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Books, reviews

‘In 1971 the first two volumes appeared of a new monograph entitled
"Organotin Compounds", edited by A.K.Sawyer [ 1,2 ]. Authors of a variety
of well-known oréanotin research cénters i:ave contributed to this up-to-date
monograéh which covers the enti:;e: field of organotin che:r_niétry. Volume I
deals with the organotin hydrides, halides and oxygen derivatives (o:;ides,_
aﬂgc;xides ). Volume II i::ontaix;s chapters on organotin oxygen {carboxylates,
salts, complexes), sulfur, selenium, tellurium, nitrogen, phosphorous,
arsenic, antimony and bismuth compounds. Much attention is give.h to
reaction mechanisms and physical methods like IR and NMR spectroscopy.
Tables of physicil constants of compounds have been added to many chapters
Cormplexes of or ganutin halides with amines have not been included. _Vol_uxne
11, containing among others a chapter on applications and biological effects
of organotins will appear within short.

Sharp et al. compos'e;i a review with 458 references on inorganic, organic
and organométﬁllic compounds containing elements of Group I- ifIIl 3k

Less specif_iq_. review articles on oréanometallic ch_emistry, organotin -
chemistry ihclude’d, have been prepared by Stone I:4, 5_-_] and Rochow E&]. ]
‘Heterocyclic coi‘npouﬁds of the Gféup- IV elements ha-ve Ee'en surveyed by

Yoder and Zuckerman on the basis of 390 references [ 7 |
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Revzew papers on spec:.fu: classes of organotm compounds are be1ng

' mennoned below under the ‘relevant headmgs. o

Dxrect syntheses Matsuda prepared a rev1ew in Japanese on-the methods

g ,of preparanon of organotin compounds such as stnXZ’ RZR'SnX,
R3Snﬁ,, 345,“, and (RZSn)n, together with reactxons of txn-earbqn bonds ,':Sj
- Qrgenoentirhbny'compounds hAabve been found to be very effective

_V'c‘arf‘:alysts in the direct synthesis of dialkyltin dibromides and dichlorides

: (cf. AS 69; 48‘6) E9] Reaction of tin powder with octyl chloride, initiated

: bY octé)fl*iodide‘ and catalyzed By P'.Cl3 gives a mixture of CthSnCIZ (aﬁoﬁt
58 %) and Ocir:Sn:C],3 (about 15%), Whereas no Oct3SnCl is ‘forzﬁed Elroj.

'Rather compiex catalyst ssrstems-for tfle reaction of tin with alkyl halides

~ have beefl described in a German pateht applic‘ation |_—_1 lj. For ekample,
reaction of tin (15 perfs) with octyl chloride (56 parts) for 4 h at 155° in
the prvese’nce of I-]l?"]_":(l)4 (0. 6 parts), OctNH, (10 parts), red P (0.5 parts);
'IZ (1.5 parts) and l-octanol (1.7 parts), gave 94% conversion of tin to give

34% of OctSnCl' 47 % .of OthSnC12 and 12% of Oct3SnC1.

3
‘ 'Reaction of tin with alléyl iodides to give aikyltin iodides may be
catalyzed by amines (_c_f__ AS 69; 486 and AS 70; 249) [ 127], by organic
acids and alcohols (ci. AS 69; 486) [[13] and by zinc together with alcohols
i:l 4, 153, Another direct 'sﬁthesis process involves reaction of tin/zinc
: ‘6.1-' tin/magﬂeéiﬁm mixtures with alkyl il'xalvides_ in the presence of a catalyst
mixture comprising a qﬁarternary ammonium salt and an efher, thioether or
amxnel 16:[ o 7 - ’
As regards the direct synthes:.s of - d1alky1t1n dibromides under the

.m_fluence of Y u-radlat‘on (cf. 'AS 70; 249), Popova et al determined the

- 'optm\um rat1o r of d;ameter to height for 60C9 'Y_-radl.atl.on chem1cal

<rea¢':trors El 7:[.




Alkylation and arylation. Rate s_tﬁdies of the gas —phaée b'réa-ci':iqnpi",‘

Russian authors reported a slightly modified Barbier synthesis of tetrabutyl-
tin by reacting si.mﬁltaneously magnesium, butyl brc;mide and tin tetrachloride
in hydrocarbon solvent confaining ten percent of dibutylether ]:19]- By
means of Grignard procedures a series of alkoxyphenyltin de_rivatives,
(o-R’O-C6H4)4Sn. have been ;ynthes ized EZO]-

According to Gotze [ 21 ] reaction of neopentylmagnesium bromide with
tin tetrachloride gives 82% of tetraneopentyltin together withronlyi a trace
of hexaneopentylditin. In contrast, reaction of neopentylmaghesium chloride
with tin tetrachloride has previously been reported t-o give trineopentyltin
ch‘loride (62%), hexaneopentylditin (32%) and dnly a trace of tétraneopentyl—
tin [ G. Zimmer. etal. J.Org. Chem., 29 (1964) 2632_]. Grignard te-chniques
were also applied by Jutzi in the synthesis of 9-sila, -germa and -stanna-

dihydroanthracenes [ 22”]

RR'MCI R"M'X @[ @
@( )C Cf O %2, ¢ e,

ClMg_ MgCl R' R, R' = Me)
(M = Si, Ge, Sn)

(M' = B; R" = Me, Ph, Cl;
M'! = As; RY" = Me, Cl;

M! = Sb; R'".= Cl )

Tin-hydrogen compounds. Seyferth composed a review of reactions of

Group IV hydrides and halides with &ia'zoalkanes, carbenes, halomethylzinc
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: _compounds a.nd sodxo-tnchloroacetate a.nd the formatmn of carbenes from
- mercurxals E23]. In reacnons of organos:lhcon and organotm hydrxdes thh
tzmc \_arben01ds generated from d1ethylzmc and gernmal d1azoa.1kanes 1t was -

. obs erved that thh Et3an reductlon of the organl.c iodide predommates over

’A methylene msext:.on mto the Sn H bond l:24_|

, . —> Et;SnMe (21%)
T Et,ShH + CH,IL, £'Et Zn”,—" .
3 22 2 1 "EtZnX
L |_Et SnI:[ — > Et,Sn (53%)

By conventional .t’ei:hniques some mixed alkyl and elkylaryltin dihy‘drides,
 RR'SnH, (R = Et, R = Bu, Ph; R = Bu, R = Ph) have been synthesized [ 25, 26 ]

A patent apphcatmn has been filed on the preparation of cyclohexyltin trichloride

_ (4% yleld) and xso—propyltxn trlchlorlde (8% yxeld) by reaction of tin foil with
,- hydro::hlor1c acid and cyclohexene or propene, respectlvely, in diethyl ether.
The rea\.tlon is suggested to proceed by add1t1on of 1ntermed1ately formed
HSnCl3 followxng Markovnucov‘s rule E27—l Accordmg to the same team

‘ addition of SnH4 to olefxns such as 1- butene, is effectxvely catalyzed by a

" mixtove of t- -Bu,0, and cobalt- —naphthenate to give unlikely high yields of the
correspondmg tetraalkyltxn compounds, e.g. 73% of Bu Sn LZS:[

In an attempt to synthesize organotin barbiturates Maire gtal. performed

the hydrostannatioh reaction 297

,.R3S_nH + CHZ?CH- CHZ-CR'(COO_et)Z —_— R3Sn(CH2)3

(R = Me, Bu, Ph;
" R! = H, Me, Et)

CR'(COOEt)Z

Cychzanon of these adducts with ureum faxled w1th the buty’l and pheny'l

derxvatlves, but succeeded with the methyl compound E30___]

L.




(N, ) CO il b c(o) NH

:Me3Sn—(CH ) —CR(COOEI:):;_ W Me Sn-(CH ) _ C(O)

\ C(O)-NH <

(R H Me)

Japanese workers reported on Y-induced addition of R3SnH (R = Et, Bu) -
to carbon—éax_-bqn dvou.blerbond systems, e. g,:E3 1]:
Buj | ;SnCH,CH,R (R = COOEL, CH,00CCH,)

SniH + CH2=CHg:—yBu
Investigations into the relative reactivity of alkenylsilanes towards Group
1V hydrides such as EtBSnH, showed- the order of reactivity of the unsaturated
substituents to be ethynyl > vinyl > allyl > methallyl [ 327]. '
By ESR spectrometry Kawamura etal. determined that the principal
adduct formed in the addition of Me3SnH to 1, 3-butadiene is the trans-@-
substituted allylic radical (I) rather than the Ei._s_—isomer, as reported
pi‘evioualy by Kuivila et al. (cf. AS 67; 361). Presumably in the latter
studies ‘isomerization had occurred E33_—_l. UV catalyzed addition of
MeiXSnH (X = me, Cl, Br, I) and of MeCl,SnH to norbornadiene afforded

in each case four isomers (II-V). Mechanism and structure are discussed

CH SnMe
' A L S \Lsn_
. l\\ .

n - , (I oy . dwy ()

in detail [34]. Russian groups studied the hydrostannation of some acetylenic
E35:| and vinylacetylenic alcohols E36:[ as well as of enyne hydrocarbons
containing Group IV substituents {C, Si, Sn) at the triple bond E37j, viz.

RC=C-CH=CH, (R = alkyl, R:?_R'Si, 'R3Snif 'With the tin derivatives relatively
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arge, "ropornons of allyhe products are forrr;ed.; Next to-mducnve effects B

sterlc effects were concluded to be of great 1mp§rtance as. regards the produet'

:i',idzstrlbunon obtamed. o C . S : ‘ »I 7
: .Axelrad et a.]. L38:l used the adduct obtamed on add.l.t:.on of BuZSnHZ to

""io dxethynylbenzene, VI, as an 1ntermed1ate for the preparatlon of 3 H 3—»
benzoborepm-3 ol. Insu.fflcxent credxt was g1ven to Leusmk et al. who made '
detaxled studxes of this partlcular tm-hydrlde addition reaction {cf. AS 70-
_‘254) and who prepared tbe very first. example of an aromat:.c benzoborepmv

(cf. AS 67; 292).

(VI)‘ ’

As reported by Neumann gtal. :3‘ﬂ free radical displacement reactions

of triorga’xfxotinrradicals with triazene systems can proceed in two different

ways:
1.2 1.2
CAFNIN-NR'R®——> Ar- + N, + R;SaNR'R (A; Sy 20)
R,Sn- + ArH R3siH—J R3SnH- _
. a2
o - RgSn, + HNR'R
12 R 3Sn, R_SnH
- AT-N=N-NR'R® —3 N- N NRIR? |- B3SoH /5 Ar-N(SnR ;)-NH-NR, R,
. i L Ar”
o RS - R,
R;Sa- + R Hq._.g,i‘_H_ al. +|: ,N N=NRZ|—> _N (B; Syy2y)
T N ) snR,
\1-;17
Arr o

‘Wxth R:l Rz = alkyl reaction proceeds exclusxvely accordxng to (A),__ '7

;whereas reactxon (B) Decomes preponderant when at least one of the groups




R1 or RZA is stab111zed in 1ts radl.cal form, e g. PhCHZ, Ph3C or. Me3Si1.
lee in 1970 nurnerous papers dealmg w;th the apphcat:on of organotln o

hydr1des in organlc chertustry appeared in 1971 v1z. the reductlon of

1, 7- dr.bromo 2 2- dunethyl 2- sxlanorcarane ‘with Bu3SnH [___40], ‘the

reduct1on of specxfxc ty'pes of organomercurlals thh R3SnH and R3SnD
E41_|, the photoreductmn of o, B-oxido-steroid-ketones w1th Bu,SnH to g1ve
the corresponding B—hydroxysteroui-ketones ]_—_42 |, the reduction. of ster01d
vicinal halohydrins with Bu 3SnH |_43:l organotm hydride reduction of
gerninal dlha_hdes ]:44_] {cf. AS 70;-256), the Bu3SnH reduction of some
heterocyclic carboxyhc acid chlorxdes to give the corresponding a.ldehydes,
{45 ] and the photoreduction of ,Benzéphenone {46 ] and of acenaphthene,b
benzanthracene and phenanthrene with B'usan l:47_-_]. Reaction of the two
isomers of 7-bromo-7-chloronorcarane with Ph3SnH gave selective
reduction of the bromine atom E48:[. Triethyltin hydride was reported to

be much moré reactive than tripentylfin hydride in the reduction of

dia‘lkylchldrophosphite's |:49, 50:[ :

Et,O
(RO),PCl + R,SnH —2_—5 (RO),PH + R ,SnCl

< 30
At Bordeaux Pereyre and coworkers studied the use of Bu3SnD for
the selective deuterium labelling of o, ~unsaturated ketones, esters and
nitriles and the reduction of a-cyclopropyl ketones to o.or y-deuterated

ring-opened ketones and labelled cyclopropyl alcohols ES 1:[.

Tin-metal compounds. Davis and Gray prepared a reiriew on alkali-metal

and magnesium derivatives of organosxhcon, -germanium, -tm, ~lead,
-phosphorous, -arsem.c, -annmony and blsmuth compounds L52__]
» According to Zaygorodxj:.ii.‘ et als react,i_on'of triethyltin sodium with enynes

proceeds mainly by terminal addition to'the carbon-carbon triple bond:
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© gl NH3 e
-CH—CHZ —-(ﬁ—c—)-y—) Et SnCMe CH C“I CHZ N

. With tricthyltin I,i'i;h;ﬁrh'thé‘r'eaction,is : le_ss;_ selective, viz. [ 53, 54 .

ST ' - hq. NH3 :
w E 3SnL1 + MeC:C CH—CH H ®) Et3SnCMe—CH CH“CH +
- R )
MeCH= c'(s‘nEt 3)_; cH= CHZ
R ¢ O B
Triorganotin alkai'i- metal compoﬁnds have been uséd in the synthesis o_f the
novel blcycllc organotln compounds VII-X 55} (cf: ref. 34).
Lahourn%re and Valade contmued their mvestxganons on tributyltin-
magnesm:n chlorxde (cf. AS 70; 257 258) Reaction of thxs compound

,SnMe3 SnMe3 H SnR3

P

~Y.SnMe,

(VID , (vim) (IX, R = Me, Ph) (x)

.with ethylenic ketones proceeds by‘ al,2~ or a 1, 4-addition réac;ion‘,

depending on the size of the substituents {gf. Chart 1) [(56_]. With epoxides

kB‘Vu3SnMgCI + RR'C=CH-TG(O)R
R =Me,Ph; | R =Me;

: l Rf: H —  R'=Me,Ph .
Bu3SnCRR' -cH= c(oMgcnR  RR'C=CH-C{OMgCl)(SnBu R -
| l Hot L lH3o+ |

Bu3SnCRR' CH C(O)R 6—1%21—-— RR'C:CHQC(OH)(é@p3)R

Chart 1. Reactions of Bu3SrngC1 .witﬁ.ethylenic-kéténes .‘ﬁ : N e e



X the following reactions take place [57 %

, . o . . :
Bu3$nMgC1 +. R—CH~ (CHZ) ﬁ-—-—) Bu3Sn(CHz) —CH(OH)R
R An= 1, R=H, Me,Et, 55. 60%,
. ‘n= 2 RA-AH, Me, 70%)

The preparation.and properties of diphenylboryltin compounds by N&th
and coworkers has been discussedi prew_riously ,[éS]‘(Ef_.AS 69;: 493).

o LZCQ(BPhZ)
MenSnCI

222
Ly o Me_ Sn(BPh),

(X= PhZPCHZCHZPPhZ, n=0.3)

" As determined by PMR studies the self-exchange of (Me3M)2Hg (M-——
=5i, Ge,Sn) proceeds by a second order process. With the tin compound no
quantitative results could be obtained because of its iow thermal stability
(dec. above —20°). The rate of the group ekchaxlge decreaées in the order
(Me,Sn), Hg > (Me,Ge), Hg > (Me,Si),Hg > (Me,C1Si),Hg > Me,Hg [59]. Exchange
reactions between organotin halides and germyl-mercury compounds have

been found to be useful for the preparation of germyl-tin compounds, viz. [_60J:

Me;SnX, Ee,GeSnMey+ Et,GeX + Hg (X=MeO, EtO, EtN; 60-90%)
(Et,Ge),Hg—23%8% Et.GeSnPh, + PhSh, (X=Cl,NCO; 30-40%)

E530K 5 (Et,Gel,SnEt, + EGeX + Hg (X =Cl, OMe; 54-66%)

The structure of 1,Zr;diacetoxytetra;éh_enyiditin as proposed by Plazzogna

et al. (cf. AS 70; 259) was confirmed by X-réy analysis (S)_f_:' Fig. 1) @1].
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10 EJ. BULTEN

Fig. 1. Crystal structure of 1,2-diacetoxytetraphenyl-
ditin from C. Pannattoni, G.Bandoli and D. A.
Clemente, J.Chem.Soc.D, (1971) 311.

Fro:n the results obtained in a gaschromatographic study ot compounds ot
the type }521'31\»11\)['}3!'3 (M, M!=8i, Ge, Sn) the Zollowing electr;oni:: polarizability
values were denved 81—81, 15.4; Si—Ge, 15.8; Ge—Ge, 16 7; Si=Sn, 17.0;
GeSn, 19.2; Sn—sn, 20.6 83 j62].

Abel and Moorhouse reported further studies on reactions of hexamethyl~

ditin with transition metal compounds, e.g. E'3.]:

M
_ ik,
Me S0, Lo (Me.Sn), Fe(CO) 8, (copre” Fe(CO)
n e [= [=]
s ey - et 4;&'@:7?_4\5“/ 2
(7 -C.H.) M{CO) ' . o
MogSn, ——2S—— 2> (Me;Sn), MICON T-CgHl) s> (CO)-
'Mez
-(m-Cgt) M7 \M(coun-c5ns)
\Sn

Me3 : ___(M"'-—"CO, Rh)



™ 11
Dehalngh_aﬁo'n of lial_oﬁiethylbéh_zene-._der_iyatives' and of acid halides with
hexaethyld.ltm gi.ve s”h-ig'h ﬁe_lds- of the cof:f-es'poﬁdiné d.i_.n::ex;'s,: forexample
164, 65]:

PO B 5 PhCH,CH,Ph (63%)
PhCCIL,

s > cis+trans —PhCCl =GC1Ph (92%)
“e>"Z| PncClL Ph,C =GPh, (83%)
PhCH,C(O)Br, - PhCH, C(O)C (O)CH, Ph (+ PhG(O) Ph)

The results obtained in a kinetic study of the iodine cleavage of group IV
hexaalkyldimetals,; R3MMR3 {M=S5i, Ge,Sn; R = Me, Et) have been mentioned
previocusly I:Bé] (cf. AS 70; 259). .

Aleksandrovetal. [2463 studied the mechanism of ozonolysis of hexaethyl-

ditin:
EtSn, -_-ﬁ?%v—:p (ErBSn)Zo + {ErSSr.;o)Z {1/1)

Anderson and Drake synthesized some new representatives of compounds

containin'g Sn—As bonds (_c_f.. AS 68; 695), écc::rding to E»?J =
Me,SnBr + LiAl(AsH,), g 5 Me,SnAsH, + LiBr + AlBry
Me,SnCl .+ HSiAsR, —> MeBSnA.st + HSiCl

‘Me;SnCl + (H;Si),AsR —> (Me;Sn),AsR + H,SiCl

(Me;Snh,AsR + 2K —> Eae_,'s;Asrg@} Me3$n9+'21<@
LI5S 5Me snasHR
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’ .~These new trlmethylsta.nnyl arsines have a rather low thermal stab111ty. :
Schumann eta.l tf;BJ stuched group IV organometa_-stxbmes as hgands qn

g transznon metal carbonyl complexes..

(Me3M)3Sb + M'(CO)6 uy, (MejM):,’SbM'(CO)S + co (M Ge,Sn M =
—Cr, Mo, w)

Froin IR studies (veo) it was coqcluéed that substitution _of .ge;%na,;iiufn for
~‘tin has no appreciable éffect on the o-c.lo‘nvor‘ aﬂd ﬁ-aéceptor capacity of the
stibine ligand. 7 .
Sﬁthesis and specfral ébaracteristics of tl';e fpi_llo.wing dbrganotin-tr:ra‘nsi-
. tion rr;etal comp.oux;ds have been reported: M_e!;SnPh4,_n-mM(CO)3 (n=2,3;
m=1,2; M=Cr, Mo), (Me,Sn),C,H,-Cz(CO); and Me,SnCH,Ph-Cr(CO), [69];
(7~ CgH)Fe(COMLISnR, (R=Me, Ph,Cl; L =Ph;P, PhyAs, Ph;Sb) and
(n-CgHg,Fe(L),SnR; (R=Me, L='p'h35b; R=PFh, L'=Ph2'MeP , PhMe,P) [70];
(m-CgH,)Fe(COLSnPh CL,__ (n=0-3) [71]; Ph3M|§e(co) NOZ, . and
' Ph Sn[_i“e(co) ch4 n (M=Ge,Sn, Pb; L=CO, P(OPR); n=0- 3) Eizj
-G HNCO)XREMX,R (M=Si,Ge,Sn; R, X=Cl; R=Me, X=1) [13];
ri\/Ie_-,’SnFe(CO)(ﬂ- 5H5)'_] pL and PhySnFe(r- Cg)L (L = butadiene) [ 4];
Ph3SnFe(co)(n_c5H5)L (L =PiyP, GH,) frs].
Examples of exchange reactions of organotxn-transulon metal compounds
repo;ted by Nesmeyanov et al. Eé] are given in Chart 2. Little group ex- ,
chunge takes place between PhySnRe(CO); and N;Fé(co)zkn-csris).

NaRe(CO)5 Ph3SnRé(CO)5
1 b, 20% THF '

Ph3$nCo(C()) w)Se Ph3SnM'n(CO)5 (95%)
, NaFe(CO)Z(n-C H,)
NaFe(Co’z‘“‘CsEs—> Ph35nFe(C0)2 (n-CsHS)

Chart 2. Exchange reacuons w1th organotxn-transxtlon

meta.l compounds. :




George E]?] reported the f1rst example of tin- trans1t1on metal compounds

exchang1ng alkyl-metal groups. The mechaxusm of th1s reactlon ‘was. suggested

2Me3SﬁMo(CO)2(ﬂ Hs)L QO—-; Me,Sn + Iv'eZSn E\/IO(CO)Z(H-CSI-Is)LJZ A

(L= Ph3P)

to involve a bimolecular process proceeding through a four-centre activated

complex. This type of reaction was also observed by Clarket al.[?BJ:
2 Me,SnMn(CO); oD (trace) Me,Sn + M%Sn E‘“‘CO)ﬂz

Attempts to insert difluorocarbene into Sn—Mn, Sn—Fe and Sn—W bonds

were unsuccessful, but resulted in the discovery of the reactions:
Me3M1\/In(CO)5 + Me3SnL,F3 —_> MeZCF3SnMn(CO)5 + Me4M {M=Ge,Sn)
MeZCF3SnI\/Ir1(CO)5 + M%Snl\/m(co)s —_— M%Sn[Mx(CO)S]Z + Me-:‘,’SnCF3

By means of oxidative addition-elimination reactions Lappert et al. r79:‘
synthesized some group IV metal cyclopentadienyltricarbonylchromium,

-molybdenum and -tungsten derivatives, e.g.:

I\/Ie3MC£_.,H5 + M'(CC)):‘(MeCN)3 _ Me3MM'(CO)3(1T- SHS) + 3 MeCN .
: (M= Ge,Sn M'=Cr, Mo, W)

In these reactions the reactiv_ity was found to decrease in the sequence

Cr> Mo~ W and Sn> Ge3> 5i (enreacfive). The crystel and molecular structure
of d1(benzenesulfmato)- u_-(hydroxo-phenylstamuo)tetracarbonyl -di- 11~
-cyclopentadlenylduron have been deterxnmed by X-ray analysis [80] (cf
Fig. 2).
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) F1g. Crystal structure of d1(benzenesulf1nato)- -ﬁlydroxo—phenyl-
‘ stannlo)tetracar'bonyl d1-1-r-cyclopentadlenyldnron from

‘R, Restlvo and R, F. Bryan, Je Chem.Soc.A 21 (1971) 3364.

According to Marks [321] reaction of Na,Cr (CO),, with R, MC (M=
, g : 22T 10

- Ge,Sn; R= Me, t-Bu) yields compounds that were tentatively suggested to

RZMC]Z + NaZCr (CO),, 25 R,MCr(CO)-THF + NaCl + NaCr(CO)5C1

‘be pentacarbonylchromium complexes of dialkylgermylenes and.-stannylenes.
Thé'Mﬁ's‘_sbiauer spectrum of the compounds was stated to be "'quite unlike

spectra of tin(IV)-transition metal compounds'.

‘From a _kihetic study of Ph3MNIn(CO)5 with phosphine ligands no conclusions’

. <::_ou1‘d be .d'rawn as to a change in bdnding properties élohg the series

Ph3MIvIn(CO)5 + L — Ph3M1VEn(CO)4L + CO
o : " (M=8i, Ge, Sn, Pb L= Ph3P Bu3P)

’.51, Ge, Sn Pb [1_31] Ox1dat1.ve addltxon of hexaxnethyldxtm to Pt(PPh3)4 or

Pt:(PPh3)Z(C2 ) affords the platmum(II) complex, XI1. Hydrogenolysxs of XI




: M%SnSnM@3 +'Pf(PP}:3)4 —% transv;rpt(SnM%)z(PPhj)zii'+:»Zr.P_Ph3‘v‘_ | .
o S xn T T

proceeds already smoothly at room tempé?aﬁdré 'art':cording' to ['SZJ:

, r.t. . ' o
—_—
Some of the éuite interesiing reactions observed by Clemmit and Glockling
@3] with trimethylstannylplatinum complexes are compiled in- Chart 3
: (_c_f. A 570; 263). Compound XII was found to be stable in air for over 3

months. Attempted recrystallization from benzene resulted in loss of

Me3SnH
diphps Pt(H)Sn MeB —=——> diphos Pt(H)Z(Sn Mej)2

~diphos
diphosZPt(H)SnMe3
© SnM
7 Ph, 3
- £
diphos, Pt (P\\ Plt/_smvte3 .
Me,SnH
Me,SnH " l\s Mo, €5 diphos Pt(SnMe,),

th 3 benzene {X111)

_)hosZPt:C]2 ~diphos ( H )

XI11

diphos Pt(H)(Cl)(SnMe3)2 : HCL

M%SIanene diphos Pt(Cl1)Sn Me;+Me,S

JHC1
Diphos Pt(C1)SnMe, + Me,SnH+Me,Sn+H,+Sn  diphos PtCl, + Me,SnH
P ST een 4 P 3

Chart 3. Some reactions with tin-platinum compounds (diphos =

PhZ-RCHZCHZPPhZ).

Me3SﬁH, this reaction being reversible with Me,;SnH addition (cis-elimi-

'hation/addition).. As regards Vreaction' of cbmpbund XIN with Ahydro.chlpric‘: 7
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and tm hydrzde,'- whereas w1th a non-cxs chelatmg phosphme, such as tr1- :

phenylphosphme, the react:.on leads to the platmum hydr.lde and the tm

»;chlor).de. R

Txn—rutroaen compounds. Ishii and coworkers [84] continued theu‘ ‘studies

. of organotm-nxtrogen compounds (cf As 70 264). The apphcabxhty of - the .

) latter type of compounds in organ1c synthe51s was demonstrated once more

by the synthesxs of 2 6 dlphenyl 1,3, 5-oxadiazin-4-one (XV): Add.tt:.on “of

Me;SaNMe,

PhC(O)-N=C=0

e,

C
7\

PhC (O}-N=C=0

-dimetﬁylaminotrime‘i:hyltih to benzoylisocyanate givés the'pentacdord{na.te

structure (XIV). With an excess of benzoyhsocyanate compound (XV) is formed

‘via a cycloadchnon across the’ carbon-nxtrogen double bond of (XIV). Reaction

. of ’b:.s(trlbutylstannyl)phenylamlne mth chloral proceeds by add.ltlon to the -

~carbon-ox'ygen dou‘ble bond (Chart 4 cf AS 68 700 701) [85:' Hydrostanno-




Ny lysls of Me.sNM% w1th cyclopentadlenylsilanes y1e1ds the correspondmg
’ s:.lyl—stannyl cyclopentadlenyl der;vauves. The ;.atter compounds have been’

rused for the preparatlon of a series of s;.yl-substxtuted ﬂ-cyclopentadxenyl -

' metal carbonyls by methathehcal reactxons 1—869
Me,SnNMe, + CHSiR, —> Me,SnC,H,SiR, + Me,NH

Me;SnCgH,SiR; + CIM(COL —> (R;Si- n-C;H )M(CO); + Me;SnCl
: - (M= Mn, Re) '

Interesting new information on Grbup IV substituted hydrazine deriva-
tives was reported by Wiberg and Veith [87, 88]. Reaction of hydrazine with

Me3M01,(M=C,S'i, Ge, Sn) or Me; MN Me, (M=Si, Ge, Sn). and reaction of

Bu35n\ /OSnBu3 Bu3Sn\ CI:C13 /OSnBu3
(BuySn),Nph SHBECHO N-G—H chLecHo, N—C—O-C—H

pK H \0013

cCL
' V or
< Bu3SnO\ ZEl’h /OSnBu3
H-C-N-C—H
- / N
. Ph C13C CC13

!
(Bu3Sn)20 + PhN=CH—CCl3 Bu3SnN—C(O)H + B\135nCC]3

Chart 4, Reaction of bis(tributylstannyl)phenylamine with chloral.

hydrazides of the genera.l formula (Me, M) N,H | L1 (m+n +p=4) with
Me3MC1 yield the thermally stable hydrazines (M%M HMe, M )N—N(MBMe3)
(M Me3)(M =G, M =8i, M =Ge, M »=Sn). The tin derivatives are rather

A .b.susce»ptible to solvolysis and oxidation. The synthesis of mixed-group iv '
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O BRLa el T '}B‘ Lio S MMey o !
D Bubd - G Gi Ge, Sn) L Buld - Me3C—-NH—N e (M sl,c;e), :
Me L D i e 2) Me__,’SnCI \SnMe3 :
‘._»::' ". ._AV . B - V B X ) . . lM
1) Buli (M-S]., Ge Sn), s : M%C—NH—l\ I
2) M_eS‘MCI 2)- Me,GeCl . o GeMe3 _
Me_,’C—NI-I—-IN(MM%)

S 7 2) Me3snc;1 ' )
. c e 3 Si i iM
M%C\ _N/G M% M%C\N__N Mes +. M‘“’sC\N S1iMey
M%Sl SnMe3 Me_,)Ge , SnM% Me3s{; GeMey

(20%) I (30%) - (50%)

R S
Me3Sn0—®—OSnMe3

R e
MeySn” ;,\M'M% —Me;Sn0-¢_H)-OGeM

> R—N=N-MMe, (M=Si, Ge; R=Me,t-Bu, Ph)

> R;I\I=N—GeM% (R =Ph)

0=C__'>=o (R=Me; M; M=Si, Sn; M'=Sn)
= > Me; M-N=N-MMe;

N e
—Me3Sn0—\/_\/‘v—OSnMe3
1\; o=/_\ :.‘c (o)
e ~Me; MO~ H—-OMMe,

Chart 5. Preparatioﬁ-and reactionsof group IV substituted hydrazines, -

substituted-hydfazines and some r’eactioné are given in Chart 5.
The preparatxon of- organometalhc polymers of the structure

-}:SnRZ—-NHR’—N } by interfacial polycondensatxon of d.1am1nes thh RZSnC]2




(R alkyl aryl) m the presence of organlc bases has ‘been studxed b,r Car- .

' raher etal etal. Es9.9g] (et [03, 104]). | |
Two. research groups reported further stud1es on the add1t1on of erémlotm ;

,‘aZId“S to unsaturated systems, as observed m1t1a11y by Lux_]ten et al (cf.

AS _64‘; 142). Reaction Qf th3$nN3 with phenyhsothlocya.nate gives the tetra-

zole (XvD), but from the reaction with carboxri"disulvﬁdeﬂthe analogeus cyclic

"‘adduct could not be -isolavted as such E)iJ. Like\iise,. reaction of tin azides

- Ph—ll\l— ClJ =S

PhNCS N J—SnBy
Bu,SnN, xXvn

C S—-—C=58S
[ i

—> Bu,SnNCS + S + N
N N —SnBuy, 3 '
N\ s

2

with nitriles affords the corresponding tetrazoles. On the basis of spectral
and dipolemoment studies the structure was interpreted to be the 2- rather
than the l-trialkyltin isomer. Like the corresponding imidazole derivatives

the tetrazoles have polymeric structures in solution (pentacoordination) [92].

R\ (R'= Me, Bu; R=Me, Ph;
/c N\ R'=Bu, R=Et, Pr, PhCH,,
Ry'SnN; + RC =N —> N\ /N—SnR3 CH, =CH, p-tolyl, p-NQ,C,H,
x
N

p-CH;OC.H,)

The- crystal structures of dimethyltin bis(dicyanarnide), Me,Sn E\I(CN)ZJ 29
and of trimethyltin dicyanamide, Me;SnN(CN),, have been reported [o3]-
One of the products formed in the reaction of bis(triethyltin)cérbodii'rﬁide,
E%SnNCNsﬁEfé (cf. AS 70; 269), with ZnCl, is Et,SnNCNZnCl [94,95].

- Rea’ction of tribut'jdtin_ _isocy_anaterwith amines in the presence of water has

' beénhsedfor the synthesis of some 1,1-disubstituted ureum corhpoix.hds Ef;l.

References p-62



ErBULTEN

‘B SnNCO Rz—-» Bu35nNHC(O)NR2 WHZNC(O)NRZ

(R Et, t-Bu, PhCHZ CHZ CH—CHZ)

Tm—phosphorous compounds. Scherer et a.l prepared some group IV

-su'bstl.!:uted phosphazane and phosphazene 1somers E97J Ju.st hke tf:.methyl—

B ‘ 1)BuL1 i . - .V o _. ‘
t-B\.ZPNHS1Et3 Me3MCl t-BuZP(MMeB) ~N551Et3 (M-—Sl, Ge, Sn)
v‘si:ram'iyklar.sin‘e (cf. ref. 67), trimethylstannylphosphine has a rather low

.‘thermal, oxidative; and hydroiytical stability [:98]. The inversion 'exiérjgy’
-4 Me,SnCl + LiAl(PH,), —> 4 Me;SnPH, + LiCl + AICL

Zba:‘frieé:s in group IV substituted phospl_n’.nes of the structure Me3 MPFPhR
i i(‘M='c 54, Ge, Sn; R= Me, i-Pr) have been found to decrease linearly with
"'the Allred electronegat1v1ty values of the heteroatoms and with the chemical
»slnft of the M93M-protons E}9 ‘

: Schumann and coworkers continued their studies in the field of organotin-
v»-phospho;ous‘ chemistry (cf. AS 70; 268 Aa.nd AS 69; 502). Théy synthesized
‘so‘l_r'r.le cyclic »oi-ga;notin. phosphines according to [ibO}:

. stﬁCJz Eg‘;f;% (RZSnPPh)3 (R = Me, Bu, Ph)

:F;n'*th.er.more",n xiew exai‘nples were given of the use of organotin- -substituted
phosphme denvatwes as. 11gands for trans1t1on metal carbonyls (cf. AS 70;
268 and AS 69;.494), e.g.: ‘

i'-(Me3M) PM'(CO) (M =Si, Ge, Si; M _br,Mo,w) ['mﬂ, \Me3M) P Co(NO)(CO),
(M c, sl, Ge, Sn) [oz] and (Me3M) PMn(CO)Z( 1 -GH,) (M=C, Si, Ge,Sn) '[_ioaa.




21

‘Tm—O:(XLn compounds 'Sakal and Ishu prepared a review :.n Japanese on .

the apphcatxon of organotms in chemical synthesis IIOE]

Bxs(tnphenyltxn)oxxde reacts Lnsta.ntaneously thh mercuric: hahdes. -
'_ngxz ‘in diethyl ether to glve pneny.l.rnercury naude, : tnpheny.ltm halide and
’ dlphenyltmoxxde as the main products. The suggested mtermed1ate,

Ph3$nOHgX could not be isolated or prepared otherwxse [-105]
(Ph,Sn),0 + HgX, —> [PhySnOHgX| —> PhSnX + [Ph,SnO|  + PhHgX

. Base-catalyzed hydrolysis of t—,_BqunCIZ_ gave the first representative of
an organotin hydroxide chloride EO6:|_. “With an excess of base the corresponding

oxide and subsequently the dihydroxide are formed. Russian workers paid

O] ©
t-BuZSn(OH)Cl'V—gH% t-Bu,Sno 2E5 ¢_Bu,Sn(OH),

t-Bu,SnCL H,0/0HY,
considerable attention to experixr;e‘ntal,d.étja.:ilsv _?f:'i:he base-catalyzed hydro-
lysis of diorganotin dihalidresr to éive the. cfarres'};_onding oxides EO?- 112].
Carraher and coworkers extendi-d tﬁé.i'r'stﬁi;lies'?.éf the production of organo-
metallic polymers by the interfacial technique (cf. refs. 89, 90) to reactions
of R,SnCL, with disodio adipate (R =Bu) [113] and with alkylene diols (R =

Bu, Ph) l—ll‘i:l For example, pol}fcgpdensaif;on pf Ph2$nC12 with 1,4-buta‘.nediol
in th.e presence c;f trie.thyl amine gav‘e a product (XVII) with a softening 1>-;nge

> 300°. Matsudaet al,prepared a series of alkyl- and arylstannonic acid
elal Yy Y

derivatives, (RSnOOH)n (R =Me, Bu, Ph, 0-, m~, p—tolyl, p-Cl-(:6H4). The

PhZSnClz + HO-(- CHz) ~OH =53, {O-Snth-O-(CHz’r}n

(‘{VII)

alkyl compounds were reported to be msoluble even in polar solvents hke

du'nethyl sulfoxl.de. Thermal decomposltxon occurs at 260 360 . tnermolysls
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benz.ene and water EllS]

D’ vies and Harrxson extende ,-theu‘ 1nvest1ganons on functxonally' su'b- o

stltuted dlstannoxanes (cf. AS 70 270) to s:.la- , germa- and plnmbastan-v., :

. for e‘ample Elél A : i

: exothermal L Lo
: (M= s;, Ge,R Me- M= Pb R = Bu)

‘Ina sunllar way reactlon of dxbutyltm oxide Wlth ‘phenylmercurxc chlorzde
a.nd wzth bzs (penta.fluorophenyl)thalhum bromide gave B%CISnOHgPh and
BuZB:rSn.OTl(C6 )Z' respectlvely. No reaction occurred wz.f.h the less co=

valent dn—nethylthalhum broimide. - Chow [?_ll'r_:l determined the crystal and,

. lg. 3._ ‘I‘he molecular structure of [MeZSnNCS) O]Z rfrom Y. M. Chow,
RS Inorg. Chem., 10 (1971) 673].

".molecular structaré of d1mer1c tetramethyl-1,3- dusoth1ocyanatod1stan- .
‘noxane (cf. Flg. 3 Mehrotra etal sy‘nthes1z.ed some sy‘mmetrxca.l d1stannox-
" anes by reactlon of dzbutyltm dxchlorzde with pocassxum hydrophthalate or
f";thh qumaldmxc acxd [ 18] Some ougostannoxanes of the formula RCH(NHR']—

.':COO(SnBuZO) SnBuZOOCCH(NHR')R, wherem the ammoacxd moxetxes are



-alamne, leucme, phenylalanme, N-= benzoylglycme andN acetylmethxon;ne'
EI‘?] (cf AS 69;. 507), have also been prepared., . '

‘ Trunethylstannyl metaborate, M%SnBOZ “was: obta1ned by' reactlon of

~*r1methy1t1n bromxde w1th ‘silver’ me*aborate [IZQ]

' X-ray analy51s conﬁrmed the’ molecular structure of methylt;n tr1- .

nitrate as proposed earlier on'the baSIS of UV ]R and PMR: spectral studxes

(cf. AS 70 271). The coordination around tin is approxxmately yentagonal

bipyramidal [21] (ct. _F1g. 4).

Fig. 4. The structure of methyltin trinitrate. Erom G.S.Brownlee, A.

Walker, S. C. Nyburg and J. T.Szymanski, J. Chem.Soc.D, (1971)
1073].

In a Jépanese patent application organotin-sulfamic acid de :i_iratives,
RnSn(OSQZNI'TZ)‘*;n (R ialk&l, Ph; n= 2,3):have been clai;med to be useful as
fungicides EZZ]. By conventional methods’ Lindner et al. [123]'prepared some

new organotin sulﬂnates, Pi)Sn(OZSR)3 (R =Ph, p-tolyl). The same authors
7 reported that the ins'oluble,polymeric'triphe-lyltin-pb-tolyrlsulfinate delﬁoly—
merizes an heatmg in benzene solutmn whereby the IR spectral character—

" istics remain unchanged. Under the same conditions frlphenyltm_
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: : benzene 100
,_:.Lph;’Sn(p ozs C6H CHs)]n z= 19'6 > nPh35n(p ozs C6H CH3)
mp. 213 219 el L .p. 205 207» S

j;,vphenylsu.lfl.nate remaxns polymerzc, but the IR spectrum does change as. the
"';resu_t of &- phase-transxtlon mto a crystal structure of h1gher sylnmetry [124];
‘Organotm compounds contammg fluorme subsntuents in the anionic group '
have been prepared by' reactmg M%SnCI (Me3Sn)20 or (Me3Sn)2NMe with -

"perfluoro anhydr1des ﬂuophosphoryl hahdes and chthlophosphorlc aclds
A .[iZS.‘ e.g. ' '

CFS oS CF
OZ OZ 4 ZMe35nOSOZCF

(MegSn)O _SPF3

XviegSn.OPSF2 + M%SnF

Me,SnCl + HPS,FX —> Me,SnSPFX + HCl  (X=F, Me)
eSaCl + HPS,FX —> Me; . ,

An X—ray study showed that ciimethyltin bis({fluorosulfate), MeZSn(OSOZF)Z,'
has a structu_re consisting'of polymeric sheets with FOSOZ-groups acting
as briaging ligands between‘the linear dimethyltin units [_I_ZGJ (cf. Fig. 5).

: ln accordance w1th the latter observation, Iv‘oessbauer and vxbratxonal o
spectra of Me3SnOSOZX (X =F, Me) were mterpreted on the basis of penta-
coordxnate tin with br1dgmg OSOZX groups [127_|

Garrodd etal. [128] _critically_ discussed the conclusions of. Stapfer et al.
(<f. ~AS 70~ 271) as to the moxromeric structure of bis(tributyltin)sulfate. It
was argued that the IR’ and Moessbauer data do not. warrant the conclusion

- that thzs compound has a monomeric structure in the solid state.‘ In a reply

. Herber and Stapfer [_129] dis cussed add:.t].ona.l IR mass - and Moessbauer

_,spectrometru: ev1dence 1n favour of the monomer1c structure.

Accordxng to Pommxer etal al [30] reactlon of (3-ha_loalkoxy)tr1buty'ltm




Fig. 5. Crystal structure of MeZSn(OSOZF)Z' Erorn F.H. Allen, J. A.

Lerbscher and J. Trotter, J.Chem.Soc. A, (1971) 2507).

compounds with magnesium gives the corresponding (3-trialkylstannyl)pro-

panol derivatives:

. 1,2 3 1) M - 12 .3
Bu3SnO—CHZ—-CR R -—CHR V—Br —)——%>2 H21 : B\bSn—CHZ-—CR R-.T—\JHR -OH
' (R R2=H. Me, Et, R3=H; Rl, R2=H, R> =Me)

The synthesgis ‘of some 6xygen-containing tin-substituted acetylenes was

. dealt with in a Russian patent application l.}3l] .
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spectrophot metr1c study of the methanolys:.s of tr1pheny1t1n oxmate

the followmg equlhbrnun was obs erved [132:'

..t‘h3anx + MeUl—i 6—-——-' t-'n3anx'Meun €--——- t-'h3anMe + HUx

3)

(Ox oxmate K1<-5 6 x 10 Kz 4. 0 x 10
. Generally reacnon of organotln a]koxxdes w1th alkyl hahdes nges the cor-
“respondmg organotm hahde and the ether. Pomm1er et al. [133] observed,
»fhowever, that w1th polyhahdes a free radzcal oxxdatlon reacnon takes place,

vizm. o

B'\gsnOm.RR' + cx4 g—r"—-> Bu35nX + RRIC= o+cm:3
A Y

(R =H, alkyl, aryl)

'Ishii'end' coworkers preeented a full aeeoun‘t of their interesting-new
éyxitheseé o;f spiro—erihocarbonates, by reacting bis (tributyltin)alkylene
‘glycolates having a CZ—C unit with carbon disulfide E34J (cf. AS 70; 273).
The same authors concluded froma mechaxustlc study that reacuon of

chbutyltm dxalko:ndes thh phenyl xsothxocyanate proceeds via the initial
Bu,Sn(OMe), + PhNCS —> Bu,SnS + PhNG(OMe),
for_m:at'ion of the one/one adduct E35].

» Pereyre e{: aL studled the kmetxcs and subsntuent effects of the excha.nge
t"hetween trla]kyltm alkoxxdes and optz.cally act1ve sxlanes, R3$1*H a reaction
. hat proceeds thh complete retentmn of conflguratmn at silicon {cf. AS 70;
~275) The results pomt to a four centre mechamsm thh charge dxstrxbutmn

-in the ';:ansxtlon state, the formatlon of the Si~O bond precedmg the formanon-



'*of the Sn—H- bond [36] T::lbutylnn metho:-ude reacts thh acylfluorldes : -

' iaccord.urxg to L37]
Bu,SnOMe + t-BuC(O)F —> Bu,SnF + t-BuG(O)OMe

In the ethanolysis of tri-isopropyltin haide_s. i-Pr,SnX, the reactivity de-
creases in the order F>Cl>Br >I E.38J . Voronkovetal. niade’rarcomparati've
r;.te étudy of Me3E0Et (E=_, Si, Ge, Sn). With the ger.maniuxn and tin
derwatwes, however, -hydrolysis in neutra‘ medla was- too rapid for a
kinetic study- E39] Baukov et al. [140] used the reactivity of the tm-oxygen
bond towards ketenes for the preparation of some new group IV metal-

substituted esters, e.g.:

.R3.SnOMe + R3'MCH=0 —_— R3'MCH(COOMe)SnR3

(R =Et-Bu, R'=Me, Et, M =Si; R!' =Et, M=Ge)
(Et;SnL,O + ESiCH= C=0 —> E%SiCH(COOSnEtZ)ﬁnEta

By conventional methods a series of trimesitylalkoxy- and aryloxytin com-
pounds have been synthesized [141] -

The structure, thermal stability and fungicidal activity of a series of
compounds R3SnC(CN) = CPh, —prepared by thermal decarboxylation of the
corresponding esters, R3SnOOC(CN) = CPI-AZ — was studied by Cummins etal.
[i42:l. According to Tagliavini and coworkers E4Zﬂ bis(trialkyltin)oxalates,
(R;Sn0O0C), (R =Me—Pr) have a polymeric structure as a result of penta-
coordigation, the RBSn-groups being planar. Alkyltin carbogylates may be

used for the preparation of mono- and diketones E44]
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1?31]2_7%1&'1-?9_) Buc(o)—-CHZ'CHz—C(O)Bu

1) PhLl

'-'Thermolysls of alkyltxn chlorocarboxylates at- 240 results in the e11m1nat1on
of organotm thorxdes as the sole chlorme contammg products [45] Free—

: —rad1ca1 mduced copolymer1zaf_10n of trzalkyltm.nnethacrylates w1th ma1e1c

K= (CH2’2—> :RZSnC]ZV + cr= CH—cooﬁ -

stn(ooc—x--cn2 4 [X=(CH), - CHZ—CHZ—CHZ—C(O)O
X= CHMe G

anhydride and with styrene yields ternary copolyrners with bactericidal and
B fung1c1dal propertles [4(1] Dannley et al. applied for a patent apphcat:on

- on the preparat1on of (probably cychc) organotin peroxldes from dialkyltin
dunethoxxdes, aldehydes or ketones, and hydrogen peroxide [147] (cf. AS 69
'508) Compound XVIII constltutes another example of a cyclic organotm

peraxide [48].. In a kinetic study of the rearrangement of Ph351:100(0)(}—-(‘9H19

"O0—=0

: : - e C : - SnBuy,

|
,(BuZSno) +- MeZC’OOH)—("HZ) —c:(OOH)Me2 — :(<|:'Hz)z-1 Q- (n=x1,4)

M ~SmBu
= No-~0” E
(ngm).

R <,
-

:1nto PhZSn(OPh)OOC—-(.‘,;H.19 among others 1t was found that the rate of forma-
tlon E{rom Ph3$nOH and (‘.91-119C(O)00}ﬂ is much h'gher than that of the o

rearrangement ﬁ49]




29

Tm-suhur, ‘-selenxum, ana —telluruun compounds

JLs dxs cussed above compounds contammg tm-phosphorus and tm-arsexuc
'vbonds .are reachly acce551ble via the correspondmg 11th1um alumxnates |§7,
' ) 98] The results of Anderson a.nd Drake show this techmque to be generally

' ‘apphcable for estabhshmg tm—heteroelement bonds [50] v1z. :

4 Mx o+ nI4L1A1(SMe) — R, M(SMe) + nl4L1X + nl4A1X3

nl<1»LiAlH4 + nMeSH — : : (M Sl,Ge,Sn R= Me X= 'Cl, Br n=1, 2)

Wardell etal. 1151:\ reported further studies into the cleavége of organotin'
sulfides by aromatic-sulfenyl compounds and by divalent sulfur chlorides

(cf. AS 69; 509). No reaction was observed with sulphenylcyanide, -amiide,

ArSX + R3SnSR' o R3SnX + R!SSAr
SC]2
—> R3SnC1 + ArSSSAr

R:;SnSAr. — SZC]2

dr—— RSSnCl + AISSSSAr .

(Ar—p tolyl, 2- rutrophenyl 2,4-dinitrophenyl;

R, R' =alkyl, aryl; X =Cl, Br, SCN)

-esters, or -disulfide€s. Organotins were found to be convenient materials
for the E;srnth'esisr of organic trisulfides ‘and tetrasulfides as well.

. By conventional techniques a series .of trimeth};ltin derivativeg of .
4-substituted phenylsulfides, p—Me,anCéH4X (X =Me, F, C1,Br, NH2 NOZ),'
have bgeﬁ synthesized. On Fhe basis of I.RA and UV data p“(S) —->d.IT (sn)
bonding was suggested to occur [152__] . Rea_cti'on. of dimethyltin dithiocarba-

mate yv::i.th ‘ dihaloalkanes proceeds according to ES?}:
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l'MezS“Lg(S)CNMeZ_-lZ ? — > (CHZ)m /C=NMe2 : MezsnX:+2
- : ) S ~s~ - n o

T L X(CHZ) X -

fMe?_Sn[S(S)CNMePh]Z EPhMeNC(S)S(CHz) ]2 +.. Me_,_Snxz

- (X—Cll B_r:,I; n= 1,25 m”2-4) et e Tl g

Matsuda et a_1 [_154 155] mvesngated the thermal d6composxt10n. of several
‘ types of d1a1ky1t1n mercaptldes, RZSn(SR.')2 (R, R!'=alkyl). ‘“The thermal
stablllty of these compounds decreases in the order RZSn(SR‘)2>RZSn-—
E(CHZ) COOR ]2>R25n[SCHR"COOR]2. Some (trlalkyltm)Dutylselem.des,
R3S;15e3u, _ha.w(e been prepared by cleavage of Sn—N and .-5n—O bonds -wx):h-

“-butylselenol {156].

Alkenyl- and alkynyli-tin compounds. The Grignard route to tetraallyl

: _group IV metal derivatives has been taken up in Inorganic Synthesis E.57].
Aé found by Pereyreetal. [158} the tin-carbon bond in :tribufylallyltio com-
pounds is suffxcxently reactive to allow addition to the carbon-carbon tr1p1e
7 bond of dxmethylacetylene dlcarboxylate and to the carbon-oxygen double

bond_of reactive aldehydes. In all cases allylic rearrangement occurs. No

MeOOC—C=C-COOMe RCH-CH=CH,—C(COOMe)=
_ --'C(COOMe)SnBu3

Bu,SnCH,~CH=CHR - 3 -@-cn(osm%)crm-cn—cnz

C%CCHO _
b : 5
5h, 106° (R=Me)~

CLCH(OSnBu,)G MeH-CH=CH, ~
o 1200° T
Bu,SnCl + GH, = CH-C MeH~GCL,CHO
(R = Me, R'=H, Cl; 60-70%)




react1on “'rhsiéﬁrser__vle‘dfwvit}; j;15(-:1:hfy’}.;.iorr<V)pic_)_!.la't,t;-_:, _-A‘rxjxr:::irl.gvatrie,,s;_‘-r-‘ﬁ{ingrrate a.nd w1th
’ Arfxalc:)niitrile.:Thé‘ r>erar..cti_von§ were ekpiaiﬂet.i:c;;i the basis of_é. ‘révérsiﬁléf
a;idi_tién reactionzfoliowed by 'a diréct éubétitutiqn'reaction. For igéca;mpié, .
with C13ccoo¢21—15- no adduct was observed, only the sgbsti_tutiog; product

200°
—Bu3SnCI i

By, SnCH,~CH=CHMe + CLCCOOEt CH,=CH—-CHMe—CCL—~COOEt
According to Abeletal. ES?] transorvg'an'ylation reactions between halo-
-transition metal carbonyls and allyl-, cyclopentadienyl-, indenyl- and
fluorenyl-organotin compounds are quite convenient for the preparation of

the corresponding transition metal-T-complexes (cf. AS 70; 283), e.g.:

Me,5nGH,—CH=CH, + M(COLX —ZSO > (T-C,H,)M(CO), + Me;SnX

—M%SnX 7
(M= Mn, Re; X=Cl, Br)

Likewise, reaction of trans-cinnamyltriethyltin with BBr; proceeds with the
preferential transfer of the trarig-cinnamyl group from tin to boron [160_}.

In the ionic polym‘erizétion of triethylvinyltin catalyzed by butyl
lithium, only low molecular weight poly{triethylvinyltin) is formed. During
the process fhe catalyst lost its reactivity, which was ascribed to cornblex
formation with the triethylvinyltin moieties [161] (cf. AS 70; 284). Butyl
lithium catalyzed anionic copolymeriéation of trialkyivinyltin compounds only
succeeded with styrene (g_f_:' 'AS_70; 284), not with methyl acrylate or methyl
méihacrylate Eé‘%]. 7 :

Fitch etal.prepared some alkylvinylsilane and -tin complexes of
copper(l) chloride, Me,SiCH=CH +CuCl and R,Sn(GH=CH,),"2 CuCl (R =
.Me‘, Bu)f"The diﬁnyl" complexes were mentioned to be among the most stable.
olefiﬁ-mpper(n chloride cbmp1exes'déséribéd 5o far [103:‘]

Mono- and birmetallated ge’rrhaniurryfl and tin-substituted ketenes (cf.
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g'— ac-

'H'l) EtM Br
' 2) Ry MX .

(R3M)2 "'C—O (35%1
3) ¥20- 130 .

(R Me, Et, Pr, M Sx, Ge, Sn)

Reacnon of styrenyltm trlchlorlde w1th PhIC]2 gave a small amount (5%)
;: of phenyl- W st'yrenyl 1odon1um lodlde, Phl@CH"‘CngPh Eé‘:ﬂ

. - The Russzan group of Zavgorodnu pald much attent:.on to the prepa-—
ratlon @,66-] polymerlzanon and copolymer:.zanon E.67 168_‘ of 1« and 2=
-trlalkylstannyl 1 3-butadienes. Another Russian’ group reported the syn-“’

"ithesxsrof a series of polymetallated cyclopentadxe_n_es (X1X, XX) ﬁé,_i .

M"Me3

Me.M 'Me, ' Me,M M'Me,

(M=Si, M'=Si,Ge,Sn; (M, M1, M?=Sn; M, M'=Sn, M"=5i;
M=Ge, " M"“Ge,Sn, : - M'=35n, M"Ge, *=51; ‘
M, M'=Sn) " . M, M"=5i, M'=5n)

- By éonventzona.l methods Zavgorod.nn a.nd coworkers prépared some alkynyl-
,"tm compounds, such as Et_;SnC =CR (R= OMe,SMe, CHZOMe,CHZSEt) [170.172]
) Et35nC CMR3 (M= Si, Ge; R= alkyl) [173:] Et;SnC =C—R (R = GH,Cl, CHBr Me)
L174J Accordmg to Cullen etal the perﬂuoroalkynyltm compounds, 7

»,Me Sn(C CR) (R CF ,CF GF. 3, CF(CF3)2,n =0~ 3) are thermally and

'hydrolytlcally unstable, whereas the correspondmg s111con and germanlum

f'compounds are not so” [?5] (cf AS '?0 288).,} R i




' Car‘bon-functxonal t1n compounds. The sy'nthesls of the germa- and

V.v'stanna undecaboranes, Mez OHIZ (M Ge, Sn) was reported 'by Norman
© etal 176]. - A | |
’ Tnmethyl(polyﬂuoroaryl)tm compounds have been used for the prepa..

ration of sonle polyﬂuoroblaryls (cf AS 67 377) fl??] .g..:

Mean’ @ OMe + Br — Mé

Furthermoi-e, group IV ﬂuoroqrgahorhefallii: compounds have been dealt
with in a Ph, D. thesis E?S]. 'As reported by Chivers, reaction of
_c_)_-,-‘(trifluoromethyl)phényltrimethylti_n with BAF3 gives MeSSnF and

6 °4
exchange was obsevrved'as well E1791: ‘

o~ CF -C, H BF With BC13 the simultaneous occurrence of a halogen~.

@CI‘E | excess BC]3_> @CC]}
> BC]Z

Sn Me3

By reaction of chloro-imines with group IVmetal-lithium derivatives some
carbon-substituted imino derivatives of germanium, tin and lead have been

prepared {1_80}. -The crystal structure.of trieth&ltin cyanide was determined

PhCCl=NR!

> R, MC(Ph)=NR"
{R=Me, M=Sn; R=Ph, M= Ge, Sn, Pb; R'=Ph, Ch)

Ry MLi
by Chow and Britton [18 1_‘. By conventional methods Peterson synthesized a
series éf cx-—functiona}.ly substituted oArgahotins; Bu3SnC}12X {X =SCH3, SOZR,
SQ,NMe,, SQ,Ph, p-SQ,CH,Cl, p-50,-C,H,OMe,. ctc.) and studied their -

reactivity towards solvolysis among others by butanol. The seemihgl'y s:ig-

) 7Refexénces p-62




.resulted only mmor changes m the rate of butanolysxs [182:' Jutm e; a]

3developed a dJ.rect method for carbarnoylatlon [183} viz. .;'

: ‘Go MezMCI e ,
t-BuNHLx' -—% t-BuNHC(O)L1 —> Me3MC(O)NHBu—t

(M=8i, Ge, Sn)

IR and‘PiM‘R s?ectroscopi‘c data of P}gMCFiZCOOEt (M=VC 5i, Ge;Sn' prepared
>by means ‘of the Reformatskl reagent BanCI—QCOOEt) did not prov1de in-
. d1cat1ons for a_n mtramolecu.lar mteract1on between the heteroatom and
7 oxygen in these compounds [84] Such an interaction was not te bo expected
“in v1ew of the rather unfavourable four-mem’bered rxng structure that would
have been formed. B
Seyferth et al. [185] successfully applied halomethylzinc halides in the
Vsynt_hesis- ofvnronchalomethylgerrmanium, -tin, -lead and mercury compounds.
‘ ICHzZnI
R,R'SnCH,I AgX R,R'SnCH,X

(R = Me, R'= Me, Ph; (R,R'= Me; X =Cl1, Br)
R, R'=Ph, Cl)

R,R'SnX -

-Good yields were obtained eicept for the reaction with SnCl. Ti:e mechanism
VV\Avas tel;.\i:ativel',t proposed to involve a'nucleophilic sttack by the organozinc
're'ageni: at tin. In the free~radical reastion of benzoyl peroxidé with bis-
(trn'nethylstannyl)dlchloromethane, (M%Sn) CC]2 the intermediate formation
of the (trrmethylstannyl) dlchloromethyl radical, MeBSnCC]Z- »- was suggested
S r8£_>J '
Glelen and coworkers reported a convenient method for the synthesxs of

haloalkyltm compounds [187]



| R,PhSn(CH,);CRIR"OH+ CX, + PhP. ——> R;PhSn(CH;) CR'R"X  + Ph;PO + -
X=c1jucr. X3 .
' R,CISn(CH,) CR'R'GL+PhH
© n =:1, R:Ph, R""R"Z:AH'; n=:2.,R=Ph, R'R" =
H, Me; R = Me, Ph, R'R" = H, ‘Me;
X =Cl, Br) h )

The PMR specf:um of MeZPhSnCHZCHZCH MeOH shows two diastereotopic

. methylgroups at tin with A '6=0.‘v3 Hz. .MezB;'SnCHZC}IZCHMeOHV shqyed no
detectable non-equivalence, not even in the presence of tris(dipiv_alométhanato)-
europium(IM). The latter tin compourid was concluded to ~have‘1arge1y a five-

-membered ring structure ESS].

Redistribution and cleavage reactions. Moedritzer published another
review article {(with no less than 495 references) on redistribution equilibria
of organometallic compounds [189] (cf.- AS 68; 718).

: In a patent application a variety of inorganic metal salts (Lewis acids)
" ‘and complexes, such as AICL, GaCl, TaCl;, BF,, BF;"By,0, NaAiCl,
were claimed to be effective redistribution catalysts, for example: » v
1) 0.5 h at 200°

3PRSn + SanCl, 2) 1% GaCh at 150° Ph,SnCl (96%)
3) 15 at 110° :

Without a catalyst the yield in the latter reaction was only some 10% lower
[19(_)-_!. Aluminium trichloride can also be used for the preparation of mixed
- alkyl-phenyl substituted compounds, such as thBuS'nCI [:191]. According to

Mel® ni,chepko.et al, (cf, AS 70; 290) this type of compounds can be prepared
2 Ph,SnCl. # BuSncl 21%hL53ph Busncl
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o ‘»eem to be requzred [921. -

- 2PhSnEt % ESnCL yoR AT 3pn Ewncl (77%)
R R S 3),3hat"150°- o

' Me,BuSn + Busacl, L3Bat80° _ oo o c.cl(87%)
‘Me,Bu,S ) 12»7)3}15:1400 u, o
: : : 3).200 . o

'The same authors studied some redistribution reactions of tetraalkyltins with

tin acylates [193_] :

i - " 2h
 Et,Sn + CLSn(OAc), {Zz0> 2Et,Sn(OAc)Cl (86%)

10 h ' . ;
Et Sn + Sl’l(()‘AC)4 -2-—16-5_} ZE‘.ZS_H(OAC)Z (71 70)
Abraham and coworkers have continued (_cj_. AS 70; 294 and AS 69; 519)
their mechanistic studies on bimolecular electrophilic substitution reactions
of tvetra’all_(yltins by inorganic and organic mercuric compounds, HgXZ, in

different polar solvent systems 594-197)

R,Sn + HgX, —> R,SnX + RHgX
(R = Me, Et, Pr,i-Pr, Bu, i-Bu; X=Cl, I, OAc)

. »VIn tiue ;olvent systems: methanol, aqueous,"methanoi, tt‘art—rbl_.u':a.nol,v metha_nol/
~/tert-buténol and acetonitrile the reactions with. :HgClz .and w1th HgL, broceed
by the Sg 2. (open) mechanism o£ electrophxhc subst1tut10n at carbon;- through

‘a. .ran51t1on state 1n wh:.ch there is conslderable charge separatxon. In the

) reactmn with. Hg(OAc)z in. tert-'butanol solutxon a cychc SEZ mechamsm may




‘ be.‘ inv’ol-ved; The relaléive' rate ceef;fieie‘nts ‘for9thé's'e: feaétiohs"fie 'a.cétroinitr'iie "
v"=were determined to be 4.5 (X = OAc), 1.0 (X=Cl): a.nd 1.8¢(X=D, whereas in
Vmethanol they are 250 (X = OAc), 1.0 (x ‘C1) and 0.8 (x 14} [_ig?_'l »

A kmetlc study has been. reported of mercury- and 1ododestannylat10n
reacnons of MeBSnR (R = Me, Bu, Pent (CHZ) Ph, (CHZ) CH-—CI—& (CI—&)3CH-

-—CHZ, (CHZ)ZCOOMe, norbornenyl and nor'bornad1eny1 denvatxves) [198] As
was to be expected on the basis of prev:l.ous stuches of Abraham et al. (cf
AS 705 294) and Gielen and Na51elsk1 et a.]., it was found that with excepnon of
the latter two derivatives, almost exclusively demethylation occurs., The
stereochemistry and mechanism of bromodestannylation has Séén studied:
with different tetraalkyltins E.99]. Russian authors prepared a review (in
Russian} with 250 refarences on reactions of organometallic group I-IV
derivatives with polyhalomethanes [200]. -

The rather unexpected solvent effects observed with cleavage reactions
of aryltrimethyltin compounds, Me3SnC6H4X (X=H,p-F, m-Cl, m-B.;-,p-Me,
- p~SMe), with aqueous ethanolic_perchloric-acid were aiscgssed on the basis
of counteracting effects of water on the acid proton and on the transition
state involved (_:20 1]. The base-catalyzed hydrolytic cleavage of these aryl-
trimethyltin derivatives in aqueous dimethylsulfoxide has been studied by
the same group [202].

On heating triphenyltin hydroxide with strong carboxylic acids in non-
-coordinating solvents like benzene or carbon tetrachloride tin-carbon bond
cleavage occurs, Whereas in methanol or ethanol at room temperature. the

corresponding triphenyltin carboxylates are formed [203}.

benzene or CC].;__) [131-,51-,.(0)_OOCR_-I'x

. Ph,SnOH RcooH |

methanol

— PhBSnOOCR‘ )
' " (R=Me, CH,I, CH, Br, cH,C, cHCIZ, CF,)
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Lmdner etal made further stuches on the Dehav:l.our of tetraorganotxns

towards sulfur d1ox1de (cf.AS 70 295) PO‘IJ Fong and Kltchlng mvest1gated .

' RS 'n{ lig. 0{) Hz_.> RZSnSO (R=Et, 50%; Bu,lls%)
the kmetxcs and mecharusm of the msertmn of sul_fur dloxz.de into the carbon-

-tm bond of a vanety of aryltr1methy1t1n compounds.

' M%Sn—v °2—> Me35n05(0) —@

(Y = m.Me, -OMe, -Cl, .CF,, p-Me, -OMe, -Cl, -CF,)
3 3

"The results obtained were interpreted on fae basis of an electrophilic sub-
. stitution at carbon (SEi), .involving some .charge~separation in the transition
state [2‘05].~Similar conclusions were reached with respect to sulfur dioxide

. »in'sertion reactions into the phenyl-tin bond in some iron-tin derivatives [206_].

_c5}15)(co)2$esnpfx3 S—Oz-> : (ﬂ-CskIs)(CO)ZFeSn(SozPh) Ph -5—02—>'

{m —CSHS) (CO)2 FeSn(SOZPh)2

Aleksandrov prepared a review artxcle on the oxzdatlon of organo-
metalhc group IV derxvatlves by ozone [-207] The same author reported
that the ozonoly51s of bt4 SnCl (n=0-2) proceeds as a bimolecular reactlon,
the reactzvxty of the tin compounds towards ozone decreasing with 1ncreasmg
) number of chlorme atoms [208 209_]
Peterson reported details. on the preparation of N,N< dlsubstxtuted

anunomethylhthlum compounds by cleavage of the. correspondlng tm compounds,




" Bu,SnCH,NRR!', - with butyllithium (cf. AS 70;296) [210].

,Bu3SnCHZNRR' + Buli -—> Bu4Sn + L1CHZNRR'

(R R'= Me, Ph (CHZ)&.,,C;H2 CH2 -0O- CH2 CHZ)

Seyferth gave ; summary of hls research on d_lvalent carbon 1nter—
medlates formed by a-ehmmatlon from organometallxcs [211]
As observed by Kochetxkluna E?.IZJ in addition to homolyhc fxs sion
group IV organometallics (M=Ge, Sn) also undergo decomposition by metal-

~hydride elimination, viz.:

R3Sn—® —L 5 RSnH + @
L*RaSDZfHZ

Complexes and coordination. Zahrobsky discussed the application of a

stereocherical model to several mono-nuclear comple:ées of tin that had been
studied by X-ray diffraction. For the octahedral complexes the calculated’
bond angles are generally within the experimental error with those observed
by X-ray E?-I?J.

‘Several groups reported investigations into the coi‘nplex formation of
diorganotin d.usoth1ocyanates with nitrogen or oxygen contauung ligands
[214..21(5] (¢f. AS 69; 521). Comparison of the stability constants of 2, 2'=
-bipyndyl adducts of diorganotin diisothiocyanates and dichlorides in benzene
"and toluene solutions SHOWed that the 'di‘isbthiocx-rana‘tes‘ afe much better
acceptors (by factors of abeut 500) than the dichlorides. Reaction of di-

- methyltin dichloride with tetraphenylaréonium‘ chloride gives 'r_‘isre to the
» fofmatioﬁ‘ of-th.é‘ cofz;esponding penta- or Vhexacoordih‘ate_d corrllpllexe's, .

deper{aing voﬁ_the reaction condj.ti'o;xs employed [217].
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- aNmCL-
: m——; Ph4As- ME'ZSnC]3

| Me,SnCL, ‘+ nPHAsCl —

'8NHC1 e - S
Tn=z > (Phyfis)yrMe,SnCl
Barb1er1 and coworkers made further spectroscopxc studles into both
: the sohd state conf1gurat1on (c£ Flg. 6) (E?.IS ) and the structure m metha.noh'c

: solut:.on L219] of a series of one to one adducts of RZSnG]2 (R Me, Et, Bu, Ph)

- Fig. 6. Suggested solid-state cdnfigura_tions of RZSnC]Z—bls(;cetyl-
acetone)ethylenediimine adducts [from R. Barbieri, R, Cefalu,

S.: C. Chandra and R. H. Herber, J.Organometal. Chem., 32(1971)9?]

w1th "tA:Vis(arc':retylacetone)ethylenediimine (cf. AS 59; 521). In methanol'corn_plete
'di'sseciation into thehftee lige.nd and the solvated organotin halide moieties ‘
‘\lvas ln.terred. From PMR spectral data of the very same cornpounds Sm:.th etal,
LZZOJ concluded also that these adducts are largely d.lssoc1ated even in non-.
-coordxnahng solvents. However, conductlw.ty studxes in n1trobenzene solutlon

'1nd.1cated that the specxes in solutlon are non-ionic. The complex formatlon of




: 'dlmethyltln derivatives has been the eubJect of two doctorel dx;ssexltatx.ons :
" [221 222]. - ' L |
Other papers dealing with molar condectance and/or spectroscop1c
studles of complexes of organotm hahdes w1th donor ;1gands mclude-‘
cryoscopic. study of the cornplex formation of Bu4 SnCl (n 1< 3), Bu3SnBr,
Bqun(OAc)Z, EfSnCl and EH'ZSnC]2 with a wide range of oxygen and nitrogen
containing hgande [-_223_:], complexesAof the types RZSn}(Z'Z DME {:224_;,
R,SnX,-2, 2'-bipyridine [éz.{! and R SnX,-1, IOfphenanthroline Ezztﬂ (R=Ph,
PhCH,,, 0-, m-, p-tolyl; X =Cl, Br, 1), one to one adducts of PhPrSnCl, with
o= and B _picolines and one to two adducts of PhRSriC]2 (R=Et-Bu, PhCHé)
with pyridine, quinoline, isoquinoline, morpholine, piperidine or aniline
[:227, 228] {cf. AS 70; 297}, complex formation of ME*ZSnC]2 with N, N-dime-
thylpicolinamide, ~isonicotinamide and N-methyl-N-benzyl derivatives in
benzene/methylene chloride solution {rapid equilibrium) L.r229] as well as
with some peculiar Schiff bases [230]. On the basis of IR, conductivity and
molecular weight data for diaryltin bis(acetylacetonates), R,Sn(acac), (R=

Ph, 0-, m-, p-tolyl) a hexacoordinated octahedral structure was concluded

[231].

Physico-chemical investigations. By conformational analyses and

‘lattice energy calculations the crystal and molecular structure of tetra-
rhenylcarbon, .l-silicon, -tin ‘and -lead have 'beern determincd [232} . The ca:1-
cuiated st;.'ucmre of tetraphenyltin was in good agreement with that detei-minetli
experimentally by X-ray analysis [233] (ci. AS 70; 301). Other compou-.nds of
which the crystal a.nd rﬁolecular -stl.'uetures have been determined are tetra-
_benzyltm 1234] tr).phenyltm chlor:.de [235] and a series of (4-halo—1 2,3,4-

| -tetraphenyl—c1s, cis-1 3-butad:.enyl)dlmethylphenyltms r236] {cf. F1g. 7 and.

AS 70; 284, 285). As determined 'by an electron dlﬁ'ractl.on study . of the

structure of gaseous tr1methy1cyclopentadlenyltm the cyclopentad1eny1 mo1ety

~
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Fig.7. The structure of Me,PhSnG(Ph)=C{Ph)}-C(Ph)=C(Ph)Cl
Eroh F.P. Boer, F. P. Van-Remoortere, P.P.North and

G.N. Reeke, Inorg. Ghem., 10 (1971) 529].

is not planar [—57] A gas-—electron dszractr.on study of dlmethyltxn dichloride
vconfu:med the occurrence of a regular bond contraction in gomg from

- MeanCI to SnCl Ly as pmnted out prew.ously by Skinner and Sutton in 1944
el a

v Perkzns and Wall presented an analysis of the charge d1str1but1ons in

) Me, ! SnH (n=0-4) and Me, Snx (n=0-4, X= halogen). Replacement of
halogen atoms by methyl groups reduces the polarlty of the tm-halon'en Dond
A because methyl groups act in thlS context as sources of electrons, largely
v1a the Tr -tYpe orbltals. The mvolvement of 5d orbltals is small in

Me

fe, SnH (n O 4) larger in the tetrahahdes SnX “and largest in the :




7 hexaha_hde anions SnX6 [239_J uxte remarka’bly, the opposxte was con-- -
cluded 'by Gupta et al. [240l ‘On- the 'basxs of electrlc dlpole moment calculatlons
i these authors concluded that the ‘bond polanty of the tm-chlorme bond de-

creases in the order R3anC1>RZSnC]2>RSnC]3 >SnC1 .
A Russian group studied the polarograf1c behav1our of - R3SnC1 (R Bu, Ph)

and RZSnC]2 (R= Et Bu) I241 243‘.

In a review article Avylett dxscus sed the stereochemistry of the main
group IV elements on the basi_.s of 310 references %44;. Likewiﬁse, Nasielski
dealf with the structure, mechanism and steféothernistry' of oi-gﬁnotins ‘245:.
" Sisido and coworkers {'-247:: rTeported that bromine cleavage of&s- a:.nd.fr_a_ng_—

-(2—phehylcyclopropyl)trimethyltin in the dark proceeds with >98% retention

' of configuration (cf. AS 70; 300). This result is in agreement with previéus

+ Me3SnBr
/ H
<
o

Ph .
(>98%)
H
%&6}\
v ’\/’l + Me,SnBr

(15%) {85%)

observations of Baekelmansetal.({cf. AS 67; 380), viz. halogen cleavage of,

(cycloprppyl)t;imethyltin~deriv_atives proceeds by an ionic mechanism pro-

vided :t:hat the maximurmn precautions are taken to avoid free‘ radical reactions.
. Under free radical conditions (NBSI) a :écerr_)ic mixture is ‘form'ed._Vav_lgde

and Calas etal studied _the:, as.ymi'netric hydroétaxmationﬂof (—}-menthyl- .
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>t1'ans crotonate w1th tr butyltnl hydnde- on- aubsequent reduct1on thh

1A1H'(— (R) Z-tnbutvlstannvlbutane ‘was obtamed 1z 248(. .Optlcally actlve

- compounds have also Deen prepared by couplmg reactmns of tnphenyl-group

IV metal alkah metal compounds [24‘{] viz:

) ‘Ph31\/1®+ (S) (+)-sec-BuBr ——)(R) (—) sec- Bui\dPh3 + Br‘:) V
' (M si, Ge, Sn, Pb) -

Agred.ﬁ‘[zsq dis_cussed t;he faetc_vrs influe»nc:f.nrg thelmagrrritud'e:pfd.ia-' .
eterebﬁopic non-equivalence in the PMR spectra of 'asymmé.tﬂ;: tin compounds.
'NE;rQ‘r‘n a cempariAsorr of a variety of such compounas it was among others con-
cluded that the largean.isotropy of the phenyl-ring is important in establiehihg
-a seﬁicient difference in shielding for diastereofopic non-requivalence to be
observed (cf AS 70; 300). ‘
A fluxional sigmatropic rearrangement has been observed with tri-

phenyl-7-cyclohepta-1,3,5-trienyltin (XXI) [25]J .

H SnPh3

The experirnental evidence on the ability of group IV metals to use
fheir empty d-orbitalvs to forn'i {(p ;——>d)n bonds with ethylenié systems has
been dzscussed in a review [252-, On the basis of an IR spectral btudy of
m1xtures of CIDCI3 wn:h different organomhcon, -germa.nlum and -tin .com-
'pou.nds, it was concluded that (p——ad)n con_]uganen does occur, this inter-"
actlon bemg greater w1th sxhcon than with germam.um or tin [;253_] Usmg the

Ash;ft in _thernelb_le absorptlo_n max;mum of hexanitrodiphenyl amine the order.




K of base strengths for Me3MX was concluded to be Me3S1SMe <Me3CSMe
- <'Me;SnSMe ~ Me3SLNM% |254). B
v s Gupta etal. developed a method for calculatmg the heats- of atomxzatxon o
Cf- organotm compounds r255_'>] -
o Mlscellaneous phys:.co-c‘lemxcal studies melude the fluorescence

. quench1ng of anthracene by M%Hg, Me Pb and Me Sn 256] the mesomorphlc
behaviour of P= Me3 M- substituted benzaldehydes (M—Sl, Ge, Sn) 3.57] and the
solubilities of R;M (R = Me, Et; M=8i, Ge, Sn) codrnpounds in mixtuz;es of water

with methanol, ethanol; dioxane, acetone and acetic acid - 258%,

Spectral studies. In 1970 W, O. George edited the monograph "Spectro-

scopic Methods in Organometallic Chemistry"™ iP259]. In 1971 the East -
German authors K. Licht arid P. Reich published the book "Literature Data
for IR, Raman and NMR Spéctroscopy of Silicon, Germanium, Tin and Lead
Organic Compounds“@GO}. In the latter book, covering the literature only
up to 1966, spectroscopic data of about 5500 compounds have been listed and

indexed on the basis of some 2100 references.

IR and Raman studies. A short survey on the application of vibrational

spectroscopy to organometallic chemistry has been published by Downs —.':_’6]; .
Furthermore, the vibrational spectra of intra- and intermetal and semi-
-metal bonds have been reviewed [?‘62].’ More specific studies include the
following compoundsrz MeéM2 (M=5Si, Ge, Sn, Pb) [26:{'; PhéMZV(M=Sn, Pb) and
(Ph,Sn),Sn [264]; R,SaMa(CO), (R'= Me, Ph, Cl, Br) [265); Me, MM'(r-G;H,)(CO),
(M=Ge, Sn; M'=Cr, Mo, W) [266]; R,SnF (R = Me—Bu, Ph) L267_| Me,SnF, [268];

Ph,Sn, Ph,SnX, Ph,SnX, (X =halogen) [269].
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. UV stuches. ln the ser1es MejMCHZPh (M C S1, Ge, Sn) the d1sp1acementv
of the UV 5pectrum from that of benzene 1ncreases when carbon is. substxtuted .
.,':‘-r'by S)., Ge or Sn., Replacement of the methyl group by chlorme resulted ina
decrease of tnat dlsplacement- These results were mterpreted on the: basxs V
of (0‘- Tl‘) conJuganon 270] The UV spectra observed for a'series of .2-sub-

o stxtuted pyrxdln%—- -substituents being CH3- Me?’51CHZCHZ— MP?,ECHZ"
: (E C, S:., Ge), (Me3E) CH—( =5i,Sn) — -were likewise interpreted in terms

of car'bon-metal (o=m) hypercon_]ugahon [27];}

NMR studies. In the series "Characterization of Organometallic Com-
pounds' (Ed. M. Tsutsui} R, G. Kidd prepared a review on NMR spectroscopy
of orgahometallic compqunds {272_.]. This subject was also reviewed byb
Mc. Farlane _273L. More specific subjects studied by NMR spectrometry in-

1 1?Sn and

clude: the_prii’nary isotope effect on the magnetic shielding of
9953 nuclei ':274_:’ 119511 chemical shifts in a series of organotin compeupds
- by 1H--i- 119$n double resona_ttce experiments ?75, 276]; 117/1195n satellite
spectra and .117/1198n-proton long range coupling constants in tetra(Z-furyl)-,
tetra(3-furyl)-, tetra(2-thienyl)- and tetra(3—thieny1)tin {277]; Me, MM' Me,
(M, M' =C, Si, Ge, Sn) Ez7éd}; R Sn, (R =Et, Ph), Ph,SnMMe; (M=Ge,Sn),
Me,SnGePh; 279'; 'H and °’Mn NMR spectra of R, X SnMn(CO); (R= Me, Ph;
X=C1 Br; n=0-3) 280]- geminal spin-coupling constants in a series of
group IV hydndes by double resonance-experiments ; 28 l halogen-exchange
‘between Me,Snl and. Me,SnBr :_282__:; spin-spin coupling constants for Me, .-
s{nxn' (X=Li, Re(CO);, Mn(CO);, SnMe;, SiH;, Co(CO),, NMe,, SMe, OMe,
1, Br, ClLyn=1-3) 283 'H, 3¢ ana "¥sn NMR spectra of Me_sn(sMe),
{n=0-3) r—284ﬂ- low temperature PMR study of diphenylbis{2, 4-pentanedionato)-
t1n(]’.V) 285A 11951‘ and 31P si:ectta of Me3SnPHPh and Me:&SnPPh2 11—286‘,5;

> vn spectra of R;_ X, SnMa(CO); (R=Me, Ph; X =CI, Br;'n=0-3) FZB?]




TN e

- Mbssbauer 'stu(.ii:és.'; Quite a se;iéé of Méssbauer 'stuvdi‘esﬁo‘f,-organoi:i;i»
éoinpounds l‘lav.ev iappeared in 1971. Although this t’evcb_h‘iq\;e has bée‘nvf;’und to

" be of greéf help in the elﬁciciatibn_,of many ‘struvcturail-rpAtqialre.rns-in Orgéﬂoﬁ_n -
chemistry, care should ﬁet'akéli'in the interpretation of the ,MS;sf:;aué_r ‘

. bhenomena.observed., For exa;mple," on the basis of Mdssbauer studies it
has been conciﬁdéd that PhZSnG]2 has a peﬁtacoordinatt_arstructurre. Rgéehtly,
_however,‘ an X-ray study revealed that there is no molecular association'in .
the Ph;SnGL, crystal. The authors, Greene and Bryan, concluded that
anomalous results in M8ssbauer spectral measurements of this and similar
compounds, haﬁng large deviations from regular tetrahedral geometry, are
likely to be the rule rather than the exception [288]-

Reviews on Mdssbauer spectroscopy have been prep‘ared by Herber ES!}],
Gibb [290], Keune and Trautwein [291] and Gol'danskii Lét;é], as well as by
Kazimir E93] and Beaumont [29&].

: In accordance with the results of Greene and Bryan mentioned above,
Parish and Platt conclu_ded from a M&ssbauer study of different organotin
compounds that the stereochemistry plays an important role, viz. the isomer
shift of dialkyl- and diaryltin compounds increases with increasing C—Sn—-GC
bond angle. In compounds of the type E%SnX and, to a lower extent, RZSnXZ,
the isomer shift is insensitive to the nature of the ligand X, owing to changes
in electric shielding [295].

The quadrupole splitting data observed for cyclohexyltin derivatives,
for Ph,XSn(GH,),SnXPh (X =1, OH, OAc, Ph), for Bu Sn(OAc), _ (n=2,3) and
for dibutyltin maleate were used empirically to discuss internal association

in organotin compounds’ [2963. Origin and sign of the quadrupole coupling

'cons-tants in différent organotins have been discussed by Parish etal. [297-292-],‘

by Greenwood Ei_al [300, 301] and by Gol'danskii [302}.

‘NIalys._heva etal.concluded that the temperature dependence of the

Y-resonance absorption of ¢rganotin compounds cannot be used as a direct
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_rnethod for determmmg the coorchnanon ‘number of tm(IV) compounds 603,

-’.VSU‘}J

The 1somer sh:.fts observed for the adducts of dxcyclopentadlenyltm(n)

and b:.s(methylcyclopentad:.enyl)tm(n) w1th phenylmagnesmm nromlde were -
~found to ae weu be.Low that of p-tin, wmch po1nts to the structure :
(R--C5 )ZPhSn MgBr (dlmer) rather than (R-C5H ) Sn'! -PhMgBr (R H Me)
[3 02‘ o ; . , , e
Other Mossbauer stuches of organotxn compuunds mclude~ (RCOO)PhZSn-
f'snphz(ooca) (R= Me, cx-rzcx CC]3, Ph) 3061 M%SnM(CO)3(“-C5P15) (M=

k Cr, Mo, W) Me3SnMR3 (R Me Ph M= C SJ.,GE,Sn) P}%thA'PbB (M= S:,Ge,Sn),

"Ph.,SnIa:H(X)(CO)(PPh.,)-, (X cL 1, M&.SnIrX(CL)(CO)(PPh.‘).. (X=H,D}, -

E: Ph3SnIrH(C1)(CO)(Ph2RP)2 (R=Me, Ph) B07]; compounds of the type

. (ﬂ-C I—I,:.‘)Fe(CO)ZSnPh3 Cl (n=0-3), (TT = o HB)FE!(CO)ZSnMe}, (CO)SNInSnX3
(X = Me, Ph, C1}) 308]; R; X SnMn(CO); (R'= Me, Ph; X=Cl, Br) [280];
céﬁplg#es of PrZSnC]é, ‘PrSnC13 and ,Phnan]“i-n '(n = 1.3) with piperidine,
morpholine; B ;-pig:dline,‘“- y-picoline and isoquincline E’:09]; comments on
the theory of Williamsetal. (_g_£ AS 70; 303) on orbital populations .derived
frorn the MGssbauer’ spm“t’ra of organotin compounds ;3 10] and a reply to
7' these comments Elﬂ BuZSnC]Z 2L, Ph,SnCly-L, RSnCl3 2L (R= Bu, Ph; A
| L=PBPO, PhAsO, ByPO, PhP) B12]; R,SnX (R =Me, Ph; X =various
Varuoruc substituents) @13] PhZSnC]2 RZSO, PhZSn ZRSO (R = Me, Pr, Bu,

» (CHZ)4 ’314,, d.talkylt:.n(IV) complexes with tndentate planar ligands havmg
VONO a.nd SNGC donor groups [31.{] alkyl- and aryltin cyanates B316;
(Bu35n)2 s BugSnX (X-—F OAc), Bu,SnX, (X=F, OAc) Eﬂ?,, R;SnOOCCH,; X _
(n=0-3; X= c1, F; R= alkyl) [31:_3] Ph,SnOOCR (R = Me,CHZCI, CHzBr, CHZI,
cpczz CcFy) [203J (BuZXSn)ZO (X =halog =n) B19].

Aleksandrov et al used y- resonance spectroscc:py— in a study of the

"mecha_msm of the reactmn of a triethyltin. denvatwe of PVC viz.

A-EHZ—CH(SnEt_;)—CHZ—CHCI} with hydrogen cmonde [320] (cf. AS 70; 374).
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The vxbratxonal a.n1sotrcpy and Goldansku-Karyagxn eﬁect 1n Me3SnF have
been studied by 19Sn Nossoauer spectrometry in the temperature range

1< TL 296%K [22] .

ESR studies. In the series "Characterxzat:.on of Organometalhc Com-
pounds" (Ed M. Tsutsuﬂ Smentowsk1 pu'bhshed the contnbutxon "Characteri-
zation of Orga’nometalhc Compounds by ESR" [323_»].‘ Jackson prepa‘.redAa V
review with 117 references on silicon, germanium, tin and iead radicals 7
’324] (cf. AS 70;248). The ESR study of the adduct of the trimethyltin radical
with butadiene as performed by Kawamura etal.has been dealt with in the
section tin~hydrogen compounds E3].- Kfusic et al. [525] as well as Lyons
(Lal.{326_] studied the ESR spectral phendmena of B -metal substituted alkyl
radicals of the structurs R3NI—CHZ—-CHZ° (R =alkyl; M=Si, Ge,Sn, P, As,S).

Mass spectral studies. Mass spectra and fragmentation patterns of the

following types of compounds have been reported: R4M {(R=Me, M=5n; R=
allyl, M=Si,Ge,Sn) [327]; Me M and Me;MM'Me; (M, M'=C, Si, Ge, Sn, Pb)
[328]; RSn, (R =Et, Ph), Ph,;SnMMe, (M=Ge,Sn), Me,SnGePh, [279];

Me, MM'(CO),( n-C.H) (M=Ge,Sn; M'=Cr,kMo,-W) [ééfa; (G Fg),. SR
(R=Me; Bu, Ph; n=1-3) and (Me;Sn),GX, (X=F,Cl) [329}; Bu,Sn(CH,~CH,—
—COOCH3)2 [330:‘; p-tz:imethyltin-substituted phenyl sulfides [331]; some

group IV acetylides ;::;,321.

Analy'txcal studxes. Luijten composed a bxohography of organo'nn

analysis [550_] ‘Gaschromatographic analysis has been stud1ed with the ]
following organotin compounds: R3SnMe (R=Et, Pr, 1-1?:), BuBSnR (3-‘= Me-Pr),
R,SnH (=Et—Bu) and RgSn, (R =Me—Bu) [333]; (EMLX (M=8i,Ge,Sn; X =,

S, Se, Té‘) [334:'; 'Bu4_ns_n¢1h (1_1;0-3) ESS], organotin chalcogenides 536];’
Me4;nSnC1n' {n= 0, 3) ) E’,B?j; E%MM'E% (‘MA’ M* ;S;, Ge, Sn).~i‘672—:.,
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E Th.m-layer chfbfnatogfaph' has been apphnd to the separatlon of elght

Aarmrmameinl Avwoarnaokin

~
te  LOINITICT l..l.a..h (o 24 sml.utul.,

: ~
- oraa.noun stabilizers in plastic fc‘)fT\‘ 33

I °°.1

ations -
stabx_hzers have also been 1dent1f1e by chemical brea.k_—dow-n and separanon
g of the’ 'break-down’products [339].

» 3. Pyr1dy1f1uorone has been found to be useful in the photometrlc -
,de.termmanon of tin in organotm compounds (after destruct1on) [34(1'

: Booth etal.{cf. AS 70; 304) extended their studxe_s on the application of
'anod_.i:c_ stripping voltan{zetry to the determination of sub-microgram con-
‘centrations of PhSnX (X =OH, OAc) [341]. The latter technique has also been
applierd to the determinat_io-n of Bu;SnCl [34@].

Organotin stabilizers can be determined quantitatively by potentio-
) metr1c titration with sodium methoxide in dlmethylformamlde, pyridine or
. THF solution E}‘LZE]
Polarographic determinations have been studied with the following
organotin speciegz Et;SnX (X =Cl, OH, QOC-C(Me)=CH,), (R35n)20 (R=
Et, Bu) and Bu5nX (X=Cl, OOG—C(Me)=CHZ) [3443; organotin stabilizers
in PVGC [345, 346]. '

Havranek et al, reportred a fast method for X-ray fluorescence analysis

of tin in organotin stabilizers as such or in PVC f{films [:34?].

A m_ethod bas been developed for the determination of sulfur in organo-

tin mercaptides by coulometric titration E}4§].

Applications and biolo&iéél effects. The rapidly increasing industrial
izﬁébrtance of organotin. compounds is reflected by the large amount of
‘'scientific pﬁbers and patent appiications dealing with the many different
’ty;;es 6f apﬁliéations of organotins as well as with their biological effects.

‘ : Several review articles featurmg ‘the most 1mportant f;eld of application

of organotlns, v1z. the stabxhzanon of PVC have appeared. Yukltomo re-




.ivi‘ewed both the stabilizing effect of a}ﬁong Bthérs organotin c'oimpoundsv'[349] .

”a.nd the mechaxusm of stabilization. 35({‘ Granlck and Weisfeld - 351 dlS-
cussed the legal limitations on the use of stabilizers in PVC fr)od packag1ng,
among which the dioctyltin stabilizers. A survey of the -recent developments,
ad{rantageous and'disadvéntageous of today's most impertant type§ of PVC
stabilizers, p_reparéci by Thomas,  clearly shows the outstanding properties
of the oi‘ganotin stabilizers. In that paper the most important single develop-
ment in PVC stabilization of recent years is mentioned to be the acceptance
of organotin compounds for food-packaging materials [352:. Furthermore,
this type of application of organotins has been treated by Evans in Tin and
its Uses [353] as well as in Tin International [354].

According to Rockett and coworkers [355J the reactivity of an organotin
mercaptide or carbothiolic acid salt towards hydrochloric acid is a measure
of its efficiency as a heat stabilizer for PVC, the stabilizing effect of a
given compound increasing with increasing reactivity towards HCl. On the
basis of DTA and TGA analysis Zavarova etal. concluded that dibutyltin
dicaprylate inhibits the HC1 cleave either by adding to the double bonds in
the polymer, or by forming a complex with the polyene or chlorine atoms
E’:S()]. The same research group applied UV and IR spectroscopic methods
in studying the mechanism of the stabilization of PVC by organotin compounds.
IR spectra showed inhibition of conjugated double bond formation with di-
butyltin dioctanoate,. maleate and bis(thiododecylate) for one hour at 175°.
Under these conditions butylstannonic acid had no effect, whereas bis-
(tributyltin) oxide increases the conjugation rate. It was concluded that the
stabilizing mechanism involves the formation of stable Cl-S5n—Cl bridges

‘between PVC macromélqcules [357;!. In a study of the thermal and photo-
-stabilization of PVC with compounds_ of the type BUZSnX2 (X =SC12HZS’
OOCC.LIHZ3’ SMe, OAc) the mercaptides were found to be the most effective

[358].
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Se1dler¢ 1 359] used ¢ labelled d:.octyltm sta'b).hzers in study'l.ng

_',,then- m].gratlon from hard PVC into ed:.ble 011 W1th 51m11ar techxuques Flgger
-~ . and coworkers 360 361J observed that the type of fat in foodstuff has no-
:fiapprec1ab1e effect on the n'ugratlon, whereas the type of resm is of great
. ‘.ﬁmportance.. The lattez- group also determmed that- m1grat1on ‘of dicectylfin
: ,»'bxs(Z—ethylhexyltl—noglycolate) from PVC bottles in beer after 8 weeks at 20°
. >1$ far below the _1:_m1trof 1 mg‘ll of o:ganohn stabilizer as permltted by the
©uUs Food a_nd Drug'Administration [362] Similar migration studies have
been performed Wxth d1.£ferent types’ of 11qu1d foods [363] as well as w1th
: var1ous solvents [ 364]. On the basis of biological mertness ‘and low tox1c1ty
: the best plastic formulation for use in vascular catheters has been reported
_to be a dioctyltin distearate containing type of PVC. Polyethylene was stated
- to be less satisfactory for this medicinal applicationr [ 365]. In contrast,
however, 'Stetson recommended that no plastic devices thet will be in contact
‘-;writh human tissue contain an organotin stabilizer: organotin stabilized PVC
devices cause'inﬂammation and necrosis when placed in intimate contact
with rabbit muscle [366].

Specific typee of organotin compounds claimed to be useful as stabilizers
for PVC include: R;SnNCO (R= Et, Bu, Ph, GH,Ph) (cf. AS 70; 304) B67;
~dibutyl- and dioctyltin maleate [ 368, 369]; dibutyl- and dioctyltin phenolates
[370,’371]; metallostannoxanes of the structure RZCIMOSnCIRZ‘ (R = alkyl,
aryl; iR' = alkyl), for example Me,C1SiOSnC1Bu,, prepared from Me,SiCl,
and BﬁZSnO‘[372]; dimercapto derivatives of distannoxanes or thiodistan-
«Vnoxanes -[3_73] as well as many other types of organotin-sulfur derivatives

{374-383]; boron-contammg organotins such as C11H23COOSnBu20B(O-
-SnBuz.SCHZCHZOOCCH=C»HCOOCH2CHZSH)'2-[ 384] ; fluoroalkyltin compounds
of the type [CF,CH,CH, ], SnX  [385]; dialkyltin derivatives containing ‘
"reacfive‘dien'ophilic groups, such as, BuZSn(OOC'- CR=CR'- COOCnH2n+1)2

(R,R' = alIcyl- n=1- 5) 386-388]; stab111zer systems consisting of an’
1 Y




*o'rganotin compound and an acidic phospiior'icz acid alkyl ester [389]; L
RZSQ(OCA)’CCHZ'CHZOR') (R = Mg, Bu; R' = ‘Me,.Bu, biOHZI) aﬁd : o
RZSn(OOC‘JCHZCHZSCHZCH‘?.CVJOC)R')2 (R = Me, Bu; R = vEt.._chl:, CléHZS)’ [390]. ‘
The stabilizing effect of a mix'ture: of dioéfyltin oxideldioct}iltin bis(iso- 7
thiogly'rcdlate)'=‘18[75 has beer claimed to be better tﬁan that of the Iattér
compound alone [3917. . -

The following i'xxonoorganotin dervatives are effective in the thermal
stabilization of chlorine containing polymers: RSnXZCI(R => Bu, Oct;

X = octylthio, laurylthio) [392], [BuSn(S)SCHZCOOR]x (R = different
hydrocarbon moieties) [393], [Phsan(O)OH], [394].

A synergistic effect has been claimed for mixtures of divalent

organic sulfur compounds with conventional dialkyltin stabilizers [395]
as well as with butylstannonic acid [396], and for mixtures of dialkyl-
and monoalkyltin compounds -[397, 398].

.Organotin phenolates may be used as UV stabilizers for synthetic
polymers like polystyrene [399, 400]. Polyethylene and polypropylene

with improved heat and light stability may be obtained by incorporating
ditin compounds, RGSn2 (R = Ph,p-MezN—C6H4, p-Mé-C6H4, e‘tc.)

[401] (cf. AS 70; 305).

The number of papers and patent applications featuring organotin
compounds as suitable catalysts or co-catalysts for many different
industrially impbrtant processes is rapidly increasing.

A mixture of tetraethyltin, aluminium trichloride and dicyclopenta~
dienyltin dichloride has been claimed as a catalyst for the preparation of
polyethylene [4_02]. Complex catalyst systems containing organotin
hydrides can be used for the prepa.ration of stereoregular polyethylene
(cf. AS 69; 528 and AS 70; 306) {403] and of cis-1, 4-polyisoprene [404],

and for the poljrmerization of c clo ehtehe. 4057, Tetraalkyltin éompbml&s
: ¢ yclop 1
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: are useful as catalysts or co-catalysts in the telomenzatxon of cyché V
. olefms w1th acvchc olefms [406], in the polymenzatlon ‘of butadlene or §
: lxsoprene [407] and in. the poly‘mEIlzatlon of trioxane [408] BuySnF.is -
;'a sutable co-catalysts in the stereospec:.f:.c (c1s) solutl.on polymerlzatlon
- of butad1ene [4091 \cf AS 70; 306), Dialkyl- as well as trlalkyltm
derlvatlves catalyze the polymerization of formaldehyde [410] {cf. AS 70;
306). Other processes {co-~)catalyzed by organotins include: alkylene oxide
-.prolyrr‘léri.zatrion (R4_nSan, n =1-3) [411], the polymerization of lactc:»nes
(RZSnXY)_[“J:IZ, 4137, the polymerization of 2, 5-dioxopiperazine -
(R4?nSﬁC1n,'n = 1-4) [414], the trimerization of isocyanates (Me3SnSX,
X=H, Me3Sn) [415] and the polymerization of vinylethers _[416].

v In a general survey Evans gave an exposition of the application of
dibutyltin dilaurate and tin dioctoate as polyurethane catalysts [417, 418].
Lipatova and coworkers cc;ntiﬁued their studies of the kinetics of poly-
urethane formation in the presence of dibutyltin derivatives. The results
were interpreted on the basis of the formation of termolecular complexes
between the reactants and the catalysts (cf. AS 70; 306) [41§. 420]. Similar
kinetic studies have been reported by Volodarskaya etal. [4217. The
applicability of dialkyltin derivatives as catalysts for the preparation of
polyurethanes is claimed in several patent applications [422-425]7.

The application of dialkyltin compounds as catalysts for the cold-curing
of silicones also continues to arouse interest [ 426]; several patent
applications were filed [427~4259].

) Dialk'yl- and monoalkyltin compounds have been found to be highly

- effective catalysts in the cold-curing of a specific new tsrpe of epoxy resins.
[430]. '

Catalysts claimed to be active in transesterification and/or poly~

condensation reactions to gij.re linear pquesté'rs such as poly(ethylene

terephthalate) in:lude R;SnOP(0)X, or (R4Sn0);_ P(O)X_ (R = alkyl,




- aryl X = alkoxy, phenoxy, n =1, 2) [431] (cf. AS 70'307),

R Sn(SnRZ) SaR 3R = alkyl n =.0, 1) [432], (R ,XSn),0 (e. g-R =By, X= c1
[433], R SnH (R - alkyl, aryl) [434], R,SnX, (R = By, Oct' X=cl, _
OMe, OBu) [435]. compounds of the formula RO[ (R,5n0) (R2510)yJ R

(R = alkyl, aryl) [436]. Ethyleneterephthalate polyesters may be stabilized
with RZSnX2 (e. g. R = Bu, X = acetate, laurate) [437].‘ Dibutyltin o:éide

is useful as a catalyst for the transesterification of methylnicotinate to giver
benzyl a.ndv 2-(diethylamino)ethyl nicotinate, which are useful for pharma-
ceuticals and cosmetics [438].

Miscellaneous applications of organotins reported include: dibutyltin
derivatives as additives for improved workability of crystalline polyolefins
[439] and of PVC fibers and filaments [440], tri-isobutyltin carboxylates,
sulfonates and phosphates as antistatic finishes for textiles [441], solutions
of triorganotin compounds in dimethyl formamide spinning solutions for
imparting improved light stability, oxidation resistance and antibacterial
properties to polyacrylonitrile fibers [ 4427, incorporation of mono~- and
dialkyltin compounds in printing ink applied on removable adhesive tapes
[a43, 4447, tri- and tetraorganotin compounds for imparting good storage
stability to photopolymerizable mixtures of unsaturated compounds [445],
dialkyltin compouné.s as additives for polysiloxane paper-coatings with
. improved release properties and abrasion resistance [446],

R,SnX(R = By, PhCHZ; X = H, OH, OMe) as catalysts for the hydroperoxide

3
oxidation of olefins to epoxides [ 447, 4487, a mixture of Bu,Sn and ReClg
for the homogeneously catalyzed disproportionation of 2-pentene into
2-butene and 3~hexene at room temperature [449], t'rialkyltin oxides as
the basic material for the preparation of a catalyst for the conversion of
4, 4-dimethyl-1, 3~dioxane into isoprene [450] and the use of compounds of

the types R35nC Cl;(R = Pr, Bu) [451] and R,SnOOCCH,SC(S)OR!

AR, R! = alkyl, aryl) [452] as desiccants.
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_ ngel prépared a: éeneral rewew of the b1010g1ca1 sxgunﬁcance of
j}"organometalhc compounds [4531 and Thayer dlscussed the blologlcal‘ =
""aspects of organometalhc chemlstry [454] B ‘
Ma.ny papers ;featurmg the b1oc1dal act1v1ty of organotm compound e
:; have'app_eared in 1971. Ison et al.r studied the fungicidal, msectxcxdal,

i a:.c.éllfi'ci;iva;_‘l,' .rhcvalluscrzicidal‘and anthelmintic activity of a series -of '

' 'tribuiyltin sulfur derivatives containing twen-ty different heterocycles.
. ) Wlthm this series little or no‘ eﬁeét of the nature of the heterocycle - 7
. wWas <.)bse-rved, the éesticida}. toxophore being the trialkyltin grouping.
Thers_erré:sglts corroborate the origixial oi:servations of Luijten and

Van der Kerk in the fi_fties'[455]. The same conclusion was reached by -
Polster gtal. in biocidal studies of different tributyl- and triphenyltin
. compounds towards some 50 types of fungi, yeasts and bacteria [456].
‘The latter group also made a comparative study of the fungicidal effect of
tributyltin compounds and a series of non-metallic fungicides, the tin compounds
beixig the most effective [457]. Compounds of the general formula
R3SnOMR'n_1 (R = alkyi; M = si, B, Ti, Sb, Al, V; Rt = alkoxy, vinyl;
n = vaiency of M) are useftﬁ for rendering substrates like textile,: papef.
synthetic resins, cement, paints, adhesives or wood, resistant to fungi

and bacteria [458]., Bartletal. (cf. AS 70; 308) continued their investiga.tions
j.htothe use of organotin fuhgicides in cement, limes and plasters [459-461].
TBTO containing PVC film has béen used as a transfer medium for imparting
biocidal actiﬁty to leather shoes [462]. According to Kochkin et al, [ 146,
463. 464 éopolymers of maleic anhydride {or acid), styrene and triorganotin
or <lead acrylates are most effective in antibacterial activity. A specific
7 fu'mgi;:idral and bactericidal cemposition based on TBTO has Vbeen claimed -
,Vto bé izseful for ﬁnishing textiles [465]. In laboratory tests effective growth
"1nh1b1tlon of shme organisms was observed with Bu;SnCl 0.5 ppm) :

" Bu SnOAc (4 ppm) and to a lesser extent w1th TBTO (>30 ppm). Trlphenyltm

3



‘hydroxlde or acetat;e were mefiect.lve. _ None of the compounds, however, x
were. effecnve (50 ppm) for shme control of the thte water in a paper
‘plant,’ Only as much as 200 ppm of - TBTO (1000 2000 pprn for pulp) gives ' -
ra significant effect [466] Freyschuss studied the cotmteractlon of: fungal.
attack in groundwood pulp by among others TB'._I‘O [467]. Fupga_l growth in’
optrcal and electronic instt‘urn‘ent‘s can be prevehted by paintfng with a laquer
containing 1-3 wt. % of TBTO [468]. |
Systemic fungicidal activity has been observed with triphenyltin acete.te
against cercospora Seticole on sugarbeet, but the systemic activity wasr .
inferior to that of benomyl [469]. Of twenty-one fungicides tested (among
which benomyl) three formulations containing triphenyltin derivatives were
found to be the most effective [470].. According to McIntosh the fungicidal
activity of tributyltin acetate and of a series of dibutyltin compounds is
< 0.1 times the activity of triphenyltin acetate against late blight (potato)
[471].
Miscellaneous compounds and formulations for whichvfungicidal and/ox
bactericidal activity is claimed are: R3SnOOC—CHR'-CH2-COOSnR3
(e.g. R = Buy,R! = oct‘yl,- decyl,v dodecyl, octadecyl) [472, 473;],
R;Sn0OOC-C(CN) = CPh,(R = Me-Bu, Ph) [142], diorganctinphthalates
(cf. AS 70; 308) [474-4763, dibutyltin bis(5-methylthio-4-methylsalicylate)
[477], tributyl(2, 4-dichloro-6-cyanophenoxy)tin [478], mixtures of
Ph3SnX(X = Cl1, OH, OAc) and 1.'2—propy1enebis(dithiocarbarnic acid)-
-salts of divalent metals (e.g. Zn) [479], partially hydralyzed triphenyltin
chloride [480, 4817, (CF3CH,CH,), SnX (X =H, anionic group; n = 1, 2)
[385], R _Sn(OSO,NH,), (R =C,_, alkyl or Ph, n = 2,3) [122].
In a comperative study of marine antifouling systems Sheldon observed
excellent activity in excess of two years with TBTO. In particular this
. compound is very ef_fective in algae control [482]. Very effective ship~bottom

paints are prepared by mixing a common vinyl resin varnish with 30% of
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' a trialkyltin co@béﬁgd " such as b‘is(tripr'opyitin)su‘ccmate'[ 183] and by
rmlxlng a: polyu.rethane w1th a trz.organotm ﬂuoruie, e. g. Bu SnF [484]
':VAntlcorrosxve coatmg composnuous obtamed by treat_ng an alkyd resin with
(R Sn) O(R Pr, Bu, Oct, Ph) ga.ve eight months of foulmg protectlon on
E {:steel sheets and fzshmg nets [485] Acrylic plastics pressure treated with:
| TBTO were less effect1ve, viz, after thn:ty days all panels were covered -
with marine growth [486]. '
According to Lorenz optimal results are obtained with antifoulizlg paints
eontai.;ling a mixture of TBTO and triphenyllead acetate [487]. Stronganov
C. S. reported av comparative study of the toxicity of R4_nMXn(R = Me-Pr;
.M =85i, Ge; Sn, Pb; X = C1, OH, OAc; n = 0-3) agaihs't different aquatic ‘
bréanisme—such as Scenedesmus quadricauda, Chlorella vulgaris a;xd
Daphnia magna [ 488].

Other cAompbunds claimed to be effective antifouling agents are:
triphenyltin derivatives [489]; bis(triorganotin)tetrachlorophthalates
[490,~.49,1], tribrganotin EOrbates (synergistic effect) [492], mercury
containing stannoxanes of the structure R3SnOHgR'(preferab1y R = Et, Bu;

Rt = Et, Bu, Hex, Ph) [493] and combinations of 2~amino-3-chloro-~1, 4~
-naphthoquinone, a copper salt like GuSO, and TBTO [494].

Interest in organotin compounds as wood preservatives, in particular
TBTO, ie increasing very rapidly. .This is partly due to recent governmental
regulations in different countries (England, The Netherlands) prescribing
the preservation of timber for state-aided buildings. British standard
specifications for TBTO have been described [495]. Levi et al. studied the
effect of TBTO pfeservative distribution fbllowing different drying. techniques,
viz. .ireeZefdryi;ng, ‘rapid air-drying and slow air-drying [496_-]. "TBTO

"based’Qood-pfeservatives were also studied by Hof (cf. AS'70; 309) [497]
.and by Hockmg [498] Accordmcr to Da Gosta et et al, [499] tributyltin acetate

is slxghtly more e£fect1ve as a wood preservatlve than the correspondmg




- lea‘dr cor.iipouhd. Both triphenyltin and -_léa'd éorhpdundé are almcst completely

ineffective. Other organotin céntaining wood preservatives feﬁorted are .V
triorganotin soi-l;.vates [492], triorgahotih perchlorates [500] and mixtures

" of cvompounds‘ like diphéﬁyl(hy&rox’yprdpyl)tin bromide and diglyé:_idylether ‘
(reduced leaching) [501] . 7

Molluscicidal activity has been claimed for R,Sn-X~ C(X")-NRIR (X, X! =0, S
R = phenyl or substituted phenyl; R, Rt = H, alkyl, aralkyl, aryl) (si. AS 70;

. 309.) [502]. Del Rivero tested the efficacy of 63 different insecticidal -
formulations against the cabbage worm (Pierris brassicae). All tin containing
products were found to be phytotoxic [s503].

The recently disclosed Miticidal properties of tricylohexyltin hydroxide
(Plictran; cf. AS 69; 725 and AS 70; 310) gave rise to a variety of patent
applications on tricyclohexyltin derivatives as pesticides, viz, Ch3SnX
(Ch = cyclohexyl, X = OH) [504], X = OAr (Ar = p-NO 2CgHys CCls,
2,4,5-C1,C H,, etc.) [505], X = substituted phenoxy group, such as

4-nitronhenoxy, pentachlorophenoxy [506], X = YR, (Y =0,S; R = organic

group) 1507], X = CH,CH,Y (Y = CN, COOH, COOMe, COOEt, prepared by

2
addition of Ch3an to the corresponding ethylenic cormpound) [508],

X = chlorophenylthio group [509], X = a variety of ester groups, such as
ferrocenoate, picolinate, phenoxyacetate, phenylthioacetate, dichloro-
phenoxyacetate [510_], X = heterocyclic group, such as imidazol-1-yl,

4, 5-benzotriazol-1-yl, 4, 5-benzimidazol-1-yl [511], X = OC(O)R

(R = CF;,C F,,C,F;) [512], and compounds of the type ChSnX, (X = Cl, Br)
[5133. According to Trombettietal. fricyclohexyltin hydroxide causes only

a slight delay in the must fermeniation of grapevine in 1aborat6ry trials,
whereas m field tests no such delay was observed [514]. Findlay investigated
the toxicity as well as the anti.fégdant and the reproduction inhibiting effect
of Ph,SnX (X = OH, OAc) on the different stages of the life-cycvlye of the

Egyptian cotton leaf worm, Spodoptera littoralis [515]. As determined in
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b__sunllar stud:l.es castor .u.ea.f b:Lts d1pped in=o0, 4% Ph3SnOAc squt:Lons' ga.ve'

o a marked reductxon of the leaf area eaten and all larvae exposed to a-

» >0 05“’- soluh.on dled in 48 hours w1thout eating a.t all [516] Ascher etal.. .~

‘ "contmumd thelr stud1es of Me65n2 (Pennsalt TD-5032) (cf. AS 70' 310).i .
vTh:.s cnmpound was. :Eound to be: four times as e:Efectlve as d.lchlorvos in-

| controllmg larvae and eggs of the Egypt.lan cotton. leaf worm. [517 518]

The same group pubhshed further data on_ the e£fect of fentins. on the

V fiex_:nht_y.pf thg,female housefly. In the same paper the influence of fentins

- 01;1 'tlie:fertility a.t‘xdb'fecundity of other insect species was critic;liy’ reviewed
[519]. '

Other organotin compbunds claimed to be useful as insecti.c'ides are:

R,SnX and (R3Sn)2Y (R = Ph or monosubstituted phenyl; X, Y = mono- .

3
_and divalent "sblubi_"_izing moiety") [520], compounds of the type

/
[(R" @CRR'-CHZ) Sn] X, for example trineophyltin chloride,

(PhMe,C~ -CH ) 5nCi, and (PhMeCH- CHZ) 5nCl (less phytotoxic than

2
tr1cyc10hexy'1tm derivatives, more effective than parathion) [521],

'33SHCH2502X (X =~ alkyl, aryl; R,N etc.) [522].

vHérbi_cidal activity has been claimed for compounds of the formula
RSSnX (X = OH, CN,N ) especially Bu3SnN [523], R SnCHZSR', preferably
R = Bu,R?! = Me [524] and phenoxytin compounds such as tributyl

(2, 4 dm1tro-6 s=c-buty1phenoxy)tm [525]
Accordmg to Poller et al. [526_’ Ph3SnOAc is subject to micrqbial

13C labeling it was proved that the carbon

- degradation i#'soil. By means of
dioxide formgd stems from the phenyl groups. The rate Vof degradation slows
down'_a.ftef.e‘\rolutiqn of an amount of carbon dioxide corresponding with one
phenyl group. .

.Célluloge :containing materia.l, e. g. sawdust, is an excellent absorbent
for organotms and can be .used for the punﬁcatxon of solutions and emuls:mné-

‘A‘contammg TBTO [5273 Isoamyl gallate has been claimed to be useful for

" the sta_.bl]_.lzaguon of TBTO [5283.



On ‘the 'bas:.s of‘mvestz.gatlons.mto ‘the modes of act:l.on and the a.nt1— g
mcrob1al spectra of Pr SnOAc and Ph PbOAc Koural etal, a.l concluded that -
] ‘the primary sites of mh1b1t1on ‘are the b.osynthes1s of DNA and RNA
(of E.coli K 2) [529] ‘Aldridge gave a review of the inhibitory effects of-
trialkyltin compounds, their stimulation of A~TPase, ‘the. chem1cal b1ndmg

113 1135h and of proteins w}uch combme with Et;Sn [530].

of Et,”"~Sn and Mey
The latter authors ~ontinued their studies on the 1nh1b1t1on of the ox1dat1ve
phosphorylation by trialkyltin compounds (cf. AS 69; 529) and discussed

the relation between the specific binding of Me3Sn and Et3Sn to mitochondria
a_nd‘ their effects on various mitochondrial functions [531]. Casida and -
coworkers made a detailed vstﬁdy of the oxidative dealkylation of tetra-,

tri- and dialkyitins and tetra- and trialkylleads by liver microsomes. The
extent of metabolism was found to decrease with increasing size of the
organic substituents, viz. Et3Sn, Pr3Sn, Bu3Sn> PenF3Sﬁ> Ch3Sn> Hex3Sn

> Oct;Sn>> Ph,5n, the latter species not being metabolized at all. The

3
presence of y-hydrogen atoms is essential for rapid microsomal degradation,

for which the following degradation sequence was proposed [532]:

(R-CH,) ,Sn —> (R-CH,);Sn- CH(OH)-R —22X°"8 (- CH2)3Sh+——"
(R-CH2)25n+-c;-1(bH)-R — femeee- N R-CHZSn3+

As much as twenty papers on toxic effects of organotins have appeared
in 1971. Two rather conflicting papers on the toxicity of Orgaﬁotm stabilized
PVC to humaﬁ tissue have been mentioned in the section on organotin .
stabilizers [ 365, 366]. A bibliography of organctin toxicity has been composed
by Luijten [551].

Different medical research centres reported on studies of the patho-
biology of brain eudema in rats as produced experimentally by means of
triethyltin compounds [533-541]. According to Zoltan etal al. [542] the functional
deterioration of the central nervous system induced by triethyltin ;ul_fate

poisoning can be decreased {about 40% decrease in mortality) by silylmarin
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’(Legalon) The protect1ve effect of theophylhn is markedly wea.ker, whereas'
;._‘n'um.tol is- meffecnve. ' o o
Pellkan etal al.: stud:.ed the effects of low doses of b13(tr1buty1tm)ox1de
“on. the skm [543] as well as on the eyes of rats [544] Horacek et al. reported
on the charactenstu: features of mtox:.catmn of some workers ha.ndlmg
: Bresta.n,'_ra,commercrnal fungicide based on tr1pheny1tm, acetate [545], The
m.ﬂue.nce ‘oi the latter compound on lymphatic ‘tissue and on indmﬁne reSponses'
in gui;lea pigs wes discussed by Verschuo.:r:en and coworkers E546]; The
LD, of éuSSnx(x = Cl1, 0Ac, OOCPh, oleate, laurate) and of Ph,SnOAc for
mice and rats was determined to be 100-250 mg/kg, whereas for zoo- and
phytoplankton and for cold-blooded animals the LCy, was found to be
0.002-0.1 ppm [ 456].

Pélikan et al. studied the toxic effects in white mice of intragastrically
administered dioctyltin bis{2-ethylhexylmaleate) (LD50 = 2.7 glkg),
dioctyltin bis({butylmaleate) (LD.50 = 3,75 g/kg) and dioctyltin maleate
(I_.DS'O = 2.25 g/kg) [547]. The latter authors also reported on analogous
studies with some monobutyltin compounds at a 4000 mg/kg dose [548T.
investigations into the effects of peroral administration of dioctyltin
b‘is(isooctylthioglycolate) and of dibenzyltin bis(iso.octylthioglycolate) on
rats for 3 and 18 months periods learned that the toxicities of these

compounds depends on the dose and the period of administration. The

benzyl del_'iw/afive is more toxic than the octyl derivative [549].
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