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Bol Fate] 7|elekA] x2E v A v (MNDO)H ab initio(Hartree-Fock) ¥l 2. 2 2|3} Al zit). A
shgl 7ol sl 6-31G2F 6-31G* basis set-& AHE-3te] AP Fxok AL ASEF F3kdch ok2]
o) FAAL Azt vlA= A &7] A3-E dotry] HE AAE = 719 AAE e 718 2 o9 A
B Fakol) sl P AHEE 2SSk 2 AT AAE T olE Fie PAR AHES FAANE
g MRS T 7] YA ASEE AR, o] AiHe A Fe] Ak U] atomic chargest
AALEE 49T 4 ek

ABSTRACT. The geometry of furan, relevant to the binding of bis-furan lexitropsin that contains this ring to
the base pair of minor groove of DNA, is optimized by semiempirical (MNDO) and ab initio (Hartree-Fock)
methods. The proton affinity and electronic structure are evaluated at the 6-31G and 6-31G* level of theory for
the optimized geometry. The proton affinities are also studied for various substituted furans with the electron-
donating and -withdrawing groups to estimate the substituent effect on the proton affinity of furans. It has been
found that the electron-donating substituents increase the proton affinity of furan, whereas the electron-with-
drawing substituents decrease it. This result can be explained with atomic charge and electron density at oxygen

of substituted furans.
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Kabir 5°& o]v|t}E, SAE, Elo}Eg 2§tsle
lexitropsinel| 4] <Fe|&Ad =5 2] $J3) o] &
"2 weld i3k okdzt B CF ab initio AXFO.
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Fig. 1. Binding of bis-furan lexitropsin to the minor
groove of B-DNA. Dotted lines represent hydrogen
bonds between the lexitropsin and DNA. The heavy
black arrows represent the new hydrogen bonds between
the guanine-2-NH; and the lone pairs of electrons on the
furan-oxygen.
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Fig. 2. Structure and numbering of the substituted
furans (a) and protonated furans with substituent (b) for
calculation.
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Table 1. Optimized bond length (A) and angles (degree) for the neutral furans and protonated furans with substituent

H OH NH, CH, OCH,
Parameter neuiral protonated neutral protonated mneutral protonated neutral protonated mneutral protonated
r C1-C4 1.445 1461 1.438  1.460 1.449 1471 1.451  1.470 1.441  1.463
r C1-C2 1344 1.323 1344 1333 1349 1342 1345 1327 1346 1.336
r 01-C2 1373  1.459 1383 1.463 1392 1.480 1376 1.466 1.384 1.467
r 01-C3 1373  1.459 1367 1.453 1359 1436 1370 1452 1367 1.452
r C3-C4 1344 1.323 1343  1.320 1344 1320 1343 1.322 1343 1.320
r C1-O(OH,0CH;) 1.366  1.335 1.325
r C1-N(NH,) 1377 1.349
r C1-C(CH,) 1.496 1497
r O-C(OCH3) 1359 1456
£ C4C1C2 106.7 110.1 1079 110.6 106.6  109.2 1059 108.9 107.7 1104
£C1C201 109.5 1055 108.3  104.5 109.0 105.0 1100  106.2 108.2 1045
2 C201C3 107.7  108.7 107.8  109.2 107.6  109.0 1074  108.5 107.9 109.2
£01C3C4 1095 105.6 110.0 1058 1102 1064 109.6  105.7 110.0 105.9
£ C3C4C1 O(OH) 180.0 180.0 -180.0 180.0
£ C4C1 OH(OH) 180.0 180.0 0.0 0.1
£C3C4C1 N(NH,) -180.1 180.0
£ C4C1 NH(NH,) 180.0 -180.0
-59.9 59.7

£C3C4C1 C(CHy) 599 -596
£C4C1 CH(CH,) 180.0 -180.0

180.0  180.0

180.0  180.0
ZC3C4C1 O(OCH;) 180.0  180.0
£C4C1 OC(OCH,) -60.9 -61.3
< C1 OCH(OCH;) 60.9 61.3

F Cl CN NO,
neutral  protonated neutral  protonated neutral  protonated neutral  protonated

r C1-C4 1.433 1.451 1.437 1.456 1.449 1.466 1.437 1.451
r C1-C2 1.338 1.325 1.339 1.323 1.350 1.329 1.348 1.325
r 01-C2 1.375 1.450 1.369 1.452 1.356 1.439 1.348 1.427
r C3-01 1.371 1.461 1.373 1.460 1.378 '1.465 1.386 1.480
r C3-C4 1.345 1.323 1.344 1.323 1.341 1.322 1.340 1.323
r C1-F 1.359 1.335
r C1-Cl 1.776 1.753
r C1-C(CN) 1.419 1.419
r C-N(CN) 1.148 1.144
r C1-N(NOy) 1.412 1.430
1 N-O(NOy) 1.226 1.217
2 C4C1C2 1.231 1.223
£ C1C201 109.2 112.0 108.2 110.8 106.8 109.9 108.6 111.8
£ C201C3 107.4 103.9 108.3 105.0 109.2 105.7 108.0 104.7
£01C3C4 108.4 109.6 108.1 109.0 108.3 109.2 108.7 109.5
£C3C4C1 C(CN) 109.8 105.6 109.6 105.5 109.4 105.3 109.3 105.1
£ C4C1 CN(CN) 180.0 180.0 180.0 -180.0
£ C3C4C1 N(NOy) 0.0 0.1 0.0 0.0
£C4C1 NO(NO,) 180.0 -180.0

QY AX Q7] wel olF THARE] G 2 A7e] AP FRe Aol FAASD o A
o2 pgAst 9 o A FEob s g Bo15e] F2E el sk 2dle] Hi, ARl
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o WA A THARPFE e YAk Fb
Seleliz 2AlebA] @) W oz ket

Axshd A2 B2 2 PR AR Fadol
o3l 6-31G basis setZ AME3le] AALE A %]
9}, 6-31G* basis set-2 AR2-3}o] single pointol| 4] A
A48l A NI Z Table 29 vhehylch.

A7) & SN A% Fh W AT
A FAE F A AL iz}
obic

TH el 277 2909 W =3=e X3
o] Ao whet F3t el A4 HxpH 3o
W} el A Heg gt Arw gelx| A
®rt. Table 24l vtebd FAdxtstel 291 FA4 +
Z Ato]9] elliqx] 22 A4k 2|3 F3be] oFAIA}
B2 Table 3¢l veplisict.

Table 394 6-31G basis set-& AF23]S w7} po-
larization basis setQl 6-31G* basis set-S- AR2-3]-2- o
B} FAAE 23kert oF 8~12 keal/mol WHEF T ¥
A ekt kabir St A4 omtkE, SAME W

Table 2. Total energies (a.u.) of the substituted furans

Substituent 6-31G 6-31G*
X neutral protonated  neutral protonated
H -228.5253 -228.8229 -228.6233 -228.9034

OH -303.3396 -303.6364 -303.4699 -303.7519
NH, -283.5281 -283.8394 -283.6416 -283.9371
CH; -267.5487 -267.8532 -267.6624 -267.9492

OCH;  -342.3462 -342.6487 -342.4979 -342.7846
F -327.3381 -327.6186 -327.4637 -342.7319
(&)} -687.3962 -687.6789 -687.5184 -687.7858
CN -320.2134 -320.4834 -320.3584 -320.6100

NO, -431.8733 -432.1304 -432.0884 -432.3328

Table 3. Proton affinities (kcal/mol) of the substituted
furans

Elobel PRt Ashws] Ashel e AL vt
HE & 4 ok =3 o]v|thE o] Methylationd w)
@71%7} <F 5 keal/mol A5 cH = AHFHS T8
3 2 o 2 A7 6-31G H 6-31G* basis set. o2
AR ko] A9 w7} X3k ol wle} oFA R}
357} 2% <F 4.3 keal/mol 714 & Holm 24
Fbe] Aol £ o|nlekE T e He ule o
g ek o] X3 A wE k=) 213t
E A EH AAE T 77 X3kl Fgke w9
AR} FEA Astwert am, HAxHE ne 7))
ARE FHe F AR PAA Aot 2
LS o 4= 9lrh

A7) FFol G PA AshEe) AP w4t
W 12}2] charge& B3] Br] 93] Table 49 6-
31G* basis set& AlS-3}le] Mulliken population
analysis 24 A4S ATHE epujgich.

Table 49l “}eP atomic chargeZ A B9 A=}
£ FE A7) AR e A PR A
2 9] & A7t ek LA vk o =26, wk
2 WAL mE s} A8E Fae) AelE o
AsE e Abae) & Ak F2 vl ey A
iS5 ik getd AR = )71 X2
T2 Sk BAle wle) oFshAe] oAkl o 4
Al At} At =R A A wr} S}
Hu, WAE 1k 7)7) AR Fhe whol Fad
A B} Ak A4zte] & At o AA ek oF
A} ABEr) Hashs A4S epdoky ¥ 4
it

Table 59 3%
setol| 4] A4

k

2} 9 %3} Fato)] o)) 6-31G* basis
Srek mel ) 95 AU EE o

Table 4. Total atomic charges of substituted furans ob-
tained by the use of the 6-31G* basis set

Substituent Basis set
X 6-31G 6-31G*
H 186.7470 175.7656
OH 186.2450 176.9578
NH, 195.3439 185.4292
CH, 191.0768 179.9699
OCH; 192.4573 183.1702
F 176.0166 168.2982
Cl 177.3971 167.8589
CN 169.4277 157.8815
NO, 161.3328 153.3634

Substituent Atom
X C] (:‘/2 Ol C3 C4
H -0.2722 0.1218 -0.5652 0.1218 -0.2723

OH 0.3204 0.0446 -0.5728 0.1399 -0.2892
NH, 0.2906 0.0313 -0.5775 0.1507 -0.3086
CH; -0.0283 0.0852 -0.5723 0.1287 -0.2867
OCH; 0.3544 0.0399 -0.5780 0.1424 -0.2998
F 0.3505 0.0705 -0.5645 0.1398 -0.3174
Cl -0.1889 0.1430 -0.5609 0.1328 -0.2524
CN -0.0975 0.1789 -0.5520 0.1217 -0.2338
NO, 0.1331 0.2145 -0.5537 0.1148 -0.2254
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Table 5. Electron densities of substituted furans ob-
tained by the use of the 6-31G* basis set

Sub- Atom

stituent ) c, 0, C c,

H 49537 4.7235 8.1696 4.7234 49538
OH 44786 4.9275 8.1835 4.7042 5.0041
NH, 45062 4.8813 8.1847 4.6780 5.0244
CH; 4.8492 47758 8.1804 4.7184 4.9799
OCH; 44771 49422 8.1917 4.7082 4.9989
F 44524 48982 8.1724 47305 5.1002
Cl 5.0800 4.7519 8.1595 47141 4.9745
CN 4.9843 4.6911 8.1401 4.7352 49140
NO, 49344 47124 8.1480 4.7593 4.9403

ehli e}, Table 5oll4 A2 F+= 7|71 x]%kd §F
2 i mA M st ey abae] A o)
F7H e, 2922 7|5 A AAE e 77t
2 gt 52 vl E 9t m AR Axpdes) 2
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