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Abstmcf: CumanIum(I1) iodide reacls with ally1 bromide in the presence of zinc iodide to afford 
aIIylgamanium(IV), which adds to carbonyl conpx&s to give the corresponding homoaIIylic alcahols 
in good yields. 

Allylation of carbonyl compounds with allylic organometallic reagents is one of the most important 

carbon-carbon bond forming reactions in organic synthesis, and a number of useful methods have been 

developed.1 It is known that the chemo-, regio-. and stereoselectivity am highly dependent on the metal of 

allylic metals. For the reaction of allylic metals of group 14 elements, the Lewis acid mediated reaction of allylic 

silanesz and starmanes is well-established. Along with this reaction, the Barbier-type allylation, an in situ 

method for preparing allylic organometallic reagents in the presence of carbonyl compounds, is an attractive 

alternative from the viewpoint of convenience since it is not necessary to isolate the allylic metals. Tin(R) halide 

is a popular reagent for the Barb&type allylation of carbonyl compounds.4 On the other hand. compamd with 

allylic silane or aIIy1ic stannane reagents, there are a very few synthetic reactions using allylic germanium 

reagents.5 Furthermore. there is no example of allylation reaction mediated by germanium(l1) compounds6 

utilizing its reducing property. In this communication, we would like to report the Barbier-type allylation of 

carbonyl compounds using allylgermanium(IV) reagents, which were formed in situ from germanium(R) 

iodide7 and ally1 halides. 

At first, the reaction of benxaldehyde with ally1 iodide was tried in N,Wdimethylformamide (DMF) in the 

presence of germanium(II) iodide. As a result, it was found that the reaction proceeded smoothly at room 

temperahue to give the corresponding homoallylic alcohol in 86% yield. Ally1 bromide, on the other hand, was 

less reactive than ally1 iodide under the same conditions, and the desired reaction proceeded only very 

sluggishly. Since the iodide is less favorable than the bromide in respect of stability and availability, we 

examined the effect of addition of iodide salts to generate ally1 iodide from ally1 bromide in the reaction 

system.&+8 The results are shown in Table I. Sodium iodide, the moat common magent for the interconversion 

of bromide to iodide., could not give a satisfactory result, although improvement was observed to some extent. 

After screening various iodides, we found that zinc iodide is the most effective in this reaction. 

A typical procedure is as follows (Table I, Run 8). To a mixture of benzaldehyde (106 mg, 1.0 mmol) 

and ally1 bromide ( 145 mg. 1.2 mmol) in DMF (4 ml) were added successively germanium(I1) iodide (489 mg, 

1.5 mmol) and zinc iodide (479 mg, 1.5 mmol) at room temperature under an argon atmosphere. After stirring 

for 15 h, ether (10 ml) and 30% aq NH4F (5 ml) were added. The aqueous layer was extracted with ether, and 

the combined ether layers were washed with brine, dried with sodium sulfate, and concentrated. The crude 
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PhCHO + +X 
GelP (1.5 eq.), Iodide Salt 

(l-0 eq.) (l-2 eq.) DMF, r.t., 24 h 

x=1, Br 

Table I. The Effect of Wide Salts in the Reaction 
of Benzaklehvde with AlhA Halides. 

Run X lodiie salt Yield/% 

1 I none 88 

2 Br 29 

3 Nal (1.5 eq.) 46 

4 (3.0 eq.1 51 

5 Lil (1.5 eq.1 48 

6 Gel, (0.75 eq.) 61 

7 znl, (0.75 eq.) 79 

8a) (1.5 eq.1 85 

a)bacliontime;l!ih. 

product was pm&d by TLC (silica gel) to afford the corresponding homoallylic alcohol (126 mg. 85% yield). 

The mwlts of the reaction of carbonyl compounds with allylic bmmides am summarized in Table II. 

As can be see from Table II, both aromatic and aliphatic aldehydes smoothly reacted with ally1 bromide, 

while cyclohexanone was less reactive and required excess reagents and long reaction time. Cinnamaldehyde 

exclusively gave a 1,2-adduct. Crotylation and prenylation of benzaldehyde proceeded with excellent 

mgioselectivity to give the adducts arising from the coupling at the most hindered site. ln the former case, the 

stemocI%unical information of the starting crotyl bromide was not transmitted completely to the product; m E 

to 2 isomerization probably took place at the stage of the formation of allylgermanium reagent. When 3- 

bromocyclohexene, in which the stereochemistry of the double bond is fixed to be cis, was allowed to react 

with benzaldehyde, the eryrhro alcohol was formed with complete selectivity. Taking into account the above 

results, the stereoselectivity may be explained by a chair form, six-membered cyclic transition state. It is 

noteworthy that in the reaction of benxaldehyde and propargyl bromide, an acetylenic alcohol was obtained with : 
high regioselectivity. This selectivity reveals a sharp contrast to the allylation reaction using SnC12* or 

SnCl22H2@ (allenic alcohol : acetylenic alcohol = 48 : 52 and 69 : 31, respectively). 

The precise reaction mechanism has not yet been clear. However, the reaction is assumed to proceed as 

follows. Cermanium(II) iodide reacts with ally1 iodide, formed from ally1 bromide by the action of zinc iodide, 

to afford an allylgermanium(IV) reagent regioconvergentiy, in which germanium atom places at the least 

hindered tennini. The allylgermanium species adds to carbonyl compounds in a fashion of y-addition to give 

the comsponding homoauylic alcohols. 
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Table II. Ailylation of Carbony! Compounds lubdiated by Germanium(ll) ladii. 

Ftun -fl Comwund AlfykBrPmide ReactionTimelh Yield/% 

1 

2 

3 

4 

6”) 

7 

8a’ 

93 

1 o@ 

PhCHO eBr 

phA0CHO 

0 CHO 

0 

b 
PhCHO ‘*r/\, Brb) 

A Br’ 

YBr 

u- 
Br 

Br 

15 85 

1 ,& 05 

4 

5 

110 

88 

Ph& a2 

HO 

o- 
76 

19 Ph 

98:2 

1 ,xA 
86 

83 

80 

OH 

48 Ph 7ed) 

72 g.+ phK_ 82 

>QQ:l 
a) Molar ratio; catbonyi compound : allyl haMe : gennanium(ll) i&de : zinc iodide = 1 : 3 : 3 : 3. 

b)Amixturecontainingthreeisornericspeciesintheratiooffmns:&:3-bromo-l-butene=70:15:15 

wasused. 
c) E@nv:l#lreo 331 :a9 

d)~e~was~rminedbycomparisonwiththedatainlireretwe.1o 
e) Molar rat&; benzakiehyde : propargyl bromide : gwmanium(ll) iodide : zinc iodide = 1 : 2 : 2 : 2. 
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In conclusion. we have found the first example of the germanium(H) iodide-mediated allylation of 

carbonyl compounds under mild conditions. A further investigation of the synthetic application of this teaction 

and the reaction mechanism are now in progress. 

References 

1. For a recent review on selective reactions using allylic metals, see: Yamamoto, Y.; Asao. N. Chem. Rev. 

1993,93,2207, and references cited therein. 

2. Hosomi. A.; Sakurai. H. Tetrahedron Lett. 1976. 1295. Sakurai, H. Pure Appl. Chem. 1982.54, 1. 

Fleming, I.; Dunogubs, J.; &&hers, R. Organic Reactions; Kende, A. S.. Ed.; John Wiley & Sons: 

New York, 1989; Vol. 37, pp. 57-575. 

3. Yamamoto. Y.; Yatagai, H.; Ishihara, Y.; Maeda, N.; Maruyama. K. Tetrahedron 1984.40, 2239. 

Yamamoto, Y. Act. Chem. Res. 1987.20, 243. 

4. (a) Gambaro, A.; Peruzzo, V.; Plazzogna, G.; Tagliavini, G. J. Orgunomet. CAem. 1980.197.45. (b) 

Mukaiyama, T.; Ha&a, T.; Shoda, S. Chem. Left. 1980, 1507. (c) Imai, T.; Nishida S. Synfhesis 

1993, 395. 

5. 

6. 

7. 

(a) &no, H.; Miyazaki. Y.: Okawara, M.; Ueno, Y. Synthesis 1986,776. (b) Yamamoto. Y.; Hatsuya, 

S.; Yamada, J. J. Chem. Sot., Chem. Common. 1988, 1639. Yamamoto, Y.; Hatsuya, S.; Yamada, J. 

Tetrahedron Lett. 1989.30, 3445. Yamamoto, Y.; Hatsuya, S.; Yamada, J. J. Org. Chem. 1990,55, 

3118. Yamamoto, Y.; Okano. H.; Yamada. 1. Tetrahedron Lett. 1991.32, 4749. Kadota. I.; 

Gevorgyan, V.; Yamada, J.; Yamamoto, Y. Synlett 1991,823. (c) For a theoretical study on allylation 

reactions of aldehydes using high coordinate germanium compounds, see: Hada, M.; Nakatsuji, H.; 

Ushio, J.; Izawa, M.; Yokono. H. Organometallics 1993.12, 3398. 

Riviere, P.; Riviere-Baudet, M.; Satgd, J. Germanium. In Comprehensive Organometallic Chemistry; 

Wilkinson, G., Stone, F. G. A., Abel, E. W., Eds.; Pergamon Press: Oxford, 1982; Vol. 2, pp. 399- 

518. Neumann, W, P. Chem. Rev. 1991,91.311. Satgk, J. J. Organomet. Chem. 1990.400, 121. 

Satgb, J.; Massol, M.; RivBre, P. J. Orgarwmet. Chem. 1973,56, 1. 

Foster, L. S. inorganic Syntheses; Audrieth, L. F., Ed.; McGraw-Hill: New York, 1950; Vol. 3, pp. 63- 

64. 

8. Mukaiyama, T.; Harada. T. Chem. Lett. 1981,621. 

9. Hiyama, T.; Kimura, K.; Nozaki. H. Tetrahedron L&f. 1981,22, 1037. 

10. Young, D.; Kitchig, W. Awt. J. Chem. 1985,38, 1767. 

(Received in Japan 23 March 1994; accepted 9 May 1994) 


