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limited process at 80K. Evidence to support this 
view was obtained from experiments involving photoly
sis during deposition under identical matrix conditions. 
In these cases, slower deposition rates and longer 
photolysis times (5-8 hr) were necessary to produce 
appreciable amounts of FNO. After deposition, a 
controlled warm up of the matrix to 210K, followed 
by subsequent cooling to 8 0K, produced a dramatic 
relative increase of the NOF isomer. Since both F 
atoms, and to some extent NO molecules, are known to 
be mobile species in a cryogenic matrix,19-21 it is sug
gested that their enhanced diffusion at 210K in the 
absence of photolytic radiation results in greater 
relative yields of the NOF isomer. 

The absence of the intense ir fundamentals of F3NO, 
except slight traces at the higher F2

--NO ratios, suggests 
that postulated species such as F2NO22 are not present 
in any appreciable concentration under the experi
mental conditions employed. This observation, in 
addition to the appearance of the three infrared absorp
tions at 1886.6, 735.1, and 492.2 cm-1 (Ar matrix) in 
highly dilute matrices at low F2 :N0 ratios, lends 
further credence to the postulated existence of nitrogen 
hypofluorite, NOF. 
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A Novel and Versatile Fluorescence Probe for the 
Structure of Micelles. 
ll-[3-Hexyl-l-indolyl]undecyltrimethylammonium 
Bromide 

Sir: 

Fluorescent probes have been elegantly employed to 
map the microenvironments of biological macromole-
cules such as proteins and the polynucleotides1 and to 
clock the dynamics of intramolecular interactions.2 

The general idea behind a fluorescent probe is that 
fluorescence emission is sensitive to changes in micro-
environments and that a fluorescence probe in dif
ferent microenvironments will display experimentally 
distinct fluorescence properties which will characterize 
uniquely each environment. Recently, fluorescence 
probes have been used to help understand the proper
ties of aqueous solutions containing micelle forming 

(1) Reviews: L. Brand and J. R. Gohlke, Annu. Rev. Biochem., 41, 
843 (1972); G. M. Edelman and W. O. McClure, Accounts Chem. Res., 
1,65 (1968). 

(2) For a review of dynamics of fluorescence aromatic molecules see 
J. B. Birks, "Photophysics of Aromatic Molecules," Wiley, New York, 
N. Y., 1970. 

detergents.3 These latter studies have mainly utilized 
aromatic hydrocarbons which are assumed to remain 
locked into the micelle during the time period of fluo
rescence. More recently it has been shown that the time 
correlated single photon counting technique allows a 
simultaneous measure of a fluorescence in both aqueous 
and micellar environments.4 We report here a new 
system, 1 l-[3-hexyl-l-indolyl]undecyltrimethylammo-
nium bromide (6-1-11),6 which shows exceptional po
tential as a fluorescence probe to study the properties 
of micellar solutions. 

The fluorescence properties of indoles have been 
found to be highly sensitive to environment changes.6 

For example, in dilute aqueous solution, 1,3-dimethylin-
dole (1) displays a broad featureless fluorescence 
(BWHM) ~ 66 nm, \*mff 371 nm),7 and an exponen
tial fluorescence decay8 with a 20 nsec lifetime. 

In «-hexane solution, however, 1 displays a somewhat 
structured, narrower fluorescence (X*'a"x

h"a°e 318 nm) and 
an exponential fluorescence decay with a 4 nsec lifetime. 
The absorption spectrum of 1 is essentially identical 
in water or n-hexane but mirrors the n-hexane fluores
cence emission spectrum. Thus, one might anticipate 
that 1,3-dialkylindole could make powerful fluorescence 
probes to differentiate hydrophilic vs. hydrophobic 
environments.9 

Dissolution of 1 in aqueous solutions of hexadecyl-
trimethylammonium bromide (2) does not affect the 
fluorescence characteristics of 1 (relative to those in 
pure water) until the critical micelle concentration 
(cmc) of 2 is reached. At concentrations of 2 above 
the cmc, the fluorescence maximum of 1 starts to shift 
from 371 nm (pure water value) to 355 nm and the 
fluorescence lifetime of 1 drops from 20 nsec (pure water 
value) to 9 nsec. Since the latter decay is strictly ex
ponential, and both the fluorescence maximum of 1 
and the fluorescence decay of 1 are intermediate relative 
to the values obtained in pure water or pure n-hexane, 

(3) S. C. Wallace and J. K. Thomas, Radiat. Res., 54, 49 (1973); 
L. K. Patterson and E. Veill, J. Phys. Chem., 77, 1191 (1973); R. C. 
Dorrance and T. F. Hunter, / . Chem. Soc, Faraday Trans. 1, 68, 1313 
(1972); M. Shinitzky, Chem. Phys. Lett., 18,247(1973); M. Shinitzky, 
A. C. Dianoux, C. Gitler, and G. Weber, Biochemistry, 10, 2106 (1971); 
G. A. Davis, J. Amer. Chem. Soc, 94, 5089 (1972); A. Almgren, Photo-
chem. Photobiol., IS, 297 (1972); H. J. Pownall and L. C. Smith, J. Org. 
Chem., 36, 3762 (1971); T. Forster and B. Selinger, Z. Naturforsch. A, 
19, 39 (1964); T. Forster and H. P. Seidel, Z. Phys. Chem. (Frankfurt 
am Main), 45, 58 (1965). 

(4) R. R. Hautala and N. J. Turro, MoI. Photochem., 4, 545 (1972); 
R. R. Hautala, N. E. Schore, and N. J. Turro, J. Amer. Chem. Soc, 95, 
5508 (1973). 
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with hexanoyl chloride, followed by reduction to 3-hexylindole and 
alkylation of the potassium salt with 11-bromoundecanol. This alcohol 
was converted via the bromide to the desired detergent. 

(6) M. Walker, T. Bednar, and R. Lumry, J. Chem. Phys., 47, 1020 
(1967); R. W. Ricci, Photochem. Photobiol., 12, 67 (1970); M. S. 
Walker, T. W. Bednar, and F. Humphries, ibid., 14, 147 (1971); E. P. 
Busel, T. L. Bushueva, and E. A. Burshtein, Opt. Spectrosc. (USSR), 32, 
158 (1972); T. R. Hopkins and R. Lumry, Photochem. Photobiol., IS, 
555 (1972). 

(7) Measurements were made in distilled water on a Hitachi-Perkin-
Elmer MPF-2A spectrofluorimeter; excitation wavelength was 280 nm. 
Values are ± 1 nm. 

(8) A single photon counting technique was used as described in W. 
Ware's "Creation and Detection of the Excited State," A. Lamola, Ed., 
Marcel Dekker, New York, N. Y., 1971. Error limits =fc 1 nsec. 

(9) Tryptophan fluorescence has been used previously as an indica
tion of its environment in proteins: see J. W. Longworth, "Excited 
States of Proteins and Nucleic Acids," R. F. Steiner and I. Weinryb, 
Ed., Plenum Press, New York, N. Y., 1971, p 364 ff; S. V. Konev, 
"Fluorescence and Phosphorescence of Proteins and Nucleic Acids," 
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Figure 1. Variation in fluorescence Xmax of aqueous 6-1-11 with 
concentration. 
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Figure 3. Components of 6-1-11 fluorescence spectrum generated 
by time-resolved spectroscopy using single photon counting at 
4.15X 10"4M. 

Figure 2. Components of 6-1-11 fluorescence spectrum generated 
by time-resolved spectroscopy using single photon counting at 1.36 
X ICT4M. 

we conclude that 1 is either solubilized at the micelle-
water interface or is rapidly transferring from the 
micellar interior to the bulk aqueous solution. The 
likelihood of the former possibility is suggested by pre
vious measurements of naphthalene4 solubilized in 
micelles of 2. As a result of the lack of desired en
vironmental information available from 1, a strategy 
was designed to cause deeper penetration of an indole 
fiuorophore into the micellar interior. To this effect 
6-1-11 was synthesized.5 This substance has a cmc of 
~1.5 X 1O-4 M, as determined by standard laser light 
scattering experiments.10 

Figure 1 shows that XL?0 of 6-1-11 depends strongly 
on concentration and that a shift occurs on passing 
from an aqueous to a less polar environment. The in
flection point of Figure 2 (XL* ~360 nm) occurs at 
~1.5 X 1O-4 M, coinciding with the cmc of the detergent 
which was independently determined. The fluorescence 
spectral shift upon micellization of 6-1-11 makes time-
resolved spectroscopy possible through analysis of fluo
rescence decay as a function of wavelength. Point-by-

[6 - I - l lJ •! .! X I0"!M 

HOTBr M X 10s 

(10) We thank Mr. John Gether for determining this cmc value. For 
a related application of this technique, see S. H. C. Liu, R. K. Dewan, 
V. A. Bloomfield, and C. V. Moor, Biochemistry, 10, 4788 (1971). 

Figure 4. Variations in fluorescence Xm3* of 6-1-11 in aqueous solu
tion containing various concentrations of hexadecyltrimethyl-
ammonium bromide (2). 

point fluorescence spectra were generated at several con
centrations of 6-1-11 (Figures 2 and 3). The micellar 
component of the emission has XL* ~350 nm and 
TF ̂  6-7 nsec while the aqueous component has XL* 
~370 nm and TF ~ 17 nsec, in accord with the data in 
Figure 1. 

The aforementioned spectral shift can also be used to 
determine the cmc of a host detergent. The depen
dence of XLx on the concentration of 2 is shown in 
Figure 4. The inflection point occurs at [2] = 8.8 X 
10-4 M (lit. cmc11 of 2 is 9.2 X 10-"). Thus indole-
containing probes may be useful in determining cmc 
values that are difficult to determine by more conven
tional methods. 

In summary, the indole detergent 1 displays distinct 
fluorescence properties depending on whether it is 
present in a bulk aqueous environment or a micellar 
environment (Figure 5). Apparently, on the time scale 
of the measurement (tens of nanoseconds) the rate of 
exchange of 1 between the two environments is slow. 

(11) P. Mukerjee and K. J. Mysels, "Critical Micelle Concentration 
of Aqueous Surfactant Systems," National Bureau of Standards 
NSRDS-NBS 36, Washington, D. C, 1971. 
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Figure 5. Schematic description of the behavior of 1 in aqueous 
and micellar environments. 
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Carbon-Carbon Bond Cleavage and Iminocarbene 
Formation in the Thermal Decomposition of 2#-Azirines 

Sir: 

Products formed on thermal decomposition of 2H-
azirines (1) appear always to involve C-N rather than 
C-C bond cleavage.1 In some cases (e.g., If, l g ) l a b 

this leads ultimately to fragmentation via carbene 3 and 
in other cases {e.g., Ib-Ie) to indole (2)la'd or pyrrolele 

formation (Scheme I). We now wish to report the 
discovery of C-C bond cleavage in the thermolysis of 
2//-azirines and the formation of products previously 
unobserved in both thermal1 and photochemical2 

azirine decompositions. We also present an explana
tion for the dependence of decomposition pathway upon 
substitution. 

(1) (a) D. J. Anderson, T. L. Gilchrist, G. E. Gymer, and C. W. Rees, 
/ . Chem. Soc, Perkin Trans. 1, 550 (1973); (b) T. L. Gilchrist, G. E. 
Gymer, and C. W. Rees, ibid., 555 (1973); (c) K. Isomura, S. Koba-
yashi, and H. Taniguchi, Tetrahedron Lett., 3499 (1968); (d) K. Iso
mura, M. Okada, and H. Taniguchi, ibid., 4073 (1969); (e) K. Isomura, 
M. Okada, and H. Taniguchi, Chem. Lett., 629 (1972); (f) T. Nishiwaki, 
J. Chem. Soc, Chem. Commun., 565 (1972); (g) R. Selvarajan and J. H. 
Boyer, J. Heterocycl. Chem., 87, (1972); (h) T. Nishiwaki, A. Nakano, 
and H. Matsuoka, / . Chem. Soc. C, 1825 (1970); (i) J. H. Bowie and B. 
Nussey, Chem. Commun., 1565 (1970); (j) D. Knittel, H. Hemetsberger, 
R. Leipert, and H. Weidmann, Tetrahedron Lett., 1459 (1970); (k) 
N. S. Narasimhan, H. Heimgartner, H.-J. Hansen, and H. Schmid, 
HeIo. Chim. Acta, 56,1351 (1973). 

(2) Irradiation of 2ff-azirines usually involves C-C bond cleavage but 
leads to products different from those observed here: (a) A. Padwa 
and J. Smolanoff, / . Amer. Chem. Soc, 93, 548 (1971); (b) M. Marky, 
H.-J. Hansen, and J. Schmid, HeIv. Chim. Acta, 54, 1275 (1971); (c) 
W. Sieber, P. Gilgren, S. Chaloupka, H.-J. Hansen, and H. Schmid, 
ibid., 56, 1679 (1973); (d) T. Nishiwaki, T. Kitamura, and A. Nakano, 
Tetrahedron, 16, 453 (1970); (e) F. P. Woerner and H. Reimlinger, 
Chem. Ber., 103, 1908 (1970); (f) A. Padwa, S. Clough, M. Dharan, J. 
Smolanoff, and S. I. Wetmore, Jr., / . Amer. Chem. Soc, 94,1395 (1972); 
(g) J. H. Boyer and G. J. Mikol, J. Heterocycl. Chem., 1325 (1972); (h) 
A. Padwa, M. Dharan, J. Smolanoff, and S. I. Wetmore, Jr., J. Amer. 
Chem. Soc, 95,1945(1973). 
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PtI = 

2-Phenyl-3-methyl-2i/-azirine3 (4a), when subjected 
to flow pyrolysis in the gas phase at 565° and 1 at
mosphere pressure of helium (contact time ^ 1 0 sec), 
gave only 2 % fragmentation to benzonitrile.la Rather, 
the major products were styrene (5a, 56% isolated 
yield), a reddish polymer, and (we presume) HCN. 
Similarly, 2-phenyl-3-ethyl-2//'-azirine3 (4b) gave only 
2% benzonitrile but 42% cis- and <rans-/3-methyl-
styrene (5b). Formation of these products requires 
bonding, at some point in the reaction, between C-2 
of the azirine ring and the carbon attached to C-3. 
However, neither of the two most obvious mechanisms 
for achieving this (paths A and B illustrated in Scheme 
II) is particularly satisfying: (a) 1,3-shift (path A) is 

Scheme II 

R1H2C N N 

C6H5 R, C6H5 R2 

9 

R,CN 

(B) / V 1 1 2 

— c- ) 
C6H5 CH2R1 

l ? 

R1CH^CCsH5 C6H5 

R2 

R1CH—CHC6H5 

5 ( B ) * I / 
J"' 

C 6 H 5 ^ 
H 

8 a, R 1 -H; R 2
- H 

b, R1 = CH3; R2 = H 
c, R1 = H; R2 — CH3 

unprecedented in unsaturated three-membered rings; 
(b) hydrogen transfer in carbene 6 (path B, leading 
directly to 8) should be much more favorable4 than C-H 

(3) Prepared via the vinylazide method; c/. A. Hassner and F. W. 
Fowler, / . Amer. Chem. Soc, 90, 2869 (1968). 

(4) (a) R. Srinivasan, J. Chem. Soc. D, 1041 (1971); (b) R. Srini-
vasan, J. Amer. Chem. Soc, 91, 6250 (1969); (c) R. D. Streeper and P. 
D. Gardner, Tetrahedron Lett., 767 (1973). 
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