Petrahedron Letters No. 28, pp 2621 - 2624, 0040-4039/79/0708-2621402.00/0
© Pergamon Press Ltd. 1979. Printed in Great Britain.

REACTIVITY SEQUENCES OF DIPOLAROPHILES TOWARDS DIAZOCARBONYL COMPOUNDS -
MO PERTURBATION TREATMENT

Werner Bihlmaier, Rolf Huisgen,® Hans-Ulrich Reissig, and Sabine Voss

Institut fUr Organische Chemie der Universitdt, Karlstr. 23, D-8000 Munchen 2, Germany

Summary  Whereas diazomethane cycloadditions are only accelerated by electron-attracting substituents in
the olefinic or acetylenic dipolarophile, the cycloadditions of diazoacetic, diazomalonic and
diazo(pheny Isulfony l)acetic ester show in accordance with the PMO treatment U-shaped activity
functions when log k2 is plotted versus the lowest |P of the dipolarophiles.

The puzzling problem of reactivity scales in concerted additions (Diels-Alder reaction, 1,3-dipo-

lar cycloaddition) 1,2 found an elegant solution in the MO perturbation treatment (PMO) by Sustmann.

14

The dipolarophile activity sequences are 1,3-dipole=-specific and depend on the energy separations of the fron-

tier orbitals; these energy distances show up in the denominators of the second order terms of the perturbation

equation (1).
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Diazomethane turned out to be a 1,3-dipole of type | in Sustmann’s clussificafion.5 Its cycloaddi-

tions are HO (1, 3~dipole) - LU(dipolarophile) controlled (Fig. 1,2); in accordance with the known influence of

substituents on the LU energy of ethylene,

only electron—attracting groups increase the dipolarophilic activity.

Ethy! acrylate adds diazomethane at 25°C 107 times faster than butyl vinyl ether, whereas enamines are inert. 3

Electron-releasing substituents in the diazomethane should likewise accelerate the cycloaddition as demonstra~

7
ted for aryldiazomethanes.” The introduction of a methoxycarbonyl group into diazomethane lowers the HO

energy and should diminish the cycloaddition rate by an increase of EI' Would the lowering of the LU energy

in diazoacetic ester be sufficient to give weight to the LU(1,3~dipole) ~ HO (dipolarophile) interaction cor-

responding to AE" ineq (1)?
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Figure 1. Classification of 1,3~dipoles

by their frontier orbitals energies
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Figure 2. Frontier orbital interaction for

the reaction diazomethane + ethylene

The rates of the cycloadditions of methy| diazoacetate in toluene at 80°C were measured by the ex-

— . -1 .
tinction decrease of the IR absorption at 2100 cm . Second order rate constants were evaluated via pseudo

first order constants in the presence of a large excess of dipolarophile.

The log |<2 values which stretch over five powers of ten are plotted in Fig. 3A versus the ionization

potential (IP) as a measure of the electron density of the dipolarophilic 7 bond. They show an enlightening de-

parture from the linear function 5

which log k2 of diazomethane entertains with the inverse energy difference

El of the first term of eq (1). Beginning with the dipolarophiles which are equipped with several electron=-
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attracting substituents, one observes o diminution of the rate constants with sinking [P, After passing 9 eV,
however, the curve turns upwards and reaches high activities for four enamines and one ynamine; the products

will be described elsewhere. Diazomethane does not react with enamines and ynamines.

The U shape function of Fig. 3A characterizes methyl diazoacetate as a 1,3-dipole of the Sustmann
type 1l. Both frontier orbital interactions contribute to a comparable extent. In the right branch of the U curve
the interaction HO (1, 3-dipole) - LU(dipolarophile) predominates, whereas the high activity of the enamines
and an ynamine reveal a greater importance of the second term of eq (1) which deals with LU(1,3-dipole) -
HO (dipolarophile). The equally spaced HO - LU separations produce the smallest energy gain in eq (1); the vi-

nyl ether minimum in Fig. 3A might come close to AEI = AE”.

The second ester group in dimethyl diazomalonate generates a further orbital energy decrease. Kine-
. R . -1
tic measurements were based on the diminution of the IR diazo band at 2129 cm . The rate constant of self-

6

decomposition, kdec =52 10 sec_] , had to be subtracted from the kW values of "slow" dipolarophiles.

The U shape for the function of the diazomalonic ester in Fig. 3B is lopsided. Electron-rich dipola=-
rophiles exceed the activity of electron—deficient systems; e.g., diethylaminopropyne reacts with diazomalo-
nate 40 times faster than dimethyl acetylenedicarboxylate which is still the record dipolarophile towards diazo-

acetate, We deduce an increasing weight of AE” in eq (1) from the comparison of Fig. 3A and 3B.

A phenylsulfonyl group triggers an even stronger decrease of orbital energies than the ester function.
-1
Again the IR diazo band (2123 cm ') was used to measure the concentration of diazo(phenylsulfony!) acetic

ester. All k2 values except those for enamines and ynamines required correction for the self-decomposition of
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the diazo compound ; kdec = 1.7 10-6 sec-] contributes more than half to kex = 2.7 10-6 sec-] in the pre-
sence of 10 equiv butyl acrylate. The rate constant of ethy| crotonate is uncertain, because kll’] in the presen-

ce of 5.5 M dipolarophile is only by 5 % greater than kdec'

The highly deformed U shape in Fig. 4 places methyl diazo(phenylsulfonyl)acetate in the transition
between type |1 and type Il (Fig. 1) with a strong preponderance of the LU{diazo compound) - HO (dipolaro-
phile) interaction. The minimum has shifted to 10 eV; 1-decene exceeds crotonic ester ~20fold. Pyrrolidino-
cyclopentene reacts ]05 times faster than acrylic ester and diethy laminopropyne surpasses acetylenedicarboxy -

lic ester 104 fold in rate.

Complaints about the poor quality with which log k2 fit the curves in Fig. 3 and 4 are certainly justi-
fied. We are dealing with qualitative relationships, because the way to these plots is paved with simplifying
assumptions. Diazomethane cycloadditions are determined by only one HO-LU interaction, namely AEI in eq
(1). A good linear correlation with I/EI was uchieved,5 when all the numerators which contain the functions
of the atomic orbital coefficients were set equql.8 Can the data reported here be correlated with AE according
toeq (2)?

AE = AE + AE, = Const (El + EL ) 2
i I

This is indeed possible, but the straight lines are not of the same quality as the one obtained for dia-
zomefhane.5 E.g., the data for diazo(phenylsulfonyl)acetic ester fit a linear relation with r = 0,877, The HO
energies were based on the |P’s, whereas the LU energies rest on comparisors with few experimental values of

electron affinities.9' 10

Replacement of the diazomethane carbon atom by atoms of higher electronegativity effects a step-
wise decrease of orbital energies, Diazomethane, organic azides and nitrous oxide represent the types | - Il in
Sustmann’s classification (Fig. 1). We have demonstrated here that the introduction of acceptor substituents in-
to diazomethane also shifts the 1,3-dipole to type 1l in methy| diazoacetate and further towards type 111 for di-

methy| diazomalonate and methyl diazo(phenylsulfonyl)acetate.
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