i1ogide LXIII =zs 2 stzble crystzlline solid.

Ph,Sn 0
(1) BulLi; (a21) I 3
X ' 2 5 Nels?l

LXIIT I 2
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The counversion of the ditin compound LXI= to th: tritin compound LXKIV proceeded

smoothly:
0

\\0

(1) Bubrj; (i) Ph;SnCl

q
l‘l
I~
s

(Pnaan)sc B
LIV

The anzlogous rezction to rorm tne maixed germamiun-tin-lezd compound LIV gave
tné dezired product in gnly: very sma2ll yield; the mzjor product a2ppeared to

bz twez protodzboronat:on product LZVI, thouzh botn wer:s not rfully characterisea.

P:n,jc»:-\ _/o ) (2) BuL: PhGe ) Bt 3cle /o
AP (i1) Pa.pac1  FgSnE-B + PhySn-£-BT
< N , . ‘
e ° ¢ Pk Fi 0 H 0
> (22:) M:z0B P
Lxv LAVI

Iodination of the carban on from LXIa proceedea rezaily to give LIVII; wpach
underge=s protcdesborairat.on to zfford LXVIII on treatment with LiOMe 1n DME

rollowed by methznol., Attemphted trapp.ng or the (thsn)gc group:ng by cyclohexe

-
]
=
1
{n
~
N
o
O
'ad

10n Was unsuccessiful. Atn-empis to react Lut (PhSSn)OC(BochHG) w-t

o] 3 0
(pr.se) | O e (1) Lo0Me/DME (Pr,Sn) 0
E \\O - (:x) 1, 7 | \\O / (211) MeOH 2
= - I LXVIT]
LXVII

ac=tonz or cyclopenrtzn? proaucsd onl, the protodeboroaztion product

(Ph~Sn),CHBoqc3E6. Attempts to replace the last boronic ester group of LXIV

3
ere2 also unsuccessrul, the tritin derivziive be.ns estrem=ly resistant to base

5

Tg=noT1n~Substitdied ca anes -1,2-C~ 4 L= = a 1
Orgznotin~substitaced carborane Rn(X 1, 02 BIOHIO?)4—nS“Pn (r lkyl, ary

X = 02—8 gikylene; n =1, 2, 3) have beszn nrepared by treztzng RHSLH4_n with the
corresponding alkenylcarborane 1n the presence of benzoyl peroxide as catalyst.62
63

A thesis aescribes the recactions of Group IV halides with descaborzne anions.
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The zllkaline clezvace of 0-, K- and pD-carborzayltrimethyletannanes by KOH in MeOH,

end by KOD in MeOD, hzs been studiea. The rate constants were the szme within

experimentzl error ror both media and +aried in the order gorthadpeta >para
(s]
1
were also deduced. Since no kinetic 1zotope effzct operztes, the

63

2
(k;g = 1020, 17, and 1, respectively). Corresponding thermodynzmic paramsters

OW1l

-y
)

ol

7

o

mechanism was proposed:

2,m,0-HCB, JH, C-3nMe, + B ———=  0,m,p-CB, B,

o© (Mesan)
M= 0H

E’E’B_HCBIOEIOCH < HeBSnB

=1
ey
—

k )k_1, the overzall rate is =xzpregsed by the ecuztion:

5. Hvariges
Trhe hydrostannztion of ¢lef:ips ard acetylencs nas peen usel wiasly to

synthesise =z wide rarge of derivitives, A Russian pztent reporis the preparation

of =z variety of tetraorgaznostannznes RrR'4 rSn (R = z11yl, eryl; R' alkenyl,
4 had {3
residus of furctionzlly substituted unsaturaten coopounda; n = Z, 3) oy g —irrzd-

1ztion of oixtures of RnSr.E1 , =nd olefins or furctionally supztituted unsaturat:d
=N

O

<=

6 . . s A
compounas, 4 Trimethyltin nydride adas to butadizre in ths or ce of =z vhozrhino-

pzlladium comzlex catal:.rst.05 Orgznotin =2povides LXIX ar:s produced in 49-83%
yvields by the addition of R, SrnH to wvin,1 glycidyl ethers.os
4
R.SnCH_CB X—C—
’ - c 0 X = -Cd,0-, -CH,OCH, -
[ = =
LXIX

The addition of MeBSnH to methyl 3,5-dimethyl-1-cyclobutenecarboxylate or 3,7%-
dinzthyl-i-cyclobutenecarbonitrile in the presence of AEIBN gives the =aducts
LEZX as mixtures of cis— (24%) and trans- (76%) isomers. Analogous dimethylbromutin

6
derivatives were zlso preparad. 7
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Me R = M602C, HC

N

Me SnMe.,
2

LXK

Cniral organctin coapounds LYXI hzv: be:n synthesised by the asymmetric hydro-
stanration of 2 C=C double bond:

* L:LA:LE4
?aca,coo(_)uenthyl
S

nR3

B;Sol  + CHBCH=CHCOO(—)me&thyl Y 5> Me

o * *
MesSrly + MGHCE M ___THF/O" M=2HCH 08 <s%£132591-—- MeCHCH,CH,0H
c 3 rt
1 aR, 4 Sory
LEZT

The =zne compounds are also obtained from MEBSnLl and MeCEClCE2Me. The asymmetry

zynthesis yi1eld and opticzl purity of LXXI wze determined by nmr using lanthsnid

Trisllyltin acetatss zre produced from the treztment of traaliyltin hydride

5-(Tributylstannyl)propyl isocyanate

L1A1H,
Bu.SnH + cu2=cacn —— Bu,Safca ) 0 ——— > eujsn(ca,)aug,
7 Rl < <
MeBSiCl, EtﬁN
€oC1

=

Bujon(Chg)BHuo < BuBSn(Cﬂz)BNHblMeB
LXXIL

LXXII could not be prepared by the addition of Bussnﬂ to CHZ=CHCH2NCO. Instead,
Bu3N00 (66%) and provens (20%) were obtained, together with 2n unidentified visc
supbstance. Tnis behaviour 1S rztionaliscd by the breakdown of the in:tial —-N=C-=
and C=C hydrostannation products LXXTIII and LXXIV:7O

Triorganotin hydrides add to EtOC=CH and BuOC=CH by a [ree-radical process

to give f-cis adducts,71 and to the pyranol-zcetylenes LXXV to give a mixture of



47

0=C-H
|
BuBSnH + CH —CHCE N=C=0 — Buqun——N CH CH—CH — Bu3unHCO + CH =CH-Me

=

Bu.,,Sr ——CH CENCO —el.LELln._n.J.on
He
LIV
IS
ik
HO Cc=CH HO C=CH, EO CH:CHSnR3
R_jsnﬂ * M= 2 /Me + M=
h AN
0 \\H: 0 Me 0 Mo
LAY L&RV T LIV II

2
the adaucis LXIVI ana LXXVII.7“ The =m=in priduct of the rezcticn of Et,SnH
s
with E‘BSnCEC_CECd 10 a 1:1 molar ratio was 1,4~bisltrietnylstannyl)-1-butcne~

3-yme LKXVIII. Bls(trlethylstannjl)butadlyne was roroed 25 a or—product,

EtSSnE + E:SSECEC_CECH —_— EtBS C=C.CH= CESnEf + EtBSnCEC.CECSnEt;

LRXVIII (~3o~,g)

LXXVITI :s clezved by scetic zcid =t the zlkymyl-tin bond:

Et 3 nC=C.CH=CHSnE i3 + CHSCOZH —_— EtBSnOZCMe + HCEC.CH=CHSnEt3

Th

D
4]

S

1171~ and gercyl-diyres also underwent adadirtion to affore gis products:

Bt.S c=C
ts N y MR,
Et;Sn8 + HC=C.C=CMR; —— > c=¢

z
A free-rzdical chain mechanism was proposed.7’ Orzanotin hydrides undergo 1,2~

addirtion to i1-butyre to give the corresponding i1-butenyltin compounds:
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RySnE  + EC=CBt ——n R_anca_-cm-:t
R,Snﬁ2 + 2BC=CE; ———» Rs(ca—cimt)9

With vinyl ecetylerns, 1,4-zddition takes plzce and allenyliin derivatives result
R.).Sn.H + BC=C.CE=CH, —> R.).Sn—CH,——C—_—CEHe-
. - . e e e _. T4
Both radiczl znd ionic chznisTs wers proposed.
Rzd:cal: R3Sn‘ + HC=C.CH=CY, ——> RSSnCH=C—CH=CH,
R.SnH LI .
RS+  + R,S1CH=C=CfMe <—>—— R SnCH=C-CE-CH,
- =
- A +
Ionic: RBSv_'H + HB,C=CH-C=CH —> R.Sn + H, CH}C =CH
2 > J $
+ -
R§Sn—CH=C=CHMe = RBSn + H3C-CH=C=CH
The hatera l:¢ products LXXIX are obtzined rrom the cyclosddition reaction
of BuZSnH9 witn HOCER'C=CH., I7XIX are clezved stereospecifically by zcetyl
chloride znd l“leBSiCl:(5
. R 1
Bu,SnH, + HOCRR'C=CH —-—->Bu93n/j< _8eCl on cigomu Sn\)
- - = 0 R' He33101 CH=CECRR'OR"
LAX1X R"™ = AC, He3Si
Orgznoian hydrides hsve besn further used a2= reducing zgents. The product
of stercosslective 228,8x5-1,4-brominztion of semibullvalene LIXX 18 reduced by
BuSSnE to rorm the disnes LXXXI and LYXXII in & 3:1 ratio.'
B H
Bu,DSnH/ABIBN
"B ——>
+
70° Y/
H B
LIXX T IXZXTI
~— “~ ]




19

Tne reduct.on of both gem-cyclopropanyl compounds LXZXIIX (X,Y = €1,C1l; C1,Br) by

Bu_.JSnB urder free—radical conditions zives LRKAXIII (X,Y = H,Cl). Reduction of

X Y

—
~ LXXXIII

LXXXIITI (X,Y = C1,Cl) by BusSnD affords LXAXIII {Z,¥ = D,C1). Tue following

mechanism was proposed, in which th: rzdiczal LXAFIV rapialy inverts to the less

n

ter.czlly mindered radical LXXZV. Tre Bu_5811D reduction demonstrates tlzt ths

rzdiczl LXMXV preferentially abstracts H(D) from the tin hysriae rathzsr thzn
- T7

from the zdjzcent bridging methyslene group: «

17¥3IIT au,s */v @/ \M

‘= ‘ﬂl._].;"lD)

\ v-

(o]

C1,¢ —> LG_‘.I.I.I

C‘l,Rr) U o

(v,Yy = 5,01: D,C1)

B -Jorore zrd dehydro-f -jonone are reduced by Pr.SnH to dihyaro-& ~jonone LXFAVI
7

and dihydroazrydro-f3 —jonone LXRZVII.

E)IQ\\/B\ P SnE /lk LXXXV I
—2

e}

0
@/\/U\ Pn,SaB /\/U\ LXXXVII
— >
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PhjsuD in methanol rzducea F-Jonone to dihydro—ﬁ-donone—do IXC, which undergo

B/D eichange with agueous pethanolic Nz0B to arfora dihydro—{?—gonone—d1 XC:

/\)o\ ' 1
BuﬂunD N:OH )
McOH M:OH/H (0]
¢ (8of)

The necnanism of the reduction propaply :nvolves iritizl addition of tin deuterj

to give the zlkozystanrare XCI, wnich rezcts with & second molscule of PhBSnD:7a

OonP' . D (M)

@j\/\ br_seD <A A o

~ D
—Ph.)F'mnPh., ~

The reduction of kstores, especizlly rerrocenyl ketones, has been extensive
stud:ea. Ultra-violetv arradiztion of 1-formyl-, 1-zcetyl-, and 1-benzoyl-ferrod
ic the presence of tripaer,liin or trabutyltin hydriae zave the corresponding

zlcohols XCII zs the major product:?

OB
I
_COR —CHR
=z a5 @_
Fe or Bu3S.n_H Fe
@ bw =)

Guzntum yields for the reactions ara very load (=0.002), and estirates of enthal

changes :(n the pri@ary ITe2Cilon sStep:

L]
I&c(o)n]' + R';Snf ———FcCR{0OH) + R';Sa A\E 2 +15 kI mole™
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sugsest that the inefficiency of the photcoreduction arises because the initial

step is relatively slow and physical decz2y; of ths escited state competes effectively

(=]
¥ith chemical reaction.7‘ Ph3SnH reduces 1-vinylrerrocens at 70% with or without

ABIBN to give hign yields of XCIil:

i

Ph,anH/ABIBN/'[OO .
Fc-CH=CH, Fe~CH,~CH,-SrPhy  (53-68%)

ACIII

With %, -=th,leniec letonss XCIV, selective reaucsion of tnz C=C pora cccurs:

O

<:::::;7_CO_CH=CH_R2 <:E§§z:7_—CO.CEECHZR2

PhSSnH i
Fe 100~120° =
@_R‘ (50°/ABTEN) K=
rew 57-963
Wrhen R1 = COPr, onrly tre conjusz=t=si sysi== 13 reducea. 7Tre presence of ABIBN
notzbl; zccelzrztes ths reacticn. In contrast, thre croductz ob*ained in reduct .on

of acylferrocenss by Ph3SnH i tne abzsncs of salvent depsras on the presence or
- o . - -
otoerasise off radiczl senerators. At 707, i1n th. presence of ABIBN, l-zcylferrovernes

XCIV are rapialy reduced o the correspornding

0

_eonols ACV, Withcut rzdic=l

catalysts the reaction is very cooplex, zna the

ck

educ

H

ron products XCV, XCVI,

>4

CVII, and ZCIII are obtsined in quantiti€S wWnich vary witn the group R zna ths

Fe-CO-R ——— Fc-CHOH.R + Fc~CH,kK + Fc-CHR-O-CHR-Fc

Icrv ZCV LCVI ACVII

conditions., The use of AlCl. introduces mor2 speexf_city; Fe~CO.Ph 1s convert:d

s
to Fe-CH,Ph =t 857, 2 hrs in & €5% yi1eld as the only 1solated product. The reiuct~
ion of (v —oxotetramethylene)-l,E—ferrocene ACVIII 1s stereospecific without added

ABTBN leading to 10-3¢% yields of the corresponding cnco =zlecohol IC, whilst with

ABIBN both endo =nd exzo (C) 1scmers are formed in & ~70:30 rztio,
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P
O
Py
1=
-t
-
=
Q
—~~
n
3
o
(e}

1]
Q
~
[
"
Q

- o
IC 2rd C zre =tzble st the rezciion teapsracure exployed (K100 ). but slowly
dehydrazce 2t 120 to the corresporairg olefin. In the sbsencs of radical init-
ragurs, an ioric pechz~izo invclving rnszleoprilic zttzel of the tip hydride,

aprroaching via tre less sterically hindered fzce would lead to the observed

¢xclusive Iformotion of the enszo zlcohol. With ABIBN, Ph_Sre rad:czls are rormed

CcI NIl

Algrouzn tne confor.szr CI 1s eypastel S0 b: more sizple on steric grounds

<

lue combinad zction of Ph BnB zpa acetyl crloride efficiently reduces acyl-

2

ferrocenczs to albkylferrocenas:

Fe~CO-R + 2Pn ScH + 2Me.CO.Cl ——> Fo-CR,-R + 2Pn,SnC1 + (neco)zo

The best rosults are obtzined when a 1:2:4 ratio of Fc.CO.R, Phjsnﬂ and Me,CC.Cl
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ig used. Yields var,ing fron 40-907 are abtained depznaing on the sroun R.

EuESnH 1s less regctive, but th: yields srve less dependent on R (55-€63); by~

Il

Sem
products such as Fe-C{0Ac)=CHPn and Fe—~CC1=CHPh are zlso formed, With 1,1'-

dizgyiferrocenss, the reactivity of the functions depznds on the substituents,

ard lezds to the formation in soms ezses of 1'-allylacylferrocanss, Trus, 1-acefyl

ferrocene GIV (R = M2, R' = Er) {(1&%) ans ¢thyloenzyiferrcezne CV (

=2
K
=
1]
.
=2}
"

B

Ph) (13%), A large ezeess of reducing azent csusss completé reauction to OV

(R = Me, R' = Ph).

@ CO.R LD CE.R DN CH,R

Fe PhjanH/MeCOC1 P . Fe
CO.R? CO.R' CH R
=g <S> <7
CTIT CIVv cV

Sioilar resdits ezreobtrzinea for 2z variety of groucs R 2znd R'.  Reiuction of the

kezonez Pn.CO.R (R = Mz, Ph) oy P Si:B zro Me.CC.CY zav: mixtursz of P

&
Q
221

=)

-3 ol

}

w
{

PLCH(OAc)R cepsnaing an R znd the razction temperz=ture, At 5?0, reaucticn of

0

° pnCil(CAc

Fn.CO.Fn gives onl; PHCH_Ph, whilst at 25 )
prozuci (B0-83%) of Ph.CO.Me. (= -Ozotetrzmetavliere)-1,Z~ferrccers AOVIIT as

Teduced Unaer ths SaTe conditions to grve CVI znd small yields of tne aecstats CVI
M

Tncreazed yields of CVII are o%tzired by using less

Fe Fe OAc
<7 >
ovVI CVII

a1 : : P .
detected,” Aliphatic &nd zromatic acetztss ana the acetates of Terrveen,l
alcohols do not unaergo rezction with Phssaﬂ in benZene, but addition of Me.CC.Gl

results in reduction %o the corresponding hydroecarbon, save for PnCE,CE(OAc)Me
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which ig i1nert. This latter obzervaticn 1s haraly surprising since PhCHZCH(OAc

18 produced exclusivsly from the Ph1SnH/Me.CO.Cl

the othsr nz=nd, tne rezcitivity of tne ferrccenyl

I

bsence 1rn tn2 procucts ol tus

Tvz oschznist of shs PhSSnH/Me.CO,Cl

ir. detzx1. The azta suzgsst

zttzec- of tre tir hydria

O

o

]
cr
¥
W
-
[
o
o]
3
[d

1S ihen cieaved by M2,00.Cl to form tre

r2acts a1tk core Mz2.CO0.Cl to g

N

yields the finzl nycroczrbon product CXI:

14

acztate CIX, which,

the chloride CX.

rzduction of PhCH,.CO.Me. On

acetztes reztionzlises theair

nLvoiving initizl nucleophilic
tin allkoxiae CVIII. This
1¥ R = ferrocenyl or

Reduction of CX by Ph35

R—C—R' + H SrPhy —> R-—CE—R' —=C0CL pocport + PnSCl
“ Lo Sx l
(e} OSnfhs OAc
CVIII CIX
Me.CO.Cl
R = Eg or Ph
- o ot Ph.SrH . .
PhySaCl = PCHR' <=—T3-—— K—(IIH—R + (Meco0),.0
CX1 Cl cx
A radical m=chanisz for the reauctlon wzsS climrpnzted since radiczl gzperators
(ABIBN) or inhaipbitors (njdroauipone, galvanozyl) c¢id not zffzct tne rzte of

reaction or the natire of the produczs., PFurthsr corroboration 1= zvailzble frof

the reduct:on of cy2looropylmethylkesons CKXII, anich 1s kmown to uadergo reduct

by woth 1oric =z=-d mechaniscs. PnSSnH/Me,CO.Cl reauction of CXII

produces only CXIII, ezgpec

cF

ed for =2n ionic rechznism, arda no ring~opened precduc

CXIV which 1is mechanism operates.

Pn_SuH H
_“:6_>Hecom v\’/
OAc

CXIIT

CXIV CX11
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Tne reductior of 1-indznone chromium tricarbonyl CXV oy PhBSrLH./MEcOcl in benczre

gives exclus:ively the gndo-acetzts CXVI n &7% yield, agzin supportirg an 10nlc,

=t c_>/3\

/<|J\c /|\
p O 0 0

CXv CIVI

Czrpenc cocplexes of ohromium and molyoaenus (Oc)cb1-':(x)cﬁﬂ“f (7 = OMe, nc 8
5 Aol
(n =2, 4); Y = 1—OMe, p-Me, H, p—C1) rezct with triorgznotin nglriaes in the
presence of coorainatins pass (p;rrldu-.e, zcetonitrile) 1in hevzne to g1ve ine

1ineertion products R.anCEZ’.CsHl;Y. The Group VI p-tel 15 rscovered as ths bzse
complexes BnM(CO)6 n® Comp=tition experiments show thzt the susceptipility of

silicot, g:irmznium, and tin hydrides to imserzion of [PnCOM-—:] veEry in tre order

(=34
E‘.tSSJ_H>P!13$1H< PhsGeH (PhSSnH, Pr,jS .°7 A deti2ilena Finetic study of the resctior

n

of Cr(CO)S[C(OMe)Ph} CXVII with R33nﬂ (R = Pr, En) shows that tre razts o rezecvion

1s given by

_ETECr] = w, for] - e fer] + E:E[Cr][R.er-.H] + _s[Cr][n_,]

= CXVII

n

hel
Ia]
o]

el
o]
n
QT
.
.

From the dztz the following mechznism wWa
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(oc)scr_c(OMe)Ph
/ CX71I \
k1; slow kg; slow
s PhSnH

(OC)qu--~C(OMe)Ph

(4 S
| B SnRy
lp“ rast CZVIII
- QM= ps | ~R;SoCH(OMe)Ph; ras
oM
(0c)Cr -~ -+ CéE:Ph ‘[é(OME)P7]; fest (0c) Cr(py)
oy

Trnz dozinznt rezci_on pzin urder the corcit:ons used wzs the seconi~order proces
\k.). Dericea activetion parrzOeters Were consistent with the direct fornmation

of CXV1IiI oy ruclecpa_l:c ztizecx on ths carbocat:n7 centr2 in a corcerted proces

3
-
-
-t
1
@
Al
—
{n
O
"
o]
'
1
i
v
-
]
[
5]
Q
]
17§
)+
A
H]
M
]
0
T
[a]
Ay
B
Q
H
|
Q
o
Q
3
N
1
]
14}
13
Y
i
o

ched, and therefo

core susc2ptiovle to auclsogphirlic zitzel Dy RSSQH, The other second-order proces
(kﬁ) 12 not r.neticzlly =ign:f:cant wuler rorm2l cond:tions.

EtSSnH rezcts rapidly wiirn: BL.G2K 1n pencenz to zfrford EtSGe.SnEt3 (20%) au
£H (505).55 HeBSnE slowly reactis witr germylcyclopentadiene E3Ge0535 at 60° to
Z:ve monogermane and MeSSHCSHS' Reac=i10n 1n tne opposite sense, ie, Lo give
l*r1r_=,jS.;Ge:-E.j =nd 0536. w2e thought also To take place_86 Sztze gr 21, have used h
reduction of & wide variety of germzmual{IV) compounds by BuSSnH to produce

A X - it X X
N, - *tBu;SnH V- ~BH
Ge ——Eﬁfgaz—€> Ge ———————> :Ge
e Dy 2 Bﬁ Ny Y

A =Cl, Br; B = OR, N&,

. /M M/ /\
%,Y = OR,0%; C1,0R; Br,OR; NR,,NR,3 O 0; O S; S 5; RN KR

tert-Butylmsrcury coapounds undergo reaction with MGBSnH to give the
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20 .

corresponding krimethyltin derivative in essentially quantitative yield:™

BuHeC1 + Me.SrE ——> M=_5Cl + Hs + iso-C, H,
3 3 = "3710
E‘.tOEC\ /COQEt E:tO:,C\ /COzEt
c=cC + Me,SnH ——> c=C + Bz =~ z0-C H
t, N 2 t, ~ N
Bu Hz "Bu Bu SnMe.,
o
Et0.C CO, Bt Et0.,C CO,Eb
5 / 2 2 \ / 2 i
N—N + 2Me.SpH —> N—N + Hg + x50-C,H
t Nt J Ve N ===""4"10
Bufg Hg "Bu Me_Sn SnMes

1, Halides

The 'direct' syntnes:is 2nd otner cethois of vreparztion of organoiin nalices
continuss to be trz subzsct of much invsress, mostl, ir tre pztent literzturs

luorides RSnF. (R = alkyl, alne yl, ary1) =re neepsrea by treating

3
. o <0 -
tne respective osrgznoiin caroonylznss with concerliratsc bBY 1n berzins. l‘e,.c.nC]
e ap N , e 1an =a° €1
r=s been preparex :n 75-S08% yield by heztavz tiv wath MeCl in HIPA =t 140-30".
Binoyl- =zrd octyli:zn ctlorides ='d B 1des nzve besn obizinsd b reflurin> ot

at 170-207 resulted 1n 95% tin comwersion to BuSrcl. (14%), Bu_SnCl, (75%), and

. 92 .
Bu;5aC1 (e%). —Chloroasthylethers ROCH,C1 (R = Me, B3, Bu) rezct with powaersd

tin at 20-¢0° to give sm=il (~17%) yislag of (ROCh )ch. .o Bis(zlkyisilyl)tin
dihalides have been preparic py treating tin Winn 2~5 equivalerts of zliylsilyl

_0
hzlia=2 =zt 100-200"° :n the preszence of an amine or phosphine catzlyst.
- ~ - ot 3 ~ >
allysltin dibromide is formed in 527 yield after 7-8 dzys from =2llyl brorade
and tin (70% convzrsion) in the abizence of OXygene. HRaising t-= reaction temp-

erature increassd the convers:on of tin to 50;’5-, but lomerea the yisla of proiuc

to < 20%. lo rsaction takes plzcs in the 2bsenceé of oxyg=zn. Dizlliyltin cibroinia:
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is also abtained by irrasiation of tin and allyl bromide in 2n i1nert atmosphere.

e}
Hezting a maxgure of tin lezves, magznesium, Bul zad butarol at 220-5 under

niiroger results in the fo 97 High yrelds (~090%) of dizlkyli

;

ation of Bu.Snl

driocdides are abtziped by tha reaction of =2l%yl 1odiaes with tin using s R-cont-

a3 .
azining “eterocyelic or quaternsry am-onium compourd a3 cztalyst.” The optimum

conaitions for 'airect' syrthisis of dizllyltin dixzodides have vecn investigated

n

'Spangy' tin metal (from soluticr:z of 3rCl, with sire) wzs found o react best,
n=Bul afiforded the highzst yireld orf dizllyltin diiodade (2C2): other o0dides
znd r-octyl) gave only 16-30% y121ds. The addit

of zmine or zmin: hydrochlorids c2izlysts was necesszry, otherwise the reactiors

[s]e}
are zlow.”” Tne aci:vztion energy ol the rezetion Sa + BuBr -——v-Bu_ZSnBr2
. -1 a A ; .
has beer. deduced to ae Qi? ¥czl, Eole ;3 the enthalpy of Tormation is 11 keal.
=11 . . . .
male 00 Raduction of alkyl h=zlidez =zt & tin cathode in ieirzethylammonium

nazltide —~ cethyl cyznid2 media results -n mixed degrees of alkylation at tine Tt

L8]

priozry products =2re polymers derived from [ﬁSn} and [R Sn] specles, The rinal
vroducis depsrcd on the eanvirorrent and tenc to be complexr mixfturss. Electrolysi

unier acrobic coniitionz lezds to a 'dirsct! synthesis of

o

u.Sn0 and Oct,SnO.
allxltin halanes 18 formedl in an undiviaed c=ll by tne interaction

of znods ard cathode products, other rroducts include compler alkylhalogeno-

Diorganotin dichlaorides rnzve besr pra2pzred in moderate yields (z5-55%) by
reacting znhydrows tan(II) chloride with Grignard rezgents in ether. The inter-
cedizte diorgznotir spscies is then oxidised by sodium nypochlorite to the di-
orgzrotarn ozia=, wnich Is coanvertsd feo the dichloride by dilute hyarochlaric
acids Bis(rerroceayl)tin and pis{cymantrepyl)trn dichlorices CAX arnd CXXI
respectively, are obtzined in 70-80% yiela by oxidztion of tin(II) chloride
with tne corrssponding arorgarodercurizl in DME or THF. CZXI forcs 2 1:1 comple
with DMF, and 1s readily hydrolysed by ailute zqueous alcoholic zmmonia or
sadiua caroornate to bis(cymantrenyl)tln oxide monohydrate. Halade exchange

occurs with CXXI and sodium 1odide to afford bis(eymantrenyl)tin diiodide.'©?
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Resction of R_3rCl or R.SnCl, with R'MgCl gaves R.R*Sn or R_EnR', respective.y
2 e 2 2 2 2

which, treated with SnCl,, give R,R*SrCl (R, R' = Me, Bu, Pr, cyclohexyl, oetyl,

103 - .
hexyl). 05 Thien,laliyltin compounds CXXII are optained from thienylaliyl

CM=_CH SnX CXX1il

toa N
Grignard resgents znd SnCl4. o Wursz reaciion of 3nCl, and BuCl gives 8Bu,Sn,

which undergoes ligand redistribution with SnCl

N

4 o g1ve Bu,SnCl znd Bu, SnCl_..
~ —_
Ligzna redistribution reactions of tnis typs 1n tne RdGe/Sn01

systems havs bsen zntar
L=

8rCl,, R;S1GeR;/8cCl,, and RnGe.j/SnCl

Bulter and Drenth. Solvsnt efrfects zre ioportent; the rates of zliyl/cnlorins

YL

exchang: inerzszase d4ith incressirg dizlectric constznt of the solvent. Tru=s,

1 nitromethane tre rezction -atz 1n the R,Ge/Sn'Jl4 system 1o &t lzast 100 timss
g

fzEter wnzn in osrzens. In tone R,0&/S-Cl, & SoR, /CeCl, systses, only the zrznsf:r
2 - 2

3
of ome al¥yl group could Be accozpl:isheiz. The rezstior rates 5 =xpected decrezsed

with xncreasing bulkiness of the z2lityl group; &g. for R

ey

rate = Me;>Et:>PEZ-Bu;;pentyl. Dezllylation of mixsd it=irzllylpermanes 1S very
celzetive; the rate of dsalxylation 2ecreasing :n tne ordzr Med> B> Pr>Bu. This,
reaction of EBi,PrBuGe with SnCl4 gave exclusively BtSrC1. and BtPrBufeCl. Thas

— =3

speciiicity allows the synthesis of the mizea tztrzallkylgarmane MeEtPrBube CXFZ1IIX

oy the route:

Me.BuGe + SnC) ME“OZ —~ Mz_BuGeCl + Mz.SnC1
> 1 2 2
PrMzBr
SnCl4
MePrBuGeCl <¢———————— Me_PrBuls
-Me3nCl., -
2
EtMgBr
SnCl4
5 r &7 eCl
MeEtPrBuGe -MeSnC13 BtPrBuGeCl
CXXIII

References p. 155
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Rezction of SnCl, with dizermznes

4

56001, 1n acstyl chloride resct to gave EtBGeCeCLEtD =rd EtSnClS, the reaction
&

bl

roceadzd sxmilarly. Hexzethyldigermene and

proceeding faster thnan Et4Ge znd SnCl, urder the same conditions. Kinetic
studies show that the rezetion i1s firzt order in zach rsactant znd second order
overall. Addirtion of ABIBN n2s no effect, but the size of the zlkyl group

mark=dly afrected the rate. Relztiive rate constznts for the system RGGe,)/SnCI4

Wwere fcund to be: R =Me, &k = 1253 R = B, k =1; R = Bu, ¥

‘rel ‘rel

High selectivity in dezllrylation was again obzerved. Thus reaction of He3GeGeE'

= 0.25.

with SnCl_,+ gave exclusively MeSnClj:

MO,

r-leSGeGeE:f:_> + SnCl4 —_—_ Hezche1eEt T MeSn013

3

Wrth EtSGeGeEt,Bu, stztisticzl ae

1.

m

o
=
w
ot
=
Q
=
ct
|-\|
5
no
143
o
9,
It
0

g form:ng CILIV and CXXV

n z 2:5 ratios

\unl

-BEtSnC1_
—_ T EtBG_GeCIEtBu
CRZIV
Et_GeGeEt Bu + SrCl,
> < <
-BiSrnC1l,
bl

Exclusive aealkylation at gerwanium tzkes place niin Me,S:CeBo

. M=NO,
Me381GeEt3 + SnCl4 —_—2 He.531GeClBt2 + EtSnCl3

Reaction of ocizethyltrigermane with one or two moles of SnCl4 1n nitromethane

resulted 1n esclusive term-ral subgtitutaon:

SnCl4

//////——-————————> EtBGeGeEtEGeEt201 + EtSnCl3

3

N\ 2s
ﬂ014 ClEt. Ge
5 cGeEtEGeEt201 + EtSnCl3

EtBGeGeEtQGeEt
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However, 2,2-dimethyiherxaethyltirigermane with SnCl4 gzve predominantly methyl

substitution 1n acetyl chloride, but ethyl substitution in nitromethane:

.___LEL___;, Et1GeGeClMeGeEt3
-M-:—SnCl3 d

Bt_GsCGeMe GeBt. + SpCl, —
P4 - 7 -~

————£El———_> Et3GEGeMe?GeCIEc2

M=CGC1: oS (=), 12 (b)

M=NO,: 57 (=), 5% (b)

An S_2(open) CXXVI rather than an SEB(cycllc) CAAVII mecn:nism was prsferred

o
for thece rEECthﬂS.lUD
g - €=
mc1 CL M- ----- c1
\ - ‘1‘ A "
e 4 ]
C' ] ]
. . Y
//// R - - —éE'M'RT
“
B}
g+ CAXVIT
CXXVI

o7

1 -
to form R, SnZ,. and R2Ge15. Butylvinyltin adachloride rzs peen prepzrcea by

neating 5aCl, nxtn Bu,Sn, trizticg the resulting BuSnCl_. with excess vinyloag-

nesium pron:de, and 2llowing ths but,ltraovinylt:n to disproportisnate witn
a 103 B . . .
BuSnCl._. Other unsymmetriczl triorgzrnotin hzlides such as decyclorsrylbutyl-
Fj

tin cnlor:ds =znd dimsthyleyelohexyliin chlorics hzve peen obtzinzd by sim-lar

109

e
L]
Ul

el
o
H
m
.
o

[

\}
I}
s}
=

el
m

-
aQ
=
I
I

g

I\

m:thods. Diallyltin dienlorides nave z2lso peen

between SnCl4 and tetraalltylleads. Thus, stirring Et4Pn and SnCl4 in toluene

gavs Et23u012 in solution and 2 precipitate of EtEPbCIE. A 2:1 rztio of Et4Pb

and SnCl4 Zave Et28n012 ard EtBPb01,I1O
Bis(chloromatnyl)tin aicnhloride consists of infiniie chains of weaxly

chlorine-bridged (cica SnCl2 molecules wn the solad (cf, the structure of

2)2
Me_SnC1,) (Fig. 1), thus aistorting the geomstry at tin from tetrahedral toward:
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Fige 1. Crystal Structure of (CICH,).SnCl,. ({Reproauced by peraission of the

Consultznes Burezu).

octanedral. The Sn-J and Sn-Cl bond d:stznces are 2,18 A and 2.37 A, respactive
Sn,...Cl = 3.71 A. Tn:z C1-Sn-Cl ana C-Sn-C bord angles are 97° and 1350, res-—
1:-&(:1:1'.1-51_',.'.‘l n

Thz rezction 6T 1Scnitriles wiin :1n(IV) hzlides yields halogenocarbimino-

tin halides CEIVII zne CZZIX by insertion into tin-halogen bonds.

£ K
SnK4 + 2R.N=C —————> R-N=C-Sn-C=H-R
X
R=M, X=0C1
CXXVIIT
R = Ph, & = C1, Br
Br

Sr\_BrJr + MaNz=C —— I*'le—!‘l:(:-Sr\_Br3

CIXIX

Pneryl 1socyznide inserts into totn Sn-Cl and Sn-C bonas of Me.SnCl to form

CXXX:
Me Ccl

|
MesSnCl  +  IPaNSC —— |Ph-N=C -|;Sn-C-H-Ph

CxxXX

but methyl and phenyl 1socyanides insert into only one of the Sn-Cl bonds of
Ph,SnC1

-
.
z
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Cl

Ph28n612 + Ri=sC —m8——> R—N:C-—SnPh201
CXXX1
When R = Ph, CXAXI =¥ists as a dimer., Both Sn-Cl bonds of Me,SuCl, are rezctive
[ [

tuwards Phl=C aflford:irz CRXYZITI zlso zs = dimer.

Cl
|
MeESnCL° + ernh=C ——n Pr -N=C ZSnNe2
CTXII

Noltes and ven der Kerk have publisned more of thair work on the 1nteractior
of orgzrnotin halides witn —inc metzl. Tne reactions procesd with the initizl
rezctive orgenosine compounds, but the finzl proaucts vary weth trs
reaction conditions., Whersas Ph33n01 do=s not rezct with c—inc 1 aprotic 3o0lvents

such as etesr, THF or tolusne, with & Zinc-coprer couple (Zn/Cu) 1n THF, auantit-

it
5]

ative formztion of Ph4Sr, tin metzl =nd zinc chloride occurs over two-three weel: o
Hevaphenylditin doss not rezct with 2n/Cu under -hzse conditiors, and hence may

be ezclucded as a rezction xnterzsdizte. In ths presence of prctic reagents

n
{0
e ]
[¢/]
o
@
=
i
ar
3
(]
-
ct
i
=]
k]
i
[ad
I
ot
-
Q
-
N
o
[a}
=
o
n
nl
[+ 3
N
3
~~
o
=
a
A

(HQO, MeOH) the rezction product

The preosence of strongly coordinstig liganns zucn 23 TMED or obLypyriayl risulis
in the formstion of hexapnenylditin as the czjor product. MeBSvC1 rezcets sirilarl

These observations zre accounted for by the rezction Schemes:

Aprotic conditions:

R,Soc1 —22/Cu R;StZnCl —= R,En.RZoC1
4 =
R.SnC1
2

[Risa] + zncl, + R,Sn
~

i

[RSnCl] + RZnC1l

Zn R38n01

SnCl

R4Sn + ZnCl2 <§3

References p. 155
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Protic conditions:
R,SaC1 _zafcr, RSnZnCl —> R,Sn.RZaCl
MeOH

[RGSn] + Cl1ZnOMe , + CGHG
o ~ P

)

[ﬁSnCl] + RZnOM=
Zn MeOH
_ Y
M=0

C.H. + Cl1Zn0Me ~«——~ - RZnCi + Sn C H + zn(oMe)
6 o 66 2

The Tprrztion of hezphenyld:itin 1s easily rationzlised on the basi= of the know

chemigtry of Pn_SnZnC1.TMED:

s

— h

Pr.SuCl Zo/Cu Ph.SpZnCl.TMED —F5555CL . pposn. 4+ 20l .TMED
> TMED 2 6 2 2

The rezctions of Me,Ph3nCl and MePh,SnCl with Zn/Cu 1n THF sive miztures of

pProaucts:

AMe PhSeCl  +  224/Cu ——> 0.42Mc.8n + 0.57H93Ph3n +  1.35Me,Ph,Sn

2 £

+ 0.G493n

4MePh_SeCl  +  2Z2/Cu ——> 0.02Me,Sn  + 0.07MesPuSo  + 0.47Me,Ph,Sn

+ 1.81MePhSSn + 0.785n

In tke presznce of MeOH, both compounds give methane, benzene and tin metal 1n

(1

h2 estpectea quantities. Ph, SnCl, and PhSnCl3 will react with unactivated zinc

etal at room temperature:

2]

————— Ph3S:C1 + Sn + ZnCl2

///’

Ph SnCl, + Zn

2
~. MeOH cE

eBe + Sn ¥ 2C1Zn0Me
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3PhSnCl3 + 42n ————> PnSSnCl + 25n + 42nC1,

R 11
The reactions of botn Ph75n012 and PhSnCl3 with Zn/Cu vield Ph4Sn and tin metal.
Tribenzyltin chlorid: znd DCl undergo D-H exchangs ezclusively =t thz ortho-
position of the CFHS rirg. HNo isotope erchange nccurs witn tolusne under the
& R

same conditions. Tns interzediats CEZXXIV wzs proposed.111

CHE——SnClz(CHZFn)Z
H

D CIIXIV

PhSnClS catalyses the rzcsxisation ol « =msthyltsnzyl chisride 11 =ther. The
reaction 1g Tirst-order in aliyl halide, but 2 mizture of first znd third for

PnSnc1,. ' 17 — and p-Tritolyltin 1001d€s rezct ~ath th: zporopriate silver

n

0]
w
[
ct
u
!J W
o
o
jal
4]
g
[
]
[xg
[o]
fir

fford the correswonding tritolyltin ozz.ate, isothiocyznate,

11é

nlirate, pnosph=te and sulphzte A polzrogrzphic stuay of Lert—Bu25n012 xn

[s\)
L
<
o
[«]
4]

olution snows that the bulky tert-butyl group stabilises four-cocrdin-—

w

zzzon 2t tin, enkzrces the acidity of complexing water molecules, ard fzvours
PRSP ~ . - 1

ths =zddition of the first electron, but opposes thes zzaltioxz of the second.
The interactiocn ¢f phoOSpPROTUs-0zy3gen compounds with orgznotin halides has

been ztudied by Pudovik and his codorters. Reazaction of n-butyl aiethylphospran:ie

1z21ds the phosphoryl cooplew CXXXV, togsthner with

o

Witn Bc3SrC1 at 160° or 220

butyl chloride ana cetzllic tins

Et,PO"Bu  + Et;5nCl ——> Bt,"BuP=0.SuClEt; + Sn v  BuCl

CYXIV

At 1600, Et4Sn, tin and the complex CAXXVa were 1solated:

Bt,P0"Bu  + Bt;SnCl ——= Et,P(C1)=0 + BuCl + So + Et,bn
Bt,P(C1)=0.5nC1Et
CZXXVa
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The anzlogous conmplex EugsecBuP=0.SnCLEt3 was z21s0 obtzinsza from the reaction

Bu with t)arCl.118 The reaction of zriallkylphosphites P(OR)3 (R =
1

" Bt, PO~

Bt, Pr, Bu) with etnslitin nalides EtnSnK4 n (z = c1, Br, 1; n = 1-3) y2elds the

1:1 or 1:2 prosphonate compleze [gRO)EPR=Q]2_EtnSnX n (n = 1, 2) and

4
t.SnX usuzlly as liquids. Inrra-red ara DTA data suggested that the
11¢

\I)

igomerigation of ti& pnosphiite 15 not catalytic, but ar irntracomplexr process:

(R0)3P: + SrR Xy , ———> (RO).,J.E;-»Sr-.R X

(R0)2P=O:->SP_RQZ.4 A e (RO) P==0:—» SnR R

Complex=s of M=_ Sn 1 (1:1), M:,Sn 19(1:2), and RSnCl3 (R = Mz, Bt, Bu) (1:2)
with MeZP(O)OHe end Me,P(0)C1 are oviainzd by mixing th: comporents in pentane.
The complezes zre gererally stabls in solution, but the tendency towszrds dissoc-
rztion ircreesss with ainewezsipz nucber of 2lkyl groups =zttzched to tin., Struct
CIIXVI znd CFZXVII wWere propased ror tlre M523n012 and Me35n01 complexes, respect
ively, since onl, 2 sirgle Sr-C stretcting bzna wzs obzermed i1r the 1nfra-red

120

O=PMe c1
' CclL M= l
S T~ =sn Me
Me Me HE”/// l
R = OMe, CL
O=PM= R O=FM=_R
CXXAVI CAXAVII

Analogous comnplaxes With phosphorus(V) mono- and dithicesters have similarly
1

il
ol

been prepared.

Halogzn exchangs phznomena between orgznotir halides have been 1nvestigated

by several groups. Taddei et al. have examined cnemical shift non-equivalence

. s - - . 1s0
of diastereotovic zroups for the series of organotin monohalides MePh™ "PrSnX

(x = c1, Br, I). In CCl, or CS, these coapounds do not show zagnetic non~equiv-
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2l=nce ror the diastereotopic methyl group even at -1007, but 2 s=g=zll (0.01-
0.03 ppm) cherical shaft difference is observed in dilute bencenz. Cozlescsnce
1S ODServed in oore concertratsd solution for thz chloride. Replzcement of =
methyl by a mesityl grcup Slows acsn the rate of inversion =zt the asymnetric

centre and Magnetic non-cjurvalencs of the methyl groups of th= iso-propyl group

. . . . .. o _
is observed even in CCl Wpich i35 mzintained above 1007 . Coalsscence 13 observert

4!
=t concentrations of ca, 1n psnzene. Tne opticzlly active tesraorgenotin coxnmount
- - 2
CIAZVIII has veen synthss.s=d viz the ssymmetric 5jTthes-s:1-1
Pn Pln Pn
1 .
o pmenchy1-0L1 hCd MsB o -
Me—Sn—Br 2E28hi-OLL y. Sn_oMen ENCHMEBT o ye _sn_cE,P.
lsog_ isoplr 1sogr
CRFXFVIII
[°<1 = 14,5°
D 44

Brenzng= of tlectronsgztive gToups bstween HeZSn r512t1s: hzs bzen studied
Dy Russ=:zn grd Cznadizn zutrors, botn uzirz ror techrniques. Reeves znd Chzn
US1rs pSeudo-rirst-ordsr rate ConsSTanIS in 3 coIplsts lin: shepe anslysis nzve

deduceq thzt szchanze n she M:_S:¥-Me_SaY (I,Y = C1,Er,I) sys=¢z 11 tolucne

ations of MeBSn+ ard hzlaide 1on="‘2
Me Snk == He35n+ + X
Me Snl === MeSSn+ + Y
MEBSnK + — MeSSuY + X

He38n01/Me33nI €xchange 1n tolusne and pyridine has also been studied by Peregidov

t 21, Tre reactiop was deduced to be third order in toluene Wwitn an zctivetion

=

l

encrgy of 2.6%0.2 veal, mole-l= A merked increzse in rate of 2xchange was not-:d
in the more polar solvent. Other syst=pns studied by thsse aut

(X = C1, Br)/HeSSnOPh in €C1, (fzst at room temperature), Me.SoX (X = €1, Br, I,

4
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OPb)/MeBSnSPh in CC1, (slow 2t room tempsraturs), =nd MeSSnI/HejsnX (X = sph, (
in tolus-sz (sloh‘ at 800)., Spzetra of the mivtures MejS!!Cl/Ph.anSFh and He.}.SnCE

PQBSnC1 contarn sagnals beloaging to both possible trimethyitin species. An

N
0]
[0}
[*]
(]
)
t]
[
e

ive mechanism with a c/clic four-centre transition state nas preferred
The presence of tert-butyl groubps op tin Very sStrongly decrcases the electro-—
philicity of trialkyltin halides towards 210d1de 10ns 2na nucleophilic solvenis.
Reeves and Chzn hzve alzo stud:ed nalogen exchange :n birzary maixtures of
damethyliin dikalides. The datz are interprsted 1n terms of 2 schepe similar
trat proposed 2bove for Mz_Sn¥X =zzcrzrge involvirg four 1onization steps and twe

helozez traznsfer steps, poss:bly viz 2 pentzcoord:inate tin intermediate. Molec

o

1cdinz inhibits exchancge du2 to the format:on of comopl:sx trihzlide anions IZX_.

Adducts of Me_SxCl, with sicoliraldehydzs C.H,NCH=NR (R = Me, 1-MeQC H,,
ErM&0634- 3—010631) have been synthes.sed ant examined by nmr. Bguilibrium
onstz=is for the rezction:
M625n012 + L — MeZS:CLE.L
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Tre interzction of carbonyl-stabilized phoschorus ylidz with organotin hzl

form {:1 zdaucts viz O- rzther than C-coordinztioa of the ylid to tin CIXL (e

a5 1g72).129

Pr_P=CH
3 N /COPh
C=0:—> 3nR',C1 Fh_ P—CH ci”
R ScHe,
CIZL CZL

Ishi: hzs proposed the 1onic structure CXL involving covalent Spn-C bonds, Trea

ment of CAL with Bul:, followed by hydrolysis yielded the free ylid and He3SnOE



+ .
PhP—CE—CPa . ;. COPh + -
> =2 s |enr—c B9 o Pr_P-CECCFn  + Me_S-OF
M&.Sn -0 2 N > 5
P onMe,
J =
: 120

Pnenyl 1isocysnzte 1s trimarized by CXL to tre .socyznurats.
Reaction of BuSnCl3 n1th 2,2-penteredione 1n the presernce o1 L rigins

Sv

lazds to the 1sol=2tion of

-t

re pyridinz zdduct of BuCl_Sn(0,C.H,) CXLI:

27507

:’l' - -
zBuSnCl, + 20 B0, —> [?BuSnClSLCSHEO;] —:ﬁia-{gpya BuuLBSn(cqﬁ7ogi}

-Cl

0

EBuCl,Sn(O,C:H7)pj 2 :BuCl.Sr(C.E,0.) + =2pyiC
2 25 Z 5172

In solution CERLI exists as & ciztur:z of 2t lezst tdo geoastriec isomers,
Rznazecio hzs determimed tae crystal strucwure of tn:z Lebirf base coxplex
blS(SallcylaldEhyde)Ethylen%dllllﬂo—ulﬂethyltln aichloride, Me,35nCL,.z=z1lznfH_.

Tne structure conszisis of volyneric chzini -n whier szlsnd

ement of n3thyl zrcups, =znd chlcrine znd ozygsn

or' organctin kalides With LeWwls bases is
=27z1l2bles RnSn014_n(R = BEt, Pr, Bu, Phj n = 1 - &) with 1-vinyl zzoles,
154 draryltin di-

136

RPh3nCl (R = z1%yl, aryl) wWith pipyriayl znd pherenthroline,
! Pn_SnCl, M=.SnCl, with 2,2'-bipyr:icin: l,N'-dxozide, ~
2 < s

cnloriaes witk oxine, 35
diaryltip dihalides with DPSO,1)7 m2thyltin nalides with pyr:dine, DMSO, DMF,

138
HMPT, droxzne, TMED.

Cry=tals ofr HEQSn(NCS)q.terpyridyl contain seven-coordinzte tin atoms W1th

a pentagonal-bipyramidsl configuration (Fig. 3). The two methyl groups occupy
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Crystal Structure of ¥e,Sn(HCS) tere

(Reproduced by permission of thi
Americzn Chenical SOCLEEJ).
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outu=lly trans avizl positions; r{Sn-C) = 2,105 A, C-Sn-C = 173.70. The HNC3

groups zr& borded to tin via the nitrogen 2tome, These with the nitrogen donors
of the terpyriayl ligana occupy the equatorial sites; r{Sn-NCS) = 2.283 A,
1

r(sn-l(ter))

o

515 A, The exzustorizl atoms are essentizlly coplanar,

Dersunov et 2l. have determined the neais of conoustion zrd formztion of Bujsqnco
; . +
and Bu3H=C=HSnBu1. Thz tnermocrenical bond :sncrgles wire dsduczd to be 102-5
2

ana 100%5 tecal, mole—i, res t1VP1v.140

2

Triorg-notin cyanzmides réact with Cu at refluz %=moerature to give dicyan~
zm1de, the correzponding bis(triorzznotin) sulphia=, ana -he N,N'-di1cyano=ii'-

{(rriorcanostzrns1)-S-(t-rorzznostannyl)isothiourez CXLIT.

4R3SrJFHCH + C5, —> H,t:ﬁrmcu + (R3Sn),,s + ncn=<l:ssm3
NH NCHSRR.

R = Me, Ph, PhCH. CXLII

Ths rzzctiors wer:s though® to proceed viz the intermedizte form:tion of a pis-

(triorsznotin)erancdithioimidocarnonate CELIT: 41

2R SaMECH 4+ CS -———-}(RS") CHCH  —~  B_NCN

a
g
*——H
o
-

(stn)qc +  SCHCh

agu!cmacu <—— BENCN + CILII < R,SaNECN

Hg

A thesis descr:ibes the synthesiz and soms rezciions of triphenyliir carbo—

. . 142 .
diimides and cyznamides. 4 Trizryltin cyanides zre obzzinec irom R.Snl

a2

aod AgCN. They are readily hyarolysed to the corresponiing tin anrozlde.14j

. Oxides, Hvdrorxides, Perozides, and Alkoxides,

Two patents relate to the 'direct' synthesis of diallyltin orides. Treating

'mossy’ tin with dimethyl sulphate in the presence of Bu3H or Ph_P gives Me.,Sn;O4
J [
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in 75-€0% j1elds, ahich mzy then be hydrolysed by aqueous KOH to M323n0.144

Didodecyl~, droctyl- znd d:rhex=zdecy;ltin orides of high purity are obtained by
tne wnteraction of tre alkyl iodides and tin nstal in the presence of HaOH.l45
Dioctyltin oxiade rzs alzo beer prepzred by the hydrolys:is of 0ct28n012 by aqueol
NzOHB 1n the presence of kydrocarbons such as toluene.146

Bis(trizllyitin) oxiaes (R3Sn)90 (R = Pr, Bu) form 1:1 =nd 2:1 adducts witl

tin(IV) zna titasiun{IV) chioriaes ana 1:1 a2dducts witn ansioony(V) chloride,

'
3

volving (RSSn),O:—>MX“ coordinziion. They are inscluble in most orgznic

solvents zra decompose on heating, Th: sivx-coordinates 1:2 adducts were cons:id-

. R 1.1
zrzd to possess a2 trans arrangsemont of ovide ACnOr Moleculés. 47 Stannylphosphc

carozmates zre prepzrec by treating prosohorus isocyznztss with bis(triorganotin

Stann=torozznes of the types CAZLIV - CXIVI rzue bezn synthesised by Mehrotr

i
g
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iy (BuBSn)go, boric acad
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2
2o}
1l
2o}
1l
m
-
=
[\]

Tris{trizlkylstannyl)borstes (RBSnO)zB (R = Ms. Bt, Fr, "Bu, *®°Bu, Pn) are

obtzinsd sizilarly. CRLIV forms =z 1:1 complsx CZVIII with zniline.

(o} OSn.Eu3

N\

/
O/B\g @

CXLVII
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Stannoxy and boroxy groups rezdily exch

R
i

- C EP g I Sn0).B
H.C B-0-CMe CH, CHM:-0 B\ /CEZ + (Bu.-_.’ar.O)Db

2(Bu,Se0).B  + (**7pr0).B > 5(Bu,Sn0) 20> Cpp
g ’ 2 5 Z

(Bu;3n0)5B  +  2(*7Pr0);B — 5Bu,Sa03n(0™%Pr)

CYLVI (R = Me, R' = H) was also Iynth2sised by transzlecoholvsis between
Meoc—o

BH.C B—OH zni Bu,SnOBt, and from mitath:sis betwesn Bu,SpCl ani the

B \ S Pl Z
M_;CH—O

[y 1=
sodium salt of the borate.l49'1Jo The Sn-0 bond of tre stznnzporoxares is

clezved in preference to the b-0O btond oy ECi, MeCOC1i, Me,‘slcl, H-‘:._.)C--sCl, RCOOH,
ROH =na R3H, the more electronegztive zroup beconming attazched to thes tin., Saimii-

zrly reaction with phenyl 1sccyanate takes place at the Su-0 bond:lbo

>B-0-3n<<  + EFRNCO —> > B-0-CO-NPh-Sn €<

Trimethyltin pentziluoro-ortro-tellurate CXLVIII is obtzired by the reacti

of HOTeF_ with Mz,Sn or Me.SnCl:
5 4 P,

Me,Sn  +  HOTeR, —=CH 5 Me SnOTeF, <5 Me SnCl  +  BOT:F,

CZLVIII
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Infra—red and nmr tz i1ndicate the presence of four-coordinate tin an CXLVIIiI,
but interzction with msthyl cyanide results in the formation of the adduct

B?nOTe.c, whalst with DMSO, complete dissociation occurs ta glve[?e33n(DHSO)2
4 .

Rezction of Etr,SnOMz or (Et Sn)qo Wwith the appropriate zcetylenic glycol

Py ~ (o}
affords high yizlds of tne corresponding stannylatsa conpounds. At 270" they

deccmposed to

Oy

1ye EtBSnCECSnEt3 an1 the corresponding ketone.177

ZBt.,Sn0Mz

3
or +  BOcRR'.c=c.rR’R°cO8 ——~ Ec33nocan'.cec.nza’c03n5c3
(Et;Sn),0 R=R =R>=R’ =8, M
R =R =M R =R° = H, Bt
1.2 3

Sztisfzctory routes to aik,li-n trizillox des tzve been devaised. Metathesis

. . 152
batwesn allplrin trochlorijes 2rd sodium zlkoxides in refluving bsncene, and

alcoholys:is of tr1s(diethla:;no)butyltln gk y1eld3 of pure materia

RSaCl,  +  3HaOR' DERTRRE o RSa(OR')

reflux 2

R = Bt, "Bu; K' = Me, Et, ~°Pr, "Bu, “Bu
Buse(NEt,);  +  3ROA —DED2802 . gusn(oR).
- P

- Y iso n 1€0 sec t. 20
R = Eg, rlPr, Pr, "Bu, Bu, Bu, “Bu, n peNncyl

Atterpts to prepars trizlloxytin compounds by zlcoholysis of BuSnO1 59 usually

resulted 1n the recovery ol unrezcted stannonic acid, zlthough with tBuOH

BuSnO(OtBu) wWZE ODIainc. Eu.S'l(OlsoPr)3 undergoes group exchkange with BuSnCl3

& BuSn(OgCR)B to yreld mixea chlorid:s znd cerporylate al-coxides:
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2BuSn(0*°°Pr); +  BuSuX, exothernic  spugn(0!%%r),X

BuSa(0*%°Pr); +  2BuSniy SZOthermity =p,sn(0"%r)z,

X = Cl, 0,CMe, O,CEt

and with protic reagents to yj1sld similzr mixed products:

2RSn(0Pr),; + 3H,0 ———> ZRSNO, g

BuSn(OPr); + nMe,G=NOE ———  BuZa(0Pr), (ON=CMe,)

r = 1 - 3
UE (¢] Bu
\_, ~
BuSn(Orr),j + —— /:n
o8 0 ™~ opr

OH 0 Bu B
BuS 2 g \ ! - IIJ./0\ -
2 m..r-(OPr)5 + 3 —_ Sn— O~——3Sn
~oH o : { N

BuSn(OPr)5 + B NCH,PA  ———— BuSr.(0OPr) ,(NHCH Ph
+ HNCH,CH,NH, ————> Bu3n(OPr)(NHCH CH,NH)

BuSn(OPr); - uRNH.CO.Me —— BuS-(0Pr);  (NK.CO.Me)

n=1,2; R = *5%r, “Bu

The rezction of BuSn(OFr).j with amides R.CO.IH, (R = H, Me) in refluxing benzere
results 1in the replacement of botn 2mido hyarogen atoms y:elairg BuSa{oPr)(NCCi),
BuSr(NCOR) (HNCOR), and (BuSn)z(HCOR)s, respectively from 1:1, 1:2, =nd 2:3 molix
ratios of reactants, Similar aizlkyliin bis(amido) derivatives are cbizined b,

. . !
reaction of Ft,)Sn(OE.t-.)2 (r = Bt, Pr, Bu) a2nd scetamiqe ziter prolongea hnezting. 22
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The zutozssociztior of butyltin trialloxides BuSn(OR)S has been studied by
1195n nmr. Four types of ctehzviour wire aistinguished depending on the nature
of thz group R. Whzp R 1= =2 lineczr =zl 1 chezan (Bt, nPr, uBu). the tin trialk-
oxides =re essentially six-coordinate at room temgerature, presuaably involving

both bridging and non-bridgzing zlkoxy groups. 1In BuSn(OMe)3, zssociation is at

a mavioum, ard polyceric structures such as CIL or CL are proposed. The trietho

Bu

\Sl /OHe Bu OM= Hr:

/)’T ‘\\‘G Me Mo Bu | /// \\\i e//, ' e//’
l/c 1/0“5 '\ "~ AT
T \\\\ ? -\\\OME OM= Me Bu H: OoM=
MeO Fe Meo\ _ CcL

i<

CIL

1de, —~n-~proporxr:ide, &nd —2-butoxide are less associatsd due to the bullkier alkyl

- = (150
groups, and the tetramer:c structure CLI seens likely, Buse( Bu). 1s slso

OR R Bu
o J ] e
Pl YN
/Rg) \OR OR “[3 R CLt
™~ Sdl/’ \\~Sn ///9
Ro/l\OR/l\Bu
Bu OR

€ssentially si1x coordinate =t roon tempsrature, but dissociates to a five-~coordin
species 23 tme temperature 1s incrsased. Increasing alkyl substitution (R =
neo-pentyl. iso-Pr, sec-3u) results in the complete inhibition of Six~coordinatia
at low temperatures, and these alkozides are thought to b2 five coordinote in

the neat stzte. Increase i1n temperaturs leads to a dram=tic decrezse in

autoassociztion leading to a2 four-coordinate monomeric species. BuSn(OtBu)
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€zZr1o1ts only four—cocrdinate bshavicur at all tenmperatures. OB values of cza.

Lot . 153 ; -
12 kecal. oole were deraived for the coordinzt2 Sn- O bonds, Tzdde: et al.
have studied interpoleculzr =vchnenge zna conlisursticnzl e<zbility of methylneorhyl-
phenyliin alkox:d=3s ard phenoride, for which chemical non—-equivalsnce of the
dizstereotoplc metnyl groups 1S owserved "n bencene.  Inszrooleculzr evchange

of zlkoxy or phenoxy grours 18 zuch faster than corfisurationsl irversion azt the

tin ztca. The rate o

"y
a
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oy
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5 R increases, out

the rzte of inversion 1S only marginzlly afrected. A mechanmasm involving irier—

molecular 2ssocization and non-dissociative positironzl evchange of groups bonced

to tin was prorosed. Addition of free alcohols, which exc-ange with tne alvwowy

: - 155

Zroups, lnereases tne rateé o 1Nversion.
Excrarge p2tween organotin zlloxides and s:1licon compounds has been =tudied

oy Armitage and Pzre,r2. Halogenos:lanes and ~gsrmanzs ccrvert butyltir methoxid s,

but ltin halides:

[d]
=
I
21
fxd
4]
-
{ir
o]
o]
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o]
hi
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w
ct
Al
w
o+
o
+
+
i
0
a
g
=
m
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‘o
v
A
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=
[x]

BuSSnOMe + N93MX ———> Eu;Srd +  Me MOM=

(Bujs:]),p +  2Me ME ——= 2Bu.SnZ + (Me_M),0
— Pl 7 —

EuSSnOQCMe + Me Sk — Bu35n1 + MeBSnOQCMe

X = Cl, Br
M=,81C1 + Bu.StY ————> 5u_5rCl + M= _S:iC1Y
2 2 p) b 2

R;SiX  +  BuSn(OMe), —— BuSn(OMe)X + R S:0Me
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Me Sif 4 BUZSn(OZCMe)z —_— Bu2(OQCMe)X + Me3SiOZCHe

e S51Cj 5> Bu.SnCl + Me SaY
+ He,5:01i, —> SO0 L, o 2
Bu,SnY + 2M2.8SiCl ——> Bu,SnCl, + ZMe SaY
252 > c 2 3
Y = OMe

T _OR" + R'_SnBH
37 3
*
Tn= usa of 1si1lane MeProl-NpS1 H 1n the

reaction results in & very hign degree of reténtion of configurztion at the
asymmetric sil:icon nton, Kinetic dztz 1ndicate second-order Linetics (first or

1n each vezetznt) w_th = high z2ctirsation erergzy zod = primzry 1sotope effect

1(sS-8 .
AR )/ﬁ(SLD) The rezctior rate 1s eérhanced by =leciron-witharawing groups
on ths silane end elaoctron-relezsing ¢ roups on the organotin alkozide. Increzs

pu:kiness of the zll-oxy group decrezsés the rate in th2 order: Me.>Et:>nPr>>

< =
14 >1“°Pr. A correlztion betWween tke basicity of the organotin alloxide and 21

iy
‘W

eactivity 15 also wprarent. Tre datc supported two possible mechanismss:

(1) = SH1-31 mechanisp with a transition stzte involving a trigonzl-bipyremida

silacon z2tom CLII:

- R
>0 o
. ]
; ! CLII
: st -
H----- Sz
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(i1) = two-step mechanism via an unstable pentacovalent silicon intermedi=zt

CLIIT:
R g —Sn <
Ph\ 8 l .
P Slow -
Sa + > 3n0R £ =  Prn— S:T CLIII
/ \ fast I \Me
Np M=
Np
J/ Tast
P'n\ _OR
/sl" + =SoH
No \M?

Fig. 4. The structure of dibutylstznnzdiora-2,6-cycioherane.
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which can dissociate to give tae nroducts or reactants at similzr rates.’ss

The cryztal structure of cibutylstannzdioxz-2,E-cyclohezzre has been deter
nired, znd coasists of chzirs of BuESn(O:_,C_jHe) units linked by coordinate 0—>S
bords forming distannoxane Sn, 0,> rinrs with tetragonal bipyramidal coordination
for the tin (Flg. 4). The four oxyzen 2toms form a plane [r(Sq—O) = 2.05 A;
r(Sne0) = 2.57 A]. The 1nitermolcecular zssozciation 2s brolen doan by basic
solvenis or in the vzpour stzte, = —ononmer-dimer equlibriu
Several ronobutyltin glycolates n=vs peen s;nthesisSed by the
rezcetion of BuSnO or BuSn(OPr)s with zlycols

'05
remnved aceotropically:

.
ot
=y
o
=

2ter or propanol being

BuSnOI-S

jus)

0 0 Bu Bu 0
or + _l ——— F!‘_—— \Slu——O—~SIn/ -_'R
-u:m(OPr)3 HO———J L———o’/// \\\

CLIV
BuSr0, - EO0 G Bu Bu 0
1.
> ! | AN i ///’ |
or + B — R Sn—O0 0—Sn R
L g1
Busn(0Pr).; 10— e R \o———‘
or
R = —CH,CH,-, -CBMeCH,-, -(CH,);-
~CHMe(CH,) -, —(CEMe), ~, ~CHMcCH CMs,, ///,o-—— R""'O\\\\
N BuSrn Q —R —— 0 — SnBu
_(CH::E)E— \O /
~—~R—0

CLIV ancd CLV exhibit varying degrecs ol associlation. CLIV zre dimeric save for

kR = -Cd,CH,- which has an average nolecular associztion of five, and R = —CEHEQE
azd —CMz_CMa - (monomerac). CLV =2re 211 monomeric except for R = -CH,CH,~ whick
158

triceric.

Cyclic acetals CLYI and CLVII are obtainsd by the reaction of chloral with

dibutylsiannzoxa~-cyclopzntane and -cyclopentene
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BUZSn\\ + 0130H0 = BUZSDII_——\\1 CLVI

0 b AP
B CCl3
= t‘ 3
Buzsd/ , + 013050 exothermic > Buzsn<ﬂ=:=a\) —_—
% o~ _ -9
Cc
g CCl3
The products zre thermally unstable; attemptea aistiliation regenerztes tre
P p

159

rezctznts.
The Bordezux group has investigated the synthesis and thermal aecomposition

oI hzlogeno-substituted tributyltin alkoxides Polybalogeno~sunstituted alkox:ice

CLYVIII 2re ootzined by the trarsalcoholysis of BuzsnOHe us:ing tne corresponding

psrhalogeno-zlcohol:

Eu351CHe + RR'COH ——> BQBSnOCRR' + M=03
CLVIII

R = Me, C1; R' = H, C., CACl,, CHBr,, CHCiBr

Tre cozpounds Bu,SrOCMe,CEXZ (r = Cl, Br) thus abit=ined could %e thermally

2
deconposed to afford the aldehydss MeXccHo,' %

Bu_SnDCMe° HX9 ——— BuSSnX + OHCCZFe)

Thermal decompositior of tributyltin S-brocozllkoxz:des, a<rivea from BuBSnOMe
and 1,3~kalogenchydrins, decocpose at 1‘50-2000 to g:ve oxetznss i1n high yield
(usually.> £0%)

BuSaCMe + HOE—C]—Br M0 Bu33n£ }Br BusSaBr +

150—‘00 —)

The corresponding 3-chloroalkorides behave similarly, but a higher temperature
is needed for the decomposition. A mechanism involving intramolecular nucleo-

philic attack at C-3 1s proposed:
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/C\ /7?\ —>_¢ C—r —> _¢ ~
T P °
Sn So-* +
AN 1IN
Bu.3SnX

A small quantity of styrene 15 also formed in the thermal decompos:ition of CLIX,

rndicztzng thzt the alternstive mechzraisr:

Y
/CHE—Br
—CH CH=CH
X - 2
CH_— O0— S=nBu_ et
2 3 2%

z21ls0 operates :in this case. Treatcent of traibutyltin 3-bromozlloxides with
masmesium zotal in ether, Followed by hyarolysis results in their convers:ion to

-nydroxypropyltributylstannznes CLX. An :ntramolecular re-

o
o~
1]
0
[e]
~
]
i
0

g
Q
]
[N
=
3
i
)

The intermed:izcy of tre zlkoxy-nagnesium species CLXI was confirmed by methylatiu

(1) Me1/ EMPA I
CLKI —> Buqsngkﬁ}? OMe
(ix) 8,0 ’ )

Bu3Sn(CH2)3OH could a2lso be obtzinz=d by reaction of the stannyl Grignzrd Bujsnﬂg]

wath oxetane, rollowed by hydrolyslsztst
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H.,0
Bu.SoMgX  + l l — Bu.SSn(CHD)_O!-gX -2 5 Bu_.Sn(CH_).0H
2 0 27D P 272

Tributyltin 4~ and 5-halogennalkorides way be prepared eithesr by tra-szlcoholysis

(n = 4, R =H) or by transesterification (n = 4, 55 R = Ac):

| |
Bu_.SnOMe + RO{C }—X —— > ROMe +  Bu,Sn0 EC J— X
5 [dn 7 j-r

X = Cl, Br

Tnermal decomposition of the 4-halog=nozaikoxides takes plzce =zt 2 relztively low
tenperature (30—1000) to yield tetrahydrofurans by intramolzcular ruclcophilic
atsack orf oxy

en at C-4, Cyclic 4-hzlogenozlkoxidzs CLZII require cuch nigher

m

temperatures ror decomposition (150°, X = Br; 200°%, X = C1), dus to the necessity

for initiazl bozt -chair isomerism:

190%, X = C1
S ~ =
Bu.junO(CHz)SX . > Bu.jbn}( +
, X = .

Polymeric diorganotin alkorides have peen obtained by metathesis. The average

degree of polymerisatiorn vzries from 78 to 1400.1“

R,SaCl, + net “0—R'— 0 *h, —M=Cl —[SnRz—O—R'—O]n—
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Erol acetates of acetophenones react with EtssnOH (R = Me, Et) to form
equilibrium mixtures of the O- and C-isomers CH =C(OSnEt3)Ar and Bt SnCH,COAr

(Ar = -C1C.H,, u-MeC H,, D-M:0C H,, 2,4,6-Me C, B,). Treatment with Me,GeBr
164

gave Similzr miztures of O- ard C-gercyl 1Zomerse. Orgenotin enolates may be

al¥kylated by allyl halides to give the correspording ketone in usually very high

yleln:
___..caz —CH2
L' 4;;;0-»—08n3u3 + Rl —> BuESnX + g' \\‘C:;o
L. L.~

% %,
- (c8y),., (e8,);

Ho volyallylation or Q-21ltylat:i0n is obssrved. Algyl 10draes rezct more easily
[

tpzn bromides, and methyl halides raster thzn ethyl rtalides. Unsaturated h=lid

uch as MeCH=CHCH_ Br rezct similarl,. Alkylztion of the 1socsric 2ixbures CLAX

Bu38n0 Bu33n0 0 (0]
" @ MzI & + o+
CLAII1
(i) 85% 15% 4% 797 17%
(2i) 25% 5573 6% 443 50%

Alasnydss mzy be alltylatsd by in:tial convers:on 2o the enol acctate, thern to

the organotin enolate, which is treatcd with alkyl halide:

RCH_CHO ——ﬁ»ﬁCH:CBODCMe ————>-RCH=CHOSnBu3———~ﬂ> RCECHO

Orgznot:in erolates reazct Wwith aldenydes:

SnBu3

Bu SnOCE=CRR' + R°CHO —> OA) C — B SnOCERCRR' CH=0

R = B, k' = H; *§§’9‘ J/ \\

R =R = Me; R = %Pr, *S%r /\1
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No rezsction could be observed wWith tBuCHO. With functiornzlly-substitutea haliaes,

poth Q- ana C-zlkylation iz observed, and miztures are sozetimes produced:

BrCH_COEt R
R,C=CHOSnBuy —_—l Et0,CCH, —C—~cHO  + R.,C—CHOEt
) ! )
R B,C—CO,
2% (R = Me) 71% (R = Me)
20% (R = Et) a0 (R = Bt)
C1CO,Et

RR'C:CHOSnBuB RR'C=CROCO.Et

R =R' = Mz; R=Et, R* = H

Me,C=CHOSaBu, —1CHoME, Ma0CH CMe ,CHO

C1CH.,0Me
Et,C=CHOSxBu, _— 2 s M=OCH,CZt,CHO + Bt C=CROCH,CNe
40% B0

Allylstion mey be acaievea by rmitial escnznse kstwsen the stzne,l erclzte

\.Y
lu

v
1
(39
o)
3
1
W
=
[o]
'-’
i
cr
=
=
i
o
"
0
e}
o
q
{2
~
a
ﬂ|
I
m

enty rollonw=d oy zdaition o =z=llyl rzl:ias,

¢ or tosylste =s zlkylating agentz:

Some dizlkylztion 18 observeda. Adaition of litriud or zagrasium hzlides slso
allg

vlation by =rchange to form ths correspord:-s litniud or ozsnesium

Bu_SnO Bu_.Sn0 0
2 b /u
AN . MeI, DME \< PN PN <
—_—
MzBr.,
(1) 15% 85% 63% 20%
(25 : 75)
(1) 55% 45% T6% 138
(62 : 33)
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Tre formztion of litrpium or pegnesiun cnolate intermediates is demonstrated by

4

Wi

the 1solation of LiOH from the reaction:

4 >—OSnBu3 + LiBr ——m> O-OLi + Bu_5$n_Br

Mehrotra nas synthesisea z variety of momo-, di-, and trizllyltin derivata
of' alkznolanines by transzlcohnolys:is. BuESnOEt with N,N'-dialkylalkanolamines

yield the tributyltin der:vatives CLXIV:
Bu SnCEt  + HO-R-NR', ——==="""_ 5  Bu_SnO0-R-NR' + EtOH
b) o4 Pl 2

R = —CEECHQ—, -CHECEECHZ_’ —CHZCHMe—; R' = Me, Bt
Witn monozllylal<anolanines, the monositznnylated product CLXV 1s formed initiall

but disproportionzt:ss to the distannylated compoura CLXVI on distiilation:

Bu,5n0Et + HOCHocﬂz-NHHe —_—— BuBSnOCHZCHQ—NHHe
P = L4
CLXV
’,Me
Eu . SnOCH, CH =N + HOCH_CH_KH
b 275 5
7 z z \SHBU.._. 2 72772
g
CLXVI
Similar penaviour 15 ooserved with unsubstituted zlkanolamines BO—R-HBZ, and on

distillation mono-, di-, and tristannylzted proaucts are obt=ined. When th=
rzaction is carried out in m-dichlorovenzene (op. 170°), CLXVII (R = Bu) 1s

formea 1n 90% yield.

R'_SnOEt + HOR-NH, -2e0zene R',Su0.R.NE, + R'_Sn.o.R.ri/H
’ ©  reflux ’ \\5ﬂ3'3

+ R'_SnO.R.N(SnR'

R' = Et, Bu 3 3)2

CLXV1I
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Only the hysroxyl group of g-aminophenol reacts with Bu3SnOEt, evea at high temp-

eratures.165'166

G Y S
N BN

B,

Dibutyltin diethoxide reacts with N,N-dialkylalkarolamines in 131 =nd 1:2 rztios

boilirg bepzene to form the derivatives CLXVIII =and CLAIK:

HO-R'-HR,,

> Bu,Sn{0Bt)(0-R'-1R,)

CLyVIIY
Bu,Sn(0Et)

2HO-R'-HR,,
> Bu,Sn(0-R'-NR,),

CLXIR

- - N . - A £ 7
With ursubstituted sllznolamines the heterocycles CLIX =re 1armed:1“6'1°'

. 1
R',Sa(0R"), + HO-R-NH, TEIRR R-,_,Sn/ R
 refluy Ny—
H/
R' = Et, Pr
L CLEX

R" = Et, "Bu

BuSn(OPr)3 reacts to give cyclic products even zt room nemperat-u:e:1°6

0
BO-R-IE,, fuSa P ""TR
Ny

PrO /

BuSn(OPr)_). — H

= 0 Bu Bu 0

JHO—R—WH2 ' \ | L~ I

—— R 3n—O0—R—NH~—Sn k
~ N

NH BN

Nmr and moleculzar weight dazta have been used to demonstrzte pentzcooraination

168

2t tin for the stannztranes stn(UUHZCHZ)ENR and RSn(OCHzcﬁ2)3N. Vzriable

terperature 1H nmr spectra for the latter class of compounds show that both a
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* a1 i »
Berry~pseudorotation {AG, . = 18.3 keal. pole  |and & ring-inversion ﬁlﬂzs =
- 2
169

L.

i

-1 . . . . .
12,1 keal, -ole betwaer four aifferent conformations tzke plzce, viz.

Berry
Pseugarotation

0]

Scheme 1

z of b:s(z,i—pentanedloh'to)dluethyltln, (Reproduced by
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The structure of bis(2,4-pentanedionato)direthyltin has been investigated

both 1n the solad arnd 1in solution. In the crystal, the space group aemands the

molecule to be centrosymmetric and therefore the methyl groups must be mutuelly

trans about octahedrally coorainzted tin (Fig, 5)3; r(Sn-C) = 2.14 A, r(Sn-0) =

170

2,18, 2.20 A, Raman spectra of single crystals and benzene solutions dsmon-—

X 171 .
strate that this configuratiorn is preservel in solution, 7 in contrzst to ths

. . 172
cis structure assigned on the bazsis of di:pole moment measurements.

,

lzwzlzmi have cyntnesised the Scniff base -~ dimethyltin complexes

Tanalke and

Y

CLXXI, with various subst:tuents in the 3, 4, and 5 posit_ons ind:catad. lor

dztz 2ndicate a bent C~3n-C moiety in less donzting solvents, In sirong donor

O
/

M=

(0} 3Iolvent
M
[ .-° strong coror S0~
H 3, . 1
\c/'" T\ solventis P
H Me
Me
0 N
/ )
5 J

Infra-red ana MYssbauesr peasurezenis of orgarotin derivatives of the quadri-

ard terdentate Schaff bazes CLXXII - CLXX

N H— =3 /\(\ .
o N ==
OH HO OR Eo O

oo - 208
salerH, H:,e_lddp—_ on

CLZXII CLXRIII

~
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suzgeat distorted trans-octzhedral structures for RESn(salen) (R = Me, Et, Ph)
and Mezsn(saldap—2—OH). In PhBSn(Hsaldap—E—O) the ligand appears to be ogly
terdentate with & sim1lzr structure as the RQSn(sal—N—2—OCGH4) (R = Me, Ph)
cozplexea (aistortsc trigonal bip rzpidzl with R groups occupying e€equatorial
positions). Ths conmplex PhSSn(sal-H-2—06654) appears to have the mer-octahedral
structure CLXXV, (12172
Pk

(O\l/

Ph
Sn

r{”/// l \\\‘o CLRXV

Ph

1
Seversl dizrylzin b;s(oxlnates) have teen synthesised. 33

The tnermal decomposition of the orgznotin peroxide Ph3SnOOCMe2Ph 1n anisol
does not rollowWw r:rst-order Yinetics. TIhe rate oif the process increases with
rncrease in the :ninial concentratior of tne peroxiae, but the rezction products
do not affect the kiretics. Additiorn of X, -~airmethylperoxide &3 initiator
czuses a considerzble increzse 1n rate. The decomposition products were Ph3StOE
(0.48 mole), Ph, 510 (0.54 =mole), CB, (0.16 mole), PhCOMe (0.5 mole), o, -dimetk

176

benzyl alcohol (0.42 molie) zna MeOC H,Me (0.2 mole).

4
Full syrnthetic znd spectroscopic details for O-triorgznotin hydroxylamine

~

7

derivatives R_jsmrm‘ﬂ2 (R = Me, Pr, Pn; R' = R® = Bt; R' = H, Ph; R° = COPh)
have be=n published (ecf. AS 1972). In chlorofora solution, the derivatives
are monomeric, with four-coordination proposed for MeSSnOHEt2, but five-coordin-
ation with intramolecular carbonyl +tin coordination, viz. CLXXVI, for the N~acy

substivuted deraivetives.



21

o=c—&"
N—R"
R. ) /
;;f”;sn-_—_o
R l CLXZVI
R

Infra-red dilution studies d<monsitirate th: prescznce of azdaitional hydrogen-
bonding in the N-proto derivatives. Th:s mzss spectra for the two trimsthyltin
derivatives Mz _SnONR.CO.Ph (R = H, Ph) sugzest dimerisation ¥ia Sn, 0, ring

3

formztion CLYIVII occurs in the solia phase.

Ph
C
0/ \H"Ft
\ 5
X
M=.5 SnMe
37— K3 CLRRVIT
RN e
\c//
Ph
The ring contraction processes:
Ph
O —NPh + ¥
HeESn‘\ —— [o:] + mesnl or
O0=——CFh
~ 0
Oﬁmn + 0\ +
Me,;Sn/ & —_—— LPnJ‘l:] + HeZSnr/ /CPn
&o=CPh \O/
[ <
Me,SnPh+
2

also featured strongly in the spectra.ws

Lorberth and Lange have undertaken a s:milzr investigzt:on of the triorgaro-
tin esters of nitronic acids R3$nOH(O)=CRIR2 CI¥XViII. These are readily synthesised

by the reaction of zminostznnznes with ®-nitroalkanes:
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?
= |
R.SoWR', + RPRJCCEMO,— — ——> ENR', + R.300.M=R°R’
3 2 2 2 2
CLRXVITT
i 2 3
R = Me, Bt; R = Me, Et, SLMEB: R-=R" =B, Me

2
R® = i, R’ = Me

The products nmerc obtained as stzple crystalline solids, which dere nonomeric
in solution, Nmr spescira excludea the zltern=tive {—-stannyl nitrozlkane structu
R_an._cazn’uoz. Mess spectrs indicate tht Me SnO,N=CHMe also erists as a dimer

CLXXIX 1n the solid (ecf. Me3Sn0HR,CO.Ph vide sunra’.179 Infra-red and Raman

SgiMe. CLXRIX
7

= H, Mz) indicate MNocal D5h symme=r

for the RSSE groups :ad C,_ symmetry tor the —0H(0)312 lizands. Trese data,

tozether with MBssbzisr dztz indiczte -he presence of trigonz2l pyramidally

coordirated tin with brideg:ng ligends CLXXK:180

! R

N\ L
\ 1|a u\ R
£

R

2
o 0 — Sn

=11
/
w\
o—U

7 Carbozxylates.
Triethylstannyl derivatives of alkynoic acids have been obtained from

EtSSnOHe and the mcid:
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— 60° . _ ] 100° _ .
EC=C.COSnEt; ———» Bt;SnOMe + HC=C.CO,H —————> Et,Sn."=C.C0_Snf}
€exCcess -
% 4
1% Bt,Sn0Me 567
100°

Et.Sn.C=C.SnEt,
2 2

Bt,anOHe + MeCEC.COZE —> Bt.500_C.C=CM=
P z

70%

Isomerisation occurred with BC=C.CH,CO_H:

CH,=C=CHCU_SnEt
< [

5
9z%
Et.SrOR + EC=C.CH,CO.H
2 2 2
R = Me, Et E¥CE3S N Fr_$n0,C.CH=CM= .COR
ESnOR >R
590

Mreatmsnt af EhasﬁACEEC.COZSDEt7>H1th halogens efforded ~ 584 y1z1ds of
R.C=C.CO,Sufts (X = €1, Br).'®

Mono- and distannyl derivatives of bifunctiorz2l alkenoic zcids are similarly

2
obtained frow the triorganotin oxide or h_',rdro:zme:1 -
RSnOH _t:l HO,CMe=CH.CO,SnR;
or +  HO,CMe=CH.CO,H
1 2:1 =
5(R_5Sn)20 ~ "> R;Sr0,CM==CH.CO,SuR,
R.SnOB 121 A0
3 _LOH > CHZ,=C\
or + ’JH,:(}: 2 CH,gCO?Sn_R_j
1 CH_CO_H 2:1 CO_SuR.,
;.(R_an)QO 2""2 — ca,:c/ M5

2N =
cazcogunn__).

Silyl-sukstituted organotin carboxylates have been prepared by transesterif-

&3

- . 1
ication:

References p. 155
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. e i o o2 e 2 T
15510,CCHR CAS1R,  + BOSaR’; ————> E;S108  + K°,Sn0,CHR CH,SiR;
E = B, Me, SuRg; g = d, Me: RSi = BtsSa, (Et0) MeSi; 8% = Et, Bu

Eeating R,Se(0,CR'), (R = Me, Bu; R' = M2, Et, *°°Pr) and SnX, in hevane and ber
zffords Sn(OZCFI')4 and R23nX2 (x = c1, Br, I).184 Dialikyltin der:ivatives of

p—~(erylamino)phinoxyacetic zcids have baen prapared by heating D-ArfiH-C B, ~CH,Ca

1
=nd RESLO or tne corresponding salt and R,SnCl2a &5

Lom molecular scight metallopol;ymérs have been prepzred by rapid stirring

of the disodiun =s3lt of cobalticinium-l!,!'-dicarborylic acid with diorganotin

186
aicpnloriaes in zGgueous natrobencers:

. ) R,SnCL, l- i . E _
¢’ ER, —_— o [Lgt'n-oc O Co k- nPFg
<= o wat

CB,C1, CHC1,, CF3) SUZZIST MONGEEriC characisr when R = CAC1, =nd CF., bu¥

2 5
polymeric bridged structures when R = Me, CH,Cl., Dszpolymerisation occurs in
SOlUElOﬂ.187 A sicalar polymerie nzture for dimethyltin chloride czrboxylates

1S propozed from cefs spazctroScopic studies. Tetramethyl-l,3-bis(carboxy)dlsfan

orznes and tetrzpethyl-l-carbox,~3-h,croxyd:stennoranes are diceric in the solid

Hzlogeno~substituted tin carboxylates Hr'i;SnO,,CBrRR1 (r = R1 = M=z, Ph; R = H, R1

Pr) m2y be pyrolysed to giva HeBSnBr and tke corresponding polyester, eg:

0
1 ]

= r —— Me S -C~

M 3Sn0,_)CBr'Ph2 MP,)."uBr + /n CPh, (! of

g7 91%

Wwnen the pyrolysia 1s carried out in the przaesnce ofCIﬁcogﬂ (x = C1, Br) or MeOH
<

the correzponding ol —funciionally substituted diphenylacetic acid 1s produced,
+

suggesting that -O—CO—CPhj, or 1ts precursor, 1s the reactive species., The

H635902CBrPh2 ——E_—EB—Eg> MeBSnBr + CXSCO'OCPh2co2H
%580,
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reaction of CXBCOOCPhQCOZH (X = C1, Br) with (Me3Sn)ZS gives benzilic acad
polyester and MeBSnOOCCXS, presumsbly via a zimilar ellmination.189
Reaction of BuSnOl 5 vith thioglycolic acid yields polymeric CLEXXXI an Wwha

onz of the lizands retzins = free SH group:

EuSnOI.S + 2HSCEE(:02H --~—--->LBuSn(ozcca:_,szz)(ozccazs).ln + B0

CILXZXI
Diorganotin derivatives [FQSHS(CEZ)ECOZ]n (R = Me, Bu, Phs M = 1, 2, 3) prepzred
sumilarly are alsc polymeric, with both oxygen atoms of each carboryl=zte group

attzched to the sawme tin ztom, wviz:

hil

TWO types of cerivetive zrs obta:ned from bistrisrganotin oriaes and merczpto-
carboxylic acids depending on tte ratio of reactantz ewmplojea. A 1:1 raztio
produces mononeric, biruclear darivatives CLXXZII. Thez rresence of two diffsrens

tin environomentc 1= conf:rmsd by ths MBzstausr spectr

m
e

R;Sn0SaRy  +  H3(CH,) GO,E ——-___>R_an/ \c(cﬁ_ﬁ)nssma_5
\\\_0/,/
CLEXXII

A 1:2 rat.o of rezctznts produces polymeric carbowylatsz CLEIXILI, in which all

1
tin atoms are equivalent: 90

2/ ~
RBSnOSnRB + hH:CHZCOZH > 9]

n o} 0]
/\ ~

éHZSH n

Trialltyitin derivatives of zmino acids and dipeptides RBSnAA [R = Me,

CHy s A4 = glycine (s1y), Dl-¢~alanine (21s), DI~X-amino-n-butyric acid (but),

References p. 155
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DL-x-valinz {val), DL-g~leucine (leu), L-me-1soleucine (isoleu), € -alanine
{f -a1a), and glycylgzlycine (glygly)] and BuBSn(gly) hzve been systematically
investizated by Ho zrd Zuckerman. Th2 syntheses were achicved by azeotropic
water frow mivtures of the triorgaznotin oxide or hydrozide and the
amina acid 1n boiling benzene; catzlytic quantitizs of DMF zre sometimes
nzrcessary. The structure adopied by the derivatives depends on the nature of
the groups zttached to tin and the zmino acid. A one-dimensional associated
lattice 1nvolving five-coordinate non-planar RBSn groups oridged by zmano
czrboxylate residuer is inferred for twelve of the derivatives =zll MeSSn deriv-
atives, BuBSn(glj), (CéEli)BSn(gly), (B8 -z12), (glyzly) . Infra-red data indic

es thzt briaging tzxes plac

w
Ed

vie zmairo~-li=»En rzther than C=0>Sn coordination.

Confirmation of polymeric laitices for MeBSn(gly), (z1a), (elysly) and Bu3Sn(g1
results from the cbservation of ambient tenperature MBsspausr spectra in thos
ceses. (C6HII)SSn(but) znd (06811)3Sn(val) are Tour-coordinate moncrers, but
ri1gn coordination numbers =zre indicated for (06H11)35n(a19), (1eu), (isoleu).
(06311)33n(g1,513) app?ars tao D03se3s siv-coordinzte tin with monomsric or poly

5 -~ - 191,192
meric mer-octanedral structures CLYXHIIT or CLYXVIV. 91,19

R
"~/ 0 8
0 n M, ——COSK—-N,CH GNHCH,COSa ¢ NE—
I / \O 0 n
- ’ X Xc__
o=C 052 e C CHE CLEXX IV
CLXXXIIIL

8. Oxy=zcid Derivatives.

Bis(trialxyltin) carvonates (RBSn),)CO3 (R = Me, 06511) have been prepared

by bubbling CO, gas through bencene solutions of the corresponding nydroxides.19

Interzction of N, O, with Me,Sa produces Me2Sn(H0__.)2 and the aimer of nitros
- P
193

rethane:

Me,Sn o+ 2N,0, ——> MEESn(r103)2 ¥ (MEHO)2
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In the crystzl, dimethyltin dinitrate contains i1nequivzlent unsymmetrically

2
bidentate nitrate ligards: r(Sn-Oz) = 2.15, 2.17 A; r(Sp-0°) = 2,22, 2.70 A.

qr

molecul

fid

The two msthyl groups suptend =n angls of 143.60 at tin, &nd heace th
is & further ezamp.e of a dipsthyltin derivative whose structure i1s best describel
as intermediate beiwesn four-coordinate tetrzhedral and six—-coordinste trans
octahedra1.194

The addition of di-p-propyl sulphox:id:z to zn scetonz-chloroforo solution of
21phznyltin dinitrate results in tne formation of M-oxzlato-pis(di-n-propyl
sulphoxide)nitratodiphenysltan. Tne structure of th.s unstpected product is
shosm i Fig. 6. The coordination zbout ths tin 1s pentazonzl brpyramidal, with

the two pheryl groups occupying spical sites; r(Sn~C) = 2.116 A. Equatorial

positions zre occupied by GXygeEn a2T0@s From oidentzte ritrzze | »(Sn-0) = 2,388,

{L

2508 A-l end oxzlate [r(Sn-O) = 2,282, 2.2 A] groups, =zrd ths zulphoxias

1=

1gand [%(SE—O) = 2,172 A +n & planer zrratgencent. The C—3n-C group is elmosik

Fig. 6. The structure oflA—o!alato-bls(d1—grpropyl sulphoxide)nitratcdiphen,ltin,

(Reproduced by peramission of the Chemiczl Society).
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P .
linear (C~-Sn-C = 175.80). Some disorder occurs in the sulphozide 11gand! which

195
occupies two pos:itions around the Sn-0 bona.
The presence of 2,2'-bipyridyl facilitates the ipsertion of liquid 302 irnta

two Sn-C bonds of 4Sn (R = M=, Bt) producing d:alkyltin bls(a.kylsulphinates),

o
- -30°/€0 brs. . _
3Me,Sn + 450, = > 2M25Sn0,SMz  +  Me,Sn(0,SMe),

66% 33%

bipyridyl

Tne i1n=srtion 1s stedwise; the trizllyltin nmonosulphinates undergo further

insertion under the same condit:ions to zfford the identical bls(sulphlnates).

o 196
The following base-=zs351sted mech2nism Was Drouosed: ©
R_ R R
S.. s- S+ §- / $+
So + B -— R----8n---- ~—— R----Sn----B

-B

Rezction of R,Sa (R = Mz, Bt) with 1131d SO, at €0° results in disproportionati

n
of sulpnur zna the forpztioe of the correspgding bis(trialkyltin) sulphates

&)

a
(3359)2504 ana elkan=thiosgulphoris S-zllkyl ezters R50283.1’7
- O
5 5 60°
*R,Sn  + 350, ——— (R3slu),_)so4 + RSO,SR

Teirsvinyltan gives 2 monosulvhinate at low tenperatures and a disuphinate at

or zbove room temperature}

o 2n0
(cH,=CE) ,Sa(0,SCH=CH,),, 20°/ 2 d. So(CE=CH,), =0/ 1 4 (CH,=CH);Sno,
= - lig. SO, = lig. SO <

2

tetrazlilyltin always forms an unstable disulphinate which slowly decomposes into

a polymeric product of composition (C3ES)OSn.1'5802:
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=0
(CE3=CB—CBZ)4Sn + 250, .:20_/__‘__‘1_-9 (CB,=CE~CH,),Su(0,SCa,-CH=CH_)

(03H5)28n.1.5302

Figs 7o The structure of He.anO:,CHZCECH, (Reproduced by permission from Act:

1
Cryst., 298 (1973) 560).
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The trialkenyltin chlorides R38n01 (r = CH=CH,, CH,—CH:CE2) take up one and two

molées of S0,, respectively, at room temperzture formaing CLXXAV and CLXXXVI:

[e]
20
(CH,=CH)_SnC1 + S0, —=———» (CB,=CH),Sn(C1)(0,SCH=CH,)
CLERRV
(o]
2
(CH,=CECH,) Src1  + 250, . 20 (cB,=CHCE,)Sn(e1) (0,SCH,CECH, ),
CLRAXVI

Divinyltin dichloride does not rezct even =zt 70°. Alkenyltin sulphinates are

19

cklorides znd sodium sulohinates:

0
1]
3
1y
M
[
o
:

&lso evailznle by metzthesis betweern

o]
(CH,=CH),_ SuCl_ + nNa0,SR -_§§;e> (CB,=CB),_ Sn(0,5R) ~ + nNaGl

R = Ph, p~tol; n=1, 2
Gind=row and Huber have publised full detzils of the structure of the
product of 502 insertion into trimethylpropargyltine. The cocpound ci-.zists of
propargylsulphinzte~bridgsd plznar trinethyltin groups (Fig. 7); r(Sn-C) = 2.154
2,171 A, r(So-0) = ».301a.'%°
Ritching hzs extended h:s mecnaristic 3tudies of tns SOZ—lnsertlon reactiox
to aryl- and bencylirimethylstannanes., Por =z series of 3~ azna 4-substituted

phenyltin compounds in methanol, the rsaction 1s cleznly secona~order (first-

order 1n 2zch reactunt). The kinetic data suggest a four-centred SEl transit-or

-

state with some pol:r ekzrzecrer, viz.:

The kigeties 1n benczene are more comblex, kg(obs) increasing with [802].
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Insertion into the vinyl-tin bond of ﬁ—styryltrimethyltln takes place with essent-

1811y complietz retention of configuration at czrbon as ezpected for an SEl

200
Process:
Me_Sn Me. 5n0_S i
3 _ /El SO 2 = \
c—c¢ 2 > c—¢cC
il Ph B’ Ph
=_Sn0.S
MeBSn Ph M-3 nogo\\\ Ph
c=—c¢ S0, c—.cC
e
B ~ " il - \a

Second-order kinatics nzv

[
a

also been demonstrated for the SO, insertion into the
benzyl—-tin bond of geta- zna rara-substitutsd bizcyltrimethylstznnanes. The

rate of reaction 1s relztively insensitive to substitution, suggesting that ths

<

mechznism changes wilth substituent, with charge developirg 2s =o be best dispers.d

201
by the substituent.

Diorganotin bis{arylsulphorztss) CLXXXVII rnave been preparsd by the reacticn

202
of the trimzthylsiiylarylsulpnonate with RQSnO:’O‘

50,051, + R SKO M_;(MeTSi)go +  R,5n(050,C.E

2 2 5]

2p-CFE=CFC H

4 CF:CF‘X--_Q)Q

1
CLRAXVII

Methyl fluorczulphrorate cleavezs = Me-Sn oond of Me,Sn forming trimethyltain

K]
205
fluorosulphonate.‘u) Pn43n, Ph.SnCl and Ph,SnCl, ar¢ complziel; solvolyssd by
A = =
disulphuric zcid. Alkyltin cozpounis, R4Sn, R.3nCl, R SnCl. ana R,Sn0, gensrally
204

afford alkyltin cations.

Dialkyltin szlt of phosphorus oryZcids RDS“(POZHQ)Z (R = Mz, Et, Bu),

R,SnPO_X (k = Me, Et, Bu; X = H: R = Me, X = F, OH) zna (M.a:,5n)3(1=o4)2 have
u
been prepared in agﬁous solution from the appropriate R,SnCl, 2nd tne sodium

salts of phosphorus oryacids. Infraz-red and MBszsbauer data for Ran(PO?H )o
indicate six~-coordinate tin atoms with trans alkyl groups ana bidentate briaging
hypophosphite groups CLXXXVIII., For the phosphites RQSnP03X, polymeric struc:iures

are proposed which contain non-linzar R, Sn arrangements in a distorted trans
2 2rans
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N, N,
PN ] o No ]
\\\\‘Sn \\\\\Sn ////— \\\\\“Sn”/’/’
RN W
7\ N

CLETXVIIL

octzhadral or trigonal bipyrzm:cal corfigurztion. FPentz- rather than hezacoord

2
inztion at tin is preferrea for (MeBSn)B(PO4)1_'05

9. Sulchur, Selenium, and Tellurium Dsraivacives.

Menrotra has syntresised tris{thiolato)butylstznnenes by three different
routes:
-NE4Cl
BuSaCly + 3RSE + M,
o~
BuSno + 3RSH -850 BuSn(SR)
1.5 - > bl
iso -PrOH
BuSr(0* Pr); + 3RSE —_— 1 R = alkyl, aryl

Refluzine the butyliin glycolzte CIXC with BuSH resulted in rezction at the

Sn-0-Sn bridge:

l———-o Bu Bu 0———' —0 Bu
\| s‘ R +°Busa——b-e"—“e”—?+21 \s! SBu + H.O

r1 l——o/ n_u 2

R = -CHMe.CHMa-, —CEME.CHz.CMe,—

7\
L

CIXC

but 211 Sun-0 bonds of the glycolates CAC and CACI are clezved under tha same

cond:rtions:
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Byf—0 Bu 0—CH,
I n——0—~4 - benzene, refluz, 2BuSn(SBu); +  2HOCE,CEM:OB
MeHC — N o—caMe BusH
cxe
H,C—o0_ B B‘“/o—ca9
Sn—-? 0—sa]_ bezens, reflus, spusa(SBu); + 3HOCH,CHMcOR
BuSH z
HC .
MeAC—O HZC——CHHE Q CHMe
cxCI

el
All the tris(thiolato) aerivatives are monomsric; BuSn(OCHMe) , (5Bu) is digeric,>®

The prepzration of severzl new tin-sulpbur compounds is reported in tne patent
literature. Orgenotin derivztives of 2-mercaptopyridine N-oxids CZCII have been

2
prepzred froo th:s organotip oxide ana tns mercapn1de.‘o7

= Me, Bu, oct

0

n i - n =13 R = Bu
3 d-n
= 33 R = Bu
CXCII

(?-Thiazolythlo)tin derivatives CXCIII are similarly : btained Trom the freec thisl

S R
R _Srn S——</’ 7?”
° \

N™N \R'I

n

-n
CXCIIIL

n=2,3% R =Et, Bu, oct, Ph; R' = H, Mz, CH,CO_Me; R = H, Me, co, Bt

208

and the organotin chloride or oxide.” Bthylenenis(dithiocarbamato)bis{chloro—

diorgzno)stannzanes, R,C1SnS,CNH.CH,.CH,,NHCS 3nC1R, (R = M=, Bu, oct, Ph), have

been prepared from the R,SnCl, ana tne sodium =a 11:.“09 Thiopriosphorylstannanes

(C 8, ,);SnsP(S)R'R® (R' = R = Me,CHO, Me,CHCH O, PrO, EtO, CcH, 05 R = Bt, R =

=,CHCH,
2
R® = EtO, Me,CHO) have been obtained by treating (CgH,,),SnC1 wath KSP(S)R'R?,%!O

The structures of three triphenyltin thiolates have been determined.
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t, 21
Ph SuSCgH,~ Bu-p

n

2
zna Pi:_anSCc,,Eizlf‘les-'2,4,6"I both contain tetrahedrally coord-
inated tin (Figs. 8 end 9, respectlvel_','). The metal-ligand bond d:isteznces, not

l ci6
< c<s &,
€9 NN c{ cs
c28 \‘ces
c27
-c26

Fig. 9.

The structure of Ph_SnSC.H_Me_-2,4,6.
p, o2 3

(Reproduced by permission of the
Consultznts Bureau).
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.
sty

unexpectedly are similar i1n the two compounas: Ph.anSU6H4-tBu—_g, r(Sn~C) = 2.126 A

r(Sa-8) = 2.413 A. Ph;SnSC.H Me -2,4,6, r(Sn-C) = 2.13 A; r(3n~S) = 2.434 A. The

triphenyltir derivative of 4-thiopyridone hzs a structure 1n tne solia made

up of chaipns of molecules connzcted by intermolecular N-»Sn coordinztion (Fxg. 10),

Fig. 10. The structure of Pb‘SSESCSHlL"'

(Reproduced ty permission of the Con. ult-
ants Bureau).
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rzising thz coordination number of the tin to five 1n a trigonal bipyramidal

arransement. The Sn~S aznd Sn-J bonds are longer (2.58 znd 2.16 A, respectively
. P L. 213

than 1n the four-coordinate compounds; r(on—h) = 2,62 A,

Bt;SesR (R = Bt, Ph) convert alkyl ard aryl isocysnates to the correspondi

2 -
1Socyanuratss., BExchang: equilibriz betwezn triphenyltin, tribrenyliead and

phenylosrcuric thiophznolztes and the free thiophenol ars qualitatively reportec

H
{1
w
0
o]}
B
m
L
il
3
0
Y]
o
o
7]
[
]
n
Q
or
.

Subst:ituior of the 3- or d-positions of the thiophen:t
group only slightly affects the equilibrium constants, out 2-sub3titution has a

significant 2ffect dus to steric Findrarce znd intrapclecular coordinztion and

Neutral diorganoiin cis-i,2-aicyanoethylencditniolzts cocpounds RaSn(nnt)
(R = Mz, Ph) have been prepered from R SnCl, ana Nz,emnt 1 2 1:1 rztio. They
aprezr to b2 polywmeric

a coordinztior rumper greatsr thzn four. Anionic

Cl, Br, I) may alsa

wite

2- -7 = 5

derivatives, [H9Sn(mnc),], . R.Sn{mnt)X 7 (R = Me, Pn; X
)

b2 obtzirea z= Pn M (M = P, Az) or R,N (R = M=, Pn) s=z1lts by jum:icious choice

4
~ 216
of rezgsnts ard molar rztios.
Iznii vzs invesicgated orgznotin deravet:ves of mono- ana dithio-carboxylic

acids. Interzetion of potazssivs monotniobenzoate wWith Me3SnCl results in the

2917
erxclus:ve foroetion of the Sn-5 bondex isomzr CECIV:"'

Ar-C-S™ K + MeESnCl — > Ar C-S-SnMe + KCL

S
-7 il +
R-C-S H,N + Me,an01 —_— R—C—S-Sul'-le3 + <:> ¥H, C

1o CXCV
R = “°°Pr, Ph

HeqsnS(CHq)ﬂCODSnHeB, froo M=.SnC1, HE:S, and J-mercaptopropicnic zcid in cold
2 <z = s

e, H
water, disoroportiorates at 130-20° to Me,S5n and He°Sn—SCH°CH2002.2'9
A 2 2
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X 220 221
n of 131 mixtures of bls(trlnethyltln) sulphias, celenide,

znd a Group VI hexacarbonyl in THF results in the formation of the
stznnylchzlcogenide metal pentacarbon,l compleres CEKCVI:

hw
e.on —_— -9n
M(CO)6 + (M er)EE (Mejun)

[ —»M(co)lg
THF -

2

CZCVI
M =Cr, Mo, W; 2 = 5, 82, T=

”")(

MeBSnSPh and Cr(co)6 afforded CACVII under sicrlar conaitions:~ )
Me_Sn

Me SnSFa  + cr(co), 0¥ 5 o \s—ac:-(co):

2 ©  ogp Fn” 7

CXCVII

(MeBSn)ﬁTe was obtz:inzd by the reaction of Me35n01 with solium tslluride HaZTe
in dry berncere.
Mzthane- 2na s=nsensszleno- derivatives of tin pave been s mthizised by

various mathods. FRoutes to methznsseleno- derivatives includ: protolysis of

[
<)
s
ja]

otin compounds by MeSz2H, =znd the reaction of methyltin halides with L].Al(SeMe)4

or M=_.S1S:=M=
3

ME3SEHMe2 + Mz2SeH ———— Me3SnSeHe + MeDHH
4Mr:—,).Sl:\J. + LLAl(Sr:-Me)4 —_— 4MeBSnSc-M-= +  InX o+ ALE
Z =C1, Br
3 = = Sn{Se =51
Me, ,Snk =~ + nMesblscHe — ¥¢, S (b_Me)n + nH_SulK

Ths Sn-SeMe bond 15 quantitatively cleaved by HC1, but 13 unaffected by MeSH or
H,S.Zz) Benzencseleno- d=rivatives nave bisen prepared from tke organot:in oxide

or chloride:

R,500 + 2PhSeH ——> R,Sn(SePn), + H,0

n
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108

(Bu;Sn),0 + 2PuSeB —————» 2Bu,SnSePh  + H,0
= 4

Bt,SaCl, + 2PhSeH + 2Bt N ——> Et,Sn(SePh), + 2EtzNHCL

Ph33n01 - PhS<H + Et3H —— PhSSnSePt + EtBNHCI

Todine quantiteziively clz=aves the Sn-Se bornd:

Bu,Sn(SePh), + I, -———> Bu,SnI, + PhSeSePh

No adduct formation could be observed with BuESn(SePh)2 and various orygen and
nitrogzen donors, but addition of Water proliuces a nyaraied ozlde.224
The N,N-dizlkylselenoczrbamato~tin derivataivas MeESn(Se.CO.Hﬁg)g,
Me,C1SnSe.CO.CR, (R = Me, Et) zna Me;Se.CO.lMe, have peen prepared from the
orgznotin cnloride and an 2l¥ylemroniun salt of the selenocarbarzte. Infra-red
and nmr date indicz2te wezl: czrbonyl —tin interactions in the dimethyltin deriv-

atives. 1In MeasnSe.CO.HMn the carbonyl group 18 'frec” ana the tin four-

255
225
coordinste.

10. Grouo V Derivatives,

Trizikylphenyliin cocpourds with sterically hindersd alkyl substituents red

: 226
with ENH, 1n liquia ammonia to give MN-protostannylzmine:

B
|
> K3Sn—H-SnR3
5 FJiEE 1S0 LE0 o
_RSPhSn - h'H,5 ———— R = Pr, Bu, reopentyl, neop
-0656

— > R_J_SnHH2

+

R = “Bu

Tne ease of protolysis ol th2 Sn-N bond ha3s been used in the syntnesis of

Bu,SnCH,50,Ph cxcv1117%7 and sulpholene and sulpnolane deravatives ICC-CCIz220

75°/ 1 hr.
BuBSnNRz + PhSOZHe Bu38n05250 Ph (80%)

2
CYCVIIT



109

0.,
0, 2 S
S S nBu_j SnBu._5
Bu,an_h'R2 + —_— 1
Ve =~ Me Me
IcC CC
o}
)
02 o2
3 Bu..S = Sn_Bu_j
s
Bu . SntR_ ; ;
u3 J?é + —_—>
CCI

Aninostannznes, BuZSaNRz (R = alkxyl, aryl), rsact witn aldehydes in two
a:Trzrant wzyz to produce si1ther an enamine or an enoxytin cownound (or the
corraspording ®-ksto tlr COmMDOund). The naturs of the rroiuct formed is deter-
Tin=a oy sieric ard 2lsctror.c factors. With less bully groups awntzched to nitro--
£€Nn &na on the aldebyde or hzione and high ni‘rogen basicity, tre react:ion procee!s

Fiz «nitizl addit:on of the Sn-l bond tc the 3C=D double bord tc produce an

intermediats CCIT detectabls by nor. Thers adducts zre unstable, znd subsszauently

decozpose giving ths enzoons,

o 1
S ~ _~FW's g snom Q
R _SrMR + =0 —— _C —_— C-NR.
3 2 TN Ve <
MR,
2 \
cCIrI

It

nism oD

Ul

ratecs,

With bully grouns zna ls=5 nucleophilic nitrogen, = S&cond ook
Tnis 15 propos=d to 1nvolve nuclzophilic =ttzck not at carbon out at the R=nydrcgen

29%0
producing ol -=ztancylketonzs or ercyytin compounds.” -

i=0za-i~aza~-C-stannzcyclopentanes CCIII, prepared from ROSn(ONe)g znd

the

i

poropriate 2-amincetbanol,

CH_~WER' CH_~NR'
< ~2MeOH <N
R, Sn(0Me), + | —_—=r SnR.,
— = _ / =
CH,~OH CH,~0
R = Bt, Bu; R' = H, Me CCIII
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react with CS, to afford 1,5-oxazolidine-2-tnions CCIV or 3-mstnyl-t,5-oxazolid.
2-~thione CCV by an addition-eliminatin prscess:

CH,-NH CcH -} 3 cH, -NE
P? Ngm cs, l 2N —R_SrS l N\
] S T N —_— /C~2
CH;-0 caz-oj 4/5 CH,-0
So cecIv
2
e 2 ‘He
A -
cge"ﬁ\ s caz"”\c:s CH,—N —R.SnO CHQ r\
l SoR, —=2 > | / \ 2 c=8
7 ° cg ) or CH S= /s
cd.,-0 [ 3’\| \2 <~ CH.-0
oX SaR,, Qs!{s cev
R?
cevr

=sx=zll arounts of

cCIv

When the latier reaction was perrorzzd a2t low tempsraturem stable insercion
products CCVI (R =Bt) could be :solzica. Eliminstion of both Bu SeS and Bu28n0

#2S obzZerved 1n trne rezction with PrhNC3:

~2B:.SnS CEQ‘"M\C
— l C=Ph (237)
ca. -t ca'a-.o/
"~ SmBu, + PRNCS — )
C,~0 ~Bu,S0 clrﬂg—r \P;C.':Ph (25
caz_s'/
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Tne diasastsnnacyclopentane CCVII,prepared in gitd, reacts violently with

-
Cs, =t 0% to cive the 1:2 adduct CCVIII, ethylens thiourca and (B.‘-,JS-—,'B)_D.:"’u
o - '
Bu,Sn(NEt,), Mo Me
+ CH ~ H\ os CBZ—H\Cf_S
— SnBu,, “2> S~
fﬂe"rme cu -’ CED—NQ (VS
> !
= = - ‘ n
CH,,~NHM: e Me oo
. ) Yoy
CCVIl = -
-(Bu_8nS). C3,
L‘K 2 2
Me
RN CH,~NM=-CS-5
c=5 : No
/ SnBu,
CEZ—H -
M= CH,~KMz-CS-S
89% covIILT (33)
Trimethyltin conpounds M= SeX (% = Mz, Mz, OMz) rezct aith ci-p-tozyi-
culphoalimide to give S-substituted S-g-t 03y11m11a-S~(trimethyjistannyl)—o-

tozylemido Sulphuranez CCIX in good yields:

M8k + -7 —N=S=li-Tosylely ———3> (M: Sn-H-r—-Tosyl)SZ(li-x—Tosy1)
P4

CCIx

CCIZ (R = WMz ) rsacts with further Me SnWMe, to give (M2, So-N-n-Tosyl) S(Me,).,

3
and hydrolyses to 0=S(HNe2)2, Me;SulH =nd p-Tos;1-HH,. CCIX (X = HMz) 28 =2lso
obtainzd oy the zction of M&,Sn with p~-Tosyl-sulphinylamine, p~Tosyl1-~N30.

~4
2348
Hexametnyldatin rescts with two moles of di~p-Tosylsulphodiiz:de to give CC?Y.:‘3

MezSn-Sule 4 Me Sn—H—_E—’I'osyl)[S-Me(n—g—Tos_yl)
+ ——
2p-Tozy1-N=S=N-Tosyl-p Me S n—”—_Q—TOSle- S-Me(R-p-Tosyl)

0CX

The reaction of tecresulphurtetran:ztraide S4N4 with Me,anJMe,_, produces bis-

(trimethylsramyl)sulphodllmide CCXI. Treatmz=nt of CCXI with Me351Cl rezults
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in the formation of th2 corresponding silylsulphcdiimide CCXII 13 forned.232

S4H4 + 4He33a1'mc_-2 —_— z(Me:,H)zs + M‘:}Sn—H_o—H—SnHv.—.S
CCXI

M2_SiCl
2

HPBS1-H_S H-S:LHe3

CCXII

S N, zls a 1€ 41 !
aNa o 4bn zand the daimetnyltin

heterocycle CCXIII, vhich 13 monom=sric in the gzs phase but dimeric with structu

rezcts with (Me3Sn),N to affcrd CCXI, Me
4

273
CCXIV 1n tke solaid:

A e.Sn) I c,3 2M: _Sn-N-S= =
S,N, + 2(“35-)3“ —_— S+ 9M)nl‘lSh-—SnM3
S—1
\ / (
+
S—N Me
i._S
| =<
"_’S/T e CCXIII
M= l S—1
Y~ CCXIV
//’Dq\\
Me E=—2}]

Bxchange oetwee't Bt 5nOMe and N-trimethylsilylacetamide affords the corre:—
3 =

ponding stannyslamide, which 1tself undergoes exzcnznge with MesGeBr:

Me SiMe.CO.Me + EtSnOMe Me.Si0Ms | gy ;SniNMe .CO.Me

HejceHMe_CO.Me + EtSSnBr

Stannylamides rezct wath kztenz to give C-stannylatzd zddition producta:

R3SnHHe.CO.Me + CH,=C=0 ——> RSSnCH,.CO.HHe.CO.Me

R = Me, Bt

The tributyltip homologus 1S produced by exchange between Bu3SnOMe and the O-
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trimsthylisilyl 1.10m:—r:234
0S Me.,
7~ 2 -Me_S10Me )
CE12=C + Bu_.Sn0Me ——3 1= BuBSnCH2.CO.HMe.C0.H=
~
W2 ,COLMe

Mz GeCH,.CO.NMe.COMe
> 2

(Me3Sn),,HMe and (MeBSn)BH rezct with phosphorLs- ara sulphur-nalogen bonded

compounds to yield the Sn-N-P(S) nonded compounns CCXV — CCXVIII:

R R

N 2 R F
) Z N2 | 1A F
Me.Sn-N-SnMe.., + F>P Pe~p & M Sn-H—P/ \p’\ + Me.StF
3 3 P! r'a' 3 | I F 3
AN N
\/P\/ \;/H
R = M=, SoM=, N
p) F F P P
cexv
l‘:!e Me
MEBSn—H-SnHe,_. + P5C} ———p MESSN—K‘!I-PSCI., + Me.).SnCl
P Pt
0CXVI
ll‘le ?ile
Mo Sn-N-SoMe;  +  C,F SOCL ——» Me,Sn-N-SOC,F, + Ms SnCl
CCAVII
c1 /01.
Q N=P
N AN
(Me,Sn), N+ SO, (N=PCL), —> N5 N-SrMs. +  OMe SnCl
305 2 372 Z7 e 3 5
) N=—=P
7\
c1 c1
CCXVIII
= 235
CCXV rezact witn P,,03r4 to produce the conpounds CCXIX:
(l? I:I N /F
P,04F, "-T-—H—Pé \P\F
coxv ——=23% 3 . ] +  M2;500P(0)F,
N\ N =
\ /
N
R = Me, SaMe; F F CCXIX

References p. 155
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tannylaninoboranes have been synthesised by Wells ard Heilson and by NBth

and Ceisler. The former autnors have prepared tne compounds (Me33n)ﬁH.BR.HH32
236

(R = Pn, ﬁMez) by the clezvage of (MESSD)BH Gy the approprizte chloroborane. 3

Geisler and NBth have used tne lithium salt mcthod to obtain the compounds CCXX

CCXRIL:
Mz
1
Me,SnCl M:,Sn-H-BPk,
Me CoXX
Pn B—H/ —_— ]
2 NLi
?e
| M=S5C1, o Me C1Su-N-BPh,
CCAX1I
N N
i T Ma.anCl —_— B’ CCXXII
H/B\N TN
} ! |
a i é SaMe

Fron the zttempted symthesis of MEBSn.NEt.BMe, CCZXI1I, only the aecompo3itior
producte Bz, (MsB-NEt); and (Me Sa) NEt were identified, although B'' nar

evidence was obtzined fromthe formaticn of CCXXIII:

Bt Mz_SnC1 v ih
Me;B—H\\ —_— Me . Sc-l-BMe, ~—~—e—> MeOB_ _BMEO + (HeBSn)ﬁHE
< Li LiC3 2 < = < <
CCZFIIT l

BMey + (MeB—NEt)3

Trimethylstannyliaidosulphuryl fluoride CCXXIV has been prepared by the
reaction of NSF3 with (MeBSn)2O or from Hg[ﬁ:S(O)Fz]o znd Me33n01 in ether at
—70°. CCYXIV decomposed at room temparature to give HeBSnF and [y=5(0)§13, and

- =] + = - - 238
reacted with [F,P(0)|,0 to give F,(0)PN=3(0)F, and Me,SnOP(0)F,.
Lappert £t zl. have synthesised several alkylideneaminotin derivatives
. 7 " 239 _ t 240
Me4_n3n[h=c(cp3)2jn (=1 -3) and MesSnN=CR, {(r = CP3, “Bu, Ph, o-Tol)

by the lithium salt method (Me3SnC1 + LlN:CRZ), and by transamination (HejanHe
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+ HH:CRD)Q The trimethylstamnyl compourds are protolysed by water, sleohols,
PhC=CH, CGFEH and cpMo(CO)jﬂ to afrord tne crpscted products. Reaction with
trans-(PhBP)gpt(Cl)H gives Pt-Sr bonded compounds:
m;35n=c(cF3), + traﬂs—(PhSP)E?t(Cl)H —_— gggggr(PhsP)9Pt(SnMeB)H=C(CF3)2
o
Me,Snn=c“Bu2 + zrrans-(Pn P).Pt{CL)8 —> Ezgggr(Phip)ZPt(Snﬂes)Cl
7 p) [N
105

Reaction with metal chlorides ep,T:C1_, c1s—(Ph3P)9Pt019 zives M:.EnCl and thne

2"702 3

alkylideneamino-meral asrivetive, 1:1 Adaataion products 3are obizinzd with unsst-

ursted reagents such as Phl=C=0 cor acrylonitrile:°9C

Me.SeCH(CN)Ch, . N=CPh, <2228 we san=cr, L2020 _ 4. sn.NPh.CO.N=CR,
“ = = R = Ph 7 © R =CFy,Pn ’ =

Trans-Pt H:C(CF3)2](SnMe5)(PPh3)E is obtained by oxidztivs-zdditinrn of
Mz Sall=C(CF,), 30 trans-Pt(PhgF),(stilbene) !

Adaition of isocyarates or isothiocyanztes RM=C=X (R = Mz, Pn; % = 0, S)
to Me3SnH=CPh2 produces {:1 aadition products CCEZV. Treztment of tha adducts

CCZXV (X = O) witn a =econd

3

0le of isocyznate results in eyclissztion to 2ffara
the triasips derivatives CCEAVI, whach nay be destannylated by BtSBE. In contra:t

zddition of a2 further mole of isocyanate or 1isothiocyznz2te to ths 1:1 isotrio-~

Fn,C=N-SnMz; +  R-H<C=X

y

!

Ph_C=N N

< “ﬁ” “SnMe5 R = Me, Ph; X = 0, S
X

CCXAV
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l R'N=C=Y

R? R! R'
1 1 |
N N: =_F Stepdise Na
Pac” et 5 Pac  Ng” . Ph_C \?/Y—Snﬂe,j
<1 ] 4+2 21 L"' insertion 2.
J i : i N —SnMe, > n N
N§c R YT-v-o0 “\C/ SnMe4 xos Ng~ R
| 1] ]
S X Y=0,5 X
-3
CCXYVI CCFRAVIL
=S —Me.anSEt Bt3H —ME3SESEH:
=N - ]
$. PhEC-H E NR ﬁ [{HR
N . -
PnOC/’ \\C:;!
=1 |
R DG NS
[
]
X

cyznzte adducts CCAXV (R = S) resulis in the producsion of lineszr 1SOm=srs
CCAXVII, nhich are zlso destzunylated by BtSH. Treatmzat of MeBSnN=CPh2 with
diketen2 a2t rooa temperzture zave the chelated derivative CCZXVIIT. Addition of

BeSH to CCIZVIII czuses = rzpid eycliz=ticn to occur:
Me.
| 2
//,Sns\
/,O\~ (e}
Ms_Sali=CPh, + H,C=C c=C — > | ll
) 2 2 ~No” c ¢
Bc? ¢ \H—cph,
H?
CCXXVIIT
EtSH
~ -
(o] [0}
i éf/‘—‘"
~ /c\
Hzf 'ITH —Me.SaSat Et\sZH Hz‘,’ \'}
=C CPh, CaIN CPh
07" ™ ¢~ 2 He35n—/0\-l/ ¢ 2
o2 | "2 _
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Tne structur:z o severs cotin-nitrogen vordsed compounds

-
(¢}
Yt
)
7]
4]
[{U
In
fa]
14
Q
=

]
i

nas beer investigated by MBsspauer spsciroscopy. N-Stzrnnyslamines snd —imines
possess Tour-coordipats tin. Hagher coordinztion numpers occur in f-stancyl-
emides and —-carbamatel visz RTSn—HR—C(Z)=O-;SnR~— conrdination (X = H, OR, OSnRs).

Q,Q-BlsﬁrlalfyT tannyl)carpzoates, R, Sn -l{R-C0-03n contzin both four (bn )

3
and fav (uﬂ ) coordirzie tin atoms, =xcept for R = Me, when the coordination
L ; ~ 245
numbsr of 211 tin 2toxs -3 raz-sed to five.
The addition products of Me_SnlMe, with CS,, C03, FhliCO, znd PLNCS =rs ussril

Tz

m
g

rw2 ror the syntnesis of trans-gion retzl corbonyl dithiocartznste, mono-

ct

tvi1oczrbzoate, ureido, and trioureido complexes, In this way trne dithioczrbamais

cozplexes .“1.(00) (‘h-ﬂ:,,,

F‘e(CO)_IS_,CHH—:-,,, T[—ch‘e(CO)S,_,CITMe . r(—ch(CO)ES:CHMe,,

ft-C.H Fe(CO)ﬁS.CNHeo zna Rh(CO) o ChMa_ rave besr obtairscd. The following

P 2”

u

CZechanich wWzs fzvgurea:

Mz L
0 - LT
i &
S=-"T3 -CO 577 ~8 S
w& ' ———— gL - - -~ —» 3y Ne e
— l \\\v SHMEB 7 ‘ \\<‘T :ﬂME? A I \\\:_;/ 2
Me.SnS.CO.NMe, and M2_Sn.NPh.CX.NMc, (X = 0, S) mzact sizilzrl; a1tk Hn(CO):Br:;ld

zrb(co)aa:- + 2Me_).SnS.CO.!ﬂ'4r:-,_, —_—> E‘-’m(co):oscmﬂ-al]1 T ZMe_SnBr + 2CO
3 2 3

2Mn(co)53r - Z’NeSSn.!rP‘r-.CO.I‘H-‘IEZ——-> [erg(CO)_,'Flr-_N.CS.m-ie,,],, + zMe_SnBr

(&

N-Tributylstznnyloyrrole CCARIX - cobieinzd b5y 2rther of tr: routss:

~H,0 —Mz0E ~
(Bugsn),0 + 2m-N( )] B0 pusa-i( )] —2% BusnoMe + H—H@

CCXXIZ

The Sn-N tond 15 cleaved by chlorozilares to give N-supbstituted products:
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results are rationzlisea oy the schene:

2111, Ne.CO.
In which si1lyl nmigrztion takes place mire read:ly than hydrogen migrazionq2ds
Triphenyltin 1midazole may be prepared Troz Ph3SnCI znd :nidazzole in MeCH.246
Szlective 1-gubstitution of "~subatituted tetrazoles by methyl iodide, cethyl
o~toluenesulphonate, dimethy” sulphate or etnyl bromoacetzte 1s achieved by
blocxirg the 2-mrtrsgen with the nBu,;Sn group. Tne rztio of [1,5] CCZAX ta

,5] CCZXXI 1somzr 1o the troduct is usuzlly cz2, 90:10.

s TN anx Va ™~nN S =N
R—C ] s R —C I + Rr—c ]
5 — N \“ N \H N
SD—RI’S R|'/ . Rl'
CCXXX CCXXX1

Much lower selectivity was ob3erved when the MeBSn group was used as the blockan

2
agent, The following mechanisms were proposed."‘:r7
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Me e
| N H
/r N Pt N
M=1 ~k'._Snl v
R—~C — ="y R—C PRy r—cC
Ny N Ny Ni ’ ‘\“/lrla
nR! SLR'
lMeI
N .. N
2Rt T -R'_Sul /TSN
R—GC | 1 2t s R_g
\"/NQ \\'J/H\
SnR' : Me

Tricetr slstannyl-di-tert-but,;lpnosphans CCAXKII has veen prepzred by the

L 248
rzzction of HC_-BSnCl, ‘Bu,FCl ana magneésium in HMPA: 18

Me.S6Cl  +  CBi POl 4+ Mz A T-‘l-':_).SnPtEu,) T E

CCRAXII

Q

The cnrodium andi Tolykasrun tricerborsl complever of (MeTSn)_jP SCXFAIII nave been
" 249
obtainea in ~8O» yreld by the rezction:

(m=cn)_M(co). + 3(M=2.5p).P —— (Me,8n).P N(co), + IMCHN
pl 2 2 2 7 pl 2
M < Cr, Mo CCXFXITII

Treatment of Me.).SnPH,, or (Me,an)_jP witp H,ECF, or HE(CF',).),, (8 = P, As)
- < Pis b 2

produces stzrnyl trifluoromzin,ylvhosphines of tne typss MeSSnE(H)CF‘.j, (MeSSn)aElF

zra M':_JS-_.F‘(CE'_).),,. (I-Ie_an),)Asc_F'3 1s also obtzined by the rezction of Me.).SnP(CF.S),,
- = o
250,25
with H_A=CPF 250,251 And=rson znd Drzle nzve synthezised mired gerozniun-tin-

zrsinss by rrotolys:s of stannylanines:

TH

"Megr —> Mg, Gz.AsR.SrM=

HeBGeAsHR +  Me.SoliMe,
A -

He._,Sn(N'Meg)g + Z(Me,jce)ZAsH —MeolE (Me GE)QAS SnMe,

[
[}
|
2]
1=
3
a
1]

—_
=
il
=
~—

N
L

7]
=¢]
.

CCXXXTIV undergoes redistribution to the symretrica
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m

i1. 7in-Ma:n Croup Metal Bondea Derivziives.

Opticzlly-active Sec-putyl cnlorice rezcCis wivh trialkyiz:n lithium or
X . . - . 68,69
sodium in THF with nearly complets inversion of configuration:
1 ” Tur/0° ) 1
RSaM'  «  HM:CHCH M _IEO MeCHCH Me  +  WICI
cl SnMe.
>
ml o=t 1o
i T T 253,254 .
Triethylstanrylsod-_um rezet3 with alkyl zlkymnyl sulphides™ 7~ and
2thers®799237 51 1iquad snzonia. With the allumyl sulphides BCZCSR (R = Me, Et

f-stannylation occurs:

Tt Soha + 23C=C-CH,SBt ———>» M2-C=CHSEt + HaC:-'—C—CHZSEt
- [

Al

S

a
1

Et_jS:J_Na + 2M:z.C=C-3Et =CHE-SEt + N=zC=C-CH_,SE¢t

indicating thzt HC=C.CH SEt isomerices to M2 CSC.SEt under the reaction conditio

employed. In contrast, alkvngyl ethers undergo x-3tznnylation with Et. SuNa:
-

B SpMe_
- AN e 3 _
Bt.SpNa + HC=COR ——> c=cC + NaC=COR
’ E/ OR

Bipyl Z2-prorynyl ether 15 stannylated at the terminal carbon of the triple bond:

EtSSn_Na + BC=C-CH,0Et ——— > Et.).SnCE:CH-CH,}OEt + NaC=CCH_OEt

Two new methods have been devised for the preparation of L15n4Heg:29)
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Ly
TM= i) - - -
SMe Sn, - 2L1$nMe3 —_— 2u13n4ﬂeg + 3C,Hg
5L1SnMe + 3Me.SnCl ——EEE;> 2L1Sn Me + 5C..H T 3L1G1
2 3 J-—j—- - - 3G Juntie 4
Thne nteraction of PhBSnMI (MI = Li, liz) with ssverazl trapsition metal

complezes n=2s been 1nvestigzted, Pn.Snbiand (R, PPh) NiCl (R = Et, Bu)

3

THF/etner gives crystallins (RQFPh)DHLPhcl presumzbly vas tre formetion of a

A
)
M~

PhBSn-Hl interomediate, which then eliminates [Pb,Sn ° (PhaP)90001G and LlsnPh3

in TEF at -10° give (Ph,P) CaoC1, PhSSnSnPhB, and elemantzry cobalt. Reaction

of (PhaP)zﬂlc_, witp Ph Splia i1n THS at -78° gise2 & red, erystzliine mat
< pl

<
consisting of & miztur: of compounds of the type Nz (PH,P)4_?H1(SnPh3) ].JTHF

{(z =1 -~ 4). Similar compounas arc obtained from mickel-olefin compleres:

- e o
(Pr.P) ta(C,H,) 2LaScPh,/TEF/0° [(Pb P) 2 (SaPn) ] SITHF
2 T2 z a2 —C,,H 2
2%
HaSuPn l -78°/TEF

Na [(Ph.jP)NlSnPh.j]tLTHF

e a0
li{cyclocetadienyl-1,5), 4“‘°Jph3/lﬂ‘/ 0 F54[£1 SnPh., ) } THF
PPh,/NzSnPn._/THF
7/ V4

ia_| (PY i 5T
? ;[( h_jP)H:.(SnPh_).)_).] 5THF

A similar cobzlt derivztive haz also been preg ared:zao
- THF
(Pb_.J.P).jC001 +  2N=SePhy ——— a[(Ph..P) Co(SrP- )].ITEF

Neuman and Blzukat have prepared bis(tri organostannyl)cercurials, R3Sn—Hg—SnR3
(R = Me, Bt, Pr, tBu, Ph) CCEXXVI from Bu,)Hg and 2R33nﬁ at lod temperature. In

oir they are immediately oxiaised to the corresponting distannoxznes Decompo.aztion

l:

to the distannane and mercury occurs &t —100, save for the phenyl coapound which
decomposes at 20°, and the Tert-butyl compound, which is surpricsingly stable,
and melts at 196°, Dizlkyltir dibhydides usually =fford the decomposition products

of the diorganostannylmercurials CCXXEVII, although (tBuSan)n can be isolated.
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=0
t =350
nR,SnH, + n BuyHg —=2r > (RQSn-Hg)n —_— (RQSn)n + pHg
CCXXXVII
The trialkyltin residuss attached to cgrcury ¢zchange rézdily. Thus, nixing
equirolecular gquantitiass orf CCXXXVI (R = Me and Bt) at —300. then sllowing

The M1TI4ure To waro to 25O resulis in the foraztien of all three distannanes:

(MEBSn)gﬂg + (EtBSn)EBg —_— %Meésn2 + M

hil

Sna i
SbnnnEtS + ~Et65n2

Addition of Me_SnH to CCZXAVI (R = “Bu) reswlis in ths quantitztive formation

of Meaan, Hg, ana tBuSSnH:
- z0° t
- = DM Sr —_— & z 2°B
{ BuESn)ZHb +  OM JSnE = (™ JSn)gﬂ_ & buSSnﬂ

cex2XVI (R = Me) =dds to the N=N bond of diethyl azodiczrhoxylats:

Et0,C-H=N-CO_Et
[ =

-20° EtOEC——H——H-COEEt
+ ——
-B= M=_Sn SnMe3
M2 SnH:SHe., J
3 = ]
znd to th: C=C bona >f diethylaceiylen? dicarborylzte:

E:OZC—CEC—COEEt EtOZC\\ //COEEt EtODC\\ COZEt

+ - ‘i’:--- -'9 — /C ——C

i r
R3SanSnR3 R3Sﬁ . és-SﬂRB R3Sn HegSnR
R = Mz, Bo

_Hg

EtOZC COZEt BEtO,C CO_ Bt

CCYAFVILL

Tne formation of solely th: cis isomzr CCIXXVIII 1s confirmzd by zcid cleavage to
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cnly diethyl zaleate. Reaction of CCXXAVI (R = Me) with ethyl propiolate

proceeds by initizl form=tion of Me-SnH and He~SnH°C_u.COQEt, Several sub-

3
Mejsn—CH=C(SnHe*)COZEt or (Me,Sn)QC=CB.COZEt were identified in the product

sequsnt reactions are observed and Me,SnC=C.CO,Et, (Me,Sn),CH-CB(SnMe,)CO,Et, ard

mixture. Addition to zecetylenes may also be zccomplished by the 'ain sifu'

genaratron of the aistannylmercurial. Preferaply the reactant is mized with
t

Bu,Hg (or R SnH); Ry ;5nfl (or Buza,.;) is then aaded slowly 2t 0-20°. Using this
technique, zn £0:5 y1eld of CCFXAIX may be obta:ned, Acid hydrolysis of CCXXXIX

Pn—C=C—CO_Et
Pa.C=C.CO_Et + 2Me,Snf *BuBe/25° G
i ! Me,3n SuMe
3 3
CCRXR X
l
100°  HC1/H,0/EtOH
Fh H PE H
C—=¢C + \\C===C
H CO,Et CiMe_Sc CO.Et
CCRL CCALI

produces CCAL and CCZLI, Alkymyl groups pay be transTerred from mercury to tin

by 3 =1milar ms=thod:

(r—c=c) mg BuHy ——2————> 2Hg + 2'°%,m + CR-C=C-SnoMe.
2 4710 3

Diallylmercury zna MeBSnﬂ give trimethylallyltin in 75% yleld,257 Si1lylm=thyl-

stznnylzercurizls zbstract fluorime from perfluoroalkyluercurlals:258

(er).cl B + (Mz,3iCH,)..Sn| Hg ——>Hs + FSn(CH,SiM= )_
275742 3 23 2

2 3
9g% 83%
+ soms (CF.).C=1F
[(cps)zcs]zsg + [(He__.SiCH:,).D.Sn]aﬁg —CSF o B+ CR.CF-CF,
2 = < catalyss 2 <
92% 75%

+ FSn(CT_SiMe, L
a83%
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Exchange between trispentzfluorophenyliin bromide and the gsrmyl mercurial CCXLI

in toluen2 yields the mixed gernylstannylmercurial CCEZLIII:

3
CCXLII CCXLIII

. o uv «
B...).GeHO(CsFS)_j + (Cst).anBr ——— > Bt,SnBr + (CsﬂS)BGeHgan(Can)3

2
Bis(triethylgermyl)mercury reacts under the same conditions to afford CCKLIV: 5

o -~ uv - o o
r..t3ceHgGeE:t3 + 2(06F5)3bu.Br ———> 2BtjGeBr + (CGFS)_janﬂgon(CGPs)j

CCXLIV

,J—Trlm%thjlstaLnyldlcarbahE!aborﬂ59(8) CCZLV 1s obtained as a colourless

liquid by tne reaction of tne sodium szlt with Me,SnBr in THF:

3
o]
+ - 23°/THF/1 hr.
N=" C,B,H, + HeBSuBr 5"/ TEF/ > }A-He3SnCEBdH7 + NaBr
€5-70%
CCXLV

O BH @ CH

CCXLY

CCXLV 15 stzble irdeinitely at 1?00, but decomposes raprdly at 220° yielding Me

3
and the parent C284”8' which 1s also produced by cleavage with BCi, The corres-
2
ponding reaction with DCLl produces }A—DCZB4H7.“60 The interaction of Group IIIX

trimethyimetallates and LiSnMe3 produce the metal-metal bonded derivataives

Ll[%eBSnHHe3i](M = Al, Ga, In, T1) exzcept for Me. B, which gave L:BMe Mz, Sn and

3 4’ 4
Ll[?ﬂ(SnHes)s], Sooe L:LTlMe4 was also formed zlong with other minor products

in the reaction with MesTl. Ths Al-Sn compound decomposed in 1 day at 0° to
rorm LL(AlHE4), Me4 and Ll[%u(SnMes)s]. The gallium and indium derivatives
aecorpozed similzrly but over a longer period (75% cver two dzys). The thalliun
derivatives showea less than 25% decomposition aiter 3 aays at room temperature

2
1n the dark.‘sI No reaction occurs between hexznethylditin end LJ.BR4 (R = 8B,
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Me) in DME. LiMMe, (M = A1, Ga, T1) react to give Me,Sn and varicus Group III

£y

derivativea. L1AlH, gives MeSSnﬂ (49%) and LlSn(SnHEB) (51%).2°2 The synthesis

a4
and charzcterisation of tin-Croup III derivatives,263

2

3
and of 1,5~dimethyl-2-

trimethylstannyldiazaboracycloalkanes 64 have been reportea in thesss. Hydro-

stannolysis of Bt Tl ty (Me_SicCH SuH at -10 ~ ~20° gives the tin-~-thallium
3

3 2)3
compound CCRLVI, which reacts with mercury to give the mercurizl CCXLVII, and

with =thylene dibromide and dibenzoyl perozide to give the corresponding orgzno-

tin bromide znod bonzoate.265

'5(He.581CHE)3Sn_H + Et_jTl —_— [(-Me_jSlCEl?)}SnJ_Tl + GC_H,

2 276
525 20%
///////// CCXLVI
He //
- BrCH_CH.B
[(ME:3310£12)3SH]2H3 2¥HoBr (Pn002)2

CCALVII -C,H; \‘

T10.CPn  +
(Me3slcﬁ,)33n13r -

.S S |
(M 5 1052)3 nO,CEk

A

G57

2E0
Pr,

A patent reports the synthesiz of hezaalkyldistznnanes RBSno (r =

256

hexyl, Bu)} Trom R35n01 and sodium. The crystal structure of hzzaphenylditain

~e
ras been determired (Fiz. 11); r(So~Sn) = 2.770 A, r(So=C) = 2.1g0 A.2%7
Treatment of PhFSn,> with HC1l 1n dry btenzene affords tetraphenylditin 1,2-di~
chloride, wnich may be converted to the corresponding 1,2-dibenzoztsz by sodium

263,26

benzoate. S The composition of the crude (RZSn)n mixtures optzined from

tn

iy

rezction between RDSnHZ znd tBueﬂg (vide supra) have been deducec by cass
c

1

Spectroscopny. When R = cy oHezyl. cnly the pentastannane 15 formed. When R =

Et, nBu, lsoBu, cyclohexzstznnanez predominzte togzthsr with =m=zll zmounts of
five- and (R = Bt) seven-membered ring compounds. Higher tempesratures favour
:1)6.:7I Charge transfer type interactions appear to occur betwzen herzmethyl-
272,213

ditin and tetracyanoethylenea Photolysis of wicinal dihalides in the

presence of hexzabutylditin results in dehalogenstion to olefinz. Thuz 2,3~

-
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2
dicnlorobutans gives 407 of Z-butenes with a cig/trana ratio af 2:1.."rM
The stannyl-stibine-zstzl carbonyl complexes CCXLVIIT have been prepared

by ths photolysis of (Me3Sn)DSb ang the Group VI metal hexscarbonyl in THF

2t room tecperature:

M(co)6 + Sb(SnMeS)B S LN (MeBSn)jsb—>H(CO)5

-Co
CCALVIII

Cc16

Fig. 11. The Structure of PhSSnSnPhj. (Reproduced by permission from Z. aporg

allg. Chem., 396 (1973) &1).

2
Tne cozplezes cay be sublimed 1n x2cue to yi1:1d golden ycllow prisms.'75 Trig-
(E?lmithylstaAnjl)DLS:uth CCIL has bezn synthes:sed by hydrostannolysics and

zlso by rezction of Mesanl with HaSBi in liguid ammonia:



3Me.SnHE + BaBt. ——> (Me_Sn).Bi
2 D i 7

////’ CCIL

Hi(CO)4/THF

~C0/roo= temparaturs

4

(He3Sn)331H1(CO)3

CCL

CCL di1splaces CO frop niclel tetracerbonyl era from Group VI oezzl hexsz

ugqer uv irrzalztiorn to give the cooplex

s, CCL =znd CCLI, 1¢

127

Jxa. NH; MeSnCl  + NayBa

nJ /M(co)6 (M = Cr, Mo, W)

-CO

Y
(Me Sn)1ELM(CO)5
7

P

CCLI

arboryls

hvdl

—
t,

]

t

pzctary

12. Tin-Trancition Metal Bondeo D=raivatives,

The erystal structures of the v'o molybdznua-tin conmpounds

(¢ B )Mo(cO),(SrPh C15

) (rn = 1, 2) have

be=n detsrmired. doth contain tetra-

hedral tin (Figs. 12 and 13). The tin-ligand bord distances are very similzr in

SN

Fig. 12. The structure of (c7ﬂv)ﬁo(co)25nfn901. (Reproduced by parmission fror

Z. anorge allg. Chem., 402 (1973) 129).
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Pige 13. Tns structure of (C.H_ )Mo(CG)_.SnPhCl,. (Reproduced by psrmission from
= 2 2

Z. anorg. alig. Ca=n., 402 (1973) 129).

the two compounds: r(So-Mo) = 2.717 A (n = 1), 2.739 A (n = 1); r(Sn-Cl) = 2.400

|
sl

i

nN

(r=1), 2.423 A, (2 = 2); r(Sn-C) = 2.147 A (n = 1), 2.152 A, 2.167 A (n = 2).
Arine ¢liminzticn between Me3SnHMe2 and cp2M32 (M = Mo, W) or cpgTaH3 occurs
in torling THF to prcduce, respectively cp2M(H)SnMe3 and CPQTE(H)gsnMEB; Hydrcge
cnloride gas imnsdiztely clezves the Sc-W bona of cpEH(H)Sr-.He5 to give cpZH(H)Cl
which 1S converted g£zS to cp2H012. Tre nydrides may be convertea to tne corres-
ponding chlorides cpEM(Cl)SnMes (M = Mc, W) by carzful choice of reagent. Additi
of CCl, rapialy prodices cp,MCl?: but the same rezgent in & 1:1 stoichiomztric
ratioc with THF as solvent a’fords h:igh y1elds of co M(Cl)SnMes. Organic chloride
(berzyl znd allyl chloride) give the szms proaucts but in much lower yields. CBr
with cpgﬂ(E)Sﬂes, zven 1 2 1:1 rztio, yi=ld cpszrZ, However the bromo- and iao
molybdenuna =z=nc tunssten coapounds oas be obtained by the reaction of the appropri
hydride with bencyl bromide or iodide or allyl iodide. The M-H bonds of cpZH(H)S

react with dimethylacetylene dicarboxylate to give insertion products CCLII:278

cpZH(H)SnHe,j + Me0C.C=C.COMe¢ —> cp2H(SnMe3) C(COzHe)=CH.COZMe

CCL1I
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Triphenyltin pentacarbonylmzpganese has besn prepared from the rezction of
2
Ph35n01 and the Grignard-like species CCLIII:“79

THF = PhBSnCl
Mn(CO)SBr + Ln —> [Fn(CO)SJOLnBr —2——>  Pn;SuMa(C0)g

CCLITI

Im = Y, Pr, Sm, Dy, Ho, Er, Yb

M-—:-3SnHr:(CO)5 CCLIV 13 obtainea in poor y:eld from Me_an.B and PLr-.:,(CO),IO. Several
reasctions of CCLIV and related compounds have been investigatea. CCLIV is unafrf-
ected by water, methanol, or aqueous N20H. But quantitat vz So-Mn bond cleavzge
occurs Wwith 1,2-dipromo=thzans, HgClD, and RHzX (R = M=, Ph; X = C1, Br). With

tre latter reagents, the products obtzinzd are dsterzined by the nature of R

ana X:
BrCH,CH,Br M2.SrBr + G,H + BrMn(co)_
Pl 274 S5
BzC1, MesSaCl  +  Hg Hn(CO)C]O
s |2
M2 ;SaMa(CO), MeHgBr Bg[ﬁn(co)s]z + Me,Sn  +  MesSnBr
CCLIV
PhHgCl > Ph,Hg + H;[%n(co)a , + 2Meg5nC
MeHeC1 = PR,
Bg[un(co)s]z +  Me,Sn + Me;SnCl

+ traces of MeZHg

Four-centre mechanisms were proposed for the mstzl-metal bona cleavage, rfoliowed
by disproportionztion of the mired mercurial:

HeBSIn- - -Ml.n(CO),5 — 5 Me,SnCl + PhHg Mn(co);l
o/
]

C.l --- ng—Ph Tt

Ph Bg + Eg[%n(CO)%]Z
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3sn- - M:;(CO)S > Me, S0+ BrEg[M:.(CO)E:I

Me----Hg~Br
BgBr, + Hg Mo(co), |,
A A4

MeBSan(CO)5
MessnBr + HgEtn(co);]2

Chiorination of tin was observed with CF30001 and ESlCl3 to give Me,,ClSnMn(CO)5
24

and with SnCl4 successive replacement of all tnree m2thyl groups was obsarved.

Rob=rts h=zs 2lso ainv:istigated the reactivaity of CCLIV, zs wsll as

(CED=CECEQ)BSnMn(CO)5, MeSSnFe(CO)gcp znd Megsn[Fe(CO)ch] Rezction with

Pr
rodire 1n CDClB, Me0D, or DMSO—d6 proceeded Wwith netzl-m=tal bond fission, excepn

witn ths allyltin derivative where Sp-C rission was opserved. MeHgCl rezcted wa

=

which subsequently a2fforaed Me, Sn, Me Hg, [?:(CO) CHJ, zna ClHzFe(CO) 2€p. The
reaction of Mz_Sa|Fe(CO) cn] 1z more compler, but appezrs to follow similzar

rezction pzths. The rzzction of Ma 3 m(PO) with MeHzCl 1n acetone-d, yrelded

Me.SnCl, Me Hg ana Me,5n (7ide supra). The intermzalate HeH,;(co)5 coull be 1sol
by precipitztion. MeSSnFe(CO)ocp with = ten-fold ezcess of Me.SiCl gave Me,SnCl

in 85% yieid. Tne Sn-Mn bond of He3San(C0)5 is cleaved more rezdily; 52 and

803 y1elds of Me,SnCl wsre obtained with equimoleculzr ana tsn-fold excess,

3
reapectively, of Me_5:Cl, Inorgznic halides HCl4 (M = S:, Sn, Ti) =nd MC1, (H =

4

Zn, Hg) also reacied with M-:—.).San(CO)5 and HeBSnFe(CO),cp to zive varying amount

of Me3SnCI. Rezction with HgCl, gave high yrelds of ClﬂgMn(CO)5 and CngFe(CO)2

Allylmercuric chloride 1= a major product trom the reaction of HgCl

281
triallyltin derivataive.

5 witn the

The triphenyltin-chromium and molybdenum derivatives CCLV have besn prepared

by metathesis. The corresponaing tramsthyltin derivatives coula not be 1solated

Ne/Hg - Ph_Sn
l:(wre,sc,i)m(co)z:‘2 __TT;E__> Enescs)m(co)z) e LR Ph;SaM(CO), (MegC;)
ceLY
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The =2me method hzs been used to synthesise Sn~W bonded species:

E?.t4rl]+Ei(CO)4(acac)jl- +  Me,SnCl, ——:;Lg—a[Ez4ri]+[w(co)3(ne25ncl)(acac)mJ

(rer. 283

H_—,_+[SPH(CO) L]‘ +  Me,SnCl _THE Me_)Snw(co),,cp(L) (rers. 283,:85)

» PMe_ Ph, PMePn

27

PPr-,j, P(OMe)__)., P(opn)_)

The PnBSn and carbene ligands zre mutuzlly trzns in the molybdenum znd tungsten

compleses cpT-'l(CO).,(SnPh.j) C(OR)R'] (M = Mo, W; R = Mg, Et; R' = Me, Ph). Infra-ied
indicates the presence of tdo coorormers dus to restrictei rotation zwout the

M—carbens bondi. The =thox,-~carvene compleres rezct w«ith EtNH, and Bt NH to give
[ —
the anslogous etnylaminoczrbens complszes.

Abel and Dunster nazve formulated a simpls versaztils route to trimethyltin

derivatives of Mrn, Mo, P2, Cc, ana li czrron.ls 3y tne renct_on of nitzl-matal
. . s e e 257
bonded dimeric transition metzl carbonyls with (Mctan)ju or (M:EGn)ﬁO:
4 —_
(Me.5n) .l or (Mz.Se).0
[cpm(co)n]ﬁ CO—— 2__- Me.SnM(CO) erm
z 7 n
M=Mo,n=73; M="Feyn=25 M=Ni,n=1
: (Me.Sn). N or (M2_Sn)_0
1. (co) 22 25 Me.ScM(co)
2 2n|2 ) n
M=M1, n=5; M=Co, n =24

Tne transition metal-tin hydriagsze (OC)_MSnEh. H (M = Mn, Re) nave been obtzined
2 =

10

as olls by the Bu,AlH reduction of the correspond.ng chloride. Attempied coup-

ling with Ph.anEt.2 leads to complexr mirxtures:

(oc) MnSaPnB  + Bt NSoPhy, ——> Et NE + FhySn3nFh

5+ Ph,janM_n(CO)s

+ unidentified proaucts

But reaction occurs wW:ith che(CO)? - &t 50° to form the trirstszlilie complex

CCXVI:
" o
HSaPhZLM_r:(CO)S] + E:pFe(CO)E]z %0 (OC)SMn—Sin—F‘e(CO)ZCp
Ph
CCXVI
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2,
The germanium 2nalogue, hoWever, does couple with Ph,J.Sn]‘!]E:tz:‘88
Ph
- . . : 25° '
Bt WSnPhy -  HGePm, nn(co)5 —2 . FhESn—ﬁe—Mn(CO)5
Ph

Phospnorus ylids react with methyltin derivatives of molybdenum, tungsten,
cobzlt snd 1ron carbonyls with tin-metzl bond cleavage and the formation of

stznnylated pnospnorus ylaid: ;289,290

) _M-Snps =CHR" ~P=CR" R | M(CO
cp(co )H bnﬂe3 + R3P CHR —_—_— R)P ?R + R3PR [ ( )3c3]
SnMe

M = Mo, W; R = M2, Brz; R' = H, Me, Sll‘he3

cp(CO),)F‘eSrLHe - R3P=CEH' ———> R_P=CR' + R, PR! [Fe(CO) cp]
2 3 7 5 2
Sn.l"'le3

co + Me,P=CH, ——> (M:_P=CH) SnMe_ + Me PH [MQ(CO)_.C
- 3 2 3 2 Fj p) 3

The crystal structure of the iron complex Fe(CO)(cp)(SnPhs)(PhCECPh) has
been detzrmined(to R = 17%); rezn r(Sn-C) = 2 A, r(Sn-Fe) = 2.56 A.291 Dipole
doment measursoents dn the complexes PaiSof F=(C0), (NO)L (L = Co, PPh,, AsPh,, p(0]
indicate L to cccupy a gis positrion relative to the axial Ph.an group, 1a contray
to the analogous Co :nd Mn complexes, Zor whiclh both ligends are in =zxizl posi:cig

oi the trigonal blnjr_md

The reaction or cn PE’(OPG}J 3' W1lth L13n4Me9 in THF affords the compley
CCRVII cortaining ths SnkSnH-e.j)% 11g:=_'11:"93
{CPPE[P(OPh) ]_}BF + LiSe Mz, —m8m——S> l /S €
315 a4 479 (P'nO).jP/ \Sn—-——SnML-:3
!1Fle3

P(OPh)3

CCXVII
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Iodine and bromine cleave the Sn-3n bonds of CCXVII to form the corresponding
che[-E’(OPh)_J.],_)SnX3 (X = Br, I) complezss. With c¢zcess hslogsn, Fe-5n clezvaga
occurs leading to the complexes che[P(OPh)_ijx.
Reduction of Oss(CO)12 with sodium 1n liquid zmmopia produces a cream solid
which rezcts with R33001 (R = M=, Prn) to afford the cooplexes 05(00)4(3nﬁj)2’
together with low yields of 05(00)4(SnR3)(H) (R = Me). With Me,5aCl,, the Sn-Os

205 . .
heterocycles I-Ps(CO)q_SnHe,,]D is formea.””’ Bls(dlorganohalotln)te:racarbonlosml‘m

-y

compounds have becn discussed 1n a thesis.”7°
Tin and cobalt atoms alternzte arocurd 2 planar Sn.,Ci, ring in [épgo(CO)SnMe;])

1
(Fag. 14). Th: tin has slightly aistorted tetrahedral ccordinztioni r(Sn-Co) =

e

Fig. 14. The structure of cpCo(CO)SnMeg]9= (Reproduced by rermission of the
Chemical Society).

AN 2
2.542 A, r{Sn~C) = 2.20 A, So-Co-Sn = 78%.%%7

Hezection of the adiene—coozlrt
carbonyl compl=zes ('1"('-1.:)Co,}((}\'.))6 (L = norbornzd:enz, 1sopren

298

hud
-

y 2,5-dimethyl—

1,5=-butadicnz) with Ph,SnCl zfrorded only PhBSnCo(CO)4. The En-N1 complezes
o~

cp(RCl7Sn)(Ph3P)N1 (R = Et, Bu) have been obtained by Gr:gnard allylation of the

had
corresponding ClSSn-N1 complez.“gg MeSSnH displzces hyarocarcons from platinum

alkyls =znd aryls:

(PhZP)20E2PtR2 + ’jMe_).Sn.E{ -———a,--(1=nzp)c321=t(ﬁ)(smﬂles)3

Reaction occurs at room teoperature for R = Me, Bt, but high temperatures are nieded

References p. 1565
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for R = Ph. Pi-Pb bonis are z2lso clzavel by MeBSnﬂ:

(PhQP)ECBZPt(PbPh.S)g + 3Me;SuR —————a.r(Pb?P)CH?Ft(H)(SnMEB) + B,

+ szPhé

Success:ive oxidetive-addition of MeySnB to the Pt® complex CCLVIII produces a

complex CCLIX which iz considerad to have two hydrogen ztoms bonded io platinum

r 1z ..Snf 1
L(thx:’):)cﬁ2 P =3 (PhQP)‘?CH?JPtH(SnMr:-__j) + (PhEF)ECEQ

Hz_SnA
s
f
<Ph2P\ L/H
e
pr P l TTSaMey

SalMe.,

3

SCLIX

ted

113

The eztremsly stzbls gtzan,l radiezl, [kNE351)?C3}35n‘, hzs been gener

[}Me731),CH ,5a by visibl: lizht ir benzene or henane:
i 4

[(Mejs:i.)ECB]zSn 2> (messi) 0B+ (Me,Si) CESn®

<
[(HeBSi)ECHJESn + (Me.jSl).ECH — [(Me,jSl)ZCEi]BSn"
Its stzbility (2750 hrs. at room teapersturs in the dark) is attributed %o the

bulkiness of the bis(trimethylsiiyl)sethyl grouws preveating dimerisation or

nydrogen abstrzetion. Th: esr spscirum erhabits coupling with the methine proto

and 117'”95n nuclel.301 The :adicals MenCIS_nSn' {o =0, %, 2, 3) have veen

generated in eitner an ademzntans matriz Or a gelf-patrix by y—irradiation (UOCo

of the correspond:ng Me“+7013_p5n. Th

1]

esr srectra suggest that Me3Sn' deviatea

from planarity, and thz:z the deviation 1ncreasss with increasec chlorine subscirtb-

z
utlon.JO2
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The addstion of Bu.J.Sn' to cyclopentadiene yields only one paramagnetic

product, the 4-(tributylstannyl)-cyclopent—-i-en-3-yl rzdical CCLX:

t ~tBuoH B~
BuO* + Bu.jS.n_H —_— Bu.).Sn- + —_—
B 87
J

entration from deutermc;,clopent:—.dlene:JO)
bu.3n Bu_Sn
7 )
H B H
g+ S —> :
b ' D

Poutsmz and Ibarbiz have investizaeted in detzil the ABIBli-czt=zlssed zadition or

Mz_.3nH to conjuzated eryrnzs. Aiditlion %o l-penteon=3-yne g1ved z mifture of ths

g

3
142=-3aduct CCLXIII, the 4,3-zdaucts CCLAIV &na ICLALV, the 4,1-adjauct CCLXVI, arna
probably the 1,4-zdduct CCLXVII., Ths independent preparztion of thé ifomsr

CCLAVIII shoaed that the vroduct CCLXII was dzfinitely not CCLXVIII:
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MesanHZCHg.C=C.He
CCLXTITII

CHy)=CH.C=C.¥M: + Mz.SnH s < AN

. . A
CH,=CH.C=ChMe s———— U ¥ soomcmcocumn. o

CE,:CH—C:CEN&
< i

-

Addition to 2-methyl-1-buten-3~yn2 Similarly gives the 1,2~adduct CCLXIX, the

1,4-adduet CCLXY, ani the 4 3-zaducts CCLXXI and CCLXXII:



% He
Me_SnCH,CH.CSCH
5705

CCLXIX

Me
CCIXX

Te
=C-C= —_— =

CH,=C-CZCH + Mo SnH < M

CH’=C SnMe

The 1,4-adduct CCLXX rearranges in the gloc to CTLXXIIT,
cis- and trazng-3-pznten-i-yne affordz largely a

togethsr with 2 small =zmount of CCLXXV:

l.\"k:CEI:CECB:CEI.":'an}"le.j

CCIXIV
Me,.CH=CH.C=CH + MeBSnH —_— +

MeCHQCE=C=CBSnMe3

CCLARV
2-Hexen~-4-ynes give largely tne corresponding zdducts CCLRXVI:

Me
MeCH=CH.C=C.Me + HeBSnH _— heCH:CHCH:C:: CCLXXVI
SuMe

7

References p. 155
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Telomerisation alzo sccompanies the a2dd:tion reactions. In the proposed

peckhanism, i1ntermedizte propargyl CCLXXVII znd methylenezllylie CCLXEVIII
504

radicals are forrced by =zttack of Me3Sn radicals on the enyne:

2
P MeSSnCHR‘lCHR'C:CR5
--5%-- o )
> M2 SncER'CR_g-ca’ HE5T0E
- 1.,2 3
Q =
COLETVIT MeBUnCHR CR™=C=CHR
Mz_Sne
p)
1 2 3 R
R CH=CR™-C=CR"~ teloTers
e T R'CH=CR®CH=CR’SuMe,
o - = .~ @ -
Messus | —> &' CH-CR*-C=CR7SrMe, — =370
i i 2_ P
CCLXKVITI R CHZCR =C=CR anHe3
Trigllylallylstannanzs react witn orgznic halides with exchk<ngs of zllyl
ard halide functions:

Mz, Sr.-CH,-CE=CH, + Ci-R ——> Me.SnCl + CHQ=CH-CHQ-R

Mz, CCl_Me (ref. 305)

BuHSnCHrcH=GHMe + ccr, —> Bu35n01 + ClSCCHCE=CH°
’ Me

(re-.

The rezctions are p.oooted by ABIBN and penzoyl peroxide, and inhibited by
D-auinone znd galvinoxyl. The folloding free-radiczl chain mechanism was post-

u1ated'305'306

Qe + RBSHCE CH:CE{2 —_— QCEZCH=CH2 + RBSn-

R.Sn® + R‘z—>_w33nx + R'e

R'e + R,SHCH,CA=CH, —> R'CHCH-CH, + RjSa-

BElzgant conclusive support for this mechanisn 1s avzilzble from further work by

306

Gr:ignon end Pereyre, who hzve decmonstrated
(1) the formation of racemic products starting from an optically-zctive halide:



(+)MeCHCOMe  +  Bu SnCH,CH=CHMe ———> (Z)HMe-CHCOMe  +  BujSrBr
Br MeCHCH=CH,

(11) the rezrrangement of the unstabls intermeciate nexzen-S-y1 radiezl, which is

knmown to readily cyclise:

Bu,SnCH,CH=CH,,

ca_=ca(ca.),1 < CH,,=CH(CH.,) .CE=CH + =
2 274 —Bu.SSnI i 2 275 2
15%
e05%
+
5%

(111) e Operztion o5 polar wireciz. In the rizctious

Br + Bu.SnCH, CH=CH _—> @ CHQCH=CHG + Bu_SnBr
R

the reactavity follows the order R = E—CF‘? o-F> B ) Mz > p-OMe, tog=rher with
a gooa correlation with Bamoztt constznrns, Also, witn MESSnCHﬂCH:CHq, the resact-
1vity zequerce 0014> 50013> H,;,CCl,>MeCB,)CHZCl w23 obsarved.

(1v) tne prescnce of a Structurs-rezetiviiy relztic-ship Tor the hzl:zdes. Thus

the relative rzte constants MeSCBr (£, = 8.6)}>Me20H3r (krel = 2.1):>MeCHQCEEIr
(krel = 1) follow ths ordér of whe stzbaliz, of ths radical Re, In adariion, 1-

wasS observed that the rate varica witn the hzlogen in thke orger RI;>RBr:>RCI.jOh

Halogen atom abstrzction from =lilkyl nalides by trialkylnin radicals has zlso

been studied by Coztes znd Tedcler307 end by Jzckson et

irradiated miztures of He3SnH and allyl halidez 1n tne gas ph&se, wnen rzpid
halogen displacement by hydrogen takes placeg307 The halogen z2bstraction oy
BuSSn‘ radiczls (generated in solution by photolysis of mixtures of it-butyl

peroxide and BuSSnSnBuj) ig influenced both by polar and enthalpy effects.305
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In voth systems the rates of reaction increass in the order PLC1{ Br{ 1 and

primary{ seconcary(vcertlary. Jzckzon zlso determained ths activation energies

Tor hzlogen abzzirzction by BuBSc' rzdicals for 2 large number of orgznic nzlide
Organotin halides and cartoxylates urdergo homeolytic substitution =zt the &

. 30
cznire by t-butory racicals (generzted by photolysis of di-t-—butyl perovide):”’

- Fn -

“BuOe + R SnX *BuOS X v ;

Bu0 + R SuX,  —— "BuOSrR X, .+ R (1)
(X = wziide, carbozylate; n = i — 3)

estzplise=d _n ahick ths rczeirors (1) ard (i1) zre the propzgating stepz.

Re + BuOCI ——— 5  ®CI +  “BuO~ (12)
ketone triplets oring zbout an SHZ r=zction =t ths tin CEJCTc:;Og
1 < P 1 =
R 2C0 + Rnani, n > R ECOQERH 11‘_" + Re

310

ntly to Torp racdical znxons The

L-2:ketones, ozalates, zn1 QUINONES LIIAT

W

razetron of N-chlorisuccinizide wath az:izalkvlaitins 1s catzlysed by oclecular

CCLYYIX

CCLAXIX 1= quantitat:ivsl, cleavsd by orodine to give RSSﬁBr zrna li-promosuccinimi

The chain mechaniso involving the vropagztion steps

R.Sn* + RT N ———> R SnX + R' MNe
3 2 3 2

R'.Ne + R_SnSnR, ——> R' _NSnR. + stn'
5 2 5

-
< 2



was proposed. Me/Ne radicals (from the decompesiticn of i,1,4,4-tetramsth,1-2-

tetrazine) partic:ipate in SH2 reactions witn Measn,), however M»:—SSn- radiczle do
not appear to attack the nitrogen of tetramethylhydrrzzme.311 E:’r.an- raaicals acd

~

exclusively to the oxygen atom of 2,4,6-tri-t-cutylnitrosooenzene to yisid th

m

3172
ani1lino radical CCLXAX: ) °
But but
ny’ a t t R
Bt.SnSrBt, ——— Etjana + Bu HO ———— 5 "Bu —%-OR
But But
COLAX 2

The czidation of cyclopropyltin alkoridss with di-fruts1l perovice siald

51

&
[
[¢]
yoa
o
bt al
]
o
o]
-
o
i

Jslketonzs zad non—~cyclic products:
t L]
BuQ¢ e
CH—R —_— [>—— C—R -
Ds | | «—=
03nBu.. (SnBu__ OSnBu..
P 2 2

..Bu3:3 . —Bujs n®

‘>——c —R R
1] \/Y
0 |

(o]

Generztion of MeBSn. reza.cals 1n tre presgnce of osygen results 1n the formzi-.cn

of &tk

[

stannylperoz; radrczt CCLXAXI:

Me.Sne + 0, ——> Me.5n00c

> 2

The rates of decay of tns M:z_Sn00¢ rzdiczls 15 second ordsr in radical conc-
p)
. 51 : : . .
entration.”’ 4 Atteppter radical-anionic coupling of tripheaylvinyltin using

. -0 - .
2 potssSsium mirror =zt =78 leads to tin-vinyl bkoad fission yie:ding PhE,Sn

P4

(1%).71> '8p Ltams clezve tne Me-Sr bond of HeBSnﬂ:ﬂs

[ ]
18 8¢ 4+  Me.SoH

F + Me,SpE ——> Mo 5

3
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Vyacantkin et 2l. have studied the decomposition of tert-butyl- 3-(trimethyl

s:1yl)peroxypropionste CCLXZXII in a veriety of solvents including Bt4Sn znd
Et6Sn2. In Et4Sn, the initizl step 1n tne decomposition :5 the homolysis of
the 0-0 bond of CCLXXXII:
HaESiCH,CEL,ﬁCOOCMc—1 —_ Me331CEqCBQCOO + HeZCO
=2 s > 2 2
0

CCLXXX11

which initiztes the chzin processes:

Ec 5n —*® 5 Et.SeC.H, —> C,H, + Et.Sn¢
A —RE > 274 < a 7

Et.Sne + Me-SchqCHocCOOCHe- —_———> Me_CO-~ + Bt..SwOCCH,CH S1Me
3 5 27724 3 3 3001 2 2 3

CCLXXXI1I
M=_S10d_CH,, Mz.CO
2 = = 2

The msin decomposit.on products are 1:BuOH, C,Hd, 5-(triosthylszlyl)propionic &ci

1

and CCLEZXXIII. D=scomrosition 1n Et68n2 iz not slowed down by radical inhibitors

-]

i

ard proceeds viz & tour-centre rechznism,

Stannyl racicals R.Sn¢ (generated froo R SnB) strongly inducs ths radical
3 3
e = = .
decompositions of peresters,gls')lg peTr 519 720 Witn the

ozides, and tetracenes.

persst=srs R'C(O)—O—C-C"'I-:—_j (r' = Me, Ph, tBu), two compsting meckanicms are observ
I
2n SE2 reaction znd =2 radiczl-catalysea fragmentation. In pboth the staznnyl redi

ot

1s the attacking speciles. In the SHZ process, 0-0 bond fi3sion occurs with the

formation of the stannyl esters CCLCCCIV:

S
RI_C—0—0CMe. —— 5 |R'-C—0----0CMe.|® -———> R'-C-0SnBt;

i '\ 7 i H P i 2
0 1 O $uEt 0

\ 3

N CCLXXX IV
EtnSAO

P

—tBuOH +Bud*

Et.SnH
2
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whilst in the latter case, R'¢, CO,, ani °0tBu are formed and th: stannyl radica

31
r'generateﬂ:) 8

R'—ﬁ——o——ocne5 - R-—-ﬁ—--?-- oCMe_ |* @ — > EtySn=  + co,

w
M,

J 7/
0 6 SuEt 7
3 ,
+ . +
’
7
E:t_an- € - e — - —_ - - — -~ - Re + o OCM= _
. 2Et.SnH \\:%?
RE  + CBuOH + 2Bt.Sn* <2 \ ROCHe
Bt.,SnSnEt.,
3 >

Competing mechznisms also operzte in the stannyl-radical assiste

T

of the “butyl peresters of phenylperszypropiolic snd einnemie 201ds; (1) a s,2
rzaction at a2 peroxidic oxrygenzs zbove yisldong tBuOH and Ph.CEC.C0.0SnRg or

a3
PnCH:CH.CO.OSnRB, ara (:1) zttac: on £z o -carbin z=tom wWith so- or sp -hybrid-

1sation, leading to fragmentation with the formation of CO,, BuO , znd stznnyl-
[=4

zliyne or -alkene, &

.
e

0
" -
—> PhC=C.CO, *Bu
Ph.CZC.CO I >
2 SR
+  RjSae [t Ph.c_.—_—-_—-.c.b.ooteu 2
*Bu-0 SR, 0
Pl -~ il t
Pnc=c|:.coﬁ Bu
R_Sn
2

PL.C=C.StR; + CO,+ "0%Bu

The free-rzdical degradation of pnenylpropiolic and cinnam;l perovides 15 =zlco

strongly inducea by R.Sn radicals:
(PnC=€.C0.0), + 2Bt.SpH ——> PrC=C.CO,SnEty +E5Sn, + CO
1.81 0.10 0.21 0.15
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(PhCH=CH.C0.0), + 2Et SnH ——> PhCH=CH.CO SnEt., + EtSn, + CO, + E
2 > 2 3 6 2 2
1.76 0.14 0.12 0

319

The stannyl mercurial CCLIXXV has 3 similaer effect on the decompo=itzon:

(PnC=C.C0.0), + Me.jsmag,»smﬂ:_-3 —_— PhCECSn_He.j. +  PhC=C.CO,SnMey
L4 £
CCLRFRV 0.48 1.4

+ Hg + co

1.0 0.52

PnC=C.C0.0.0%R, = Ms SocSuMe; ———> PoCCSuMe; +  PhC=C.CO,SnMes
7

CCLXAXV 0.41 0.59

+ €0, + Hg + tBuOSnMe3

0.41

Stennyl radical attack takes place at l-1 or -4 of tetravhenyl-2-tetraczere and
1,4~dicyclohexyl-1,4-d1lpnsnyl~2-tetrascnas

RR'N—HN=N—MNRl{' —————> RR'Ne + N, + Bt SulRR'

=

(s82%)

I,

: , Et.SnB 1o \
Et_Sne RR'NH <3 J——————> FR'RN-NRR
e
(91%) (11%)
EtSSnNRR' p-um—
kR
2Bt;SnSnEt R =R'=Ph
1
(<1.0%) R = Pn, R = Y% %Hexyl
The y1€lds 1n parentheses refer to R = R' = Ph. Dicerbasolyldiazene reacts in

the Same way, but not aipiperidinodiazens. Cleszvage of tetraphenylhydrazine ig

. 2
also accelerated by stannyl rad1cals.3 a
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Divazlent Derivatives.

The novel staunylene ilMe~Si) Cq] Sn CCLAXAVI has been syntnesized from

o 321

SnC1, and (Me_S1) oCHLL 1n ether at O

The photolysis of CCLXXXVI by visainle

light to produce the [KME351)QCQ]3bn' radicz2l hess alrezdy been mentioned (vide

5Upnra ’ - 201

displacing CO from Group VI metzl carconyls
1

Monomeric, dizmagnetic CCLXRXVI

3
a?
net

w

z1s0 as a Lewis acid towar as y - picola

+ Q(Mejsi)ECHLl -__—>[(

a

h\)/M(CO)e/—CO

e

(MeBSi),_,CH]?sq > H(co),5

CCLXXXVII

erystel structurs of (ai-if:sri-butylsten

n dztercined by Brice ara Cotton (Fi

The structure of

Pig. 15. tau SnCr(CO)S.pJ.

2

American Chemical 8001ety).
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functions both as 2 Lsw:rs pase,

Torming the complexes CCLXXXVII, an<

BHEBSi )ZCH]-_Sn-

hv

ME_SL),JCH Sn ——>

TV1

\\\qﬂMrC BN

[(He,,.n) CH|,Sn € HC;H,Me-1

mylene)—pyrldlﬁopentacarbanylchromlnm

g. 13).

The Cr(CO)= group hss, &s

(Reproduced by permission of tha
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expected, vairtual C ¢ Tymmetry. The tin is four-coordinate, forming bonds to

A

hros um [}(Sn—Cr) = 2,652 A]. two tert-tutyl groups [}(Sn—c) = 2.25 e], and

Q

troger atom [}(Sn—ﬂ) = 2.29 A] The wond angles &t tin snow thaf

ot
=
o

3
-
Q.
-
Ly
[
=]
=

ths ceomztry 1 rntsrmedizte betwezr ‘zirahedral ard trigonal-pipyramidal with

a vacant axizl poaition. 22 Similzr tase-stabilised stannylene-iron tetrzcarbor

homolytie faseion of tin-iron

o
)
@
o
i
t
[
{
.
n
Q.
=
[
1]
.
3

complexss nave been obtzined
2

oond=d heterocycles:

R,
R,SnC1, /s:r\
= - 2B
+ _— (OC)Jre\ /c(CO)4 —3= > B->R2$ﬂ->Fe(CQ
Nz, Fe(C0), Sn
- - R

R = Mg, “Bu, Ph; B = THF, pyriainz, acetor2, MeCH, Et,0, DMF, DM30

N0

O

Marks, Zucx t zl. have proposed ylidie structures such as CCLXXAVIIT ~

324

r=an,

CCXC to rationalize MBsstzusr ard ESCA azta for trsse typ=sc of cozmplzxes

B
R
\\\'gnf——: \\\\Jn——-M-

R R R

CCLXXXVIII CCLXXRIX CCEC

Trz zluminiua trichloride complex of (MeC=H4),Sn hzs been prepzared from its
5 2
cozponznts, Its infra-red spectrum supportea the preservation of pentahapto

25

2
rirgs, and thke structure CCXCI was proposed."

Sn—> ALZ._ ., CCACI

Full detai1ls of the protolyt:ic clezvzge rezctions of cyclopentadienyltain

cozpounds to arffords tin(I1) oximss, hydroxylazmines, c¢yznide, imidzzole,

326 327

1,2,4-=tr2azolz, 1,2-dxzzols =nd thiolates nave appearea. Cyclopenta-
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32¢ . 39¢,

dienyltricarbonyltungsten nydride aiso reacts to zfford {[?p(oc)gw]DSnI?}n:JZG’)'E
whilst 1,3-diketones yield tin{II) bas(1,3-diketones}, which rapidly equilibrizate

Wwith cp,Sn 1n benzene with the formation of cyclopentadienyltin 1,3-ketonztes

CCZCII anda undergo oxidative-additicn with methyl rodide:

R
R R! e o=c]

cp S 2 N e > S Nea co,Sn Y
upg n + ﬁ i n 5/ Cpaﬂ\\ ,i/‘

0 0=¢ 0-C
Na |2 S

CCRCII

Mzl
M=3n(0,C;HRR" ), 1
nioride at rocm tempsraturs yielding = dark

Tatrzmethyltin metw,lates tin{I1) cni
29

olymeric tin(IV) spzcies.

a]
M
a
kal

Cyclonzntzdien,ltin(IV) nalides have zlso been cbizinzd by substitution of t.n(IV)

telidzs:

fn

15. Avbplications.

The BE‘3 complex of dibutyltin dilzurate 1s us:z=ful in the honopolymerisztion
e o334 : : e .
of triozane. The trislkyltin compounds, Rsunb(CHo)ncozsnR3 (o =1,2) or

i

References p. 155



148

]

9

aocszco Sr'.R.j are ce=izlysis in polyurethan: oznufacture. Organotin carbox-
7lates zre goad phota- ana therzal stabilisers for PVC.“)5 The interaction of

336

orzanniin =tzbilisers with chlorohyarocarbons does not involve free~rad:cals,

Pol jrers with RB ~cubstituents (R = Me, Fr, Bu, PhCHQ) nave been aeveloped

337 . -

Davelogrzsnty in anti~fouling pzints hzve

11
]
]
I
ol
N
[\
=]
ct
W
b
o
I3
o]
t
n
o
D
ot
-
3
0y
UJ

tributylt: ;caroudlthvo)nl zrazine 15 an active

. 339 < - .
constituent of stz.m resiztant pzaints. ? The biochemical zode of zction of
- bl e I S - - =, = = 340 = o A - I
tricyelorszylizn rydrovids *as been sazmined, =3 hzs tre effzczcy of Ph SnOAc
. 541 . 5
&3 a crop brotectant [or sore Lepiaoplercus pesis, Pra{sriznyizliyl)izn
- . e . ) . _ ... ol .
chlorids:, oxide zrd mydrovias have miticrazl zctivoty. Pracyclohsxyltan
aitvinpoazphanates =re zeilve Szinst houss fligs ard tyo-spottza pites zzd thea
210 . . . 208
ER TR (2~Traszolthio)tin conpourds exniblt = :ioial Perblcige &rrecsh.

Etk,l2ns brz{arthioczrbzzato) bis(chlcrostannzres) give 957 control of Phytophor
209.

invsstzne on tomzto sezdlingz 2nd protect pzrley zgzainst Helm:nihosphorium.
- - . : 227 .

Busa"CanOGPn 1§ = pesticids and 2 seel rrosscting egent. Tin srtrosulphites

= [

A . . 342 .
zre funzicides for the control of airidaw, Various orgznstin. COZQQUACS,
R 103,10 -

ineluding unsyrmetrical triorganotin cnloriges ana a&ccetates, 09 alxyl-{z~

N 207 A res . 228
pyriasit: 1o)t;n H-ox aes, tributyls-znnylzulpholeresz and sulpbolznas,

. . 245
organotin zczoliaes, trigutyltin zsiers of —(”—. ‘droryetiovy)benzoic acid

and 4,3"-stn,lenedioey-vis{banzore ac.1),”7° R?Sn(E05E4H—g)2 (kR = Bu, Oct; B =

9, 5),°% R.sert (R = Bu, Pr; R' = MacOC(CH),, C(CN)NO, H(CN)ac),”*” tributyl-

316 . .
sin (Depyzro-4,6-d:.c-loroprerozys)tin.’ T Tributyltin bis(polyozyetrylene)aliy:
rosrtrztes zre Shak Lt ;4 ant P - 347
prosrhztes zre surlactants, bacieriociides, and antastatic 2gents. Allvlitin
42

trihzlides 2nd z2lkylsczrenonie zcids furnchion as water rzpsllsrt zgents.

Spzldzng has describzd = gereral procedurs for the derivaion of thermo-

chepxcal date I'I'OC N3SS SpECTroScopic nszsureémsnts. Using this rethod, the gas
= =3 » &

prhzee heats of formation (£§B) for the series M=z S nCl4 —n (n =0 —~ d) ware dater-
mined. 0% D(Sa-"Fr) has peen deducsd to ve 46 kcal mole”.”o6 The neats of
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Me.5nCl ~picolinzldiraine formstion have been determined py caloribetry mn
“ o

12
M=CN. ’ Frop astermined rests of formstiorn, vzluss of ths Sn-N Lond energy 1in

+
BuanHbO zna BuaonH*F HanBu. were czlculzted to be 10“-5 keal, =ola - and 100-5

~1
vcsl. wole respectlvely. 40 Appzararcs potzntial mzasuressnts lzzd to a2 valus
A e ia 4 o e ) 355
aft ~ 2.5 eV for the tond =izsoc:ration erergy in M:aunhn(co,s,

{21) Infrz-rod and Rzmsn Data,

The Tfollowing compounds have teen nJ/esStigaten in Yar/ing asgTEes; (R}

aenotes Raran dztz:

. 26 . jof2)
Adapzntylu.n cocpounds; © trimethy ltin derivatives of the rorworn;l skeleton
3 A0
Mz _SnC (HO)CO Bt aizlkylicarozonyltin compounds; trialkyitin derivasiues
b
- . 17 . i 1aa.D%
of oyrazoles and psratolenines; trimsunhylstarnyl - Pt, Ir, Rn =z=:etylaidss;
Bu,Srfu.) G e e s D@ . T3 -
@, SrfH, 3NCO: the 20QiTign proJucts of EkanH ~2th diyres and of R,3nH
2 z . >
T4 R
(R = Bt, Pr, Ph) with =n mes; (#-zztnoeyoess 1 Yeriorgeraztannanag, (o=pyrrolidy -

(=2 , N
1~yloerayl)~sributyitin:™’ rBw(E:OOC)C=C(COGEt)(Snﬂea), [}EtOOC)\Me;Sn)H]7;
addition products of 1sonztriles witn tin hzligess 7 R33n01 cutipleces waeth
130
cerbonyi-3takilised prospnorus ylias
134

BuC1.8200,C.H.):' 7! comvleves of REWSnCI,
z 2O

with bipyridyl =znd phenantnrolinsz; dipnsr,luys evenztoz ana 2nloride orinz<tes,

R.En3C: (HCH)-N(CH)S SuR; (R = M2, Pn, BuCH

of (R_Sn}.0 (R = Pr, Bu) with SnCl,, TiCl,, SeClys —(iributyistznnoxy )~1,3,2~
2 2

LAY e o 15 152
diozaborolansss Me,NnOLeFS; organdtin trisl-oxid:sz and deravatives;
p]
158 .
butyltin glyco ;108 dxslkyltin blS(aDlEOElFU'LUeu), 57 Wuqur(O 7)? (s1nsle

5
. 171 . e
erystzl and solution Paman); N q1- ana triorganotin derivaiives of Senift bzserxs

1 —\-3 = . ~ =
O-trigllkyitin hyaroxylemirzs; { triorganotin derivatives of n.tronie zcids (IR zna
{€0 1an 3 N
R): orgarotin ucrcapuOCarbOTyl' ass triorganotuin derivztivez of amino

191, 193

acids (IR and R): ES Mcgau(HO )q, fA—oz:l;to—b1=(d1pFopy1 sulphoxine)—~

ntrato dlpnenyltln;197 Me.Sn(o SMe) 135 (CE =CH) St (n =2, 3, 4}, vingitin

27
sulphinatss (IR ard R); O° R ,Sa(PO,H,),, R,SnPOX (X = F, B, 08), (Me,Sn);(F0,),

16 R .
t,2-dicyancethylencditniolatodiorgznotin derlvatxves;z substituted benzoyl-

e 2
th;otrinethylstannanes;"7 trimetnyltin derivatives of d4ithio acids:"Hj

bt —DD
{Me Sn) E:M(CO) (8 =5, S2, Te; M = Cr, Mo, W) (IR and R);heo == MenSH(SEMe)“_r

224

(o =0-73) (IR and R);2 Sn(SePh)g, R;SaSePn (R = Me, Bt, Bu, Ph);""

References p. 155
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(2 = M2, WMz, OM=, :qﬂes) witn sulpnodiimiazs; MeBSn—H=S=h—SquT;

= P4
- 233 = =
#z,5nS,l,3 2 (He_Sn)HHeR (R = PN Fs, P;clz,sogcépg), (HE3SE)ZHR (R = P;H.F.,
P

30204F9, PC1_=KS0, >F), Me_ 5SnPOF, P M., 5F5 HeSSnN(P013=N)ZSOE;'JD e sq[ﬁ=c(CF )
S

(c =0 - 3);'39 adducts of trimethyltin zlkylidencamipes with PhNCO, CH,=CHCN;

2A 2
(PnP) Pt(Snne_)[h—c(Cr )2] 40 (MeoSu) P M(CO}, (M = Cr, M0);°*Y mized szermyl

0]

259 .
teanylarsiness;™ 7" oroducts of the zdlat:on of Bi_SeNa with alkyl altrynyl

sSulphides® 2na ethsrs; BuBSn),Eg: })—Me,unc B H7, (M an) Sb.
- 275”7
(M2,Sn) Sb:M(CO)5 (M = Cr, Mo, W) (IR and R); Me,C1StMn(CO) g (n);“0
o822, 284 3
M 5°5"‘°°) SaPh (M = Cr, Mo): cpW(C0) ,(phosphine)SnMe 253 03(00)4(SnPh3)2,

ep(Rc17an)(Pn3P)n1 (R = Bt, Bu);~ 3° [éﬁsnpe(co)l]j and py.R,SnFe(co) (R = Me,
“Bu, Ph);’?7 cp.Sn, (MeCiB,),Sn (IR =nd R); 'O (MeC,H,);Sn;a101537% tin heliag
cozplexes of prozvmorus(V) thio end dithag ES\’.—:-I‘S:-)1 Me Sn(C H ), (x =0, s,

S0,), Me, n(C B 0.) a4 ;232 Pposncy 1, (IR z2na ®; worz=l coordinat= snalyszs);DSS

M2,5:C1,7, Mz,8aC157, MeSuCl,”, M2SnClg =, Mz Snc1,2‘ (IR and R);°7° organotir

sulphadas (IR and R):JOI R,Sn(sCH,), (R = Mz, E:) (IR ana R),Joz

364

Me;Sub uMecH;]E, Me_SuMn(CO), (IR =ra R); 769 Irci(H)(seRr, ) (cO)(PPn.), (R = Md

tetrzz1lyltin (IR and R): crganota:

in ketones;jt? R.Sn.C=CH (R = M2,
2
Ph):376 PhSakr(CO), , PhjSMa(CO) PP, P Sare(C0),cp (IR and R);7%
Ph_JSnR»:-(CO)5 (R);Sgi methyloiznyltin compounds (IR =and R).400

(111) Nor Dzta.

_H ,S2CH,He CH,C1 (x = 8, c1), Me-SoCH, Snie, [?~2SnCE;]3,
1

'H:  XMe_S:CH.
(Me SnCH ) SnHe,,2 W -substituted zlkyltriorgznostannanes;

2z

vh(Phca }(Pr¥eCCE,)SoR (R = Me, “°Pr, “Bu, MeCH,CM=,), R(PhMe CCH,) *Bu*°Prsn

2
(R = Ph, PhCH.), Ph(PhCEZ) Bu(MeCHZCMeéﬁa. Phj(PhMEECCHz)Su,

2
PhE(PhCHEXMeCHZCMe: n, PhD(PﬁCHQSQR (R = ®Bu, PhMeZCCEE),[%hz(PnHechH s;lz,
adamantylt:n compounas;:o trig=thyloin derivetives of the norborpyl skelet
9~tr:-msthylstannyl-i,2,3,4~tetrachloro-9,10~d1hydro~9,10~-etherioanthrecene

5 -
{activation varamsters ror rot:atlou);“9 Me3SnCHID, (Me35n)20I2;J7 f-trimsthylsta
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38 40

etnoxycarbonylcyclopropanes; diallktylezrhzmoyltin compouras; di-3-putenyl-

dibutyltin, epoxyalkyltrizlkylstannanes, Bu3Sn(CE ) om;" trl&lnjltln derivatives
of pyrazoles and pyrazolen1nes;47 propsarg;l and zllenylstannanss ;71 trimethyl-

: .. 3
indenylstannanes (activation energres of Tluxaional rearrangement);7 trinethyl-

<
stannyl - Pt, Rh, Ir acetylldes;s“ organotin deravatives of tetrakls(alkoxjnoryl)—

(= & 7 C
(33} 5
cecnanes;’g’ S

+
MESSn—CHMe—Cﬂzcog—menthyl(—) (:n ths presence of Eu comrlevesh

the addition products of Bt_SnH with diynesz; LE (ctcmethozy— ana pyrrolidin-i-yl—
3 Q
benzyl)triorganos tannapes; o) © Bu(E10,C)C=C(CO,Et)SHe., [kEtOjC)(Me,Sn)ﬁ]Z;”g
- = - 4
120

&

cooplexes of orgznotir bzlianes with Mz P(2)Y (X = 0, S; Y = C1, OMz, SMe)

digStsreotople Lrlorganotin nh2l:ass and sstrzorzznoztannsnas

of trimathyitin ral:dass (ecctivztion energies of evchangz); - MentBus_anBr
(o =1 - 3);12’5 binary misturss of dimethyttip dinzliass (rats constaufs);126
MEZSnCI -prcolinald ne adduccs;lg? P.hSr.."._J (x = C1, Br, I) znd their zdduc
with Law bases;lza cocplere. of R35n01 Wwith carbonyl-=stapilised prosphorus
ylids; 130 BuCl on(O C- H7) 15 conplezes of tin halides with I—vlnylazoles;13’

~ 51 . 152
Me S5nOTeF.;'”® orgzanotin trizlitoridass and der_vatliveszs 2 orgznotin zlkorides
7 =3 L=

N i - . .
and paenoxidss (erchange):'’® the proaucts of inzertion of cnlorzl 1nto oxa-~

. 155 163 R
stznnacyclopsntanes and -pentenss; > arganotin SLENNZEranes, (:ntramclecuiar
. 169 ; . . AT b 73
motion); dimsthylfin derivatives of ONOQ teprdentate Schiff bases;
; ; 3 A T8 anotin ESTErs oF 179
O-trialkyltin hydroxylamines; triorganotin esters of nitroric zeias;

R
Me~Sn(NO )3 93 1,2-dicyancethylenedithiolato~d1arganotais derivatives;

substitutea bencoyltniotrimethylstznnzn 217

id

=

trimsthyltin derivatives of dithio-

aczus;'18 (M= Sn) E: M(CO)_ (B =53, Se, Ta; M = Cr, Mo, w)'_EO—___ M= Sn(oeHe),

3 n
(n=0-73);"n Mz,Sn(0S:CIR,), M= Su0S:CNR, Me201SﬁOSeCHR2;225 sdducts of 052
and PhNCS with owz—-aca- ana dlazastannacyclopentanes;230 zdductz of MeESnX (X =
Me, NMe,, OMz, SnMe;) with sulphodiimides;Zo! Me_Sn-H=S=l-SaMe_; ;272 MEESnszﬁz;EE;
R,SuCH,CONMe .COMe (R = Me, Et);2 07 (Me Sn)MeR (R = PoHoFe, PSCl,, S0,C,F),
(He3Sn)2HR (R = P5NFg, S0,C,Fy, PC1,=NSOF), Me ;SnPOF NP.N,F,, Me Sal(FCL,=N) 50,

M2,SnBMeBPn,, Me,C1SaNMsBPh,, trimethylstannyltrisz zaboradecalin;22 !
HenSnEiEC(CF-_.),]4 n (n = 0—3);2J9 edducts of trimethyltip allkylrdeneamines
70} a
. 240 _ .
with PhNCO, CH,=CHCH, (ph3p)2Pr(SnMe3) H=C(CF3)2], MEBSDX (x = PH,, P(bF3)2,

References p. 155
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2 z952 .
As(CFs)j, cl, Br, 1’);"51 oized germyl-s annylarsines;Lb' products of the additi

7

t
2

I
!

ol =y~ el
and ethers;")59 (tBuBSn)zﬂg;h’

SuMe (Me = A1, Gs, In, 11) ;261 L:TiMe,, Lo (Me Sn) T1M

of EtBSnNa wrth allkyl 2llymyl sulphides

FAS L) SnCZB4ET;260 LiMe

3
(n =1, 3);365 (He3Sn)TSb:M(CO)3 (n = ¢cr, Mo, w);27’ MeSSnN(cp)ZZ (M = Mo, W; X

Pl

o

rzlizae, E), adducts ol Ms C.C'=‘C.CO_)M—;-;‘7cs M9505M(CO)BSuPh3
.203

g*

n=1, 2, 3);”0 tin hzlide complexes

SnM(cp)QH woth M:=0
A

>
(cr.oscninsz)SuMs

0

;T che[?(OPh)s]zs:4M

- 208 - .

(M=C Hk)zan;* cp, Sk, _, (x =¢1, Br, I
1~

of phosphorus(V) thio znd diirio €sters; ! F—phecethylnln co:pounas;J)o N-viny

3 . - - . = I
ard N-gtrylimidazole cozplexzz of tri- and diorgarotin halldes;’5 HenSnxé_n

(n =1, 2, 3: X = C1, Br, I);2°° PhSnK (% = F, C1, 0H) (stuiy of colesculer

- 2z, Iy
rotion),”?% Ms,3a8(hM:CH,) 5 7° RBSnCECH (R = Mz, Ph);?'® organotin cazrhoranes;
4 -
: 39 5C6
orgznotin selenlies:Jﬂ (Me-Sn);Te_”o

237

B: MeESnNMeEPh?. Me C1SnNMeBPh,,, trinethylstannyltriazaboradecalin;
o I £6.1 o
F-MeBSnC,B'ET:‘UO MeBSnB(HMeCHZ)ﬂ:'O orzanotin carboranes. o
26 284

lJC: Adamzntyltin compouncs;

Cp?e[?(OFH)T]q So, M= ;‘9) susstotuted ar,/lirimsthylstannznsss soce vaiue
12 a

in ref. 372 rave lz-zr bezn corrected“73); S'LR4 (R = M, Et, nPr, nBu. vinyl,
aliyl), M:.S-C H. (r =3, 84, 5, A): Mz.3n0Mo=C=CHMz, trimsthyltin derivstives
b n _ N p]
o th2 norborayl s!—:-.leton:ﬂ~r R_Srozcl (R = M=, Ph);°'° various organctir der.v-
J
Sa
2tines (19 an all);suq aryl-~ and nenurltrl:ethylstannenes:"o organotin selzpnide
12 . ~_y 360
e RySelig (n = Me, E2).’
19, L (ha . 18 = YRR ..
F: on(er)A. an(CrB)BI, (ﬂujun)hﬁﬂ (r = M2, SnM=3, R' = p3H3F5'
235 . =y.23¢ 2 B 251
sozcip‘); 42 Mz Sn 1=c(0p3)2 gop (1= 0=3); ? MeSSn;(CF3)3 (E = P, As);
a
(4~Tluocroohzayl)dinzthyltir and triaryl(i-Tluorophenyl)tin compounds 580,381
k1
/s

P: Complexesz of orgsznotia hal:des witn MeﬁP(X)Y (Z =0, S; Y = C1, OMe,
[

120

1
sM2); cpi(c0)_(phosprinz)SnMe,; tin kalide complezes of phosphorus(V)

]
g
W3
Q
-

(8]

-
~~
Q

(o))
el

\Ji
A

u

-
l
-~
—
«Q

o

X

\Ji
~
iV ]

-«
o
=

[N

Q
y—r

-
o
=

N

—

Q
O

=
n

A

-

St
[

= Z
11‘Sn: Butyltin triElkO!ldeS;xSJ MenSnX4_“ (pn =1 -3; X=201, Br, I);’52

organotin selenides:®?' Me _nSn(NRz)n (R = Me, Bty n =

4
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- —:q_
1 - 4);397"98 Mz, SrX_ (X = SMe, OMe, OEt; n = 1 - 1).J’°

(17) Tin~1190 MBzsbsuer Dzt=.

e
J-Pherorycutyltrimethylting™™ epo:rvalkyltriorgznostznnanes, Eu, Sn(CE ) OH; 46
- . i R - \_130
caplexes of organatin halides with MenP(E)f (Z =0, S; Y =C1, OMe, SMe);
131 168

R5SnCl.EnsPCHCOM:, (R = M=, Fn); o9 BuC1,Sn(0,C H.): organostznnatran

172

"y
[}

di- apd triorganotin derivatives o criff bases orgznotin ox:natss and

i

17 .
zetra); |2 O-trialiyltin nydrozyl-

Schiff base complercs (mzgnetically psrturced so
amines;' 0 triorganotin estérs ol nitronic acias; S0 organotin mercaptoczrbov-
ylates;’go triorganot.n derwvatives of aoino zcids znd dipeptldes;191'192
Me,Sn(0,5M2) ;' 9 R;Sa(PO,H,),, RyEn(POX), (X = F, H, OB),(Ma; un)?(Pod)2‘205
organotin zminss, imipes, carvamztes, and amides;z43 [_Bu Snre(CO) o0
tBu,Sm-e(co) (B = DMEO, py); B."Bu,Sncr(cO)y (B = THF, MSO, py); 324
(”EC554)ES“; Me,5 ),JCH]QSn;}?' tin h=lide ecomplexes of phesphorus(V) thio
and d:thio esters; 31 Ph,_,Sn(:l2 (in depth study 23 2 possible c::alﬂor-an’c);353
REESEC1,.28 (8 = rv, toipy, DM30);7°7 Me Sni,  {A = Ci, Bri a =1 -3) 1n
various Eolvvﬁtszsse orzzuoiln sulpnidss, thiclazzss znd th Jacef=tes;363
Me uﬂ.B(r:McCH ),,,.’6” Bufm’ Bu,E-Cl,, B.A,S-SO4;3“:'!- tin-cobalt oonied corpounds: o’
orzznotin czrboranes 357 R:3501:(1)salen (R = Mz, Ph; % = HD, n_), GctSnC stalwn.

RSnClsﬂxsalen (R = Mz,Ph).” "7 Bzncrolt nhas caiculzted tre nuzdruwole zemart of
-

116, Lot -3 328 .
Sn to bz -0.062-0.02x10 o, whilst Gupta znd Mz jez hzre usea the Dzl Re
|
zpproximstion to czlculste electiron densities =t tun nuclsr, A value of +3.2a10° 7
was calculatea ror 2F/g, 404
(V) Mzss Specira.
= 18 . o = S "
bn(CF_) 3~ XM:,S5:CH.SnMe,CH,C1 (Z = H, C1), M= SnCd,SnMs: 5, (M=_S-CH_ ).,
= < Pt K4 < K4 ]
22 o«
(Me. 5S0CH )aonﬂeo 21 w-suostituted zlyltriorgancstznnanzs:®S R3rBw. (R = Me,
= 4
lSOPr, cyclog, ., . Bu,SaRR' (R' = Me, Et; R = 1S0p.  €¥C-Op., 3%Cyy),
EuEulsoPrcyClOHexSn, Et,BuCJClOHegSn, MeBulsoPrcyCIOHEZSn, BuqlsoPrSnEr,

. 23 =,
Bu'S%prY% 00,508 2 trimethylstannylindene and —indane (1onization potential:);?
(d—mctnovJ— and -ex—-p,rrolidin- 1—Jlbkn:yT)t*lorvano"tdnanc ;83 13°propy1 ana
te

Tt utyltin compounas; @) Mejsns.c(ncu)N(CN)Snmej:’4' D~-trialkyltin hydroxyl-
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a:lnes;‘Ta triorgzrotin esters of nitronac aclds;179 dimetnhylchlorotin carboxylid
and their nydrolys:s prccucts;’sa triorgznotin derivatives of amino zcids and
arpeptides, RBSnOE znd (R3Sn)200_ (R = Mz, chloE Ty1) 192 Me Sn(O SHc),J,196
1,2-dicyanoszthylensdithiolatodiorganotin der a;lves;“ls Mcj—H_S =N-SnM=., ;2H2
Mc_SnSZN2:233 (M2 Sn)¥M=R (R = PsNsFe, PSCl,, 50,C,F), (MeSa) R (R = PONSF,
so:)cﬁﬁ'g, P012=.~‘502F), HeSSr-_POFQH?ShBFB, MeserI(P ‘—u) 0,272 ( Bujon) Hb,257

ie vel 2 33
(r.3n N (R = Bt, Bu, —-OBu,ch_OHe\_, :_-,n);_'ﬂ Me an(C6H4) 0, [_Me an(C 0_5_)]2=334

M (C0), 5 ;0% R.SeEC,F; (R = Me, Ph: E =

q
Dialkylearbarmoyltin co:paupas;*o zubstrtuted benzoylthiotrimetnylstanranes

213 056G

trizethylitin a=rivatises of a:.t:h_o:—_:::.is;"'u !\-‘-3,_.‘3'_[H=C(C._.),7 9:”)j
234
cp(OC)qd(phospnlne)SnMes.
(v11) Eizotron Spin Resonarce
= ekl
Sl) H] Sn' ;“ ot Me C1., BSr*{n=0 - 3);20’ stannylecyclopsntznsl
P L

> 576 >
PrBSnéHCH_CHS, BuBSL063032CH3;309 BUESnOEMe2;31O 2,4,6 Bu_c g H-OSnE‘n,JIE
Me_Sr00” ;2% Me e5SnC 4B, M Bu0” <249
(v1:1) Farei c Dets.
Protolysis ot I—naphtnjltrlze:njltln;io tha dealkylation of Et,Sn oy ng

1

cnlorztly alxzlirnz clezvage of p-, g-, zna r—czrborzrn,/lirinzthylstzonznes;
the react2on oetween tin hydr:i:des anc chropium psatsczrooayl - czrbsane
83,84 156
cozplexes; 225 excnarge betwesn alkorytin coopounds =z=nd silanzscss 26 the 1nsert:
- 200 } i .
or 80, into aryl- and oentyl-tin ponis; nalog:sn absiraction from =zlryl
ey . . e e nle - . oo 007 t . . ~
n3l10€8 DY H:SSn rea:czls 1n ths gas brzse; BuL0O® subst:tution of RnSnX4 n
1, z}.209 _
(X = k=lidz ar carbaorylate; n = 1 3)3 reactron of N-chlorosuccinimiae and
311 - N = . s
newalkyldltlns;) aecompositron of tert-butyl 5-(trimesnyisilyl)peroxzypropionat
- ; 317 ; - ; . a.n 318
in BY,Sa and Ecﬁsn,; aecomposition of per2sters in the presence of EtSanH.

(ix) Photoelectron and ESCA Data.

[ézsnFe(CO)éjz (R = Me, Ph, °Bu), B.RZSnFe(CO)4 (8 = DMSO, py),



B. Busucr(co), (B = THF, DMSO, py); 2 [lm .51) Cé]an:JEI Me Snj2 220407 Pr,Sn,
s =
&5

wl

P SnCl, (PnCHE)BSr.Cl, (PhCHZ)ESnCIQ- Bu,SuR (R = Bu, viny
(z) Miscellaneous.
. _ o 172

The d1pole moments of Mz n(0705d7)9, Ph_ San(CO) (no)i (L = co, PPhS,

AsPha, P(OPh)B),29; Fe-Sr borded compounds, cp(CO)aManPn, (M = Mo, W}, ana
s

R_Snx (% = Cl, Br; n =1 - 3)Jj kzve bzen evaluated,

Ngr specirz hzse bzen recorded for mathyltin cnloriass (7?C1) and bromidss
) 356,399

1

(795r zni 81B:—) Mz SrX (A =Cl, Br; n=0-75 and £0z¢ of thear

comulexes with DES, dioxane, acetore, DME, THF, DMF, HMFT, pyridins, DMSO0, and

THED. 20
368 .
Crystz]l dislocations in PhASn hzve bzen stundioa.””~ Tre suolimztion
rressures of solidq =zolut:ions in vhe binary Pr,S. + Ph,S5n s,=ter hzve besn
o
369
MEASUTred.

Gupt=2 and Mzjee btave extended therr stud.es using the Do Fe approvicaztion

377 377

[&1]

to aryl-, vingl-, ani alkyl—t;n)’ bord cleavage Pitt pza diszcussea the
373

role of hyperconjugztion in Grouzn IV clemistry,

of th:s conformat:ional equilipria in orgzrotin nydrides have been carried out.
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