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Abstract: Reaction of crotylindium sesquibromide with benzaldehyde
in DMF at 20 °C affords syn-1-phenyl-2-methylbut-3-enol (ca. 40 % de)
after aqueous acidic work-up. At 22 °C in DMF, prior to work-up a
greater relative proportion of the anti intermediate is decomposed as
compared to its syn diastereomer. The resultant kinetic
diastereoselection upgrades, the syn / anti ratio to 99 / 1 with a
concomitant drop in overall yield.

Recently, indium-mediated aqueous “Barbier-type allylation”1 of
ketones and aldehydes has received much attention.2 The reaction is
often high yielding and convenient. When crotylbromide is employed,
the reaction is highly regioselective: for example, benzaldehyde affords
2-methyl-1-phenylbut-3-en-1-ol 2a exclusively,3 Scheme 1. Isaac and
Chan3a have examined a range of aldehyde / allylic bromide
combinations and of these, crotyl bromide / benzaldehyde was the only
non-diastereoselective pair - indeed all other combinations afforded the
anti diastereomer in 36 - 92 % de. These reactions have been proposed
to proceed by formation of crotylindium species which then react with
the aldehyde via Zimmermann-Traxler type transition states.3a Whilst
this conveniently explains the regioselectivity, it is somewhat surprising
that there is no diastereoselectivity with benzaldehyde (1 / 1 syn / anti). 

Scheme 1

InCl3-promoted Sn-mediated conditions4 also fail to induce
diastereoselectivity as does use of In(I) iodide in THF.5 Indeed, the only
example of diastereoselectivity for the indium-mediated reaction of
crotyl bromide with benzaldehyde is reported by Butsugan et al.6 who
also employed Barbier-type conditions but employed anhydrous DMF
instead of water and obtained 2a with low selectivity for the syn isomer
(16-32 % de). We were thus intrigued as to whether this moderate syn
selectivity could be improved upon. 

Herein we report on the effect of reaction conditions on the syn -
selective addition of crotylindium sesquibromide to benzaldehyde,
Table 1. First we repeated the aqueous In-mediated Barbier type
crotylation reported by Isaac and Chan3a (entry 1, conditions A) and
then compared this with the use of pre-formed crotylindium
sesquibromide reagents in DMF (entries 2, 3 and 4).

The crotylation reactions in DMF afforded 2a with moderate syn-
selectivity (73 - 78 %, entries 2 and 3, conditions B) Notably, with
preformed reagent, the syn selectivity is higher than when “Barbier”
type conditions are employed (58 - 66 % syn).6  Recently, we7 and
others8 have reported that addition of alkoxide or halide to allylindium
species (to form “ate” complexes) can usefully modify allylindium
reagents and we thus examined the crotylindium “ate” complex
generated by addition of LiBr to crotylindium sesquibromide in DMF

(entry 4, conditions C). However, this reduced the selectivity somewhat
(65 % syn) and we therefore returned to employing the crotylindium
sesquibromide reagent and sought methods to improve the syn-
selectivity.

The reaction between crotylindium sesquibromide and benzaldehyde in
DMF occurs rapidly - indeed no benzaldehyde could be detected by
TLC immediately after addition of the aldehyde to a 0 °C DMF solution
of the crotylindium sesquibromide. Reactions quenched at this point by
addition of 1M HCl (aq) gave excellent isolated yields of 2a (entry 3).
However, it became evident that if the reaction mixture was not
quenched immediately, some decomposition products could be detected
in the 1H NMR of the crude reaction product.

The ratio of syn / anti 2a was also variable and furthermore, the extent
of decomposition was dependent upon both the ratio of indium /
crotylbromide employed to prepare the crotylindium reagent and the
time that the reaction mixture was left before quenching. When an
excess of reagent was employed and then the reaction mixture left for 96
h at RT, the syn / anti ratio of 2a was dramatically increased from the
initial (73 / 27) to > 99 / 1.

The variations in diastereoselectivity / final diastereomeric excess could
occur by a number of processes - Figure 1. For example, the formation
of the intermediates - assumed to be indium homoallylic alkoxide
species (1a) - could be reversible (Mode I). Alternatively, the addition
could be irreversible but species (1a) could epimerise e.g. by
deprotonation-reprotonation at the benzylic or allylic positions (Mode
II). In either case the initial 73 / 27 ratio of syn to anti is the result of a
kinetic allylation whilst the final ratio would be the thermodynamic
product mixture. Other possibilities include selective decomposition of
the intermediate indium homoallylic alkoxide species (1a). If this
effected a kinetic diastereoselection of anti 1a then a higher proportion
of the syn alcohol 2a would be obtained on quenching (Mode III). 

To investigate the possibilities shown in Fig. 1, we added benzaldehyde
to crotylindium sesquibromide in DMF at 20 °C and then took samples
at various time intervals. The samples were quenched by addition to a
large volume of 1M HCl, extracted with ether, concentrated and then
analysed by 1H NMR. The percentage yield of 2a and diastereomeric
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excess are presented graphically in Fig 2. Interestingly, the rate of
decomposition of the syn intermediate parallels that of the anti
intermediate and thus as the concentration of anti -1a nears zero, the
ratio of decomposition of syn-1a slows dramatically - although not
completely.9 These results are most consistent with Mode III - but do
not completely rule out Modes I or II or other possibilities. Nonetheless,
since the upgrading of the diastereomeric excess occurs by near-
complete decomposition of the anti- versus the syn intermediate the
initial ratio of syn to anti 1a limits the ultimate yield of
diastereomerically pure syn 2a. Having noticed a small increase in the
syn / anti ratio when the benzaldehyde was added at 0 °C (78 / 22 versus
73 / 27 at 22 °C. Table 1, entries 2,3) we tried to improve the procedure
by adding the benzaldehyde at -78 °C and then, after 1h, heated the
reaction mixture to 60 °C for 2 h. Under these conditions, the isolated
yield of syn crotylation product was low (24 % ) but with a de in excess
of 99 %. A control experiment indicated the initial syn / anti selectivity
at -78 °C was lower (60 / 30) than at 22 °C (73 / 27). We thus returned to
addition at 0 °C and ageing at 22 °C (Scheme 2; Table 2, entry 1). Under
these conditions two other aryl aldehydes gave analogous products (2b
and 2c)11 in moderately high de (syn ), Table 2, entries 2 and 4, albeit
with lower final yields. For comparison, we also performed these
reactions under aqueous In-mediated Barbier type conditions (entries 3
and 5). In conclusion, we have shown how the conditions employed for
the reaction of simple aromatic aldehydes with crotylindium
sesquibromide complex in DMF can dramatically affect both the final
yield and diastereomeric excess. These reactions afford products with
high syn / anti ratios through an initial moderately syn-selective
addition10 and a subsequent decomposition that upgrades the de
substantially. Further studies are in progress and will be reported in due
course.

Scheme 2
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C, 84.50; H 7.94 %.
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