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ABSTRACT. The structure-activity studies are described for the photoreaction of naturally occuring
psoralen with thymine. Thymine<>psoralen<>thymine photodiadducts from DNA is studied as a model
for the charge transfer interaction by the semiempirical methods (PM3-CI-UHF, etc.). The relative struc-
tural activities of psoralen, and photoadducts are analyzed in terms of their differing abilities of psoralen
and photoadducts are investigated hoth ‘with regard to their abilities to complex and to intercalate with
thymine base. The photoadducts were inferred to be a trans-anti Psoralen(3,4)<>Thymine(5,6) and cis-

anti Thymine(5,6)<>(4',5')Psoralen(3,4)<>Thymine.

Mo OB

AZl(psoralen)E Atolv} A ¥ Fukg
dodles Aoz e vk SEAH e F
EFul(furocoumarin) ] FFAE 4tae] £ake)
2235 el $ukgel o3 F2Foids 4
Ab ool kARt FHAYe]l YASH e}
Welole] AR F SA4ENE Felv|dgr|E
uha Hep s,

e 33ty Fzol 189 FEA B
dFe 23 F 9 o) g7k Fshst
vhg-g olsisbd] BLesin, 2dW(Ps) €n)

(Thy)e] }x2) 3} 72 (photocycloaddition)2 t}
£ uhgAo g vjepd 4= 9}

Ps+hv — Ps*
Ps*+ Thy = (Ps-Thy)*
(Ps- Thy)* — (Ps<>Thy)

DNA o|&vid Fzof §A 714717} 94 2%
Y-DNAL ZE B¢ga(exciplex)”t ¥4 7
2 RaFHA.

e 253 eyl ol4gw gled,
53] 4dalg E43AY 354 wiE ¥ UVAS

—8_...



2309} Bepa wbge] A o] 7D 9

2o F& PUVA(psoralen+ UVA) x| 24| d2] ¢
SEd R Ad 207 FWe FF7F ALl
R} A7) @ustA A ffovt oA AE
3 @4 jghFe) F&s) FAHR Rk 9l
128
2 Qe agde] ¥ 9 dg9d |7
k3 el 3 Fate ukg wiFhEE o) # 3}
S5t Rels3E2 7 ste FAbshE A Wy g
ol 5 3ol F3ieA, FEA e AF¢
24 2:3A-DNAY € 53A2 davxE 3
AHeo g Rtz gl

A

sdiz F3 » sefud Qr|eel el 3
Aee 23RS JHAEkR olF £ A REA
442 Bzl ¥Hmolecule mechanics MM2) T2
#og AAsidon, AP H FAAZYET A
71719l MOPAC 2213 FoijA mejaie]§ AH
3317] $)3td PM3(Parametering Method number
3 A4rE FRsigok 2dsi3bE-2 2g9llo] DNA
A ElRl<>2gdle ddist AAE ¥ g
>AZA<>E Y] w2 popiges Y=
o]F¥sl AAEE FEIT, SEYH Ll

monoadduct

diadduct

Fig. 1. The bypothetic molecular complex between
thymine and psoralen.
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Table 1. Optimized geometries for the singlet and tri-
plet states of psoralen by the PM3-UHF

Geometry Singlet Triplet
Bond length (A)
Cs-C, 1.35(Sp), 1.36(S)) 1447
C/-C 1.35%S,), 1.36(5)) 1.3%T)
Bond angle (degree)
C,-Cy-C 119.27 11864
Cs-Ca-Cro 11931 117.58
C3-Cy-Cyo 116.08 114.13
Cy-Cy-Cs 104.67 10532
Dihedral angle {(degree)
Q“C&)" C.;‘Cm —-0.56 -3.69
C-Cs-C-C; —0.37 -058
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Table 2. The interaction energy and heats of formation
for Ps<>Thy by molecular mechanics calculation (in
keal/mol)

Formation Eows Eomion Eussan AH;

Ps(3.4)<>Thy(1.6)

cis-anti 3705 1696 3204 18519

cis-syn 3969 1975 3468 18192

trans-anti 3661 1816 3160 —185.63

trans-syn 3842 1815 3341 —18279
Ps(3.4)-Thy(5,6}

cis-anti 2857 2303 2224 —19568

cis-syn 3114 2299 2481 -—193.08

trans-anti 28.16 2167 2183 -—19588

trans-syn 3015 2306 2382 -—1939
Ps(4,5)-Thy(1,6)

cis-anti 4353 2728 3626 -—177.30

cts-syn 4164 2438 3466 —17668

frans-ants 4526 2558 3739 -—170.03

trans-syn 4224 2623 3526 —17631
Ps(4,5)-Thy(5,6)

cis-anti 3233 2984 2374 —19049

cis-syn 3321 2972 2462 -—18971

trans-antt 3299 2967 2440 -—190.00

trans-syn 3364 2953 2505 -—189.39
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Table 4. The interaction energy and heats of formation
for thymine<>psoralen<>thymine photodiadducts
by molecular mechanics calculation (in kcal/mol)

Formation Ea  Eowon Eann AH,
Thy<>(4’5')Ps(34)<>Thy
cis-ants, cis-anty 29.721 38519 17251 —336.430

32960 39843 20490 —333.096
30491 37.886 18021 —335578
32060 38776 19.590 —333.799
31128 38993 18658 -335.091
34.095 39.589 21625 —332.093
32015 37913 19545 —334.192
33369 38.789 20.899 —332.729
trans-ants, cis-anti 31579 39.555 19.109 —123.419
trans-ants, cis-syn 34.609 39573 22.139 —331.436
trans-anti, trans-anti 33117 40529 20647 —332.633
brans-anis, trans-syn 36001 42524 23531 —328.976
trans-syn, cis-anti 32302 39.028 19832 —333.892
trang-syn, cis-syn 35251 39963 22781 —330.880
trans-syn, rans-anfi  33.780 39088 21.310 ~332.370
trans-syn, rans-sy . 35963 39671 22893 —315.593

cis-anls, cis-syn
cis-anls, trans-anii
cis-anli, frans-syn
cis-syn, cis-anti
cis=syn, cis-syn
cis-syn, trans-anti
C1S-syn, frans-syn

Tabdle 3. The charge transfer quantity from psoralen to thymine

FDE FDN cTQ
Reaction site
Psoralen Thymine Psoralen Thymine FDE(Thy)+ FDN{Ps)
Ps(3,4)<>Thy(1,6) 0.285 0.457 0.613 0.116 1.069
Ps(3,4)<>Thy(5,6) 0.285 1155 0.613 0.995 1.768
Ps(4',5")<>Thy(1,6} 0.694 0457 0.263 0.116 0.719
Ps(4',5)<>Thy(5,6) 0.694 1.155 0.263 0.995 1418
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Fig. 2. Stereo ORTEP drawing of molecular configu-
ration for photoadducts.
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