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Summary: Alkenes and alkynes show one-bond reactivity with radicals and two-

bond reactivity with diazomethane.

Although vast experimental evidence has been accumulated by Huisgen1) in

2) concerted pathway of 1,3-dipolar cycloadditions,

two-step mechanisms via diradicals as intermediates are still discussed3). As

favour of a symmetry allowed

an example, it was presumed that additions of diazocalkanes 1 to alkenes 2
could give diradicals 3, which recombine in a fast reaction step yielding

products §3).
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In diradicals 3 alkene substituents do not influence the stability of the
nitrogen centred radical (diazenyl radical). Therefore rates of two-step cycle
additions should be mainly dependent upon the substituent effect on the
formation of the carbon centred radical (alkyl radical) of 3. In order to
study this substituent effect we have measured addition rates of a cyclohexyl

radical (5) to alkenes § and alkynes 7 using the "mercury methad"4)é
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In Table I addition rates of the cyclohexyl radical (5) are compared with

5). Alkenes

cycloaddition rates of diazomethane (1, R=H), measured by Huisgen

6 and alkynes 7, that are substituted at only one carbon atom show similar

effects on the rates of radical additions and cycloadditions. With substi-

tuents at both carbon atoms of 6 or Z the reactions are no longer comparable,
because now the rate of the radical reaction is decreased by steric effects
to a much larger extend than that of the cycloaddition:

1. With a cyclohexyl radical cinnamic ester, phenyl propiolic ester and
crotonic ester react slower but with diazomethane they react faster than
styrene.

2. Compared to methacrylic ester the methyl group in crotonic ester reduces
the addition rate of the cyclohexyl radical by a factor of 75. In cyclo-

additions with diazomethane the rate difference between methacrylic ester

and crotonic ester amounts only to a factor of 8.
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Table I

Rel, addition rates of a cyclohexyl radical (krad) and

of diazomethane (kcycl) with alkenes and alkynes at 298 K.

krad kcycl 2
H2C=CHC02C2H5 6.7 2520
H2C=CCH3CO2C2HS 5.0 116
HCECCOZCH3 2.1 1120
HZCmCHC6H5 2 1.0 = 1.0
HCECC6H5 0.25 0.061
C6H5CH=CHC02C2H5 0.44 5.9
C6H5C’£CC02C2H5 0,20 8.9
CHBCH=CHCOZC2H5 0.067 14

a) Data from ref. 5).

3. Cyclohexyl radicals attack cinnamic ester predominately at the carbon
atom, that is substituted by an ester group. Diazomethane reacts with

guite opposite regioselectivity6>.

These different reactivities and selectivities of the substituentg demon-
strate the difference between one-bond reactivity of radical additions and
two~-bond reactivity of cycloadditions7). In radical additions only one carbon
atom is attacked forming one new bond, whereas in cycloadditions with
diazomethane both carbon atoms of the double or triple bond are attacked

in the transition state.



2508

Acknowledgement. This work was supported by the Deutsche Forschungsgemein-

schaft and the Fonds der Chemischen Industrie.

1)
2}

3)

4)

5)
6)

7}

References

For leading references: R. Huisgen, J. Org. Chem,, 41, 403 (1976).

R. Hoffmann and R.B. Woodward, J. Am. Chem., Soc., gl, 2046 (1965);

R.B. Woodward and R, Hoffmann, Angew. Chem., 81, 797 (19%69); Angew, Chem.
Int, Ed. Engl., 8§, 781 (1969).

R.A. Firestone, J. Org. Chem., gg, 2285 (1968); R.A, Firestone, ibid, 3.
2181 (1972); R.A., Firestone, Tetrahedron, 33, 3009 (1977); R.D. Harcourt,
ibid, 3125 (1978).

B. Giese and J. Meixner, Angew. Chem., g;, 167 (1979); Angew. Chem. Int.

Ed. Engl., 18, 154 (1979).

J. Geittner, R. Huisgen and R. Sustmann, Tetrahedron Lett., 1977, 881.

J. Bastide, O.H. Rousseau and L.A. Pascot, Tetrahedron, 30, 3355 (1974).

K.N, Houk and L.IL. Munchhausen, J. Am, Chem. Soc., gg, 937 (1976);

R. Huisgen, Acc, Chem., Res., 10, 117 (1877).

(Received in Germany 18 April 1980)



