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A65tract 

Ph0101nduce0 e1ectmn tran5fcr react10n5 0f cha1c0ne (CH) der1vat1ve5 (1a-1e) w11h tr1e1hy1am1ne (7EA) 9ave c15. and trm/5-2-6en20y1- 
1,3,4.tr1pheny1cyc10pentan015 (2), me50. and (:1:)-1,3,4,6-tetrapheny1°1,6-hexaned10ne5 (3, 4), u5 we11 u5 5.6en20y1.1,3,4.tr1pheny1-1- 
penten-3-01 (5). A11 the5e pr0duct5 are der1ved fr0m rad1ca1 add1t10n t0 a neutra1 CH m01ecu1e 6y CH an10n rad1ca1 (7) and CH kety1 rad1ca1 
f0rmed 1n 5e4uent1a1 e1ectr0n tran5fer (fr0m 7EA t0 exc1ted CH)-pr0t0n tran5fer (fr0m 7EA" + t0 CH•- ), Ph0t01nduced react10n5 0f 1a-1e 
w1th N,N.d1methy1an111ne (DMA) aff0rded, 1n add1t10n t0 the hydr0d1mer12at10n pr0duct5 2-5, a CH-DMA add1t10n pr0duct 16 f0rmed 6y 
rad1ca1 c0m61nat10n 0f CH kety1 -N-methy1-N-pheny1am1n0methy1 rad1ca1 pa1r5.7he y1e1d 0f 16 and the pr0duct rat10 (add1t10n-t0-hydr0d1- 
mer12at10n rat10A1H) are affected 6y am1ne 5tructure5 and react10n c0nd1t10n5.7heref0re an 1ncrea5e 1n 501vent p01ar1ty 1n the 0rder 6en2ene- 
acet0n1tr11e--methan01 and the pre5ence 0f anhydr0u5 ma9ne51um perch10rate (5pec1a15a1t effect) re5u1t 1n decrea5e51n the y1e1d 0f 16 and 111 
the rat10 A1H 6y 1nh161t1n9 1n-ca9e pr0t0n tran5fer and pr0m0t1n9 10n pa1r d1550c1at10n, An e1eetr0n-w1thdraw1n9 5u65t1tuent at the 6en2ene 
r1n9 0f DMA 1ncrea5e5 the y1e1d 0f 16 and the A1H rat10 6y enhanc1n9 pr0t0n tran5fer fr0m DMA "+ t0 CH•-, wh11e a d0n0r 5u65t1tuent 0n 
DMA ha5 the rever5e effect. 

Keyw0rd5: Ph0t01ndueed mduct10n; Cha1c0ne der1vat1ve5; Am1ne5 

1. 1ntr0duct10n 

Ph0t01nduced reduct10n react10n5 0f ket0ne5 1n the pre5- 
ence 0f am1ne5 have 6een under act1ve re5earch 1n recent 
year5 and have c0ntr16uted a 5u65tant1a1 am0unt 0f kn0w1- 
ed9e 0n many mechan15t1c a5pect5 0f ph0t01nduced e1ectr0n 
tran5fer (5E7) react10n5 5uch a5 the d1fferent react1ve 1nter- 
med1ate51nv01ved 1n 5E7 pr0ce55 and the fact0r5 tha~ 1nf1u- 
ence the1r react1v1t1e5 1n 5u65e4uent react10n5 [ 1 ]. C00k50n 
et a1. [2] f1r5t rep0rted the ph0t01nduced reduct10n5 0f a,/3- 
un5aturated car60ny1 c0mp0und5 1n the pre5ence 0f am1ne5 
1n 1968. Later, ph0t01nduced reduct10n5 0f cyc11c en0ne5, 
e5pec1a11y cyc10hexen0ne and 1t5 der1vat1ve5 have 6een 1nten- 
51ve1y re5earched fr0m the mechan15t1c and 5ynthet1c a5pect5 
[ 3-5]. 7he5e react10n5 have pr0ven t0 6e m0re 1ntr1cate 1n 
react10n m0de5 and mechan15m5 than th05e 0f 51mp1e ket0ne5. 
Many mechan15t1c deta115 have 6een c1ar1f1ed and 1t ha5 6een 
5h0wn that 6a51e1ty 0f en0ne an10n rad1ca15, therm0dynam1c 
aed k1net1c ac1d111e5 0f the am1ne cat1~,n rad1ca15, and 0ther 
fact0r5 that 1n11uence 10n pa1r f0rmat10n, 5uch a5 501vent 
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p01ar11y, are 0f cruc1a1 1mp0rtance 1n determ1n1n9 the 5E7 
eff1c1ency and 90vern1n9 the further react10n pathway5 0f the 
1n1t1a11y f0rmed 10n rad1ca1 pa1r5.5ynthet1c meth0d0109Y ha5 
a150 6een ev01ved fr0m the5e en0ne-am1ne ph0t0react10n5, 
e5pec1a11y 1n the 1ntram01eeu1ar cye112at10n5 6y the u5e 0f a- 
511y1am1ne5 [4,56]. 

Ph0t01nduced react10n5 0f acyc11c, c~,/3-un5aturated car- 
60ny1 c0mp0und5 w1th am1ne5, 0n the c0ntrary, have n0t 6een 
a5 w1de1y 1nve5t19ated a5 the1r cyc11c c0unterpart5 [2] 
a1th0u9h d1ver51f1ed react10n m0de5 and mechan15m5, a5 we11 
a5 d1fference5 1n the5e re5pect5 fr0m that 0f cyc11c en0ne5, 
can 6e ant1c1pated c0n51der1n9 the w1de var1et1e5 0f p055161e 
5tructure5 ar0und the c0nju9ated C--0 and C~.C d0u61e 
60nd5 and the1r 1nf1uence5 0n the pr0pert1e5 0f the exc1ted 
5tate5 and 0f the an10n rad1ca15 f0rmed 1n 5E7 pr0ce55. 1n 
re5p0n5e t0 th15 51tuat10n, we rep0rt here the ph0t01nduced 
react10n5 0f cha1c0ne (CH) der1vat1ve5 1a-1e w1th am1ne5. 
An0ther rea50n 1n ch0051n9 CH f0r 1nve5t19at10n 15 that, 
a1th0u9h therma1 reduct10n 0f CH der1vat1ve5 ha5 10n9 6een 
act1ve1y 1nve5t19ated under d1fferent c0nd1t10n5 (5uch a5 1n 
the pre5ence 0f 21nc [6], p0ta551um [7], Cr(111) [ 8], C0(1f) 
[ 9], anthracene hydr1de [ 10], rare earth meta15 (Y6 and 05) 
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7a61e 1 
Ph0t01nduced react10n5 0f cha1c0ne5 1a-1e w1th 7EA * 

En0ne 501vent 1rrad1at10n 
t1me 
(h) 

C0nver510n 
(%) 

Pr0duct (y1e1d 6 (%) ) 

18 MeCN 11 96 
1a C~H~ 11.5 9 1 
16 MeCN 11.5 96 
1e MeCN 11 94 
1d MeCN 11.5 89 
1e MeCN 11.5 100 

2a (17), 3a (34), 4a (15), 5a (29) 
2a (30), 3a (21), 4a (3), $a (35) 
26 (18), 36 (27), 46 (18), 56 (37) 
2c (13), 3c (25), 4c (22), 5¢ (34) 
:h1 (25),341 (20), 4d (14), $d (21) 
2e (16), 3e (21), $e (26), 6e (10) 

• [en0ne], 0.1 M; [7EA], 0.5 M. 
h Y1e1d ~ 0n c0n5umed chMc0ne5. 

and the1r 5a1t5 [ 11,12], and 1n e1ectr01yt1c reduct10n5 [ 13] ), 
many pr061em5 re9ard1n9 p055161e react10n m0de5 and mech- 
an15m5 1n the5e react10n5 need t0 6e further c1ar1f1ed. 1t 15 
theref0re h19h1Y de51ra61e t0 5ee th0 re5u1t5 0f ph0t01nduced 
reduct10n5 0f CH t0 5hed new 118ht 1n the5e re5pect5. 

2. Exper1menta1 deta115 

Me1t1n9 p01nt5 were determ1ned 0n a m1cr05c0p1c appa- 
ratu5 and are rep0rted unc0rrected. 1R 5pectra were rec0rded 
0n a 5h1mad2u 1R-408 0r a N1c01et F71R 5DX 5pectr0meter 
w1th K8r pe11et5. 

tH nuc1ear ma9net1c re50nance (NMR) 5pectra wcrc 
rec0rded 0n a JE0L PMX60 51 0r a 8ruker AM-500 5pec- 
tr0meter w1th Me,,51 a51nterna15tandard. Ma55 5pectr05c0py 
(M5) wa5 carr1ed 0ut 0n a V6 2A8 H5 5pectr0meter. 7he 
e1ementa1 ana1y5e5 were d0nc w1th a Perk1n-E1mer 240-C 
1n5trument. 

8en2ene (A.R. 9rade) wa5 dr1ed w1th 50d1um and d15t111ed 
6ef0re u5e. Acet0n1tr11e (C.P. 9rade) wa5 ref1uxed w1th P~.05 
f0r 2 h and d15t111ed; then 1t wa5 ref1uxed w1th anhydr0u5 
p0tau1um car60nate f0r 2 h and red15t111ed. 7r1ethy1arn1ne 
(7EA) wa5 dr1ed w1th and then d15t111ed fr0m 50d1um. N3V- 
D1methy1an111ne (DMA) wa5 dr1ed w1th anhydr0u5 K0H and 

~r~J2 
Ph0t01ad¢ced re~ct10n5 0f c1udcene5 1w,1e 1n the pre5ence 0f NJV-d1methy10ry1am1ne5 

- -  n ,  

1~t¢ae Am1ne pK. 0f 501vent 1rrad1at10n C0nver510n 
am1ne•* t1me (%) 

(h) 

d15t111ed 6ef0re u5e,. N, N0d1methy1t01u1d1ne (DM7) and 4- 
ch10r0-N,N-d1methy1an111ne (CDMA) were prepared 6y 11t- 
craturc pr0cedure5 [ 14 ]. 7he cha1c0ne51a-1e were prepared 
6y c0nden5at10n 0f 6en2a1dehyde5 w1th the c0rre5p0nd1n9 
acet0phcn0nc [ 151. 

7he 119ht 50urce 15 a 500 W med1um pre55ure mercury 
vap0ur 1amp 1n a 91a55 watcr-c001ed jacket wh1ch cut5 0ff 
119ht 5h0rter than a60ut 300 nm. 7he 501ut10n5 were p1aced 
1n 91a55 tu6e5 5urr0und1n9 the 119ht 50urce t0 6e ph0t01y5ed 
w1th c0nt1nu0u5 dry ar90n pur91n9. 

2.1. Pre1mrat1ve ph0t01y5e5 0f cha1c0ne5 w1th the am6w5 

7he 9enera1 pr0cedure5 u5ed f0r the preparat1ve ph0t01y5e5 
are a5 f0110w5. MeCN 0r 6en2ene 501ut10n5 0f the appr0pr1ate 
cha1c0nc and thc am1ne were 1rrad1ated and th1n 1ayer chr0- 
mat09raphy wa5 u5cd t0 m0n1t0r the react10n5. 7he ph0t0- 
1y5ate wa5 then r0tary evap0rated and the re51due 5u6jected 
t0 chr0mat09raph1c 5cparat10n 0n a 5111ca 9e1 c01umn w1th 
petr01eum ether (60111n9 p01nt (h.p.), 60-00 °C)-.¢thy1 ace- 
tate a5 e1uent5 t0 91ve the pr0duct5 w1th y1c1d5115ted 1n 7a61e5 
1 and2. 

Pr0duct (y1e1d * (%)) A1H ~ 

1a DMA 9 C~H~ 11,5 93 
1a DMA 9 CH~CN 11.5 91 
1a DMA 9 Me0H 13 92 
1a DMA 9 MeCN, M8(C10,)= (0.1 M) 12 82 
1a DM7 12 C,1~ 12,5 95 
1a CDMA 9 C~H~ 15 92 
16 DMA 9 MeCN 11,5 94 
1e DMA 9 MeCN 11.5 91 
1d DMA 9 MeCN 14 93 
1e DMA 9 MeCN 12,3 93 

"Y1e1d5 6a5ed 0a c0mmmed cha1c0ne5, 
6 A/R-, ( ~  0f ad~t10n pr0duct ) / [t0m1 y1e1d 0f hydr0d1mer12at10n pr0duct5 (2-5) ]. 

h (12), 3a (2), $a (8), 168 (54) 2.45 
h (17), 3a (14), 4a (1), $a (28), 168 (32) 0.52 
2a (17), 3a (14), 4a ( 1 ), $a (15), 168 (26) 0.40 
h (25), 3a (27), $a (7), 168 (15) 0.25 
2a (20), $a (26), 17 (30) 0.66 

(18), 5a (5), 18 (57) 2.52 
26 (20), 36 (13), 46 (6), $6 (23), 166 (25) 0.42 
~ac (19), 3c (7), 44: (3), $c (16). 16c (30) 0.67 
2d (24), 3d (8), $d (17), 16d (34) 0.70 

(14), 3e (4),  5e (11). 6 (6), 16e (38) 1.10 



J.-H. Xu et a1. / J0urna10f Ph0t0chem15try and Ph0t0610109y A: Chem15try 97 (1996) 33-43 35 

2.1.1.1rrad1at10n 0f cha1c0ne5 1a-1e w1th tr1ethy1am1ne 
7he5e were a5 f0110w5. 
(1) 1n 6en2ene. A 501ut10n 0f 1a (1.04 9, 5 mm01) and 

7EA (2.5 9, 25 mm01) 1n 6en2ene (50 m1) wa5 1rrad1ated 
f0r 11.5 h. 7he prec1p1tated 5011d pr0duct 3a (285 m9 (30%) ) 
wa5 5eparated 6y f11trat10n and wa5hed w1th 5ma11 p0rt10n5 
0f acet0ne. 7he c0m61ned wa5h1n95 and ph0t01y5ate were 
c0ncentrated 1n vacu0 and the re51due wa5 chr0mat09raph1- 
ca11y 5eparated 0n a 5111ca 9e1 c01umn t0 aff0rd unreacted 1a 
(90 m9 (a c0nver510n 0f 91%)), pr0duct5 2a (195 m9 
(21%)), 4a (30 m9 (3%)) and $a (335 m9 (35%)). 

(2) 1n acet0n1tr11e. A 501ut10n 0f 1e ( 1.04 9, 5 mm01) and 
7EA (2.5 9, 25 mm01) 1n MeCN (50 m1) wa51rrad1ated f0r 
11 h. 7he ph0t01y5ate wa5 w0rked up a5 a60ve t0 aff0rd 
unreacted 1a (40 m9 (a c0nver510n 0f 96%) ), 2a ( 170 m9 
(17%) ), 3a (335 m9 (34%)), 4a ( 150 m9 (15%) ) and 5a 
(285 m9 (29%)). 

A 501ut10n 0f 16 (1.11 9, 5 mm01) and 7EA (2.5 9, 25 
mm01) 1n MeCN (50 m1) wa5 1rrad1ated f0r 11.5 h t0 91ve 
unreacted 16 (50 m9 (a c0nver510n 0f 96%)), 26 ( 195 m9 
(18%) ), 36 (290 m9 (27%)), 46 ( 185 m9 (18%) ) and 56 
(390 m9 (37%)). 

A 501ut10n 0f 1e (1.13 9, 5 mm01) and 7EA (2.5 9, 25 
mm01) 1n MeCN (50 m1) wa5 ph0t01y5ed f0r 11 h t0 91ve 
unreacted 1¢ (70 m9 (a c0nver510n 0f 94%)), 2e (135 m9 
(13%)), 3e (265 m9 (25%)), 4e (235 m9 (22%)) and 5e 
(360 m9 (34%)). 

A 501ut10n 0f 1d (1.26 9, 5 mm01) and 7EA (2.5 9, 25 
mm01) 1n MeCN (50 m1) wa5 ph0t01y5ed f0r 12.5 h t0 91ve 
unreacted 1d (140 m9 (89% c0nver510n)), 2d (280 m9 
(25%)), 3d (225 m9 (20%)), 4d ( 160 m9 (14%) ) and 5d 
(235 m9 (21%)). 

A 501ut10n 0f 1e ( 1.21 9, 5 mm01) and 7EA (2.5 9, 25 
mm01) 1n acet0n1tr11e (50 m1) wa5 ph0t01y5ed f0r 12.5 h t0 
91ve 2e ( 197 m9 (16%) ), 3e (255 m9 (21%)), 5e (310 m9 
(26%)) and 6 ( 115 m9 (10%) ). 

2.1.2. 1rrad1at10n 0f cha1c0ne5 1a-1e w1th N,N.d1methy1an- 
U1ne5 

7he5e were a5 f0110w5. 
( 1 ) 1n 6en2ene. A 501ut10n 0f 1a ( 1.04 9, 5 mm01) and 

DMA ( 1.21 9, 10 mm01) 1n 6en2ene wa5 ph0t01y5ed f0r 11.5 
h t0 91ve unreacted 1a (70 m9 (a c0nver510n 0f 93%)), 2a 
(115 m9 (12%)), $a (80 m9 (8%)) and 16a (835 m9 
(54%)). 

A 501ut10n 0f 1a (0.84 9, 4 mm01) and DM7 ( 1.08 9, 8 
mm01) 1n 6en2ene (40 m1) wa5 ph0t01y5ed f0r 12.5 h t0 91ve 
unreacted 1a (40 m9 (a c0nver510n 0f 95%)), 2a (160 m9 
(20%)), 5a (205 m9 (26%)) and 17 (395 m9 (30%)). 

A 501ut10n 0f 1a (0.84 9, 4 mm01) and cDMA ( 1.25 9, 8 
mm01) 1n 6en2ene (40 m1) wa5 ph0t01y5¢d f0r 15 h t0 91ve 
unreacted 1a (70 m9 (a c0nver510n 0f 92%) ), 2a ( 135 m9 
(18%)), $a (40 m9 (5%)) and 18 (770 m9 (57%)). 

(2) 1n acet0n1tr11e. A 501ut10n 0f 1a (1.04 9, 5 mm01) 
and DMA (3 9, 25 mm01) 1n MecN (50 m1) wa5 ph0t01y5ed 
f0r 11.5 h t0 91ve unreacted 1a (90 m9 (a c0nver510n 0f 

91%) ), 2a ( 165 m9 (17%) ), 3a ( 130m9 (13.7%) ), 4a ( 10 
m9 (1%) ), 5a (270 m9 (28%)) and 16a (475 m9 (32%)). 

A 501ut10n 0f 16 (1.11 9, 5 mm01) and DMA (3 9, 25 
mm01) 1n acct0n1tr11e (50 m1) wa5 ph0t01y5ed f0r 11.5 h t0 
91ve unreacted 16 (70 m9 (a c0nver510n 0f 94%) ), 26 (205 
m9 (20%)), 36 ( 135 m9 (13%) ), 46 (60 m9 (6%)), 56 
(235 m9 (23%)) and 166 (415 m9 (25%)). 

A 501ut10n 0f1e (0.668 9, 3 mm01) and DMA (1.81 9, 15 
~1m01) 1n MeCN (30 m1) wa5 ph0t01y5ed f0r 11.5 h t0 91ve 
unreacted 1¢ (60 m9 (a c0nver510n 0f 91%) ), 2c ( 115 m9 
(19%)), 3c (45 m9 (7%)), 4c (20 m9 (3%)), 5c (95 m9 
( 16% ) ) and 16e ( 305 m9 (30%) ). 

A 501ut10n 0f 1d (1.26 9, 5 mm01) and DMA (3 9, 25 
mm01) 1n MeCN (50 m1) wa5 ph0t01y5ed f0r 14 h t0 91ve 
unreacted 1d (95 m9 (a c0nver510n 0f93%)), 2d (275 m9 
(24%)), 3d (98 m9 (8%)), $d (192 m9 (17%)) and 16d 
(585 m9 (34%)). 

A 501ut10n 0f 1e (1.21 9, 5 mm01) and DMA (3 9, 25 
mm01) 1n MeCN (50 m1) wa5 ph0t01y5ed f0r 12.3 h t0 91ve 
unreacted 1e (90 m9 (a c0nver510n 0f 92.6%) ), 2e ( 1 15 m9 
(14%) ), 3e (45 m9 (4%)), 5e ( 120 m9 (11%) ), 6 (65 m9 
(6%)) and 16e (635 m9 (38%)). 

An MeCN 501ut10n (50 m1) c0nta1n1n9 1a (1.04 9, 5 
mm01), DMA (3 9, 25 mm01) and anhydr0u5 ma9ne51um 
perch10rate M9(C104)2 (1.12 9, 5 mm01) wa5 ph0t01y5ed 
f0r 12 h. 7he prec1p1tated 5011d pr0duct 3a (230 m9 (27%)) 
wa5 f11tered 0ut and wa5hed w1th 5ma11 p0rt10n5 0f acet0ne. 
7he c0m61ned wa5h1n95 and ph0t01y5ate wa5 c0ncentrated 1n 
vacu0 t0 a60ut 0ne th1rd 0f the 0r191na1 v01ume. 7he re51due 
wa5 m1xed w1th water (50 m1) and wa5 then extracted w1th 
ch10r0f0rm (3 X 20 m1). 7he c0m61ned ch10r0f0rm 501ut10n 
wa5 wa5hed w1th water (2 X 30 m1) and dr1ed w1th anhydr0u5 
ma9ne51um 5u1phate and c0ncentrated 1n vacu0.7he re51due 
wa5 chr0mat09raphed 0n a 5111ca 9e1 c01umn t0 91ve unreacted 
1a ( 190 m9 (a c0nver510n 0f 82%) ), 2a (210 m9 (25%)), 
5a (60 m9 (7°6)) and 16a (200 m9 (15%) ). 

(3) 1n methan01. A 501ut10n 0f 1a (1.04 9, 5 mm01) and 
DMA (3 9, 25 mm01) 1n new1y d15t111ed methan01 (50 mD 
wa5 ph0t01y5ed f0r 13 h t0 91ve unreacted 1a (95 m9 t d 
c0nver510n 0f 93%)), 2a (230 m9 (24%)), 4a (40 m9 
(4%)), 5a (140 m9 (15%)) and 16a (60m9 (24%)). 

2.2. 1rrad1at10n 0f1a w1th N.methy1an111ne 

A 501ut10n 0f 1a (1.04 9, 5 mm01) and N-methy1an111ne 
(2.5 9, 23.6 mm01) 1n 6en2ene (50 m1) wa5 ph0t01y5ed f0r 
18 h. W0rk-up 0f the ph0t01y5ate a5 de5cr16ed a60ve 9ave 
unreacted 1a (240 m9 (a c0nver510n 0f77%) ), 2a (420 m9 
(53%)), 3a (20 m9 (3%)), 5a (60 m9 (8%)) and 8 (270 
m9 (34%)). 

1R*, 25*, 3R*, 45*-1.Pheny1-1-(2-hydr0xy-2,4,5-tr1- 
pheny1cyc10penty1)methan0ne (2a): Me1t1n9 p01nt (m.p.), 
197-198 °C ( 196-198 °C [66] ). 1R: r~max 3380 (0H), 1628, 
1585, 1480, 1438, 1380, 1238, 745 and 695 cm- 1. JH NMR 
(CDC13, 500 MH2): 8 2.517 (1H, 4, J--5.52, 13.71 H2), 
2.929 (1H, t, J=13.71 H2), 3.713 (1H, ddd, J=13.71, 
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11.46, 5.52 H2), 4.035 ( 1H, t, J= 11.46 H2), 4.466 ( 1H, d, 
J= 11.46 H2), 5.178 (1H, 5), 6.96-7.51 (20H, m, ArH 
ppm). M5:m/2 400 (M +-H20, 13.1), 105 (PhC0 +, 
6a5e). 

m¢50,1,3,4,6.7etrapheny1.1,6.hexaned10ne ( 3a ) : M.p., 
267-268 °C (2700C [66] ). 1R: u,~ 3100, 3080, 3035, 1678, 
1598, 1580, 1498, 1450, 1242, 980, 758, 710, 700 cm- 1.1H 
N•MR (C6D6, 500 MH2): 82.902 ( 1H, d,J= 16.6 H2), 3.145 
(2H, dd, J= 16.6, 9.6 H2), 3.941 (2H, d, J=9.6 H2), 6.84- 
7.55 (20H, m, ArH) ppm. M5:m/2 400 (M + -H20, 5.1), 
298 (18), 295 (18), 209 (6.6), 105 (6a5e). 

(+)1~3¢4~-7etrapheny1-1,6-hexaned10ne (4a): M.p. 
179~181 °C. 1R: u,~ 3015, 1671, 1590, 1571, 1489, 1445, 
1234, 980, 738, 692 cm °1. 1H NMR (CDC13, 500 MH2): 8 
3,391 (4H, d, J~5.7 H2), 3.86 (2H, t, J~5.7 H2), 6.95- 
7.85 (20H, m, ArH) ppm. M5:m/2 400 (M + -H20, 3.4), 
298 (29.3), 209 (16.7), 105 (6a5e). Ana1. F0und: C, 86.30; 
H, 6.119. C30H2~0~ ca1c.: C, 86.09; H, 6.261%. 

4-Hydr0xy-1t3t4J-tetrapheny1-$-hexen-1-0ne ($a): 
M.p., 154-156 °C. 1R: v,~ 3450, 1640, 1598, 1580, 1493, 
1450, 1390, 1250, 750, 695 cm ~a. 1H NMR (CC14, 500 
MH2): 8 2.28 ( 1H, 5, 0H), 3.20 ( 1H, dd, J= 17.4, 5.6 H2), 
3,745 ( 1H, dd, J ~ 17.4, 6.3 H2), 4.164 ( 1H, dd, J = 6.3, 5.6 
H2), 6.556 (1H, d, J-15 .82  H2, CH=), 6.634 (1H, d, 
jm 15,82 H2, CH=), 6.9-7.8 (20H, m, ArH) ppm. M5:m1 
2400 (M + - H20, 8.2), 295 (29.0), 209 (23.4), 105 (6a5e). 
Ana1. F0v~d: C, 85.94; H, 6.250, C36H2~0., ca1c.: C, 86.09; 
H, 6.261%. 

1R*, 25*, 3R*, 45*-1-Pheny1-1-(2-hydr0xy-2-pheny1- 
4,A;-d1(p-t01y1)eye10penty1)methan0ne (26): M.p. 206-207 
~ .  1R: v,~ 3410, 1635, 1592, 1578, 1512, 1446, 1375, 1244, 
1042, 812, 758, 692 cm ° 1.1H NMR (CDC13, 500 MH2): 8 
2.160 (3H, 5, CH3), 2.280 (3H, 5, CH3), 2.538 (1H, dd, 
J~6,1, 14.7 H2), 2.971 ( 1H, dd, J~  10.9, 14.7 H2), 3.717 
(1H, ddd, J~  11.35, 10,92, 6,10 H2), 4,057 (1H, t,J~= 11.35 
H2), 4,493 ( 1H, d, J ~  11.35 H2), 5.13 ( 1H, 5, 0H), 6.88- 
7,57 (18H, m, ArH) ppm, M5:m/2 446 (M +, 1,7), 428 
(M*-H20 5.4), 309 (96,1), 223 (673), 165 (29.4), 105 
(6a5e). Ana1. F0und: C, 85, 64; H, 6.940. C32H3002 ca1c.: C, 
86.06; H, 6,771%, 

m~5~-1,6-D1pheny1,3,4-d1fp,t01y1),1,6.hexaned10ne 
(36): M.p., 260-261 °(2. 1R: 8,,~ 3080, 3040, 3020, 1680, 
1600, 1580, 1448, 1375, 1280, 1238, 975, 835, 762. 6~2 
cm -1, 1H NMR (C~D6, 500 MH2): 82.152 (6H, 5, 2CH0, 
3.072 (2H, d ,J= 16.3 H2), 3.312 (2H, dd, J--- 16.3, 8.9 H2), 
4.059 (2H, d, J -  8.9 H2), 6.96-7.70 ( 18H, m, ArH) ppm. 
M5:m12 428 (M + -H20, 2.9), 326 (80.7), 223 (12.6), 
105 (6a5e), Ana1. F0und: C, 85.68; H, 7.059. C32H5002 ca1c.: 
C, 86.06; H, 6.771%. 

( • ) 1,6-D1pheny1-3,4.d1(p.t01y1).1,6-hexaned10ne (46): 
M.p,, 176--178 eC. 1R: ~,,,~ 1672, 1588, 1570, 1508, 1443, 
1355, 1215, 1015, 805, 746, 680 cm -1. 1H NMR 
((CD3)250, 500 MH2): 8 2.262 (6H, 5, 2CH3), 3.29-3.39 
(4H, m), 3.81-3.84 (2H, m) 6.862 (4H, d, J=7.73 H2), 
6.976 (4H, d, J = 7.73 H2), 7.389 (4H, t, J = 7.56 H2), 7.504 
(2H, t, J--7.56 H2), 7.831 (4H, d, J=7.56 H2) ppm. M5: 

m/2446 (M +, 0.2) 428 (M + -H20, 3.3), 326 (67.5), 223 
(64.4), 105 (6a5e). Ana1. F0und: C, 85.92; H, 6.933. 
C32H3002 ca1c. C, 86.06; H, 6.771%. 

4-Hydr0xy-3,6-d1(p-t01y1)-3,4-d1pheny1-$-hexen-1-0ne 
(56): M.p., 159-161 °(2. 1R: J••max 3500, 1654, 1586, 1570, 
1502, 1440, 1363, 1260, 1216, 796, 746, 698, 685 cm- 1.1H 
NMR (CC14, 500 MH2): 8 2.326 ( 1H, 5, 0H), 2.390 (3H, 
5, CH3), 2.502 (3H, 5, CH3), 3.351 ( 1H, dd, J =  17.3, 6.2 
H2), 3.857 ( 1H, dd, J=  17.3, 6.2 H2), 4.290 (1H, t, J=6.2 
H2), 6.686 (1H, d, J=  15.6 H2, CH--), 6.759 (1H, d, 
3 -  15.6 H2, =CH), 6.96-7.98 ( 18H, m, ArH) ppm. M5: m/ 
2429 (M + -0H ,  5.7), 325 (27.4), 126 (49.9), 105 (28.5), 
91 (6a5e). Ana1. F0und: C, 85.12; H, 6.703. C32H3002 ca1c.: 
C, 86,06; H, 6.771%. 

1R*, 25*, 3R*, 45*-1-Pheny1-1-[2-hydr0xy-2-pheny1- 
4,$-d1(4-f1u0r0pheny1)cyc10penty1]methan0ne (2c): M.p. 
174-176 °C. 1R: 1~max 3490, 1670, 1640, 1600, 1580, 1512, 
1232, 1162, 840, 764, 710 cm-1. 1H NMR (CDC1~, 500 
MH2): 8 2.514 ( 1H, d, J~  14.48, 5,87 H2), 2.976 ( 1H, dd, 
J= 14.48, 11.52 H2), 3.674 ( 1H, ddd, J-- 11.52, 11.52, 5.87 
H2), 4.014 ( 1H, dd, J= 11.52 H2), 4.486 ( 1H, d, J=  11.52 
H2), 5.207 (1H, 5, 0H), 6.78-7.56 (18H, m, ArH) ppm. 
M5:m12 436 (M + -H20, 15.9), 331 (21.6), 327 (14.1), 
105 (6a5e). Ana1. F0und: C, 78.84; H, 5.188. C30H24F202 
ca1c.: C, 79.24; H, 5.322%. 

me50.1,6,D1pheny1.3,4.d1(4.f1u0r0pheny1).1,6.hexane. 
d10ne (3¢): M.p., 252-253 °C. 1R: uma~ 3080, 3050, 3020, 
1678, 1600, 1580, 1508, 1372, 1282, 1224, 1158, 978, 842, 
762, 736, 718, 695 cm -1. 1H NMR (C6D~, 500 MH2): 8 
2.86 (2H, d, J -  16.7 H2), 3.02 (2H, dd, J= 16.7, 7.9 H2), 
3.80 (2H, d, J=7.9 H2), 6.78-7.61 (18H, m, ArH) ppm. 
M5:m12 436 (M + -H20, 11.3), 334 (14.5), 331 (16.9), 
105 (6a5e). Ana1. F0und: C, 78.97; H, 5.128. C30H24F202 
ca1c.: C, 79.24; H, 5.322%. 

( 5: )1,6-D1pheny1-3,4-d1(4-f1u0r0pheny1)-1,6-hexaned1. 
0ne (4¢): M.p., 151-152 °C. 1R: 10~ 1670,1595, 1504, 1442, 
1220, 1154, 812, 754, 724, 690 cm- 1.1H NMR (CDC13, 500 
MH2): 8 3.357 (4H, d, J=5.64 H2), 3.809 (2H, t, J=5.64 
H2), 6.80-7.86 (18H, m, ArH) ppm. M5:m12 454 (M +, 
<0.1),436 (M + -H20, 3.3), 334 (12.0), 227 (20.7), 105 
(6a5e). Ana1. F0und: C, 78.97; H, 5.128. C30H24F202 ca1c.: 
C, 79.24; H, 5.322%. 

4-Hydr0xy-3,6-d1(4-f1u0r0pheny1)-1,4-d1pheny1.5. 
hexen-1-0ne (5c): M,p., 134-136 °(2. 1R: um~ 3500, 1668, 
1600, 1582, 1512, 1452, 1221, 1164, 856, 820, 761,698 
cm-1 1H NMR (CDC13, 500 MH2): 8 2.293 ( 1H, 5, 0H), 
3.388 (1H, dd, J= 17.5, 7.3 H2), 3.729 (1H, dd, J=  17.5, 
5.4 H2), 4.147 (1H, dd, J=7.3, 5.4 H2), 6.599 (1H, d, 
J-~ 16.4 H2, CH=), 6.673 ( 1H, d, J= 16.4 H2, CH=), 6.75- 
7.85 (18H, m, ArH) ppm. M5:m/2436 (M + -H20, 6.0), 
331 (51.6), 209 (12.0), 109 (22.1), 105 (6a5e). Ana1. 
F0und: C, 78.97; H, 5.128. C30H24F202 ca1c.: C, 79.24; H, 
5.322%. 

1R*, 25*, 3R*, 45*-1-Pheny1-1-[2-hydr0xy-2-pheny1. 
4,5-d1(3,4-methy1ened10xypheny1)¢yc10penty1]metha- 
n0ne (2d): M.p., 201-203 °C. 1R: vm~ 3450, 2875, 1664, 
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1640, 1592, 1500, 1485, 1445, 1380, 1250, 1100, 1043, 935, 
866, 812, 760, 700 cm -~. ~H NMR (CDC13, 500 MH2): 
2.458 (1H, dd, J=  13.83, 6.14 H2), 2.923 (1H, dd, J=  13.83, 
11.64 H2). 3.597 ( 1H, ddd, J -  11.55, 11.64, 6.14 H2), 3.950 
(1H, t, J=  11.55 H2), 4.415 (1H, d, J=  11.55 H2), 5.152 
( 1H, 5, 0H), 5.804 ( 1H, 5, •0-CH2-0), 5.812 ( 1H, 5, •0- 
CH2--0), 5.902 (2H, 5,--0--CH2-0-), 6.51-7.54 (16H, m, 
ArH) ppm. M5:m12 506 (M +, 0.2), 488 (4.9), 386 (10.0), 
253 (14.8), 105 (6a5e). Ana1. F0und: C, 75.77; H, 5.390. 
C32H2606 ca1e.: C, 75.88; H, 5.173%. 

me50.1,6.D1pheny1-3,4-d1( 3,4.methy1ened10xypheny1). 
1,6-hexaned10ne (3d): M.p., 280-282 °C. 1R: vmax 1670, 
1593, 1500, 1485, 1441, 1364, 1250, 1195, 1100, 1048,940, 
810, 762, 740, 680 cm- 1. •H NMR (DM50-d6, 500 MH2): 
8 2.846 (2H, d, J= 15.31 H2), 3.57-3.65 (4H, m), 6.022 
(2H, 5,-0--CH2--0-), 6.044 (2H, 5, -0-CH2-0-),  6.64- 
7.85 (16H, m, ArH) ppm. M5:m12 505 (M + - 1, <0.1), 
488 (M +-H~0, 0.8), 386 (10.2), 253 (~M +, 5.1) 105 
(6a5e). Ana1. F0und: C, 75.80; H, 5.008. C.~2H2~10~ ca1c.: C, 
75.88; H, 5.173%. 

( + ) 1,6-D•pheny1-3,4-d1(3,4-methy1ened10xypheny1). 
1,6-hexaned10ne (4d): M.p., 182-184 0C. 1R: vm,,x 1660, 
1592, 1500, 1486, 1440, 1360, 1300, 1250, 1100, 1040, 960, 
928, 818, 798, 700 cm- 1.1H NMR (CDC13, 500 MH2):/~ 
3.88 (4H), 4.41 (2H), 5.98 (2H, 5), 5.92 (2H, 5), 6.66- 
7.70 ( 16H, m, ArH) ppm. M5:m12 488 (M + - H20, 24.5), 
386 (2.4), 384 (20.1), 383 (73.0), 253 (5.9), 135 (45.4), 
105 (6a5e). Ana1. F0und: C, 75.43; H, 5.206. C32H2606 ca1c.: 
C, 75.88; H, 5.173%. 

4-Hydr0xy- 1,4-d1pheny1-3,6-d1(3,4-methy1ened10xy- 
pheny1)-5-hexen-1-0ne ($d): M.p., 144-145 0C. 1R: ~m~, 
3500, 1668, 1594, 1579, 1500, 1481, 1440, 1360, 1250, 1185, 
1155, 1100, 1035, 980, 928, 910, 863, 805, 768, 754, 740, 
700 em- 1.1H NMR ( (CD3)2C0, 500 MH2): 6 3.32 ( 1H, 5, 
0H), 3.667 (2H, m), 4.011 ( 1H, t), 5.796 ( 1H, 5, •0-CH2- 
0-) ,  5.820 (1H, 5, •0--CH2--0-), 5.963 (2H, 5, 
-0CH2--0-) 6.461 ( 1H, d, J=7.88 H2, CH=), 6.572 ( 1H, 
d, J = 7.88 H2, =CH), 6.64-7.93 ( 16H, m, ArH) ppm. M5: 
m/2 488 (14.4), 384 (5.3), 383 (57.0), 368 (19.8), 353 
(27.2), 252 (18.7), 135 (39.0), 105 (6a5e). Ana1. F0und: 
C, 76.01; H, 5.138. C32H2606 ea1c.: C, 75.88; H, 5.173%. 

1R*, 25*, 3R*, 45*-1-(4-Ch10r0pheny1)-1-[2-hydr0xy- 
2-(4-eh10r0pheny1)-4,5-d1pheny1eyd0penty1)methan0ne 
(2e): M.p., 179-181 °C. 1R: vmw, 3450, 1645, 1592, 1490, 
1402, 1378, 1245, 1180, 1092, 1052, 1010, 850, 830, 770, 
741,709 cm-1.1H NMR (CDC13, 500 MH2): 8 2.559 ( 1H, 
dd, J= 14.38, 5.26 H2), 2.913 ( 1H, t, J=  14.33 H2), 3.789 
( 1H, ddd, J= 14.33, 5.26, 11.46 H2), 4.065 ( 1H, t, J= 11.46 
H2). 4.393 ( 1H, d, J=  11.46 H2), 5.293 ( 1H, 5, 0H), 7.05- 
7.50 (18H, m, ArH) ppm. M5:m/2 486 (M +, 0.1), 468 
(M + -H20, 7.1 ), 332 (21.3), 243 (53.8), 141 (38.2), 139 
(6a5e). Ana1. F0und: C, 74.01; H, 4.921. C30H2402C12 ca1c.: 
C, 73.93; H, 4.963%. 

me50.3,4.D1pheny1-1,6-d1(p.ch10r0pheny1).1,6.hexane- 
d10ne (3e): M.p., 243-244 °C. 1R: ~m~ 3070, 3035, 1682, 
1592, 1495, 1400, 1230, 1088, 978, 824, 765, 706 cm- 1. t H 

NMR (C6D6, 500 MH2): 8 2.875 (2H, d, J-16.55 H2), 
3.105 (2H, dd, J= 16.55,9.1 H2), 3.989 (2H, d, J=9.1H2), 
6.91-7.46 (18H, m, ArH) ppm. M5:m12 468 (M + -H20, 
0.5), 332 (16.0), 243 (5.2), 141 (32.1), 139 (6a5e). Ana1. 
F0und: C, 73.71; H, 4.799. C30H2402C12 ca1c.: C, 73.93; H, 
4.963%. 

4-Hydr0xy- 1,4-d1(4-ch10r0pheny1)-3,6.d1pheny•.5. 
hexen-1-0ne (5e): M.p., 150-151 °C. 1R: um~ 3502, 1668, 
1592, 1572, 1492, 1400, 1264, 1088, 992, 820, 758, 708 
cm -1. 1H NMR ((CD3)2C0, 500 MH2): ~ 3.343 (1H, 5, 
0H), 3.681 (1H, dd, J=  17.73, 8.67 H2), 3.760 (1H, dd, 
J = 17.73, 4.22 H2), 4.053 ( 1H, dd, J= 8.67, 4.22 H2), 6.619 
(1H, d, J= 15.91 H2, CH=), 6.975 (1H, d, J= 15.91 H2, 
=CH), 6.98-7.92 (18H, m, ArH) ppm. M5:m/2 468 
(M ~ - H20, 10.1 ), 379 (12.2), 329 (64.4), 316 (20.1), 241 
(17.5), 191 (21.1), 139 (6a5e). Ana1. F0und: C, 74.20; H, 
4.829. C30H2402C12 ca1c.: C, 73.93; H, 4.963%. 

1-Ch10r0pheny1- • -[2-hydr0xy-2-(4-eh10r0pheny1).4,5. 
d1p11eny1eyd0penty1]methan0ne (6): M.p., 160-161 °(2.1R: 
v,,1,~x 3350, 1648, 1580, 1482, 1395, 1205, 1088, 820, 754, 
688 cm-1.1HNMR (C~D~, 500 MH2): (J 1.314 ( 1H, 5, 0H), 
1.986 ( 1H, dd, J= 12.62, 5.65 H2), 3.141 (t ,J= 12.62 H2), 
4.015 (1H, ddd, J= 12.62, 10.18, 5.65 H2), 4.193 (1H, dd, 
J=  10.18, 6.84 H2), 4.507 ( 1H, d, J=6.84 H2), 6.78-7.50 
(16H, m, ArH) ppm. M5:m/2 468 (M + -H20, 9.2), 377 
(7.1), 332 (11.8), 329 (23.6), 243 (29.1), 139 (6a5e). 
Ana1. F0und: C, 74.20; H, 4.994. C30H2402C12 ca1c.: C, 73.93; 
H, 4.963%. 

1-(3,4-d1pheny1-2-6en20y1cyc106ut.1-y1).1-pheny1 
methan0ne (8): M.p., 126 °C ( 126 °12 [ 17] ). 1R: vm~, 1658, 
1590, 1572, 1488, 1445, 1380, 1292, 1208, 1020, 770, 743 
cm -1. tH NMR (CDC13, 500 MH2): 84.16 (2H, d, J=9.0 
H2), 4.79 (2H, d, J=9.0  H2), 7.37-8.17 (20H, m, ArH) 
ppm. M5:m/2 416 (M +, 1.1 ), 311 (24.5), 208 (90.1), 105 
(6a5e). 

4-(N-Methy1-N.pheny1)am1n0-1,3.d1pheny1.1.6uta. 
n0ne (16a): M.p., 108-109 °C. 1R: v,,~ 1680, 1595, 1568, 
1512, 1450, 1380, 1362, 1351, 1276, 1222, 1004, 988, 743, 
698 cm- 1.1H NMR (CDC13, 500 MH2): 5ee F19. 1. M5: m/ 
2 330 (M++ 1, 35.8) 329 (M +, 4.5), 217 (60.8), 120 
(39.5), 109 (39.2), 105 (23.5), 91 (6a5e). Ana1. F0und: C, 
83.47; H, 7.040. C23H23N0 ca1e.: C, 83.85; H, 7.040%. 

4-(N-methy1-N-pheny1)-am1n0-1-pheny1-3-(4-t01y1)-1- 
6utan0ne (166): M.p., 78 °C. 1R: vmax 1671, 1591, 1500, 
1443, 1368, 1192, 1108, 976, 804, 740, 680 cm-1.1H NMR 
(CDC13, 60 MH2): 8 2.45 (3H, 5, CH3), 2.83 (3H, 5, CH3), 
3.3-4.2 (5H, m, -CH2--CH-CH2-), 6.6-8.2 ( 14H, m, ArH) 
ppm. M5:m/2343 (M +, 6.8), 223 (1.7), 120 (6a5e). Ana1. 
F0und: C, 84.09, H, 7.670. C24H25N0 ca1c.: C, 83.93; H, 
7.340%. 

4.(N.Methy1-N-pheny1)am1n0-1-pheny1-3-(p-f1u0r0- 
pheny1)-1-6utan0ne (16c): M.p., 86-87 °C. 1R: ~,,,ax 1668, 
1598, 1500, 1442, 1368, 1339, 1268, 1212, 1152, 980, 968, 
838, 812, 748, 737, 696 cm-1. t H NMR (CDC13, 60 MH2), 
2.76 (3H, 5, CH3), 3.2-4.2 (5H, m,-CH2-CH-CH2-), 6.6- 
8.2 ( 14H, m, ArH) ppm. M5:m/2 347 (M +, 6.5), 227 (2,2), 
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120 (6a5e). Ana1. F0und: C, 79.60; H, 6.045. C23H22N0F 
ca1c.: C, 79.51; H, 6.380%. 

4.( N.M eth y1.N.phen y1)am1n0-1-phen y1- 3-( 3,4-me th y- 
1ened10xy)pheny1-1-6utan0ne (16d): M.p., 100-102 °C. 1R: 
v,m 1670, 1584, 1492, 1475, 1432, 1368, 1340, 1232, 1192, 
1028, 983,930, 860, 802, 736, 670 cm - :. tH NMR (CDC13, 
60 MH2): 8 2.80 (3H, 5, CH3), 3.1-4.1 (5H, m, --CH2-CH- 
CH2-), 5.94 (2H, 5, --0-CH2-0-), 6.5-8.1 ( 13H, m, ArH) 
ppm. M5:m/2 373 (M +, 2.4), 266 (0.8), 120 (6a5e). Ana1. 
F0und: C, 77.09; H, 5.999. C24H23N03 ca1c.: C, 77.19; H, 
6.208%. 

4-(N-Methy1-N-pheny1)am1n0-1-(p-ch10r0pheny1)-3- 
pheny1-1-6utan0ne (16e): M.p., 104-106 °C. 1R: vma~ 1671, 
1595, 1580, 1502, 1375, 1356, 1345, 1212, 1091, 978, 812, 
750, 734, 688 cm ~ :. tH NMR (CDC13, 60 MH2), 2.69 (3H, 
5, CH3), 3,2-4.1 (5H, m, ~H2~43H-CH2-), 6.5-8.0 ( 14H, 
m, ArH) ppm. M5:m/2 363 (M*, 1.1), 222 (13.9), 120 
(6a5e). F0und: C, 76.04•, H, 6.101. C23H22N0C1 ca1c.: C, 
75.92; H, 6.094%. 

4-[N-Methy1-N-(4.t01y1)]am1n0-1,3-d1pheny1-1-6uta. 
n0ne (17): M.p., 114-115 °C. 1R: v,,~ 1669, 1610, 1517, 
1442, 1364, 1342, 1208, 1183,790, 758, 736, 692 cm- :. 1H 
NMR (CDCh, 60 MH2): 82.21 (3H, 5, CH3), 2.61 (3H, 5, 
CH~), 3.1-4.1 (5H, m,-CH2CHCH2-), 6,4-7.9 (14H, m, 
ArH) ppm. M5:m/2 343 (M +, 8.1 ), 223 (•.8), 134 (6a5e). 
Ana1. F0und: C, 84.07; H, 7.249. C24H25N0C1 ca1c.: C, 83.93; 
H, 7.336%. 

4-[N-Methy1-N- (p-¢h10r0pheny1)]am1n0.1,3-d1pheny1- 
1-6utan0ne (18): V15c0u5 011. 1R: v,~x 1670, 1590, 1496, 
1443, 1368, 1340, 1228, 1195, 1012, 802, 742, 689 cm-1. 
tH NMR (CDC13, 60 MH2): 8 2.53 (3H, 5, CH.~), 3.1--4.1 
(5H, m,-CH:CHCH2-), 6,4-8.0 ( 14H, m, ArH) ppm. M5: 
m/2 363 (M +, 0.3), 234 (7,9), 141 (6.3), 59 (6a5e). Ana1. 
F0und: C, 76.21; H, 6,22, C.,~H.~:N0C1 ca1c.: C, 75.92; H, 
6,10%, 

3, Re5u1t5 and d15euu10n 

3,1, P110101nduced react10n5 0f cka1c0ne5 1a-1e w1th 
tr1ethy1am1ne 

~,:H=¢H.c0~,~ H~.,,~ A,.~H.cH:c0A, 
A r ~ C ( ~  At-CH-CH~C0 t~r 

1a-1e 
Ar" A2 me50 • 3n-3¢ 

~-+) 4a-4d 

2a-2e 

~ C1 a Ar=Ar 9Ph 
~H H0x 6 Ar=p-CH,Ph Ar=Ph 

Ar, CH~HAt ~ ~ v  
C1 ~3C ¢ At=p-FPh Ar~=Ph 

Ar-CH-CH:-C0At~ Ph ~ ,,Xp h d Ar=3,4-0CH:0Ph, Ar =Ph 
e Ar=Ph, Ar•=p-C•Ph 

$a-$e 6 

1rrad1at10n 0f a 501ut10n 0f cha1c0ne (CH) (1a) (0.1 M) 
and 7EA (0.5 M) 1n ac0t0n1tr11e f0r 11 h and 5u65e4uent 

carefu1 chr0mat09raph1c 5eparat10n 0f the react10n m1xture 
0n a 5111ca 9e1 c01umn aff0rded f0ur pr0duct5: 2a, 3a, 4a and 
5a. 7he c15-2-6en20y1-1,3,4-tr1pheny1cyc10pentan01 2a 15 
f0rmed w1th 17% y1e1d. 7h15 pr0duct ha5 prev10u51y 6een 
f0und 1n 5evera1 therma1 reduct10n react10n5 0f CH [6-13], 
the 5tructure 0f wh1ch had 6een pr0ved 6y an X-ray cry5ta1- 
109raph1c ana1y515 [66]. Pr0duct5 3a and 4a are the me50. 
and ( • )- 1,3,4,6-tetrapheny1-1,6-hexaned10ne (34% and 
15% y1e1d5) re5pect1ve1y. 1t 15 n0ted that, a1th0u9h the me50- 
d1ket0ne 3a ha5 a150 0ften 6een f0rmed 1n therma1 reduct10n5 
0f CH t09ether w1th pr0duct 2a [6-13], the ( :1: )-d1ket0ne 
4a ha5 n0t 6een f0und 1n any therma1 reduct10n5.7he 5pectra1 
data 0f 4a, 1nc1ud1n9 maj0r a650rpt10n5 and the1r re1at1ve 
1nten51t1e5 1n the 1R 5pectrum, a5 we11 a5 fra9mentat10n5 1n 
ma55 5pectrum are c105e1y para11e1 t0 that 1"0r the me50-d1ke. 
t0ne 3a. 1n c0ntra5t w1th 2a-4a wh1ch ar¢ der1ved fr0m CH•- 
a5 a 1,4-an10n rad1ca1, pr0duct 5a, the 5-6en20y1-1,3,4-tr1- 
pheny1-1-penten-3-01,15 der1ved fr0m CH•- w1th a 1,2-an10n 
rad1ca1 re50nance 5tructure. 7h15 pr0duct 15 a150 unkn0wn 1n 
therma1 reduct10n5 0f CH where 0n1y pr0duct5 fr0m CH "~- 
(7 1n 5cheme 1) a5 1,4-an10n rad1ca1 have 6cen f0und, 
a1th0u9h e1ectr0n parama9n¢t1c re50nance (EPR) 5tud1e5 and 
HM0 ca1cu1at10n r¢vea1ed that the//-car60n at0m ha5 c0m- 
para61e 5p1n den51ty w1th the car60ny1 car60n at0m 1n CH•- 
[ 16], 1n 11ne w1th 0ur f1nd1n951n the ph0t01nduced reduct10n5. 

Ph0t01y5e5 0f 1a (0.1 M) w1th 7EA (0.5 M) 1n 6en2ene 
a150 9avc pr0duct5 2a-$a (7a61e 1 ). Ph0t01nduced react10n5 
0f cha1c0nc der1vat1ve5 16-1e w1th 7EA 9ave 51m11ar re5u1t5 
a5 f0r 1a. 1n each ca5e except f0r 1e, the c0rre5p0nd1n9 pr0d- 
uct5 2-5 are f0rmed re5pect1ve1y. F0r 1e, pr0duct 4e 15 m155- 
1n9; 1n5tead, an0ther cyc10pentan01 pr0duct 6, wh1ch 15 a 
5terc0150mer 0f pr0duct 2, 15 06ta1ned. 7he re5u1t5 are 1n 
7a61e 1. 

7he character15t1c feature 0fthe5e ph0t01nduccd reduct10n5 
0f cha1c0ne der1vat1ve5 15 that a11 the pr0duct5 arc d1hydr0- 
d1mer5 der1ved fr0m c0nju9ate add1d0n 0f CH kety1 t0 a CH 
m01ecu1e. 7he h19h react1v1ty 0f CH~- f0r rad1ca1 add1t10n t0 
a neutra1 CH m01ecu1e and the re5u1t1n9 5h0rt 11fet1me 0f 
CH•- (16a) 06v10u51y 5uppre55ed 0ther react10n pathway5 
0ften f0und 1n ph0t0rcduct10n5 0f cyc11c en0ne5, 5uch a5 
reduct10n t0 5aturated ket0ne and kety1 rad1ca1 c0up11n9 t0 
p1nac01 pr0duct5. 1t 15 a150 n0ted that pr0duct5 fr0m rad1ca1 
add1t10n 0f en0ne 1,2-an10n rad1ca1 t0 a neutra1 cn0ne m01e- 
cu1e a5 pr0duct 5 were n0t f0und 1n ph0t0reduct10n5 0f cyc11c 
en0ne5. 

Cha1c0ne ha5 a 7, 5tate 0f ~n~-~* character [ 17 ]. 1nter5y5- 
tem cr0551n9 0f en0ne c0mp0und5 15 kn0wn t0 6e very fa5t 
(a60ut 10: • 5 - : ) w1th a un1ty 4uantum y1e1d [ 18 ]. H0wever, 
recent tran51ent 5pectr05c0p1c 5tud1e5 6y Mata9a and c0w0rk- 
er5 [19] and Peter5 and Lee [20] 0n ph0t01nduc¢d 5E7 
react10n5 0f 6en20phen0ne (8P) w1th am1ne5 have 5h0wn 
that, when the am1n¢ c0ncentrat10n5 are h19h (a60ve 0.1 M), 
51n91et 8P may a150 6e 4uenched 6y am1ne. 1n 4uench1n9 
5tud1e5 w1th d1a2a61cyc10 [ 2.2.2 ] 0ctane (DA8C0) a5 e1ec- 
tr0n d0n0r, Peter5 and Lee 5h0wed that, at a DA8C0 c0n- 
centrat10n 0f 1 M, the exc1ted 8P 4uenched 15 65% 1n tr1p1et 
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-~CH" +7EA Ph11~ 

Ph-~-C~=CH- Ph 

551P 

(1) e5cape 0ut 0f ca9e 
(2) CH 

(3) pr0t0nat101 H 1 ~, Ph-~=CH- H-Ph 

Ph-C0-CH-CH-Ph 

11 

( 1 ) 1ntram01ecu1ar rad1ca1 
add1t10n t0 C=C 60nd 

(2) H a65tract10n 

2a . ~ - - - - - ~  

a~CH .8-- .7EA~)~,,,, and/0r 

exc1p1ex 
" ,~an5fer  

-1 pr0t0n 

tran5fer 

••1501v 

5cheme 

(CH: 7EA~)501v 

t0n tran5fer 

h-dCH=C Ph .~  9 

1 CH3CHNEt2 
L 1 0 ~01v 

(1) e5cape 0ut 0f ca9e 

(2) CH 

9H 
+ Ph-~CH=CHPh 

Ph-CH-CHC0Ph ] 

12 

H a65tractt0n 

3 a , 4 a , 5 a  

and 35% 1n 51n91et [20]. 1n 0ur pre5ent ph0t01nduced reac- 
t10n5 0f CH w1th 7EA (0.5 M), 1t 15 theref0re a55umed that, 
wh11e tr1p1et CH 15 the ma1n 5pec1e5 re5p0n5161e 16r the reac- 
t10n5, 51n91et CH may a150 take part 1n the react10n5. 

(}- Ph 0" Ph../0H 1•h-(,•1, 1-C11=~-Ph PhC0-~- p h C C ~ C H P h / ~  QH 

1~h (~11 (~11=((-Ph P11 Ph P1f P1~ 
0" 

13 14 15 

5tart1n9 fr0m the CH 7t 5tate, the ph0t0reduct10n5 may 6e 
1n1t1ated 6y tw0 mechan15m5: (1) hydr09en a65tract10n 0f 
3CH* fr0m the 7EA C0,-H 60nd 1ead5 d1rect1y t0 the f0rma- 
t10n 0f CH kety1-a-am1n0a1ky1 rad1ca1 pa1r; (2) 5E7 fr0m 
7EA t0 3CH* and 5u65e4uent pr0t0n tran5fer fr0m 7EA" • t0 
CH•- a150 9ave the CH kety1-a-am1n0a1ky1 r~d1ca1 pa1r. 
Hydr09en a65tract10n react10n5 0f CH tr1p1et fr0m hydr09en 
d0n0r c0mp0und5 have n0t 6een rep0rted. 0ur 0wn exper1- 
ment5 5h0w that pr010n9ed 1rrad1at10n 0f CH 1n hydr09en 
d0n0r 501vent5 1-Pr0H and 1n t01uene:6en2ene (1:3, v/v) 
re5u1ted 1n 510w c0n5umpt10n5 0f CH and 9ave 0n1y (2 + 2) 
cyc10d1mer5 0f CH 5uch a5 8 [ 19]. Ph0t0reduct10n pr0duct5 
were n0t detected 1n the5e react10n5.7h15 6ehav10ur 0f the 7, 
5tate 0f CH 15 d1fferent fr0m that 0f the 71 (¢r-¢r*) 5tate 0f 
cye10hexen0ne der1vat1ve5 wh1ch 0n ph0t01y5e51n 1-Pr0H 0r 
t01uene a65tract5 hydr09en at C~ t0 91ve cyc10hexan0ne5 and 
rad1ea1 c0up11n9 pr0duct 2-6en2y1cyc1011exan0ne [21 ]. 

7he 1ack 0f hydr09en a65tract10n a6111ty 0f the CH 7n 5tate 
1nd1cate5 that the ph0t01nduced reduct10n5 0f CH 1n the pre5- 
ence 0f 7EA are n0t 1n1t1ated 6y d1rect hydr09en a65tract10n 

0f 3CH* f10m the am1ne. 0n the c0ntrary, ph0t01nduced 
reduct10n5 0f cyc11c en0ne5 are kn0wn t0 pr0ceed v1a a 5E7 
mechan15m. 7ran51ent a650rpt10n 5pectr05c0py 5tud1e5 [22] 
have 5h0wn that cyc10hexen0ne ha5 a tw15ted 7n ( ,n•-,tr* ) 5tate 
w1th a 11fet1me 0f 23 n5 and a tr1p1et ener9y 0f 63 kca1 m01-1, 
wh1ch can 6e 4uenched 6y 7EA 1n acet0n1tr11e 6y 5E7 pr0c- 
e55 w1th a rate c0n5tant 0f9 X 107 M- 1 5-1 t0 91ve the en0ne 
an10n rad1ca1-am1ne cat10n rad1ca1 pa1r. 7h15 5E7 mechan15m 
ha5 a150 6een pr0ved 6y ph0t0-C1DNP 5tud1e5 0n ph0t01n- 
duced react10n5 6etween cyc10hexen0ne and DA8C0 1n ace- 
t0n1tr11e [ 36]. 7r1p1et 11fet1me mea5urement5 6y Ca1dwe11 and 
51n9h [23] 5h0w that the 71 (,rr-,n•*) 5tate5 0f eha1c0ne5 are 
a150 tw15ted and have 11fet1me5 51m11ar t0 that 0f cyc10hex- 
en0ne5. 51nce CH ha5 n0 detecta61e ph05ph0re5cence at 77 
K 1n EPA, the e5t1mat10n 0f free ener9y chan9e A6m- f0r 
5E7 6etween 3CA* and 7EA 6y the We11er e4uat10n [24] 15 
1mpeded 6y 1ack 0f accurate tr1p1et ener9y va1ue 0f CH. CH 
ha5 a reduct10n p0tent1a1 0f -1.48 V (5aturated ca10me1 
e1ectr0de (5CE), CH3CN) [7a] and 15 a 5tr0n9er 9r0und- 
5tate e1ectr0n accept0r than cyc10hexen0ne (En/2 ~c~j = - 2.15 
V ( 5CE, CH3CN) ) [ 25 ]. H0wever, the tr1p1et ener9y 0f CH 
15 pr06a61y 10wer than that 0f cyc10hexen0ne 0w1n9 t0 the 
extended c0nju9at10n 5y5tem and an 1ncrea5ed 5tructura1 f1ex- 
16111ty t0ward tw15t1n9 1n CH. A5 a re5u1t, there 15 pr06a61y 
n0t much d1fference 1n the exc1ted-5tate reduct10n p0tent1a15 
0f the tw0. Furtherm0re, we have f0und that ph0t01y5e5 0f 
1a 1n h19h 0x1dat10n p0tent1a1 tert1ary ••am1ne5•• 5uch a5 N,N- 
d1methy1f0rmam1de (DMF) 0r N,N.d1methy1acetam1de 
(E1/2 °~ = 1.32 V (5CE)) d0 n0t 1ead t0 ph0t0reduct10n 0f 
CH. 1t 15 theref0re pr0p05ed that the5e ph0t0reduct10n5 are 



40 J..H. Xu et aL / J0urna10f Ph0t0chem15try and Ph0t0610109y A: Chem15try 97 (19P5) 33-43 

1n1t1ated 6y 5E7 pr0ce55 6etween tr1p1et cha1c0ne5 and 7EA 
a5 5h0wn 1n 5cheme 1. 

7ran51ent 5pectr05c0py 5tud1e5 0n ph0t01nduced 5E7 rcac- 
t10n5 6etween ket0ne5 and am1ne5 6y Peter5 and c0w0rkcr5 
[26], Mata9a and c0w0rker5 [ 19], Ha5e16ach ct a1. [27] etc. 
and 6etween N-pheny1-1,8-naphtha11m1de and am1ne5 6y 
8erce5 and c0w0rker5 [28] have 5h0wn that ph0t01nduced 
5E7 pr0ce55e5 6etween tr1p1et car60ny1 c0mp0und5 and 
am1ne51ead t0 the f0rmat10n 0f p01ar exc1p1exe5 and c0ntact 
10n rad1ca1 pa1r5 (C1P5) 1n n0n-p01ar hydr0car60n 501vent5 
and the f0tmat10n 0f 501vent 5eparated 10n rad1ca1 pa1r5 
(551P5) 1n acet0n1tr11e. 7he 551P5 f0rmed 1n CH3CN a150 
tend t0 d1550c1ate further t0 91ve free 10n5. 7he pK~ va1ue 0f 
the c0nju9ate ac1d 0f en0ne an10n rad1ca1 (thc kety1 rad1ca1 ) 
15 1n the ran9e 0f a60ut 10 1n water [29J. 7heref0re the CH 
an10n rad1ca115 6a51c en0u9h t0 dcpr0t0nate the weak1y ac1d1c 
7EA cat10n rad1ca1 (pK, ~ 81n water [ 30] ) fr0m 1t5 a-car60n 
at0m, Hydr09en tran5fer 1n the exc1p1ex and pr0t0n tran5fer 
1n C1P5 and 551P51ead t0 the f0rmat10n 0f cn0ne kety1 (9)-  
a-am1n0a1ky1 (CH.4~HNEh) (10) rad1ca1 pa1r5, Rad1ca1 
add1t10n 0fCH kety1 (7) t0 the C~C d0u61e 60nd 0fa neutra1 
CH m01ecu1e f0110wed 6y d15pr0p0rt10nat10n 0f the d1mer 
rad1ca15 (11,12) w1th the am1n0a1ky1 rad1ca10r 6y hydr09en 
a65tract10n 0f the d1mer rad1ca19ave the d1ket0ne pr0duct5 3 
and 4. 7he d1mer rad1ca15 c0u1d a1ternat1ve1y under90 1ntra- 
m01ecu1ar cyc112at10n t0 91ve the cyc10pentan01 pr0duct5. 

1n therma1 reduct10n5 0f cha1c0ne, pr0duct5 2 and 3 have 
6een pr0p05ed t0 6e f0rmed v1a d1an10n 1ntermed1ate5: ( 1 ) 
the rad1ca1 c0up11n9 0f tw0 CF1~- 9ave the d1an10n 13 wh1ch 
can 6e pr0t0nated t0 91ve 3 0r under90 1ntram01ecu1ar cyc11- 
2at10n t0 91ve cyc10pentan01 d1an10n 14 wh1ch 0n pr0t0nat10n 
aff0rded 2; (2) the d1mer rad1ca1 an10n f0rmed 6y add1t10n 
0f CH ~ w1th a neutra1 CH m01ecu1e can under90 1ntram0- 
1ecu1ar rad1ca1 add1t10n t0 91ve the cyc10pentan01 an10n rad- 
1ca1 wh1ch 0n further reduct10n 6y meta15 a150 9ave the 
d1an10n 14, 7h15 mechan15m ha5 6een pr0ved 1n Y6-mcta1 
1nduced cha1c0ne reduct10n5 6y a trapP1n9 exper1ment 1n 
wh1ch the d1an10n 15 trapped 6y added 6en2a1d¢hyde t0 91ve 
an add1t10n pr0duct 18 [ 116], 1n the ph0t01nduc¢d reduct10n5 
0f CH 1n th¢ pre5¢nce 0f 7EA, h0wever, the d1an10n 1nter- 
med1ate5 13 and 14 c0u1d n0t 6e 1nv01ved. F1r5t1y th15 15 
6ecau5e, 1n 5teady 5tate ph0t01y5e5, CW- cann0t 6e f0rmed 
1n c0ncentrat10n5 a5 1ar9e a5 1n therma1 reduct10n5 0f CH 6y 
meta15 t0 a110w any 519n1f1cant 61m01ecu1ar rad1ca1 c0up11n9, 
1ead1n9 the d1an10n t0 c0mpete w1th 0ther pr0ce55e5, a5 1n 
ca8e pr0t0n tran5fer and CH•= add1t10n t0 ne19h60ur1n9 C8 
m01ecu1e5 pre5ent 1n 1ar9e c0ncentrat10n5. 5ec0nd1y, further 
reduct10n 0f cyc10pentan01 rad1ca1 an10n 6y 7EA 15 therm0- 
dynam1ca11y unfav0ura61e, c0n51dedn9 that car60n-centred 
rad1ca15 u5ua11y hav¢a reduct10n p0tent1a1 0f a60ut - 1 V 
(5CE) [311 wh11e the 0x1dat10n p0tent1a1 0f7EA 15 0.98 V 
(5cE) [321. 

:.•98K 

,~.¢ 3.5 5.1~ 2 . 5  

323K 

,---, Hc Ha ,--, 

F19. 1. ~H NMR (500 MH2) 0f 16a: (a) at r00m temperature (298 K); (6) 
at 323 K. (0n1y the re910n f0r a11phat1c a6504~t10n5 15 5h0wn.) H,: 8 3.83 
(dd, Ja~,~ 15,0 H2. Jac=6.4 H2). H,: 8 3.10 (dd, J ~  15.0 H2. J ~ 8 . 7  
H2). H~: 84.03 (dddd, J~a ~ 6.4 H2, J~1,~ 8.7 H2, J,.0 ~ 7.1 H2, J~0,~ 5.9 H2). 
Ha: 8 3.09 (dd, J,j~ = 17.0 H2, Jd¢ =,7.1 H2). 11~: 6 3.03 (dd, J,~a = 17.0 H2, 
J•,+ ++ 5,9 H2). 

3.2. Ph0t01nduced react10n5 0f cha1c0ne5 1a-1e w1th N,1V. 
d1methy1an111ne 

Ph0t01y515 0f CH (0.1 M) w1th DMA (0.5 M) 1n acet0- 
n1tr11e w1th 119ht 0f wave1en9th 9reater than 300 nm 9ave, 1n 
add1t10n t0 the hydr0d1mer12at10n pr0duct5 2a, 3a, 4a and 5a, 
a CH-DMA add1t10n pr0duct 16a w1th 32% y1e1d. 

1n the r00m t¢mperatur¢ (298 K) 1H NMR 5pectrum 0f 
16a, th¢ f1ve a11phat1c pr0t0n5 H,,-H~ a11 re50nate 1n the ran9e 
8--3-4 ppm and c0u1d n0t 6e re501ved at 500 MH2 fre- 
4uency. H0wever, wh¢n the temperature 15 ra15ed t0 323 K 
(50 °C), the re501ut10n 1n the re910n 0f a11phatm a650rpt10n5 
15 519n1f1cant1y 1mpr0ved (F19. 1 ). At th15 temperature, r0u- 
t1ne 1H NMR (500 MH2) c0m61ned w1th a d¢c0up11n9 exper- 
1ment 6y 1rrad1at1n9 Hc and a C-H C05Y a110w5 c0mp1ete 
a5519nment 0f the a650rpt10n5 f0r H~H,: and the mea5urement 
0f c0up11n9 c0n5tant5 6etween them t0 6e made (F19. 1 ). 

Ph0t01y5e5 0fcha1c0ne5 16-1e w1th DMA 1n CH3CN 9ave 
re5u1t5 51m11ar t0 1a. 

X ~ H , C 1 1 y C 0 ~ y  1(1a X=Y=2-14 
166 X=CH~.Y=2:.:H 

~ 1 ~ 2  1e¢ X=F,Y=2=H C11~- 16d X=3,4-0CH20.Y=2=H 
CH~-- 16 e X=2=11,Y=C1 

• 17 X=Y=H,2=CH~ 
~a x=v=H.2=0 

1n a11 ca5e5, add1t10n pr0duct5 16 arc f0rmcd t09ether w1th 
the hydr0d1mer12at10n pr0duct5.7he rc5u1t5 are 1n 7a61e 2. 
7he add1t10n pr0duct5 16a-16¢ are f0rmed 6y 1n-ca9e rad1ca1 
c0m61nat10n 0f the CH kcty1-a-am1n0a1ky1 rad1c; pa1r after 
1ntcr5y5t¢m cr0551n9 t0 51n91et man1f01d. 

7he ph0t01nduccd react10n5 0f CH w1th N-methy1an111ne 
(NMA) were a150 1nve5t19ated. 1rrad1at10n 0f a 501ut10n 0f 
CH (0.1 M) and NMA (0.46 M) 1n 6en2ene 1ed t0 the 
c0nc0m1tant f0rmat10n 0f the hydr0d1mer12at10n pr0duct5 2a 
(53%), 3a (3%), $a (8%) and the (2+2)  cyc10d1mer12a- 
t10n pr0duct 8 (34%). NMA ha5 an 0x1dat10n p0tent1a1 0f 
1.03 V (5CE, CH3CN) [32]. 7he rate 0f e1ectr0n tran5fer 
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fr0m NMA t03CH * 15 expected t0 6e 510wer than that fr0m 
DMA (Et/2°x=0.78 V (5CE)) 0r 7EA (E1/2°x=0.98 V 
(5CE)), c0n51der1n9 the 1e55 exer90n1c nature 0f the 5E7 
pr0ce55.7h1515 ref1ected 1n the 10n9er 1rrad1at10n t1me t0 6r1n9 
a60ut 5ame e0nver510n5 0f CH 1n the react10n5 w1th NMA 
than w1th 7EA 0r DMA. A decrea5e 1n 5E7 rate c0n5tant 
make5 the attack 0f 3CH* t0 CH, 1ead1n9 t0 the (2+2)  
eye10d1mer12at10n pr0duct c0mpet1t1ve w1th the 3CH* 
4uench1n9 6y NMA v1a 5E7, a1th0u9h the f0rmer pr0ce5515 
very 1neff1e1ent [ 17e]. 

70 06ta1n m0re 1n519ht 1nt0 the react10n mechan15m51n the 
ph0t0reduct10n5 0f cha1c0ne51n the pre5ence 0f am1ne5, we 
have further 1nvc5t19ated 501vent p01ar1ty and 5pec1a1 5a1t 
effect5 a5 we11 a5 the effect5 0f the para 5u65t1tuent5 0n the 
6en2ene r1n9 1n DMA 0n the react10n5. 

3.3. 501vent p01ar1ty and 5pec1a15a1t effect5 0n the 
react10n5 

1t 15 16und that the y1e1d5 0f DMA-CH add1t10n pr0duct 
16a and the pr0duct rat10 (add1t10n-t0-hydr0d1mer12at10n5 
rat10 A/H= (y1e1d 0f 16a)1(y1e1d 0f 2-5)) are dependent 
0n 501vent p01ar1ty (7a61e 2). 7he y1e1d 0f 16a 15 54% 1n 
6en2ene (E7=34.3 [33]) and 32% 1n acet0n1tr11e 
(Er = 45.6). 7he A 1H rat10 15 a150 h19her 1n 6en2ene (2.45) 
than 1n acet0n1tr11e (0.52). Furtherm0re, when the ph0t01y515 
0f CH w1th DMA 15 carr1ed 0ut 1n methan01 (Et = 55.5; the 
Kam1et-7aft hydr09en 60nd d0n0r ac1d1ty parameter 
0t=0.93 [341), the y1e1d 0f 16a 15 f0und t0 6e further 
decrea5ed t0 26%, and the A 1H rat1015 reduced t0 0.40. 7he5e 
re5u1t5 ref1eeted the 1mp0rtance 0f 501vat10n 0n the f0rm5 and 
r~ act1v1t1e5 0f the 10n rad1ca1 pa1r5 f0rmed 1n the 1n1t1a1 5E7 
pr0ce55. 

~nve5t19at10n5 6y Mata9a and c0w0rker5 [19] 0n the 
dynam1c pr0pert1e5 0f the 10n rad1ca1 pa1r5 f0rmed 1n ph0t0- 
1nduced e1ectr0n tran5fer 6etween 6en20phen0ne (8P) and 
DMA 5h0wed that rate c0n5tant k~ f0r 1n-ca9e pr0t0n tran5fer 
fr0m DMA" + t0 the ket0ne kety1 an10n and the rate e0n5tant 
k1D f0r 10n rad1ea1 pa1r d1550c1at10n are 0f c0mpara61e ma9- 
n1tude (5.4 × 109 M 5-1 and 1.4 × 10 •J M- 1 5- t re5pec- 
t1ve1y). 7he c0mpet1t10n 6etween the5e tw0 pr0ce55e5 5h0u1d 
theref0re 6e 5en51t1ve1y affected 6y 5uch fact0r5 a5 am1n1um 
rad1ca1 ac1d1ty, kety1 an10n 6a51c1ty and 501vent p01ar1ty. 1n 
the pre5ent ea5e 0f ph0t01nduced e1ectr0n tran5fer 6etween 
CH and DMA, 1n-ca9e pr0t0n tran5fer fr0m DMA "+ t0 CH•-, 
wh1ch after 1nter5y5tem cr0551n9 and rad1ca1 pa1r c0m61nat10n 
1ead5 t0 the f0rmat10n 0f add1t10n pr0duct, c0mpete5 w1th 10n 
rad1ca1 pa1r d1550c1at10n wh1ch re5u1t51n the attack 0f the free 
CH•- t0 the neutra1 CH m01ecu1e 1n 501ut10n t0 91ve the 
hydr0d1mer5. 7he y1e1d 0f the add1t10n pr0duct 15 theref0re 
h19her 1n 6en2ene than 1n the p01ar acet0n1tr11e wh1ch fav0ur5 
the further d1550c1at10n 0f the 10n rad1ca1 pa1r5. 1n pr0t1c 
501vent5 a5 methan01, the y1e1d 0f add1t10n pr0duct 15 further 
decrea5ed 6ecau5e the hydr09en 60nd1n9 1nteract10n5 
6etween the 501vent and the 0xyan10n 0fCH•- further d1m1n- 
15h the 6a51c1ty 0f CH•- and 1nh161t the pr0t0n tran5fer fr0m 

DMA °+ t0 CH•-, 1ead1n9 t0 a m0re eff1c1ent d1550c1at10n 0f 
the 10n rad1ca1 pa1r5. 

A 5pec1a1 5a1t effect [ 35 ] ha5 recent1y 6een f0und t0 have 
a pr0f0und 1nf1uence 1n ph0t01nduced 5E7 react10n5 0n the 
dynam1c 6ehav10ur5 [266] 0f the 10n rad1ca1 pa1r5 and 0n 
the1r further react10n pathway5. Examp1e5 have 6een rep0rted 
1n ph0t01nduced 5E7 0xY9enat10n5 and c15-, tran5-150mer1- 
2at10n5 0f5ma11 r1n9 c0mp0und5 [ 36] and 1n cyc10hexen0ne- 
0~-511y1am1ne ph0t0-5E7 react10n5 [ 37 ]. 7he add1t10n 0f hard 
meta1 5a1t5 w1th an10n5 0f 10w nuc1e0ph111c1ty (L1C104, 
L18F4, M9(C104)2 etc.) ha5 the effect5 0f 1nh161t1n9 6ack 
e1ectr6n tran5fer and pr0m0t1n9 10n rad1ca1 pa1r d1550c1at10n. 
7he chem1ca1 c0n5e4uence 15 a d15tur6ance t0 the c0mpet1t10n 
0f 1n-ca9e and 0ut-0f-ca9e pr0ce55e5 ~ ~ ref1ected 1n the chan9e 
1n react10n pr0duct d15tr16ut10n5.1n the ph0t01nduced reduc- 
t10n5 0fcha1c0ne5 w1th DMA, we have f0und that the add1t10n 
0f anhydr0u5 ma9ne51um perch10rate (0.1 M) 1nt0 a CH (0.1 
M)-DMA (0.25 M) 501ut10n 1n acet0n1tr11e cau5ed a dra5t1c 
decrea5e 1n the y1e1d 0f add1t10n pr0duct 16a and re5u1ted 1n 
a chan9e 1n A/H fr0m 2.45 1n 6en2ene t0 0.25 1n acet0n1tr11e 
(7a61e 2). 7h15 can 6e rat10na112ed 6y the 1nh161t10n 0f pr0t0n 
~1an51~er fr0m DMA~+t0 CH•- 6y the 5h1e1d1n9 0f the 0xy- 
an10n 1n CH•- 6y the M92 + 10n. 

3.4. 5u65t1tuent effect 0n the ph0t01nduced react10n5 0f 
J p. cha,c0n ,5 w1th d1methy1an111ne 

Para 5u65t1tuent5 1n the 6en2ene r1n9 0f DMA a150 affect 
the (add1t10n-t0-hydr0d1mer12at10n) pr0duct d15tr16ut10n5. 
Ph0t01y515 0fCH w1th N,N-d1methy1t01u1d1ne (DM7) 1n 6en- 
2ene 1ed t0 a decrea5ed y1e1d 01 add1t10n pr0duct 17 (30%) 
and a decrea5ed A/H rat10 (0.66) c0mpared w1th the re5u1t 
f0r DMA (54% and 2.45 re5pect1ve1y). 0n the c0ntrary, 
ph0t01y5e5 0f CH w1th CDMA 1n 6en2ene under the 5ame 
c0nd1t10n5 9ave a 5119ht1y h19her y1e1d 0f the add1t10n pr0duct 
18 (57%) and a h19herA/H rat10 (2.52) (7a61e 2). 

Parkcr and 7115et [ 38 ] have e5t1mated the pKa va1ue 0f the 
cat10n rad1ca15 0f the para.5u65t1tuted N,N-d1methy1an111ne5 
and mea5ured the pr0t0n tran5fer rate c0n5tant5 kp7 fr0m the5e 
cat10n rad1ca15 t0 acetate 10n (c0nju9ate ac1d; pKa = 22) 1n 
acet0n1tr11e u51n9 the der1vat1ve cyc11c v01tammetry tech- 
n14ue. 7he5e re5u1t5 are 1nc1uded 1n 7a61e 2. 7hey f0und a 
11near c0rre1at10n 6etween the kvr and the 0" + va1ue 0f the 
5u65t1tuent5 w1th a p va1ue 0f 1.67.7he 8r6n5ted p10t 0f 109 
kr, r v5. pKa 0f the am1ne cat10n rad1ca15 y1e1ded an a va1ue 0f 
0.24. Mar1an0 and c0w0rker5 [39] 9enerated the cat10n rad- 
1ca15 0f the para-5u65t1tuted an111ne5 6y ph0t01nduced 5E7 
t0 51n91et-exc1ted 1,4-d1cyan06en2ene and mea5ured the 
61m01ecu1ar a-CH depr0t0nat10n rate c0n5tant kp,r 0f the5e 
tert1ary am1n1um rad1ca15 6y acetate 10n 1n metha- 
n01:acet0n1tr11e (6:4, v/v) 501ut10n w1th a t1me-re501ved 1a5er 
5pectr05c0py techn14ue. A 11near c0rre1at10n 6etween 1n kr, r 
and the 0- + va1ue 0f the para 5u65t1tuent5 and a c105e re1a- 
t10n5h1p 6etween the therm0dynam1c and k1net1c ac1d1t1e5 0f 
the am1n1um 10n rad1ca15 were a150 f0und. Pr0t0n tran5fer 
fr0m DM7•+, DMA "+ and CDMA•4 t0 the acetate 10n are 
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rep0rted t0 have 61m01ecu1ar rate c0n5tant5 kp7 0f 1.1 × 105 
M - t  5 -1, 6 .2X  105 M -1 5 -1 and 1X 109 M -~ 5 -m re5pec- 
t1ve1y. 51nce the pK,, d1fference f0r the DMA•+-CH "- 5y5tem 
15 5ma11er than f0r the (DMA•+-acetate 10n) 5y5tem, the kp7 
va1ue may 6e m0re 5en51t1ve1y dependent 0n the chan9e 1n 
pK, 0f the am1ne cat10n rad1ca15 f0r the 5u65t1tuted D M A -  
CH 5y5tem than f0r the 5u65t1tuted DMA-acetate 10n 5y5tem 
(a 1ater tran51t10n 5tate f0r pr0t0n tran5fer and a 1ar9er a va1ue 
f0r the f0rmer 5y5tem). Pr0t0n tran5fer fr0m DM7 "+ t0 CH•- 
and :he f0rmat10n 0f the CH kety1-am1n0a1ky1 rad1ca1 pa1r, 
the precur50r 0f the add1t10n pr0duct, are theref0re 1e55 fea- 
5161e than f0r DMA "+. 1n c0ntra5t, pr0t0n tran5fer fr0m 
DM7 "+ t0 CH "" 15 m0re fac11e than fr0m DMA "+, and th15 
1ead5 t0 a h19her y1e1d 0f add1t10n pr0duct. 

1n 5ummary, ph0t01nduced react10n5 0f CH der1vat1ve5 
w1th 7EA 1ead t0 exten51ve hydr0d1mer12at10n5 0fCH t0 91ve 
pr0duct5 2-6, 0f wh1ch the ( :1: ) d1ket0ne 4 and the d1mer $ 
der1ved fr0m the 1,2-an10n rad1ca1 0f CH are unkn0wn new 
pr0duct5 1n CH reduct10n react10n5. Ph0t01nduced react10n5 
0f CH der1vat1ve5 w1th DMA, 0n the c0ntrary, 9ave a CH- 
DMA add1t10n pr0duct 6y rad1ca1 pa1r c0m61nat10n, t09e:~.. ~r 
w1th the d1hydr0d1mer5. 1n the5e react10n5, 1n1t1a1 e1ectr0n 
tran5fer fr0m am1ne5 t0 CH der1vat1ve5 f0110wed 6y pr0t0n 
tran5fer 9ave the CH an10n rad1ca17 and the1r c0nju9ate ac1d5 
9 5ucce551ve1y. 1n-c~9e CH kety1-a-am1n0a1ky1 rec0m61na- 
t10n aff0rd1n9 the add1t10n pr0duct5 16-18 c0mpete5 w1th 
0ut-0f-ca9e rad1ca1 add1t10n 0fCH•- and CH kety1 rad1ca1 t0 
CH m01ecu1e, 1ead1n9 t0 the d1hydr0d1mer5 2-6. 7heref0re 
d1fferent rat105 0f CH-DMA add1t10n t0 CH hydr0d1mer12a- 
f1nn pr0duct5 are f0rmed, depend1n9 0n am1ne 5tructure and 
~eact10n c0nd1t10n5.7h15 pr0duct rat10 A/H ref1ect5 the 1nf1u- 
en~¢5 0f d1fferent fact0r5 0n the c0mpet1t10n 0f 1n-ca9e and 
0ut-0f-ca9e pr0ce55e5, wh1ch 1nc1ude 5ter1c h1ndrance 0f the 
a-am1n0a1ky1 rad1ca15 t0ward5 add1t10n t0 the C~C 60nd 0f 
CH, therm0dynam1c ac1d1t1e5 0f am1ne cat10n rad1ca15, 501- 
vent p01ar1t1e5 and 5pec1a1 5a1t effect5. 
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