
LITERATURE CITED 

i. E. B. George and M. I. Yakushin, Measurement of the Gas Temperature in a Free, Sub- 
sonic, Air Plasma Jet in the Pressure Range 0.05-1 atm., Moscow (1983). (Preprint/ 
Inst. Probs. Mech., Acad. Sciences, SSSR: 220). 

2. E. B. George and M. I. Yakushin, TVT, 25, No. i, 31-36 (1988). 
3. P. N. Baronets, I. S. Pershin, and M. I. Yakushin, 10th All Union Conference on the 

Generation of Low Temperature Plasmas: Thesis Report, Chap. 2, Minsk (1986), p. 55. 
4. R. Khaddlstoun and S. Leonard (eds.), Plasma Diagnostics [in Russian], Moscow (1967). 
5. Yu. P. Raizer, The Physics of Gaseous Discharges [in Russian], Moscow (1987). 
6. A. G. Zhiglinskii and V. V. Kuchinskii, A Practical Fabry-Perot Interferometer [in 

Russian], Leningrad (1983). 
7. E. Ballik, Appl. Opt. , 15, No. i, 170-172 (1966). 
8. G. Grim, Broadening of Spectral Lines in a Plasma [in Russian], Moscow (1978). 
9. W. L. Wiese, M. W. Smith, and B. M. Glennon, Atomic Transition Probabilities, A Criti- 

cal Data Compilation, Vol. i, NBS, Washington (1966). 
I0. V. Lokhte-Khol'tgreven, Methods of Plasma Research [in Russian], Moscow (1971). 
ii. P. N. Baronets and M. I. Yakushin, llth All Union Conference on the Generation of Low 

Temperature Plasmas: Thesis Report, Chap. i, Novosibirsk (1989), pp. 139-140. 
12. V. K. Zhivotov, V. D. Rusanov, and A. A. Freedman, Diagnostics of Nonequilibrium, 

Chemically Active Plasmas [in Russian], Moscow (1985). 

PHOTOCHROMISM OF CYCLIC AZIRIDI~fLANILS 

V. D. Orlov, N. P. Vorob'eva, A. A. Tishchenko, 
and I. P. Krainov 

UDC 541.143:547.712.22 

Polynuclear heterocyclic systems containing an aziridine ring are effective photo- 
chromes; the most important and well studied among them are derivatives of 1,3-diazabicyclo- 
[ 3. i. 0 ] hex-3-ene, 1,4-diazabicyclo [ 4. i. 0 ] hept-4-ene, and 1, la-dihydroazirino [ 1,2-a) quinoxa- 
line, all of which we call "cyclic aziridinylanils" (CAA). 

The first information on the synthesis of such compounds appeared relatively recently 
[i, 2]; those reports claimed that photochromism was present in them. Later the photochro- 
mic properties were the subject of special investigations [3-8] in solutions, including 
frozen solutions, in crystals, and in polymeric matrices. In these papers it was shown that 
under the influence of UV light, the colorless CAA crystals are tinted as a result of open- 
ing of the three-membered ring and formation of ylides: 
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t a g e  of the studies performed is the absence of systematized quantitative information on 

A. M. Gor'kii State University, Khar'kov. Translated from Zhurnal Prikladnoi Spek- 
troskopii, Vol. 54, No. 4, pp. 638-644, April, 1991. Original article submitted May 18, 
1990. 

0021-9037/91/5404-0403512.50 �9 1991 Plenum Publishing Corporation 403 



the photochromic properties of CAAs; the literature cited above provide values of ~max for 
absorption of only individual ylides of this class of compounds. This has possibly been the 
reason that this class of photochromic compounds was not included in the monograph [12], de- 
voted to the topic of photochemistry. Having available a large group of CAAs of diverse 
structure (I-LXXXV), in this work we set ourselves the goal of studying the photochemistry 
of these compounds. 

For all the CAAs I-LXXXV, on the Specord M-40 spectrophotometer we measured the absorp- 
tion spectra of their alcohol solutions for concentration of the substances equal to 2-4.10 -5 
moles.liter -I, and on the Hitachi-330 instrument with integrating sphere of diameter 150 mm 
we measured the reflectance spectra of powdered samples deposited on an inert white sub- 
stance which were irradiated beforehand with UV light (and for individual compounds, unir- 
radiated samples) (Table i). The absorption spectra of the molecular forms (and the corre- 
sponding reflectance spectra agree well with them) have been already discussed earlier [ii, 
13]. The reflectance spectra of the ylides are measured here for the first time. From them 
it follows that for most CAA ylides, a characteristic feature is the intense asymmetry of 
the band in the 440-650 nm region with Avl/~ 3000-4000 cm -I, in a number of cases having 
vibrational structure (AVspli t ~ i000 cm -I). 

From the data obtained, it especially follows that the overwhelming majority of CAAs 
have photochromic properties. And even in those cases when this effect is expressed very 
weakly, such as in compounds IX and XVI, the bathochromic shift of the long-wavelength band 
is =200 nm. In the rest of the compounds, this effect is even more significant, and reaches 
a maximum in derivatives with R = 4-NO 2 (A~ § 370 nm). From this it follows that the photo- 
chromism of CAA is accompanied by significant redistribution of electron density, possible 
only for opening of the three-membered ring with formation of ylides. An alternative mechan- 
ism involving opening the aziridine ring with formation of radical centers is discarded es- 
pecially due to the high reactivity of CAA with respect to dipolarophiles. Furthermore, 
special EPR measurements of irradiated CAA powders* showed the absence of even trace amounts 
of radical species. 

In stabilization of ylides, a determining role is played by the aromatic nucleus for 
the aziridine ring, which explains the broad range of photochromic effects when the sub- 
stituent R is varied. Unfortunately, synthesis of dibromides of 4-R-chalcones (synthons of 
CAA) with electron-donor groups is problematic. Therefore, mainly electron-acceptor R sub- 
stituents are represented in the CAAs we studied~ We may note that introduction of halides 
(4-CI, 4-Br, 4-F) has virtually no effect on the photochromic properties of the compounds 
in the entire series. As a rule, ortho R substituents promote the appearance of hypsochro- 
mic effects in the spectra of the corresponding ylides, and in the case of R = 2-NO 2 (compound 
XXXV) actually the disappearance of photochromic effects. A special case is the group R = 
4-S02CF3, since its electron-acceptor character is even more pronounced (o n = 1.04 [14] than 
for the nitro group (o n = 0.78). Introduction of this group induces a regular deepening of 
the color of the ylide (see compounds XVII, LIV, LXXXI), but this effect is substantially 
less than in the corresponding nitro derivatives (X, XXXII, LXV). This should be explained 
by the fact that different components dominate in the electronic effects of the groups com- 
pared: in the S02CF s group, the induction effect is dominant; in the NO 2 group, the conju- 
gation effect is dominant. This is consistent with the fact that moving the NO 2 group to 
the mete position of the aromatic radical (compound XXXVI), accompanied by its exclusion 
from the conjugation chain, considerably weakens the photochromic effect. This is such a 
regular effect that the ylide of the 5-nitro-2-thienyl derivative L has a deeper color than 
its 5-nitrophenyl analog XXXVII. We know [15] that the thiophene nucleus is characterized 
by a higher polarizability, and therefore this heterocycle transmits the electron-acceptor 
effect of the nitro group more effectively than the benzene nucleus. 

The role of the substituents R I and R 2 in the appearance of photochromism of CAAs is 
insignificant, even through it cannot be completely eliminated. For example, in the group 
of derivatives of diazabicycloheptene for abroad set of substituents R I (compounds XXXVII- 
XLV, LV, LVI) it is obvious that introduction of R I groups which differ in electronic char- 
acter causes small changes in the color of the y!ides (lma x 592-636 nm). This also occurs 
in other CAA series (see Table i). Only introduction of an o-NO 2 group (compounds XXIVa 

*TheEPR measurements were done by G. D. Movsesyan (Yerevan Physical Institute, Academy of 
Sciences of the Armenian SSR), to whom we express our thanks. 
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TABLE 2. Dark Decolorization Time for Crystals of 
4,7-Diaryl-l,4-diazabicyclo[4.1.0]hept-4-enes at 
20-25~ 

Compound t, rain Compound t, min Compound t, mili 

XXXVII 
XXXVIII 
XXXIX 

1550 
290 
270 

XLI 
XLI I 
XLIV 

75 
240 
200 

LV 
LVI 

200 
110 

and XL) into the aromatic nucleus, independently of their positions in the CAAs, leads to 
disappearance of the photochromic properties. 

The photochromism of CAAs to a certain degree also depends on the structure of the ring 
annealed with the aziridine (from the bridge groups M). This is clearly apparent when com- 
paring spectra of compounds of different series, containing the 4-SO2CF 3 group as the sub- 
stituent R (compared compounds XVII, LIV, LXXXI). The highest frequency absorption is dis- 
played by ylides of compounds VII-IX with M = C(CH3) 2 and R ~ NO 2. With the appearance of 
R = NO=, the role of the bridge group levels off, probably because the N(I ) atom carries an 
appreciable positive charge and uncouples the bridge group from the basic chromophore system 
of the ylide. 

In the case of diazabicyciohexenes XIX-XXX, we would separate the endo (a) and exo (b) 
isomers. And even though the difference in the values of %max for absorption of isomeric 
pairs of ylides reaches 20 nm, we do not observe a strict correlation with the structure of 
the bridge group. The lack of unambiguity in the appearance of electronic effects of the 
R l, R =, and M groups probably is explained by the superposition of steric factors on them, 
which is reflected in the packing of the molecules in the crystal and consequently in the 
conformation of the ylides formed and the degree of charge transfer in these ylides. This 
can explain in particular the fact that for compounds V, XII, LXXXIV, and LXXXV with the 
appearance of and an increase in the dimensions of the bridging ring, we observe a batho- 
chromic shift for the long-wavelength band of the ylide. 

Important photochromic characteristics are the sensitivity of organic molecules to the 
intensity of the incident light, the dark decolorization time (return of the ylide to the 
molecular form) and the number of photoconversion cycles. Unfortunately, a study of photo- 
chromes in the crystalline state has not made it possible to quantitatively estimate the 
first characteristic, since it depends substantially on a number of factors, including the 
degree of grinding, the method of deposition onto the substrate, etc. We can only say that 
the sensitivity of CAA crystals (especially with R = N02) to UV light is very high, since 
their coloration is observed even upon exposure to scattered light; and for maximum illumi- 
nation of these compounds in the powdered state, 1-2 light pulses from the Luch-M flashlamp 
are sufficient (light pulse energy 36 J, pulse length 1/2000 sec). 

For the same reason, for photochromic crystals a rigorous estimate of the dark decolor- 
ization time (return of the ylide to the molecular form) is also difficult. However, since 
this time is very significant, it can be estimated with low relative error. For the CAA 
group (Table 2), such an estimate is made as follows. Onto a substrate of diameter 2 cm, we 
deposited 5"10 -3 g of thoroughly pulverized photochromic material. The substrate was placed 
into a blackened Petri dish. Illumination was done using a Luch-M flashlamp at a distance 
of 0.5 cm. Disappearance of the color was monitored visually. From Table 2 it follows 
that the dark decolorization time for compound XXXVII is 26 h. But it sharply drops upon 
introduction of the substituent R I. In this case, a definite symbatic variation with the 
electron-acceptor effect of this substituent is observed: The minimum decolorization time 
of 75 min is characteristic of the dinitro derivative XLI. When R ~ 4-NO 2 in the CAA, then 
the sensitivity of the crystals to UV light drops and simultaneously the dark decolorization 
time increases up to several tens of minutes. 

The decolorization rate also depends on the bridge groups: Thus, for 2,2-dimethyl-4- 
phenyl-6-(4-nitrophenyl)-l,3-diazabicyclo[3.1.0]hex-3-ene (X), the time required for return 
to the molecular form is 12 h [4]. But it reaches several days in derivatives of azirino- 
quinoxalines. We know [16] that dark decolorization is accelerated with an increase in the 
sample temperature: In fact, in derivatives of azirinoquinoxalines LXV-LXVII, at 100~ it 
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Fig. I. Reflectance spectra of compound X before 
(i) and after irradiation with UV light for 5 sec 
(2), 5 min (3), and 30 min (4). 

is reduced down to 5-10 min. Experiments were similarly carried out to estimate the number 
of photocycles. All the samples indicated in Table 2 were held for more than a hundred cy- 
cles without visible indications of decomposition, which was confirmed by the TLC method 
and by the fact that the IR spectra of multiply irradiated and unirradiated samples were 
identical. 

In our previous experiments, CAA crystals were subjected to short (500 psec) exposure 
to UV light. Moreover, in a control test on compound X (which was reported earlier [8] as 
the most light-resistant compound), upon prolonged exposure to UV light (unfiltered light 
from a PRK-2 mercury lamp), we observe irreversible changes in the spectra (see Fig. i). 
It is especially important to note that the ylide band (Xma x = 608 nm) appears practically 
instantaneously. Then a band appears with Xma x = 418 nm, whose intensity after 5 min be- 
comes greater than the intensity of the ylide band. For more prolonged illumination, the 
intensity of both bands drops; and after 0.5 h, only the bands with Xma x = 400 nm remain 
in the spectrum. This is consistent with the results of other investigators [4, 5, 8], 
according to which the photochromism of CAAs is complicated by secondary processes: iso- 
merization and dimerization. 
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