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Abstract—The kinetics of 1,3-cycloaddition to maleic anhydride wetadied by examples of reaction with
five-, six-, and seven-membered-diazocycloalkanones. Therder of magnitude of the thermodynamic
activation parameters in the reaction series investigated corresponds to a concerted mechanism of the process
under consideration.

Most publisheddata on cycloaddition kinetics of compounds was known to be lower than that of diazo-
diazoalkanes, mainly diazomethane, diphenyldiazoalkanes [3, 4], therefore the second component of the
methane and its derivatives can be interpreted asycloaddition should be sufficiently reactive dipolaro-
following concerted mechanism of reaction [1]; phile; it was shown formerly [5] that among the
however, insome cases the possibility of intermediatederivatives of the ethylene series commonly applied
radicals formation cannot be excluddd].

Kinetics of 1,3-cycloaddition of diazoalkanones membered oxacyclic a-diazoketone was maleic
was not treated before thigudy. Weinvestigated the anhydride [1).

process by an example of reaction between diazo- por selection of kinetics measurement procedure
cycloalkanonesa-c with maleic anhydridel().
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to these processes the most reactive toward five-

we considered in detail the spectral characteristics of
the initial compoundda-c (see the table) and of the
final reaction productslla -c (for compounddlia, b

see [6], forcompoundllic see EXPERIMENTAL).

In the UV spectra of diazoalkanones appear one or
two maxima in the region 25@00 nm that should be
assigned tar-m -transitions as show the high extinc-
tion and a red shift in going to a solvent of greater
polarity. In the UV spectrum of anhydridé a strong

The choice of dipolarophile was due to the follow- maximum is observed in 220 nm region overlapping

ing reasons:

The

reactivity ofa-diazocarbonyl

with the absorption maxima of diazoketonas-c that

Spectral characteristics and dipole moments of diazoketienes

UV spectrum, ., nm (lo IR spectrum, cmt
Compd. no. P (loge) P i, D
hexane ethanol N=N C=0
la 250 (4.05) 252 (4.70) 1345, 1691 3.7+0.1
300 (3.03) 278 (3.92) 2093
Ib 267 (3.72) 281 (4.18) 1355, 1635 4.1+0.1
2090
Ic - - 1342, 1635 -
2086
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prevents the use of UV spectroscopy for kinetic From the plots logk,-1/T were determined the
measurements. thermodynamical activation parameters of the process

We registered the complete IR spectra of diazol10): Herle are given comfound nos, kzl(BOOCZx
alkanonesla—c for the first time. Thecharacteristic 10" (| mol™ ™), AH” (kJ mor™), AS* (J mol™*~deg™):
absorption bands of the stretching carbonyl vibrationda, 16.8, 34:3, -186; b, 3.5, 55t4, -128;lIc, 4.9,
are observed in the 1635690 cm! region. Two 56+4, -123.

bands belong to the characteristic stretching vibra- The data obtained show far greater reactivity of
tions of the diazo function: that of asymmetrical gjazoketonela compared with diazoketoneth, c.
stretching vibrations at 2100 ¢ and another one apparently this fact may be rationalized &mlows:
at 1340 cm, apparently that of symmetrical bending \vith the ~five-membered cyclic diazoketone inter-
vibrations typical of triatomic systems \_Nlth cumul_ated mediately arises moreompact transition state con-
bonds[7]. The latter band is convenient for diazo yepjent for cycloaddition where the most planar five-
group identification. membered cycle provides a possibility of attack on
Just the IR method was chosen for kinetic measurethe diazofunctiorfrom any side.With six-membered
ments and evaluation of the thermodynamical activaand seven-membered cyclic diazoketones the hydro-
tion parameters in the reaction series under investigagarbon part of the molecule is not planar and can
tion. hinder the approach of the dipolarophile.

We showed previously [6] that the reaction The problem of charge distribution on the reaction
between diazocycloalkanoneta, b with maleic ~ center of the initial diazoketones may be treated with
anhydride (1) gave rise to the corresponding’- the use of mesomeric structureA-C).
pyrazolinesllla, b . The cycloaddition of diazocyclo-
alkanonelc to anhydridell was not accomplished _c=0 —C=0 —C—0O"
before. We established that this reaction apom | s + +
temperature results in gradual tarring of the reaction —C=N=N —C=N=N —C—N=N
mixture providing intractable productsWhen the A B C
reaction was carried out at-8°C for three days we
succeeded in isolating of a product that we were abli
to purify. e

-— | —

The spectral characteristics of the cyclic mono-
tones and diazoketones suggest that the largest
_ _ statistical weight for compounth corresponds to the
The elemental analysis of the product thus isolatedtructure B whereas forlb and Ic corresponds the
was consistent with the presumed composition oktructure C.
compoundlllc . Its structure is confirmed by the IR _ _
spectrum: a strong absorption at 1575 tmmay be The dipole moments of diazocycloalkanks and
ascribed to the stretching vibrations of the N=NIb measured by us (see the tabEpport this as-
bond, and two strondpands at 1811 and 1895 ¢in sumption: the smaller dipole moment of the diazo-
apparently belong to the stretching vibrations ofcyclopentanonela more likely corresponds to the
C=0 group from the anhydride moiety whereas thecharge distribution in structur®, and the greater
absorption band at 1730 cfcorresponds to the dipole moment of compountb is due to the stronger
stretching vibrations of C=0 in the seven-membered¢harge separation in the structu
ring [8]. In the 'H NMR spectrum of compountlb
appear two doublets from vicinal protons of thused
system. Thus the spectral characteristics confirm th
adduct structure aal-pyrazoline.

The dipole ofB type is obviously more favorable
Eor cycloaddition, and that also is apparently con-
Sistent with the highest reactivity of diazoketdiaein
the series of diazocycloalkanonés-c.

The kinetic measurements were carried out in
dioxane at 1645°C at 100-fold excess of maleic
anhydride (1 ). The concentration of diazoalkanesc
was measured from IR spectra. Thpe of plots
loga was processed by least-squapscedure. The

The large negative value afS™ corresponding to
the process suggests an ordeslclic structure of the
transition state. It isalso evidenced by relatively
small positive values akH” [10].

rate constants were calculated by formul&s: Thus the order ofmagnitude of the activation
parameters of the reaction series under study cor-
k, = -tana/0.434 responds to the concerted mechanism of the process
and k, = k,/c, under consideration.
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EXPERIMENTAL

CHCI;, cm): 3060v.w, 2960 m, 2885 w, 1895 s,
1811v.s, 1730 s, 1575 w, 1475 m, 1260 m, 1093

UV spectra were recorded on spectrophotometev.s, 935 v.s'H NMR spectrum3, ppm): 1.452.74
SF-46. IR spectra were registered on spectrophotom (OH); 4.15 d (H); 6.07 dH). Found, %: C 55.97;

meter UR-20 in CCJ (c~0.1 molIY). H NMR

H 5.14; N 11.86. GH,,N,O,. Calculated, %: C

spectra were run on Varian HA-100 D-15 instrument55.92; H 5.13; N 11.86.

(100 MHz from 10% solutions inCDCl,, internal

reference TMS.

The diazocycloalkanonda-c were synthesized by
diazotransfer reaction[11, 12]. The diazocyclo-
alkanonesla-c obtained were purified by column
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