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SUESTITUENT EFFECTS IN THE SE2' PBOTONQLYSIS OF ALLYLTINS1'2 
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Organometalllo oompounds aontalnlng‘an ally1 group 

attaohed to the metal atom are partloularly susoeptlble to 

cleavage by eleotrophlllo reagents. The ally1 group has 

been shown to be cleaved in preferenoe to vinyl or phenyl 

when attaohed to sllloon 394 , germani&, tlng, lead 788 , or 
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120 SE?' protonolysie of allyltins No.2 

9 msroury . Sommer, Tyler and WhItmore proposed a two-step 

mechanism Involving the addition of a proton to the terminal 

oarbon of the allyllo group followed by departure of sllIoon 

in a seoond step to acoount for the ease of cleavage of 

allylsI:Lanes by aoid. Glelen and NasIelskI" suggested the 

SE2' menhanism for the oleavage of tetraallyltln with Iodine 

prlmarI1.y on the basis of the faot that this oompound Is 

oleeved about eight powers of ten more rapidly than tetra-g- 

propylt!.n. More reoently Sleexer, WInsteIn and Young9 pro- 

vided o:Learout evidenoe for an SE' mechanism In the cleavage 

of ally:.merourIals by acid with the observation that crotyl- 

and olnnamylmercurlc derivatives gave 1-butene and allyl- 

benzene:, respectively, as nearly exolusive proauots. We wish 

to repo1.t eviaenae for an SB2' mechanism In the oleavage of 

allytin oompounds by hydrogen ohloride In methanol, along 

with observations on the effeot of struoture on rate. 

The kinetlos of the cleavage of allyltin oompounds oan 

be stud!.ed by following the diminution in absorption In the 

22%?35 mu region. The reaotion of trimethylallyltin (10e4 

to 10%) with hydrogen chloride (10e4 to 10m2N) to form 

trimethyltin chloride and propene In methanol containing 4 

volume peroent water Is first order In each reactant. Per- 

chlorio aoid gives the same speclflo rate constant as hydro- 

gen ohloride. 

-_--___ 
9 P. D. bleeeer, S. Wlnsteln and Y. 0. Young, M., _, 85 1890 

(19631. 

10~. Glelen and J. Naslelskl, Bull. SOC. Chlm. Be%., 71. 
32 (1562). - 
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Bates of oleavage of six allyltln derivatives are given 

In Tsble 1. Substitution by methyl in the y-position of 

the ally1 group in trlmethylallyltln deareases the rate: the 

ally1 oompound reaots nearly ten times as fast as the ois- 

orotyl and more than seventeen times as fast as the trans- 

orotyl derivative. Substitution by methyl in the 8 -posltlon 

lnoreases the rate by a faotor greater than fifty. Replaoe- 

ment of the trlmethyltln group by trlphenyltln deoreases 

reactivity by a hundred-fold. This result may be oompared 

wlth a faotor of 87 by whioh trl-n-butyltln hydride undergoes 

protonolysls faster than trlphenyltln hydride in methanol. 11 

Table I 

Speclflo Rate Constants for the Cleavage of Allyltlns with 

Hydrogen Chloride in Methanol Containing 4 Volume Peroent 

Water at 25.00: 

Allyltin 

Me3SnCH2C=CH2° 
I 
CH3 

I?FF?CH=CH2 
ols-Me3SnCH2CH=CHCH3 - 

trans-Me3SnCH2CH=CHCH3 -_ 

(CSH5)3SnCH2CH=CH2 

fC5H5)3SnCH2CH*CHCH3 o,d 

--_-_- 

l1 H. 0. Kulvlla and P. 
(1953). 

k,(l./mol. seo.ja 

24.8 

0.475b 

0.0508 

0.0274 

0.00441 

0.000320 

L. Levlns, J. Am. Chem. Soo., 85, - 



122 SIC?' protonolysis of ellyltins No.2 

a Mean values of at least three experiments with agreement 

within + 446. 

b With perohlorlo aold lnatead of hydrogen ohlorlde k2 

-0.489 l./mol. 880. 

o We thank Mr. Donald 0. Whlttemore, National Science Pounda- 

tion Researoh Partiolpatlon Fellow, for providing ttlscompound. 

d Isomer1.c oomposltlon undetermined. 

Cleavage of mixturesof the Isomers of trlmethylcrotyltln 

(0.~4 H) with trans/ois ratios of 3.5 and 0.33 with hydrogen 

ohloride (0.28 M) in the methanollo solvent provided 80-90% 

of oleflnlo produot as determined by bromine titration. In 

eaoh ease the product contained 98% l-butene, a traoe of pro- 

duet having the same retention time as aang-B-butane, and 

1-?& of Froduot having the same retention time as cis-2- -- 

butene on a 15-foot oolumn of 28% dlmethylsulfolane on 40-60 

mesh flrebrlok. 

The results presented suggest a transition state which 

contains a lyonium Ion and a substrate molecule as a minimum, 

and in whloh some positive charge has developed on the central 

oarbon of the ally110 triad. Therefore, proton transfer has 

begun, and the tin-oarbon bond Is broken to a substantial 

degree. Either of the etruotures shown below would be oon- 

slstent with the experimental faots. 
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R3Sn---CHeC=CHRg 

i 

k x, 

H )"-""1 

+ 
.CH , 

Hyg 
2hCR 1 

/Q I 
'. / 

CH3 'H I 
+ 

The trlmethylorotyltln isomers were prepared and oharao- 

terlxed ~8 follows. TrImethyltInsodIum reaoted with 3- 

ohloro-l-butene In liquid ammonia to produos,In 60% yield, a 

mixture of ols- and trans-trlmethylorotyltln In a ratio of - --_ 

about 3 to 1. Under slmllar oondltlons a mixture (undeter- 

mined oomposltlon) of a- and trans-orotyl ohlorlde, pro- 

vided in 70% yield a mixture of the e- and trans-trimethyl- 

orotyltlns In a ratio of about 1 to 8.5. The isomers were 

separated by gas ohromatography on a column of 17% Central 

Eleotrlo XF 1150 silicone nltrlle on 40-60 mesh Chromosorb P 

Struotures12 were oonfirmed by measurement of peak areas in 

the n.m.r. spectra. The ols-Isomer had infrared band8 at 

1656(s), 720(m), 695(w), 959(w), and 990(s) om"; the trans- 

isomer had bands et 1670(m), 900(m) and 957(s) om-'. 

---__ _- 

1P Calculated and observed analyses of all new oompounds 
reported herein agreed within the usually.aooeptable 
limits. 


