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Abstract On irradiatjon with Pyrex-filtered light. ~-bromo-1.~.dimethyluracil 1 coupled with methyl- and 
methox~naphthalcncs 2-7 logive 5.naphthyl-l,~-dtmethyfuracilsg-13. ~ocouplin~ product was formed by 
triplet sensitlratlon except in the cases of 2.~-dlmethoxynaphth~lenc 3 and 2-meth~xynaphthalcne 5. 
indicating rhat the smglct excited states of the naphthalencs arc mvolved in the unsensitized coup/q 
reaction. The k,t values of the fluorescence quenching of 1.4-dimcthoxynaphthalene 2 and I- 
methoxynaphthalcne 4 by I in ac’etonirrile were comparable with those obtained from the kinetics of the 
coupling reactions. On the basis of this fact and the fluorescence-quenching rate constants k, in acetonitrile 
ranging from IO” to IO” M-’ SW ‘, involvement ofan electron-transfer process possibly via a singlet exciplcx 
IS proposed for this cross-coupling reaction. 

In the last decade it has been well established that on 
electronic excitation the increase of both electron- 
donor and acceptor properties gives rise to electron 
transfer reactions between excited molecules and non- 
excited ones.’ Encounter complex, exciplex and 
radical ion pair are considered as the intermediate 
species of numerous photoinduced reactions.’ 
Photochemical charge-transfer and electron-transfer 
reactions are controlled by rcdox potentials, excitation 
energy, and solvent polarity.‘“.’ Excited complexes 
and exciplexes are usually formed in nonpolar 
solvents, being accompanied with a new red-shifted 
emission in certain cases, whereas the formation of 
solvated radical ion pair requires irradiation in polar 
solvents.’ There is growing evidence that exciplexes 
are intermediates in photochemi~l reactions even 
when no new emitting species are observed.ZC.4 

We have recently reported the acetone-sensitized 
photo-cross-coupling of 5-bromouracil derivatives to 
3-substituted indoles to give 5-(2-indolyl)uracils.~’ 
This coupling reaction occurs either in the absences,” 
or presence”.’ of an electron carrier such as 
naphthalene derivatives. In the latter cast, cross- 
coupling between the 5-bromouracil and the electron 
carrier also occurs under certain circumstances. 
Electron-transfer mechanisms involving the triplet 
state of the bromouracil were proposed for these two 
types of coupling as shown in eqns (1) and (2 I. where 

“BrU* + InH -, (BrL’- + InH?)=!I!.!% U--In (I) 

3BrU* + NH --t (Brl_!- + NH’ 1-z U-N 

4 InH 
NH (2) 

(BrU- ; JnH-l-2 U-Jn 

BrU, InH and NH denote 5-bromourdcil, indole and 
napht halene derivatives. respectively.’ 

We find that in the absence of triplet sensitizer 5- 
bromo- I ,3-dimethyl-uracil 1 undergoes the third type 
of photo~oup~ing (eqn 3) to methyl- and methoxy- 
naphthalenes via an electron-transfer process from the 
singlet excited state of the naphthalenes, although a 
few cases may involve partly the naphthalene triplet. 
Thus, the result providesan unique example in which a 
similar eiectron-transfer reaction can occur at singlet 
as well as triplet excitations by changing electron- 
don& molecules. 

‘NH* t BrU --, IBrL; + NH t )-ZU-N (3) 

RESULTS AND DKCXSSION 

Irradiation of an acetonitrile solution of S-bromo- 
l,3-dimethyluracil 1 and l&dimethoxynaphthalene 2 
with a high-pressure mercury lamp through Pyrex 
glass gave the photoproduct 8. Under the conditions, 
about 75 “; of the incident light was absorbed by 2. The 
structure of the product was assigned as 8 from its 
spectral data. The molecular peak at m/e 326 indicates 
that 8 is a I :I coupling product formed by 
intermolecular dehydrobromination. By comparison 
of the ‘H NMR spectra of the product 8 and the 
starting material 2 [fi 3.93 (s, 6 H) for l-and 4-methoxy 
protons, S 6.79 (s, 2H) for H, and H, on the 
naphthalene ring, and 6 7.05 and 8.19 (A2Bz-, 4 H) for 
H,. H,, H, and H,], (i) one (6 3.70) of the methoxy- 
protons of 8 shifted to up-field due to the deshielding 
by the uracil ring, (ii) the H, proton (d 6.95) is shifted to 
down-field, being accompanied with the loss of H, 
proton, and (iii) the A,B, signals became diffused. 
These spectral changes and other spectral properties 
agree well with the structure 8. 

hv 
. 
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Under the same irradiation conditions, 2,3- 
dimethoxynaphthalene 3 gave a similar type of 1: 1 
coupling product 9. fn this case, about 80% of the 
incident light was absorbed by 3. C~rn~ari~o~ of the 
‘H NMR spectrum of9 with that of 3 [S 3.91 (s, 6 H), 
7.25 (s, 2 H), and 7.32 and 7.72 (A,Bz, 4 H)] showed 

9 

similar spectral changes as in the case of 8, indicating 
that the coupling of the uracil ring occurs at the I- 
position of 3 as depicted below. 

In the case of l-methoxynaphthalen~ 4, a similar 
type of coupling reaction was observed to give a 1: 1 
mixture of two isomeric products 10 which could not 
be separated. ~-Metho~ynaphthalene 5, t-methyl- 
naphthalene 6 and 2~methylnaphth~cne 7 also gave 
an inseparable 1: 1 mixture of two isomeric coupling 
products It, 12 and 13, respectively. The spectral data 
of these 1 :l mixtures of isomeric products *were 
compatible with the structures depicted below, By 
analogy with the formation of 8 and 9, the coupling of 
the uracil ring is assumed to occur on the methyl- or 
methoxy-substituted ring of the starting naphtha~enes. 
T%e yields of the coupling products obtained by the 
above unsensjti~d photor~ctions are summa~zed in 
Table 1. 

IO R=OMe 
12 R=Mc 

Fluorescence emission maxima of the coupling 
products are listed in Table 2 together with those and 
fluorescence quantum yields of the starting 
naphthale~e~. Fluorescence intensities of the coupling 
products were slightly weaker than those of the 
starting materials. We have attempted to extend this 
coupling reaction to a variety of aromatics. However, 
photoreaction of the anthracenes 14 and 16 with 1 gave 
no cross-coupling product. In the case of 9- 
methylanthra~~e 14. f produced a home-coupling 
product, N,N,N’,N’-tetramethyl-5,5’-diuraciiy~ 15 
(47x), which had already been characterized by 
Ishihara and Wang.& 

In order to know the multjp~icity ofthc excited state 
responsible for the coupling reactions, triplet 
sensitization was carried out with acetone (ET 
78-82 kcal/m&) and bentophenone (69.2 kcal/mol’). 
Under the irradiation conditions, 70-X “I’, *of the 
incident light was absorbed by acetone and 90-9s 7: 
by benzophenone. The results are summarized in 
Table 1. Except the ~-methoxy-substituted naph- 
thalenes 3 and 5, no coupling product was formed and 
the starting materials were largely recovered. The 
results suggest that neither triplet naphthalene nor 
triplet I is responsible for the un~nsitized coupling 
reaction (2, 4, 6, 7). and that a singlet excited state, 
most probably naphthaiene singlet, is involved in the 
reaction (eqn 4), since a large part of the incident light 
was absorbed by the naphthalene, although 
mechanistic situation is more complicated in the cases 
of 3 and S (oi& infra). 

‘NH* + BrU --, U-N (4) 

A~tone-sensiti~tion was effective for the reactions 
of both 3 and 5, whereas ~nzophenone-~nsiti~tjon 
was only effective for 5. In view of the triplet energies of 

Me 

II R==OMc 

I3 R== Mc 

Naphthalonee ES “t Yield of coupling product (Ilb 
fkeallnol) ~kc~~/mol) 

_- 
unsensitized + acetone + benrophenone 

1,4-fMeO)2 ‘21 90 ’ 60.3d 40 0 0 
2,3-txeo>* ‘2’ 90 E 60 = 44 10 9 

l-He0 ‘$1 89,3e 5P.?c 41 0 0 

2-Xe0 (2’ 8Z~3~ 62 d 12 65 0 
t-tie (2’ 90.0e 39*(it 54 0 8 
2-lie w 89.5” 60.8e 53 0 8 

‘~rredfations in preparrtive scale NIU were done virb a 100-M hi&-preesure mercury 

Iamp through a Pyrex Eiltcx far 10 h at ambient rurptraturc, b 
Based on the consumed 1. 

CEstlmeted values from other arpbtbalenee; d 
P. H. Qutne, 2, timlet and f. A. CarrolZ~ 

J. Am. Chem. SIX%, 3, 2240 :1977); %. t. Murov to “Handbwk of Photochemistry”, 

M. Dekker, Nev York, 1973: 0, Rebm and A. Weller. Isr. J. Chero., $, 259 (1970). sot done. 
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Table 2. Fluorescence spectra of naphthalenes and the coupling products in CH,CN at 20 c” 
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Naphthalanes E 
aw(m) @f 

Coupling E 
Product max(m) 

1.L 04eO~, c..’ 390 0.50b 3 457 

2.3-iHeo>2 (2) 351 0.41= t 421 

l-&e0 (316' 360 0.3gd !,o 626 

2-Me0 (2) 349 0.4Sb 11 420 
& 

X-Me (2) 333 0.21e 12 409 

2-He W 333 0.27= iG 418 

%citation wavelengths were 330 nm (2, _?, 4. 1, g. 9, 10. 

and 11, and 320 ND (6, 1. 12 and 3). b 
F. H. Quinn, 2. Hamlet 

and P. A.Carroll, J. Am. Chem. Sot --_._ -** 9,9, 2240 (1977); 'Private 

communication from Dr. F. Tanaka: dJ. D. Laposa, E. C. Urn and 
R. E. Kellogg, 2. Chem. Phys., 4,2, 3025 (1965); eI. 5. Berlman 

in "Handbook of Fluorescence Spectra of Aromatic Molecules", 

Academic Press, Sew York, 1965. 

the sensitizers, the naphthalenes f - 6Okcal/mol; see 
Table 1) and I (estimated to be cu. 74 kcal/mol’O), it 
seems very likely that the sensitized coupling of I to 5 
involves a bromouracil triplet formed by energy 
transfer from acetone triplet (eqn 5) as has been 
observed in the acetone-sensitized reaction of 1 and 
tryptophan derivatives.‘,’ Acetone- and benzo- 
phenone-sensitized couplings of 1 to 3 may probably 
involve the triplet state of 3 (NH) formed by energy 
transfer from the sensitizers (eqn 6). 

‘BrU* + NH --, U-N (5) 

‘NH* + BrU -. U-N (6) 

Electron-transfer processes in photoinduced 
reactions, such as exciplex and radical ion pair 
formations. have recently been recognized not only as 
physical quenching processes of excited species but 
also as processes yielding products.’ In several [2 + 21 
photocycloaddition reactions, such electron-transfer 
processes have been suggested and confirmed as 
essential processes. ‘*” In a fluorescence quenching 
process, Rehm and Weller proposed a correlation 
between the quenching rate constants and changes of 
free energy (AG) calculated by eqn (7).3 Since it is 
recognized that naphthalenes are able to act as 
electron-donors’ 2 and nucleic acid bases, especially 
pyrimidine bases as electron-acceptors,’ ’ fluorescence 
quenching experiments were performed in order to see 
whether or not such an electron-transfer process is 
involved in the unsensitized coupling of the 
naphthalenes to 1. Table 3 lists the free energy change 
(AG) calculated by eqn (7). 

AG = 23.06[E(D,‘D+), -E(A-/A), 

e2/ca] - AE,,, (71 

where 1.3 kcal/mol of the coulomb force (e’/cz) 
estimated by Maroulis et ~1.‘~ is employed. The rate 
constants (k,) for fluorescence-quenching of the 
naphthalenes by 1 were obtained experimentally by 
Stern-Volmer plots. The calculated AG values predict 
that in all cases the electron transfer process ofeqn (3) 
is highly exothermic. With the exception of 3 and 5 
(ride inli+u), the observed rate constants of 

fluorescence-quenching are fairly close to that of 
diffuston-controlled reaction (kdi r = 2.7 x IO’” M - ’ 

XC-’ in CH,CN at ZOOC). Another significant finding 
in the quenching experiments is that the k r value 
(32.7 M - ‘ )forthefluorescence-quenchingof2iy 1 was 
comparable to that (44.4 M - ‘) obtained from the 
kinetics of the unsensitized coupling reaction of 1 to 2. 
Plotting of [rel yield of 8]- ’ vs [2 J - ’ gave a straight 
line,and the value of kUr values was calculated from the 
interapt slope ratio. Slmllarly, the kg T values for the 
fluorescence-quenching of 4 by 1 (40.5 M - ‘) and that 
obtained from the unsensitized coupling reaction 
(35.0 M - ’ ) are also comparable. The results strongly 
support that complexation of the naphthalene singlet 
with the uracil 1, presumably exciplex formation, 
followed by an electron transfer is a common process in 
both the fluorescencequenching and the coupling 
reaction (eqn 8). 

NH hA ‘NH* J% ‘(NH-BrH)* 

-+ (NH- + BrIJ-) -2 N-U (8) 

It should be pointed out that the fluorescence 
quantum yields of the naphthalenes (Table 2) do not 
account for their different reactivities toward the 
unsensitized coupling reactions. No evidence for the 
formation ofa ground state complex between 1 and the 

naphthalenes 2-7 was obtained by UV absorption 
spectroscopy, nor new red-shifted emission being 
observed in fluorescence-quenching experiments with 
all of the naphthalenes in any solvents. 

Somewhat different photochemic~ behaviors are 
observed in the cases of3 and 5, which commonly have 
a methoxy group at the j&position of the naphthalene 
ring. (i) The quenching rates of their fluorescence by I 
are relatively slow (Table 3). (ii) Unlike the 
fluorescence quenching experiment (k,,T = 2.84 M - ’ 
for 3), the cross-coupling reaction between I and 3 
gave no linear Stern-Volmer type plots. (iii) The same 
coupling products were obtained from both 
unsensitized and triplet-sensitized reactions (Table 1). 
These facts suggest that the unsensitized cross- 
coupling reaction of 3 or 5 may involve an electron- 
transfer process from the triplet naphthalene to some 
extent, presumably via a triplet exciplex (eqn 91, in 
competition with theelectron transfer from the singlet 
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excited naphthalene (eqn 8). 

+(NH+ + BrU’) -HU!N-U (9) 

Although the reason for the particular behaviors of 3 
and 5 different from other naphthalenes is obscure, it is 
noteworthy to point out that in the triplet-mediated 
coupling of 1 to N”-methoxycarbonyltryptamine 
occurring with the assistance of an electron carrier 
(eqn 2),’ 3 and 5 can serve as more efficient electron 
carriers than any other naphthalene derivatives 
including 1 -methoxy-4 and 1 ,+dimethoxy- 
naphthalene 2.6*7.1 5 

The fluorescence-quenching rate constants for two 
anthracene derivatives, 9-methyl- and 9,10- 
dimethoxyanthracenes. were much smaller than those 
for the naphthalenes (Table 3), suggesting that the 
nature of their excited state differs from those of the 

naphthalenes. Although the AG values calculated by 
eqn (7) indicate high exothermicity for an electron- 
transfer from these anthracenes to 1 (Table 3). they 
failed to undergo photo-cross-coupling to 1 but gave 
the homocoupling product of 1 in the case of 9- 
methylanthracene 14. For the formation of 5,5’- 
diuracilyl 15 from 5-bromouracil under irradiation 
with 254-nm light, Ishihara and Wang proposed a 
mechanism involving the 5-uracilyl radical (U.) 
generated from the singlet excited state of 5- 
bromouracil.” In view of the fact that 1 itself was 
completely inert under our conditions (Pyrex-filtered 
light) in the absence of 9-methylanthracene. it seems 
probable that the formation of the homo-coupling 
product 15 in the presence of 9-methylanthracene 14 
may involve an electron-transfer process from the 
excited state of 14 to I. The anion radical of 1 thus 
formed releases Br - to give Suracilyl radical (I-J.) (eqn 
IO).” 

hv BrU 
112 - 

=zK?-- 
l(l4 --- Ml)* - i4+ BrU - - 

(14’+ BrU’) - (10) 

Br- 

U- 

Me Me 

(15) 

Tab’e 3. Fluorescence-quenching of aromatic by I in acetonitrile and calculated free energy change for the 
electron-transfer process (eqn 3) 

Pluorophor 
T 

(nsac) 
(Solvent) kq (M-laec-‘) AC calcd. (kcal/mol)a 

1.4-dimcthoxynaphtholene (2) 5. 7b (CH3CN) 5.7 x log + l.lof 

2.3-dimethoxynaphthalene (2) 9.3’ (CH3CN) 3.1 x lo8 + 1.3gf 

l-methoxynaphthalene ($) 13 .gd U3CN) 3.0 x lo9 + 1.3af 

2-methorynaphthalene ‘,5) 16 b wl3cw 8.0 x lo8 + 1.52f 

l-methylnaphthalene (2) 72. 3d (CH3CH) 1.1 x lo9 + 1.438 

2-methylnaphthalene (2) 59 e (cyclohexane) 1.6 x IO9 + 1.458 

9-methylmthracene (5) 4.6e (cyclohexane) 8.7 x lo7 + 0.96’ 

9,10-dimethoxyanthracene (g,) 9.2i (EtOH) 1.4 x lo6 + 0.9Sf 

- 44.7 

- 38.0 

- 37.5 

- 30.0 

- 37.1 

- 36.1 

- 29.9h 

- 16.6’ 

a 
Calculated free energy change for the electron-transfer process (Eq. 3) using Eq. 7. Reduction 

potancisl of & (Ered, -0.90 v z. SCE In ITH~CN)~ wasured by cyclic voltammetry and singlet energies in 

Table 1 were used, unless othervise stated. bF. E. Quina. 2. Hamlet and F. A. 

Carroll, J. Am. Chem. Sot..?, 2240 (1977); ‘Private comunication from Dr. F. Tanaka; dD. a. Arnold 

and A. J. Haroulia. J. Am. Chem. Sot., 99, 7355 (1977); eI. 8. Berlman in “Handbook of Fluorescence 

Spectra of Aromatic Molecules”, Academic Press. New York, 1965; 
f 

A. Zweig. A. H. Naurer and B. G. 

Roberts. J. Org. Chem., 2, 1322 (1967); 'E. S. Pysh and 14. C. Yang, J. Am. Chem. Sot., 85. 2125 (1963); 

hu 
i Y 

sed Es value (74 kcnl/mol) from ref. 9; A. S. Cherkasov. V. A. Holchonov. T. M. Vembec and K. C. 

Voldaikina. Soviet Phys. Doklady, l+ 427 (1956); ’ Used Es value (72 kcal/mol) estimated from other 

anthracenes. 
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EXPERIMENTAL 

All m.ps are uncorrected. Ultraviolet spectra were recorded 
with a Shinradzu UV-200 spectrophotometer. Fluorescence 
spectra were recorded with a Shimadzu RF-500 

spectrophotometer. Proton magnetic resonance spectra were 
recorded with a Varian HA-100 or a T-60 spectrometer using 
Mc,Si as the internal reference. Mass spectra and high- 
rcsolutlon mass spectra were recorded with a JEOL-JMS- 
01 SG-2 spect romcter. Preparative-scale rrradiations were 
performed with in 100-W high-pressure mercury lamp using a 
Pyrex reaction vessel fitted with a water-cooling jacket at 
ambient tcmpcrature under nitrogen atmosphere. 

Preparative TLC was perrormed on a silica gel plate (Merck 
60 PF,,,) developed with chloroform acetonitrile (9:l). 
Dimethoxynaphthalenes were prepared by treatment of the 
commercially available dlols with dimethylsulfate and 
sodium hydroxide and purified by recrystallization from 
methanol. The melting points of these materials were the 
same as those described in the literature.‘” The other 
naphthalene derivatives were commercially available. 

A soln of 2 (X3 mg. 0.45 mmol) and I (70mg, 0.32 mmol) in 
acctonitrilc (ISOml) was irradiated for IOh. Evaporation of 
the solvent followed by preparative TLC of the residue 
yielded 8 ( I3 mg: 4O”, based on the consumed I ). unreacted 1 
(48 mg; 69”,,)and 2 (26 mg; 31 ‘!,I. 8; m.p. 50-51 (pale yellow 
fine crystals from MeOH); UV (CH,CN) 230 nm (loge 4.53). 
244.5 (4 39), 260 (4.20). 295sh (3.69). 330sh (3.67): ‘H NMR 
(acetone-d,) d 3.34 (s. 3 Hf. 3.50 (s, 3 H), 3 70 (s. 3 H). 3.79 (s, 
3 H 1.6.95 (s, 1 H I. 7.56 (A, part of diffused A,B, pattern, 2 H 1, 
7.83 (s. I HI, 8.13 (B, part of diffused A,B, pattern, 2 H); MS 
(rel intensity) n~:r 326 (M-. 99). 31 I (100). 254 (7). 226 (54). 
183 (33). (Exact MS Found: 326.1256. C,,H,,O,N> 
requires: 326.1265). 

Phoraf~sis t$ I ud 2.3~dime~hoxywphthalene 3 

A soln of 3 (52 mg. 0.28 mmol) and 1 (61 mg, 0.28 mmol) in 
acetonitrile (150ml) was irradiated for 10h under the 
standard conditions. Evaporation of the solvent followed by 
preparative TLC of the residue gave 9 (I 7 mg; 44”, based on 
the consumed I). recovered 1 (35 mg) and 3 (28 mg). 9; m.p. 
82- 83 (colorless fine crystals from MeOH); UV (CH,CN) 
233 nm (108~4.67). 270 (4.02). 281 sh (4.01 I. 310sh (3.581.325 
(3.49): ‘H NMR (acetone-d,)6 3.22(s,3 H), 3,47(s. 3 H), 3.79 
is. RHI. 3.93 (s,3H), 7.17 (s, 1 H). 7.21-7.45 (m, 3H). 7.66(s. 
I HI. 7.63 7.86 (m, 1 HI: MS (rel. intensity) In/r 326 (M’. 
1001, 31 I (8). 283 (6). 254 (5). 226 (7). 183 (51. (Exact MS 
Found: 326.1231. C,,H,,O,N, requires: 326.1265). 

A soln of4 (94 mg, 0.6Ommol) and I (77 mg. 0.35 mmol) in 
acetonitrllc (I SOml) was irradiated for IO h. Evaporation of 
the solvent followed by preparative TLC of the residue gave a 
I : I mixture of coupling products 10 (I4 mg: 41 “,1 based on 
the consumed 11, unrcacted 1 (52 mg) and 4 (67 mg). 10; m.p. 
56-61 (fine crystals from MeOH); UV (CH,CN) 216.5 nm 
(log~4.421. 275.5 (3.97). 297sh (3.84). 323sh (3.46); ‘H NMR 
(acetone-d,) (5 3.32 (s. 3 Ht. 3.48 (s. 3 HI 3.34 (s, 3 H), 3.50 is, 
3 HI. 3.77 (s. 3H1, 4.04 (s. 3H). 7.80 (s. 1 H), 8.02 (s. I H), 
6.89 8.30 (m.6H x 2): MS(ret. intcnsity)rnie296(M l . 100). 

281 (181.266(16).265(41).224(9). 196(42). 153(161.(Exact 
MS Found: 296.1 172. C,,H,,O,,N, requires: 296.1160). 

A soln of5 (49mg.0.31 mmol)and I (61 mg.0.28mmol)in 
accfonitrile (ISOml) was irradiated for IOh. Evaporation of 
the solvent followed by preparative TLC of the residue gave a 
1: I mixture ofcoupling products 11 (5 mg; 12”, based on the 
consumed 11, unreacted 1 (33mg) and 5 (36mg). 11; m.p. 
67 68 (colorless tine crystals from MeOH): UV (CH,CN) 
227nm (logr: 4.65). 275 (4.04). 287sh (3.97), 315 (3.52). 330 
(3.461: ‘H NMR (acetone-d,)&3.28 (s.3 HI. 3.38(s.3H). 3.29 

(s. 3H). 3.40 (s, 3H), 3.88 (s. 3H). 3.89 (s, 3H), 6.98-8.13 (m. 
14 H): MS (rel. intensity) mie 296 (M’, IOO), 295 (25). 281 
(121,266 (401,265 (40). 168 (21). (Exact MS Found: 296.1187. 
C,,H,,,0JN2 requires: 296.1160). 

A soln of 6 (55 mg, 0.39 mmol) and I (62 mg, 0.28 mmol) in 
acetonitrile f I SOml) was irradiated for IO h. Evaporation of 
the solvent followed by preparative TLC of the residuegave a 

1: 1 mixture of coupling products I2 (23 mg; 54”,, based on 
the consumed I). unreacted I (29mgl and 6 (l2mg). 12; 
viscous oil; CV (CH,CN) 223.5 nm (log{. 4.651, 279 (4.04). 
299sh (3.91). 322 sh (3.29): ‘H NMR (acetone-d,) ti2.54 (s. 
3Hl. 2.69(s. 3H).3.30(s, 3H). 3.43 (s. 3 HI. 3.30(s. 3H). 3.44 
(s.3H).7.19-8.18(m. 14H):MS(rel.1ntens~ty)r~tir~28O(M’. 
100).265(9~.263(39),223(13). 19S(l9). 153(23t.(Exact MS 
Found: 280.1341. C,,H,,O?N, rcqurrcs: 2XO.l?f I). 

A soln of7 (49mg.O.35mmoll and 1 (68mg. 0.31 mmol) in 
acetonitrile (ISOmIt was irradiated for IOh. Evaporation of 
the solvent followed by preparative TLCof the residue gave a 
I : I mixture ofcoupltng products 13 (30mg: 53”,, based on I 
consumed), recovered I (24mg) and 7 (22 mg). 13; m.p. 
66 71 (colorless fine crystals from McOH): UV (CH,CN) 
223.5 nm (loge 4.79). 280 (3.86). 306sh (3.651, 320 sh (3.261: 
‘H NMR (acetone-d,) (32.31 (s. 3H). 2.47 (s. 3 HI. 3.28 (s. 
3H), 3.30 (s. 3H), 3.40(s. 3H).3.42(s. 3H), 7.17 - 7.93 (m, 

14H): MS(relintensityl,n/(~280(M-. 100).265(6),263(2!1, 
223 (IO). I95 (20). I94 (21). 166 (221, 153 (14). (Exact MS 
Found: 280.1239. C,,H,,O,N, requires: 280.121 I I. 

Acetone-senatized irradiations were performed under the 
conditions where 70-75 ‘I0 of the incident light was absorbed 
by acetone. Ina typical run,asolnof2(I7mg,O.O9mmol)and 
I (39mg,O.I8mmol)macetonitrile-acetone(3:l; 150m)) was 
irradiated for IOh under the standard conditions. 
Evaporation of the solvent followed by preparative TLC of 
the residue gave the unreacted starting materials (~‘0. 90”, 
recovery). For compounds 3.4.5.6 and 7. acetone-sensitized 
reactions werecarried out similarly and the results arc shown 
in Table I. 

Benzophenone-sensitized irradiations were performed 
under the standard conditions where 90-95 “n of the incident 
light was absorbed by benzophenone. Evaporation of the 
solvent fotlowed by silica gel column chromatography (elutcd 
with CHCI, to separate the recovered benzophenone and 
naphthalenes from the reaction mixture) and preparative 
TLC gave the unreacted starting materials and a coupling 
product. In a typical run, a solution of3 (68 mg. 0.36mmol). 1 
(84 mg, 0.39 mmol) and benzophenonc (3.38 g. 18.6 mmol) m 
acetonitrile (150ml) was irradiated for IOh under the 
standard conditions. Evaporation of the solvent followed by 

silica gel column chromatography and preparative TLC of 
the residue gave 9 (6mg; 9”,,) and the unreactcd 1 (35mg). 
Benzophenone-sensitjzed reactions of 2.4 and 5 were carried 
out similarly. The results arc shown in Table 1. 

Fftturesww yrtcwhittg 

Fluorescence-quenching experiments of naphthalene 
derivatives by I were performed at 20 C in acetonitrile. The 
concentrations of Ruorophors were about 2-4 x lows mol;l 
and those of quenchers were l-4 x IO-‘mol/l. The k,s 
values for relative reactivities of I toward naphthalenc 
derivatives (2. 3. 4 and 5) were measured in acetonitrlle in 
Pyrex tubes using a merry-go-round apparatus. The 
concentrations of naphthalenes were 5-7 x 10 ’ mol;l and 
those of I were 1-4 x IO- ’ mol:l. Under the conditions the 
incident light was mostly absorbed by naphthalenes. The 
reaction was monitored by NMR measurements of the 
reaction mixture. 
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Photoreuctio~ of’ I and 9-~thy~unthra~e~ 14 

Asolnofl4(6Smg,O.34mmol)~d I (67mg,0.31 mmol)in 
acetonitrile I1 50 ml f was irradiated for 10 h where St%85 “,$ of 
the incident light was absorbed by 14. Evaporation of the 
solvent followed by preparative TLC of the residue gave 
N,N,N’,N’-tetramethyl-5.5’~diuracilyl 15 (21 mg; 47 % based 
on the consumed 1). m.p. 284-286” (from MeOH) lit.’ m.p. 
281-282”. The NMR spectrum of 15 was identical with that 
described in the literature.’ 

Photoreaction of 1 und 9,l@dimerhoxyunthrcrcene 16 

A soln of 9,1@dimethoxyanrhracene (77 mg. 0.32 mmolf 
and I (64mg. 0.29mmol) in acetonitrile (15Oml). was 
irradiated for 10 h where 85”~ of the incident light was 
absorbed by anthracene. Evaporation of the solvent gave a 
complex mixture of products. 
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