
1602 

(2) C. K. Mann, Anal. Chem., 36, 2424 (1964); P. J. Smith and C. K. Mann, 
J. Org. Chem., 34, 1821 (1969); K. K. Barnes and C. K. Mann, ibid., 32, 
1474 (1967); P. J. Smith and C. K. Mann, ibid., 33, 316 (1968); N. L 
Weinberg and E. A. Brown, ibid., 31, 4058 (1966); L. C. Portes, V. V. 
Bhat, and C. K. Mann, ibid., 35, 2175 (1970); S. D. Ross, Tetrahedron 
Lett., 1237 (1973), and references contained therein. 

(3) The Ionization of /V-chloroaziridines has been previously reported4 and 
discussed in terms of the electrocyclic ring opening of the developing ni-
trenium ion singlet.45 

(4) P. G. Gassman, D. K. Dygos, and J. E. Trent, J. Am. Chem. Soc, 92, 
2084(1970). 

(5) R. G. Weiss, Tetrahedron, 27, 271 (1971). 
(6) K. N. Campbell, B. K. Campbell, L. G. Hess, and I. J. Schaffner, J. Org. 

Chem.,9, 184(1944). 
(7) The location of the aldlmine protons at this low field position is consis­

tent with the previously reported values for W-methylaldimine, which has 
its olefinic protons at r 2.60 and 2.91: C. F. Chang, B. J. Fairless, and 
M. R. Willcott, J. MoI. Spectrosc, 22, 112 (1967). For additional leading 
references see B. L. Shapiro, S. J. Ebersole, G. J. Karabatsos, F. M. 
Vane, and S. L. Manatt, J. Am. Chem. Soc, 85, 4041 (1963); S. Stern-
hell, Rev. Pure Appl. Chem., 14, 15 (1964); C. O. Meese, W. Walter, 
and M. Berger, J. Am. Chem. Soc, 96, 2259 (1974). 

(8) Similarly, 2 failed to show a true parent peak on mass spectral analysis. 
Instead, it also showed a base peak and apparent parent peak resulting 
from loss of the ethyl moiety. 

(9) We wish to thank Dr. R. L. Foltz of Battelle Columbus Laboratories for 
obtaining the CI-MS measurements for us. 

(10) The generation of highly acidic localized sites In an electrolysis is an ex­
perimental possibility which should always be taken into consideration. 

(11) A range of 5.96-6.03 M has been suggested for nonconjugated N-alkyl 
substituted imines: J. Fabian, M. Legrand, and P. Poirier, Bull. Soc. 
Chim. Fr., 1499 (1956). For an alternate route to a closely related series 
of compounds see A. Padwa and J. Smolanoff, J. Chem. Soc., Chem. 
Commun., 342 (1973). 

(12) The structure of 10 was established through comparison with an au­
thentic sample of 10 prepared via the addition, of ethyl Grignard to the 
imine derived from benzaldehyde and methylamine and subsequent hy­
drolysis. 

(13) For ample precedent see N. L. Weinberg and E. A. Brown, J. Org. 
Chem., 31,4058(1966). 

(14) Address correspondence concerning this study to Paul G. Gassman, De­
partment of Chemistry, University of Minnesota, Minneapolis, Minnesota 
55455. 

Paul G. Gassman,*14 Ikuzo Nishiguchi, Hisa-aki Yamamoto 
Department of Chemistry, The Ohio State University 

Columbus, Ohio 43210 
Received June 3, 1974 

Medium Effects on Photochemical Reactions. 
Photochemistry of Surfactant Alkyl-4-stilbazole 
Salts in Solution, in the Solid State, and in 
Monolayer Assemblies 

Sir: 

A recent interest in these laboratories has been the photo­
chemistry of surfactant molecules in different media. Since 
many of these compounds may be readily incorporated into 
monolayers, our attention has been directed toward employ­
ing the oriented, semirigid environment of monolayer 
assemblies to direct or modify their photochemistry.1 In the 
present communication we report an investigation on the 
photochemistry of the p-chlorobenzensulfonate (1), bro­
mide (2), and tetrafluoroborate (3) salts of ./V-octadecyl-
r/wtt-4-stilbazole. 2These results indicate that environment 

C l f irL-

»• x = a - @ -SO3 

can play a major role in determining photoreactivity4 and 
suggest that the amphipathic nature of these molecules may 
modify their solution or solid-state behavior relative to non-
surfactant analogs. 

Although essentially insoluble in aliphatic hydrocarbons 
(hexane and hexadecane) and water, 1-3 were moderately 
soluble in polar organic solvents. Acetonitrile solutions of 
these salts exhibit a long-wavelength absorption maximum 
at 345 nm (e 23,600) and a weak fluorescence with a maxi­
mum at 430 nm. The photochemistry of 1-3 in acetonitrile 
solution is unexceptional and is well-represented by that of 
1. Irradiation of acetonitrile solutions of 1 at 366 nm results 
in trans —- cis isomerization and, eventually, establishment 
of a photostationary state. Upon prolonged irradiation of 
very dilute nondegassed solutions, slow disappearance of 1, 
primarily due to cyclization, can be observed. By compari­
son, the properties of 1 are quite different from those of 2 
and 3 in the solid state. Although excitation spectra are not 
significantly different, solid samples of 1 exhibit broad, in­
tense yellow-green fluorescence with \ m a x at 470 nm while 
solid samples of 2 and 3 fluoresce blue with Xmax at 430 nm. 
Irradiation (G.E. reflector flood lamp through 2 cm of 
HiO and a Corning 0-52 filter) of 0.2 g of 1 spread on a 
watch glass for 8 hr led to essentially quantitative conver­
sion of the starting material to a white solid product. In 
contrast, 2 and 3 were recovered unchanged after irradia­
tion under identical conditions. 

The solid state photoproduct of 1 can be isolated in up to 
70% yield by recrystallization from 2-propanol. The uv 
spectrum (CH3OH) exhibits maxima at 257 and 223 nm, 
and the formerly vinylic protons of 1 appear at <5 5.01 (br 
"d") and 4.75 (br "d") in the N M R (CDCl3) of the prod­
uct. Irradiation of the solid photoproduct at 254 nm revers-
ibly regenerates the yellow-green fluorescence of 1, consis­
tent with a photodimer structure.6 Thus, the most reason­
able assignments of the resonances at 5.01 and 4.75 are to 
cyclobutane ring protons adjacent to pyridinium and phe­
nyl, respectively, in a trans-1 + trans-l photodimer. Of the 
four possible dimers 4-7, 5 and 6 could be obtained as vis­
cous oils by bisalkylation of the corresponding 4-stilbazole 
dimers7 with octadecyl p-chlorobenzenesulfonate. The cy­
clobutane ring protons of the trans-cis-trans dimer 5 ap­
peared as a broad unresolved 4 H resonance centered as <5 
4.97. In contrast, the corresponding protons of the trans-
trans-trans dimer 6 appear at 5 4.18 (br "d", 2 H) and 3.96 
(br "d", 2 H), an upfield shift compatible with the pseudo-
equatorial disposition of the four aromatic rings.9 These re­
sults clearly point to 4 as the structure of the solid state 
photoproduct of 1. 

Ph Py+ Ph Ph 

^ H 
p y 

py+ 

2, X = Br 
3,X = BF4 

Both stilbazole salts 1 and 2 form monolayers and, in 
mixtures with tripalmitin (TP), may be incorporated into 
monolayer assemblies by the usual techniques.10.Assemblies 
incorporating 1 or 2 have a long-wavelength absorption 
maximum (345 nm) comparable to that in solution, but the 
band is quite broad on the long-wavelength side, tailing well 
out past 430 nm. Analogous to the solid state of 1, these 
assemblies exhibit a green fluorescence with a maximum at 
about 490 nm. In contrast to the solid state, the photoreac-
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Figure 1. Plot of A/Ao vs. irradiation time for monolayer assemblies of 
1 with TP and arachidic acid: [ • ] six adjacent layers of 1:TP in a 1: 
4 ratio; [ • ] six adjacent layers of 1:TP, 1:4; [O] six layers of 1: 
TP, 1:4 alternating with layers of pure TP; [ D ] six layers of 1 :TP, 1: 
8 alternating with layers of pure TP. 

tivity of both 1 and 2 is comparable in the assemblies. Irra­
diation of assemblies incorporating 1 or 2 at 366 nm results 
in a decrease in the long-wavelength absorption band and 
fluorescence and a concomitant increase in absorption at 
265 nm. By analogy to the solid state photochemistry of 1, 
we infer that the photoproduct in the assemblies is a 
dimer. ' ' This is consistent with the observation that the rate 
and extent of disappearance of 1 decreases at higher TP: 1 
ratios. In addition, the efficiency is decreased when layers 
containing 1 are alternated with layers of pure TP, implying 
that both intra- and interlayer dimerization are important 
(Figure 1). 

In both the solid state and in the monolayer assemblies a 
red-shifted (green) fluorescence is present in those systems 
where photodimerization takes place; the fluorescence de­
clines in intensity as the dimer builds up. In the monolayer 
assemblies residual blue (apparently monomer) fluores­
cence persists following the initial fast reaction. These ob­
servations suggest that the green fluorescence may be due 
to an excimer intermediate in the photodimerization. How­
ever, the possibility that the formation of the emissive "ex­
cimer" state12 and dimerization are competitive rather than 
sequential processes cannot be excluded. In contrast to the 
above, no solution photodimerization or excimer emission 
could be observed in saturated solutions of 1 (ca. 0.008 M) 
in acetonitrile; since shorter chain 4-stilbazole salts photodi-
merize in solution,13 the apparent effect of the long chains 
is to inhibit association in solution. Although a number of 
polar aromatic molecules and salts of heteroaromatics are 
known to photodimerize in the solid state,6 the dimers 
formed are almost invariably of the head-to-tail structure 
analogous to 5, reflecting perhaps a minimization of steric 
and like-charge repulsions. In fact 2-stilbazole methiodide 
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photodimerizes quantitatively in the solid state to yield such 
a product.7,14 In contrast, the sole photodimer of 1 in the 
solid state has the head-to-head structure 4; this result 
suggests that in the solid state preferential association of 
hydrophobic groups may be important enough to offset un­
favorable like-charge interactions in the hydrophilic zones. 
This result suggests that incorporation of an orienting hy­
drophobic group could lead to useful directing effects on 
solid state photodimerization and addition reactions. We 
are currently exploring this possibility with several systems. 
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Aromatic Hydroxylation by Peroxydisulfate 

Sir: 

Although the oxidation and cleavage of aromatic side 
chains by peroxydisulfate (usually in the presence of transi­
tion metal ions) is well known,1-3 as far as we are aware, 
the Elbs reaction (hydroxylation of phenols in alkaline me­
dium) provides the only example in which hydroxyl groups 
are efficiently introduced into the aromatic ring.4 Oxidation 
of aromatics by Fenton's reagent (Fe2 +-HaCh) has also 
been reported to give solely side-chain oxidation of a num­
ber of aromatics,2,3 but recently we have found that phenols 
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