
STUDIES IN GROUP IV ORGANOMETALLIC CHEMISTRY 
XXVII*. ISUMERIZATION OF THE PRIMARY zrarrs-ADDITION 
PRODUCTS FORMED IN THE HYDROSTANNATION OF ETHYNES** 

INTROIXKTION 

In previous papers’ - 3 we have shown that the hydrostannation of mono- itnd 
disubstitutcd ethynes proceeds either by an ionic rvarts-mechanism or by ii fret 
radical truns-mechanism. resulting in the fornmtion of cis-adducts (1). 
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In the present paper the isomerization of the primary c-is-adducrs ([) into the 
trans-adducts (II). which often are found to be prcscnt in ilydrostilnn;lIil~~ mix- 

tures4- 6. will be discussed, 

RESULTS AND DlSCtiSSION 

The rearrangement of the cis- into the rrclrls-adducts WDS found to proceed 
under the influence of a triorganotin radical (R,Sn*), Fulton7 reported that the c++ 
adduct (IH, R = Ph) from trimethyhin hydride and phcnylethyne did not isomcrizc 
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thermally but yielded the rrtins-p-isomer (IV. R = Ph) when heated in the prcaencc of 
trimethyltin hydride ***. Similarly, Seyferth und Vnugl&’ reported ChitI thr ct+ 
adduct (III, R =Me) from trimethyltin hydride and propync did not rcnrr;nngr: 
thermally or in the presence of either AIRN or benzoyf peroxide, but did m t.qwn 

** *r;kkcn from the Ph D. thesis of one of us (A.J.L.). 
*** Anulogous isomerixdone under the influence aT trimcthylhd hydride wcrc ol~scrvcd” \aith risql- 
i~dduers formed tfl the Ilydroplumbefian or ethynas. 
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ultravioiet irradiation. That in fact an organotin radical is involved in the isomeriza- 
tion of both the a- and the @adducts has,heea,proven in our: studies. In dilute solution 
the rearr*gement. .df ;t~e,~ci~-~-t~~rnethl~~~~” hydride adducts from -methyl eth)ine- 
carbdx’ykte ,(III,,R:~~CCjOye),and from cyanocthyne’ (III, R =CN)occurs only in 
the simuftanecius presence of the,hydride:and,ofA?BNi.‘. During the hydrostanna- 
tion of l-hexyne and ethyl l-propynecarboxylate the rate of isomerization of the 
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cis+- (V)ond of’ the cis-g-ad&ret (VU), respectively, is increased largely upon addition 
of AlBN30s. The isomerization stops completely upon addition of phenoxyP5. For 
example, in the hydrostannation of ethyl I-propyaecarboxylate the ratio cis-ct/mns-a 
remains constant (cis-@runs-or = 14) folfowing the addition of phenoxyl; in the 
absence of catalysts this ratio decreases during the reaction from > 10 to 5.4; upon 
addition ofAlBN a vatue of 3.8 is reached. Conclusive evidence for the indispensabit- 
ity of an organotin radical in these isomerization reactions was obtained from a study 
of the isomerization af the cls-ti-adduct from trimethyltin deuteride and methyl 
ethynccarboxylate, This adduct (IX) rearranged neither thermally nor in the presence 
ofAiBN ; in the presence of triethyltin deuteride small amounts of the truns-cr-adduct 
(X) were formed. However, compkte isomerization to the 1 : 1 equilibrium mixture 
occurred in the simultaneous presence of AlBN and the organotin deuteride, 
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Information about the mechanism of the isomerization reaction was obtained 

from exphmts in whirh an organotin hydride R$Ml was brought into reaction 
with 8 1 : 1 adduct R3Sn-CH=CH-R”. The rates of formation of the several com- 
puflds formed by exchange, isomcrisntion and hydrostannation were followed by 
mcanei of GUY. 

In the reaction of the hydride with the P-adducts from ethoxyethyue (R”= 
(Et), in addition to isomcrti~tian, mainly exchange was observed : 
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Similarly, exchange occurred in the reaction of the hydride with the /3-adducts 
from l:hexyne (R”- Bu). With the B-adducts from methyl ethynecarboxylate (R”= 
COOMe) mainIy exchange and hydrostannation were observed : 

R!$~I+~I=CH-R” + R,SnH 
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From the experimental data (initiation by AIBN and inhibition by phenoxyl) 
it appeared that both these exchange reactions and hydrostannations arc free radical 
reactions. In the scheme presented below some of the several reactions which may 
occur, are depicted* : 
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In the initial stage ofreaction compound Icir with R”--OEt is tratlsformcd al- 
most exclusively to the II,,,-adduct. In this cast the 2 : 1 adduct is not formed, Thus, 
k_,+ >k_ 3 &k,+ [SnH]. Again, hydrostannation was not observed for R”= Ru iind 
consequently k,~[SnH] is very small with respect to k_.. For R”==COOMc kls 
[SnH) xk_, >k_ ,+ This is in agreement with previous observations that, even in rhc 
presence of free radical generators, addition to n non-terminal cwban-cnrbon double 
bond can only be reaIized if this bond is siufliciently uctivutcd. In the cx:lmples 
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described above k_,4 will be of the same order as k_ I, thus k2. [SnH] 6 k_ 1. These 
facW,show that in .the hydrostannation of carbon-carbaa dauble bonds hydrogen 
transfei may be a kinetically .important step in the propagation reaction. In the case 
of non-activated carbon-carbon double bonds hydrogen transfer apparently is too 
sIow for. hydrostannation to occur, 

The observation that in the exchange reactians involving adducts from 
elhoxyethync and methyl ethynecarboxylate the It,-adducts are converted mainly 
into the II,,,-adducts (k _4 is much larger than k- 3 and k- & points to a preference 
for certain conformation4 positions of the organotin groups in the free radical inter- 
mediate. The various staggered conformers of this intcrmcdiate are shown below. 
In this scheme it is assumed that the intermediate is formed by truns-addition and 
that the radical centre has the tetrahedral configuration which is capable of quick 
inversion. According to the principle of micruscopic reversibility it is to bc expected 
that the stereochemistry of the elimination reaction is also tmns: 
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are formed preferentially, and assuming that the rate of formation of the products 
will depend mainly upon the concentrations of the conformers, it must bl: concluded 
that (A) and (D) are present in higher concentrations than (C) and (F). Apparently, 
a favourable interaction between the tin atoms and the group X (COOMe. OEt) 
predominates over the opposing effect of a larger sterid hindrance*. Interactions of 
a comparable kind have been observed in hydrolysis reactions of esters of the type 
R3MCH,CHzCOOR’ with M=Si. Gc and Snl’. 

At the same time this mechanism accounts for the fact that in the free radical 
hydrostanna tion of methyl cthynecarboxylate and ethoxycthyne mainly the c+s+- 
adducts are obtained. The primarily formed c+-/I-adducts do not rcarrangc readit) 
during the hydrostannation since isomcrization must proceed via the less favourcd 
conformers (C) and (F). On the other hand, the &+adduct formed in the hydro- 
stannation of f-hexyne is easily converted into the fllurls-/I-adduct. Since in this cast 
(X =C4HJ no attractive interaction with the tin atoms can occur the stcrically less 
hindered conformers (C) and (E) of the free radical intermediate arc favoured. 

The isomcrisation of the a-adduct (Ix) from triethylrin dcuteridc and methyl 
ethynccarboxylate and of the a-adduct (VII) from trimethyttin hydride and ethyl 
I-propynecarboxytate dcscribcd before is iikety to proceed r-h :I similar mcchunism. 
Since. as has been shown’ for methyl propiolate. the second organotin group becomes 
attached to the P-carbon atom, ~hesc isomcrisations must ~rocccd r’ic.4 invcr&jn ;II 
the radical ccntrc of the intcrmcdi;ltc : 
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EXPERlMENTAt 

Essentiafly the same techniques as described in previous papers2*b were 
employed. Gas chromatographic analyses were performed by Miss G. G. de Haan. 
NMR spectra (60’and 100 MHz) were run by Mr. M. J. A. de Bie (Laboratory of 
Organic Chemistry. State University of Utrecht*) and Miss L. Veldstra. 

As examples of the procedures followed two experiments have been described 
b,elClW. 

A mjxlure ai’ 2.0 mm&s of trimathyltin hydride and 2.0 mmoles of ris-/I-tri- 
ethylstannylethoxyethene was kept at Xl.30 for several hours, At appropriate time 
intervals I ~1 sampfes were taken from the reaction mixture and analyzed by meitns of 
gas chromatography [F & M Gas Chromatograph No&l 500; 12’ stainless steel 
columnpODpacked withZU”/;:SiliconeOil DC7iOon Diatopott WAW SO-SOmesh; 
temperature of injection port : 200” ; column temperature: 13 min at 140° and 15 min 
at 200’ ; block temperature : 22S’ ; bridge current: 150 ITIA ; carrier gas (helium) 
velocity : 65 ml/min]. The amounts of adducts present were calculated from the peak 
ureas and molar responses, which had been determined by calibration with pure 
samples of the products. 

During the first stages of the reaction the P-adducts were found to be present 
in ratios of ci.c-P-MC&I : trcr~~s-/I-Me,% 2 10: 1 and cwis+EtJSn : tmw+~Et,Sn 2 
30: f. After 4 h approximately 25 “(I of the tricthyltin adducts were converted into 
trimrthyltin products. At the same time triethyltin hydride had been formed. while 
the ratios cis+ : rrrm-/l changed considerably in favour UT the trutz+products: cis- 
/I-MC,% : truns+Me,Sn = 2.5 : 1. cis-fi-Et$n : rruns+Et & = 7 : 1. The overall rate 
wus slightly increased by the addition of 3 molt Y,, of AIBN (after 260 min). After 6 h 
approximately 4U’!$ of the rrimethyltin product had been farmed, while the ratios had 
ch;rngcd to c&~-Me& : rruas+-Me& = I .R : 1 and c&j&t ,Sn : rrrrrrs-()-Et& = 
3.8 : 1. 

After standing at room temperature for another 46 h the NMR spectrum of 
fhe resulting mixture rcveolcd the prcscnce of the products in the ratio cis-p- 
MC,% : rrtms+McJSn : &+/I-Et,Sn : frti!Is-[l-Et$n = ilpproximrrtcly 25 : 20 : 35 : 20, 

In II second expcrimen t 3 mole “i;, of phcnoxyl was added after 47 min, which 
rcsulkd in the camplctc inhibition ofnll conversions, The ratios of the products were 
found to be cls+Mc$91: mms+Mc,Sn = 3.2 : 1 and cis-/I-Et,Sn : truns+Et$n = 
H,4: 1. 

Under r;imilur conditions total inhibition ~8s observed ofthe reaction between 
tricthyhin hydride and un cyuimolecuh~r amount of cis-P-ttimethylstannytcthoxy- 
ethene it 5U+5” when 3 mole I!;, of phenoxyl was added within 30 see after the start 
fJf IllC reaction, 
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400 ~1 of cyclohexane and 100 ~1 of a mixture of 78:!;, of methyl r-triethylstannyl- 
acrylate-c9.vfl-d (IX) and 22 1, of methyl cr-triethylstannylacryiate-~r~~~s-~-~ (X). To 
tubes b, c and d were added 3.2 mg (b), 25 of triethyttin deuteridc 
3.2 mg together with 25 of triethyhin deuteride (d). tubes were 
at 60” 160 min then cooled room temperature. The spectra (Varian 

A-60 spectrometer) the resulting mixtures the 
of compounds and (X) ratios of : 22 (a). 77 : 23 (b). 73 : 27 (c) nnd $1 :49 (d). 

The authors arc much indebted to Professor G. J. M. VAN DEH KIM and to 
Dr. J. G. NCXTES for heIpful discussions. 

SUMMARY 

The isomerization of the primary rrulrs-addition products formed in the hydro- 
stannotion of ethynes has been shown to proceed under the infhxncc of organotin 
radicals. Attack of such radicals on the carbon-carbon double hnnd prc~dtrccs an 
ethyl radical containing two organotin groups. E!iminatioII of r.~ne of the cwganotin 
moictics as a radical may result in the formation of the isomcr~zcd produu. Tltc 

course of the latter siep is determined by scvcral factors. OIIC of thcsc SWMS to hc i\ 
preference for those conformers of the frw radical intcrmcdintc in \vhich both tin itI<)ms 
at the [karbon atom arc in gut&*-position with rcspcct IO ~hc polw substitwnt ;II 
the r-carbon atom. 
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