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·I IA. Introduction 

As the present work is a study on the reactions of azo-

phcnc:x:y con pounds with organotin compounds,. it is d:esi rahle that 

a brief review 9£ the chemistry of organotin alkoxides· and-related 
' ' . 

. ccmpounds be presented to make the· reader familiar with the wide 

variety of alkoxides, phenoxides and related compounds and their 
' ' 

reactions ;_:md structures so. that a proper assessment of the present 

work may be made. 

;riBe Organotin alkoxides. · 

The sirr.ple organotin alJwxides ~d phenoxides are usually 

prepared by' nucleophi~ic substitution_ by an alcohol or its metal 

derivatives at a tin centre Ceq.uat~on (1). (M = H, Na etc. _7. The 

'»-' best established method is that in whi.ch an organot'in halide is 
'\ 

-~-
1 ' 

treated with the sodium .alkoxide, often in the parent alcohol as 

solvent. The sodium chloride which is;. fonned is filtered or centri-

fuged off and the alkoxide is recovered by distillation or 

crystallisati~n ~e.g. eqn. (3) _7 • 

. ~ '--.. ·0f_ -~M+ 
M __,.._ OR -Sn-X ---7.., '.·< -- + ROsn:;:: + ~: ~J\.(l) 

:.c. 

'Alkoxides can be prepared by reaction between an alcohol 

and an organotin halide in: the presence of a base1 ·or by· a rnetathe-
i 

- ' 2' 3 
~ical·reaction from an alkali-metal alkoxide ~ • 

. ' 
·' 
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R3SnC1 + R' ONa ' > R SnOR 1 + NaCl . 3 

MeONa + Bu
3

SnCl ~ MeOSnBu3 + NaCl· 

. Eq1l· (?.)" 

Ecp\. { 3) 

The alkoxides are sensitive to moisture and carbon dioxide, and 

the filtra~ion has to pe carried out in the absence ·of air, which 

may be tedious if the sodium chloride is finely divided. A more 

conveni"e~t route ~0 tl1e trialkyl tin a:J_koxides, when th~ alcohol 
. 0 

or phenol boils above. about 90 C, is the azeotropie dehydration 

.of a mixture of the appropriate alcohol and bis•{trialkyltin) 

-oxide .in benzene or toluene 4 • 

"(Bu
3
sn) 2o +. 2BuO.c~.c~o~ 

Eqn. {4.) 
! 

The WC!-ter formed can be collecte<;l in a Dean a:nd Stark 

-...... :.Sepa+ator and good yields. are obtained· after one hour1 s boiling· 

under reflux5• Triethylt.:i..n .oxidE! reacts· with acetylenic alcohols 

at :room· teniperature • 

· (Et
3
sn)

2
o + .2HOCR2C~CH:-· __...·...-;· ·~)"· 2Et·

3
snOeCR

2
C§:CH 

+ ~0 

{"'R = H or aikyl J 

. ' ·.· 



If the mixture is heated and water is removed. az~otropically the 

'6 7 product reacts further ' ·• 

(Et3Sn) 2o + 2Et3snQGR2C~CH 

. '·' . 

---~ _ 2Et3sno. CR2c:;:c. SnEt
3 

Trialkyltin· alkoxides· can be obtained in good yields by 

heating. together an o~fde and a dialkyl carbonate5 

50 

If the· alcohol is mo~ volatile, for example if it is methanol then 
I .. - 4 

trialkyltin alkoxide can be obtaine(! conveniently by using dial'k:Yl 

~~ carbon ate. -

+ B~y;~~:~ 

2B!JJ~~9~~ ~~~~~? 

A further process which- avoids filtration is the reaction between 

alkyltin. hydrides and alcohols to giye al~oxides and molecular 
. ~ 

_)-__ hydrogen. This route has been used particularly for prepari~g. 

·~ 
1 

. 8 
cyclic alkoxides • 

/ 
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· Suitab+~ dialkyltin ·coinpquilds wi.th glycols. gl,ve cyclic alkoxide;s 

• .. · .. · '. •• CM<irciip~o'!l(!ol)ols. such as Hf.ICH2 :·cH2~H ;,.;.ct<~imii?,;,ly j . 

. · . 
. '• 

en :::or· 4,5,-6). 
·"·. ' 

~Ref.: io) v' 

·'· 

.. ·. Eqn;(11J 

.· .. 

: : ~ : . 
/ . 

. Although 8o~o:und I, (R = -Bu) _ h~s a .molecutar wei9ht correspond-ing 
. . . . . 

to t~e dimeri~ ·structure shoWnl ·a.·':ntinfuf;!~ .,.of 1, 2~glycols. can ··give· 
• • '•., .. ~ ~-~· '< I ·,, 'o, ·,'.·. ·~·.~~ • • ', • ' 

.-' · .. c"'moriome;-ic cyci1~ _.alkoxi~esl f~g-! ~xample~·.c:oinpounds ·Ir;;.;.zVl0 i 11 
.· ·. ' '. . ·. . . . ·.·.. . . . ' . . '/ (' . . . .· . .· ' . 

,· L ,: ,' 

. ' 

/ ' 
! 

··xf 

, r .. 

~ . . 
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pther: workers.· hav~ suggest~d 'th~~ 4,n" ~olu~ion,- thesf! cyclic compounds 
. . . . . . . . '• . . -

. . . . ·. 10 
. e~ist :·as an equilibrium ndxtur~ of· mt;~nonier and,. dilner . :_ 

.. ' 

Diols are more ·x:eactive to\.,ards.dialkylt.in: oxides. and t,r;iols towards 

. ~lkyl·:_st:annoi~ . acids,. 'than are monohy.dric al.C:o~ols a.Jld' -~e cyclic. 
• ~ • < • • • • 

. ::dialkyltin ·aia:lkoxides _and "mono alkyltiri trialkbxides can' be 
. . . ', ·~ ~- ~ ' ~- . . ·, . ' . . . ~ . - . 

prepared 

by azeotropic dehydration• Sometimes the.productij,from aio~s.lllat 

exist as both .monomers' ~r d~rei"3 ~. IR and NMR. da~a13 . support the 
• ' ' • • - r 

. the .l~rger r.i·ng · (VI). Carbohydrat~$ -react i~ this way to form e~lic . . . . . . . . . . 

· d.i,al_ko~ides~. which are. usefuf .~n- orgard.c ·synthesis. F9r, example 

.m~thyl.;.c(~b .· -gl\it:opY:r~oside g-ives ~ethyl 2, 3, :.-~dib,utylst_annylene-. 
. . . . . ,· . . . . 16 
oC-O~glucopyrp.rioside. ·(V·II) ..• ·:: 

. : ~ ' . . ' . . . . 

I o • '• 

.· . . 0. . : 

. . . . / -E':::I ..l 
. . ·... •. . 'R,t~ . c .J ... 

. /:((0". J> . 
·-f.·-,. c+n )·: ~?. . ·_ 

.. . L ~·" .. 
''_r-: .. ~Q _:· . . ·.: 

.. 

. .... -

,,· ,. 
~. 

'. 

. ( 
•.J 

'J 
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· The:··stannatranes. {VIII) which can be fo~d by ·.azeotropic 
. -..... · .. 

53 . 

··· · · .. · dehydrati~ _oi ~ miXture· of stannoic acid and ~z;j.eth~olamine17 

. ' 

~-

" 

:;\ . . 
,y..._, 

-~ .. I 

. 'have 'att~acte(i' 'a l.ot of attentiQn beca~se Qf; t.he·:ir t.r.iptyc;:h 
. ' . . 

structures~8 and thet~ analogy with .the phys_iolog;Lcally active 

_silattanes~ 

. VIII. 

· Reacti.ons. (4) and (?) .are ·the· _best. for preparing trialey~ti:n 

alkoxic;ies. Under the same conditions:,_ .dialkyltin oXides. react only. 
\ . . . . 

to .. ti;lE!). stage ~£ · th~ .. ~~alkoxy~tet~c;llkyletistanno~ane_s R • · -~ OR.2Sn0Sn~OR • 
_and th9l;igh these decompose _ther~ally to· give .. R2.sno. and a2sn (OR' )2, 
the reaction betwee~ -sodium aikoxides ·and dihalides stil.l provides 

' . l 

. . ' 
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t.he ·best route to the dialkoxides. In tet.ralih however, ··phenols 

react with dialkyltin oxides to ,,g.:i.Ve the diphenoxides R
2

Sn (OAr )
2

. 
. . 19 

directly and it is po~sible that the higher boiiing alcohols· might 

show a similar· reaction. 

A number of~~substituted organotin compounds add to the 

carbonyl groups 0f aldehydes and ketones to give substituted 

alkoxides for example26 

Organ·otin alkoxide.s can also be formed·.br the addition of the Sn-H 

bond or activated Sn-C, sn-o or sn-N bonds to the carbonyl groups 

of aldehyes and ketones. 'l;'he Sn-H .additions can be catalysed by 

azobisisobutyronitrile (AIBN) or. by- zinc chloride, involving attack 

by. . li . 27 at oxygen a radical or an electrophi c tin species respectively • 

AIBN / 

E.q,t'l • (13) Et
3

SnH '+' Me2CH.CHO >. ~~ic~ c~. osnEt3 

Et
3

SnH + Q=o· ZnC1
2 > QosnEt3 

Activated Sn-C~X bonds (X.=. CN, CO,Me, COOEt,. CONMe 2 , CH
2 

= CH2 

(etc) will add to certain aldehydes ·and ketones37 ' 38 • 

•. 

' f 
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Subs:t:i tut~Si allyl compQu~ds · react. tdth ald~qyde~, ··p:uob~tY 
... . ... ,. . .· ··: . '· 

through-a cyclic tr;an·sition ~tate, <:p~) 3 ~ •. 
. . '~:{'' ·-~ 

·. /\SnBu
30 

.. 

e·H. ·: · 

~u 
~H 

Me 
. 1 

.. ,· 

. ,. 
'. 

........ 

.Alky.ltin ·trialk~xides C?an ~ -f9rtreo .by aea~ing .together. 

the so(iium alkoxide and a,lkyltin· trichloride in benz·ene for 3 or . 
. • , I . , , , 

. 2-o' ' .• . . 
4 hourfJ ·• Alternatively the ~llcyltin tri~: (d:!~:thylamides.) may be. 

•. 

subj~cted to. alcoholysis which is rap;J:d. an~ ex_otpe.pr~c .a:t ·room 
. / . · 21122 . 

t!!9rnpe rature . . . • 

. ; 

... --; 
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s.eme reactions by w}:lich the triaikoxj,de.s may be· converted. 
. . • . ' 22 . intq ·other alkoxy derivatives are shown in the. scheme.,..l • 

. Scheme ~ 1 · 

• •• r 

/ 

. ... . BLA.(Sn) op,.·~)n (N BLLC0Me)3-l\.: 

. ' ' 

. , . Physic-al· properties of some: t:yp~cciU ·argariotin alkox.ides are 

giveri in.Tabi~-1. 
' . '• 

·, 
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Table - l 

Physical properties Of some O~ganotin alkoxides and phen9Xides79 

Compound b.p 20 d20 - m.p I1n 

Me3~nO.Bu - . 175-6° 1.457? 1.2656. 

. Et3sn~~ ~CH20CH : CH2 
I 0 - 90-90.5 /3 mm 1.4810 1.2560 

0 
Pr

3
SnO.Me - 87-88 /3 rrnn 

Pr
3

Sn0Ph - 145-147°/1 mm 1.5~84 1.2167 
.. 

Bu
3

snOMe - 97-97.5°/0.06· Iml. 1.4710(25°) 11.1294(1.1690) 

•'. ' 0 
Bu

3
snoBu ~ 124~128 /3 rrm 1.4690· 1. 0189 

Bu
3

Sn0Ph . - 1.52°/1 'rrin .. 1. 5171. i.1666 

J3.~ Sn _( OMe) 2 
0 . 

1 • 48 52 ( 2 5°). - 126-128 /0.05 mm 

Ph
3

Sn0Me 65-66° - - -
:'~ 

/' 
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~ost of the reactions of the organotin oxides and alkoxides 

!Rvolv'e heterolytic substitution or addition reactions. The utility 

of these reactions in organic synthesis depends on the modulation 

of the nucleophilicity'of the oxygen by the tin atom: the sub~titu-

tion and addition proce~s often occur in various combinations and 
. . . .. 23 24 25 

these applications have been reviewed ' ' • 

,1". b-
s_n..;,.__O 

~+ 6-
sn-o 

. S,- &+ 
' A-B ;;::==:= 
o- &+ "­
A===B ;,=====:~- Sn~A-B~O 

sn-A + o-B E.~n{t~) 

ECJ.li: ~~) 

The alkoxides must be prote ct.ed from moisture which causes rapid 

hydrolysis apd' the_· readiness with which. these compounds participate 

in both substitution. and addition :reaction i~ being increasingly 

-I 

-:r: exploited. The versatility _of organotin alkoxides to add. across 

unsaturated linkages are provided by the following examplesz 

/ 

. . 
Bu3S~0Me + PhNCS---...... )'..,., Bu

3
SnSC(OMe) = NPh 

Bu
3

Sn0Me + C0
2 

)-Bu
3

SnO.C00Me 

Bu3Sn0Me .. + Cl3C •. CHO-+Bu3sno. CH.(0Me~CC13 
Et

3
Sn0Me + CH2 :::i _ co---+-Et3SnCH2COOMe 

Et
3

SnQ. Et + ArNCO _ }·Et
3

SnNArCOOEt 

(Ref. 28 )' E'qn.(l6) 

.(_Ref. 28) E~t1. {11) 

(Ref. 28) Eq, .,,(19) 

(Ref. 29) e<l;,.(t9) 

(Ref. 30) Ein•{2.0) . 

{Re:f. 31,32)E4n.(i9 

• f ·-· 
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--. Bu3Sn0. Me + Cl 3C.CN---~~Bu3SnN = C {OMe )CC1
3 

(Ref.. 33) E.q_n. ~o) 

Et3SnO.C: CMe + Cl3C.CH~--~-~--~~_.Et3SnO~CH{CCl 3 )oc: CMe 

(Ref. 34) ~C]rJ· ~4) 

The product frorr. addition to the isocyanate will undergo 

protolysis ~ith-an alcohol to give the urethan and the regenerated 

organotin alkoxid~. 

!t ca:n be thus seen. that _a· small -~ount of ·an orgar1otiq 

c'ompound can_ catalyse the rea_ction between alcohols and isocyanates 

and this explains the -known efficacy of. organotin catalysts for 
. . 

. . . . 31 ·_ 
th~ production of polyuretpans .•. 

The reaction probably invclves combination of an addition 

:l;ollowed by -a substitution reaction. 
/ 

. 
BujSiiNPhCo2Et + EtOH-_..;,--'~~- Bu3$nOeEt + PhNHC02Et 

Sn (IV). -PhNCO + EtOH--..;....,;.;;;...;..;;;o.o...;.;...----;.,;"t"~· PhNHC0
2
Et 

Eqv;. (2.6) 

e c.tn· (2 1) 

I:C}I1. (ifV 

Addi_tion ·to carbc..nyl' corrpounds occurs· with· a number of aldehydes 

and with reactive ketoz:l,es such as hexa·:.:.chloroacetone. Since the 

· products- are themselves alkoxides- further addi.tions. may occur and 

in the·case 6£. chloral, a polymer~c_product was obtained29 , 35 ~ 

Eqn· (2.9) 

") 

I 

,· 
i 

. ! 
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The product .from addition of tributyltin methoxide tohexachloro­, 
. acetone is unstable and decomposes to give ·the trichioromethyltin 

deri.vative36• 

CC1
3 . '' .. l . 

Bu3Sn0. Me.+ Cl3CCOCC13=-----?-~- Bu3SnO. ~OMe----.)~Bu3snCCl3 
. CC1

3 

119sn NMR chemical shift in somebutyltin alkoxides shown 

iri T~le -:, , prov'ide some insight into the nature of these 
. . 
alkoxides. · 1, 

R 

Me 
.~·. 

Et 

Pr0 

Pr i 

Bun 

Bui 

. . Table -.2 

119sn Chemical Shifts (p.p.m) o~ Butyltin Alkoxidesa 

.Bu3SnOR 

+83 

+86 

+87 

+76 

+91 

+82 

-165· 

-161 

-159 

- 90 

·-161 

. BuSn(OR)
3 

-428 

-414 

~333· 

-428b 

-401c · 

· Bu s ·+80 

-150 

34 

34 

-321 
•. 

B t. u +60 

~eat liquids at 25°c, bat o 38 C, 

. r 
·' 

60 
. ' 

' 



. J. .. -'(.:. 

. ' 

61 

.. . - . ~ 

The tributyltin alkoxides all show a high frequency shift 
. . . J . . • 

and are believed to exist as te·trahedral monomers a:t ·room temperature• 

The dibutyltin dialkoxides are monomeric only when. a butyl alkyl 

group (R = B1,1s or But) ·prevents. dimerizat;ion and the enthalpy of 
39 

dissociation of the dimers in solution is found to be 60~100 KJ mol-l 

The butyltiri trialkoxides exhibit a wider range of chemical shifts22 • 

· Butyl tin tributoxide again appears to be monomer!~, for steric . 
reasons,. l;lut the compo"'mds wi·th similar alkyl groups, showing 

chemical shifts of about -425.P~p.m., are probably octahedrally six 

coordinated. · 

By this. chemical shift. ~riter1on,-the dibutyltin derivatives . . . . . 

of the 1,2-diols.shown in strucuure·X to XII.appears·to contain five 

coordinated tin. as in vi39• 

.· ~0) 
B~Sn~ 

. . 0 

·.~OX B~Sn .. 

~0 ·. 

X XI 

119 ... 
·. Sn chemical 
shift (p~p:m)-189 

. -164 .::.155 (in CDC1.
3

) 

D.ialkoxides undergo sirrilar addition reactions to t·hose 

alrei"ady discussed for the monoalkoxiqes and in most cases, 1 :1 

and 1:2 adducts can be lsblated·40• 

. ( 

,' 

• 
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Bu2sn·(oMe )~ + A = B ------:>~Bu Sn (OMe )ABOMe 

. 21A = B .. ·. 

B~ Sn (ABO Me ) 
2 

Eqn. (31) 

'(A= B~ isocyanate, is?thiocyanate, aldehyde, sulphUr dioxide, 
·.· 

· ----J.._ carbon dioxide, cyanide, carbodiirnide). Dib'\ltyltin dirnethoxide. 

unde'rgoes. a redistribution re_action with a .dibutyltin dihalide 

·-y. 

' . 

and the_ ·resulting halomethoxide also participates in addition 
. . . .. 40 41 

re act~o11:s ' .• 

Bu2sn(OMeJ2 + 'Bu2sncl2~. ----)~,· . .2Bu
2

sn(Cl)OMe 
,··,•. 

The dialkoxides react with·a variety of_ compounds, R2snx2 in 

so,lution, in· a process analogous to ~he Schlenk equilibrium involving 

Gr.ignard reage'~ts to gi~e the monoalk;xy 'compbun ds 41 • The 119sn NMR 
. :,..~·. 

spec:tra show that the methoxide chlorides ~2sp (OMe )Cl (R = Me or. 

B~) exist as monomers in dilute· $Olution, but as methoxide-bridged 

d '1 42 dimers in more concentrate · so ~tions. • 

Bu2$n~l2'" + 2Me0Na-~>-Bu2Sn {OMe ) 2:-'------~~ B~Sn (OMe )X 

' 
~'iJ'· ~~) 

(X = F 1 'Cl, Br,· I, SNC,. OAc, OS02R) 

•\ 

. .r 
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. - ,. 

Turning next to substitution reactions, the ·~lkoxides are 
-~ 

sensitive to a wide range of protic species; reaction with water 

has already been mentioned and acetylenes readi;ly displ.a5e alkoxyl 

43 . 
. groups ..• 

+ Hc::,c.CH = CH2 ·- ___ ,_ Et3SnC~C.CH --=. CH2 + MeOH 

- ~«il1· @~ 
. . \~ .. 

· N-S.tann:rlarr,ides are· conveniently prepared. f_~om alkoxides 

~t3sno. 'Me +_ PhNHCOMe -----_-)~- Et3SnNPhCOMe .+ MeOH 

However when·the corresponding, thio~ides·are used\ the products 
- - .· 4~ -

have Sn-s rather. than sn-N bonds •. 

\'( Alkyl ha,lides and alko.xides react to give -ethers and organotin 

halides. 

Bu3SJ?-0Me + CH2 = ~HCH2Br --)~•Bu~SnBr + CH2 = CH.CH2 0r1e Egr\.(3~) 

(Ref.. 45) 

Et3SnOCH2 ~cH2c:cH +_ M~OCH2Cl--.?~_ Et3SnCl + ~C=C.C~CH2 0CH2 0Me ~~n·(J9) 

{Ref. 46) 

+ Mei--_...-___ ~;..~-R3Sni +· R~S~C ~C~C~OMe 

,_~efs. 47,48,49) 
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·Irradiation.with ultraviolet light and the addition of Lewis acids 
~ 

did not increase the yields in these reaction.s 45 • l:~ a similar manner 

a~koxyl·groups can be transferred to silicon py .th~ use of silyl 

halides-. 

·R3~no.c~c-:-csn~3 + R;SiCl 

-___, .. ,......).,.R
3
SnCl + R~SiO~~C=CSnR3 E~~(42) (~efs. 47 ~51) 

+ . 9B""JSnCl · (Ref. 52) 

The silyl halides re!=lct more readily than the alkyl halides 

al)d cooling is often neces'sary. 

Trans-a~koxylations can be eff~cted by heating an alkoxide 
53 . 

with excess of another alcohol .• 

E'in· (44) 

.{X= .Cl, Br; n = 2,3,4) 

- . . 54 
An alkoxysila~e: may also be use¢!.. • 

145°e 
au

3
snOMe + Me 3SiO.Bu -----)+ B~SnO~ Bu + Me3si.O.Me CCJ..l1· (4~) 

40 ·hr 

. ' 
.! 



r 

'"" 
.. - - 65 

A similar reaction occurs under inilder condition when an al.koxide 
t . 55 

is treated with an ester • 

Eq,n.,(46J 

IIC. Organotin Enolates 

Organotin derivative$.Of simple e~ols are usually prepared 

by treating the acetate of the appropriate enol with a trialkyltin 

methoxide. but the alternative routes have also been used.56-59. 

The keto and enol forms exist in metallo~ropic equilibrium which 
. . 

usually favours. the C-isomer. 

Bu3SnH + MeCOCH = CHMe --~+_)" Bu3snO. CMe = CH~CH2M.e 

' . 

(Me3Sn)2S +_Hg(CH2COR) 2 -----)r2Me3SnOCR = CH2 + HgS 
. . 

. Bu
3

snNEt2 + MeCOBut---+) Bu
3
s9o·. CBu t == C~ + Et

2
NH 

C = C-OSnR3:;,==:::RJSnC-C :: 0 

0-isomer C-is6mer 

.· ·The deri vat! ves of 1, 3-dione_s can be prepared from the 
. . . ·; 60 . . .. · . 

organotin oxides. · in a reaction ~alogous· to the preparatioQ of 

~iY\·(49).1 

£~n.(50f 

Y alkoxides •. These diones act as· bidentate ligands and the ·structures 
· · · · 61 o2 · 
shown in XIII and XIV · . have been established by X-ray ccystallo-

graphy •. 

. ' 
·' 

I ., 
'i 

i 
. i 

• I 
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Ph· 
Ph,, . ~:~ t1e - . ,,, . ,,, . 

0\Ll 
. ,,,, . 

· · · '''Sn o( 

Pk//' Ph Sn 

! \ 
0 0 -~ . . . 

Ph: Me 
. ' 

-- ·- ~-

Xl:li ~:cy;.· 

' . ' 

Tpe·-.r:eaction of p -propionolactone with trimethyltin methoxide 

(a1;1d _oth~r Me3SnX c~mpooods) has been studied in detai!63 , 64 ~ Th~ 
dom~nant·product is·that resulting from acyl-oxygen bond cleavage 

' . 
~ but the product obtained from alkyl-oxygen bond cle~~age XVI can -.. . ~-' . 

also be.detected, the ratio _of t~e Pr8~uct~. depending upon the 

polarity of the solvent ·.-&·sed 

. ' ·' 

'· 
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0-o 
0 .-

. -c· Me3SnOC~CH2COOMe 
+ M~3 snOMe. . _ .. _ , . 

·Meo. cii2 .cH2coosnMe3 

XV 

Stannylated celuloses are p~pared by reaction betWeen cellulose 

- : 65 
(or ·a derivative) and an organotin alkoxides· • When an alkoxide 

reacts with ah enot ester then the o-stannyl derivative of the eriol 
57,66 

fo.rm- arid/or the c-stannyl derivatives of the keto fonn is obtained 

MeOAc 

RR'C{SnBu3 )CR" = E~rn· ~~) 

Organotin enolates in whj.ch the . 0-: and c- bonded isomers 

a~e in metallotropic equilibrium react_with alkyl halides by 

C-alkylatio~67 .and C-allylation can b~ brought about by allylic 

acetates in the presence of tetrakis ~ (triphenylphosphine) ,.:· ~ 
. . . . 68 

palladium- _(0.) • 

0 OSnBu3 + Mel ---+-)' QO _+ B~Sni 
Me · 

Eg_l1.(53) 

+ £qn.(S4) 

• 

• I 
j 

I 
I 
I 
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I1D. Organotin Phen·oxides . 

,• 
. ' .. 

. .· 
. ' ... 

'·_.: 
_>, •. 

·T~e org~nbti.n ?he~<?Xid~s~ ,·~~Sil (OAr) 4-n~,>~·re·_c;.on~eniently · 
. . . 

p~epared. by. reaction .between'· an ·6xid~ and a phenol. in ·.t;he' same. 

~ .. ' 

·- ··,. 

(Bu3~n)_2_o + .2.C?-Phc6~4oH.: .: .'t ·: ... ·. 

·Among other. m.ethods, treatment of an .or~an,otin ~hlo.x-ide: with a 
:' ' ' . . .... . . _, ... 

. phertox,zi¢ie maY'· be used7~~ : . .· . . •· 
·. ·Y,. 

. . . "' "' ' . -~-
'~ .. -~ .. · 

68 

.. :~h3SnC.~ +. p- N02c6H4oNa,·-.· --)~_ :I>~~·o2~6a4 os~h.j_· +· Na~l:.·. E_<J.n.(56)· · 

.' :. 

Dibuty1 tin .. dimethoxide .·. re.ac~s ·_.with . 2:;..pyr.fdorie . as ~ollows71. : 

+ 2MeOH 

the p.;;.nitro~ophE,=moxide -~hich,· ·from the: infrared~ and visible spectra· 
. ,··· .. ' ' . 

::,: . : ,_; ~~~-_'' -
. ._ i" . . 

. : · .. · .. ·:t•: 
. ~. ~ - .. 

·' 
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. '. ... 
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IT10i~ture but, compounds dei;'ive¢1' fr.pnl' more. acidic. phenols (e~ q •. 

. ~ . nitrophenols). ·ar~ .. le~s- _rea~il¥·~ ~ydro:~::ised 70" 73 ~~-.High thermal ~stal>ility 
... : . i~ a property :.o:f. a. number _of_. phen6xides. ·for example ~comp~unds .XVII 74 
. . . '• 75. . . .· . . .· . 

. and )CVIIl and· also of compoUndS de·rived from ().ihyd_r1c, pheno.ls .such 

as XIX and ·X:x 7 6•. · · · 

• ' ·-· 0 
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A polymeric phenoxide, having repeating unit~-OSnPh2 0C6H4 - was 

prepared from diphenyltin dichloride and the dipota~sium salt of 

70 

. . 77 . 
hydroquinone • A number of polymeric products have also been made 

by heating together in toluene·, dialkyl tin oxides and dihydric 

pheqols of the type xxr78 • 

·xxi 

i' IIE. Organ·otin deriv&tive. of some (Arylazo) phenols 

,Althoug~no attempt on the synthesis of organotin derivatives 

of (arylazo) 'phenols has been yet reported, Sengupta80 reported the 
~:·. 

stannylation. of the -OH ·group in. 2- ( 2'-me.thoxy. benzene azo) 5-hy~raxy 

phenoxy met~yl acetate and the corresponding acid leading to the 

formation of the compounds XXII and XXIII. -.Interestingly, stannylation 

of the -~OH group invariably occurred whenever any attempt to substi-

r· tute the proton of the -cocm group in .JOCIV by organotin group was 

made it 

't\ .. 
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. . ,- ·.~ 

XXII 

XXIII 

-Another gro';lp ·of organot;in ccmpounds invoiving Aryl~o-sn ·. 

· -b~nd "is·_ the organotiri cie~ivatives O'f "5-phenylazo-S-qui:polinol and 
'· ' . . .. 

~-_.5- '(2 • ~carboxy phenyl') azo-8-quinolinol XXV, X_XVI, XXVII, XXVII·J: ·-
. . - '•,. . 81 

have peen. repprted . • 
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. IIF.- Stannoxioes of other elements 

.-. 
. The·. Ch ' t f th t 11 t h b ' d82 

em~s ry o e me a os annoxanes as een rev~ewe 1 

the most important con·pounds in this class are .. the stannosiloxanes 

containing. the grouping 3sn - 6-siE • Although a number of 

com.12ounds for ~~anple. Me 3SiOSnR
3 

(R · = Pr~ Bu) have been prepared 'by 
. . . . . 83~84' . . 
co}?ydrolysis of the mixed halides 1 

, the alkali metal oxides are 
... , . . . 85 

more generally used :t;or laboratory synthesis ·~ 

M_e
3

Si0Li_· + Me
3
SnC1----··-)-+-LiC1 + Me

3
SiO.sn.Me

3 .. · ·t . . 
_ Me

3
Sn0Li . + Me

3
SiC1 . / 

. ·, 
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T·pe reactiqn of stannylamines with protic species is the' basis of 

m~ny preparative procedures and can be applied to·the preparation 

86 of Stannosiloxanes • 

E<i,t1. (GO) 

/ Benzene, toluene or ligro~n solutions of organotin .oxides and · 
~4,... 

hydroxides react wi·th hydroxy~silanes and germanes to give water 

. 87 
and the. stannosiloxanes or stannogermoxanes • 

On treatrrent with. a Grignard reagent the stannosiloxanes are 

alkylated ~t .the tin atom, for 

•' EtMgBr give~ eventually,_· Et4sn 

.. 
example ~t3sno. SiEt3 

+ Et3~ioHB~. 
on treatment with. 

Much of the work in·this area has been directed at obtaining 

modified organopolys116xanes. in which there has been partial replace-
. . 

ment of silicon by·tin. Although such ~olymeric compounds have been 
\. :. 89 • . 
,..-, made their stabilities and physical properties are inferior to 

those qt' ·the organopolysilo~ane~90 :. 

Reaction between metallic or organometallic halides and 

organotin oxides is a general method of preparing organohalogeno~ 
. . . 91 

stannometallox.anes • 

I 
' ,. 
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Reaction between diethyl cadmium and.triethyl tin hydroxide gave 

ifrlpure Et3snOCdE~92 : compounds ccntainirig ~~n-0-P :l.i,rikages have been 

made93 • 

. 94 
Some stannoxyzirconium alkoxides have ·.also been isolated • 

Table -9 
. . . 79 

·physical properties of some· Stannoxides 

CompolJAd m.p. b.p~ 
20 d20 

rln' 
------

Me
3

SnOS;J.r.E
3 

-. . 14·4 G 

Me3s~OSiEt3 49°/i mm 

E't3Sn0Si~ 3 
. '99°/20 mm 

Et
3

SnOSiEt3. - 114.::.115°/4 nun 

'-Et3SnO.GePh3 . ~ :1,.67-169°/0.04 
-

Bu3 SnOPE~· - 165-.167°/"J, mm 

· Bu
3

snOZr(OBu)
3 - -

Et
2

s·j_· ( OSnBu-i 
3 

') 
2 203°/3 mm 

0 . 
. Ph3SnO.SiMe3 

140 /0 •. 1 mm 

Ph3snb. ~i~h3 139-1.40° 

Ph
2
si {OSnPh

3 
,)

2 
·. 

. ' 0 
'9 4 •. 5-99. 5 -

-
1.4635 

mm..-

.. 
1,4892 

1.4800 

-

1.1149 

-
.... 

1.2020(24~) 

1. L443 

I-
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