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CHEMICAL REACTIVITY OF p-(ACETYL-N-METHYL)-
AMINOPHENYLNITRENE IN THE CRYSTALLINE ENVIRONMENT

AKITO SASAKI, AKIRA IZUOKA AND TADASHI SUGAWARA
Department of Pure and Applied Sciences, Graduate School of Arts and Sciences,
The University of Tokyo, 3-8-1, Komaba, Meguro-ku, Tokyo 153 Japan

Abstract While some arylnitrenes generated photochemically in crystals of the
corresponding azides afforded azo compounds selectively, p-(acetyl-N-
methyl)aminophenylnitrene 1 yielded an azo compound AZ and an insertion product
CH competitively in the crystalline environment. The selectivity was found to be
controlled by the time and the temperature of irradiation. The azo compound AZ
was produced predominantly (CH/AZ = 0.64) when UV irradiation was performed
at cryogenic temperatures (77 K) for a long time (6 hours). On the other hand, the
insertion product CH was produced exclusively (CH/AZ = 9.3), when 2 was
irradiated at higher temperatures (around 270 K) for a short time (8 minutes).

INTR TION

The solid state has recently become the promising organic reaction environment in
respect to high selectivity reflecting the three-dimensional regulation of molecular
arrangement.' We found that some arylnitrenes generated photochemically in crystals of
corresponding azides, such as by p-carboxy, p-acetylamino or p-nitrophenyl azide, yielded
the corresponding azo compounds exclusively after warming up the photolyzed crystals.?
The topochemical reactivity was rationalized in terms of the crystal structures of aryl
azides. In azide crystals, azido groups are arranged facing to each other in an anti-parallel
manner based on the dipolar interaction. This packing pattern is considered to be a
common feature for crystal structures of aryl azides, and rationalizes the formation of
azo compounds in terms of coupling of facing triplet nitrenes.

In the case of p-(acetyl-N-methyl)aminophenylnitrene (1) generated photochemically
in the host crystal of the corresponding azide (2), not only an azo compound (AZ) but
also an insertion product (CH) was produced competitively (Figure 1), through a hydrogen
abstraction by nitrene 1 and recombination of the generated radical pair. Here we report
how the product ratio was controlled by the time and the temperature of UV photolysis
in the crystalline environment.
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FIGURE 1 Reactivity of p-(acetyl-N-methyl)aminophenylnitrene in crystals,

EXPERIMENTAL

Data collections for X-ray crystal structure analysis were performed at room temperature
on a Rigaku AFC-5 four-circle diffractometer by using graphite monochromated Mo Ko
radiation. The structure of p-(acetyl-N-methyl)aminophenyl azide 2 was solved by direct
methods and refined by a block diagonal least-square refinement.’

Finely ground polycrystals of azide 2 were irradiated by an ultrahigh pressure
mercury-lamp in a quartz sample tube for ESR measurement. The temperature was
controlled by a temperature controller (JEOL ES-DVT2). After annealing the photolyzed
sample at room temperature for an hour, the products were separated by gel permeation
chromatography (JAI LC-908), and the structures of products were determined by NMR,
IR and mass spectroscopy. The conversion of the reaction was estimated by measuring
the recovered azide 2, and the product ratio was determined by absorption coefficients at
300 nm of each product (AZ or CH) recorded on a UV-VIS spectrometer (JASCO
V-570).

L ND DI
UV photolysis of powdered crystals of p-(acetyl-N-methyl)aminophenyl azide 2 afforded

nitrenes 1 at a cryogenic temperature. While arylnitrenes in solution undergo a valence-
isomerization to afford 3H-azepines pre:dominantly,4 nitrenes 1 in crystals were found to
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afford not only an azo compound AZ but also an insertion product CH competitively.

A view of X, X', Y from
the direction (2, 0, 1).

FIGURE 2 The crystal structure of p-(acetyl-N-methyl)aminophenyl azide 2.

The difference in reactivity between in solution and in crystals may be rationalized
when the crystal structure of aryl azide 2 is taken into account (Figure 2). First, the
crystal structure of aryl azide 2 is characterized by the arrangement of azido groups
facing to each other to form a head-to-head dimer (X,Y). Incidentally this crystal feature
is commonly observed in crystals of aryl azides. Therefore the generated nitrenes 1 in
crystals are surrounded by azido or nitreno groups of adjacent molecules, the intermolecular
distance between nitrogen atoms alpha to the phenyl ring (No) being considerably short
(3.90 A). Second, the azido group of the molecule Y is located close to an N-methyl
group of the molecule X' in the adjacent dimeric pair (X',Y). The intermolecular distance
between the nitrogen atom (Nct) and the N-methyl group of X' is only 3.02 A, which is
much shorter than that between nitrogen atoms (No) of the facing azido groups. As a
chemical consequence of nitrene 1 in such a crystalline environment, the generated
nitrene 1 may react either with the facing nitrene to afford the azo compound AZ
through a translational diffusion (path a in Figure 3), or with an N-methyl group of the
adjacent molecule to afford the insertion product CH through a rotational diffusion (path
b in Figure 3) as a result of abstraction and recombination processes.’

The relative ratio of the insertion product CH vs. the azo compound AZ was
determined to be ca. 3:2, when the reaction was terminated at room temperature after
photolyzing powdered crystals of azide 2 at 77 K for 1 hour. Since the activation energy
for formation of azo compound in a fluid medium is estimated to be ca. 0 kcal/mol® and
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that of hydrogen abstraction by arylnitrene is to be ca. 10 kcal/mol,” the difference in
activation energies for both processes in the fluid media can hardly explain the obtained
product ratio. In order to discuss factors determining the product distribution in the
crystalline environment, the UV photolysis was performed under two different conditions.
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FIGURE 3 Competitive diffusional processes in crystals.

First, the dependence of the irradiation time on the product distribution is examined
by changing the length of irradiation time from 20 minutes to 4 hours, keeping the
temperature of irradiation at 123 K. After the photolysis, the reaction was quenched at
room temperature. The obtained product ratio of CH vs. AZ was found to decrease with
increasing the irradiation time (Figure 4a). This peculiar phenomenon may be rationalized
when the inhomogeneity of the reaction sites is taken into account. In short irradiation
time, the generated nitrene is surrounded by unreacted azides (site A). While after
prolonged irradiation, the generated nitrene faces to the nitreno group of the adjacent
molecule which is already photo-decomposed (site B). The observed tendency suggests
that the insertion product CH is formed from site A, and that the azo compound AZ is
produced only from the site B.

Second, the dependence of the quenching temperature on the product ratio of CH/AZ
was examined by changing the quenching temperature from 243 K to 293 K, keeping the
irradiation time for one hour and the irradiation temperature at 123 K. If the irradiation
temperature and time are kept constant, the ratio of site A vs. site B should be the same.
The product ratio of CH/AZ, however, changes depending on the quenching temperature.
This suggests that the competitive formation of CH and AZ may occur at site B depending
on the difference in the activation energies of the rotational or translational diffusion
processes of nitrene 1. Judged from the dependence on the product ratio of CH/AZ, the
activation energy of the rotational diffusion may be larger than that of the translational
one. This means the rotational diffusion occur more easily in crystals of 2 at higher
temperatures to yield the insertion product CH.
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FIGURE 4 a) Dependence of the irradiation time on the product ratio of CH/AZ.
(irradiation temperature: 123 K, quenching temperature: r.t.)
b) Dependence of the quenching temperature on the product ratio
of CH/AZ. (irradiation temperature: 123 K, irradiation time:1 hour)

The dependence of the irradiation time and the quenching temperature on the
product ratio may be utilized as a methodology of controlling the product distribution
CH/AZ in solid state photolysis of crystals of 2. When UV photolysis is performed at
very low temperatures (e.g. 77 K) for a long time (e.g. 6 hours) and the reaction is

terminated at low temperatures (e.g. 243 K), azo compound AZ is formed predominantly,
the obtained product ratio of CH vs. AZ being 0.64. On the contrary, when UV irradiation

site A site B

1 / N\

one molecule of CH one molecule of AZ two molecules of CH

FIGURE 5 Product formation derived from the different sites around the nitrene,
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is performed at higher temperatures (e.g. 253 K) for short period (e.g. 8 minutes) and the
reaction is completed at room temperature, the obtained product ratio is heavily inclined
to the insertion product (CH/AZ = 9.3). The control of the product distribution in such a
manner is considered to be characteristic of the solid state reaction.

CONCLUSION

By UV irradiation of the polycrystals of p-(acetyl-N-methyl)aminophenyl azide, the azo
compound AZ and the insertion product CH were yielded competitively. We could
produce each of two product selectively, by controlling the time of UV irradiation and
the temperature of the irradiation of the azide and the quenching temperature of the
photolyzed sample. The difference in the environment around the generated nitrenes, in
particular, contributes much to the product distribution. The above results strongly suggest
that the local reactive environment and the diffusional processes in crystals are the vital
factors for determining the reaction path in the solid state.

ACKNOWILEDGMENT

This work was partly supported by a Grant-in-Aid for Scientific Research on Priority
Area No. 06218209 from the Ministry of Education, Science and Culture, Japan.

REFERENCE

1. (a) K. Okuda and F. Toda, J. Chem. Soc., Chem, Commum,, 17, 1212 (1991).,
(b) R. R. Chance and G. N. Patel, J. Polym. Sci.. Polym, Phys. Ed., 16, 859 (1978),,
(c) A. A. Dzakpasu, S. E. Philips, J. R, Scheffer and J. Trotter, J. Am. Chem. Soc,, 98,
6049 (1976).
2. (a) L. Mahé, A. Izuoka and T. Sugawara, J. Am. Chem, Soc., 114, 7904 (1992).,
(b) edited by Y. Ohashi, Reactivity in Molecular crystals (Kodansha, Tokyo, 1993),
pp.165-175.
3. Crystallographic data: monoclinic, P2,, a = 14.752(3), b = 7.559(1), ¢ = 8.937(2) A,
B=98.96(2)°, Z=4.
4. (a) A. K. Schrock and G. B. Schuster, J. Am. Chem. Soc., 106, 5228 (1984).,
(b) E. Leyva, M. S. Platz, G. Persy and J. Wirz, J, Am. Chem. Soc., 108, 3783 (1986).
5. (a) J. Michael McBride, Acc, Chem. Res., 16, 304 (1983).,
(b) A. Gavezzotti and M. Simonetta, Chem. Rev., 82, 1 (1982).
6. K. Ohta, E. R. Davidson and K. Morokuma, J. Am, Chem. Soc., 107, 3466 (1985).

7. (a) B. B, Wright and M. S. Platz, J. Am. Chem, Soc,, 106, 4175 (1984).,
(b) V. P. Senthilnathan and M. S. Platz, J. Am,. Chem. Soc., 102, 7637 (1980).




