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A65tract 

1rrad1at10n 0f 1-aeety1anthracene 1n d1ch10r0methane at 119ht wave1en9th5 a60ve 400 nm 91ve5 f1ve d1mer51n a rat10 0f a60ut 2:1:1:1:1.1n 
add1t10n t0 the f0ur typ1ca1 m0de5 0f d1mer12at10n 1ead1n9 10 5ymmetr1ca1 d1anthracene5 0f ant1.head-t0.ta11, 5yn.head-10-ta11, ant1.head.t0. 
head and 5yn-head-t0-head 5tructure5, 1-acety1anthracene under90e5 d155ymmetr1ca1 head-t0-ta114~r+ 4~r cyc10d1mer12at10n 1nv01v1n9 the 1,4 
and 9•, 10• p051t10n5. 5e1ect1ve ph0t0exc1tat10n 0f 1-acety1anthracene 1n the pre5ence 0f anthracene 91ve5 the m1xed 9,10-9•, 10• and 1,4-9•,10• 
4~r+ 4rr cyc10adduct51n a rat10 0f a60ut 3:1.7he ph0t0chem1ca1 d1mer12at10n 0f methy1 1-anthracenecar60xy1ate pr0ceed51n the 5ame fa5h10n 
a5 that 0f 1-acety1anthracene. 

£eyw0rd.~: 1-Acety1anthracene; D1anthracene5; D155ymmetr1ca1 d1mer12at10n; Methy1 1-anthracenecar60xy1ate 

1.1ntr0duct10n 

7he ph0t0chem15try 0f 1atera11y 5u65t1tuted anthracene5 
ha5 rece1ved 11m1ted attent10n 1n c0mpar150n w1th the 1ar9e 
num6er 0f 1nve5t19at10n5 dea11n9 w1th the ph0t0chem1ca1 
d1mer12at10n 0f 9-anthry1 c0mp0und5 (f0r a c0mprehen51ve 
rev1ew 0n the d1mer12at10n 0f anthracene der1vat1ve5, 5ee Ref. 
[ 1]). 7h15 d15par1ty 15 pre5uma61y due t0 the exper1menta1 
d1ff1cu1t1e5 a550c1ated w1th the 5eparat10n and 5tructura1 char- 
acter12at10n 0f the var10u5 re910150mer1c d1anthracene5 wh1ch 
can 6e f0rmed fr0m anthracene der1vat1ve51ack1n9 5ymmetry 
a60ut the m01ecu1ar 9,10 ax15 (examp1e5 0f 1atera11y 5u65t1- 
tuted anthracene5 under901n9 d1mer12at10n 1n 501ut10n are 
91ven 1n Ref. [2] and examp1e5 0f 1ntram01eeu1ar d1anthra- 
cene f0rmat10n 1nv01v1n9 tethered 1- and 2-anthracenecar- 
60xy1ate5 are 91ven 1n Ref. [3]; 5ee a150 Ref. [4] ). A1th0u9h 
the 1rrad1at10n 0f me50-5u65t1tuted anthracene5 may 1ead t0 
0n1y tw0 6r1d9ehead-5u65t1tuted d1anthracene5 6y head-t0- 
ta11 (H7) and head-t0-head (HH) •1 n.x12at10n [1,5] (HH 
d1mer5 0f me50-5u65t1tuted anthracene5 are rarefy 1501ated 
51nce they are therma11y much m0re 1a611e than the c0rre- 
5p0nd1n9 H7 d1mer5; typ1ea11y, HH d1mer5 re9enerate 
5tart1n9 mater1a1 dur1n9 w0rk-up at 5119ht1y e1evated 
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temperature), a 1atera11y 5u65t1tuted anthracene, a5 5h0wn 1n 
5cheme 1, can 91ve 0ne centr05ymmetr1ca1 (1) ant1-H7 d1mer 
(1), 0ne 5yn.H7 d1mer (2) w1th a tw0f01d ax15 (C2) 0f 
5ymmetry, 0ne C2-5ymmetr1ca1 ant1-HH d1mer (3) and 0ne 
5yn-HH d1mer (4) w1th m1rr0r p1ane 5ymmetry. Furtherm0re, 
the C2-5ymmetr1ca1 d1anthracene5 2 and 3 91ve r15e t0 race- 
mate5 w1th the1r re5pect1ve m1rr0r 1ma9e 5tere0150mer5. 

1n pr1nc1p1e, the ph0t0chem1ca1 f0rmat10n 0f 150mer1c d1an- 
thracene5 0f 5tructure5 1--4 ean 6e e5ta6115hed 6y 1H NMR 
5pectr05c0py 0f pr0duct m1xture5, a5 the 6r1d9ehead pr0t0n5 
0f the H7 d1mer5 5h0u1d 91ve r15e t0 tw0 d0u61et5 each, wh11e 
the 6r1d9ehead pr0t0n5 0f ea~h HH d1mer are rec09n12a61e 
6y tw0 51n91et5. Depend1n9 0n the nature 0f the 5u65t1tuent5, 
a d15t1nct10n 6etween 5yn- and ant1-150mer5 may 6e 6a5ed 0n 
appr0pr1ate NMR exper1ment5 1nv01v1n9 5h1ft rea9ent5.7he 
ph0t0chem1ca1 d1mer12at10n 0f 1-anthracenecar60xy11c ac1d 
wa5 ana1y5ed 1n th15 fa5h10n, and f0und t0 91ve d1anthracene5 
1--4 (R=C00H)  1n a rat10 0f 12:7:5:1, c0rre5p0nd1n9 t0 an 
H7:HH d1mer rat10 0f a60ut 3.2:1. [2e]. 1t 15 w0rth n0t1n9, 
h0wever, that deta115 c0ncern1n9 the 1501at10n and 5pectr0- 
5c0p1e character12at10n 0f 1atera11y 5u65t1tuted d1anthracene5 
have rare1y 6een pu6115hed, n0r ha5 X-ray d1ffract10n 6een 
app11ed 1n e5ta6115h1n9 the1r 5tructure. 

1n th15 paper, we dea1 w1th the ph0t0chem1ca1 d1mer12at10n 
0f 1-acety1anthracene (5) and methy1 1-anthracenecar60xy- 
1ate (6) 1n d1ch10r0methane. 
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80th c0mp0und5 have prev10u51y attracted attent10n 0ecau5e 
the1r ph0t0phy51ca1 pr0pert1e5, 1n term5 0f 51n91et 11fet1me5 
and 1nter5y5tem cr0551n9 4uantum y1e1d5, are 5tr0n91y 
dependent 0n the 501vent p01ar1ty [6,7]. 7he f0rmat10n 0f 
re910150medc d1anthracene5 fr0m 5 and 6 ha5 n0t 6een 
de5cr16ed 6ef0re, 6ut 1-acety1anthracene 1n ethan01501ut10n 
ha5 6een rep0rted t0 d15appear 0n 1rrad1at10n (A = 366 nm) 
w1th a60ut the 5ame 4uantum y1e1d a5 9-6r0m0anthracene 
(4~= 0.002) [ 8]. M0re0ver, var10u5 anthracenecar60xy1ate5 

tethered t0 0r 1nc1uded 1n 7-cyc10dextr1n under90 ph0t0chem- 
1ca141r + 4.n" cyc10d1mer12at10n5 [ 2c,2e,3 ]. 

2. Re5u1t5 and d15cu5510n 

D1ch10r0methane wa5 ch05en a5 react10n 501vent 6ecau5e 
1t av01ded the unde51ra61e prec1p1tat10n 0f d1mer12at10n pr0d- 
uct5 dur1n9 the c0ur5e 0f 1rrad1at10n. 7he UV a650rpt10n 0f $ 
and 6 1n d1ch10r0methane 501ut10n extend5 1nt0 the v15161e 
re910n t0 near 450 nm (5ee F19. 1 and 5ect10n 4), and 1rra- 
d1at10n5 were carr1ed 0ut w1th 119ht wave1en9th5 a60ve 400 
nm. We deemed 1t appr0pr1ate t0 u5e a c0rre5p0nd1n9 cut-0ff 
f11ter 1n 0rder t0 prec1ude 1nadvertent ph0t0exc1tat10n and 
c0n5e4uent1a1 d1550c1at10n 0f the c0nce1va61e ph0t0d1mer5 
1=4. 7he 4uantum y1e1d5 0f ph0t01yt1c cyc10rever510n 0f 1at- 
era11y 5u65t1tuted d1anthracene5 t0 re9enerate the 5tart1n9 
mater1a1 are c105e t0 un1ty [ 3a]. 

2.1. D1mer12at10n 0f 1-acety1anthracene (5) 

7he 1rrad1at10n 0f 5 1n d1ch10r0metha,e 501ut10n (0.02 M) 
wa5 term1nated at a60ut 90% c0nver510n 0f the 5tart1n9 mate- 
r1a1, and ana1y515 0f the react10n m1xture 6y 1H-NMR 5pec- 
tr05c0py revea1ed the f0rmat10n 0f d1mer12at10n pr0duct5 7, 
8, 9, 10 and 11 (5ee 5cheme 2) 1n a rat10 0f 32:17:17:17:1••/. 
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uct5 7, 10 and 11 and 1t5 add1t10n pr0duct 16 t0 anthracene 1n d1ch10r0me. 
thane. 
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5cheme 2. 

7he 5eparat10n 0f H7 d1mer5 (7, 8, 11) fr0m HH d1mer5 (9, 
10) 6y f1a5h c01umn chr0mat09raphy 0n 5111ca 9e1 wa5 p05- 
5161e 6ecau5e 0f the1r marked1y d1fferent retent10n t1me5 [ 5 ]. 
1501at10n 0f the 1nd1v1dua1 5yn. and ant1-re910150mer1c d1an- 
thracene5 7-10 and the d155ymmetr1ca1 H7 d1mer 11 wa5 then 
acc0mp115hed 6y c01umn chr0mat09raphy 1n c0njunct10n 
w1th fract10na1 cry5ta1112at10n. 1t wa5 thu5 e5ta6115hed that the 
ph0t0chem1ca1 d1mer12at10n 0f 1-acety1anthracene aff0rded 
an H7:HH d1mer rat10 0f a60ut 2:1.7h0 pr0p05ed 5tructure5 
0f the ph0t0pr0duct5 were 5upp0rted 6y ~H-NMR 5pectra1 
data (5ee 5ect10n 4), and were unam619u0u51y e5ta6115hed 
6y X-ray d1ffract10n ana1y5e5 0f the ant1-H7 d1mer 7, the 
racem1c ant1-HH d1mer 9 and the racem1c d155ymmetr1ca1 
d1mer 11 (5ee 5ect10n 2.5). 
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5cheme 3. 

7he ph0t0chem1ca1 d1mer12at10n 0f 1-acety1anthracene d1f- 
fer5 519n1f1cant1y fr0m that 0f the 5tructura11y 51m11ar 1- 
anthracenecar60xy11c ac1d [2e] 6y the f0rmat10n 0f a 
d155ymm~,tr1ca1 d1mer. 0n1y 0ne 0ther 1atera11y 5u65t1tuted 
anthracem ~e der1vat1ve, name1y 2,6-d1decy10xyanthracene, ha5 
prev10u5•y 6een 065erved t0 under90 an ana1090u5 4¢r+ 4w 
cyc10d1mer12at10n 1nv01v1n9 the 1,4 and 9•,10• p051t10n5, 
a1th0u9h ~H-NMR ana1y515 0f the 1501ated pr0duct 1nd1cated, 
1n that ca5e, that the d155ymmetr1ca1 d1mer wa5 actua11y a 1:1 
m1xture 0f 5yn- and ant1-re910150mer5 [2d]. 8y c0ntra5t, we 
have f0und n0 ev1dence f0r the f0rmat10n 0f the c0nce1va61e 
d159ymmetr1ca1H7 d1mer 14, wh1ch may 6e c0n51dered t0 6e 
the ••5yn••.c0unterpart 0f the ••ant1••-r0910150mer 11. We 
6e11eve that the 5e1ect1ve f0rmat10n 0f 11 can 6e exp1a1ned 
6y the 9e0metry 0f the precur50r react10n c0mp1ex 12, wh1ch 
15 character12ed 6y a centre 0f 5ymmetry (5ee 5cheme 3). 
7hu5 60th the 4¢r+ 4¢r cyc10add1t10n 1nv01v1n9 r1n95 A + 8• 
and the cyc10add1t10n 1nv01v1n9 r1n95 A•+ 8 w111 91ve the 
d155yn, metr1ca1 d1mer 11. 8y c0ntra5t, f0rmat10n 0f the 
••5yn••-re910150mer 14 1mp11e5 the 1nv01vement 0f react10n 
c0mp1ex 13, 1n wh1ch 0n1y 0ne m0de 0f cyc10add1t10n, 
name1y that 0f r1n95 A + 8•, w0u1d 91ve the d155ymmetr1ca1 
pr0duct. 

2.2. Ph0t0chem1ca1 add1t10n 0f 1-acety1anthracene t0 
anr.~;racene 

5e1ect1ve ph0t0exc1tat10n 0f 1-acety1anthracene 1n the 
pre5ence 0f exce55 anthracene (m01ar rat10, 1:2) and 5u65e- 
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~u0nt =H-NMR ana1y515 0f the pr0duct m1xture revea1ed that 
70% 0f the c0n5umed 1.acety1anthracene had under90ne 
add1t10n t0 9r0und 5tate anthracene. 7w0 pr0duct5, name1y 
the acety1-5u65t1tuted 01anthracene 16 and the 1,4-9•,10• 
cyc10d1mer 0f 5tructure 18 were f0und t0 6e f0rmed 1n a rat10 
0f 3:1 6y m1xed add1t10n. 7he f0rmat10n 0f add1t10n pr0duct5 
16 and 18 15 0f part1cu1ar 1ntere5t, 6ecau5e 1t 5u99e5t5 that 
60th the re50nance 5tructure 5h0wn 1n rea~t10n c0mp1ex 15 
and that 5h0wn 1n react10n c0mp1ex 17 (5ee 5cheme 4) c0n- 
tr16ute t0 the exc1ted 5tate react1v1ty 0f 1-acety1anthracene, 

2.3, UV 5pectra 0f acety1.5u65t1tuted d1anthracene5 

d1mer 22 and the d155ymmetr1ca1 H7 d1mer 23 (5ee 5cheme 
5). 7he1r 5eparat10n wa5 acc0mp115hed 6y c01umn chr0ma- 
t09raphy 0n 5111ca 9e1, and 5tructura1 a5519nment5 were 6a5ed 
0n ~H-NMR 5pectra1 data 1n c0njunct10n w1th X-ray d1ffrac- 
t10n ana1y5e5 0fH7 d1mer 19 and HH d1mer 21.7he f0rmat10n 
0f 23 15 0f part1cu1ar 1ntere5t 1n v1ew 0f the fact that d155ym- 
metr1ca1 d1mer12at10n5 0f 1-anthracenecar60xy1ate5 have n0t 
6een 065erved 6ef0re. 1t 5h0u1d 6e n0ted, h0wever, that the 
ear11er rep0rted ph0t0chem1ca1 d1mer12at10n5 0f 1atera11y 5u6- 
5t1tuted anthracene der1vat1ve5 typ1ca11y 1nv01ved 119ht wave- 
1en9th5 a60ve 300 nm [2e], 1.e. c0nd1t10n5 under wh1ch the 
ph0t01yt1c cyc10rever510n 0f d1mer5 0ccur5. 1ndeed, the UV 
5pectra 0fd1mer5 19-23 (5ee 5ect10n 4) are character12ed 6y 
the 0n5et 0f a650rpt10n ar0und 340 nm, and we have a5cer- 
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7he UV a650rpt10n 5pectra 0fd1anthracene5 7-10 are char- 
acter12ed 6y the 0n5et 0f a650rpt10n ar0und 340 nm and 6y a 
max1mum ar0und 300 nm w1th an unexpected1y h19h e va1ue 
0f a60ut 4000 M = 1 cm = 1, 7he a650rpt10n max1mum 15 m05t 
pr06a61y attr16uta61e t0 the n-~* tran51t10n 0f the ary1 car- 
60ny1 chr0m0ph0re wh1ch, h0wever, 15 5tr0n91y enhanced 
due t0 the/~.ary1 5u65t1tut10n 1nherent 1n the d1anthracene 
5tructure, 1n a9reement w1th th15 1nterpretat10n, the c0rre- 
5p0nd1~;C a650rpt10n max1ma attr16uta61e t0 the acet0p6en0ne 
chr0m0ph0re5 1n the d155ymmetr1ca1 d1mer 11 (A,==327 
nm) and the 1-acety1anthracene-anthracene adduct 16 
(A,w == 309 nm) are character12ed 6y decrea5ed ~ va1ue5 0f 
1000 and 2000 M- ~ cm- m re5pect1ve1y (5ee F19. 1 ). 

2,4. D1mer12at10n 0f methy11-anthracenecar60xy1ate (6) 

1rrad1at10n 0f61n d1ch10r0methane ( 1.3 M) under the 5ame 
c0nd1t10n5 a5 de5cf16ed a60ve f0r 1-ace4,•anthracene wa5 
f0und t0 91ve, 1n a rat10 0f 34:29:19:10:8, the centr05ym- 
metr1ca1 H7 d1mer 19, the C2-5ymmetr1ca1 H1• d1mer 20, the 
C=-5ymmetr1ca1 HH d1mer 21, the m1rr0r 5ymmetr1ca1 HH 
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ta1ned 5pectr05c0p1ca11y that ph0t0exc1tat10n at 313 nm 
re5u1t51n the 4uant1tat1ve re9enerat10n 0f the 5tart1n9 mater1a1. 
1t 15 p055161e, theref0re, that the f0rmat10n 0f d155ymmetr1ca1 
d1mer5 ha5 prev10u51y e5caped detect10n, and that the ear11er 
065erved c0mp051t10n 0f the pr0duct m1xture5 actua11y rep- 
re5ented the e0mp051t10n 0f a ph0t05tat10nary 5tate. 

2.5. 5trucmra1feature5 0f1-acety1anthracene, methy1-1- 
anthracenecar60xy1ate and the1r ph0t0d1mer5 

Cry5ta1 5tructure ana1y5e5 were carr1ed 0ut 0n the anthra- 
cene der1vat1ve5 $ [ 9 ] and 6, and 0n the d1mer12at10n pr0duct5 
7, 9, 11, 19 and 21. At0m1c c00rd1nate5 and a deta11ed d15- 
cu5510n 0f the 5tructure5 w1116e 91ven e15ewhere 1n ~n appr0- 
pr1ate cry5ta1109raph1c c0ntext. 50me 5e1eeted 5tructura1 
feature5 are pre5ented here, 51nce the m01ecu1ar 9e0metry 0f 
1-car60ny1anthracene5 15 0f ph0t0phy51ca1 1ntere5t, and the 
t0p0109y 0f 1atera11y 5u65t1tuted d1anthracene5 ha5 n0t 6een 
1nve5t19ated prev10u51y 6y X-ray d1ffract10n. 

7he m01eeu1ar 9e0metr1e5 0f 5 and 6 1n the1r cry5ta1 5tate 
can 6e 5ummar12ed a5 f0110w5. 1n 60th m01ecu1e5, the car- 
60ny1 9r0up 15 c0nf0rmat10na11y 0r1ented w1th re5pect t0 the 
anthracene 10n9 ax15 a5 ,,h0wn 1n 5tructure 24, rather than 1n 
5tructure :25. 

24 25 

80th $ and 6 are 9e0metr1ca11y d15t0rted, a5 15 ev1dent fr0m 
the en1ar9ed 60nd an91e5 a and f1 (121 ° and 122 ° 1"0r 1- 
aeety1anthracene, and 126 ° and 121 ° f0r methy1 1-anthrace- 
necar60xy1ate). M0re 1mp0rtant1y, h0wever, $ and 6 are 
character12ed 6y n0n-e0p1anar1ty 0f the car60ny1 9r0up and 
the anthracene m01ety, ,,~ 60rne 0ut 6y the d1hedra1 an91e5 0f 
29 ° and 18* re5pect1ve1y. 7he5e f1nd1n95 5upp0rt ear11er 5u9- 
9e5t10n5, 6a5ed 0n f1u0re5cence mea5urement5, that the 
m01ecu1ar 9e0metry 0f methy1 1-anthracenecar60xy1ate 1n 1t5 
10we5t exc1ted 51n91et 5tate d1ffer5 fr0m that 0f the e1ectr0n1c 
9r0und 5tate 6y an enhanced c0p1anar1ty 0f the car60ny1 and 
anthracene ,n• 5y5tem5 [ 6]. 

W1th re9ard t0 the 1atera11y 5u65t1tuted d1anthracene5, the1r 
m01ecu1ar 9e0metry 1n term5 0f the 1en9th5 0f ph0t0chem1- 
ca11y f0rmed 60nd5 and d1hedra1 an91e5 6etween ar0mat1c 
r1n95, a5 5h0wn 1n 5tructure5 26 and 27, 15 5ummar12ed 1n 
7a61e 1.7hu5, c0mpared w1th the parent d1anthracene 28a, 
and d1anthracene5 5uch a5 286 and 28c d~.r1ved fr0m me50- 
5u65t1tuted anthracene der1vat1ve5, the ph0t0chem1ca11y 
f0rmed 60nd5 1n d1anthracene.~ 0f ~tructure5 26 and 27 are 
1e55 e10n9ated. 7he m05t pr0n0unced t0p01091ca1 d1fference 
6etween d1anthracene5 28 and the 1atera11y 5u65t1tuted d1an- 

thracene515 apparent 1n the 1ncrea5ed d1hedra1 an91e5 6etween 
the ar0mat1c r1n95 A, 8 and A•, 8• [5,10-121. 

8 8 

R 

26 (7; 19) R 
27 (9; 21) 

28 

28a: R 1 = R 2 = H 

286: R 1 = H; R ~ = pheny1 

280: R 1 = methy1; R 2 ,~ meth0xy 

7he c0nf0rmat10n 0f the car60ny1 9r0up51n d1anthracene5 
1nve5t19ated 6y X-ray d1ffract10n wa5 f0und t0 6e a51nd1cated 
1n 5cheme5 2 and 5.1n a11 ca5e5, the car60ny1 9r0up dev1ate5 
fr0m c0p1anar1ty w1th the ar0mat1c r1n9, the d1hedra1 an91e5 
ran91n9 fr0m 22 ° t0 36 ° . 

3. C0nc1u510n5 

1t ha5 6een 5h0wn that the 1rrad1at10n 0f 60th 1-acety1an- 
thraccne and methy1 1-anthracenecar60xy1ate 1ead5 t0 1"0ur 
re910150mer1c d1anthracene5 and 0ne d155ymmetr1ca1 d1mer. 
Head-t0-ta11 d1mer12at10n 15 fav0ured 0ver head-t0-head 
d1mer12at10n 6y fact0r5 0f 2 and 2.5 re5pect1ve1y. 7he 
065erved re910chem15try 0f d155ymmetr1ca1 d1mer12at10n may 
6e rat10na112ed 6y the 1nv01vement 0f a centr05ymmetr1ca1 
react10n c0mp1ex. 

4. Exper1menta1 5ect10n 

1rrad1at10n5 were carr1ed 0ut at a60ut 10 °C w1th a 125 W 
h19h-pre55ure mercury 1amp (Ph111p5 HPK 125 W) 1n a 
water-c001ed 1mmer510n we11 apparatu5 (Pyrex) e4u1pped 
w1th a 114u1d f11ter 51eeve 0f a60ut 1 cm path 1en9th. An 
a4ue0u5 501ut10n 0f 50d1um n1tr1te (75 9 per 100 m1) wa5 
u5ed t0 610ck wave1en9th5 6e10w 400 nm. Dur1n91rrad1at10n, 
a 5tream 0f ar90n wa5 pa55ed thr0u9h the 501ut10n. F1a5h 
c01umn chr0mat09raph1c 5eparat10n5 were perf0rmed 0n 511- 
1ca 9e1/d1ch10r0methane w1th a c01umn 0f 3 cm 1n d1ameter 
and 30 cm 1n 1en9th. C0nvent10na1 chr0mat09raphy 1nv01ved 
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7a61e 1 
M01ecu1ar t0p0109Y 0f d1anthracene5. Len9th5 0f ph0t0chem1ca11y f0rmed 60nd5 and d1hedra1 an91e5 6etween ar0mat1c r1n95 

C0mp0Und 80nd 1en9th (.~) " D1hedra1 an91e5 (°) 

A/8• 8/A• A/8 A•18• 

7 1.608(4) 55.4 55.4 

9 1.601 (6) 57.6 57.2 
1.603(6) 

19 1.603(5) 52.2 52.2 
1.610(6) 51.1 51.1 

21 1.58(2) 46.8 48.7 
1.60(2) 
1.624(3) 44.6 44.6 

296 1.619(~) 45.9 45.9 
~k 1.670(4) 40.6 40,6 

124.6 12,~.6 

122.8 122.5 

127.8 127.8 
128.9 128.9 

136.0 128.0 

135.4 135,4 6 
134.1 134.1 c 
139.4 139.4 ~1 

A E5t1mated 5tandard dev1at10n~ 1n parenthe5e5. 
Fr0m Ref, [ 10], 
Fr0m Ref, [ 11 ), 
Fr0m Ref5, [.4] and [ 121, 

a c01umn 0f 2,5 cm × 120 cm. Me1t1n9 p01nt5 werc deter- 
m1ned 0n a h0t-5ta9e m1cr05c0pe and are nc0rrected. ~H- 
NMR 5pectra were rec0rded 1n CDC13 0n a Var1an XL-400 
1n5trument. Chem1ca15h1ft5 (8) are 91ven 1n pan5 per m11110n 
d0wnf1e1d fr0m Me.~51 a5 1nterna1 5tandard. FJectr0n1c 
a650rpt10n 5pectt:a were taken 1n d1ch10r0methane 501ut10n 
0n a K0ntr0n UV1C0N 810 5pectr0meter. E1ementa1 ana1y5e5 
were carr1ed 0ut 6y Ana1yt15che La60rat0r1en, D-51789 L1nd- 
far, 6ermany. 

4,1, 1.Acery1anthracene (5) and methy1 1.anthrc~¢ene0 
car60xy1ate (6) 

7ne5e c0mp0und5 were prepared acc0rd1n9 t0 the 11terature 
[13,14], Pert1nent 5pectr05c0p1c data are a5 f0110w5, C0m- 
p0und $: UV (d1ch10r0methene), 0n5et 0f a650rpt10n at 450 
nm; max1ma (e (M °t cm~t))  at 384 nm (4700) and 365 
nm (4400); m1n1ma at 370 nm (4300) and 315 nm (850); 
*H1NMR, 2.82 (5, 3), 7,4~,2 (m, 7), 8,45 (5, 1 ), 9.48 (5, 
1), C0mp0und 6: UV (d1ch10r0methane), 0n5et 0f a650rp- 
t10n at 440 nm; max1ma (e (M ° t c m -  * ) ) at 379 nm (5450) 
and 364 nm (5150); m1n1ma at 366 nm (5050) and 307 nm 
(450)~ *H-NMR, 4,06 (5, 3), 7,4-8,3 (m, 7), 8,47 (5, 1 ), 
9,58 (5, 1), 

4,2, Ph0t0chem1ca1 d1mer12at10n 0f1-acety1anthracene (5) 
t0 81ve 7-11 

1n a typ1¢a1 exper1ment, a 501ut10n 0f5 ( 330 m9; 1,5 mm01) 
•n,]1¢h10r0methene (75 m1) wa51rrad1ated f0r 8 h, *H-NMR 
ana1y515 0f the react10n m1xtur,~ 1nd1cated a60ut 90% c0n- 
5umpt10n 0f the 5tart1n9 mater1a1, and the f0rmat10n 0f 
d1anthracene5 2 8, 9,10 and 111n an appr0x1mate percenta9e 
rat10 0f 32:17:17:17:17, Vacuum evap0rat10n 0f the 501vent 
fr0m the react10n m1xture 9ave a 5011d pa1e ye110w re51due 
wh1ch wa5 5u5pended 1n d1ch10r0methane (5 m1). 7he c01- 

0ur1e55 und15501ved 5u65tance (appr0x1mate1y 80 m9) wa5 
rem0ved 6y 5uct10n f11trat10n and f0und t0 6e 11H-NMR) 
v1rtua11y pure c¢ntr05ymmetr1ca1 7. F0r the 1501at10n 0f the 
ph0t0d1mer5 8-11, the c0m61ned w0rk-up 0f three 1dent1ca1 
1rrad1at10n exper1ment5 wa5 f0und t0 6e m05t c0nven1ent. 
7he f11trate 06ta1ned after rem0va1 0f the centr05ymmetr1ca1 
d1mer 7 wa5 5u6jected t0 f1a5h chr0mat09raphy 0n 5111ca 901, 
w1th d1ch10r0methane a5 e1uent, rem0v1n9 f1r5t the d155ym- 
metr1ca1 d1mer 11 t09ether w1th re51dua1 5tart1n9 mater1a1 
(7LC Rt. = 0,49), f0110wed 6y a m1xture 0f the H7 d1mer5 7 
and 8 (7LC Rf=0.41 ) and 60th HH d1mer5 9 and 10 (7LC 
R t - - 0 . 1 2 ) ,  

7he tw0 H7 d1mer5 7 and 8 were f0und t0 6e 1n5epara61e 
6y c01umn chr0mat09raphy. H0wever, 5u5pend1n9 the m1x- 
ture 0f 7 and 8 06ta1ned 6y f1a5h chr0mat09raphy 1n a 11tt1e 
acet0ne at r00m tempcrature preferent1a11y d15501ved d1mer 
8, F11trat10n 9ave a 501ut10n c0nta1n1n9 the C2- and 1-5ym- 
mett1ca1 d1mer5 1n a rat10 0f 8:2, 7he m1xture 0f H7 d1mer5 
wa5 then recry5taU12ed fr0m d1ch10r0methane 501ut10n 6y the 
add1t10n 0f methan01 t0 91ve ~:~e C2-150mer 8 c0ntam1nated 
6y 15% 0f the/-150mer 7. A5 f0r th0 m1xture 0f HH d1mer5, 
the 5eparat10n 0f C2-5ymmetr1ca19 (7LC R~. = 0.60) and m1r- 
r0r-5ymmetr1ca1 10 (7LC R ~  0,53) wa5 acc0mp115hed 6y 
c0nvent10na1 c01umn chr0mat09raphy w1th d1ch10r0methane 
0n neutra1 a1um1na. D1mer5 7-11 are character12ed 6y the 
f0110w1n9 ana1yt1ca1 and 5pectr05c0p1c data. 

4.2.1. Centr05ymmetr1ca1ant1-H7 d1n2er 7 
C010ur1e55 5ma11 need1e-5haped cry5ta15 (me1t1n9 p01nt 

(m.p.), 293 °C) were 06ta1ned 6y recry5ta1112~t10n fr0m 6011- 
1n9 t01uene. (7he 51n91e cry5ta1 ana1y5ed 6y X-ray d1ffract10n 
wa5 06ta1ned fr0m ch10r06en2ene 501ut10n, and c0nta1ned 0ne 
501vent m01ecu1e a5 501vate.) 1H-NMR: 2.54 (5, 3), 4.84 (d, 
J =  11 H2, 1 ), 5.27 (d, J =  11 H2, 1 ), 6.7-7.26 (m, 7). UV, 
nm (e): Am~ 304 (4050), Am,, 280 (1750); a650rpt10n 0n5et, 
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360 nm. Ana1y515: ca1cu1ated f0r C32H240 2 (440.55): C, 
87.25; H, 5.49; f0und: C, 87.07; H, 5.48. 

4.2.2. C2-5ymmetr1ca15yn-H7 d1nter 8 
7he 5amp1e c0ntam1nated 6y a60ut 15% 0f 7 prec1p1tated 

fr0m d1ch0r0methanc-methan01 501ut10n a5 tran51ucent 
54uare p1ate-5haped cry5ta15, wh1ch dec0mp05ed at 260 °C. 
1H-NMR: 2.52 (5, 3), 4.85 (d, J-•- 11H2, 1),5.21 (d ,J=  11 
H2, 1), 6.78-7.26 (m, 7). UV, nm (~): Ama x 299 (4000), 
A,a, 276 (3100); a650rpt10n 0n5et, 360 nm. Ana1y515: ca1- 
cu1ated f0r C.~2H240., (440.55): C, 87.25; H, 5.49; 16und: C, 
87.21; H, 5.59. 

4.2.3. C2-5ymmetr1ca1 attt1-HH d1mer 9 
C010ur1e55 cry5ta15 were 06ta1ned fr0m d1ch10r0methane 

501ut10n 6y the add1t10n 0f ethan01 (m.p., appr0x1mate1y 263 
*12 (dee)). tF0r X-ray d1ffract10n, 900d 4ua11ty need1e- 
5haped cry5ta15 0f 9 c0nta1n1n9 501vent m01ecu1e5 1n a 1:1 
rat10 were 06ta1ned 6y recry5ta1112at10n f1~0m 60111n9 ch10r0- 
6en2ene.) tH-NMR: 2.54 (5, 3), 4.59 (5, 1), 5.39 (5, 1), 
6.70--7.22 (m, 7). UV, nm (e): A,,,,x 305 (4000), A,,,, 280 
(1700); a650rpt10n 0n5et, 360 nm. Ana1y515: ca1cu1ated f0r 
C~2H2402 (440.55): C, 87.25; H, 5.49; f0und: C, 87.08; H, 
5.49. 

4.2.4. M1rr0r-5ymmetr1ca15yn-HH d1mer 10 
C010ur1e55 f1uffy need1e-5haped cry5ta15 were 06ta1ned 

fr0m d1ch10r0methane--ethan01 (m.p., appr0x1mate1y 280 °C 
(dec)). ~H-NMR: 2.48 (5, 3), 4.60 (5, 1 ), 5.53 (5, 1 ), 6.80- 
7.16 (m, 7). UV, nm (e): Am,,, 294 (4100), Am~n 274 (2250); 
a650rpt10n 0n5et, 360 nm. Ana1y515: ca1cu1ated 16r C32H~,402 
(440.55): C, 87.25; H, 5.49; f0und: C, 87.23; H, 5.39. 

4. 2.5. D15.~ymmetr1ca1 H7 d1mer 11 
C010ur1e55 r0d-5haped cry5ta15 ( m.p. (dec), 165 °C) were 

06ta1ned fr0m d1ch10r0methane 501ut10n 6y the add1t10n 0f 
methan01 0r ethan01. (7he 5amp1e 5h0u1d 6e he1d 6r1ef1y at 
a60ut 70*C 1n 0rder t0 rem0ve d1ch10r0methane a5 501vate.) 
1H- NMR: 2.25 (5, 3), 2.43 (5, 3), 4.54 (ddd, J =  11, 7, 1 
H2, 1),5.25 (d,J  = 11H2, 1), 5.95 (dd, J=8 ,  1H2, 1),6.26 
(dd, J =  8, 7 H2, 1); ar0mat1c pr0t0n5 (J typ1ca11y a60ut 8 
H2): 6.62 (t, 1), 6.83 (5, 1),6.95 (••d••, 1),7.02 (••d••, 1), 
7.1-7.32 (m, 6), 7.47 (5, 1), 7.52 (m, 2); the ~H-NMR 
chem1ca1 5h1ft a5519nment5 0f 5tructure 11 are 6a5ed 0n the 
re5u1t5 0f dec0up11n9 exper1ment5. UV, nm (~): Am,,,, 327 
(1000), Amtn 325 (980), 5h 295 (3500); a650rpt10n 0n5et, 
365 nm. Ana1y515: ca1cu1ated f0r C32H240~, (440.55): C, 
87.25; H, 5.49; f0und: C, 87.30; H, 5.55. 

4.3. 1rrad1at10n 0f 1-acety1anthracene 1n the pre5ence 0f 
anthracene t0 91ve 41r + 417" cyc10adduct5 16 and 18 

A 501ut10n 0f 1-acety1anthracene (330 m9; 1.5 mm01) and 
anthracene (535 m9; 3 mm01) 1n d1ch10r0methane (80 m1) 
wa5 1rrad1ated f0r 4.5 h. Vacuum evaF0rat10n 0f the 501vent 
9ave a v1rtua11y c010ur1e55 0011d re51due. C0m61ned w0rk-up 

0f tw01dent1ca1 exper1ment51nv01ved f1a5h chr0mat09raph1c 
rem0va1 0f exce55 anthracene (7LC Rf = 0.78),  f0110wed 6y 
c01umn chr0mat09raph1c 5eparat10n 0f the m1xed d155ym- 
metr1ca1 adduct 18 (212 m9; 7LC Rf---- 0.65), m1xed 4 + 4 
adduct 16 (629 m9; 7LC Rf=0.56) and d155ymmetr1ca1 
d1mer 11 (15 m9; 7LC Rf=0.49). 7he 5pectr05c0p1c and 
ana1yt1ca1 dma 0f the m1xed adduct5 are a5 f0110w5. 

4.3.1. 9,9•, 10,10•-Adduct 16 
C010ur1e55 cry5ta15 were 06ta1ned fr0m d1ch10r0methane 

6y the add1t10n 0fethan01 (m.p. (dec), ar0und 235-240 °C). 
tH-NMR: 2.54 (5, 3), 4.54, 4.61 (A-8 pattern, J =  11 H2, 
2),4.79 (d, J=11 H2, 1), 5.29 (d, J=11 H2, 1); the 15 
ar0mat1c pr0t0n5 91ve r15e t0 519na15 6etween 6.7 and 7.25 
ppm. UV, nm (~): A,,,,x 309 (2000), A,,,, 290 (1000), A,,,,~ 
282 (2100), Am,. 278 (2000); a650rpt10n 0n5et, 360 nm. 
Ana1y515: ca1cu1ated 1"0r C.~0H2:~0 (398.51): C, 90.42; H, 
5.56; 16un(1: C, 90.20; H, 5.66. 

4.3.2. 1,4,9•, 10•.Adduct 18 
C010ur1e55 t0 pa1e ye110w cry5ta15 were 06ta1ned fr0m d1ch- 

10r0methane-methan01. Part1a1 dec0mp051t10n 0ccurred dur- 
1n9 c01umn chr0mat09raph1c 1501at10n. 0n heat1n9, 18 
d1550c1ate51nt01t5 precur50r5 ar0und 135 °C, f0rm1n9 a c1ear 
ye110w me1t ar0und 175 °C. 1H-NMR: 2.56 (5, 3), 4.32 (dd, 
J= 11,7 H2, 1), 4.47 ( d , J =  11 H2, 1),5.49 (5, 1),5.97 (d, 
J = 8  H2, 1),6.24 (••t••, J--•8 H2, 1), 6.87 (5, 1),7.28 (5, 
1 ); the rema1n1n9 10 ar0mat1c pr0t0n5 91ve r15e t0 mu1t1p1et5 
6etween 6.5 and 7.6 ppm. Ana1y515: ca1cu1ated f0r C30H220 
( 398.51 ): C, 90.42; H, 5.56; f0und: C, 90.31; H, 5.66. 

4.4. Ph0t0chem1ca1 d1mer12at10n 0f methy1 1-anthracene. 
car60xy1ate (6) t0 91ve 19-23 

A 501ut10n 0f6 (236 m9; 1 mm01) m d1ch10r0m0thane (75 
m1 ) wa51rrad1ated f0r 7.5 h. 1H-NMR ana1y515 0f the react10n 
m1xture 1nd1cated 95% c0n5umpt10n 0f the 5tartm9 mater1a1, 
and the f0rmat10n 0f d1mer5 19, 20, 21, 22 and 23 1n a rat10 
0f 34:29:19:10:8. W0rk-up 0f three 1dent1ca1 1rrad1at10n 
exper1ment5 9ave a near1y c010ur1e55 5011d re51due. 1t wa5 
5u5pended 1n d1ch10r0methane ( 10 m1), f0110wed 6y 5uct10n 
f11trat10n, t0 91ve 265 m9 (37%) v1rtua11y pure centr05ym- 
metr1ca1H7 d1mer 19 a5 a c010ur1e55 cry5ta111ne re51due. Fr0m 
the f11trate, re51dua15tart1n9 mater1a16 (7LC Rf = 0.58), d15- 
5ymmetr1ca1 d1mer 23 (7LC Rf---- 0.46), C2-5ymmetr1ca1 H7 
d1mer 20 (7LC Rf = 0.43 ), m1rr0r-5ymmetr1ca1 HH d1mer 22 
(7LC Rf=0.25) and C2-5ymmetr1ca1 HH d1mer 21 (7LC 
Rf = 0.21 ) were 1501ated 6y f1a5h chr0mat09raphy. 7he 0ver- 
1app1n9 fract10n5 0f H7 and HH d1mer5 were then 5eparated 
6y c0nvent10na1 c01umn chr0mat09raphy 0n 5111ca 9e1/d1- 
ch10r0methane. (1t 15 e55ent1a1 t0 5eparate the centr05ym° 
metr1ca1 d1mer 19 a5 de5cr16ed a60ve 51nce 1t5 Rr va1ue 15 ~he 
5ame a5 that 0f the d155ymmetr1ca1 d1mer 23.) 7he d1mer1- 
2at10n pr0duct5 0f methy1 1-anthracen¢car60xy1ate arc char- 
acter12ed 6y the f0110w1~9 ana1yt1ca1 and 5pectr05c0p1c data. 
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4.4.1. Centr05ymmetr1ca1ant1-H7 d1mer 19 
C010ude55 cry5ta15 (m.p., 298 °C (dec)) were recry5ta1- 

112ed fr0m 60111n9 d1ch10r0methane. (7he 51n91e cry5ta1 0f 
19 ana1y5ed 6y X-ray d1ffract10n wa5 06ta1ned fr0m 60111n9 
ch10r06en2ene and wa5 f0und t0 6e a 1:1 501vate.) tH-NMR: 
3.95 (5, 6), 4.82 (d, J =  11,2 H2, 1), 5.52 (d, J =  11.2 H2, 
1 ), 6.76-7.40 ( 14 ar0m H). UV, nm(  e): Am~ 295 (4700), 
A,~.~ 271; a650rpt10n 0n5et, ar0und 340 nm. Ana1y515: ca1cu- 
1ated f0r C32H=404 (472.55): C. 81.34; H, 5.12; f0und: C, 
81.18; H, 5.02. 

4.4,2. C2,5ymmetr1ca15yn-H7 d1mer 20 
C010ur1e55 need1e-5haped cry5ta15 (m.p., 235-240 °C) 

were 06ta1ned fr0m d1ch10r0metha~-~ethan01 501ut10n, ~H- 
NMR: 3,94 (5, 6), 4,83 (d , J~  11.2 H2, 1),4,48 ( d , J ~  11.2 
H2, 1), 6,78~7.38 (14 ar0m H), UV, nm (e): A,,,~ 288 
(4800), 5h 310 (2500), A,.,, 269; a650rpt10n 0n5et, ar0und 
340 nm. Ana1y515: ca1cu1ated f0r C3:H:,,04 (472.55): C, 
81.34; H, 5.12; f0und: C. 81.15; H. 5.19. 

4,4.3, C=.5ymmetr1ca1 ant1.HH d1mer 21 
C010ur1e55 need1e-5haped cry5ta15 (m.p., 240-245 °C) 

were 06ta1ned fr0m d10h10r0methane-¢than01 501ut10n. tH- 
NMR: 3,98 (5, 0), 4.60 (5, 2), 5.67 (5, 2), 6.74-.7.40 (14 
at0m H). UV, nm (e): A.,~,, 296 (4400), A,,~,, 270; a650rpt10n 
0n5et, ar0und 340 nm. Ana1y515: ca1cu1ated f0r C3,,H2404 
(472.55): C, 81.34; H, 5.12; f0und: C, 81.55; H, 5.28. 

4.4,4. M1rr0r-5ymmetr1ca15yn-HH d1mer 22 
C010ude55 54uare p1ate-5haped cry5ta15 (m,p,, 240--245 

°C) were 06ta1ned fr0m d10h10r0methane~than01 501ut10n, 
tH~NMR: 3,93 (5, 6), 4,60 (5, 2), 5,87 (5, 2), 6,82~7,36 ( 14 
ar0m H), UV, nm (e): A,,~,, 286 (4800), Am,. 268; a650rpt10n 
0n5et ar0und 340 nm. Ana1y515: ca1cu1ated f0r C.~:H:,,04 
(472,55): C, 81,34; H, 5,12; f0und: C, 81,37; H, 5,11, 

¢~4,5, D155ymm¢¢r1¢a1117 d1mer 23 
C010ur1e55 54uare cry5ta15 (m,p,, a60ut 170 °C (dec)) 

w¢re 06ta1ned fr0m d1ch10r0me15ane-ethan01 501ut10n, •H- 
NMR (CDC1~): 3,91 (5, 3), 3,9(> (5, 3), 4,47 (••dt••, 
J -  10,8,4 H2, 1 ), 5,39 (5, 1), 5,48 ( d , J =  10,8 H2, 1 ), 6,14 
(••5••, 1), 6,15 (••5••, 1), 6,64 (t, J = 8  H2. 1), 7.00 (5, 1), 
7,15 (m, 4), 7,26 (m, 4), 7,41 (5, 1), 7,54 (6r m, 2), ~H- 

NMR (CD3C0CD3): 3.93 (5, 3), 3.98 (5, 3), 5,41 (5, 1), 
4.49 (ddd, J = 10.8, 6.4, 1.6 H2, 1 ), 5.53 (d, J = 10,8 H2, 1 ), 
6.09-6.17 ( m, fr0m wh1ch c0up11n9 c0n5tant5 0f 8.8, 6.8 and 
1.6 H2 were deduced, 2), 6.68 (t, J =  8 H2, 1 ), 7.1-7,35 (m, 
10), 7.44 (5, 1 ), 7.55-7.65 (m, 2). E55ent1a1 13C-NMR 519- 
na15: 175.6, 167.9, 61.96, 56,37, 53.29, 52,09, 49.41, 47,62; 
ar0mat1c and 01ef1n1c C, 146.1-122.7, UV, nm(  e): Ama~ 328 
(500), Amm 324 (400), 5h 312 (1480), 5h 294 (4200); 
a650rpt10n 0n5et, ar0und 340 nm, Ana1y515: ca1cu1ated f0r 
C32H2404 (472,55): C, 81,34; H, 5.12; f0und: C, 81.20; H, 
5.04. 
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