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Abslract 

The mechanism of cornering double stannylation and double hydrostannadon reactions of terminal aikynes in tile pre.~ence of 
ai~Ithiol has been investigated. The da|a reveal the radical cllaracter of tlle reactions, the importance of the [tributylstannane/arylthiol] 
system as radical initiator a t  ambh,,nt temperature and the occurrence of a polarity reversal catalysis process in the double hydrostannation 
pathway. ~O 1997 Elsevier Science S.A 
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1. lnirqxiuciton 

In the course of recent preparative studies connected 
with the known ability of tin to undergo a variety of 
useful transformations, we rt~cently reported on the 
arylthiobpromoted addition of tfibutylstannane to 
acetylenic bonds leading either to double hydrostanna- 
tion or double stannylation according to experimental 
conditions [I]. Thus, it was pointed out that in the 
presence of small amounts of p-thiocresol, hydrostanna- 
tioa of propargyl p-tolyl ethers and amines promotes at 
ambient temperature the stereospecific formation of 
unsaturated [Z]-a,/3-2/I double stannylation adducts, 
whereas an increase in the catalyst amount leads to a 
drastic ~hange in the course of the reaction: double 
hydrostannation takes place instead of double stannylao 
don, leading to the formation of saturated f l , f l°2/l  
adducts. In addition, the double hydrostannation process 
appears to [~ strongly dependent on the nature of the 
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dfiol. Besl results in achieving a quasiotolal selectivity 
towards genlodistannyl compounds were obtained using 
4omethoxyb~nzenethiol thanks to its low hemolytic bond 
dissociation energy [2]. Hereby, we successfully hydro° 
.,itannate oxygenated and aminated propargylic sub° 
strates (Scheme I), as well as numerous related corn° 
pounds (see Table l, Section 3) having significant 
synthetic potentialities. 

Everything being equal, while the addition of stano 
nane to alkynes could be specifically directed to the 
double hydrostannation, it is quite interesting to note the 
completely different behavior:, of propargyl phenyl sub 
tides, which arc unable to undergo the double hydro- 
stannation and lead to the double stannylation whatever 
the nature and the amount of catalyst (Scheme 2). 

The presence of an aromatic ring on the sulfur atom 
is essential for double stannylation and it should be 
stressed that replacement of the aryl substituent by alkyi 
or cyciohexyl ones gives rise to the formation of siaI~- 
dard monohydrostannylated a and // alkenes, without 
the appearance of any trace of double stannylation 
adducts. 
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Scheme !. 

Obviously. the key to this lies in the mechanism 
involved and it prompted us to study the factors govern- 
ing the chemospecificity of this reaction. 

2. Results and d l m i o n  

Tin radical addition to o-alkynyl phenyl sulfides has 
been recently studied by Montevecchi et al. [3]. who 
investigated the feasibility of an intramolecu!ar cyclisa- 
lion of the intermediate thioalkyl-substituted //-(trib- 
u t y l s t a n n y l ) v i n y l  radicals  o f  the type 
Ph(CH :),,S(CH,),,,C=CHSnBu~ onto the adjacent 
phenyl ring to obtain stannylated sulfur-containing hete- 
recycles. The behaviour of these radicals has been 
reported to strongly depend on the characteristics of the 
side chain since intramolecular S .2  reactions. 5°exo 
cy¢lisations or ~-fragmentation reactions [4] could OCo 
cur, 

Hence. it is well established that interaction of stan~ 
nyl radicals generated by the standard tributylstannane 
approach [5] on alkynyl sulfides involves the fom~ation 
of monohydro~tannylated vinyl radical intermediates as 
the reaction key step and constitutes cogent evidence 
that double hydrostannation and double stannylation 
reactions would involve an alternative fate of such 
radicals. Thus, the drastic change observed in the course 
of the reaction in our experimental conditions, i,e., a t  

ambient temperature and in  the presence o f  thiol as 
catalyst, would result from a synergistic effect due to 
the above-mentioned intrinsic properties of the sulfur- 
containing vinyl radicals relative to corresponding oxy- 
gen and nitrogen systems, ass(~iated with a likely d i f  
ferent 'catalytic' behaviour of the arylthiol in tl~e two 
pathways. 

The flee-radical addition mechanism just outlined 
predicts that addition of stannyl radicals onto appropri- 
ate monohydrostannylated compounds has to be initi- 
ated both at ambient temperature and in the absence of 
standard radical initiators. Obviously, the fact that the 
reactions do not occur in the absence of arylthiol shows 
that the initiation step does not happen spontaneously or 
cannot be induced by heat or light. We think that 
tributylstannyl radicals are likely to be generated by a 
preliminary oxidation step of the thiol, producing inter- 
mediate thiyl radicals and disulfide, The oxidation pro- 
cess should be fawmred by the acidity of the thiophenol 
[61. 

ArSH ~ ArS + 11' 
ArS ¢ (), ~-, AIS 4, 1) 

ArS + ( ) :  o.-* ArS ,,¢ (), 

2 ArS ~ ArSSAr 

ArS+ Bu~SnH s~ Bu~Sn,  ArSH 
~ ,~ Su¢h a ~haviour  could account l b r  the radlealar 

Table I 
Elemental aaalysi~ and yields 

,m~z= _ _  

111 
(D 
(31 
I l l  
($1 
(51 
rt)  
111t 
t9! 
11o1 
11111 
1121 
i1.11t 
1141 

Bbmetallic ¢ompound~ 

[Bu ~Sn]~CHCH riCH ~ )~CH ~ 65 
[Bu ~SnI:CHCH :CH: NHPh 51 
[Bu ~SnI~CHCH ~CH :OPh 73 
[Bu ~S@CHCH ,CH :OTHP 7~) 
[Bu ~SaI~CHCH ~CH{CH ~]O1'1tl ~ 27 
[Bu,SnI_~CI,It.~H iCO,Cll, 1141 ,12 
(Bu ~S,|flTHCtt ~Cit iOH 8(.1 

[Bu ~ SnI~CHCi{ ~CH ~C|( ,OH ?5 
IBu ~Sn]:CHCH :CH ~CI'I ~ SPh 69 
[Bu ~SnL, CHCH ~CH ~OPItfK?H ~ 75 
|Bu ~Sn]~CttCI.t :CH ~Ct'!ICIt, ]OH 41t 
Bu ~SaCII :~: ~SnBu ~ ~;II fl)Ph 15 
Bu ~S~?H :~,:: C{SnBu ~ }CH ~ SPit 80 

Yields '~ Analysis fimad (cMcd,){i~, 

C: 5b,28 (56.17); 
C: 55,3t~ (55.52); 
C: 55,~9 (55.57k 

C: 5:~ ~ 153.831; H: {).'~11~,),581: 
(': 50,47 I51!,481; ilt: 9,1~ I9,118); 
(': 51t,92 t~O,~t2k tt: 9,42 {~,471', 
(': 51,54151 ~5~1: II: ~1,5~ 0L581: 
C: ~ t,22151,57); t1:9,3919,581; 
C: 54,97 (54.8¢0; H: ~,81 {8.*)41; 
C: 56.2? (.%.07); H: 8,93 (9. 131; 
( ' :  5 2 , 1 8  (5~,,~8); H: (t) ~ 8  {~) 0 8 ) ;  

C: 55.99 (55.65); H: 8.81 (8.77); 
C: 54.09 (54.42); H: 8,63 {8.58); 

H: 9.~0 (9.131; S,: ]4A8 (]4 701 
H: 9 . ~  ( IO 191; Sn: 34.19 (34.29) 
H: 9, I1,1 (9, I~); Sa: 3L~}  ( ~?,2l, i) 
II: ~80 t9,0,tt: Sa: oI]I~I t]]2,11 

O: 4~5914,41t: Sn: ]],18112.~7) 
Sn: 31,97 (J2,2,1) 
O: 424 bt.801: Sn: ]5.~(~ { ].~.~41 
S,: ](~,97 {37201 
O: 2,68 {2,45!; Sn: 36,16 (3b.40) 
O: 2,{~712,451; Sn: 37.(~2 (36A01 
Sn: 31 ,(~,t (313~1) 
Sn: 32,03 (32,~11 
(): 2,33 12.40}; Sn: 30.35 t35.631 
Sn: 31,40133..331 
Sn: 3 i,4{~ {32,60) 
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Bu3Sn N i) ~ B u 3 S n  ~ SnBu3 
Bu3Sn ''CHCH2SPhR ~ IIC=CClt2SPhR it) / \ 

H ~ CH2SPhR 

R ~ H, CH 3 

i) 23 eq. Bu3SnH; it) 0.1 to i eq.p-CH3PhSH orp-CH3OPhSH, ambient temperature. 

Scheme 2. 
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initiation of both double stannylation and hydrostanna- 
tion reactions at ambient temperature in the absence of 
standard initiators and explain the failure of aikylthiol- 
catalyzed double stannylation and double hydrostanna- 
tion attempts. GC-MS analyses of commercially avail- 
able thiols confim) the presence of trace.' • ,s of correspond- 
ing disulfides ( < 5e~). 

Let us first consider the double stannylation pathway. 
Keeping in mind that propargyl sulfides HC 
CCH,SPhR (R = Ph,CH 3) cannot lead to double hydro- 
stannation adducts whatever the experimental conditions 
and that the presence of an adjacent aryl ring to the 
sulfur atom is essential lbr the dt)uble" stannylation 
process, it is reasonable to think that the for,nation of 
these adducts results from a favoured addition of the 
further stalmyl radical on the /~l-vinylstmmyl radical 
intermediate | l l  rather than resulting from a competing 
hydrogen atom transfer from stannane leading to [Ill 
(Scheme 3). in addition, while the fragmentation reac+ 
lion ot' II1 to stannylallede and thiyl radicals proved to 
be s|rongly favored in lhe presence of AIB~" at high 
lemperalllre (811~ I(,IO'>C), the stannylallene is not forl|led 
in our experimental conditions in the presence of small 
~!iI~|OIM|S Of ary l lh io l  ctl ~lt t lbict l l  Icntl~¢rtt lHr¢. 

itence, tl.: /~+vinylslannyl radical I l l  might be s|abi+ 
!ized by a 5+nleaibercd cy¢tisalion on the adjacent 
phenyl ring I l l - ,  IliH betbre lilrnlation of the normal 
addillim product Ill l  (Scheme 4). Interactions between 
low°energy d+orbilals of the sullur atom and the odd 
electron orbital might lead to interactions moving the 
phenyl ring and tile C-centered radical together in view 
of cyclisation [3]. Alternative cyclisations ol" /3-stan- 
nylvinyl radical on the adjacent sulfur atom leading to a 

strained sulfuranyl radical [7], as well as 4-membered 
cyclisations leading to a non-stabilized radical interme- 
diate might be rejected. 

Two reaction pathways could be envisaged to ac- 
count for the formation of a double stannylation adduct. 
Addition of the second equivalent of stannane could be 
interpreted either in terms of a concerted addition of the 
stannyl radical on the intermediate 5-membered stabi- 
lized radical Hill with concomitant rearomatization (Ill 
---, IV) or in terms of the formation of a bi-radical 
intermediate (!11 - ,  V) with subsequent rearomafization. 
Intermediate [IVI which entails less steric hindrance 
between the approaching stannyi group and the aromatic 
ring appears more consistent with the observed stere+ 
ospccific fommtion of [Z]-adducts than intermediate [VI 
which should give rise to mixtures of stereoisomers. 
Such proposal requires that the equilibrium between 
species Illi and i i | i l  should be displaced to i i l l l  before 
the occurrence of the standard hydrogen abstraction 
reaction and the lbnnation of ill | .  

Beibre going flmher into |he double stannylation 
mechanism and in order to gel more infi)rmalion, iel us 
now consider |he double hydrostannalion pa|hway. I"o 
delimit the role of tile arylthiol in fll:se reaction.,+, some 
exph)ra|ory experimen|s have been carried oul on pheayl 
ace|ylene and methyl propiolate (Scheme 5). 

Allempts to achieve addition of stannane via two 
standard separate addithm steps in the presence of AIBN 
failed. While the use of radical initiators such as AIBN 
instead of arylthiol affords in our experimental condi° 
tions only the monohydrostannylated u and fl species, 
the desired double llyda)stannation products were ob° 
tained immediately in the presence of a further equiva+ 

HC ~CCH:XPh 

S I I  ' 

x / s  
SnCH~CHCH2XPh ~ ......... ~ SnCH~CCH:XPh 

I i I I  Ill 

Sn Sn~ 

H CIt2SPh 

X,~S 
SnCH=C=CI+I: [AIBN! 80+100°C 

IpCli~PiiSli. O. i cq.J 

mnbient temperature 

Scheme 3. 
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lent of thiol. On the other hand, no reaction could 
observed by desulphurafive stannylation of a conceiv- 
able intermediate vinylsulphide [8]. 

As expected, disappearance as function of time of 
initial ~ I - (Z /E)  monostannylated vinyl compounds 
can be related to concomitant formation of gem-distan- 
nyl adducts. The conversion of the vinyistannane into 
Io l-bis(tdbutyistannyl)- i-alkanes proved very straight- 
forward. Double hydrostannation of methyl propiolate 
~rves as a typical example (Scheme 6). 

HC~CCO~Me + Bu~SnH + pCH~OPhSH 
leq, 2,Seq, I ~ ,  

"~' (Bu3Sn)zCHCH:CO~Me. 

GC monitoring of the hydrostannation reaction of 
n~thyl p~piolate at ambient temperature and in the 
preface of one equivalent of thiol displays the vinyl° 
st~nane consumption with time, toget~r with the for° 
marion of a /~-saturated adduet, who~ concenlrrarion 
appe~  to be time inde~ndent in the ¢our~ of the 
~action. The diagram indicates total vinylstanaane con~ 
sumplion after 5 h. in addition, the reaction produces 
stannylthiolates of the type Bu~SnSPh~H~ as byo 
pt,Muets arising from a competing reaction betw~n the 
thid ~ d  the stann~e [9], Concentration time depen- 
dence of the stannylthiolate is not displayed on the 
d i ~  becau~ of low re~lurion of the signals in the 
chromatographic conditions. Stannylthiolate does not 
operate in the mechanistic pathway, as confirmed by the 
failu~ to isolate double hydrostannafion and/or double 
stannylation adducts ~y its u~  instead of arylthiol~ 

\ 

2 4 6 $ I0 

Time (hours) 

Sol .me 6. 

In view of the previously stated considerations about 
the preliminary oxidation step of the arylthiol to gener- 
ate tributylstannyl radicais, the question which now 
ari~s is that of the role of the thiol in the addition step 
of the second equivalent of stannane onto the vinyltin 
intermediate. E, idence is presented to show that the 
important factor appears to be the stability of the inter- 
mediate radical of the type SnzCHCHR, which in the 
absence of thiol may lose a stannyl radical rather than 
abstracting a hydrogen atom from a further stannane 
molecule [ I010 In contrast, in the presence of one equiv- 
alent of thiol the gemobis(lributy!stanny!) radical should 

immedia!e!y trapped by the eleetrophilic hydrogen 
atom of the thin! at the ¢x~nse of the nucleophilic one 
of the stannan¢o The probable reaction mechanism which 
accomm~a|es the results ~lIer  iS shown aS Gdlows 
( Scheme 7): 

~nerated thiyl radicals (step 3) do react with tribo 
utylstannane in a propagation step 4. The ob~rved 
polarity reve~al catalysis mechanism assumes that ~-  
versible addition of a stannyl radical (step 2) leads to a 
nearly quantitative shift towards I,I-distannyl radicals, 
the driving force of which being attributed to the rein- 
five rates of hydrogen atom transfer betw~n stannane 
( k ~ ,  ~ 2,4. I0 ~ M ~l s~ l)[I I] and thiol (k:~s,,c ~ 1.4, 

il~i~$¢d41ihJBN 

AIScI't<It~ 

I1~ m C~t 

ArSH 
t lC~CoR , ttu,Snit ~ B u , ~ ' I I ~ ' H R  ( I )  

, ltuLSa * 
B . , S ~ ' I t < t ~  • I~,Sa ~ XCIICHR (Z) 

Uu,Sa 
B~,S~/ CI'ICtIaR + ArS" (.1) 

Scheme 5, 

ql • 

ArS + au,S.I| ~ ArSH ÷ au,Sn <4) 

Sd~me 7. 
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mSn+ HC.CCHaCH~SPh ~ --$nCH~CH2CH,B O ~ ~----SnCH~ S 
Scheme 8. 
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IO s M-I s - l )  [12]. Such a mechanism is in agreement 
with Robert's observations that alkenes could be easily 
hydrosilylated in the presence of AIBN and thiol [13]. 

Confirmation of the radicalar character of the double 
hydrostannation process has been provided by addition 
of radical initiators/inhibitors. As expected, the reac- 
tion rates are increased by adding AIBN and decreased 
(in case of methyl propiolate) or suppressed entirely in 
the presence of TBE (tert-butylcatechoi) in all other 
examples. 

These results underline the catalytic efficiency of the 
tributylstannane/arylthiol system as radical initiator at 
ambient temperature. An example is given by the trib- 
utylstannane reduction of benzyl chloride which is 
known to react with difficulty compared with corre- 
sponding bromide and iodide. While benzyl chloride 
reduction has to ~ initiated with AIBN. UV as well as 
thermal initiation, the reaction can be achieved easily in 
the presence of ~ 5% arylthiol at ambient temperature 
with a 60% yield. 

Since any mechanistic conclusion from the available 
data rely on ctmracteristic evolution of a common /~- 
stannylvinyl radical intermediate, i.e., either on the hy- 
pothesis of a 5omembercd ring intermediate or on a 
colnpeung hydrogen atom transl}r from the stannane, it 
ap~ars necessary to determine the behaviour of proparo 
gylic sulfides in which a prel'erentially stabilized 6o 
membert'd ring closure onto the a~[jacenl phenyl ring 
could occur. 4o{phenylthio)buto l-yne serves as a typical 
example (Scheme 8): 

The behaviour of this compound has been studied 
both in the conditions of the double stmmylation and 
double hydrostannation, that is at low and high thiol 
concentrations. At low thiol concentration one can ex- 
pect to t'avour the standard hydrogen atom transfer 
reaction from the stannane {leading to the saturated 
gem-distannyi compound via intermediate [Ill: 
{Schemes 3 and 7) at the expense of the cyclisation 
reaction because of rate competing between the less 
favourable 6-membered radical lbrmation than the 5- 

membered one. Consequently, the reaction should af- 
ford a mixture of double stannylation and double hydro- 
stannation adducts while at high concentrations the thiol 
plays the previously reported role of hydrogen atom 
donor, leading exclusively to the corresponding gem- 
distannyl adduct (Scheme 9). 

In conclusion, the 5-membered cyclisation ring clo- 
sure appears to play the fundamental role in orienting 
the stannane addition to alkynyl phenyl sulfides, the 
aryithiol acting as radical initiator at the ambient tem- 
perature. This behaviour contrasts with the reactivity of 
vinyl radicals that not bear a sulfur atom tn the side 
chain where the arylthiol acts both as radical initiator at 
the ambient temperature and as polarity reversal cata- 
lyst for hydrogen atom transfer. 

In this full account of our studies in the double 
stannylation and double hydrostannation area, we have 
established the optimum mechanistic and experimental 
conditions for a directed synthesis of dimetalated com- 
pounds which find increasing utility in organic synthesis 
[14]. 

3. Experimental 

Slarling malerials were eillier commc~chd products 
or were prepared according to literature procedures. 
Double stannylation and double hydrostannation reaco 
lions were carried out in an argon atmosphere, m~C and 
~*~Sn NMR spectra were obtained as described in earlier 
papers by us [I]. Combined gas chromatographyomass 
spectrometry was conducted with a Hewlett°Packard 
model 5890 instrument fitted with a Cpsil 5 capillary 
column, whereas gas chromatographic analyses were 
performed on a Varian 3400 using a DB5 capillary 
column. Mass spectra were obtained using a VG Auto 
Spec. Q. instrumem. Elemental analysis were performed 
by the 'Service Central d'Ana~yses du CNRS' of Ver- 
naison (Table I). 

FIC~ CCH2CII2SPh + 2.5 eq, Bu3Bnlt 

Bu~Sn 
• N CH(CH2)3$p h ILfl(2/I)~dduct: 69% 

I ~ t ; I  I BU3SB/ 

B u l S t ~  SnBu3 , ~ s , ,  - - <  + Bu3Sn" 
0,I eil, ~ I (CHz)2SPh Bu~Sn/CHiCI]2)3SPh 

ct,[~(2/i) adduct: 68% 13d~(2/I) adduct: 32% 

Scheme 9. 
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3.1. General procedure for the double stmmylation 
reaction: Synthesis ~ 1,2.bis( tribut)qstamLvl)- l-alkenes 

Tributylstannane [4] (7.3 g; 25 mmol) was added to a 
mixture of propargylic compound (10 mmol) in the 
F , ~ n c e  of some cristais of parathiophenol ("- 10 -3 

mol). ~ mixture was stirred at ambient temperature 
for 48 h and then purified at ca. 10 -4 mm Hg using a 
Kugelrohr apparatus. 

3.2. General procedure .]'or the double hydrostannation 
reaction: ,~vr thesis t¢f .~em.his( tributylstannyl )alkanes 

Tributylstannane (2.18 g; 7.5 mmol) was added to 3 
mmol of propargylic compound. Then, a solution of 
0.42 g (3 mmol) of p-methoxythiophenol in 3 ml anhy- 
drous THF was added to the mixture. After stirring 24 h 
at ambient temperature, the crude reaction product was 
purified as mentioned above. 

2oPhenyl. l, I.bis( tributylstannyl)ethane (I) 
t t')Sn NMR (Ct, Do, ~ ppm): + 7.70 

[~J(it'~SnCttTSn) ~ 150.6 Hz]. 
I. l-Bis( tributylsmnnyl)ocmne (2) 
't'~Sn NMR ( C . D . .  6 ppm): + 8 . 7 6  

[~J(tt'~SnCt'7Sn) ~ 149.6 Hz]. 
3oNoPhenyl. I. I.his( tHhutylslannyl)propane (3) 
~'~Sn NMR (C~,D¢,, 3 ppm): +9.1',~2 

[~J('t'~SnC~Sn) ~ 158,8 Hz], 
3o Phenoxyo I, I °big rri huo'l s'tann yl ~l.'Olume ( 41 
' t"Sn NMR (C~,D,,  ,S ppm): + 10,33 

[ : J ( I i '*SnCII~Sl l )  ~ 159,1 H 4  
3 ~ 7 ' e t r a h 3 ,  d r o p y r a n  v / o ~ y ~ l , I  ohi,~ 

( tril, utvlsmnnyl)propane (5) 
~I'~Sn NMR ( C , I ) , .  fi ppn| ) :  4 10.32 

[~J(it~SnCii'*Sn) ~ 165.9 HZ, 2J(II~SIICII~SI1) ~ 1,8,7 ¢ 
Hz]: +11.55 [ : J ( t t ' ~ S n C ~ S n )  ~ 166.0 Hz, 
:J(It~SnC~t~Sn) ~ 158.9 Hz]. 

3 o T e t r a h y d r o p y r a n 3 , 1 o . ~  vo ! . !  - 
bisf tributylsmm~yl~butane ¢ 6 ~ 

tl'~Sn NMR (C,D~, 6 ppm): Diastereoisomer A: 
+ 10.60 [:J(tt'~SnC'"~Sn)~ 173.7 H~, 'J(t~SnC|I~Sn) 

166,1 Hz]; +11.52 [:J(~'*SnC~t'~Sn)~ 173.8 Hz, 
~|(t*'~SnCll~Sn) ~ 166.0 Hz]: Diastereoisomer B: 
+ 10.97 [~'J(tt'~SnCtt'~Sn)~ 175.9 Hz, :J(tt'~SnCtt~Sn) 

!68.2 Hz]; +11.21 ["J(tl'~SnCtt'~Sn)~ 176.0 Hz, 
:J(~'*SnC~Sn) ~ 16.8.1 H~], 

Methylo3.3obi,~tributylsmm~yl)l)ropionate [I 5] {7~ 
~l'*Sn NMR (Ct, l ) . .  6 ppm): + !1,12 

[:J(~'*SnCt~Sn) ~ 153.7 Hz], 
3,3oBis( tritm~'lstamb'l)l,'Ol~tmo? {8) 
~'*Sn NMR (C~,D~,, ~S ppm)'  + 10.30 

[:J(~"SnCt*~Sn) ~ 159.8 Hz], 
4,4oBisfo'ib~etyis.mnyl)b~aano2ool [16] ¢9) 
~'*Sn NMR (C~D~,, fi p p m )  + 9.22 

[:J(~'~SnC~'~Sn) ~ 168.3 H~, :J(l~'~SnC~t~Sn)= 160.8 

Hz]; + 10.27 [2J(t tgSnCtl°Sn) = 168.5 Hz, 
zJ(ItgSnCli7Sn) = 161.0 Hz]. 

4, 4-Bis( tribut3'lstannyl )butanol (10) 
tl'~Sn NMR ( C r D  6, 6 ppm): + 8 . 9 3  

[:J(tigSnCIl~Sn) = 152.7 Hz]. 
4-Phenylthio- l, l-bis( tribuO,Istannyl }-butane (11) 
iJgSn NMR ( C 6 D  6, 6 ppm): + 9.24 

[:J(ilgSnCl17Sn) = 154.8 Hz]. 
3-p- Tolvloxv- 1, l-bisf triburvlstannvDpropane (12) 
tt~Sn " NI~IR (C6D6," ~5 "ppm): + 10.34 

[:J(llgSnCtt7Sn) = 158.5 Hz]. 
5,5-Bis( tribuo'lstannyl)pentan-2-ol (13) 
tl'~Sn NMR ( C 6 D  6. .,8 ppm): + 8.91 

[zJ(It'~SnCtWSn) = 168.3 Hz, 'J(l~'~SnCllTSn)= 151.3 
Hz]" + 9 . 1 2  [:J(ll '~SrtCIl'~Sn) ~ 168.5 Hz, 
2J(tt'~SnCll7Sn) ~ 151.2 Hz]. 

( Z)-3- Phenoxy- I, 2-bis( tributylstannyl)prop- I -one 
(14) 

tt'~Sn NMR (C~,D~,. 6 ppm): -55.06 [~J('"~Sn- 
~"Sn) = 268.4 Hz. aJ(It'~Sn-ltTSn)=256.5 Hz]: 
--65.74 [aJ(tt'~Sn-tt'~Sn)= 268.2 Hz, ~J(tt'Sn-tlTSn) 

256.3 Hz]. 
( Z)- 3 - Phenylth io- I. 2. his( tributylstan nyl~prop- !- erie 

(15~ 
' ' S n  NMR (C~,D~. ~ ppm): -54.30 [q(~'~Sn- 

~'~Sn) = 266.1 Hz, J(~t'~Sn - -t~TSn) = 254.3 Hz]; 
~66.{~ [~J(~l'~Sn-~t'~Sn) ~ 266.0 Hz, ~J(~Sn-~i~Sn) 
.... 254.2 Hz]. 

(Z) °4° Phenylthioo I, 2 ohi.~ trih.o'lstamLvl )but- I. erie 
IBu ~SnC|| ~ CISuBu ,~ l( CH = )~SPh } 

~ S n  NMR (C~,!)~I ¢i ppm): =54.,14 [',l(~'~Sn ...... 

.... ¢~7,35 [~J(~t'*Sn~"Sn) ..... 2983} Hz. lJ{t°"Slll~-,0t°'~'Sn) 
~ 2115. I t=iz]~ 

¢ Z)~3.¢ N~ Phcn vlamim~L I, 2obis~ p'ibutytstannyl~l.'op 
Ioene {Bu.tSnCH ~ CISnBu s ]CH a NIIPh} 

tl'*Sn NMR (C,,I)~,. 6 ppm): =°56,1N)[IJ(ll"~Sil,,-,, 
l l "Sn)  g~ 288.5 HZ, ~J(i~'~S01=ll~Sn) ~ 275.6 H~I: 

(~5.63 [ ~J(~ '~Sn= ~Sn)  ~ 288.8 Iot~, ~J(~'~Sn- ~ ~Sn) 
= 276.3 Hz.]. 

14p-Metho.~37,he~o,/L3,3-bis{tributv/.~'ntmO,D/)r,~pamd 
I I Bu ~Snl~ er iCH a CH(OHIPh~()Me} 

Sn NMR (CIX?I ~, ~ ppm): + 7.95/+  ~}, 10. 
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