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SuII1mary 

2-Butenyl-chloro-di-n-butyltin, in various trans/cis ratios, reacts readily with 
neat RCHO (R = CH,, C2Hs, C,H,(CH,)CH, (CH&CH, C&H,) at 25°C to give 
mixtures of threo/erythro-cu-methylallylcarbinols in high yields. The same mix- 
tures are obtained from the equilibrated mixtures obtained by redistribution 
between Bu,SnC,H, (C,H, = tram-, cis-crotyl and cY-methylallyl group) and 
Bu,SnCl,. The reactions are characterized by a high degree of stereoselectivity, 
especially when bulky R groups are present. The complete allylic rearrangement 
and the stereoselectivity indicate that an exacyclic transition state is involved_ 
Two stereochemically different transition states lead to two diastereoisomers, 
three- and erythro-or-methylallylcarbinol in the enantioforms RS, SR and RR, 
SS, respectively. 

Introduction 

Previous work on allyl- Cl-41 and crotylstannation [5,6] has shown that the 
ability of allyl- and crotyItins to add to the carbonyi C=O double bond falls in 
the sequences: (i) BrCl,SnAll > BuCl,SnAll > Bu,ClSnAll > Bu,SnAll, (All = 
ally1 group) and (ii) BuCl,SnCrot > Bu,ClSnCrot > Bu,SnCrot > (Crot = crotyl 
group in the trczns or cis isomeric form). Additions involving allylic systems have 
mainly been considered so far [3,4 J, with less attention paid to crotyl systems. 
The crotyltin systems are worthy of further study in respect of the allylic rear- 
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0022-328X/82/0000-0000/$02.75 0 1982 Elsevier Sequoia S-A. 



150 

rangements and the stereochemistry of the processes. The present work is con- 
cerned with the addition of trans/cis-2-butenyl-chloro-di-n-butyltin to aldehydes, 
RCHO, with R = CHs, C,H,, &H,(CH,)CH, (CH&CH and C,H,. 

Two sets of additions were carried out: (i) using 2-butenyl-chloro-di-n-butyltin 
as trans and cis isomers at various ratios, (ii) using the equilibrated mixtures ob- 
tained from the redistribution of BusSnC4H, (C,H, = tram-, cis-crotyl and cr-me- 
thylallyl group) and Bu,SnCl, [7,8]. The use of equilibrated mixtures is a conve- 
nient way of obtaining translcis-Bu,ClSnCrot starting from whatever isomeric 
composition of Bu,SnC4H, is obtained by use of a Grignard reagent_ 

Experimental 

Details of the IR and NMR apparatus and the preparation of starting materials 
have been reported previously [3-7]_ 

2-Buter,yl-chloro-di-n-butykin 
This was prepared by three methods: (1) 2-butenyl-chloro-di-n-butyltin 

(translcis = 2/l) was synthesized via elimination from 2,3,4-trimethyl-3-chloro- 
di-n-butylstannoxy&heptene [ 61, (ii) 2-butenyl-chloro-di-n-butyltin (trans/cis zz 
l/l) was prepared by redistribution between Bu,Sn(CH,CH=CHCH,), and 
Bu,SnCl, in l/l molar ratio [S], (iii) 2-butenyl-chloro-di-n-butyltin (translcis g 
l/l) was prepared mixed with BusSnCl and Bu,SnCl, in the ratio l/1.5 [S], (see 
also ref. 7); the equilibrated mixtures were used for the additions without separa- 
tion of the components. 

The trans/cis ratios were determined by analysing neat samples by 13C NMR 
spectroscopy, using the integrated signals from the olefinic carbon atoms [4,7 J. 

Addition reactions 
Equimolecular amount (25-36 mmol) of the organotin and carbonyl com- 

pound was mixed. The solvent-free mixture was stirred at constant temperature 
(25”C, unless otherwise indicated in Table 2). The progress of the reactions was 
then monitored by infrared spectroscopy using liquid cells (0.1 or O-2 mm thick- 
ness, Kl3r optics). The complete disappearance of the carbonyl stretching band 
in the range 1750-1700 cm-’ marked the end of the reaction. Then aqueous 
NH&l was added, and the carbinol and the organotins were extracted with ethyl 
ether and separated by distillation (yield of carbinol75-98%). 

cr-Methylallylcarbinols were obtained in all cases as mixtures of threo and 
ery thro * isomers as shown by i3C NMR spectroscopy. The IR spectra show the 
v(OH), ZJ(=CH,) and v(C=C) bands centered at 3450-33’70,3080,1640-1635 
cm-‘, respectively, in agreement with previous assignments [9]_ 

Assignments of the signals of each carbon in the “C NMR spectra were per- 
formed by examining the proton-coupled spectra and in the light of the data 
for the previously resolved methyl-iso-propyla-methylallylcarbinol [S]. 

* The term erythro is used for the compound for which the Newman projection leads to the same 
group sequences around tbe two cbiral carbons as given by tbe priority rule. The other confimua- 
tion is termed three. The sequence rules are those of the C&n-ingold-E@reIog. 
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Results and discussion 

Determination of the isomeric composition of the product alcohols by 13CNMR 
spectroscopy. 

Carbon-13 NMR spectroscopy was found to be useful in determining the 
threolerythro ratios of the mixtures of a-methylallylcarbinols, RCH(OH)CH- 
(CH,)CH=CH, obtained. The spectra show that the signal of each carbon is split 
into doublets with intensity ratios which depend on the threo/srythro composi- 
tion. The isomer ratio was similarly determined for the same alcohols prepared 
from Grignard reagents. 

Examination of the olefinic carbon doublets for the various alcohols shows 
that the chemical shift (cf. Table 1) of one line of each doublet has a range nar- 
rower (e.g., S(=CH-) = 141.3 + 0.7 and 6(=CH2) = 114.0 i 0.45 ppm) than that 
of the other line (6(=CH-) = 142.8 2 2.1 and 6(=CHI) = 113.9 + 1.5 ppm). In 
these series of alcohols the three form is stabilized in the eclipsed structure by 
intramolecular interaction between the OH group and the olefinic n-electrons 
[lo], and thus it is likely that the chemical environment around the olefinic 
carbons in the threo isomers does not change very much on varying the R groups, 
even if they are bulky. In contrast, changes can be expected for the erythro iso- 
mers. Thus we conclude that the signals which lie in the narrow range can be 
assigned to the threo form. 

Four diastereoisomers are possible in the case of the alcohol C’Hs---C?H,- 
(C5’Hs)-C5H+?4H(OH)-C3H(C3’H&C2H==C1H2, in which three chiral centers 
(carbons 3,4and 5) are present. Examination of the values listed in Table 1 
shows that the 13C NMR spectrum shows four lines for each carbon atom. In 
particular, the olefinic methine gives four well resolved signals which can be used 
to calculate the composition of the four diastereoisomers (cf. Table 2, column 6). 
As one can see, the calculated barycenters of the two pairs of lines lie at the 
same values as the threo and erythro lines of the alcohol having R = (CH,),CH 
(cf. Table 1). Thus assignments are possible and the calculations based on the 
barycenter lines, which represent the sum of pairs of diastereoisomers, give the 
“threo” and “erythro” ratios, while these may be only approximate, they are 
useful for comparisons with the other systems considered. 

Stereochemtstry of the addition reactions_ 
The additions go to completion in 10 to 180 minutes under mild conditions 

in a solvent-free mixture. The rates are mainly dependent on steric effects and 
the following reactivity order can be written: CH,, C,H, > (CH,),CH, CH,H,- 
(CHs)CH > C6H, >> (CHs)sC *. 

Table 2 lists the data for additions performed with either the mixed trans- 
and cis-2-butenylchloro-di-n-butyltins (column 2) or the equilibrated scrambled 
mixtures (columns 3 and 4) containing the crotyltin compound together with 
BusSnCl and the excess of Bu,SnCl, [7,8]. It can be seen that the threolerythro 
compositions found are the same for both sets (column 6). 

In no case is there evidence for “reversible” processes, such as the elimination 
(Continued OR p. 154) 

* In the case of <CHS)3CCH0 the addition is s3ow: even after 5 days at 25OC followed by 3 days at 
100°C little reaction had occurred. as shown by the infrared spectrum. 
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reaction which takes place in the case of the adducts formed from ketones and 
crotyltin substrates [S]. When bulky R groups are present the reactions appear 

SCHEME 1 

ByCISnC~H=CHC~ + RCHO 
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to be stereoselective, as in the analogous reactions involving magnesium-, zinc- 
and cadmiumcrotyl derivatives [ll]. 

In discussing the possible mechanism of the reactions, we consider the reac- 
tion with i-PrCHO. A pericyclic transition state, such as previously proposed 
[6], is highly probable, because of the complete allylic rearrangement and the 
evident stereoselectivity in this system. The threolerythro ratio of 2/l obtained, 
which is independent of the frans/ciscrotyltin ratio, shows that the three-isomer 
formation rate is twice that of the erythro-isomer. 

As can be seen from Scheme 1, there are four possible ways of forming the 
two transition states, depending upon the orientation of the carbonyl compound 
and upon whether the tram- or &-isomer is involved_ The E-configuration tran- 
sition state leads to the three-isomer (RS and SR enantiomers) whereas the 
Z-one leads to the erythro-isomer (RR and SS enantiomers). The E-state is ener- 
getically more favourable than the Z-state which is influenced by the steric hin- 
drance arising from the two opposed R and CH3 groups. Thus, the pathways 
dealing with the two states must be characterized by different rates especially 
when bulky R groups are present. Thus it can be concluded that the stereoselec- 
tivity is greater when bulky R groups are present; when steric effects are less 
important or absent, e.g., for R = CH,, C2H5, C,H,, the stereoselectivity is very 
weak. 
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