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Scandiom Trifluoromethanesulfonate-Catalyzed Chemoselective Allylation
Reactions of Carbonyl Compounds with Tetraallylgermane in Aqueous Media
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Abstract: Scandium(III) triflate-catatyzed allylation of carbonyl compounds with tetraallylgermane
proceeded readily in aqueous nitromethane to afford homoallyl alcohols in excellent to good yields.
The presence of H2O is indispensable for the allylation of aldehydes to proceed smoothly. Aldehydes

were allylated exclusively in the presence of ketone moieties.
© 1997, Elsevier Science Ltd. All rights reserved.

Lewis acid-promoted allylation of carbonyl compounds is one of the most important reactions in synthetic
organic chemistry. A number of allylmetals as well as various kinds of effective Lewis acids have been
developed so far.l For the reaction with allylic metals of group 14 elements, the Lewis acid-promoted
allylation reactions utilizing allyltin2-3 and allylsilane* have been thoroughly investigated. In striking contrast,
little attention has been paid to germanium compounds by synthetic organic chemists.>-¢ From the standpoint
of the lower toxicity of organogermanium compounds in comparison to organotin compounds,” exploration of
the synthetic utility is highly desired.

Recently, development of carbon-carbon bond formation reactions in aqueous media is a challenging target
in organic synthesis.3?8 Regarding the allylation reactions, tetraallyltin has been employed as a nucleophile,
surviving in aqueous media; Kobayashi et al. have reported lanthanide(1II) triflate promoted reactions in
aqueous media,32 and Yamamoto has disclosed a chemoselective allylation of carbonyl compounds in acidic
aqueous media3® As part of our program toward development of novel synthetic reactions using
organogermanium compounds, we focused on tetraallylgermane? as a stable allylmetal for the first time. We
wish to report herein scandium(I11) trifluoromethanesulfonate!9-promoted allylation reactions of carbonyl
compounds with tetraallylgermane in aqueous media, wherein the presence of water is required.
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Scheme 1

At the outset, treatment of tetraallylgermane (1.0 equiv) and benzaldehyde with scandium(III)
trifluoromethanesulfonate (15 mol% based on benzaldehyde) in CH3CN at room temperature furnished the
corresponding homoallyl alcohol (1) in 68% yield.1! Interestingly, addition of 14 mol equiv of H,O based on
Sc(OTf)3 improved the yield of 1 to 83%. After screening the solvents, it was found that use of CH3NO; as a
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solvent significantly accelerated the allylation reaction.12 The results of the Sc(OTf)3-promoted allylation of
carbonyl compounds are shown in Table 1. In the present reaction, the amount of water strongly influenced
both the yields and the reaction rate. While the allylation reaction was complete in less than 10 min without
water, 1 was obtained in 64% yield (entry 1). As the amount of water was increased, the yield began to
improve though the rate of the reaction slowed. Excellent yields were obtained when 30-40 mol equiv of water
based on Sc(OTf)3 was employed. Thus, use of 36 molar equiv of water in CH3NO; afforded 1 in 94% yield
(entry 2).13 Further increase of the amount of water retarded the reaction considerably (entry 3). It is noted
that more than one of the allyl groups on germanium reacted with carbonyl compounds and 1 was obtained in

78% yield when 0.5 equiv of tetraallylgermane was employed (entry 4).

Table 1. Results of the Sc(OTf);-catalyzed allylation of carbony! compounds.?

Amountof Amount Reaction Yield
Entry Carbonyl Compounds  Product Sc(OTH® of H,O¢ Time/h  f%
OH
1 PhCHO 0.10 0 0.1 64
CGHS)\/\
2 ; 0.10 36 0.75 94
3 0.10 80 18 75
4 0.10 34 24 784
OH
5 NO CHO 0.10 36 27 99
2 NO, RN
OH
6 cn@—cm ol @)\/\ 0.10 36 20  quant
OH 15 43 3.5 92
PhCH,CH,CHO /\)\/\ 0
8 eHs = 0.15 0 0.1 33
OH
Gy HpgCHO PN 0.20 43 4 92
10 nCqyHzg N 0.20 0 0.1 45
OH
11 QCHO O_Q/\ 0.20 39 25 75
EN
Ph_CHO*H,0 H OH
120 CeHs N 0.20 28 05 87
o}
o e}
Ph HO, COOEt
13 OEt 0.20 0 114 92
o}

CeHs X/\

a) The reactions were carried out using tetraallylgermane (1.0 equiv) and a carbonyl compound at room temperature in

CH3NO;. b) mol equiv based on carbonyl compounds. ¢) mol equiv based on Sc(OTf);. d) 0.5 equiv of tetraallylgermane
was used.
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Allylation of both aromatic and aliphatic aldehydes proceeded smoothly to afford the corresponding
homoallyi alcohols in excellent to good yields (entries 5, 6, 7, 9, and 11). Whereas 10 moi% of the catalyst
sufficed for the aromatic aldehydes, use of 15-20 mol% of the catalyst was requisite for the aliphatic aldehydes
(entries 7, 9, and 11). The effect of water is also prominently observed with aliphatic aldehydes such as 3-
pheny! propanal and lauraldehyde, wherein removal of the water noticeably reduced the yields of the
corresponding homoallyl alcohols (entries 8 and 10). Phenylglyoxal monohydrate, which possesses water of
crystallization, afforded the mono-allylated product predominantly in 87% yield (entry 12). Ketones were inert
under the standard conditions.!4 For example, acetophenone did not give the corresponding homoallyl alcohol.
An activated ketone afforded the corresponding adduct. While allylation of an a-keto ester under the optimized
reaction conditions did not take place, allylation of an a-keto ester completed without water after 114 h to
furnish the adduct in 92% yield (entry 13).

Discrimination of aldehydes and ketones in the allylation reaction is not so easy. A high level of
chemoselectivity has not been achieved except in a few instances.3%.15 It is worth noting that the present
system exhibited high chemoselectivity toward aldehydes. Competitive allylation reactions of aldehyde and
ketone were thus examined under the influence of 10 mol% of Sc(OTf)3 based on benzaldehyde in CH3NO; in
the presence of water and the results are shown in Table 2. In the presence of benzaldehyde and acetophenone
(1: 1), benzaldehyde exclusively underwent allylation to afford 1 in 96% yield (entry 1). Chemoselective
allylation of benzaldehyde also proceeded in the presence of an a-keto ester (entry 2).

Sc(OTH),

H1\[]/':‘2 . (NGG \|/\/ X\/
g 4 CHNOH,0

Table 2. Chemoselective allylation

Entry Ketone Yieldof 1 /% Yield of ketone

adduct / %
1 PhCOCH;, 96 <1
2 PhCOCOOEt 95 <1

The present allylation reactions of aldehydes required 30-40 equiv of HO based on Sc(OTf)3 for the
reaction to proceed smoothly. Appropriate Lewis acidity appears to be essential to achieve the smooth reaction.
H20 would coordinate to scandium and lower the Lewis acidity of the catalyst. Addition of further amount of
water decreased the Lewis acidity of Sc(OTf)3 significantly, thus retarding the allylation reaction remarkably. 16

In summary, we have developed a novel allylation reaction utilizing tetraallylgermane. Salient features of
the present allylation reaction are: 1) the less toxic organogermanium compound has been utilized as an
allylmetal, 2) allylation took place smoothly in the presence of water, 3) readily accessible tetraallylgermane
was employed as an allylating reagent for the first time, 4) high chemoselectivity was achieved toward
aldehydes.
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