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rivative of 6 and various impurities. The 120-mg fraction was 
crystallized from 5 mL of water chilled to 5 O C  [yield 93 mg (32%); 
mp 235-250 "C] plus a second crop of 18 mg: total yield 37%; 
UV A,, (MeOH) 238-239 nm (e 13800), 293-294 (4400), 363 
(15600), A- (0.1 N HC1) 239 (10700), 259-261 (6100),340 (164001, 

A,, (0.1 N NaOH) 231-232 (18800), 280-281 (7300), 347-348 
(12000); IR 3.0-3.1 (NH, OH), 6.13 and 6.31 pm (heterocyclic 
C=N); 'H NMR (slurried in DzO, evaporated, and redissolved 
in CDSOD) 6 5.43 (dd, H-1', J1,,2tA = 6.0 Hz, J1,,2% = 10.5 Hz), 4.47 
(rough dt, H-3', presumably ddd), 4.04 (m, H-4'), 3.85 (dd, H-5'A, 

A,, (pH7) 232-233 (14 loo), 293-294 (5400), 356-358 (12 800); 

J4,,5,A = 3.6 Hz), 3.65 (dd, H-5'B, J4,,5,e = 3.3 Hz, Jgem = 12 Hz), 
2.5 (ddd, H-2'A, Jyh3, = 6.0 Hz, J1,,2,A = 1.05 Hz), 2.3 (ddd, H-2'B, 
J2%,3, = 1.5 Hz, J1,,2'B = 6.0 Hz, J,,, = 13.3 Hz). Anal. Calcd for 
CloH,,N503~2/3H,0: C, 40.67; H, 4.89; N, 23.71; S, 10.85. Found 
C, 40.76; H, 5.02; N, 23.35; S, 10.63. 
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Photodimerization of 2-substituted naphthalenes in organic solvents has been well explored. In contrast to 
their behavior in organic solvents, in anionic and cationic micellar media enhanced reactivity and pronounced 
regioselectivity are observed. Reactivity enhancement in micellar media is attributed to the local concentration 
effect. Enhanced reactivity in CTAC and DTAC compared to CTAB micelles is attributed to the counterion 
effect, and the regioselective photodimerization observed in anionic and cationic micelles leading exclusively 
to the cis dimer or the products derived therefrom is rationalized on the basis of the preorientational effect of 
micelles. 

Control of stereo- and regiochemistry in photochemical 
reactions through the use of constrained systems such as 
molecular and liquid crystals, monolayers, and micellar 
assemblies has opened new vistas in photochemistry.' In 
particular the photocycloaddition reactions of cyclo- 
pentenones,2 cyclohe~enones,~ py r idone~ ,~  and 9-(hydrox- 
ymethyl)anthracene5 in micellar media have demonstrated 
the potential use of micellar effects in controlling the re- 
giochemistry of photodimerization reactions. The ability 
of micelles to organize reactants in a specific geometry 
(preorientational effect) and the polar nature of the mi- 
cellar interface are the two features that could affect the 
regiochemistry of photodimerization. Studies on photo- 
dimerization of coumarin6 and 9-methylanthracene' in 
micellar media have revealed that in such systems the 
polarity effect is predominant in effecting a regioselective 
dimerization. During the photodimerization of 7-alkoxy- 
and 4-methyl-7-alkoxyco~marins~ in micellar media, a 
failure to  control the regiochemistry of the photo- 
dimerization was observed, thus suggesting limitations of 
micellar effects. A study of 2-substituted naphthalenes 
1-6 (Scheme I) in micellar media was undertaken in order 
to understand the extent of micellar effects on regio- 
chemical control of photodimerization reactions. 

The photodimerization of 2-substituted naphthalenes 
in organic solvents has been well explored.*lg In organic 
solvents the trans dimer 7 is the major and the cis dimer 

'Respectfully dedicated to Prof. P. de Mayo on the occasion of his 
60th birthday. 

8 (or products derived therefrom) the minor product 
(Figure l).14 It has been established that the dimerization 
process is polarity independent:J2 hence the polarity effect 
of micelles can be excluded. Further, the 2-sub- 
stituents-alkoxy, carbomethoxy, and nitrile-being hy- 

(1) Turro, N. J.; Gratzel, M.; Braun, A. N. Angew. Chem., Intl. Ed. 
Engl. 1980, 19, 675. Whitten, D. G.; Russell, R. C.; Schmehl, R. H. 
Tetrahedron 1982,38,2455. Thomas, J. M.; Morsi, S. E.; Desvergne, J. 
P. Ado. Phy. Org. Chem. 1977, 63-151. Nerbonne, J. M.; Weiss, R. G. 
J. Am. Chem. SOC. 1979,101, 402. 

(2) Lee, K. H.; de Mayo, P. J.  Chem. SOC., Chem. Commun. 1979,493. 
Berenjian, N.; de Mayo, P.; Sturgeon, M.; Sydnes, L. K.; Weedon, A. C. 
Can. J. Chem. 1982,60,425. 

(3) Fugues, R.; Maurette, M. T.; Oliveros, E.; Riviere, M.; Lattes, A. 
Noov. J .  Chim. 1979,3, 487. 

(4) Nakamura, Y.; Kato, T.; Morita, Y. Tetrahedron Lett. 1981, 22, 
1205. 

(5) Wolff, T. J. Photochem. 1981, 16, 343. 
(6) Muthuramu, K.; Ramamurthy, V. J. Org. Chem. 1982,47, 3976. 
(7) Wolff, T.; Muller, N.; Von Bunau, G .  J. Photochem. 1983,22, 61. 
(8) Muthuramu, K.; Ramnath, N.; Ramamurthy, V. J. Org. Chem. 

1983,48,1872. Ramnath, N.; Ramamurthy, V. submitted for publication 
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33, 259. 
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(12) Wilairat, P.; Selinger, B. A u t .  J.  Chem. 1968, 21, 733. 
(13) Collin, P. J.; Sugowdz, G.; Teitei, T.; Wells, D.; Sasse, W. H. F. 
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Figure 1. Four possible (4 + 4) photodimers of 2-substituted 
naphthalenes. in micelles. 

Figure 2. Expected orientation of 2-substituted naphthalenes 

Scheme I 

WR2 

drophilic in nature serves to orient the molecules a t  the 
interface with the substituent group directed toward the 
polar exterior (Figure 2). This molecular orientation 
should lead to the cis dimer. Results presented here bear 
out the above expectation. The cis dimers of 2-alkoxy- 
naphthalenes 1-4 rearrange to the corresponding ketones 
9-12l' while the cis dimers of 2-carbomethoxy- and 2- 
cyanonaphthalenes (5 and 6)15916 give the corresponding 
cage products 13 and 1418 (Scheme I). 

Results 
The details of irradiation conditions and products 

formed are summarized in Table I. Physical and spectral 
data of products isolated in this study are in perfect 
agreement with literature  report^.^^^'^^^' 2-Substituted 
naphthalenes 1-6 were irradiated in organic solvents under 
a nitrogen atmosphere alongside the micellar solutions in 
order to afford a comparison. Present results on the ir- 

(17) Teitei, T.; Wells, D.; Saase, W. H. F. Tetrahedron Lett. 1974,367. 
(18) Kowala, G.; Sugowdz, G.; Sasse, W. H. F.; Wunderlich, J. A. 

(19) Teitei, T.; Wells, D.; Collin, P. J.; Sugowdz, G.; same, W. H. F. 
Tetrahedron Lett. 1972, 4721. 

A u t .  J .  Chem. 1975,28, 2005. 

radiation in organic solvents (Table I) are in fair agreement 
with literature reports.'%15 While no cis dimer was isolable 
in any case, for 1-4 the trans dimer was the major and the 
corresponding ketone from the cis dimer the minor prod- 
uct. The conversion percentages were exceedingly low, 
revealing the low reactivity of these substrates in organic 
solvents. 

Irradiation of 1-4 in SDS, CTAB, CTAC, and DTAC 
micelles gave as the sole product the ketones 9-12 derived 
from the corresponding cis dimers. In the case of 2-eth- 
oxynaphthalene (3), a copious precipitation of the cis dimer 
8 (R, = H, R2 = OCH2CH,) occurred during photolysis in 
CTAC. In CTAB the precipitation was faint, and in SDS 
and DTAC no precipitation occurred. 2-Alkoxy- 
naphthalenes 1, 2, and 4 did not precipitate out any cis 
dimers. After workup of the photolyzed micellar solutions 
as indicated in Experimental Section, the corresponding 
ketones were isolated together with unreacted substrates. 
Neither the trans dimer nor any rearranged products 
therefrom were isolated. 2-Carbomethoxy- and 2-cyano- 
naphthalenes were irradiated in SDS and CTAC micelles, 
and the corresponding cage products 13 and 14, respec- 
tively, were the only products isolated. 
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Table I. Photodimerization of 2-Substituted NaDhthalenes in Organic Solvent and in Micellar Media 

compound 

product yields,c '7% 

solubilized, photo- % trans, cis, 
amount time of 

surfactant/solvent M h conv dimer ketone dimer 

l-methyl-2- 
methoxynaphthalene (2) 

2-ethoxynaphthalene (3) 

2-methoxynaphthalene (1) benzened 
SDS (0.1 M )  
CTAB (0.05 M) 
CTAC (0.025 M )  
DTAC(O.l M )  
cyclohexane 
SDS (0.1 M )  
CTAB (0.05 M) 
CTAC (0.025 M) 
DTAC (0.1 M )  
benzene 
SDS (0.1 M )  
CTAB (0.05 M )  
CTAC (0.025 M) 
DTAC (0.1 M) 

2-isopropoxynaphthalene (4) cyclohexane 
SDS (0.1 M )  
CTAB (0.05 M )  
CTAC (0.025 M )  
DTAC (0.1 M )  

alcohol ( 1 : l )  
SDS (0.1 M )  
CTAC (0.025 M) 

2-carbomethoxynaphthalene ( 5)  benzene: isopropyl 

2-cyanonaphthalene (6) benzene:n-hexene 
(1 :2)  

CTAC (0.025 M )  

0.32 
0.010 
0.007 
0.007 
0.007 
0.58 
0.019 
0.017 
0.008 
0.007 
0.30 
0.010 
0.017 
0.017 
0.012 
1.14 
0.010 
0.015 
0.008 
0.008 
0.19 

7) 
24 1 
23 1 

0.011 (7) 
0.001 (30) 
0.10 

0.004 (17)  

7 20 
100 
100 

20 
24 

143 
80 
80 
36 
36 

480 
45 
45 
40 
45 

240 
20 

28 
28 
28 

168 

50 
60 

240 

192 

2.5 
20 
33 
72 
55 

40 
50 
70 
66 

31 
26 
58 
40 

15 
14 
25 
25 

5.0 

6.0 

1.0 

2.0 

11 
28 
15 

73 

80 
60 
30 
71 
67 

50 45 
45 
12 
61 
65 

40 10 
51 
16 4 
56 18 
60 

52 20 
20 
15 
45 
45 

25 (cage product 13) 

57 (cage product 13) 
36 (cage product) 
15 (cage product) 

38 (cage product) 
a (S), the mean occupancy number of a micelle was calculated by using aggregation numbers 60, 80, and 82 for SDS, 

CTAB, and CTAC, respectively. Irradiation was carried out in Pyrex tubes by using a Hanovia 450-W medium-pressure 
mercury arc lamp. Ir- 
radiations in benzene:isopropyl alcohol (l:l), dioxane: water (l:l), and tetrahydrofuran have been reported to yield only 
the trans dimer (ref 9). 

Yields presented correspond to TLC isolated yields; average of at least two independent runs. 

In micellar media compared to organic solvents, en- 
hanced percentages of conversion in shorter durations of 
irradiation were observed (Table I). Further, the efficiency 
of the photodimerization was higher in cationic micelles 
having chloride counterions when compared to those 
having bromide as counterions. No attempt was made to 
measure the quantum yield as the reactions required long 
irradiation times. 

Discussion 
Distinct features of the micellar irradiations of 2-sub- 

stituted naphthalenes 1-6 are (i) reactivity enhancement 
compared to  organic solvent media, (ii) pronounced re- 
gioselectivity in the formation of products, and (iii) re- 
activity enhancement in cationic micelles due to change 
of counterion from bromide to chloride.20s21 

Enhancement of reactivity in micellar media compared 
to  that in organic solvent media is the characteristic mi- 
cellar catalysis arising due to  an increased local concen- 
tration of the reactanta. Such reactivity enhancements in 
photodimerization processes have been observed earli- 
er.2-822 

Since polarity of the medium is not an important factor 
during the photodimerization of 2-substituted naphtha- 
l e n e ~ , ~ J ~  the pronounced regioselectivity observed in mi- 
cellar media can be attributed to the preorientational ef- 
fect. Unlike aqueous or nonaqueous solvent media, in 
biphasic systems such as micelles the site of solubilization 
and the nature of orientation of the reactants are impor- 

(20) Hautala, R. R.; Schore, N. E.; Turro, N. J. J .  Am. Chem. SOC. 

(21) Wolff, T.; Von Bunau, C. Ber. Buns. Phys. Chem. 1982,86,225. 
(22) Nakamura, Y.; Imakura, Y.; Kato, T.; Morita, Y. J .  Chem. SOC., 

1973,95, 5508. 

Chem. Commun. 1977, 887. 

tant factors that  influence reactivity. Likely sites of sol- 
ubilization for benzene, naphthalene, and pyrene and the 
nature of orientation of aromatics bearing hydrophilic 
groups in micellar media have been investigated.23-29 On 
the basis of these reports and the observation of decreased 
reactivity due to counterion quenching in CTAB micelles, 
we believe that 2-substituted naphthalenes 1-6 are oriented 
in micelles a t  the interface as shown in Figure 1. This 
preorientation, we believe, dictates the regiochemistry of 
the photodimerization process, and this is expected to lead 
to cis dimers. The cis dimer rearranges to the ketone in 
case of 2-alkoxynaphthalenes and gives cage products in 
the case of 5 and 6. Photodimerization of 2-substituted 
naphthalenes in micellar media is the first example where 
the polarity effect is clearly excluded and the preorienta- 
tional effect is predominantly operative in effecting the 
control of regiochemistry. 

Comparison of the photodimerization of 2-substituted 
naphthalenes with 7-alkoxy- and 4-methyl-7-alkoxy- 
coumarins in micellar media* reveals the probable extent 
to which the preorientational effect can be utilized in 
controlling regiochemistry. Like 2-substituted naphtha- 
lenes, 7-alkoxy- and 4-methyl-7dkoxycoumarins exhibit 
medium polarity independent photodimerization in organic 
solvent media;30 however, a failure to control the regio- 

(23) Fendler, J. H.; Fender, E. J.; Infante, G. A.; Shih, P. S.; Patterson, 

(24) Turro, N. J.; Lee, P. C. C. Photochem. Photobiol. 1980,32,327. 
(25) Gratzel, M.; Kalyanasundaram, K.; Thomas, J. K. J.  Am. Chem. 

(26) Cardinal, J. R.; Mukerjee, P. J. Phys. Chem. 1978, 82, 1614. 
(27) Mukerjee, P.; Cardinal, J. R. J. Phys. Chem. 1978, 82, 1620. 
(28) Thomas, J. K. Acc. Chem. Res. 1977,10, 133. 
(29) Fendler, E. J.; Day, C. L.; Fendler, J. H. J. Phys. Chem. 1972,76, 

L. K. J. Am. Chem. SOC. 1975,97,89. 

SOC. 1974,96, 7869. 

1460. 
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chemistry through micellar preorientational effect was 
observed. This observation compared with the above re- 
sults on 2-substituted naphthalenes suggests that the 
micellar preorientational effect could perhaps be utilized 
for only those systems wherein the hydrophobic interaction 
leading to  preorientation is stronger than the interaction 
involved in the  photodimerization process. 

The observation of reactivity enhancement in cationic 
micelles due to  a change of counterion from bromide to  
chloride lends support to  the belief that the 2-substituted 
naphthalenes are solubilized at the  interface. The 
quenching of the excited singlet states of these substrates 
by bromide counterions in CTAB leads to a decreased 
reactivity as compared to that in CTAC. Such counterion 
effects on the fluorescence quenching of excited singlet 
states of micelle-solubilized naphthalene, pyrene, and an- 
thracene derivatives have been observed previously.20i21 
Our observations are in agreement with those reports and 
imply that in effecting an efficient photochemical reaction 
in micellar media counterion effects will have to  be taken 
into consideration. 
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tightly stoppered. In case of 2-ethoxynaphthalene (3),  copious 
precipitation of the cis dimer occurred in CTAC and a light 
precipitation in CTAB. The precipitate was filtered off following 
every 10 h of photolysis and air-dried. No precipitation occurred 
during other irradiations, requiring, therefore, the following 
workup procedure. 

In the case of SDS, workup involved the addition of sodium 
chloride to the irradiated solution to ”salt out” SDS, unreacted 
substrate, and the products. The “salted out” precipitate was 
filtered, dried at 45 “C, and washed repeatedly with chloroform. 
The chloroform extract was washed repeatedly with water, and 
dried, and the solvent was evaporated. The crude product was 
subjected to preparative TLC (silica gel/chloroform). For 1-4 
the corresponding ketones 9-12 and for 5 and 6 the corresponding 
cage products 13 and 14 were the only products isolated in addition 
to unreacted substrates. For cationic detergents (CTAB, CTAC, 
and DTAC), workup involved dilution of the photolyzed solutions 
to well below their cmc’s and extraction with chloroform or ether. 

Irradiation in organic solvents was carried out in nitrogen- 
purged solution in Pyrex tubes at room temperature under 
identical conditions as micellar irradiations. Reported workup 
procedures were adopted.14 

Identification of Products. The ketones 9-12 and the cage 
produck3 13 and 14 were identified by their melting points, UV, 
IR, ‘H NMR, and mass spectra. The spectra obtained for products 
in this study are in perfect agreement with literature 

The cis dimer of 2-ethoxynaphthalene, not isolated previously, 
is a white crystalline solid melting in the range 175-177 O C  and 
has the following spectral features: UV (CHCl,) A,, 274 nm (c  
11600), 283 (11 300); IR (Nujol) v 1650 cm-’; 1H NMR (CDC13) 
6 1.49 (t, 6 H, J = 8 Hz), 3.88-4.07 (4 H), 4.16 (q,4 H, J = 8 Hz), 
5.67 (2 H), 6.95-7.46 (m, 8 H); mass spectrum, m / e  (relative 
percent) 344 (M’, 4), 172 (100). 

Upon refluxing in benzene containing a catalytic quantity of 
p-toluenesulfonic acid, the cis dimer gave 11 quantitatively. 

Control Experiments. A 20-mg sample of the trans dimer 
of each of the 2-substituted naphthalenes 1-4 was stirred in 
1WmL surfactant solutions for 12 h. The trans dimers were found 
to be insoluble and recovered quantitatively upon filtration of 
the stirred solution. Because of the insolubility of the trans dimers, 
the possible photodegradtion of these dimers in micellar media 
could not be verified. However, if formed, these dimers are 
expected to precipitate out of the micellar solutions. Even upon 
dilution of the photolyzed micellar solution well below their cmc’s, 
no precipitation was observed. 

Acknowledgment. The Council of Scientific and In- 
dustrial Research, Government of India, is thanked for 
financial support. 

Registry No. 1,93-04-9; 2,1130-80-9; 3,93-18-5; 4,15052-09-2; 
5,2459-25-8; 6,613-46-7; 8 (R, = H; & = OCH,CH,), 87935-90-8. 

Experimental Section 
Sodium dodecylsulfate (SDS), cetyltrimethylammonium 

bromide (CTAB), cetyltrimethylamonium chloride (CTAC), and 
dodecyltrimethylammonium chloride (DTAC) of Eastman Kodak 
were used after repeated recrystallization from 95% ethanol and 
methanol. Double distilled water was used to make up micellar 
solutions. Distilled organic solvents were used. 2-Substituted 
naphthalenes 1 and 6 were commercial samples (Aldrich) while 
2-5 were synthesized by following reported  procedure^.^^ 

Solubilization of Reactants in Micellar Solutions. 2- 
Substituted naphthalenes 1-6 (100-200 mg) were stirred for 12 
h with 100 mL of surfactant solutions (SDS, 0.1 M; CTAB, 0.05 
M; CTAC, 0.025 M; DTAC, 0.1 M) of concentrations well above 
their cmc. The micellar solutions were filtered through Whatman 
No. 1 filter paper to remove insoluble material, if any, into Pyrex 
irradiation tubes. 

Irradiation and Workup Procedures. Transparent micellar 
solutions were irradiated at room temperature in Pyrex tubes with 
a 450-W medium-pressure mercury arc lamp for time intervals 
indicated in Table I. Nitrogen was bubbled through the solutions 
for 45 min prior to photolysis, and the irradiation tubes were 

(30) Leenders, L. H.; Schowtenden, E.; De Schryver, F. C. J. Org. 
chem. 1973,33,957. 

and Longman Group Limited London, 1975; p 670. 
(31) Vogel, A. I. “A Text Book of Practical Organic Chemistry”; eLBS 


