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Table 1 The frontier orbital energies of ortho-Substituted 4—nitroimidhzoles
FEFL RERFL
T weRE
. : . Net Charge Net Charge
Na NSC code  Epmo Ereno  Eruro Errmos Onnitro- onsulphur  Ej(V)HI]  C,. 4

ce) f)

MU

t* 5 (a) (b) (e).  dy -

gen atom  atom

1 38075 -12.917 -0.012  0.869 0,882  0.464  0.915 0,395 3.7x10°F
2 38083 .-12.833 0,026  0.983 - 1.064  0.462  0.881 —0.409 1.7x157
'3 46509  -12.832 0,134  0.975  1.143°  0.463 07.920‘ -0.523  +

4 46510 ~11.946 . 0.283  .0.886 . 1,013  0.462  0.959  —0.402 . 6.0X10°F
5 326157 ~12.799  0.001  0.996 = 1,030 0,464  0.825  —0.355 4.0X10°¢
6 821271 -12.638  0.613  1.234  1.426. , 0.465 - 0.769  —0.376 3.0X10°°
7 38087 -12.816  0.515  1.022 1468 0.404 © 0.053 -0.342 2.6 10°¢

(a) ﬁﬁﬁﬁ PEEER(EV)

The Highest Occupied Molecular Orb1ta1 Energ1es ev);

(b) BETHERREEV); (¢) BESHEERREEY) (d) %*{&.ﬁi}lfdﬁ?(eV)) (e) Mg
FREBM(VY; (f) #MEEEAT] 1.6 BB SER = 1.6 H L TIIKE Ci.o(m mol/dm?),

(b) The Lowest Empty Molecular Orbital Energxs(eV) () The Second Frontier Empty Molecular
Orbital Energles(eV),(d) The Third Frontier Empty Molecular Orbital L‘nergles(eV),(e) One Elec-
tron Reduction Potentlals(v) (f)(foncentratlon for Radiosensitizer Enh_anccmant Ratio or SER=1.,6
ie Cj.s(mmol/dm?) - Coem TR e .

R L

Table 2 The frontier molecular orbital energies of 5-substituted imidozoles and nitro imidazoles

w5 S-RIERRE (a) (b) () (d) FREFLEOSBE  FRIFAT LG
. ' C ‘ Net ch o Net ch 0
Ne 5—spbst1tutent. EH()MQ Ersvor  Erniawo: . Eveaos ' ;i?trocgeiriiomn siltguraarx%gmn
r E -SO,NH, -13.078 0.787 1.753 - 3.249 = @ —— " 0.892
2’ -SO,N(CH,;), -12.652 0.745 1.760 3.376 @ —— C 0.859
5’ -SO,CH;  -12,944 '1.035 1.803  -3.301 —_— 0.766
5T FE o : ’ - ‘ I E
5—nitroimidazole . 12,972 1206 4.164 0471
4-TY LB T - o v opo oo
4-nitreimidazole _1~2'58f’ 1.687 s.708 . . 0.469
WRESE s zse

(a). (b)) (eHFICARAEL.
(a)‘(b.)_‘(c)and(-d) is the same as that jn table i, -~ °
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Table 3 The electron density distributions of the lowest empty orbit for ortho-
substituted 4—n|tr01mldazoles and 5-substituted imidazoles

AP () B T @ = Neof atom
MO 1 2 3 4 5 6 7 8 9 10 11 12

LEMO1 0,013 0.009 0.012 0.033 0.419 0,001 0.001 0.001 1.095 0.270 0.040 0.032
LEMO1 0.012 0,010 0,011 0,033 0.404 0,000 00.01 0.001 1,062 0.310 0.043 0.034
LEMO 1 0.013 0.009 0.012 0.033 0.409 0.000 0.001 0.001 1.080 0.283 0.044 0.035
LEMO 1 0.015 0.007 0.010 0.031 0.414 0,001 0.000 0,000 1.131 0.252 0.082 0.024
LEMO1 0,012 0.009 0.009 0.028 0.361 0.000 0.000 0.001 1.085 .0.379 0.036 0.030
LEMO 1 0.015 0.010 0.009 0,028 0.373 0.000 0.001 0.001 1.061 0.346 0.025 0.026
LEMO 1 0.019 0.008 0.012 0.042 0.480 0.001 0.001 0.001 1.050 0.233 0.088 0.030
LEMO 1 0,008 0.007 0.010 0.026\ 0.351 1.111 0.319 0.011 0.032
LEMO 1 0.009 0.009 0.010 0.027 0.344 1.077 0.355 0.041 0.035
LEMO 1 0.011 0.008 0.007 0.019 0.284 ) 1.141 0.400 0.026 0.034

(2) LAHMSFEL, R1MFE2, (b) LEMO 1 NRESHE, ()EFHEAME1
(a ) The Ne of compounds is the same as that in tab}e 1,2and Fig 1. ( b)LEMO 1 is‘lowest empty
molecular orbit, ( ¢ )Ne of atom see Fig 1, :
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Table 4 ’ The electron density dlstnbutxons of the second frontier empty orbit for ortho—substlt-
uted 4-nitroimidazoles and ‘the lowest empty orbit for 4—nitroimidazoles

(a) (b) : =
oy i () B T & 5 Ne of atom |
Ne MO 1 T2 3 4 5 6 - 7 8 9 10

4-TEZETR M ‘
t-nitromimidazole VEMO1 0.112 0.004 0.044 0.132 0.465 0.577 0.343 0.325

1 LEMO2 0.148 0.026 0.031 0.203 0.508 0.446 0.310 0.296 0.033 0.002
LEMO 2 0.137 0.019 0.037 0,189 -0.488 0.449 0.295 0.295 0.077 0.006
LEMO 2 0.145 0.024 0.033 0.200 0.508 0.459 0.304 0.304 0.017 0.000
LEMO2 0.143 0.025 0.032 0,197 0.498 0.438 0.290 0.290 0.065 0.004
LEMO2 0.136 0.025 0.028 0.186 0.495 0.412 0.274 0.270 0.143 0.011
LEMO2 ¢.142 0.023 0,030 0.190 0.512 0.472 0.302 0.302 0.006 0.000
LEMO2 0.145 0.023 0,034 0.196 0.502 0.464 0.303 0.302 0.016 0,001

~N oY U e W N

(a) ®EMFEL.%F 2.8 (b) LEMO1 AREEHE, LEMO 2 hB MEE HE (¢) DALY
(a ) Ne of compounds is the same as that in Table 1,2 and Fig 1. (b )LEMO ] is the lowest empty
molecular orbit, LEMO 2 is the second frontier empty molecular orbit; ( c )See Fig 1.
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Table 5 The electron density distributions of the 3 rd frontier empty molecuiar orbit for ortho substituted
... 4-imidazoles and the 2 nd frontier empty molecular orbit for 5-substituted imidazoles

mE sFHE -0 (Y R TR B ‘No.of atom

M. MO 1 2 .3 - 4 5 ] 7 8 "9 10 11 12
“1. LEMO 3 R _ ,

2 LEMOS3 0.030 0.004 0.009 0.032 0.233 0.025 0.016 0.016 1.395 0.150 0.010 0.006
3 LEMO3 0,029 0.004 0.007 0.026 0.227 0.004 0.003 0.003 1.425 0.155 0.010 0.006
4 LEMO3 0.029 0,004 0.007 0.030 0.201 0.010 0.013 0.013 1.384 0.190 0.010 0.006
5 LEMO3 0.034 0.005 0.007 0.045 0.280 0.046 0.030 0.030 1.280 0.131 0.016 0.006
6 LEMO3 0,020 0.003 0.008 .0.029 0.234 0.003 0.002- 0.002 1.310 0.254 0.006 0.005
7 LEMO3 0.023 0.002 0.003 0.012 0.101- 0.004 0.002 0.002 1.258 0.457 0.034 0.008
1.  LEMO 2 0.032 - 0.005 0.009 0.030 0.209 o 1.445 0.103 0.011 0.007
* LEMO 2 0.030 0.005 0.009 0.029 0.295 B 1.441 0,109 0.010 0.005
5 LEMO2 0.029 0.006 0.010 0.034 0.329 ‘ 1.375 0.125 0.012 0.004

(a) (LEHHREREL. 27E 1, .(b) LEMO 2y = k24 FoLH, LEMO 3 735 =R 38
(¢) RE1L S '

- (a )Na of comipounds 1s the same as that in the Table 1,2 and Fig1. ( b JLEMO 2 is the sccond fron-
tier empty molecular orbit, LEMO 3 is the third frontier empty molecular orbit (¢ )See Fig 1,
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MO STUDIES OF ABNORMAL RADIATION SENSITIZATION
BY ORTHO- SUBSTITUTED 4- _NITROIMIDAZOLES

Liu Renzhong  Ni Minghua  Lin Nianyun
(Institute of Nuclear Research, Academia Sinica, P. O. Box 8204, Shanghai, China)

ABSTRACT It is important either for clinical potential 013 mechanism elucidation to
study abnormal efficient radiosensitizer. Various 4-nitroimidazoles 5-substituted by
sulphonamide. sulphonate or thioether groups have shown much more efficient radiose-
nsitization -effect than that predicted by their one. electron reduction potential (E}).
Accordingly. Some of them have been calculated by MO-CNDO/2 method. The calcula-
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ted results were summarlzed as fo]lows

In nitroimidazoles, the positive charge concentrates on nitrogen atom of the nitro
group, but there are two positive charge centgrs. in these ortho-substituted 4-nitroimid-
azales. One of them' located on’i nitrogen atom of ‘the nitro group, and the other located on
sulphur atom of the 5-substituted group The positive charge on sulphur atom is more
than that on nitrogen atom.

Another character of abnorrnal radxosensmzers is that their three frontier empty
orbital energies are all lower than the lowest empty orbital energy of the target molecu-
les, thymine. For nitroimidazoles, only their lowest empty orbital energies are lower
than that of the target molecules. For imidazoles 5-substituted by sulphonamide, sulp-
ohnate "or thioether groups, their two frontier empty orbital energies are lower than the
lowést'empty orbital enérgy of the target molecules.

The electron density distributions of three frontier empty orbit of calculated abnot-
mal radiosensitizers were given an'd it was shown that their electron densities concentra-
tes on 5-substituted group for both the first (ie the lowest empty orbit) and the third
frontier empty orbit, :but the electron densities for the second fgontier empty- orbit conce-
ntrates on nitro group:and imidazole ring. Therefor the combination of the 5-substituted
sulfur containig groups, and the nitro group induced the much more efficient radiosensi-
tive effect of the ortho-substituted 4—nitroimidazoles. In these compounds, 5-substituted
sulfur containing groups may be more impartant than nitro groups for their abnormal
radiosensitization.

KEY WORDS Nitroheterocyclic compounds,” Abnormal radiosensitizers; Radiation
sensitization; Ortho-substituted 4-nitro-imidazoles; MO CNDO/2 calculations.



