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revlewd thz synthesis and propertxes or’ tetrsorganotln compounds 4 and much of 

hlS ow.2 warL: on the llnetlcs of cliavs& or‘ the tx+csrborr bond. 5 The use of 

org=not.ln cospomda .:s stabilizers Car pol~(vlnyl chlorrde) hss been revleued. 
6 

Sev*rsL other revlevr3 which contain sections or’ In&rest have also appeared. A 

Russlsn nonogmph de.lIs pztly wrth o!‘l-- ,-notin monomrrs and polysars. 7 Rudminti 

Jrg-s?iotin chenlstrf _~a b+?n dsscribcd. s All aspects or- the chemistry of cyclo~ 

petitadlenyitio co~pomds bve been cr ~.:lcally reviedea bg Abel 2nd his cohorker 

utllst the report of iJetynn,-&‘s plemr_~ lecture at ttle 6tb. Intermtlocal Coafe 

deed on Or~znon+teIlic Chemstry aussa.rLs+s his 0x3 studies (by ‘E. 2H. and 13C 

W) OQ the oetallotropiss OF sti-n-yl-cyclop~ot=di~r,yl conpo~mds, including ES* 

spectrsl, structural (electron dlffractron), and thermodyazuc data. lo The 

srability of organotzo cmple~es with amonic am neutral ligands has been 

revacmed by Radtov aad hzs coworkers. 11 
Some aspects of or,wotin electro- 

chattxstry hsve men cienclcjned by Dzsy. 12 Thhe chzrscterrs-_tlon of orgaootin 
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radlcelc by esr 13 and homolytic substitution of organotlri compounds are 

reported in articles of much wider SCOPC, 
r-l,15 

2 . Conoounds with Four Tin-Carnon Bonds 

Tetramatbyitln YES been obtained lr. 9C$ yield by refluxlrg tin(N) ChiOrlde 

and tetramethyllead in toluene. l6 Treatment of finely divlden tin (from tin(m) 

chloride and magnesium in acetone) Hith ithyl bromide at 40' usis,o Bu4111, tetra- 

iodothlophene, or (EtOCH2CH2)_,0 es catslyex afioras tetrectnyltin. l7 Tetra!!is- 

trifluoromethyltln, Sn(CF3)j, LS obtained ty the reaction cjf tln(LCJ) ioaide 

with trifluoromethyl radicals (f-o r-m a hsrefluoroeth~ne drschsrge). 
18 

The mined 

ethylbutglstennanes, EtnBu4_nSn (n = l-3), my t-z prepzrcd Ln high yields wlthout 

sky1 group migration by the reaction of bx.(tributylt:n) oxide, dibut_ylrln orlde 

or out;ylstzmonic acid kitb Et,AlCl or EtAlCl, 1n tno prsaencs of EIS~LLL[[I or 

potassim cnlorlai. Without added slkali m<cal chloride, some ~1~1 group 

renrstrinution doas tike place. 19 The moleculsr ztructuri of tetrsnitbglt~n 

hzs Dee!'! redeteralrzd D_; eli-ctron dl?frection. Assu~1~S the SnCS frameurork and 

the ethyl group to have Td and C3v spmetr; recpect~vtly, the relevant bond 

psranatera kere deterrriuned to be: r(Sn-C) = 2.1J36(30)A, r(C-ii) = 1 .1179(90)Aa 

Tbs methyi groups rotate freely, or very naariy so. 
20 

Mironov et ~1 -A. nave attempted to syntneslsa four-rn+~trer~'1 heterocyclx tir 

COlirpO~(13 v1+ th+ ioilOWlng rO'Jt~: 

Me 

I 
Me F!* ME 

ClSGME CH Cl I I 
Ei-slCE2C1 

I 
- 2-2 + H-SlCK SrCK 

,7- 2 
Cl 

I I 
Ns Mi Me Ma 

a Me 
I 

K-SiCK2SnCK2Cl - 

II 
Me Me 

I II 

The reaction oi I kitt msgnnasium however, although qusntitative, does not yie_d 
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II. Instead mainly polper is produced, together with a distillable fraction 

contammg at least six compounds ucluding C~M~,SICE$SLLM~ 3 (l&J and traces 

oi MsjS1CH2SnMe3. S~~lariy, BrCE2Sni4e2Br (C1CE,SnMa3C1 is inert) reacts with 
_ - 

c,q;sim to afr'ord egai.n mostly polymer together with 31~11 ZID.IOIXI~S (3-6s) of 

III is also synthesised 19 35s yield fron MegSoCfi,C1, M?3SnC1 and tmgnesium 
21 

ihe C-rlgnTLjrci c?choci nzs been uscci ts a>zthesise sevar+1w-substituted alkyl- 

end =lkecylstxmoes, FG7'3So (RI = Ph: R =L:-undecenyl. +pentmyl, 3-buteoyl, 

3-phepylpropy!, :-plienolrJbtity1. R' = Me; R = T-btitenyl, cyclohesylmethyl, 2- 

phenethyl, J-phenylnropyl, ?-pnenory+r.tyl) .22 N-tart-B~tyl-~-(o_triaLkylst_y 

zqlhydro.qylz&v?s '11 hzve been prepared by the rotates: 
349 

t-Bu 09 

Br Br 'a' 

R = Me, Et, Bu 

t-au 
'N / 

OB 
Br 

t-Bu ,OH 
' !J 

(1) 2BuL1 

(2) 2M:ejsnc1 ) 

SnMeg 

Rac~u~c tetrselkyltin compounds have been obtamed by successive alkylatlons 

by Cri,mrd reagents 2nd brooodercetaliatlons: 
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i=oP,MgC B~SLICI -5 sujsnisoi=r (1) BrJMeOE ) Bu~SnLSQPrCYCElrr 

9ti 
(2) cycle-EleEMgBr 

/ 8rs 

BU isoPrcycEex?4eSn + Bu2CyoFIexMeSn 

*( 1) Bpi/iZOprOH + B+,SnCyCEfx 

(2) MeMgI 14s 

VIIa VIlb 

The filul products VIIIa ana VIIb are formed in a 2:l ratlo. 23 Hollohq ks 

prepared severs1 ~&~tgi and &-pcntyl sutstltuted dissJmnitrlc st~ozznes and 

distatmanes by a simlar series or” rescl;ions sterr1n.g from tatr-_phstiyl’;m. 

Fteaci;ion of ai-t-tutyl(phingl)t-4 chloride with t-butyil:thmra or -mqn,-nssiurc 

halide results in the 

but the s-e resgznts 

Ph,(PhMe2CCB,) %Sn. 

for~tior~ oi’ the coupled pxduct (~au)3F~Sn-SnPn(tKu)3, 

rexted .iith dipbenylnesphyltln lodias t0 y~clii 

Coclpl+d prtducts wer? also obtsired t-y tbf reaCtIon Of 

~-psr?~~b~g~~slurr? chloride u_trr Ph_SnL, Ph2t3&nI, Fh.12(Ft&~e,CCEi2)SnI, am 
3 L. 

Fh(PXB,)tBtiuI. OrJy Fh2(PhCE3)Sni cnlila be s~rccess~“ull~ cor_vcrted to the : 

ads1ri.o monostennam, Fn2(FhCK2)(~+CK,CNI,)S~.~‘~ g-- m_nd _P-tiiphenjilr;riorgenstin 

derlvstivis have beln obtalned in modirate to zjod yield i’ron thi correspond:.n:. 

lithiul. or Crl;grd re2,0i-n25 aad tni spproprlste trlar,-*okin chloride. Ali 

elhlblted hlgb thsrEost3bllity hvlrg deconposltion polnta tisll in ezceas Of 

2000.25 lO,lO-Dimmr-thyl- ad 10,10_dlethylphanczsstsnn~ns hzve been prepsred 

c5?03?, 
3 

ck 0 
SnCIS 

VIIIb U 0 
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from the reaction or’ ocy-_ 3,-31-bis(DhenyllltblLL[il) tilth R2SnC12 (R = Me, Et). -, 

SIESTA ynoants of the id-membered heterocycles VII& here also obtained. 

Pmr data showed t&t VII?2 (R = Me) exists in solution as a mixbre.of cotiorm- 

stional lsozErso The trinstalllc specie3 VIIIb LS obtzmed by reaction of 

lO,lO_d~meth~lphscorsst3nnia ,fith .%X4. lO,lO-DrmetbyIphanotniastrnni is 

the only product obtarmd iroo the rextlon of thlo-2,2'-bls(phenyllit~um) 

tiith ME SnCl 
2 2’ 

Oxidation dith exctcs =-chloroperbenzoic scid effords Ix. 332 

1-Bda!ait;rltln derivstivss k.rrs been synthsalsed by the reaction of triorgano- 

tin sodlun compoumls and l-nzlogero~dsm--ntsne IR liquid z.x~onl~ (R = Me) or by 

I'he Wurtz-Fzttig rarctian (R = Ph). *IetraJas(ed3!xatyl)tm WEB also obtamed 

by the latter c*thoc. Brorodenitallation i.a CDCf occurred with 4& MeSn 

bond I-~SSIOLI, whilst lododemetallbtion resulten II? 66;$ Me-Sri bond I'lssioh 

(compared with the ststzstxal v21ue of 75%) in accord with the four-centre 

trzn.z~r:ron states .Q 3nd Xb, 

x. 

i .I 
f \ 

,“-\ /= ‘..\ 

a,c..‘, ,? 

Me>;<*d 



the former being iavour?d as the sise of X 1nCreaSeS. 

exc1usive MeSn bond fission occurred, presumably ~11_ 

With BgC12 in DlrlSO-d6. 

a more open ionic 

transrtion state. T-r~phenYladznnntyltIn reacts xstsntsneously with 

In CDCl 
3 

with exclusive Sn-Ph bond cleavage. 'l'et,rakis(sdmnt-Jl)zin 

unespscti-dly, very inert to both reagents, 
26 

anti-7-Bromo-a-7-litbionorcarane, prepared stereoap%clflcslly 

bromxx 

is, not 

nY the 

rcactlon of S&i ulth 7,7_dlbromor,orane in TEF at low temperature, rcicts 

Er %r 

a”- %r (1) =oPrMgCl/-lO?" J- 

(2) Ms;SGl 

Q 

/ 
S&3 

XII 

ar 

XII 
Bu.Li/TI/-~03° Lr 

'0+ 

+ 3us.nf.k 
3 

XIII 

Kulvik and his co~rkers hsve reported further dats on the structures of 

the four products isolated from the free-radxal addltlon of Me SnB 
3 

to nor- 

bornadlene. The atructurcs znd con-figurations of exo- and endo-norborn-Z-en- 

fkferencesp.155 



5-yltrimcthyltin, XIV and XV respectively, uere asIgned from the series of 

rs-_ctzoas: 

%f==d > 
SnMe_ 

/l&e3SrlIl - 
SnVel 

dn 

J-Nortricyclotrlcnthyltxn XVI couprise, Q ,.J 11;; of the Fe 
3 

SnH-norbornadrene 

ed?w t E’ -< ture - - 9 &li.it tti? fourth prouuct 1s ~-norborn-2-~n-7-~1trinethgl- 

?,iLl XVII, m?e strilc:wa of XVII, aid tili zbscnci of the u-lsonar XVIII, 

‘~2s estnbllshfd by sc!zrzte synthascs. Reaction of the lithim reagent of 

7-brooonorcarsne &rttl He3SnCl el’t’orded 30-35% yields ol' m.stur*e of both 

isooars. The use oi sodim naptlthzlene to prepare tht corrispondmg Grlgrm.rd 

reagent, foilotied by reaction with Me3SnC- 1 gave only a 9% yxeld or’ the desired 

38 
product. but a 31% yield was obtalned u~lng tne procedure:- 

2Na+C, &I, + RBr + Me3SnCi -> 2C,$i8 T RSnMeg + NsCl + lk& 
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Both 
c 1 

1.4 XC< snd 
c 1 

5,S XX =daucts zre obtszned from the rszctlon of 

trimethylcephthyliln end tetrachlorobencflr!i: 

co 00 

The bsrrier to rotstion in XIX HIS deduced to be 11 .7%-c ~~51. 
mol-l 3 

o 

F.h.OtOlplE oi trm~thylr~phtn,rltlrr lo methsnol/rster or cyclohe+:ne/scetic 

:cid yields rtiphtnzlene: 

The uzi of H;sOD or AcSD results 1n the fomtion of more I-d~~tirlon~F~th=leni 

thm 1 -~rotov~pL~t~telcrk, io e,g-‘~~“nt hxth 4 niclr3uxd in’:olvsine T’ cocpetitiob 

between a bimoleculsr ‘jnotosucstit0ltlon 2nd E fr+e-rzdic?l dissociation. 
j0 

~-Irradiation of te trsout; l’,ir: givee tmces 01” trzbutgltln and dlbutyltin 

cocpounds. SmilzrlJ tributyltin chlorid< glrres trl-ceo o!‘ tetrsoutgliin 2nd 9 

dihutyltin compouod. I~redietlon of dibutyltin dichloride producez trxcs of 

tetratutyltm snrl a trlnutyltx conpomd, t0gethi-r with z-:ar!!otiz chloride (6,6$). 

BuSnCl 
3 

affordec a tar, \,nilst (bu+in)20 ylslild ‘c precrpitate of Bu,S:O (16.45) a 

Irradiation of !?u4Sn and pentsiluorobenzenc in 

(7.d) and Bu2SnFL, (0.15). Eexabutalditin snd 

(10,6$) acd Bu,SrrO (4.1$) from traces of water 

Cler-_r,e ELVES tritutyltti flourme 

pentsfluorabencene yieided 5u3Sr_F 

or oxygen. Bu+iCl 2nd pint3f 1L or 

benzene gave only Bu$rrF, (5.d) end DO BL,SQF, whilst 5u2SnC1, and pentafluoro- L 
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benzene 33 nexhne producea 5 preclpiteta of SnC12 (3.d) -ad no Bu$kF or BI.I$I 

Ir?adiszlon of BSnClj or (BI+S~)~O an tne preasoca of pentnfluorobelrzene.gave 

sl.LJ.15r reslllts is bIPOr*. Flu Sn 
4 

&Ed perfluoro(d~~tbyIoyclohe~ne) afforded 

bu$W (3.65) ind Bu+!T2 (O.$). 51 Trityl bronlde is reduced byk-H abstract< 

fron tetraalkyltlns R4Sn (R = Et, MepCFi, Pr, Me,CEiCH2) gzeldiog F'h$!H, RjSdr, 

and olefln. 
5-3 

Deoetallatlon oi tetrabcnzyltln zxi benzgitrm+thyltLn bj bronine in DM? 1 

scconpanied try the iorEL:oo of binzxil for=te in sddxtlon to benzyl bromide 

v1.z ztt-_ck of be-rzyl cztlcjoz on the solvant: 
53 

Br- 

R SnCa 
Br2 

3 2 
Ph + ;r- + +h] 

ROCEO + NXpMe2 Br 

FLjSnBr 1 PhCQ,Br 

P.brzh- hss shown t&t the incresses ir!AG 
* 

on c!x~~ge oi solvent from methanol 

zo tert-bucyl alcohol-sstrtinol for ths re-_ccio2 

Et4Sn + H& - Et&.X + Et3Srlx 

x = Cl, I, 0p.c 

are l-_rgel~ du+ to zncreazes an the free inerr of tt7e trrnRition states. 

It is suggested tbz: ths 
t 

-* 
Et.%-HgCl 

-I -3 1 
trans,-tloli state possesses a very 

hlg;h dlpols q onsnt cf E. 1.4 D. 54 In addltlon, Abrahx and his coworkers 

Lve reported rate constants for the subatitutlon of txtr-_alJqltins R4Sn by 

mErcury(Ii) c-,rbosylates (R'C02)2Eg vary~x both R and R1_35V96 Rate constants 

for the SE2 substitution of tetraethyl- and tetrabutyltu by (R’C02)$Ig ti 

methanol incresses along the cer~es tirt-Bu<Et<Me<Ph<C1CB2CE2<neOCE2< 

ClCQ swgestlng 2n ‘open’ transition state. 35 
Rate constants for the 

substitution of RSSn by nercwy(I1) acetate in methanol follow the order 

expected on sterlc grounds (Me) Et)°Fr>nBu~isoBu>ueoC5B,,>isoPr) 



alao suggesting R S 
E 

2(opsn) mechz&_sn with ri‘tenticin of co@!igmation at tt?e 

site of stibstltution. The substitutions in tert-butyl 21~0h01 is suggested 

to take place tmcjugh 1 tTEUEitlGG st-_ze intirocdiate aethsen z~2 'opztl' and 

2 fully (cyclic) one. 
35 

Seyfertti hss reported ijore sptbeaes of ~lomcthylst-_rmsnes. Dliodo- 

mttbyltruzethyltin XXI hss been prepered s botti llttim and Criamrd rE9&ents: 

CETT + lSoPrMgC1 
TIGq-SOO 
-* CfiI,FQ$l 

Me SnCl -3 + M~jSaCeT, (75) 
-PrI 

7Ji 

All the iodo-subetltuteci COLLIPOLLXI~ are 1ighL snn air-senj:tive, 2nd colourise 

to dark red or red-purple even m careful storq;e. 
37 

M&3S&iRp + 11,:CHC02Et 

R = Et, SIMeq 

(Me3Sn)+2 + Eg 
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Ethyl diacoacstate resets urth trinethylst2nnykmines to afford ethyl 

(trimetbylstsnnyl)d1azoacetate XXIII. The same compound 1s also obtained 

from the mercury d1azoscetate and (Me+it~)~S. 

XXIII FEY be cleaved photolyt1cally to give the tin-substituted carbene Xxm, 

which can covert into C-E bonds and add to olefmnx double bonds. k.5096 

mertion into the C-B bonds of cycIohes2ne t&es piece to give XXV: 

SnMe 

MsgSs.C(1~B)C02Et h3 3- 0 1 3 
CA, 

-CB-CO,Et 

With z-butene, a 60$ yield of a mistune of terminal and non-terminal insertion 

products in a 30:70 r2tio 1s obtained: 

SKiMe 

Me3Sn.C(D2)C0,Et " > Me-CH2 
I 3 

g-c H 
-CB,-CB2-CB-Co2Et + Mt-CB -CFf-Me 

4 i0 
*I 
EC-COBEt 
I 
SnJJe, 

Wltb m-butene, 2nd &- 2nd trans-Z-butene, ada1t1on to the C=C double bond 

occurs completely ci s-stereospec1f1celly to yield the stannylcgclopropyl 

dcrivztivss ZC'JI. l'ha cartenes rssct zn thrir sxzglat state. 
38 

SD.!!*_ 
R' _ D4 = El, Me 

3 

Bis(tr~ethylctannyl)ketena is formed on the pyrolysis of ethosy(trimethgl- 

stannyi)scetyl+ae. Bis(metallated)beteoes XXVII are also available-by treating 

(eLkolr~ethyoyl)ugcosiuo bromides with two successive moles of triorganomet- 

allic halide: 
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.3+4X + kMg.C=CC.GR' _j 
%J 

M-CrC-OR' 3 M'X 
RM 
'\ 

> C=C=O 
-R'Z. 

M = Mm = OS, Sn; M = Si, M' = Ce, Sn; 

R = Fe, Et, Pr; R' = Et, Bu 

The stamylgrrnyl- or starmylsllylketenes are rsadlly cleaved by serngl-or 

boryl tr31iies:3g 

Me_M 
'1 

M&M 

C--c=0 
+RCl ;\ 

c=C=o 
A' 

MegSn 
/ -Me_SnCl 

i R' 

N = SI, Ce; R = Cl+ Bu,B 

St-_bla (dl-,L~~lcarb~-mo~l)triaryltin drrlvstlves KKVITI havs been syntheslsl 

from the csrbazo::l chloride and the spproprlate trlsr;-ltin iithils xri TKF: 
40 

XXVIII 

The riactxon or' ketens tiitn trialkylstanr~ylznin+s or -aticxs yields the 

;-starmylated amides MIXa and YZIXb: 

FLjSn.1iMe.CO.H~ + cE12=c=o -- %SnCB2.C0.1~le.C0.Me 

XXrXb 

XF.IXb (R = Bu) my also be obtained ty group eschwge between BlL,SnOWc and the 

Q-silylacetal XXX: 

/ 
0SlME3 

Bu+OMe 

+ ca,=c\me co Me 

Bu-jSnCi3,.CO.NMe.CO.blz + Me_,SiOMe 

I. 

Referencesp.155 



30 

Croup axchz.r.;e also occw: betxe:cc ;rXIXb 2nd Me CeBr 
3 

r'orning bk 
3 
CeCH2.C0.NMeCOW$ 

~~lethylst=_~ylac~ton~ (+,qu_ -librTm wxtLLre of g-(10$) and c-(902) isomers) 

re2cts with e!l3dtlOmer1C chlo1*0- aod bromo-lrethJl-l-wphtbylphioyloilane to 

give tbe trlethyltln ki1~cIe and optlczlly active (lsoDr,3peno~~)sil~~: 

Et SnC~ 
3 

_,.CO.'le 

TJ 
- (+)-P sz+e 

Y3 
> (T)-~S;*OCF!d=CJq2 

P,t_S~OCk=cCa 
3 2 

I 

LLp.184 

(+)-F$Si+El 

Bu+CK$OMe 

HeI/EOO * MaCE2COMs (60%) 

Y+I/140° i?e(CE,)jCOYe (335) 

BrCK2C_02Et/l40: 
MeCOCH,CKJ02Er. (5C$) 

CICE,OMe/lOo" 
) C!li,=C~eOCK,,OMe (6377 

MtCE=CHCK Br/lOO' 
2 --> MeCOCK$.K2CK=CCe (43%) 

>5,~+!%2Br/'2~: &COCK CK 
2 2 

CKSK 2 (19% 



Two rr=txoElis-_tlons were advanced for r;he role or' zdded klide lo these resc?;lons: 

(i) Met.31 exchsngs: 

I I 
-c -R + LiBr _ 

I 

BL,Stir + 

BlLjSIl i I 

I 
-C-R *, -C-R + LIU 

I I 
Li R' 

and (ii) nucleophllic assistance st tin which fscilltstes electrophillc 

attack bJ the 3LbJlztlng ageot: 43 
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I - I I 
Bu,Sn--c -CR + Br- _ B Sn-C-CD 

I 3 1 
K, ~L$uI.X + R-C-CR + Br- 

I 
Br 

irradiation of nuturis of triethjlvingltln and tkols rasult in free 

radical addition to the double bond: 

RSR h.’ > RS- + E- 

EtplCEi=CEi2 + FE- e EtjSnCElCH2SR 
?SE 

- EtjSnCH2CH2SR 

R = isoP,, %u. tertBu 
zx.xIII 

+ Rs 

T&f-tnio substituted sts.nnznes XXX111 are formaa 1p >6C$ ylald, In addition 

Et,SnCS,CEi,SnSt 
3 

and R.SCE,CEi,SR are formed in appreciable quantities. The 

these products cay be rationsllsed by irxtxal attack of RS- at 

ston, followed by dissociation oi the zntermedzate radicals: 

SF! 

I + Rs- -_3 Et,SnCH-;a, 
/ 

> Et3Sn' 

/ 

+ CLL=CHSR 

Et,SnCH=CH2 

I 

RSR 

;/ 

EtjSnCH2CY,SnE:3 RSCB2CEI,R 

Corroboration of tnis proposal cornea Y'rcjo tba reaction of Bu3SnCE=CE2 with 

lsoPrSE, fron which only B~;SnCfI$ti2SC~e2, unaccompinled by any by-products, 

was isolated. In t?ls czss ttle bUl_ki?r a&y1 fl;roupa -_tztachtd to the nets1 

prevent attack of the thiyl r-_dxals at the=-carbon. U Dietbgl nslonate and 

ethyl scetoxetete rcect with EtjSnCH=CH2 LII the presence of dl-w-butyl 

perosida to Eivd only thi- k-addition products, dietbyl trietoylstannyletbyl- 

mlonste (96) and j-ethoxycarbonyl-5-trietbylstznnyl-2-pent&none (44$), 

respectively. 45 Treatment of alkenyltriorgaostanes XCWJ tiith perbenzoic 

acids affords uuxtures .. a the correopondmg (ePo~ysl4yl)triorZ~ost~es 

?XW and trlorganotin carboxylates XXXVI wnen n = 0 or 2, but only the latter 

x-2 formed when n = 1. 



33 

-II 
$so(ce,,nda-ce,:, 

x.xm 
FLp(CE12)nCE=Ca~ t ArcaGOH 

zzxiv R3SnOCOAr 

ixxvI 

The isrmztion of this products czn be ratiorrslisa d by either 3-ccntre or 5- 

centrx trzrrsltlon ststes, IJI wblch competition for e proton OCCUEi between 

ttis inclpiect. cartosylste snion and thee!-carbon =ton of the sikenyl groups eg: 

5 - S”(CB,)2cmi2 f P_rCGOOE 

-C-h 

a’ \ 
I 

ii0 

I 
s- 4 

4 2 

8 

R3SoOCOAr t C % CE$ CEl RpkEI,) px, + ArCOOB 
_L - 

The sensitivity to electropfiiliz att-_ck of the d-carbon atom in sliyitln coop~unds 

resally- accounts therefore for speclficltg of rcsctior in tkt case, Iio b:e- 

(epoxyilk~l)t:n compounds could be fOITZil. Rascr~ort or’ Bu2Sn(CR=CEI,) slth 
c2 

T-chloroperbenzoic acid ylslaid dlbut~rl(~poryetn_;l)v~r,~ltln and dlhutyltln 

bls(3-cnlorob~nzoe~E). nti-let d=-=-butenyldip~Enyltin similarly afforded 3- 

cutenyl(3,4-ipoxybutyl)dlphenyltln. Epoxyethy-ltln COL~OIX~S dacompoai: Hithin 

a few days, but th% aporybu~yl -_nslog_~es zre unc~ngea on prolonged storage. 

Reduction of trlbutgltin('i ,I-epoqbutyl)tln with LtilHJ gave EU-,~O(CR~)~CR,C,,_~~ 

Alkynyltia 

diaz oslk-x.lES to 

Referencesp.155 

compounds undergo l,?-dlpoler cycloadditlon raactlons witb 

afford the stannylpyrssole derlvstives XXXVII: 
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R,Sn-CGC-R’ ___I_) R+-C -C-R' 

1 \ 
8 

R = Me, Et, Ph; P liHCB 

6 

R' = 8, Ph, PkjSo, CO,Me XiXiI 

iJFth dmett?yIeciigl~n+ dlcsrbor/late I both Po=slbIe lsoneric pnrszoles XXXVIII 

and WZIX are r'ornsd 1~1 an EO:?O ratio srtzch cs-3 be converted qmtitatively 

to the +osthylz.ted znaloguea by further diaxooetkne. DFmethyldiazometh3ne 

Ec3Sn 

7_3v I I I 

J 
CR&_, 

-- 

Er, Sn-c 
3 

- C-C03He 

SC/ 0 ! - 
‘IAn 

Et Sn-c 
3 / 

- C-C02Me 

EC Ob 
'fi' 'Me 

also reacts hith Et_Sn.CX.C02Me to afford a wlgture of lsonirzc p~azolenines, 
J' 

XL IFd XLI, wbch w.dargo rmg corztractlon wider rrradzatlon to give quzntlt- 

atlvely the ste_z~ylcyc'oprop~oyl derivztzve XLII: 47 

ME C!l 
EtjSn-C-=C.CO,Mi -.2, Etpi- c 

/ 

= c-co,we 

r$%,\o,, 

XL 

hS 

EtgSn - C = c-cop 
t \ 

f MV\ li //“r 

ether 

UI 

Et?Sn --TT CC2Me 
XL11 

Attempts to form the distannyldiscetyl~ne XIII by oxidatlve coupling using 

copper(J) chlorrde Here LUISUCC~S~~‘U~. bur; the dearrsd product LS obtained by 
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the reaction of Ms SnNMe 
3 2 

apd diecetylene.48 

2MejSdMe + 
2 

EiC3.SCZCE ) Me3.C;CEC.S~le, (165) 
J 

XL111 

Acetyl chloride cleaves the aL_nyi-r:ln tond oi stannyi -_cet:ylines to ar’ford 

sllcynyl-kstenrs. Et3SnCl CetelJsa; thi resctrotis oy forming co=lpierzs with 

the acid chlorioi ttlrls pr0oot1ng eIectroplulic sttack on the acer.ylene. A9 

Et_Ss.CzC.Ph + 
j 

1 oo-;: ?5$ 

Et c y.C’C.Fh c Ph.CO.Cl 
Et;SnCl/l 50° 

+ Pn,CiC.CJ.Ph (535) 

Et3Sn.CnC.Bu + Me.CO.Ci 
Et3SnCi 

> B,J _CGC .CO.F’+ (XX<) 

Et_SflCl 
E: sn.csc.3u 2 

3 
+ Pr?.CO.Cl > EJ.C=-C.CO.Ph i 265) 

Et,Sn.CzC.CK2C1 + Ve.CO.Cl ___3 
J C1Cfi2.CzC.C0& (F-,35) 

arGji2GtrlCbloroEsthXK! rtiadlly ur.dcrgoes free radlcel zdditioo I:CI trlorg;ano- 

alkynyltin cowpouods to gave triGrgsno( I-broimo-3 ,5,?-trlchlOrG3roF~nyl)~t=r~ir,~ 

XlIV.5O 

k = Et, Pr, Bu 

ksaction of o(-!lpPh&SnI with the Crlkmrd resgent prspnrsi r’rcm J-bronobtityne 

produces 3 mxture oi toe correspondiy 

deriv-_ t ives : 

or-f1PPW?eSni + Br-CE-C=CB Mg/f thEr 

I 
) *-tipPhM&a-CLC=Si 

I 
(55% 
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The kinetic product (.UV) 1s readily converted to the more thermodynamically 

ctit1.2 ellinyl Peoner ty docor solvents or Lrtils -_crds. Both isomers exist in 

C&o ciiastsrtotupic eryythro and thr+n forts. 51 
_ Propar,ql- and all~nyl-tin 

co~~ourzds sect with chloral to t'o_ru! Isolable or@notm alkoxldes. from Which 

the parent alcohol my bs obtalned by protoiysis tilth malonic acid. The cond- 

enssilonz are ecconpsnied by raspstxve lntercoweralon of propargyl and alleny 

Iklct10n3: 

R’ 
I 

.Fl_p-C&C&R” c cc13-” 
fro CClq/k, 

\e > Cl C-CB-C.R”=c!=mR 
3 I 

CT_-c+ 
cc1 /c 

L 
> 

C1jC-CEI-CR'E-CzCR" 

reactlvlty vBr1ec.l witn rhe grolcp R Ln fie>Et.)ati>Ph. 

rste of reaction is largely B fumtior. of unseturatlon in the carbon chain, 

for esvcple ?L$~.CE.,CEC:H reacts 6.5 tines faster t’hsn its allenyl isomer. In 

additioo, the ratda :.re gra?-tly in.flueGcod by substitution along the chain and 

by substitution on the phcnyl grotips attached to tin. Thus, rrhllst methyl 

substitutiun zocr+ases the rate of reaction In the proprgJl case (PhjSn.CE2CEC:B 

4 
rei = 

1: Ph^>SnC5?le.c=ce, krel = 2.q), methyl aubstitutlon or' the alleoyl isomer 

severely decreases the r-te. P2LjSa.CE,CZMe ALSO exhibits a severe decrease 
i 

In rate due to the donor effect of the methyl group- Orthu-methyl substitution 

of the pbeoyl groups attxhc-d to tin zreltly reduces the rate due to steric 

!zzdxnce; m-substitution, however. increases the rate of rezctlon (ortbo- 

tolyl , Lrel = 1; pheoyl, krel= 26; w-tolyl, krE1= 35). Actlvatloa parameters 

have been determined for the reactlons: 
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PkjSn-CEi2-C‘XE 
CC13CHO/CC14 

F CljC-CE-CE=C=CH2 
I 
&ml 

= 

d;* = 

1,7.8 kCB1. Ll61e 
-1 3 

23.6 kcsl. mole 
-1 

@, 5* = 1Z.j keel. mole" 

n S* = -jS e.u. 

cclj,cao/Cc14 
; cljc-~fl-cE2-~e 

S = 

n:* = 

13.2 kcal.nole 
-t 

24.5 kcsl, mole-' 

na* = 12*7 KCSl. oo1e 
-I 

as* = -31 e,u. 

Of tzilE pascible mechanisms opsr'ltlng (S,$!, S$‘, SEif) en SS? q ec‘~nlsm may be 

dIscounted since this would net 5-ccouAt r‘or lba 3tservea proparF_fl--8lknyl 

transforc-_tlon;. k rezsorabls ChiolC+ between thn: two re~~lnlru; possibilities 

may be -de 6n ths basis of tne hxgh valut of AS*, &,ick-1 1s compsrable vrith the 

cyclx tr-_ns:ltlon state XLVII 01' BE SExI micbzfiisn, rstb+r thzn tttst (XLVIII) 

Of 3.n s 
E 
2' m.ShZQiStla 

L&S concentrations of certain z&linydss (CCljCRO, r,rrOjCgRJCE3>)C1CgK1CBO) 

promote the prCpar,yrl_tallerLyI! transfo~t~or, kut FhCHO, kCE0, MeCOMe. OF 

C6E,,G are insctlua. Re-_ction of equillnrlum m_xturcs of pro~arg~l- and 

~lleoylstr--rirl-_.nes -with chioral, iollo.~eci by hyaralbsis of the alroxytln proaucta 

sfr'otds high yields or' the trsazzformed ~Zcohols. 7%~ r3t10 of xiomeric slcofioI~ 

differed fron the st.srtinr;= $roparg~l/alleoyl rztio, ani aepinds on the rste 

of equilltrstlon of thi isom+rs (k, and k_, ) _-cd the rates of sdditon of the 

tno isomers to chlor-_l. 52 



123 ccmlo/k, 
3 2 1 

‘c. ~_a--c-c-=C 7 cL3ccB-c =c=c 
I 

-‘S!iC 1 2 5 

et al, have repor 

derivatrves.55 

0 

LI 

Ph+snC 1 
, 

+ Ph;gSnOAc 

HgCl_Jett-3ool 

[ 

D %$I 

+ 
dr(COjS 
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Abel et 1. have report-xi ths use of allyi-, cyclopcntsdienyl-, indenyl-, 

and related unsaturated trmethylstaxmanes in thi synthesis of rl: -cnyl mstsl 

c-_rboayl derivatives. A1lyltrmec;hyltln ra=_cts uitb l4r1(CO)~Br, ciibrozo-octz- 

csrtonylmng~z3ese, and the d~broaotetr~cr;rbonyl~nesneea snion to gibe. high 

yields or- allyl~atracarbonyl rzzng-_nese: 

C C 
0 0 0 I’umJ)j!C3F~) 
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RCE 
//C”, 

CHpMe 
3 

+ 

rdCO)53r 

R=Kn,Re 

S&:=rly, atsrtil; fro3 3-bronoheza-t,5-diroe, a Cri,g_rd s_yntbesis afforded 

2 rrrrnturt or' j-tr~ithplst~nylhele-l,5-dlane and I-trmethylsta~ylhexe-2,5- 

dlens, GOZr? of sn1ch, k'lf~ izreated iilth BrF&$, sir'orded the cae product 

LIILa. A furth~-r oroduct, :derrtliied es LIiib. was elio formid in this reactiol 

B 

LIiia - LIIDI 

presumably viz tiis~lncement of CO by tha tarcunzl olel'm LFI, z'ollowed by a - - 

l,j-p:oion skit to form the n~thylpentad1enyl lig3IlQ system. 

Tr~ntthylst~~ylcyclopirtadiene, -i.ndene, and -r'luorcne are also very useful 

precursors for trarzitron metal X -soy1 derivatives. The mechanism is probably 
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similar to that for the ally1 systems, although tbe lob En-C bond strength 

of these compounds does not preclude initial Sn-C bond fission followed by CO 

olsplscemint. Tbe C Rn(C0) Cl 2 dimer is particularly resctlvi, underaoing rdact:on 2 3 

*lth Me SnC K and MogSnC K_ instantly et room tempersture to proauce quzntitrci\ely 
3 35 5> 

X-C3K5Rh(CO)2 snd K-(C5E5)Rb(CO)2, respsctivaly. Allylstanrrsnes react hlth 

co,bNg snd Re$O)Io to form high yields ar' C-zllyl snd stanr,;l-metal productc: 57 

Ph3SnCK2CEi=CH_ + 
-' COJCO)P __f rI -C3$Co(CO)3 + Pt13srlco(Co)4 

MejSnCE,CH=CE, + Re2(CO),O e lL-c3Fi5Re(C0)4 + Ke3SnR&O)5 

?runsthylstsr~y~~th/lazlr~dln~ reacts similarly dith Mn(CO)5Cl to form LV: 
58 

R3Sn.CZ+C.?h (R = Me, Et) with loti oslosi;~on stat+ 

Rh', Ir', and Pt", P0u-r classes oi rizctlon here 

(i) metathesis: 

cooplexaa .ot 140 0, MoiI. coo, 

ooalrq;od:5a+ 

RhCl(CO)(PPb_) 
2-3 

>3SnCrCPh 
b Rh(CzCPh)(CO)(PPh_) 

j; 

(11) osldatlve addrtlon, wit), or dlthout neutral ligznd alimx~tion: 

RbC1(P?b_)3 + rG5SnCXPh _Rh(C~CPh),(S~~?)(P~~), 
z j 3 i 

Ircl(C0) (PRPhJ + 

R = Ph, 

R'3SGCPh ___) Ir(~CPh),(SrJ1'gj(CO)(~n;)2 

Me: R' = Me, Ei: 

(iii) Matethesis and oyidative addition: 
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Pt(PFk& + Me$nCXPh 

J- 

w"2P\pt'SnRj 

Pt(Ppb2R)A + RQ3SnC*Ph PhCeC' 'PPhR 
2 

R = Me, Ph; R = Ma, Et 

Rh(czCPh)(Pphj)j + Mo~SnC~Ph - Rh(CeCPh),(Slihre3)(PPhj)Z 

Ir(C~Cph)(CO)(P?b_), + Me3SnC=Pb _~f Ir(c~Ph),(Sn!~e~)(CO)(P~) 

(IV) or1d.st1ve claavage: 

(K-C5B+O(co)j -3 + 

Co*(cO)B + !G5SnC<C 

ktteson has described sone of bi s results on tin dirlvstivis of barony;- 

substituted oer;haoes. Treatment of tctr~is(d~rthoryboryl)mEth;rnt with BuLi 

or LlOMa I'ollored bj Pn$BnCl gives tbi: oocotin derivative LVI. LVI readily 

dispropsrtlorstes on further treat. neht b,ith BuLl to prtjciuce the dltin derivatlv 

LVIi: 

LVI and LVII are readzlg hydroly sed at the boronlc ester functions. Reaction of 

LVII hlth ethjlena glycol resulted in cleavage oi one of the borooyl groups 

from csrbon tc give LVIII, ratnir thsn the espectsd fomtion of LIX: 

LVII + HOCR,CEQOE 

p-ca* 
(pk4Sd2C B, 

[ 1 1 
o-CB* * 



LVII + r&OK + MeO- - (F.hSr,),C<(OM+? 
3 - H 

0 / PrL$nCl + - 
/ 

‘0 3 

L?Ii LX1 

(2) M = i4’ = Sti 

(b) M = Sn, M’ = ?b 

(c) w = Sn, M’ = Ce or M = c-4, M’ = Sn 

AttemptedDroninetion ol' LXII r1:s not Succ~sSlk~, bLlt 

the ioalde L?iIS 8s 2 stable crJstsllirk solid. 

(I) BULL; (~1) I2 
> 

PhYSn\ 
Lx 

Y 
WI11 I’ 
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reactxn wltti lodirls p~oduf fd 

_ 21 B/O 
\ 

2 



. 
44 

The con~trslon or' the ditin coopound LKIs to toe trltln compound LXI7 proceeded 

smoothly: 

me xl2 logous rel-ctloq to iorn tne mxi-d eerxnlun-tla-lesd compound LXV gzxe 

tr1i eessrsci ?roduct lr! O?lX very s5311 y1e1ti; ths ttz~or product appeared to 

be t*ls pro:od+boronst~or? _ oroduct LXVI, though botn biers not fully characterisea. 

(I) i3Ki.l 
Fbp 

I / 
PbjCe 

' P+,Sn-C-B 

3 

1 ," 
(ii) ?hxPbClc 

1 ‘0 
(111) P+OE 

P\,Pb 

+ Ph3S3-B\C 

iod1nstion or' the csrbsn on irom LY.Ie proceedea resaiiy to El-Je L*TViI; wtuch 

uadcrgocs protcdebor~r_st.on to :f.fOrd XVIII on treatment with LlOHe I_II DME 

~'ollowed by ~thznol, Attczpted traplB-y oi the (PkjSn)2C grouprng by cyclohexa 

in -Lhls resstlor! W3S lllEUCCCSSfU1. At.;et!!tlts to reset L1_ + (Ph3sn)2C(B02C3Bs) wrt 

(1) BUL1 (1) LiO!k/DW 

2 (ir) I, (11) MeOEI 
B (Pk$Wofl 

LXVII! 

LXVII 

acstoas 5r cyclopentsoz proaucei cjnl; the prctodeboroaztlon product 

(PkjSn),CEIB0,CgE6. Attempts to replace the lest boronic ester group of LXIV 

kiere also unsuccessiul, the trltln der:vr-t1ve bs-Ln% iztrem+ly resistant to bese 

ettack? 

0_6anotln-~~~3tli~~ed cirtorar;Cs Rn(X-1,2-C -B R 7) 2 ,. ,o- +nSgn (R = =Lkyl, ar3 

X = Czg ai-kjlzne; n = 1, 2, j) hs<e b+an prepared by triatlag RnSr_E 
4-n 

ulth the 

corresponjzng al_kcnyicarboranc In the presence oi tenzoyl peroszde irs catalyst. 62 

A thesis aexribx the rssctxons or' Croup IV halides wrth decsborzne anions. 
63 



The nlkline cleavsge oi g-, E- and o_csrbor-_rAy ltrket~yletz-mnx by ROH in MeOH, 

snd by KOLI in HeOD, h3s teen studiea. The rate constsnts her-i- the s:me within 

e?tpirimentsl error ior both cedia and :3rLed in tha order ort4a>>neta)nara 
0 

(Pl = 1020, 17, and 1, respectively!. Corresponding tkIYbOd:~fii!liC p35r-~4~i~E 

were also aeauced. Since no kinstlc laotope ei?‘ect optrztes, the <ollowiG 

mectxnism has proposed: 
632 

spthesise 5 hide ra. - =ge or aerlv>tiv*s. A Russian pztant reports ttle prepsrstiosl 

of n v-_rlety of tetraor~~nostsnrl~nes RnR' 
3-n 

Sn (R = -_Lkyl, er~l; R' = sLk:-cnyl, 

resrdua of Purctlonslly substltu:ed UG~tlLTBtea CGZpOLinri; n = 2, 5) =J- d -;rrsd- 

l-_tron cji orxtures of RrrSr5 
4-n 

-_nd oieflns or functionally suOst1tutca uxstur3t:d 

compoanasy 63 Trlmethyltrn n;brlie sdas to tut?dr*re in ths presence or 5 phicraphlr~o- 

psllndiu con?ler catslyst, 
65 

OrCanotLn etovldes LTIX are proaluced in 4S-S3:'0 

ylelas by tne additron of R3SnR to vrn;1 glycidyl BtzhEP. 
66 

R~SaCH2CEl2X--\ 
0 X = -ca20-, -CR,GCA2- 

LXIX 

The addrtron of MejSoH to oethyi j,j-drmcthyl-1-cyclobutenecarboxylate or j,3- 

drmathyl-1-cyclooutenecsrnoaitrrlc ~a the preseace of AEIBR grves the ndducts 

LXX as mixtures of *- (24%) end trans- (765) Lsonirs. Analogous dimethylbromlltin 
r 

derivatives hire also prepared.07 
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Cnirsl organotiti coopomds 

stsouztion oi 2 C=C douole 

Lx21 !X.YB tsa3 s;mtheolsed hy the esymetric hgdro- 

bocd: 

l 

B+B + c~cB=CBCoO(-)neuth;l uv > Ms~ECEi~COO(-)eeutbyl 

L'rAlB4 

""z 
1 

Tie s-se compouoi eri also obtemed from Me-S , nL1 ani MXEClCB2Me. The asymnetzy 

synthesis yield 2nd optic-_1 purity or' LXX1 ~2s dekrmned by mr using lanthmid 

Tri2lkyltrn ecctatss zre produced IFO~ the tFc-_tmmt of trial_!gltin hydride 

rith ketene i? a strms oi inert 62s:. 
270 

~-(R.ihutylst-2IX~,yl)~FOoyl isocy222te 

LXII h&3 bsac synthzised u the FOU;B: 

BtL$inB + CH2=cBCIr I_ a+.s3(ca&:" 
LlAlE$ 

/ 
- Eu-+CE,)gbBz 

MegSiC1, Et3 

B~Sn(CB,)+KO f 
COG, 

1 

BujSo(CE12)3trRISlMe3 

LiciIIi 

XXII could not be prip2red ny the eddition of B%SuB to CE2A!ECH2NC0. Instead,~ 

B?NCO (66%) 2nd propena (iO$) WBF~ obtiined, together with PA uoxdentzfied vise 

substance. Tms behivrour is rstiowlised by the brc2kdom of the ieztial -N=C=, 

2nd C=C hydrost2nuation products LXXIII and mm: 
70 

Triorg22otin hydrides add to EtOCeCE and BuOCsEl by a free-radical procees 

to give 6-m adducts, 
71 and to the py-mnol-2cetylenes IXXV to give a mixture of 



17 

6gSaa + C3,=CHCE2NzcC=0 + Blpi- hp=c~2 [Leo + C%=CB-Me 

-CL n 

with Et3Sr!CZ_CX:d :n a 1 :l molsr ratio was 1 ,- ‘-bls!trlatnylst3r~yl)-l-tLlt+na- 

5-yx LKXViIi. 13~s(trlsthyl-_t~r~,;i)~,ut-_dl~e was iorced 3s a o:r-producr. 

U3Sr-E + E:. jSr:C’-C .CXE? h EtjSr!C3Z .CH=C6SnEt, + St jSrhCFC.CZCSr_Et . 
.I , 

__j Et3SnOZCMs + i3CX .CH=CEiSr~t3 

uviirwent 3cldltion to aiforo ciz prodircts: 

Et3SLla + HCX.C+CK> ____, =c< 
0 

MR, = Me+, FtjCe 
I 

A free-rsdical chin mechzmlso was proposed. 73 Organotln hydrlds unciergo 1,2- 

addltlon to I-butyze to give toe correoponding 1-butsnyltin cocpouds: 

References p. 155 



48 

“3 sn.6 + ECsCEt ,- R-srcR=cElEt 
1 

RpK2 + 2Eic=-CEL - R,Sn(CkCsEt), 

IJLth vmyl 8cityleca, 1.4~sddition t?ih?s plxe and slleoyltm deri-atives result 

iyhEi + EC~C.CkcE2 - R.$Zn-C6sC=CER4~ 

Both rad1c-_l 2nd lO!?iC nec:kiE~s~ ‘rrer2 proposed.74 

ionic : 

$Sa-CH=C=CHNe f--- 

The hetorocgcl~c products LXXiX sre obtelned iron tlx cyclosdditioa reaction 

or- Bd SCR 
2 2 

witn ErocFJ?'czC13y. LTXIX are cle-_vsd st~reospeclficsll~ by acetyl 

cr,lor:de zzd Me3SiC1:75 

. 
EU,SoB, + ROCRR'CXXi AcCl or P -3 a-Bu,Sn\ 

MejSICl CH=CECRR'OR" 

Lxx lx R”=AC, Me 
9 

i 



Tne rsductlon of both rem-cyclopropznyl coopomds IXXXIII (x,-i = cl,Cl; Cl,Br) b,: 

Bu_SnE3 urder free-rsdicel condltionc ,~VES LFJXIii (X,Y = H,Cl) .3 REductior of 

.19 

X 

J-F 
Y 

-\ LZLTIiI 

LUXIii (X,Y = Cl,Cl) bar Bu-jSpD :iit’oras Lvy‘iIII !7.,Y = D,Cl). T*le followln,~ 

E~Ck,liSE h5S ,XOpoSd, x11 wb~c)? t6a rsdicsl L.XL7N rsplaly inverts to the less 

stsriczlly ?underej. rsdlcal LXX%. TF? B&SKID rsduczion deoonstmtes t! -_t this 
I 

rEiiiC2l LXX.. prc<erentislly sbstrscts E(D) frog the t,:n h+:riae rither thxi 

t’ron the -_dj-_cent, trldgil?? q ethjlene group: 77 . 

@ -Jonone ecd dekydro-fi-Jonone %re reduced by Pr,Sti to dihdaro-6 -~onone L.XXKJI 
J 
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PsSd in netbznol reduces P-~onone to dihydro-P-jonone-d, IXC, which undergo 

B/D EXhZngs tilth aqucoe oeihanollc Ha08 to afforil dihydro-fS-Jonone-d, XC: 

'The aecrianiss of the rsducz~or. pm~?olj ~o\rolves ir.itial sddltiorl of tin deuterj 

to give the alkOIyZtarLFhfiE XCI, WfllCh ri-_cts wsth a second nolacul~ of 
=3 

SnDP 

%Ci 

XCii 

!&zntm ylelcis ior the reactrom are ,Jery lolr (2 0.007), and ectmates of enthaI 

chz~ges LE tt?e pri!ZLZry xaction'step: 

/&C(O)R]* + R'+hEI -&OFi) + R'3Sn' J&I- -1 
+15 kJ mole 
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suggest that the inefflciemy oi the photoreauction sriscs ticsuse the initisl 

step is relstively slow and physical aics; of the etcitad state competes effectireij 

with chemicsl 

ABIBN to gzvi: 

re-_ction. 75 Pb3SrA rectu~es I-vlnylierroceqe at 70" with or withoui 

hign yialdj of XCIII: 

a _CO-CEkCB-R2 CD L.CO.CE,CH,R' 

Wl$Wi 

Fe loo-1,70° 
F? 

WPE~ R' = COPa, ohl:i tre cohju<:c<i s:;stez 13 IEd,JCBII, Tn.3 or3ser,ce of ABIEN 

noteblj eccilsretes tk rextscn. Ir8 contrsst, the Cro'ductz Ot-alrL~il ItI r~clLlCt.on 

~i .ZLC~~~FT~OCG~~S by P%S4 ia ZQ~ absanca oi s.-aivcat de?s+raae on the preccnce o? 

Otoersrise Si‘ rsaicsl giheratars. At 70°, In th. pr?senci of ASiX, l-zcylferrocer.es 

XIV 21-e rspiaiy raducea ;o th+ cojrrssos~.img -_Lcon.ole XCV. WLih5ut raarczl 

cl-tslgsts the resction is ser; c~oplex, ~ba the reduc-tlorl products XCY, KCVI, 

XVII, end XIII are obtsiced in quantities wnich vsry dltn rhe grotip R 2na thr 

PC-CO-R - I_ Fc-CECR.R + Fc-C&R + Fc-CR%0-CW-Fc - - - 
- - - - - 

'C IV ZCV KCVi - XCViI 

conditio?ss. The use oi AlCi 
3 

intrOlibCeS ~~~3'16 spcclf-city; _- Fe CO"Ph LS converr;:d 
- 

to Fc-CH2Ph -_t es', - 2 hrs lo B 65s yield as the on13 isoktei product. The rezuct- 
- 

ion of (M -orotctr~athylene)-l,I-ferrocene XVIII 1s sterios?sciflc witbout added 

ABIBN both indo -_nd f-ro & 

qlelds of the corresponding -_lcobol IC, whrlat with 

(C) Isomer: sre tomcd in e -70:30 ratio, 
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&-CO-R + ?F?!!>sGE f ‘iMe.CO.CS = F’c-Cii -R / 2 
i 2P njSnCi + (14eC0)20 

- - 

T’ne best results itre obtzitxd uhen a i:2:$ ratio of E.CO.R, Pb3Sn!3 and k.CO.C1 
- 



I’errocene c iv 

ph) (I$), A 

(R = Me, R' = 

CIII Cl-V CV 

detectedm8' Aliphstic -_ld zromtlc scetatzs sno thi, eci-tatas oi fErracsn.;i 

I-Icohols do not maergo ri-ctlon nith PL2SaE In txnzem, but aaditloq of Ms.Cc..Cl ' 

results in reduction to the corresponding hytirocsrhcn, saut for PhCE$CB(OAc)M~ 
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onservst1cn 1s haraly surpris~q~ since _PhCE12CH(OAc 

th? Ph_SnR/Me.CO.Cl reductxon of PhCE$.CO.Me. On 
i 

the other nztid, L!?e rt?ZCtiVlr;g oi tne itrrocenyl acetates retiorxlises tbelr 

ensence 1n tns procucts oi tne ainilrr rr;c.uctioa or' ecyllcrrocenes. 

TV!+ oac.=nis-_ of L-h+ PhTSrH/MemCO.C1 reduct>os of ketones ES been studied 

in detail; The (l'C3 sugast '0 lonlc mechanlsn :n:oiving inltlal nucleophilic 

attnc-: oi the tlr hydrxa+ on the Ihe:one to nr‘iord the tin slkorine CVIII. 'Ihis 

1s Lhen C!e.?V-eti b/ MJ,CO.C~ ro iorn t!a acetats CIX, which, ir‘ R = ferrocenylor 

Pn, reacts nitk nori MA.CO.C~ to s;lvc the chloride CX. Reductl-on of CX by ph,>S 

yields the flnzl ngcrocsrbon product CXI: 

R-C-R' + H R-CE-R' 
Me.CO,C~ 

I 
OStiFL 

3, 

CVIII 

Cxi 

R-45-R' i- 
I 

Pb+lCl 

OAc 

CT3 

I 

Ms.CO.Cl 

R = & or Ph 
- 

R-CR-R 
I 

+ (MeC0)20 

c1 cx 

A rzdlczl mxknxsm for tie reo#Action ties s11m:~ tea a:ace radical gsnerators 

(PBiBi) or &unltors (hjdroqulcore , ~slvsno~J1) rid not aifact the Fate of 

rcactlon GY the nstlre of zhe producx. 6k.rtttF corroboration 1s available frob 

the reduction 

by both LOPLC 

produces only 

CXIV which 1s 

of cy~loprop~loetngi~e;.~n~ CKII, tin.lch is !cnoun to u.adergo reduct 

2-d free rzdlc51 cac~z13?~sne. PLS 
1 

r~/Me.CO.Cl reauctlon of CXII 

CXIII, ezptcttd for III ionic ceckuznicm, and no rung-opened produc 

obtsinsd wtan s rsdicsl mschsnism operates. 

-p+~G%q+ 
OAc 

GXIV CXII CXIII 
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Tne reductlor. of I-ind-dona chrosim trlcarbonyl CKV ty Ph7Srkl/MeCGC1 u benrare 

cxv C.KVi 

Cr = CXVII 

From the d’t.2 the foliouiw mech-_~lsrn WT-P proposed: 
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(OC+-C(OKe)Ph 

/ 
CKJII 

\ 
I: - , , slow k,, - slow 

/ 

/ 

Ph+m 

d 
(OC)5Cr.-C(OMe)Ph 

+RL3-3:; I-ast 
-23 

I 

L py: I’nst 

Ob h I 
(OC)5Cr - -Cl-Ph 

,’ * , * 
E’_ __‘snR_r 

CXVVIII 

W 
I 5 

SnCH(O&.)Fhh; I'as 

(OC+Cr(pY) 

CTE? 

A X 
\/ cs 

+BUpB 

-i 1 

yp x -BE /x 
B/ -ly -B’5srA B..$ \r 

-s :ce_ c 

‘r 

A = Cl, Br; B = OR, !rX 
5 

.T,Y = OR,O?; Ci,OR; Br,OR; NR2,NR - Oq; 
-7' 

x-Butykercury cozpctids mdi-rgo resction 

-\ 
0 s; s S;RJi NR 

with MejSnB to give the 
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Resctim af R13cCl or R_SnCl, with R'MgCl glvas R,R'Sn or R SnR', d _ respective..y 
J 2 

khich, tristed with SnCi _A, give RBR'ScCl (R, R' = Mc, Bu, Pr, cyclohexyl, octyl, 

he&.'03 Thien,lalkylt~? conpousos C.KXII are oo:aineci from thlenylelc-Jl 

Me3BuGe + 
kelL3 

SQCl - 
4 

2 t Me 
2 
BuGeCi + MsjSnCl 

SnCl 
I 

PrVg3r 

MePrBuCoCi < 3 Ma.,PrEuSe 

i 

-MeSnC13 - 

EtMgBr 

MeEtPrBuCa 
SnC14 

+.q EtPrBuCeCl 

CZXIII 
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60 

Reaction of SnCi 
4 

.lth al~el-!Bnes procsakd slmillrly. &x-_ethyldigermane a& 

SOCL 
4 

1~1 scstl-1 chlorrii+ rezcr to ,n-\a Et_C+CeCLEt 
3 

2 -4d EtS&l_, the reaction 
> 

proceeding faster t&n EtlCe 2nd SnCI, wder rhe same conditions. Itinetic 

studies show <hat r;h+ rl-_ctlo? 1s first order m xch reactant acd second order 

overall. Addztlon of P_6?391r ~LLZ, no effect, but the SLZI? or' tile e&-y1 group 

markedly zr'l'acted the rake. Relative rate constants ior the s>sten R6Ce,/SnC14 L 

xere r'cuna to be: R =Me, krel = 125; R = Et, k rel 
= 1; R = bu, "rel = 0.25. 

&gh selectivity in desl_!qlstlon h'as again observed. The reactIon of k!egCeCeE, 

with SnCl =ave errcluslveiy M&T&l - 
1" 3. 

-EtSnC1_ 
2, 

cxxiv 
+ Sr.Cl d 

i._ Et_,CeCeClEtBu 

-ErSr.CL_ 
II ClEtZC&Et2Eu 

and CXW 

SnC14 
3 

5t3CeCe5t,CeEt3 

\ x3x14 ) 

MejSiCeEtj + SVzl, 3?+ Me3S1CeC1Etp + EtSnC13 

Reaction oi oczzetbyltrlger mai wltb one or two moles of SnCl 
-I 

1n nitromathvle 

EtgCeCeEt,GeEt2C1 + EtSnC4j 

C1Et,GeGeEt,GeEt2C1 i 5tsnc 
5 
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EbIC?V~~, 2,2-dLmetb;il?eP.Bethp?trl&~~e u~tll SnC14 gave predoninzntly methyl 

sutxtitutlan in acetyl cnloriae, but ethJ1 substitution sn nitromith3nc: 

id 

Et_CaCeMe ‘-ieEt, 
3 3 

+ SrJCl 
I c 

-I 
-PeSnC 1 j ’ 3 

; Et,CeG~CO!+GeEt-. 

(b) 

-Et3nC15 
EtjCeCeMe,CeCIEt, 

M&GC 1: slc$ (a), I& (b) 

Ma30 - 
2’ 

5$ (a), 95G (b) 

AT ShZ(opec) CXWT rather thsn sn SEL 7(cycllc) CKiXii xcnc 31~3 hi3 preferred 

for these rEactlon5. 
106 

me thods. 1crg DiaUTyltln dlcnlorides r-five also oein prarared ty group e~chz~,c~ 

betueen SnCL, end tetraalL~ileeds. Thus , stirrlrjg EtqPn 2nd SoCl 
4 

i!l tGlIJcrlE 

gave Et2SnC12 in solution and 3 precipitate of Et,PbCl 2’ A 2:l ratio cir- Et4Pt 

znd SnCl 
4 

gave St 2 SnCl, ard Et3PbC1, 110 

Qls(chlorom2thyl)tFn aicnloride COIlSiStS of 1niinite crteins of nis:<l~~ 

chlorine-bridged (ClCR2)2SnCi2 q olecuirs In the solid (cf, thti structure of 

ke,SnCl,) (Fig. l), thus distorting: the geometry at tic from tetrahedral toward: 
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PI& 1. Crystal Strllsturl ot- (C1CE2),SeC12. (Reproauced by pervssion of the 

Corfiul:ani;s hL?X~~J). 

octanedrsl. Thz Sri-.: and So-Cl bmd d:stzncis are 2.13 A and -7.37 A, respective 

Sri ..,.c1 = 3,71 A. Iks Cl-%-Cl BEI C-Sn-C bormd angles are 47' 2nd 135O, res- 

p2ctlYsly. 
111 

'ihr riztlo? oi rsonlLrlle5 witp. cln(N) balldas yields halogaoocarbkino- 

s %x 
4 + 

?R.liSC - I?-!I=C-So-C=N_R 

II 
xx 

R = M- ,X=Cl 
c:mvIII 

Fi = Btr, X = Cl, Br 

Br 
I 

StxBr + 
: 

!+?tiZ - Me-N=C_S&r 
3 

Pneo;l lsocy?nlde x:erts into totrl Sn-Ci am Sn-C txnas GI' Me F 3""Cl to foriil 

CXKK: 

Ma3SnC1 + 3PbNEc --, 

cm 

tut methyl and ptieoyl lsocyanides irz.i-rt into only one of the %-Cl bonds of 

Ph,SnC1,: 
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Aprotic conditions: 

R$in 

R_S nZnC 1 v 
.zJ 

R,Sn.RZnCl 

I 

II 1 R2Sn + ZnC12 + 

\/ 
Jt 
+ R&C 1 

I RpCl 

RznCl + Sn R4Sn f 

R4Sn 

ZnCl, 
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Protlc condit;ors: 

L,SnC 1 
Z3fCl y R_Sn.ZnCl -_t R,Sr!.R.ZnCl 

-1 

M?OfX 

c I 
B2Sn + ClZnOMe . + 

%%- 

‘1T ’ 

[im] + FcznOMe 

Zr! 

I I 

Me00 

Y 

C.K 
MaOii 

b6 
.L c1znone - RZnCi + Sn C6E6 -+ 

Zn(OMe)2 

The Ior--_tion of hezphenylaltln 1, =Z ess~lg ratioElised cjn the bssic of tha koow 

chscllstry of Pk+.lz~,C1_TKED: 

The re-_ctlolls oi Me 
‘! 
PKW21 2nd MePh2 SnC1 with Zn/Cu In TPZ gge urures of 

+ 0,S7MejPGo + 1.35T3e2Ph2Sn 

+ 0.99% 

+ O.OD!ejPhSo f 0.47He2Ph2Sn 

+ l.BlMe&>So + 0.78Sn 

In tke pr.xecce of MzOK, both coopo~uxis give methane, oenzeoe .znd tra metal III 

the expecteil q_ur?tlties. PhgnCl, sJ2d PL-s%lC13 ~111 react k'lth unzctivated zinc 
. - 

metal 2t room temperature: 



SPmclj + 3Zn 5 Pt?pCl 

The reactlow of botn Fh ScCl 
-7 2 

arid PtiSnCl_ 
7 

Et,PO%u + Et3SnC1 __f 

At liO", Et4Sn, tin aad ths cooplex CKX.FVs wire 1solstad: 

Et2 "BuP=@.SnC1Et 3 
C7XXV 

Et$PO%" + EtjSnCl T- Et2P(C1)=0 + BuCl 

BuCl 

Et ::n 
1 

Et2P(C1)=0.SnC1Et5 

cxxxva 
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The e~~rlogolls conpl-err Er;, SecB&=O.SnCIEtj 'rlks %lso obtr-insd r'roo the reaction 

or' Et,POcecBu with ~~jSnC?.118 The rczctio? of ;rlsl$ lp5OSphittiS P(OR), (R = 

Er;, Pr, Bu) Ulih etn_llt:rl QZlidCS Et nSrd4_n (7. = Cl, Br, 1; 5 = I-?) yrrelds ths 

1:l or l:? p~osphonate coeplexes 

i- 
~RO)~PR~]],_E~~S~~~_~_ (n = 1, 2) 2nd 

$RO),PR=O Et+7 usually as Ilquz.ds. 3 ir?lra-red am DTA dsth suggested that ths 

1so!!l~?lb4ilO~~ Oi - ii-E pw3pk.1te 13 not cst21jzrc, but BP irntrsco%plir process: 115 

I 
Y 

R 

I 
! 

(R~),F=o:+sI-_R ;5 n <-rl- (RO),P-O:--~S~I!~ X n 4-n 

&Pk2~ 
R = OPle, C1 

AIE~O~OLE co3pl5!.'i3 *rlth piosphGrtis(V) IIIJP.O- znd dlthlo?sters k?~vl s.?nllarly 

been prepared. 
331 

Yzlogan escttmga phenomena between argaotlc halIdes have been mvestlgated 

by sevi-rel groups. Taddsi at al. have examned cnsmlczl shift ngn-equivalence L- 

of tiissteriotopic goups fcr the aeries or' organotin nonoklides MePh'soPrSnX 

(X = Cl, Br, I). In CC14 or CS, these cospounds do not show -gnnatIc non-equiv- 



6’7 

zl+:ncs for the disstireotopic methyl group e4’n at -lOO’, but e srr-_ll (G.Ol- 

0.03 ppm) cherr~csl ablft difference 1s observed in dilute benzen?. Coslrsc??cE 

1s otlserveu 1” 003’8 

methyl by a oesltyl 

centre and 1~2,rner;lc 

is observsd iven io 

Me 
3 
snx + r- I_ 

Me jSnC1/Me jSrrI exchsqe in toluene acd 

et -_i - -0 ‘Eke ri-sctloc wzs deduced to be 

Mi3SF_ 
+ t Y- 

MegSkY + X- 

third order ln toiuene witn an sctrvetra,n 

eciry- of 2.dO.Z kcal, -1 
mole c A Erl:ed lncresse In rate of erckng~ V.BC qot=d 

1n the 5zore polsr so?vint. Other systems studied by these authors arc: Me+3nX 

(X = Cl, Br)/f4ejSnOPh in Ccl4 (fast at room tcxperaturl), Me5Sr2 (X = Cl, Br, I, 
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OFh)/M+3S&Ph io CC1 d (slo.4 :t rooo tzipereture), and Me$SnT/Me+kX (X = ST%, ( 

irt tol~rle (slow z.t SO'). Speotro of the ~llnturea Irle+i~cl/PL~S&Ph and Me+C: 

Pk$3cC1 contez s:gnsls nelong~ng to both possible tr~mcthyltin species. k~ 

sssoclatlva q ecnaniam with a cJclx four-ccntre transltlon state -3s preferred 

T%e presence of m-butyl groups on tin very strongly decreases tne electro- 

phxliclty of trislk~ltin hsl~ces towards lo'llde 1011s ant rnJcleophlllc solvents. 

Reeves and Ckc hzve also studled %5lOge!l c+ECtllzlli;d 15 biF2ry IiXXtUJXS Of 

dlzthyltis d+elldes. 5%~ dsts arc Interpreted la terms of a schene si.~~lar 

. twt proposed above xor McjSmX ~zcrzrge lnvoivlng four ~o.~__~_ rio~tlon steps and tui 

hzlo+r tr-_xfer st+p;, possibly y&a pcntscoordlnste tin lntermcdiatc. Mole< 

Iodine inhibits exchange due to tie formatloc oi cozplip. trlnalzda anions I$‘-. 

Adducts oi" Ye_SnCT, ,: _ with aicsl:zTdcbydss C-t! 2: RCR=W? (R = Me, g-HeGC6H4, 

_&kC6E ~, *C1C6H,) hsve teen synthes:sed ana examined b; ri. Equlllbrlum 

corzt4zis :'or the rextion: 

T:e :?terectlon ot' csrbocyl- stsLllized phosphorus yllds with orgaootin ha1 

iorm 1:l edrluc ts Y ir- C- rzthcr th-_n C-coordinzt:on or‘ the ylld to tin CIXL (~5. A- 

CIXL 

Tshil tes proposed the 

ment of CXL .aith BULL, 

COFh 

1 Cl- 

lonlc structure CXL involving covalent So-C tonds. Trea 

r"ollotied by hydrolysis yielded tha free yild. and Me 
3s 

no9 



2BtinCl 3 + SC5BG0,,- 2BuSrClj. 
c_ r 

SbuC1,Sr.(0#+ py < P; :BLC1,Sr(C5E70,) + ?pyK 

CKLI 

52 Psaudohzl.lides 

Crstzls of Me,Sn(fKS),. 
_' 

terpyridyl contain BeVefi-coord1Ute 

a pantsgonal-bipyramlasl conflyrztion (Fig. 3). Tts tmo q ezbyl 
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produced by perrsisslon of the 

Aacrlcsn Chtoical SocletJ). 



(RSr) S 
> -? 

f SC r:c Ir 

A tbesls dsccrltos the synthesis z.nd SGIE+ rc-stLor:s of trlr,nes_jlrlr carbo- 

diimcies and cjaasnidis. 142 Trlzryltir: cyanides sre ob;sinea iron R,SnI 
.I 

and A&N. They sre readily hyarolyssd to the correspoallng tir! rlJdToZide. 143 

r 

t. Oxides. Yvdrorides. Peroxides. sbd Alkoxloes, 

Two pstents relate to the 'direct' syrltbesis of disk~ltin o+ides. TrestlnS 

‘mossy’ tm with dimtth;rl sulpbte m the presence of rlu_jR or Pk+P gives 
J 

Me2Sn;0 
4 
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IL1 75-EcYs j-ldlCS, nhich nzy then be hydrolysed by aqueous EOB to Ms2Sa0. 
144 

Dldodecyl- , dioctyl- _-nil dlbessdecjltln orldi-s of nzgn puz0; are obtained by 

the mteraction of tr.4 alkyi ;odldes and tin natsl in the presence of liaOE.145 

Dioct~lt-m 011rlc izs also beer. prapr-rez by the hjdrolysls of 0ctpSnC12 by aqueol 

RsOEl in the presence of hydrocarbons suci as tolwne. 146 

Bis(trirl.kyltz~) ovxce~ (RjSn)20 (R = Pr, Bu) for-o 1:l 2nd 2:l adducts wltl 

tm(IV) am tzta?lm(IV) chlorines ana 1 :l edducts ‘ri16r1 arltioonj- V) ( chloride, 

It?volvlog (R$k1),0:+~~ CoordirAtiorr, Trte~ are insoluble iTr cost organic 

solvents _-cc decompose on hel-tinz* Tiie su-coordlrfite I :-7 adducts Here cons~d- 

ere.3 to possess a tr4% arranpewnt of 07iaP aoDor wiecule5. 
147 Ssannglphosphc 

car-o-ziates are priparec by treetilg pi*osphorus isocgannt~s wit% bis(triorganotir 

~tezboror-_na-c oi tkc types C%LlS - CXLVI .re.re ba+n synthesIsed 

al. et by t!-c azeotrJplC removal of weter iroa nlxtrlre5 oi (BqSn),O, 

and tr!+ spproprLete glycol i~1 bollmg barxne. 

by Hehrotr 

boric aold 

a 0 @\ 
a-03?3_ 

fi’ i 

CZLIV 

R2C--@ 
1, 

B--‘JSnBU_ 

i 
2 

RR’C--0 

R = R’ = El, Ms 

A = 8, R' = M+ 

CKiX 

R-J 
I- 
c- 0 . 

E$ 
/ \ 

-\ / 

B--osaB”;i 

,/y- O 
R’ 

R=R'=H;R= 

CXLVI 

Tris( trl.-l~;lst~~l)borstas (R_$YnC),B CR = Me. Et, Fr, %I, lsoB~I 
/ 

obt-_lnril sinilerly. CXLI-V iorns s i:i c03plev cmIi1 hlth anrl~n.5. 

He, R’ = 9 

Pn) are 
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Me 
%-Cl 0 c”e, 

Me, 

\ /-\ 
-c- 0 

%c _ ( /B-E-B, 
/ \ 

#l-o 

/CR2 + ("~jSr+ ~_f L'R.$,CH_0,W%13~ 

OqCMe Me 

MS, 

H,C 
P-O\ 

-1 / 
ES-O-CMe2CE2CtDla-O-B 

#eCH- O 

Mt,C -0 
/ \ 

3 R,c B-O~r&u_ 
\ / 3 
M.cE-Cl 
% 

( Buplo)ja + 2( i="?r'3)5B + SBLy,enOsrI(O'~oPr) 
7 

cle-_ded Lrt preference to the 6-O bond n:, EiCi, MeCOCi, k3S:C1, Fl.+yC~C1, RCOOH, 

ROE 2nd EEl, cne more electronegtiv+ ,Ysbp bacooiFg stt2chcd to tbc tin. Slai:- 

erly rextion hit5 phenyl lsocgansts i&es piece at trz Sn-0 trend: 
150 

)B-0-Snf + i?k-J?O + >B-0-COJiPh-Snf 

Trmethyltin pentailuoro-ortPo-tellurst 2 CXLVIII is obt-_lned by -,he rczctl 

of E0TeF5 with Ms4Sn or M?3SnC1: 

Me433 + H0TeF5 -c84+ Me?,SnOTeF5 
-EC1 

c-----_- Me3SnC1 + ROTiF 
5 

CZLLVIII 
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IILfrz-red and KU= da:r xndicate the presence oi iour-coordinate tin m CXLVIII, 

bu_, i.ater-_ction wxth methyl cyznlde results in th? fomtlmr of the edduct 

Me._S?Im%F~, 
3 ' 

whxlst -dlth Db!SO, complete dl,a c-ocxstron occurs ta give KegSn(DMSO)2 
1 

t4zCCM.z 

c 
P5..& 151 

1' 

Reacr1cjL? of Et SnOMs 
3 Or (EtYSE),O With the sppropriate -_cet>~lenic glycol 

L 

affords kgh yields of tx correspondlog starmjlsrca conpomds. At 270' they 

decomposed to d:vr Et SnCXS&t_) ud the correspond;= kstons. 177 
3 

OI- + El0CRFc.C~C.R%%0B ?c Et3Sn0CRR1 .C=C.R2RSCOS& 
3 

( Et3sjS.n.),@ R = R’ = R’ = R3 = 8, He 

R = $ = Me; R’ = 33 = Lx, Et 

h = 8; R’ zz R2 = Me; R3 = Et 

BuS&Et,)j + 3ROkl 
bznceos 

____j Bu%(OR)~ 

R = Et. "Pr, isoPr, %I,, "OBu, '"cBu, 'Ku, "e"oen~~l 

Atterpts to prepers trlsfioxgtln cocpoundz by slcoholg~ls of BSnO 
1.5' 

usully 

resulted in rha recovery of unrxct+d stzmonlc acid, although with tBuOH 

BusnO(cJtaLl) kr-e oD~z.illell Bus?(OISoPr)_ 
1 

umiergr,ec group elchoge with BirSnC 
45 

5~ Edn(Oo,C3)_ to yield mxfa chloride snd ceroopdleze alrozides; 
- 3 
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2BuSr1(0~=~Pr) + 
excjthemic 

3 
BUStlX3 - 3BuSn(o isoPr)zx 

BSn(O=oPr)3 + ZBUSI-L 
enothemx, 

> 
F 3B~Sti(O~~~Pr)ic., 

X = Cl, 02CMa, 0,CEt 

and with protlc resgents to .il<id slniizr mired prodllcts: 

?RSrl(OPr)_ + 
3 

?H,O - TIRSnOlm5 

R = Et, Bu 

BuSr1(0Pr)~ + r!Jk,C=lrOE - B&c(OP~)~ ,(ilN=CMe,) 
- r, 

n =l- 3 

oa 

BuSn(OPr)3 + -a G\s_,/ B’l 
\ 

OH 0' 'OPr 

BuSn-(OPr), 
/ 

BuSn(OP+ 

+ B2NC82Ph ___f EuSr.(OPr)7(IJ?IcICY,Ph 

T n.RNX.CO.Mi B BuS*,(OP~)~ &NR.CO.Me)o 

F. = 1,2; R = =',r, %J 

The reectlon of BuSn(OFr)3 with s.nldes R.CO.liEI? (R = 6, Me) in rcflux~ng tenzete 

results m the replticemint of botr zmldo hyarogaq stons yreiair* K&Sn(OFr)(WCi-j, 

BuSn(hCOR)(KNCOR), ar?d (BIIS~?)~(NCOR)~, rcspsct:.Jcly fron l:l, 1:2, 2nd 2:3 mol;r 

ratios of resctsntsJ Si.z~ler alslkyltm bls(atido) derluetlves are ot'tilntd b., 

reaction of R2So(OEt)2 (R = Et, Pr, Bu) and acetmlae er‘Ler prolong?il ;leztmg. 152 
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Tne auto~ssacxat~or or‘ butyltln trial&oxides BUSBY ha been studied by 

"%Sn ?.ulr I Fau tmes sf te~~viour were aistin~~ished dependins on the nature 

of zhz 6~oup R. Wnsr R IS 1 !ma+r slir,1 c&m (Et, %r, nBu), the tti trialk- 

axxd~s zre essentielly six-coordinate at 1-00~ teoperatur*, pnsua30ly involving 

both bricigirg and not-brx@ni; -_lkory groups. I!? 6ti~,(0fQ)g, zssocxstion is at 

a -Falu , aLd polycerlc striictures such as CIL or CL 9x-e uroposad. The trietho 

lie, -pproporids, znci -z-ttitonids are lese associated due to t% btilkzer al&l 

soups, sod the tetrmerlc structure CLi seer25 likely0 BUSr-.( lsoBti)j IS also 

BU GR 

CLI 

essentlaily SIX coonilmt5 et ~003 tempereture, but drssociates to a five-coordia 

species 2s t=e teopereture 1s incraased. Incre2ssIng 2lJqyl sunstitution (R = 

a-pan&l. a-Pr, s- Su) results in the complete inkbitlon of sx+coorbinat~ 

at low tenper2ture3, 2nd these slkosides are thought to be five coordxnzte in 

the neat state. Ircrea3e in temperature leads to s dramatic decrease in 

sutosssoclatlon lesdlng to a four-coordinste monomeric species. BuS~(O~BU)~ 



Bu-,Sn@Me + PqR __j Eu,SrA + 
.J 

M = Si; X = F, Ci, Br, I 

M = Ge; X = Br 

M = SL, Ce: 3. = Cl, Br 

Me_,SlCi 
2 

R.+iX + 

7. = Cl, Br 

MyMOl% 

Y = Ok, o_p, 

Bu2Sn(OMe), -z Bti,Sn(OMe)X + R3S lOMe 

R = Et; 2 = F 

R = Ma; x = cl, ar, i 
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.Me six 
3 

+ au$in(02C!4e)2 + Bu.,(O,CMe!X 
- _ 

2 = cl, ar, I 

Bu,S*Y, + 
L 

He2SGi, -> Bu2SnC1, + 

RlJplY~ + 2Ms3SiC1 - Bu,SnCl, + 

Y = OMe, 02CMe 

SupSo(O,CF!e)C1 + Me?SiCl -> Bu,SnC1, + 

+ Me3Si02CHe 

Pe3S1Y7 
- - 

iMe SIY 
3 

ME_S~O CMa 
9 -7 

ya t ;i’pOR” - R$cOR" + R'3SrE 

Tile LIZ* of op~xelly-x.tlv~ q atkylph-"ryl-D(-I- ~p*~tbylsllsnz MePnd-!rpS1+H 111 the 

resctlon rczults In 2 verb hlgn degree oi ratintlon or' conilgar-_tlor! at the 

asyizztrlc sll:con :!to3, Kinetic dztb indicate second-order kinetics (flrat 01 

IT' tech. rasctzt) k-t5 P h1z-r. actlr2tlon ec?r?g -_nd B prmr~ Isotope efiect _, 

~~(=)/<(S~D). Tne re2ctioF rste If ir_znced by ~lictron-ul~harawing groups 

on the si12ze a d electron-relesslgg [roups on the organotin alkoside. Increcs 

aul~lnes' OI- the 2_i!-OXy COUP deCrti_SES tb.5 r&t? ill ths Ordir: MS.Et>%> 

"ati >lEoPr. A corrclntion between ti-e tzsiclty of the organotln 511:oxide and 1 

risctivit:, is also kp:srect. 'We dzt-_ support& two oosslh1e msch2nlsms: 

(1) 2 SI,l-S1 =lechanxsn with a tr2nslLlon stste lnvolvlng 2 trlgoEl-bipgr2tG.ti 

slllcon 2tom CLII: 

CL11 
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(ill ?. tk’o-step oechxism viz an urrstahli: pentaco-r2ier.t srlicor? lnterm~di-_t~ 

CLIII: 

0 I 
C 

c ’ C 
C 0 C C 

\Sn 

C 
I ‘\, 

O’\ \ 
\O \ I C 

A 1 c 
C a Sn I 

C C 

,’ 1 

’ I 
C 

0 I’ 
C 1 lll” 

C I& 
C 

0 

C C 
\Sn 

1 ‘\ 
C 

O ‘1 
! ‘\ 

‘, I ‘lo c 

c ‘1. 1 c 
C 

a 

C C 
Snr 

/ 1 

! 10 = 

I f 

Fig. 4. The structure of d~blrt7lstenrr-_dio~a-~.6-cyclohenule. 
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utich czn dissocietc to give tie groducts or reactants st smil-_r rsteS. 
156 

Tne cr-ztal st,rucr;~~ of clbutylstsr~~adIor-_--?,i-cyclohel-_~E: has been deter 

-ised, ZIid corlsit3 of ck1= 0; Buzso(o,c3B6) units li_&ed by coordinate 04s 

bonds for&g dlstr-nnorzne Sn20z ricks with tetrqoml hl?nmudbl coordinatZon 

for the tin (Fig. 4). T‘ne iour ogygsn ztoffi iom 2 plene [ 
r(ST-0) = 2.05 A; 

r(Ss*O) = -7.57 A I a T& ~ct.~rcolccuisr zssozc~st:on 1s broksn down by basic 

SOlVS?iS. In iDDl&? s31qJEr~tS . or ,-n t.59 v-_pour stete, 2 zonooir-dioer equlibriu 

zc nrana3ed.‘57 . . Seve!ral r_onobuqltm ~ljcols~s .GJB oeerl s;xtnesaed by the 

ri-_ctlae of BuSnO 5 or BuSc(OPr)j with glyco?s, the water or propanol being 
0 

revved e33tropicsll;: 

i3Llsn0, 5 

. 

Hol 
R 

I-“\Y ;"/"l 
or + 

Sdn.n(OPr)_ HO -I 

F y yl-o-sn\O ; 

1 

CLIV 

3Lsr.0, _s 
aol G_r + ii t-yl~_ ----3x ?y"i 

BGSn(OPr)3 83 --I IO' 
OL,Y- yO_: 

or 

R = -CE,CE,-, -CBM&E,-, -(CEz)>-, 

-Cmk(ca,),-, -(cE!M*)7-, -cw~cs,cM52, 
/ 

O-R-O 
\ 

-(cMQ2: Btiri:O-R-O-SnBu 

-R-O 
/- 

CLV 

ex.h.lSit varying &&pees oi 3esoc1~tlon. CLiV r-m dineric save for 

tihzlcn t7~3 sn avarsge q oiEclrl2r ssaocietlon or’ I’ive, ir,d R = -CBMXE 

Cyclic ecatals CLVI and CLVII are obtained by the reactlon of chloral uith 

dlbutylsiawoxa -cyclopent.me and -cyclopentae: 

= -CH,CH,- whict 



9"2Sn\C cl + 
2o”/ i3 dsys 

Cl,,CEO P> BU,%l 
/? 

b -/ 

H 
cc1 

3 

+ CIPO 

evothermic ) Bu,Sn 
? \ 
O@ 

81 

CLVI 

CLYII 

E ccl3 

T-m proaucts zre thsrmslly unstable; attenptea aistlllation reg*nerztss tf.e 

re-_ct-_nts. 159 

The Bordezm k~oup ks investigated the sy-nthesls and thermal aecoxposition 

oi ~'ilog,~o-substituted tributqltln alkolrldes. 

CLVIII are ontsxned by the trarsalcoholys;s of 

p*rh~logeno-slcohol: 

Bu$i-EMi; + FLR’COE - B~>SnOCRR' + Me03 

CLVIII 

R = Me, Cl; R' = B, CL, CBC12, CBBr,, CEClBr 
2 

The compounds B~SrOCMe2CWp (R = Cl, Br) thus obtained could 56 twr=lly 
r 

deconposed to afford the aldehydz ME,XCCRO,'~~ 

Eu+SnOCMe2CFZI, 
: 

__) agsnx + OEiCC7.I%~ 

Thermal decompoeirloc oi trsbutjltln y-trocG~lkGnx!is, derived from Bu+inOMc 

and 1,34alogenohydrlns, decocpose at lE,O-200' to ~LVS Oxitzoes in hisn yxala 

(usLlzlly> s&G): 

Bu-S&Me + HO -MEOH 
3 

Br - 
ci 11 

is needed for the decomposition. A mechanism invo 

philx attacr at C-3 is proposed: 

Tne corresponding 3-chloroaL4oxide.e behave similarly, but a higner temperature 

lvirg lntrano lecular nucleo- 
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(1) MiI/ EFiPA 
CLXI * 

(il) a,0 
Bupl 

E-J- 
k 
1 30Mf 

BIJ+~$)~O" could also be obtzlnad by rca~ n-tlon of the stannyl Grie_d B 
9w 

wzth oxetane, iolio.ed by bjldroly3ls: 
161 



Tritutyltis 4- and 5-halogenoaiKozl&s c.ay be prspired either by trs~.s-_lcoholyals 

(n : 4, R =A) or ty transesterlflcstxon (n = 4, 5: R = Ac): 

Bu+OMz + RO + n_X ___jl 
ff 

ROMe + x 

X = Cl, Br 

Twrml decoopozitim of the 4-halog~maiksxldss te!kts pizca -_t a 

tenpirature (30-100°) to Jleld tetrabydrofursns by itir;ramolFcuisr rucliophliic 

CLKII 

5-~lo~enoslkox~d+s thernollse et 150-140 O to effcrrii tetrehydropyrdn coopour~ds: 
161 

1 5o”, x = Cl 
BLLSUX + 

B"3sno(ce2)5x ,500, x = Br> i 

Poiymerlc diorEanotin aL!cor1des have neen obtalced by setsthesis. The avarsge 

degree or‘ polymerisatioE v-_ries from 78 to l-loo.'65 

R2SnC1 
2 + 

NI_ + -a-_R'-O- +ris 

Referencejp.155 
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EIIO~ scetates of acetophenones react with EtjSnOR (R = Me, Et) to form 

equlllbriuc! matures OS' tx Q- and C+xsomcrs CE,=C(OSnEtj)Ar and Et+3nCH2COBr 

(Ar = _cC1CgEi5, ~=kieC~B~, _D-Y+OC~H~, 2,4,6-Me3C6E2). Trestnint wzth He Ce.Br 
3- 

al!glateci by 2Lf?J1 hs.l1aes to give the correspor.ding ketone VI usuzllg very high 

yrelrl: 

_ 
R’ = (CE,);n, (C’,)j 

acstate, ther to 

B~SnOCEkCRR + R%BO _jl iI ai ~BL>S~OC&R~~'CE~O 

B = Et, R 1 = H; 

R=R'= Me; R2 = %r, lsoFr 



isolete, eg: 

BLApO \ 5 
(1) 15$ 

(ii) 55% 

Ft.eferenci3p. 155 
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Tte fonzation of IltaIu2 or rxgn;ncsiw rnolzt e intermedil-tes is demonstrated 

the isolation of iiOi3 from the resctloq: 43 

by 

0 -0S.d 3 * LIBr - 
0- 

OLi + B SnBr 
"s 

LlOK 

Mehror;ra nas syntheslsea I vsr-ti.y of mono-, di-, and trlsl!qltm derlvatl 

ox- alknolan~nes by trarEelcoiolyssls. Bul,SnOEt klth N,ll'-dial_~lairranolamines 

yield the trlbutyltln der:vstlves CLXITV: 

R = -CK2CE3-, -CE,CEi,CE2-, -CE,CBXe-; R' = Me, Et 

Wltn no~o-_L~~il-l-r-_~o~~~~l~s, t;hs monostar~~~ylar;ei pro.iuct CLXV 1s formsd iulti.zU 

but dlsproportio=te zo the distlmylatsd COPIOUS CLYVI 0~1 distlliatlon: 

Bt+OEt + EIOCK,CE,-NElMe -> BujScOCK CK AHMe 
2 2 

CLXV 

E.&;SnOCK#K,-N 
/ML 

- \ 
f 

SDBU, 
E10CB2CK2W2 

; 
CIXVI 

Sicillar oenaviour is oliservsd dlth ucutstltut+d e~nolamxzes HO-K-tiEI2, and on 

distlllatlo5 mono-, cii-, and tristannyletea proauctz are obtswed. When th3 

re-_ctlon is carried out m pciichlorooenzene (rjp. 1700), CLXVII (R = Eu) ~3 

fo_rTect ln 50% yield. 

a 
R'gSnOEt + KOR_m8, benzene 

-zz+ 
R'3Sn0.R.tTE2 + R'+O.R.N 

'SI3.R' 
3 

R' = Et, Bu 
+ R'3Sn0.R.N(SnR'3)2 

CL..iI 
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Onl:, the hysroxyl group of g-aminophsno1 reacts ulth B&,SnOEt, eve-1 at kgh temp 

eratures. 
165,166 

Bu$.nOEt + - h.pO + Et06 

H,R K,R 

Dlbutyltin dlethoxlde react;3 with N,~--dlal~~lsiLacolzo~s in 1:l snd 1:3 ratios 

bol1lr.g beccene to form the derlvatlves CLWIII r-nd CLXIX: 

EO-R'-fG$ 

I 
P Yu Sn(OEt)(O-R'J~2) 

5 

-i 

CMvIII 
Bu Sn(OEt), 1 

2HO-R'-KR, 
> BLL Sn(O-R'-!m2), 

-7 

o- 
R'2Sn(OR"), + 

bancine I 
HO-R-PiFI, ___I_, R ’ ,.,S n 

refl= - (,i;I 

H/ 
R' = Et, Pr 

CIXX 
R" = Et * tBu 

BuSn(OPr)j raacts to give cyclic products even Et room tcmpcrikdc: 166 

BuS~(OP~)~ 

BuSn/ok 

1'H-J 
P?.Q 

R/ 

Nmr and molecular weight data have been used to demonstrate pentacooraLnatlon 

at tin for the stannatranes R2Sn(OuB2CH2)2NR ana RSn(OCEi2CE2)~N.'68 Verieble 

temperature '6 omr spectra for the latter class of compounds show that both a 
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= 18.3 kcsl. oole 

169 
14.1 keel, zole betveer. row.- Cilfr-+rant co3"om~tioris t&s piece, viz.: 

Scheme '1 

C6 

C6 
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Ttie structure cjf bls(2,1_pe~tenadiorto)dirretbyltin has been investlgsted 

both 1~1 the solid and an solution, In the cqsts1, the spsce gro~;p ilet~ncls the 

molecule to te centroswetrlc acd therefore thi, ~~izh31 grotips must be muttillJ~ 

tram about octahearsliy cooralneted tzn (Fig, 5): r(Sn-C) = 2.14 A, r(Sn-O) = 

2.13, 2.33 A. 170 Rm.m spectra of single crystals and bewene solutions demon- 

strete thst this confl,wetlon is preserve1 1~ soltitlon, 171 In cor,trist tG tis 

& structure ass1gncd on the tz.1~ oi dipole momsnt uessureaents, 
172 

pos1t_ons 1narcatcd. Ilm 

infrs-red ana Mtksbsuer neasll-ecar:ts of orgsEoti!l derivatives or’ tne quadrl- 

3rd terdantate Scklff bsses CL&Y11 - CLXXIV: 

Reference p. 155 
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Q / OK - li 
d- Ek21-~r-7-8oc,Ei 

0 
04 

OY CiJ3iV 

SLfgast distorted trxs-octsbedral strucmres I'or R$in(salen) (R = Me, Et, Ph) 

2.mi Me2Sn(salda~_3-Cfl). In Ph2Sn(Rs~1d~~2-0) tbs ligstxi appears 60 be only 

terdcnteti with a siLulzr structu_?e 2s the R,S~(SZ~-N-~-OC~EI~) (R = Me, Pb) 

co~:pleaes (aistortec trlgonzl hip rsmz&I hith R gou_~ occup~mg equatorial 

posltlons). The co:~rpl~_p PSSo(3al-fi-,--OC,E~) appears to have the ~-octahedral 

StructWe ClJm. l?J,l75 

Sover.zl dier;ltir b:s(oxmatde) have tee3 synthesised. 

Tne tnerml decomposition of the org'anot,-n peroxide P 
h3 
ScOOCMe,Ph JD anisol 

does not follow ?~rst-ordii- klnitxs. The rati of the process incrlsses with 

lncreeae iD the InrLlsl CObCEtltT2tiOP of ine perollat, but zhe rszctmn products 

do not affect the k:cetics. Addltlor. of%,ti -amethylperoside 83 :nxtlator 

CSUIBS a conslder-_ble ~ncresrd ip. rate. The decorposrtion products were 
9 

SLOB 

(0.48 cole), PbplO (0.5J zole), CR4 (0.16 mole), PhCOMe (0.5 nole), d,D(-dimeth 

benzyi alcohol (O.Sr! sole) ma MeOC6E4Me (0.2 mole). 176 

F’uil smthctic end spectroscopic details for 

derivatives RjSnOtlR1R2 (R = Me, Pr, Ph; R’ = R2 cz 

h3v.z bssn published (cf. AS 147?). In cbloroforn 

Q-triorg=notm hydrosylamine 

Et; Ai = 8, Ph; R2 = COPh) 

solution, the derivatives 

are monozreric, with four-coordination proposed for MegSnORF.t2, but five-coordin- 

at~on ufth mtrazolecular carbo'lyl tin coordination, viz. CLXXVI, for the g-acy 

SubsrlCdted derivat.lves. 
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clx?v1 

Infra-red dilution studies demonstrate tb+ presecce oi ndaltionai hydrogcn- 

bonding XI the l-proto derlkstives. Tbs ~ss apxtrs for the t60 trimethyltin 

ierivatlvis M+3SnO~~R.C0.Ph (R = 8, Ptl) suggest dflerisstion u Sn,O, ring 

r'ormztlon CLWVII occurs in thE soliq phase. 

The ri!zg contrsction processes: 

also festured strotqly in the spectra. 
178 

Lorberth and Lsnge havi widerr;akin a slrnxlzr znvestlrptios of tha triorgzr.o- 

tin esters of nrtronic acids 
R3 
SrrON(0)=CR'R2 CK'XViII. These are resdlly sy-ntilesised 

by the raactlon or' am1nostsnnm.z.s with W-tiitrosi_Lranes: 

Rekrencesp.155 
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3 R% ccEmo2 - id, + RSoO E=R?,, 
3 - 

CLXXVIII 

R = Me, Et: R' = Me, Et, .W!e3; R3 = R3 = E, He 

R2 = ii, R3 = Me 

The products tier? obtem4 BS StzDle crystsllme solids, vrhich rlere ClOUOPellC 

in solution. Hm_r spectra ercludea tne eltcrn.=tlvea-stznnyl n2tro~lk~ne structu 

RSn-CR'R'NO 
3 2' 

P&as spectra indicate tkt M~+%IO~N=C;CW~ also ~HISLS as a dmer 

CLXXTX m the solid (cf. Me3SaONRR,C0.P~ vlde suora). 17’ Itim-red and Raman 

spectra ior tke dcrri;ti.~Es ~,Sr;O1~(0)Ri 2 (ki = B, bkj tidicate'iocaY Dm sym.fze:r 

for tha R,Sc groups .:r.d C 
2V 

sjmetry i.>r the -O!i(O)B'2 1rgzml.s. lkese data, 

tos*ther witt ?Jtkeb-_lsr &t.t-- xvilc-_te ;he prexer:ce of trlgoE1 pyramdally 

coordxEted tin urlth brldgxg ligands I:LZLT: 
180 

7 Carbomlates. 

Trlethylstannyl derivatives oi alkynoic acids have been obtsined frorr! 

Et3SaOKe aad the acid: 
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lic=c.C02SnEt 
60' 100° > 

3 
-> Et3SnOMe f ElCrC.CO,K Et Sn.~~C.CO,SnE:t3 

ezcess 3 

71% Et$nOMe 
56% 

vnoMe + M&=c.Co2E - Et SnO,C.C=CMe 
3 - 

7c& 

Isomcrlaetloc occurred with EC'-CC.CH,C02H: 

Et3Sr,0R + EC=C.CE,CO,K 

R = Mi, Et *XceBs ‘5 

GtjSnOR 
EtgSnO,C.CK=iMe.COR 

XG 

X.C~c.CO,SnEt3 (x = Cl, Br)? 

Mono- and dlstanrryl derlvstlves of blfmctlor.zl 21hxn01c ecrris ere smiieriy 

obtained from the trlorganotlr! oxtde or hydroxide: 
iaz 

1:l 
R3ScOK E@_,CMe=CELCO,S&, 

Or + KO,CMe=CE.CO,K - 

a3sn),o 
r-Y_ - 2:1 R,ScO,CMa=CA.CO,S&> 

RpOE 

Or + w 202a 
+(kp)20 

CH2C0,H 

R = Et, Bu 

Silyl-substituted argmotm cerboxmflstes &ve been prepred oy trsnsisterlf- 

icatioo: 
163 
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Et SLOE 
3 

+ R23Sno2CElR’ CE2S~ 

(EtO) 
2 
M&i; R2 = Et, Bu 

zt, 1soPr) and SnXs in hezane and beb 

I)? Dial_kjltin derxvstlves of 

pr;p.zred by bear;mg D_A~~~EI-C~E~-CE~C~ 

zr,z R$ir.o or tr?e corxspordxsg selt zzd R,SnCl,, 1E5 

km ZOleCUllr nsight E2Z3llOpOljZEZZ h3ve bren prcp=red by rapld stirring 

of the disodr= salt of cobslticznlm-l,i'-dicsrborylic acid with diormotin 

arcnlor~oes ir. ~~_uious qztrobezxrr_+: 1% 

oi irlvmyltin csrbmglstes (CK2=CS)+3r~02CR (R = Me, 

CE,C1, CEiCl ?, CF3) :uggzst GiOFOlTBrlC ChZi13C;5r h&n R = cBcl 
2 

~n.3 CFj, but‘ 

ool;~~rrc bridged stwctures when R = MS, CEI,Cl. De_oolyzrlaation occuzi in 

s01ut101. 187 A s1~;~11-T uo1;Tbric rztbre for diwethyltln chloride czrboglates 

IS propozed fro= Ezra sp+c~racco~rc Stwlles. Tetremthyl-l,;- bis(csrbosy)dlstan 

OIazI2)-' and ~cetr-_ne~!~yl-l-2=-rbo~~,-~-~,~c~o~~d~~ ctennoaenes irra dlreric in the solid 

Ezlogeoo-s ubstltuted tin cerboqlstas P+@O$BrRR' (R = R' = Ms, Ph; R = H, R' = 

Pr.) IFS be pyrolysed LO give MsgSrLBr LX A tt4 corr2spoadxFs poiyestsr, eg: 

He+3nO,CBrPh, 
A 

___l_jc Me3SnBr + '/n 
I 1 CPh2- D -0 n 

m"o 915 

rFnen the pyrolysis IS L__ -=-rlcd out ILY thz presence ofC7_JC02E (X = Cl, Br) or MeOa 

the correxpondicg d-i'unctio~lly substituted dlphenylscetic SCI~ I.S produced, 
+ 

swgestlw tbt -O-CO-CPh,, or Its precursor, 1s the reactive species. The 

He soo2carPh3 
3 - q Me3SnBr + 

cx_.$o.ocPb$02E 



reaction of CX3C0,C!Ph,C02E (2 z Cl, Br) vlith (MejSr~)pS gives befielllc acid 

polyester ati MejSn0,CCK2, presuclsblg via a eimlar elmimtion. 
lag 

95 

Resctlon of B~S~IO~~~ dic.h thioglgcollc acrd yields polymerx CLXXXI zn uhl 

OIIS Of the Ilsnds retains z free SH ErOlJp: 

1 
n (R = Me, Bu, Ph; R = 1 , 2, 3) prepared 

surnlsrly are alsc polymsr~c, rlth both on)gsr? atom oi esch csrbaqlste group 

aftzched to tc!e same tili r-to3, vFz: 

carboxylic acxk dependicg on 

produce; monoseric, bicuclesr 

tin envlrom3ntc is conflrr2em2 

R,SnOSriL~ + EE(CH,) C02'i _n - RSa 
) \,/ 

c(CH,!nSS'IR-, 

A 1~2 rat-0 of re-_stznts produces polymeric carboqlstaz CtFXiiI, in wnlcn al: 

tit? atom 2re equivalect: 190 

Triallryltin derlvatlves or” amino acids and dipeptldes RjSnAJI [R = He, 

c5Ei,,; AA = glyclne (gljr), DL-%-alanme (31a), DL-R-amino-n-butyrlc acid (but), 
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DLr%-valdns (val), DI.++leucme (ieu) , ti-lsoleucine (isoieu), e-alenine 

!B -a%), and glycylglyc~ne and 6u$lo(gly) kve been zystenatically 

Tcvestlgated by Ho scd Zuckemn. The syntheses tier? achieved by axeotropio 

rzzoval of water from titures or‘ the triorpanotm oxide or hydroxide and the 

amoo acid m boiling beczece; cstzlytic quantitlss of DMF zrd sometmes 

oecessaq. ‘I’be structure adopted by the de rivatlveo depends on the nsture of 

the FOURS ettacbed to tin acd the -_nir?o acid. A one-aizensloml associated 

lattice mvolvmg five-coordinate oon-planer R3Sn groups orzdge,l ty -0 

czrboxylate reszdues is w-l’erred for twelve of the derlvstxves all Meg% derrv- 

atives, Bu_,Sn(gl~), (C6R11)35n(g1y), (g -ala), (glygly) D Inl’re-red data mdic 

es thzt briagir~g t&es place ~12 euro-ll+En rather thzn C=O+Sn coordmnatioc. 

Conl’irr3tion oi pol;zerlc lat tlces for MajSn(glg), (sla), (glygly) acd B?Sn(gl 

resuitc froc! the obserratlo? of mbieht teoperatwe MYcs~zu~r spectra in thos 

Cr-SE:. (c$, , ),%( but.) ZId (C$, ,)$&21) ore four-coor~mate q onmxrs, but 

b?gq coordlnstlon nmbers are indlcsted for (C6H,, )+in(ela), (leu), (isoleu). 

(C El )?Sn(gl,gly) zpp*i~s to poasiss 
6 11 , 

s=-coordlzte tz with monomeric or poly 

!zerlc tcer-0cLar.edn.l SErilcnlr~S CLLYXIII 01 CLKXYlV. 
1g1,1g-7 

R 

ClXXKiIi 

8. Oxv-_c~d Derlvstlvss. 

Bls(trlatiylt.in) carbotiates (R+5n),C03 (R = Fc, C El ) !-eve baen 
6 11 prepared 

be bubblrng CO2 gas through benzene solutions of the corresponding rydroxides. 19 

Irternctloc of H204 with Me,Sn produces MepSn(fiOj)2 and the almcr of mmoe 
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In the cryntal, dlmcthyltln drnltrate contains LneqbivzitinL msymwtrically 

bldentate nltrste lignrds: r(Sn-Ol) = 2,15, 2.17 A; r(Sn-0’) = 2,-Z, 2.70 A. 

The t--o m+tbyi graupj suttald an a-l+ of 113.6” at tin, and hence the molecule 

is a further exanpi? oi z d;cithyltln derlvltlve ~ho~i structure 1c best describe I 

BS lntemealate becdticn tour-coordlnste t+trehedrel and six-coordimte trms 

octshedzal. 1% 

The eddltion cjf dl-&-prop:1 suiphori-da to -_n ic*tont-ChlorGfCIiT SOlUtiOfi 0; 

crph22yltin auxitrste reSulta itI tna fOrEtz0? Of Cn-os-_lsto-aiS(J.i-q-propyl 

sulphozld~)n~trstodlphinlltln. TM structure of t?:!ls une-rpectid product is 

sho.Gl Lr: F1g. 6, The coordlnatlon =botit ths tin 1s pents;onsl b:p;rsnidsi, *ith 

the two pbeogi groups occup:;:ng -_pzcal sites; r(Sn-C) = 2.116 A. Equ2toriai 

posltlons sr? occuplsd by oxygen atoms froc nLile-,tr-ze r?l:r-_ze L r(Sn-0) = 2,358, 

2.4X A 
3 c-n< oxsla te c r(Sn-0) = 2.‘.8-7, 7 .2JE A] groupz, -_-Pi ths _ SUluhGxiai 

1 lgsnd c r(Sn-0) = 2.175 Lh 9 rjlenzr ‘-r-z* ge5cr.t. Tr,a C-3n-C groG:g ic -_lnLJst 

Fig, 6. The structme ofp-onalato-bls(dl-g-propyl sulphoxlde)nltrstodlphen.;lt~n~ 

(Reproduced my peroisslon oi the Chenical Society). 
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lizlear (CsrC = 175.e). SOLIS disorder occws in the SulphoIlda Ilend, Which 

occup~x tua posltlom around the So-0 bona. 
195 

'i'be preseqce of 2,2’-blpj’rldjl tocllltstts the itIS?rtLO!l Of LiOUid SO 
2 

iJ.itci 

tk'o So-C bonds or' R4Sn (R = ME, Et) producing d:alJqltln bls(alJqlsulpWtes), 

j-Me Sn 
-TOO/60 b-s * 

4 
+ -+ 

blpyridyl 
> 2MejSn0,SH? + 

I_ 
Fle2Sn(02SMe)2 

66$ 3% 

B 

s \ . 
- R\ /fR s+ 
R____ Sn ____ B 

< 
‘- 

- R- 
-1 

6+ 
-B 

R3Sn0,R 

Razctroo of Rd.% (R = NE, Et) with ll;Ld SO2 at 60' results io dlsproportiomti 

n 
0C sulpnur ena ths fox7ztxor of thi c3rrespcfiiag bis(trialL?iltin) sulphates 

(R3Sn),SOq ana ell-:arthiostilp\orls S-ilGqjrl esttrs RSO SR. 197 
2 

ZR Sn + 3.50, 
60° 

3 
_ (F+Sn)$04 + RSO2SR 

T=trsvinyltxg gzves 3 monosulph.gflte at low teoperztures and a disupknste at 

or above I 00~ tenrjersture; 

(cE,=ca)2sr?(02scs=ca,), f 20°/ 2 d. SO(CWH,)~ 
-30 

liq. so, 
"1 ' % (ca2=c%)3Stlo2 

11q. so2 

titrssllyltrn always iorzs .ZII unstable disulphte which slowly decomposes j.nto 

a polymeric product of composition (C3%)2Sn.1'5S02: 
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(C@,=Ca-C6&* + 250, -so”’ ’ am 3 (ca,=ca-CR,) ~~o(o,sc9,-Cn=CR2) 

550 

I 

-SO 
3 

(CjHg)lSn.’ .PO, 

F1g. 7. l%?s structure of MejSriO_$E2C?CE. (R- apr~ uced d by pernlsslon from Act:~ 

Cryst., m (1973) 56d 
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The trxalkenyltm chlorides %SnCl (R = CE=CEQ, 

moles of so 2T =sw CClYE1J, at ro.irA tenper=-ture 

(cR,=cH)+IcI + so, 200 (CR2=CEi),Sn(Cl)(O2SCEI=Ci32) 

CLEXJ 

(ca2m6,)3E”C1 + zso, 20° 
.___jr (Ce2~HCH,)So(Cl)(O,SCH2CR=cH2)2 

CixxxvI 

Diirrnrlt:n dichloride does hot raact ~+'xer! at 70'. Alkenyltin sulphmstes are 

also evailaole sj m+?tsthes:a Bernie: tti tiz ctloridas and sodium sulphmates: 19 

(CE,=cH)~_p1 + 2 
r&aO,SR *, (CR,=CR)4_nSs(0,SR), 

Tm 

R = Fh, pto!.; n = 1, 2 

Gindarok 2nd Ruber kve publxied full dsteils of ihe structure 

+ nN&Cl 

of the 

product oi SO2 insertion znto trineth;lpro~r~~lt:n. ma CGTFOUd c-_-zists of 

prop?-r,~lsulF~lnati-brldgid pl3lsr tri5ethyltltl g?OUpS (Fig. 7); r(Sn-C) = 2.1% 

-3,171 A, r(Sn-0) = :'.301A.'go 

ktching ks e~:t~xieti hzs mecrmxstic sctidics oi toe SO 2-msertioc react:oa 

to aryl- and berr;yll.riRetiylsta~~nlr. For 3 series of J- ana 4-substituted 

ptenyltm cocpounds in nethanol, the riection 1s ciealg secona-order (frost- 

order LL! each rcact;at). The kinctii data suggest a four-cectred SE' trausit:op 

ztatx klth SJES po1:r ckzrwtcr, vzz.: 

The kinetics 1s benzene are more complex, k2(obs) mcressing with SO 
Ll 

. 
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Insertion lint0 the vlnpi-tin hond of k -styryltrimetbyltln t&es place wrth essent- 

xlly compiete retention of configuration at carbon as expected for an SE1 

process: 
200 

Me3Sn\ 7 so 
MpO_,E 

A\ 
9 

a/C=C~Ph 
-22--p c-c .- 

El 
1" 

(,, 

Me3Sn 
ic Th 

EC 
so 

‘a 

-2e 

Ma3Cn02\C =c, Ph 

B *’ a/ ’ E 

Second-order kxnetlcs EVA also teen denoczireted fcr tile SO 
2 

,-nssrtion Into tte 

benq1-rm bond of a- 2nd m-substlxttd b;;.._ --;-ltr2-?ethyist'-TLnanea. The 

rate of reaction 1s rsletlvely inssnsltlvs to sunstltution, suggesting that the 

oech3nisn changes tiith SUbSkltUcfit., wltn cnarge deveioplr.6 IS :o he best disp+ra.ld 

by the substituent. 
201 

Dio?gsnotin b~s(arylsulpbor%t+s) CLKUVIL n'ive been prepsred by the reaction 

Of 
?02 

the tr~met~~:!ylsllylsrylsulpno~te Irish R,SrG:- 

2o_CFX=CFC,H SO,OS:;,-, 
04 - 

+ , R,SnO a (Y+3sij,o + R2Sn(OS0,C6tilCP=CFT.--~)2 

X = Ci, F; R = -_lqi, er;l 
CLiGxvII 

Methql iluoroculphorste clsnvea B Vi-Sn oond of Me4Sn fomin$ trimet~~yltln 

fluorosulphorute. 
203 

Pn43n, Pk;SnCl snci Ph2SnC1, ari ccjwplstelj soivoigsrd ty 

disulphurlc -_cG. Aiiqitin cczp~un'ls, R Sn R_SnCi, 4.2 R SnCi 
2 2 

anc R,SnO, ,-enerslly 

afford al.!qltln cations. 
204 

Diallryltln salt of phosphorus orjkids RzSn(P02E2), (R = 114, Et, Bu), 
_ _ 

R,SnPOP (R = Me, Et, Eu; X = H: R = Me, X = F, OB) zna (Mi,Sn)7(P04)2 h.zve 

been prepared in an,ous solution from the appropriate R,SnCL, 2nd tni: sodium 
> 

salts of phosphorus oryacids. Ir&r-_-red and MBssbauer dsts for R Sn(P02R2)2 
2 

indicate six-coordinate tin atoms ulth trans aI& groups anil 

hypophosphlte grotips CLXXXVITI. For the phosphites R2SnP09, 

are proposad uhlch contam non-1lnGsr R2Sn arruigements in a 

FLeferencesp.155 
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9. Sulrjhur. Seleoim. and Tellurim Derlvszlves. 

Henrotra ks syntheslsed trls(thlolsto)but~lst-_r~~s by three different 

routes: 

EuSn0,a5 + quB BuSn(SR& 

B~Sn(0~~~l'r)~ + 3RSEl R = alk~l, aryl 

Rar"luxinz the tdtyl !.LZI glycolate CLX ulth BUSH resulted m re-_ctlon at the 

Sn-O-Sri bridge: 

clxc 
R = -WMe.CBMe-, -CEJMe.CE2.CMe,- 

but sll So-0 borzds or' tb? glycolatzs CXC ad CXCI 2x-s 

condltioas: 
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E2C-0 

I 
benzene, rifluz 

MerLG 
/ BlJ.SEi 

> 2ESn(SBu)3 + 

CXC 

8$--o 

I 
ti-nzsns, rdflux ) -~EIJ%(SBU)~ + 

MsRC-0 
B&E 

All 

Thi: 

the tr&(thlolsto) aerlvatives arc monoobric; BuSn(OCHMe),(SBu) 

prepsration ol‘ se:-ersl nc*i tin- sulpbllr cozpomds is reported ln 

3ElOCE,CEmr;OA 

is dir;er:c = 
9 16 

the psr;ect 

n = 2; R = Me, Bu, act 

o = 1; R = BRA 

!l = 3; R = Bl 
CXCII 

(2-Th' larolythio)tin derivatives CKCIII ar* sxniiarly ~btaltxd iroo the free tbl,l 

-tl 

CKCIII 

n = 2, 3; R = Et, bu, act, Ph; R' = H, Me, CH2CO2Me; R' = R, Me, C02Et 

and tne orgsnotln chloride or oxide. 
20e 

Ethyleneols(dithiocarbanito)bis(chloro- 

ctiorgano)staonan*s, R2C1SnS2C~~E.C62.CH,.NHCS23nC1R, (R = Ms, Bu. act, Ph), kLzvc 

been prapsred from the R2SnC12 ana tns sodium salt. 10-3 Thiopnosphwylstsmmss 

(c,~~,,)~IJ(S)R'R* (R' = R2 = M~po, bk2cmx20, Pro, Eta, c6i3,,o; R = Et, R' = 

R2 = EtO, Me2CHO) &se been obtained by treating (C6H,,)JSr~C1 ulth F~P(S)R1R2.110 

The StNCtUES of three tripbenyltin thiolstes have been determned. 
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unexpectedly are sinllar ln the two c~opow~fls: PkjsmSc6E4- tB,-g, &n-C) = 2.126 A; 

r(SoS) = 2.$13 A. P_h91SC~E,Mi,,-2,4~0, ~(SE-C) = 2.13 A; r(%-S) = 2.454 A. The 

trzphenyltln derivative of A-thiopyrldone has a stmcturi in tne solid m-_de 

UF Of chains of molecules connscted by -titermol~cular II+Sn coorciinstion (Fig. IO), 

Fig. 10. The structure of P%SaX5R4rl. (Reproduced ty permissloo or' the Conult- 

ants Bureau). 
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rsish the coordi_-tion mmber of the tin to five UI a trigoml bipymnidal 

errangioens. '7F.e Sn-S axzd Sr-Z bonds are longer (2.5& and 2.16 A, respectively 

t&n x~ the four-coordmate compouds; r(Sn-Ii) = 2.62 A. 
213 

EtjScSR (R = Et, Pb) cofivirt ~JEz~ ad eryl isocyanates to the correspondi 

lsocy2nLlr't~s. 
714 

&C~EI-II;~ equlllbre betwebo trlpbenyltin, trlwewliead am 

pt-.~cnjlnsrcurxc ttiopbenol-_tes and the Frye th?opkenol 2~ qualitatively reporter 

15 2 Co?.i-erz!iCe BbStT’ct. Substltulon of the ?- or &poslt.ioos of the ttiophenc 

group oaly sllgbtly affects the equlllbrlm comtants, wt. 3stitstitutlon has a 

signiF'xcant eiiecz due to sterlc ~_mtiarrc~ and Inirmolecuiar cooralrtar;ion and 

hydrogsz bo?d?ng. 
21; 

Ikutrsl dlorganoLln cis-1,2 -aicya?oErtgi~n~dl~~io__ lste co~p~~lr,d~ R Sn(mt) 
-7 

exclusive iorzcion of the Sn-S 

0 
11 - 

PC-C-S Kf + MijSnCl 

S 

R-!-S- Hz;' ‘0 
R = lsoPrt Ph 

+ Me3SnC1 
fi 

R-C-SSnMij 

CXCV 

+ 0 
+ 
m2 c 

MejS~~(CE_3),C0,s~~%_, frOn Me,S?I.Ci, trF~j, 
L 3 / 

and ?-roercaptopropiotic rcld in cold 

I- 
water. disproportiorates at 130~$0' to MeSSn nd M~,Sn-SCH,CH2Cb2.'iq 



M(CO)6 + 

M = Cr, 
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l:I Euxtures of blj(trin+tb)ltin) sulphlat, 
220 

zelenlde, 
271 

a Croup VI hexacsrbonJ1 oh TKF rezlrlts in the foml3tlOn Ol’ the 

metal perlthcarbon, 1 cooplcres CXCVI: 

CKCVI 
Ho, W; Z = S, SR, Ta 

MejSrSPh In4 Cr(CO) 6 itforded CKCVII uader alollar comltions: 
_1TO 

iyrm + cr(cOJ6 
n9 

Me?Sn, 
S 4Cr(CO) 

TEm Fn' 5 

CXCVII 

:'. = Cl, Br 

Me snz 4 - I 
t aMe S1SeMs 

n 3 
- Yi4_riS-(S~Me)r, 

X = F, Cl, Br; a = 1 - 2 

+ rtMejSi< 

Thr Sn-S&e bon-d 1s quzntltsr;lveiJ clez~ie tJ IIC1, but 1s ur?affecr;ed by MeSE or 

R S 223 
2 - 

Benzen*seleno- dsrivstives nsve taen prepsred from the orgsnot?n oxide 

or chloride: 

R sno 
2 

+ 2PhSeH ____t R$n(SeFn), + E,O 

R = Me, Bu 
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(B%Sn),O + ,7PnSaE ___f 2i3u$%SePh + 820 
J 

Et,SnCl, + 2PhSeEl t f 
2i3t311 ___) Et2Sn(SePh)2 t 2Et3MX1 

Ph+%lCl -r PtlSeEI + Et+1 - PL,scsePt + Etjmcl 

Iodlne quzntlLs ‘-timely cleaves the Sn_Se bocd: 

Bu2Sn(SePh)2 + I2 -- BIJpI, i PirSeSePb 

Ho zdduct formtio? could be observed with B~,k?in(SePh)~ and vari~i oqgen and 

aitrogen donors, but addrtlon of water prolucer a nyirrarea o-ride. 
224 

The f&f+iial@iselenoczrbnmto-tir! cierlvatlves Me,Sn(Se.CO.tJTtm,),, 
_ - 

Me3CIS6e.C!0.CR2 (R = Ir!e, Et) &no MejSe.CO.l%?, have t~eer~ prep-red from the 
L 

orgzootm cnlorlde azd a alkyl’-mmogim slit of the seienocsrbaiizte. Inr’n-red 

snd rm date lndlcate utz!: c zrtonyl4in mt?r3ct;om m the dxethyltin deriv- 

atives. In MP~S~e.CO.me2, the CarboDJI nOUp 15 'free' Sna the. tin I’OLW- 

coordlrtite. 
155 

10. Grout3 V Dsrlvat Ives. 

Trlzlkylphenyltlr cocpour.ds tii:h sterically hindered al!ql substltuents red 

v:th t3TI , xx liquia amonia to give i-protostannyl~~n~: 226 

The ease of protolysis or’ the Sn-N bond has been used 111 the syntrlesis of 

BL~-IC~~SO~P~ CFXVIIIL)27 and ruipholene and sulpnolaoe tierlvatlves ICC-CCI: 228 

Bu+NR2 t PhS02Me 750’ ’ hrmk Bu+3nC52S02Ph (aO$) 

C.sCVIII 



i _Ose_5_ans-’ _-ct~~.c:lcloPent-_r!ec CCIiI, Dripred from H,Sn(O&) 2 2nd 

the eppro>rlate 24oivoitbano1, 

CElpiR’ CH2-Iii?' 

R,SQ(W,)~ + I - I \ 
S&2 

CH2-OH CH,-0 / 

ii = Et, BIA; H’ = 8, He CCIII 

References p. I55 
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react witk CS, to sfiord l,?-Osszolidlne-2-tnlons CCiV 01 3-mstnyl-l,?-osazolid. 

Lthiooe XV @:I ZII addition-eliolnatln prr~ci-ss: 

i 

CE,-EElI //s 

I 
CA2-0 c\ $4 

sa 2 

-R,SlLi 
CE,-ml 

2 I 
CE2-0 

>3 
ccl?? 

L R, I 

R, 

CCVi 

-R,SnO 

s!z211 ralou.ots oi’ 

ccrv 

CR fP 

I ?- Ld3” 
al*-0 

j 2 
+ 



Toe dia=n5t~rin3cycloper:tsne CCVII,prepared 1p. m, reacts 

CS 3 -_t oo to g1vLz tne 1:2 sd;lllct CCVZII, ethylen+ thiouris 

r Mi 

Mz Sn-sriMe_ 
3 2 Me$n-N-E-Tosyl S-Me(r(-_b_Tosyi) 

-I 

The rextLon of tlr;rasulph~tZtranltrld~ S N with Me_SnliMe 
44 > 

2 produces his- 

(trimethylsra~nyl)sulphodlimide CCXI. Treatment. of CCXI with Fle3SlCi reslrlts 

Ftefereacesp.155 
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ia the formation ol' ths correspondmg silylsulphodxmide CCXII 13 forned. 232 

S& + 4MeSStme2 -> Z(Ms N)2S 
2 

+ me Sn-H-S=&SnMi- 
3 > 

CCXI 

I 

fh3SiCl 

FeSS~-N-S=N-SiNe 
3 

CCXii 

S4N4 
elao re-_ct~ kitlr (MejSo).R to zffc,rd CCXI, 

I 
Me4Sn 2nd the dimetnyltin 

3eterocycle CCXIIi, bh~cn 1s nozoncric Ln the g'_s pkse but dizerlc with structu 

3Z.j 

ccxrv 1n tte solid:-' 

sp, + 2(Me jSrl)31i - Ce$Sn + 

+ 

Eschsnge oetuee’l 

pondiw stsrzqlenldi, 

He jSiNYE.CO.He + 

CCKN 

nqsn/--l II 
Me/ \N=S 

CCXIII 

+ 

R~3CeNMe.C0.Mo + Et3SnBr 

productsr 

3 SnIrMMr.CO,Me + CHpo - RjScCH,.CO.KMe.CO.M~ 

R = He, Et 

The tributyltir honologtiile 15 produced by eschzags betreen B 
55 

SrlOMe and tile o_ 
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trinethyisilyl ~~oaer: 234 

OS Me, 
/ ’ 

ca2=c\ + 
riMe.CO.Me 

Bu_SnO#e 
2 

-ME3SLOMe:, 
Bu$&~~.CO.KM~.CO.M~ 

I 

Me3GiBr 

MejCeCB,.CO.NMe.CO.Me 

(Me3Sn),llMe cind (MejSa)3fl rext with phosphorLs- zr!a sulpr~~r-r~logs~~ tonded 

ccjspounds LO yield the Sn-N-P(S) rjonaed coopou~rls CCXV - CCXVIII: 

7 
MsgSn-N-&Me3 + + MyS:F 

R = Me, SWk3 

?” 
MegSn-N-SnMe7 

/-\ 
F F 

Mi 

PSCi ___) Meg.%-hs~~ 
-3 

ccxv I 

A 
F F 

ccn 

+ M+Cl 

C4FqSOCi v Me Sa-!ISOC F + 
3 43 

Me SnCi 
3 

CCXViII 

Cl Cl 
\/ 

(Me3Sr$N + S02(N=PClj)2 
"\\_/"='\ 

-> /a, + ,?MagSnC1 

0 ?i=P 

,Ii-SrAoj 

/\ 
Cl Cl 

CCXVIII 

CCXV reset wlxn ?203F4 1;~ prodace the coopounds CCXIX: 735 

POF 
ccxv 334 

R = Me, &Me5 

M?3SnOP(0)F, 

F F CCXIX 
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s tamy1 pninoboranes have been synthes ised 

and Ceisler. The former autnors have prepared 

(R = Ph, IrWe2) by the cls-_;_age of (MySr~)~rr GYP 

by Wells zid fleilson and by Ii6th 

ztle compowLds (Me3Sn),ll.BR.Nne2 

the appropr;ste chloroborane. 
236 

CCXXII: 

ns 

M4 Sn-A-BPb2 
3 

CCM 

‘;‘i 
Me,ClSn-N-bPhz 

CCmiI 

i MegSnCl - CCXCI I 

A 
I 

5 LL Sri% 
3 

I+02 tb5 sttenptea 5:qztthosis of Me3Sn.lEt.i3Wi, CCKXIII, only the aecompo3ltxo.c 

p~odticts BMs3, (K+B-W)3 egd (Pe3S+iEt here identified, althou& B1l nar 

eiildeace hRS obtaui?;i frQnt% l-OEEr;lC!I Of cc.ccIII: 

/Et 8” 
Me,84 

Me_Sr?C1 

‘Li 
->+ 

LiCl 
MegSrdL6Me2 .-+ + (Oeplp 

CCn.III 

BMe> t (KeELEiEt)3 

Trinathjlstalmylimidosulphur;rl fluoride CCXXlV kzs been prepared by the 

resctlon of NSF 
3 

with (M~~SLI)~O or r’rom 8, vbi=S(0)F2], and Me3SnCl ~II ether at 

-7oO. CC.XXIV decomposed st room tempersture to give Me3SnF and kkS(OG13, a$ 

reacted wir;h [F2P(0)~20 to give F1(0)PN=S(O)F, and Ae7SnOP(0)P2. 238 

Lappert & &. kve synthasis~d several al!qlideoemaotin derivatives 

Me4_nSa[NsC(CF’3)2]n (c = 1 - 4)239 and Me3SnH=CR2 (E = CFg, ‘&I, Ph, c_T01)‘~’ 

by the 1ithi.u~ salt pethod (MejSnC1 + Lfi=CRZ), znd by transamnation (Me =me2 
r 



115 

+ BH=CR,). The trimethpl%tsKmyI compour:ds zre prcltolysed by wzter, elcohols, 

PhCZB, C 
65 
F B I,nd c~M~(CO)~B to afford rnr expected products, Resctlon r1t.h 

teens-(Pb-&Pt(Cl)H gives Pt-Sc bonded compounds: 

M?+I=C(CF~)~ + tram- (Ph3?)2Pt(C1)R j trars- (P~~,p)_3Pt(SnMz_)li=C(Ci~_) 3 
> >2 

i'T$ 

Me$r~!kC~Bu~ c 
I 

trzns-(P$P)2Pt(C1)B _3 =rr=~~-(PSP)2Pt(S_~~j)C1 

70: 

CB zcEiC!I 
Ms,SrCEI(C!i)Ch,.H=C?h~ +2- 

PhJi=C=Q 
i R = Ph 

Ms3SrJi=CR 
-7 

__c_3 M+4Ph.CO.N=CR~ 
R = CF3,Pr! 

trans-Pt Y=C(CP 
[ 3 &lMeg) (Pw-+ ) is obtainad bx o+idstlve-sddltior of 

!4+mCC(q2 to trs~s-Pt(PSP),(stilhant).2'1 

Adaitloo ui isoclanstea or isothlocgsnstes FifiX=.X (R = Me, PC; P. = 0, S) 

to Me SrJJ=CPh2 
3 

produce.? 1:l ?-aditlon proawts CCZV. Tre-_tncnt of tb2 edducta 

CCZV (K = 0) Witn a s+20nQ Dole or’ isoc)-_n,zte r*scrlts in cycliaetiun to :ffara 

thi triazini dsrivativts CCiXJi, kkch mg be distsrtiylszid by Et%. In coatru: t 

addition oi 1 furt+r ~01~ or iSOC:j2R3tE 31 lsothioCy'_rL2t.C to the 1:l isatrio- 

PnplLs.nMe_ A R-IlZCZJ. 
3 

J 

F 
Ph2C=N\ 

CfNI\ 

: 

StlMeg R = ME, Ph; X = 0, S 

ccm 
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ccxxv1 CCrXXVIi 

3rS I -McjS&:Et EtS5 -Ms$hSEt 

2 + I II 

B C9C\C'C\,=Cph 
2 

El 2 
-3 

ccxxvII1 



(BcLjSn)>O + 28-N 
-EL)0 -M&P> 

Bu_SnOMs + 
3 

- 
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Me$iCl 

I 
r 

7 
RA 

+ 

FbSn-X 
R = PhCH,, 

allyl, He.CO. 
A 

In which srlyl q lgration takes place ~31-2 recldlly ~~EILI hydroger? mlgm~ion. 2A5 

Wiuhenyltio midst ole my b+ prepared I’rm P’ 
3 

ScCL -xd -tidazole in M&N. 246 

S?lectlve l-substitution of i -suastltuted tetrazoles by nethyl lodlde, cetbyl 

g-toluenisulptonate, dmethy’ sulphatts or etnyl Sromacatate 1s achieved by 

bloc::lq the .?-txtr33zn with the %L;SCI grmp. ” Tne rstio or’ c 1 r,5 ccxm to 

lHuch Ioker selictrvlty was observed vheo the Me3Sn 

sgent, The following rnechm~sr~ were proposed. -747 

CCXXXI 

group was used as the blockxq 



119 

1 MeI 

(M&M)$CO)J + 3(MySr+F -> (Msj"n)?,' "(CO)3 i ?Y+CII 

M = Cr, MO 
CC:r;l;(Iii 

M2gC2AsHR + k7SnliNe2 
-MS rm -2 -_3 Me,Ca.AsR.Sr_!kz 

, J 

R = Mi7Ce, A?, Ph 
CCXXXIV 

H2,Somq 3 + -3(~ejGe_)pl - - -Me,fm_ 
- - 

(Me,Ce!,As SnMe 
/ 2 

CCICXXN mdergoes redxtrlbution to thii s;Tetric-_l srzlnes (f4e3M)2A5~.257 
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Pt,Sdis + _7mcC-Ca2SEt - Ma-C=C!CHS"t u f 
4 

S&t 

NGC-CE2SEt 

3 

ccxmv 

Etj&tik + ZiY?.CZCCSEt 3 K.z-C=CEi-SEt + fkc=c-cE SEt 
I 2 
alFit_ 

3 

ir.dicettig tkt ECX:.CH,SEt i3meri~.~~ to Me.CXC.SEt uder the rfa-ction cooditio 

*n?plsji-d. In cDnt.rast, aLk_mll i tkrs undergo 3(-3tennglat10n tilt; Et+SuNa: 

EylPJl.Z + BCZOR -> 

H,c_C,Sr.Mej 

fi/ 'OR 

+ NaCzCOR 

R = Pt, E_, 

6;ryl 2-prOFj3;1 6tber 1s 3t~XUlyi3t~d at the tenural csrboo oi th? triple bond: 

Et+Ks + mzC-CE,OEt ____) Et3SnCE=CH-CH,OEt + NsC%C5,OEt 

50 r:ex methods hsvz beer! devised for the prepration of LlSn Ma 
4 9 

:29' 



N3 
I 
4TW 

PPh,/N-_SnFn_/TIF 
/ 2 

1 .STH3? 
A similsr conelt derlv-_tlve h6s also been prep-_rsd: 

256 

Na-n and Blzukat hive prepared bls(trior~nostlnnyl)cerc~lsla, 
R3 
Sn-Ag-SnR, 

3 

(R = ME, Et, Pr, t Bu, Ph) CCFXXVI from t!3u2Hg and ZR+Wi at 1~ temperature. iI1 

eir they are immsaiatelj oslalsad to the corraspor?dlog distsnrloxenes. Dec~wpo.~~tio~ 

to the d1stanJx.n e and mercury occurs St -10 
0 , savd for the pbenyl compound whizh 

d.xomposes at ZOO. and ~bz r;ert-buQl compound, *tiich ia surprlslqly stable, 

am m*lts at 196O. Dlslk-Jltln dibadides usually -_ifora the decomposition prodxta 

of the diorganostannylmercuizls CWXXVII, altholrgh (tBuSriEIg)o cw be isolated. 
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c-_-c 
Eto2C\c_/Co2Et 

/ \ 
E H 

The formtlon of solely ths ~15 ISOD%‘P CCZEVIII IS cotilmad by acid c’lesvage t0 
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mlly dlettipl !Laleate. Reaction of CCXXXVI (R = Me) with ethyi propiolate 

proceeds by lnlti+l fomtlon of MegSti and Ele$iti&'~.C03Et. Several sub- 

siquGnt rezctlons ere ohserved snd Me3SnCzC.C0,Et, (MejSn)lCEI-CEl(SnMe3)C0,Et, end 

Me3Sn-CB=C(SnMej)C02Er; or (Ma3Sa)2C=CE.C02Et ware identified in the product 

m1stuJx. Adai:tion to scrtylenes mzy slso be zccomplishad b; the '1'1 situ' 

gaosrztzon of th% aistalmylnircuri~l. Prefer3oi.y th? re3ctsnt is tied lriith 

tB~ Bg (or R-jSclH); R3SnH (or tBu,Bp) is 
-7 then erlded slwL/ 3t O-20'. Using this 

tschm~ui, '3 EC$ yield or' CCYnIK tiiy it ontslned, Acid hydro~~sls of CCFXXM 

Ph.C=C.CO,Et 4. ZMi,SrJ3 
tB~.JI~/25° 

Pw-C=C-CO2Et 

/ I I 
MejSri SrLMej 

ccmm 

I 
1 CD0 HCi/H,O/EtOH 

I - 

Ph H 

'c ' =c 

a' 'CO Et 
2 

CCKL 

+ 
C iMa2Sc’ 

\ 
C02Et 

CCLLI 

produces CXL and CCXLI, A.lkpyl glmJp.5 lxly be tr-_nsfirrl~l fron oercury to tlr! 

by 5 smllir method: 

(FLCzc) p& + tOuzri, 
2MejSrLB/O-20” 

L+ 2Hg + 21soc4B,0 + I;R-CX-SnMe3 

R = Pr, C02Er; 
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Escbme between trlspent~orophenyltm tromlde and the gzmyl mercurial CrmLI 

xn toiuene pelds she wed gemylstenayherca-la1 CCZLIII: 

E:JC4.&6F5)3 + (C6F&S& 

CCXLI I 

Bis(triethylgermyl)mercu-ry reacts 

Et3CeweEt 
3 + 

2(C6F5)3SnBr 

uv 
b Et3%Br + (C6f15)3CeBgSn(C6F5)g 

CCXLIII 

under the same conditions to afford CCKLIV:'5 

uv 
> 2Et CeBr 

3 
+ (~&)~“cW~C&)~ 

CCXLrv 

r-Tr~eth~lstsr_~yld~c-_rb=hezsbor~ne(S) CC!P,LV 1s obtzmed as B coiourless 

!lqUid by 'ins reaccior: of t&e sodium silt with Me SnBr 3 
III TEE': 

Nz+ C,B4E$- + H+Br 
'>"/TElF/l hr. 

CCXLV 

+Me3Sc?C,B,B7 + NaBr 

i5-70% 

CCXLV 

Cl!XLV I3 jtstie irdc:'lcitely at IZOo* but decomposes rapidly at 220' yleldw Me_, 

end thi: parent C2B II 
: b* 

wblch 1s ~1~0 produced by cl~~~ege with ECi. Th* corres- 

pondI=; reaction ulth DC1 produces ~-IJC~B~~.~~~ Tne lnteractlon of Group III 

tr~ethylmetallates and L-XrLMej produce tbe oeesl-metal bonged dsrlvatrves 

Li kkgSnKXe 
c J(M = Al, Cz, IO, T1) except for He3B, which gale L3Ms 4, He4Sn and 

Ll Sn(SnMzj)3 
c 1 a Sooe LlT1Me4 was also formed *long wltb other r~nor products 

U-I tni rzction with Me T1. 
3 

Tha Al-Sri compomd decomposed ln 1 day at O" to 

iorm Li(A91e4), Me4 2nd LI Sn(SnMc3)5]. 
c 

The gallim and indlum derivatives 

aeco[Cpozed Sitilsriy but OVEF z. lo=sr period (75% over two days). The tlialliuq 

derivatives showa less Oiin 25% decomposition aher 5 aajs ac room temptratlrre 

in the dark. 
161 

No reaction occurs bstieen hxanethyldltln end LIBRd (R = H, 



Me) in DME. LiEMe (M = Al, Ca, Tl) reset to give Me4Sn and various Croup III 

derivstives. LiAm4 gives Mc_$inH (493 and LiSn(SnMe3)j (51$).*“’ The cynthesls 

and c)ilrsctSrisaCian of tin-Croup III derivstives, 263 and of 1,3-dl~~~1g1-2- 

trimethylstsnnyldiasaborecycloslkanes 264 have been reportea in thesss. Ilydro- 

stanno1ys 19 oi Et Tl 
3 

by (Me SiCB 
3 

) 
23 

SnB at -10 - -20 O gives the tin-thsilium 

coupoad CCXLVI, dhzcn reacts With DCZITILPJ to giTJJz the ILI~ITLIJTXS~ CCXLVII, irId 

irrth ethylene dihromlde ant dlbenxoyl peroxide to give the corresponding orgsno- 

tin bromide and boprzoate. 265 

i(MejSiC6 ) SnE 
23 

+ EtjTl - + c,B6 

L- (MejS~Cti,)3Sn H= 
- 1 20 

CCKLVII 

/ 

6?$ 

CCXLVI 

I 
BrCB,CR2Br 

-cp. 

iA 
(Mt3S~CE,+Br 

TiO cph 
-7 

+ 

(M~,SICE#~G~CF~ 
I 

A pstent reports the simthesls of hezssilr~ldistarutincs RgSn2 (R = 's"Pr, 

hesyl, Bu) from RjSnCl and sodium. 
2% 

The crystal structure of h~raph<nyldltx 

r.ss been deti-r-mined (Fig. 11); r(Sn-Sn) = 2.770 A, r(Sn-C) = S.lEO A.2i7 

Treatment of PhCSn, 
> - with RCl in dry benzene affords tetraphenylditin l,?-dl- 

chloride, wnich my be converten to thi corresponding 1,2-dlbreeoat+ by sodium 

beozoate. 268"'g Thz composition of the crude (R2Sn)n nistues ontained from 

6ne reaction bet-warn R St23 -_nd tBu2Bg (vide sunra ) hsve been dsducec by nnss 

spactroscony. W%en R z 'yzl'Beryl, only the pentastsnnsne is formed. When R = 

Et, %u, . is"Bu, cyclohezsst~~uxnas predominate together kith sm_ali amounts of 

five- and (R = Et) seven-membered ring compollnds. Higher temperatures favour 

n>h. 
271 

Charge transfer typ? Lnteractions appear to occur bet-usen h.z73nethyl- 

ciltln and tetracyanoe%hJlene. 272,273 
Photolysis of vicinsl dlhsildes ln the 

presence of hesatutyiditin results in dehaiogsnstion to oleilns. ThE 2,5- 
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dlcnlorobucjna gives K?$ of 2-bbttnea with 3 cls/trrps ratlo of ,7:1. 
274 

Tk St.~rL”.y1--3t1bl?.C-_=+ t-_l carbooyl complexes CCXLVIII hsve been prepared 

hg' the 2hotolysls of (!k+$Sb zzvi the Croup VI twtal hersczrbonyl %n ‘I!Eli’ 

a-, Z‘QOP tszpsrl-tuze: 

M(C0)6 + Sb(SG%& h > (MsjSr$Sb-+M(CO)5 
-CO 

CCXLViiI 

c 5’ 

i%g, 1: I The .S_,z-mturc or” Pb$kS&~j. (Reproduced by perission from 

allg. Chem., s (197j) 61). 

2. anorg 

‘Ptle COipleZeS izy be sublimed in i‘zcub to yzsld golden y*llow prims. e- 275 %j_s_ 

( t~i13?thj-lSt~UlJ~i )emth CCIL hzs beer sptbss:ssd by bydrostamolysls ar?d 

S~SO by re-_ctioz ot' He SnCl 
3 

with Na?Bi m 1iqLua amonla: 
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gMejSnB + BlEt3 ---5-;kjSo)~Bi 11q. ‘k,_ < 
/ 

Me$TnCl + klp 

/ 

CCJL 

I~i(CO)pF 

\ 

hJ /Mu (M = Cr, MO. W) 

-CO/rmr t32pera:uE 

/ 

-CO 

4 

(f!e_pi)3i3~Ii~(C0)I 
.I 

(M~&EIM(CO)~ 

CCL CCL1 

Y 

t 

Fig. 12. Tk,e structure of (C7B7)Mo(C0)2Stin,Ci. (Reprodmed by p+-miasion fro@ 

2. -org. alig. Chem., 40' (1973) 129). 
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OC 
QO 

Y- 

Fig. 15. Tns structure of (C7H7)Mo(CC)2SoI'hC12, (Reproduced by perimsclon from 

2. azorg. elig. Cncn., _ $03 (1373) 123). 

t.n.e two coaoounds: r(Sr-MO) = ?.717 A (n = 1). 2.739 A (n = 1); r(Sn-Cl) = 2.400 

(r: = l), -'.-l-3-! A, (2 = 2); r(Sn-C) = 2.147 A (n = l), 2.152 A, 2.167 A (n = 2)." 

kina irlxxir&tlcI? between M~$L!~Y,_, 2nd cp$E12 (M = MO, W) or cp,T+ OCC.~$ 

in tolling TEF to prcduce, respectlvilb cp2M(E)SriMej and cp2T&&+Mej. Rydrc@ 

cn.lor~de g2s xaedl-_tel:, cli-_ves the sr-rl tom of cp,W(B)S&_ to g1if-z cp_,W(EI)Cl 
2 

W!?lCh 1s COPVerLed g-_s to cp,yICl,. l’t_e nqdrldea my LIE convertea FO tne corms- 

oondlns chlorldea cp;M(C1)Sv+kg (M = MC, W) by cersful choice of reagent. Additi 

oi Ccl, rapmlj’ prodLces cp,MC1,; but the s-e rs-_gent in z 1:l stoichlooctrlc 
- 7, 

rztlo with TEF 2s soly,?rrt el'r'ord9 high ;-1~1ds of cp,M(C1)Sn!e3. Orginic chloride 

(b*czyl esd ally1 cbloriae) glvs th e sme proilucts but III much lower yields. CBIT 

41th c”2Y(B)sEk, SFdE lx = 1 :l r-_::o, Jkld cp2kmr2 Eowavar tbe bror?o- 2nd io 

molybdenm _-ad tungsten cozpouads =I be obtained by the reactSor? of tb? approprii 

hydride wltb benzyl broinide or iodide or ally1 iodide. The M-E bonds of cp2#(H)S 

react with dxr!ethylncetylene dlcarbopJlate to give maertion products CCLII:278 

cp2M(El)SnMe3 + MeOC.EC.C02Me -T cp2U(SnJ4e3) C(C02Me)=CH.C02Me 

CCLiI 



Tripbenyltin pentacarbonylmaogamse has besn prepsred from the rezctlon of 

Ph$nCl and the Crlgnard-l&e species CCLIII: 275 

MD(CO)~B' + Ln Tm > (~ti~Co)5],L&.~ pSSnCl+ P~SoH&ms 

CCL111 

Ln = Y, Pr, Sm, Dy, Ho, Er, yb 

M+Mri(CO)5 CCLN 15 obtsiom in poor yield froa MejSnEl anb M-Q,(CO),~. Several 

reactlom of CCLN and related coopounds kxve been inVestlEat+l. CCLN iS UDZff- 

ected by water, methanol, or aqueous IJzOE. But qmntltat:v* So-M! bond cieuv-_ge 

occuzz With 1,2-dlorogocthans, E&l.,, and REIgX (R = Me, Ph; X = Cl, Br). With 

trge latter reagents, the products ottaln+d arr3 dsternlned by tne nrittire of i? 

ana X: 

BrCE CE Br 
z--3-+ Mz,,Sr3r + C,I$ + BrM&O& 

w12--+ ZMa_SnCl + 
2 

I MeH_$l 

+ 

Four-centre mecknlsms lucre proposea for the q atsl-metal 

by disproportloaatlon of the mixed mercurial: 

I- 

bona cleavage, r'ollouec! 

1 

Me jS,g - - -Ff”(co)5 - Me,SnCl t 
/ 

Pm,iti(Co)5_1 
I I I 

Cl--- &Ph 

Ptgk T;1 E+n(co)J2 

+ Me4Sn + Me_Snl'l 
J .J 

trzces of Me& 
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MejSnBr 

Chlorxat~on or' tit? was ooservid tiith CF+COW snd EiSlCl, ~ to glvs Mi2ClSnMn(C0)j, 
2nd w1rh snci 4 successive repisceneot of ail tnrae mathJ1 groups his obzemed. 28 

ROIE~ES k.s slso Inv<:stlgeteo the rascti.JltJ oi CCLIV, as well as 

(Cfi2=CECE,)3SnMn(CO)s, MajS1Fs(C0)3cp xii M?2Sn[F2(C0)2~~2m Reaction with 

lodice XI CD%, MsOD, or DfGO-dg proceeded with setal-nntal bond fission, excep 

wlta ths sll]liln derlvatlve where So-C f~sslor? WIS ocservad. MeHgCl ra5cted ~1 

r+3S?Ta(C0)2cr, 3.h LW@-J6 co s-14 Y~B~Fc(CO) CD and MejScC1 es nlizizi products, 
2 - 

whlsh sutsqsntly sfforaed Me*So, MS+, E&$Fe(CO),cp], ?~a CiH:Fe(CO)Rcp. The 

reaction of Ma,So 
L1 
Fe(CO),cp 

I_ 
7 1s oore coople.v, tut sppe5rs to follok siail-_r 

re-_ctior? petha. The reaction of M~_SG~X(CO)~ with MeE$l In acetone-d6 yielded 
I, 

Mc SnCi, 
3 

Me+ stid ile,Sn (ildt suore). The 3st8rs%clIaFf Ya6:,-(CO) 
7 5 

codi? be rsol 

by prslpltatlos. ME~SLIFF~(CO).,C~ klth 2 ten-fold excoes of Me-SIC!. gave Me SnCl 
3 3 

XI 85$ yiald. The Sn-Pa bond of Re+SnKu(CO)j is cleaved ROE readlil; j2 and 

6C$ yields of #e Un 3c Cl were obt ained vith equmolecular acd. ten-fold excess, 

rejpectivsig, Of NejS:Cl. InorganLc halides HC14 (M = Si, Sn, Ti) _-ml Xl, (W = 

Zn, Rg) also reacted with Me$idk~(CO)~ and MejSnFe(C0)2cp to give varying amount: 

of Me SoCl. 
3 

Rer-ctloh HIE~ E$12 g ave high yields of CllElgP!n(CO)j esd ClHgFe(C0)2f 

Allyloercuric chloride 5s a I?EJGr PrOdUCt ITOE the IT3CtlOtI Of Eli 
? 

witn the 

triallyltln derlvatlve, 
281 

Thi triphenyltic-chromlu sod q olybdenus derivatives CCLV hzve been pm-red 

+ 

by metathesis. Tba corresponaPlg trmethyltm d+rivatlges coula not be isolated 
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The swne method hzs been used to syntheslse Sn-W bonded species: 

ilz+~pW(CO)?i;l- + lk3SnCL ?!f-+ Me$3nW(CO),cp(L) (r~is. 2U,X5) 

L = PM+ PMe,Ph, PMePn,, PPt3, P(Or4*)J, p(Op~)~ 

~42w:J 2 
(MegSn)j!l or (M?$n)20 

> Flc_SGl(CO) 
3 n 

M = MLI, n = 5; M = Co, n = 4 

‘!‘na tr~n~itlor~ metsl-tip k,pdrldc-_ (GC)5K~?2B (M = FL!!, ?k) t~\id heeq otk-_lnsd 

9s 011s by the l”OBu,blE reduction of the correspondLng chloride. Atteoptsd coup- 

liog kz.ttl PLIS&tZ kzda to complex nurtures: 

(OC)5MrLsnY!l,E + Etptity - Et,NE + P$SnSnFbT + Ph3SnJG,(C0)5 

t unidentlfled proilucts 

Bbt r?zctlon OCCLAIS w:th cpFe(CO), :’ at 90’ to form the trLtxt-_ills complex 

CCXVI: 
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The germxtium ~~~~logue. however, aocs coupia with PL$inCEt2:2m 

Ptiospcorzi ylldc rcsct with msthlltln cierlvatlves of molybdeom, tungsten. 

cobzlt ~nc! xro~l carbcsyls vzth tic-met-_1 boo? cle=v.=:, -ye end the formation oi 

stxxiylzted pnospnor~s ylldL.: 
2&9,-390 

cp(CO)3M-Stie 
3 

+ FIg=CkiR' __c_) R3P=CR' + 

&tie3 

I$PR' [H(CO)3cl] 

M = MO, W; R = Mz, Et; R' = H, Me, SlMe 

cp(CO),g%Md3 - RJP=CW' __;z RP=CR' 
1 Jfle 

' %PR' ke(CO)2cp] 
+ ' 

3 

?k,St? Mo(CO)3cp + Mc3P=CR2 _ (H+3P=C!$SoEire3 + YejPE Ma(CO)jc 
I 

The crystal structure of r;hc lx-on complex Fi(CO)(cp)(SnPh$(PhC~CPh) has 

bein datemlned(to R = lti); ~~50 &n-C) = 2.7 A, &n-Fe) = 2.56 A. 
251 

Dipoie 

ooz!ent c?asurx!~nt.s >n ttiE complexes Pl_jS&(CO),(NO)L (L = Co, PPt?, ASP%, P(Oj 

~ndlcax L to cccupy ir ci 2 position re!stive to et.5 axial Pb$.n group, ~2 cooka 

to the anslogous Co za i%~ complexes, I'or hhlck both liz&Eds are in --vi-_1 posi:iq 

oi the trlgonsl bl'yrmd. 
292 

Tba CEaCtrOn or- ~pFe~(Oi21)~~$3?~ tilr;h Li9n4Meg in 'i'FIF sfiords r;ne compleq 

CCXVII coritsinulg the SniS&4cj)j 11g~l:~'3 

THF > (PbO)jP, 

P(OW3 

CCXVII 
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ocxurs leadmg to 

Reduction of 

which re2ct3 with 

to&ether ti1tk-l low 
I- 

osjw I,7 
ulth sodium xn liquid xx-~ov13 produces a crex~ soiid 

RjSnCl (R = Mc, Pti) to afford :ha co3pl*.~43 03(CO)d(Sn&).,, 
J- 

yleldS Of 0s(CO)4(SnRJ)(H) (R = Me). Witi! fk S~21,, 2 
the Sn-03 

295 
Bl3(diorg3'1ohr_iotIn)ts=rsc-_rhon;rio~oi~ 

conpounds kve bzcn discussed lr! a thesis. 
236 

T:n and cobalt n_tozzs slt?rn-_te sroud I- plsn-_r Sti,Ci,_, ring in _ - 2 

(Fzg. I;). The tin !ms .sllEhtly dlctortid t*trsh?drsi ccordlnetLon; riSn-Co) = 

Iodine and bromine ciesve the Sn-Sn bonds of CCXVII to fern tha corresponding 

cpFe~(OPh)~,S.~~ (X = Br, I> coopiexes. Wlrh excess hslog<n, Fe-Sn ck-_v-_ge 

Fig. 14, The structure of [C~CG(CO)S~FIB~]~, (Reproduced by ~ermiesl0.n of tn* 

Chimiczl Society). 

-3.542 A, r(Sn-C) = 2.20 A, SnQ-Sn = SgG.'S7 RrZCtLOn of ttie oieae-cGGslt 

cerbonyl complares (V-L)Cos(CO)5 (L = norborn=.lrenr, ~soprzne, 2,?-dlnethyl- 

l.j-butaaltoe) with PtQnCl sfforoed oral; Pk5SnCs(CG) 
‘y3 

/ 4. 
Ihs En-!i?. complslis 

cp(RCl,Sn)(PhjP)Nl (R = Et, Bu) have been ontalned tly Cr:gnard 2i@i3LlOn Oi’ the 

correspoodlng Cl+!jn-NI complex. 254 MejSnB displ2cs3 h:,aror:srton3 from plSt,irlm 

slLzl3 zn2 aryls: 

(Ph2P)2CE2PtR2 + SHe$?inE 1_3_ (Pn,P>CB,Pt(B)(SnMe_)_ + 2RB 
39 

Reaction occurs at room teoperaturi for R = Me, Et, but high teoperatures are nl.eded 
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SUCCESSIVE osidetrve-s.it2itmn or’ MejSnEi to chi- Pt” comple_u CCLVIII products a 

c~!r~pl_el CCLU which is coasldared to bva tno h;-d?agefi _-to= bondsd to pla troun 

to the 

bulkloess oi‘ t% brs(tr ineLtl?ylsiLyl)ostbyl FOURS pwventxng dlmsrisatloo or 

rydrogen abstraction. Tha esr sprctnm erhxoits couplin; with the nethine proto 

2nd r17,“g5, nuclei ‘j”’ The :adlcsls Me Cl . n j-n 
Sn* (n = 0, ; , -3, 3) hsva men 

c 
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The addrtlon or' BurjSn* to cyclopsntadlene yields onl:i one psrsaqnetlc 

product, the 3-(tritutylstarmyl)-cycloptnt-1 -en-j-y1 rzdical CCLY: 

tBuO- + 
-t6u0H 

Bu,~SPH ___z 5u_3nm + 
> 

I:CLXi CCUII 

Referencesp.155 
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1 
‘: 

CE*=C-CXH + MepIE - ( 

\ 

7” 
M~jSnCEI,CB.CXH 

CCLZIX 

ME Me 

Mz,SnCH,- i=c-ce glpc, rH 4 C!=CE 
> 

- 2 ‘2 ‘1 2 

CCLrx 
SnMe3 

CCLiT~III 

CCLC.cI 

The 1 ,<-sdduct CCLXX rearranges ln the glps to CCLUIII. Elydrcstzmatlon rjf 

ClS- and tr-_ns-3-pznten-l-yne afiordz lergely a gis’tue oi 4,3-sddtictc CCL.%KTV 

tacethsr wit.3 2 ~~11 xnomt cf CCW: 

MeCEI=CECE=cHS~Ye~ 

CC?ZN 

Me.ca=ca.mx + Me3SnB + + 

M&B,CE=C=CESrLM~ 
3 

CCWXV 

2-Ecsen-3-ynes give largely tne corrisponduq zdducts CCLXVI: 

He3SnE -? 
/Me 

kCE=CE.CZC .i4e + heCB=CECH=C, ccLmv1 
SnMij 

References p. 155 
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Tclooerisatlon also 8ccoocies the eddrtioo rextlons, In the proposed 

necbznlsm, 1nteru!eiliate proEh=r,--/l ccLxxv11 and q ethylenesllylx CCKXVIII 

r&dlCSlS 21-d forced b; Zttack pi Me SF. recxals on the eny-ne: JO4 
3 

I ---T-- MejSnCdCR2-~=CR3 

CCLXVII 

M+H I-+ MejS!iCRK'Ci&C=CR3 

L MejSnCdCR2=C,CBR3 

R'CE=CR%E=CR3SrrMe, 

R'CK,CR%=CR%n!Ye, 
J 

t:silctes wlch e:rck-.r?ge of sllyl 

ik jSflC 1 

Cal-i --?, iE12C02Ka, CC13Me 

+ ccl4 - Bu,/SnCl + 

t CZ2=CH-C&R 
.Z 

(ral-. ?05) 

Cl3CCBCB=CH, 

Me 
(ye:-. 

TI?% .r%?C t1or?; sra p:ooot.eci by ABiBlr b!ld ~enzoyl peroxide, 3!d irtilbltsii LJ 

g-qul~ooi 2nd p3.ivx:oxyl. Tna i'olio.r;nz free-redicnl chslrr meckoism wzs post- 

ulated: 505,306 

Q’ + 

R'o + 

RSGH CB:CE 
3 2 2 

j QCB2C"=CFI:, + Rp l 

R.+h* + R'K + R3SnX + R'- 

R-$nCE,CEkCEl 
/ - 2' 

R1CE2CE=CE2 + gsn- 

Elegant conclusive support for chls micknisn IS sv=ll2bli iron further hark by 

Crrgnori snd Pcrayre, 
506 

who kve di.monstr3k.d 

(1) tt?e formtion of race~x products starting from an optlcelly-ective hzllde: 
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(+hiCEC02Me + Bu$W,CQ=CHN~ __j 

Lr 

+ BySrBr 

(11) th e rezrrangemeet of the unstsbi? intermticlate rAe=;L6q--5-y1 rzdxc--1, dkch is 

~IIGWI to re-edily cycllse: 

CQ2=CQ(CQ2)41 B?3 SnCEsCE=C!E12 

-B SnI 
“s 

> cE,=CBiCQ2)5cE=c62 f 

15:: 

Br + EujSfiCQ,CQ=CB2 w 
L 

CH,CB=CE, + BylBr 

R 

the relatlv; rzte 

(k rel = 1) follow 

was otssrved that 

halogen displacement by hydrogen takes 

Bu_Sn* radicals (generated in solution 

perosldr arzd B~~snSnBq,) is influenced 

Refereocesp.155 

place. 
307 Tr ,e halogen nbstractlon DJ 

by photolysla of zl-Vt.ures of t_-tutbl 

both by polar and snthalpy effects. 
505 



(i) 

step:. 

(II) 

R’ICO- + Rr,SFX, 
1 

,-n - 
R _COScT( 

L’ n-l 
K 

4-5 
f R= 
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was proposed. Me,!{* radics 1s (fron the deCOn~OsltlOn of 1,1,4,~-t~tr~mlthJ1-2- 

tetrszue) psrticipate in SB7 rezctlons wltn Me6Sn,, however MejSn* Tadlczis do 

not appesr to attack the nitroger of tetrsnethyihydre~lne. 
jr 1 

Et_Sn* rsalcsls asd 
> 

eXCltiii~l:i t0 the osygen atom Gl’ ~,$,6-tri-~-outylr~itrOSOO~Oz~O~ to ylsid the 

5Oillq0 rzdrcal CCL_U.K: 
912 

Et+inSkEt_ rrv’ + %u NO -> tBu 
> 

.Et SC@ 
3 0 0 

-!J-OR 

But B*t 

-_rA ?o+c,cilc products: 
jlj 

tBuO* ) . L-R 
I 

,,’ 

cJsrlBu_ 
:, 

‘“F i- MejScE __j Me”F + 
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(PhCEkCE.CO.O)Z t ZEt$Ml --a PhCE=CR.CO,SnEt_ + Et6Sn, + CO2 + K 
3 L 

1.76 O.lA 0.12 0 

T?le stlrlnyl mercurial CCLKXXV !%zs e 51%iier i-fr’ect oq the decomposltron: 319 

+ kc + co, 
1 .o 0.57 

PhC~C.CO.O_OtE~ L r~23SnRgsnM2_ , d !wxSnMEj + PhCZC .C0,SnMe3 

CCLxnv 0.41 0.59 

f co., i Elg + tBllOSnMe3 

0.31 
0.97 

steGny1 rd1cal attlck t&es plec e zt Ii-1 or li-4 oi tetraphsn~~-~-tetr~~oe and 

1,3-dicyclohenyl-1 .4-dlp’~uyl-2-te~razene: 

jEt3ScSnEt3 

(<l.c$) 

R = R’ = Ph 

R = Ph, R’ = cyclo&lryl 

The ~zelds XI psrenthtses rzirzr to R = R’ = Ph. Dlcerbezolyldiasene resets in 

the sxms vay. but nor: aiplpsridlnodiazene. Cle-_vsge of t~trsPhenylh?ydran,lne is 

also accelerated bq stannyl radicals. 
320 
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Divalent Derivatives. 

The novel stconylene 

SnCi, and (Ms3Si)$EILi zn ether 2t 0 
0 521 
. The photolyais of CCLXXXVI by v~lbli 

light to produce ttie ~MS3Si)2CElJ~ Sna raoicsl &s already been mentIoned (& 

suDrs).~O' Nononeric, diama~etic CCiXXXVi f~,ctlons both I-C a LGWX ease, 

displacmg CO iron Group VI txtal csrton~la I'orming the complexis CCLUXVII, an? 

also as 2 LBW~S acid to.sros~-Flc011rs:32' 

ccLIxxxVII 

M = Cr. MG 

The 

has 

cryskl StrlACi’fl~ of (ai-tert -~ut~lst~r~ylar?e)-_Pyridi~!o~Er_~Scarh3nylc~Lroblllr 

IIEBC datsrclned by Brlcc 4ro Cotton (Fig. lj). Thh Cr(C0) = group hzs, 4s 
; 

Fig. 15. T-he structure or' tBu2SnCr(C0)5.p~. (Reproduced by permission of th,: 

Boerlczn Chemical Society). 

Referencesp.155 
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erpec ted, v1rtua1 c 4v sylustry. The tin is i-our-coord-te, fornlr,~ bonds to 

Chl-OZ-lUZ 
11 
r(Sn-Cr) = 2.65: A 1 , two ter:-kutyl $rmps 

[: &h-c> = 2.25 A 
II 

, snd 

the pyricilse nltroger atoE 
[: 
r(Sa-I!) = Z.29 A 

1 
. The tend angles at tin snoti ths% 

tb* --ioc*-try 1P Lztero.?dlat~ OetvleEr _- -ttrahidrsl ar.d r;rlgonAl-olpj-ramdal mth 

a vacsnt axle1 ooaition. 
322 Siorlzr t3sc-stsbillsed stmylene-Iron tetrscarbor 

co”plesd~ !-rivi- been obczl.lea bJv :hs bess-ioduced iorto~ytic fxscion of tin-iron 

mad+d kterocycles: 
323 

R2SOC12 

+ + B+R,$h +Fe(CC 

Nz,Fe (co) p 

R\!+ ‘n 

Sn - 

R’ 

Tt* sluiziniu3 tricklarids cocplax of (MeC58q)ISn LBS beeo 

cizpon*,3ts a Its xnfra-red spectra sLpportea tb.p prescmatior: 

?-l rss, 2nd the structure CCKCI wzi proposed. 325 

CCXCI 

prcpzred f ran 

of pantahauto 

i ts 

,Fdl details oi the protolycx cIe-_v-_~i resctions oi cgciog~ntsdlmjlt~ 

cozpo.3nds to affords txn(II) osimas, hydroq-Jltinrs, cytide. timidazole, 

1,2,3-tr~szol~, I,?-dlszole, 
326 

znd tbrolates 327 irava appearra D Cyclopenta- 
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dl~nyitrlcsrbonyltun,rrstir, hydride riso reacts to siford 

utxlst 1 ,+i~&etorxs yield tlo( II) bls(l ,?-d&tones), H'hlch rapld!,y iquiilbrlste 

with cp,Sn 10 beozene with the fomtlon oi cyciopin:hdlsnyitifi 1 ,3-ketomtes 

CCXCII md undergo orlaatlve-sdaliion w1t.h mthyi Iodzae: 

CCXCII 

cp_SIl + x., tsn5ine 
z 

) zp,SrJz 

Z = C3, 6r, I 

SLY4 f UC pM -> cpnsr&,_Q + ri 

# = II-_, CgEr; F. = 1 - 3 

Methyl ioalde reacts tilth cp,Sn irt 500:“’ 

cp+? -I- Me1 - c p,MeSnI 

15. Aonlicstlons. 

The BP_ comrjles of diautyltin dllsurate 1c us+iul in the tonopol~erls-_tio~~ 

The triaLbJltin cocqmmds, F..snS(ca&0,snR3 (li = 1,2) or 

References p. 155 







(R = Ms, 5:) (iFt zna R); 362 

zra R); jE5 Ircr(H)(S~~;)(CO)(PP.~,)~ (R = Hd 

cr,-l-lots ketones; 375 R3Sn.CXH (R = M=, 

p;,) _J76 . P~3s3_&.(co),. Pti$+&(CO),PPhm_. Pk+'vz(CO),cp (TR 2nd R):jg' 
- _ 

PpsnFk(co)5 (R):397 oct~;lvrr_;lt1n c0qmuEd2 (iR acci Fi)?O 

(ill) limr D-_ta. 

‘Er- -- X.Me2S~CK2Me3CB,Cl (X = E!, Cl), Ms.,.SnCH2SrJlej, 

(#e;Srm&@~e -%J-suLtstLt"Ed 

, C 
Ms2SnCE, 1 L j' 

2' 
el~~~ltrlor~snostl_cli.snes; 

35 

Ph(PhC92)(Ph?L;e,CCEE)SrR (R = Me, ','OPr, t Bu, MeCi$CM+, R(P~Me,CCB~)tBulSoPrSn 

(R = Ph, PWE,), Ph(PhC_ag)tB,(~~CEZCMe~~n. Ph+le,CCE,)Sn, 

Ph2(PhCB_)(~eCB,CMe,~n, Ph,(P*CK_&R (R = %u, PhPle2CCB,),CPh2(PnPle2CC82)S~2;24 

56 
2dsmntyltrn coopounas;- trio*tbJlLln dirxv2tzve.s ot' the norboroyl skeleton; 28 

9-trmathylstal7nyl-i,Z, j14-tetrac~1orir-9,10-d~hydro-9,1O-ethsriosnthrac~ne 

-(activation pnramters for rotation); 29 Me3SnC812, (MI~S~)~CI~;'~ 1-trmsthylsta 





co~pouPis. 
380,331 

= 0, s; Y = Cl, 0H.2. 

Of $lOS$lOYl&f) 

5: L3Sc_!k(CO)5 (% = PKl,, (C6F5)3. I%(C,F5),, pii,Ci, Pn2(C6F5), Fn$. 

77,, -: O?,yz_r_OKlfi SslGlldas. 301 

"4&: Butyltlr, t!-il_li.OLldeS; l 59 McnSFx4_n (II = 1 - 3; X = Cl, Br, I);3s2 

org"ot-D c:rborsnes; %%7 orgnzotir! selenides: 391 Me 4_nSn('I'R2), (R = Me, Et: n = 
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B.tBuSnCr(C0)5 (B = TBF, DMSO, py);=' 

1. 

2. 

3. 

4. 

5. 

6. 

8. 

9. 
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