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yG-t1 FI IR 1) = A R yG-12, yG-t5
FlyG-t6 4 7] 5 I ms e (C) J bl 2k 5, oy G-
t1-C, yG-t5-C Fll yG-t6-C X} N F Watson-Crick £
i, 1M yG-t2-C XM T Wobble #2302 45 HI T4
A5 2 (0 B3 0T 1 LA 54, ARl DU H y G-
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yG-t6-C BA = AV i 45 4, 2% W& 2
FFREE b AIO H - B HE 5 A 3 . FRATT IR e
THE T X DA GRS T (O AH B F e, 5 08 T 3%
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2 YA 6 Hh B AIG ).
#1 B3 LYP/6-31+G(d, p) /KF Lil 5B 5K
HOMO Ml LUMO $i&ft & (eV), H-L BEZZE (eV). HL
B (eV) RS S AE T 54 7k 2 18] (¥ 8 & 2 (AGgas,
kcal/mol)

H-L  #FEH 4
¥ HOMO LUMO L . AGgas
Bedhze W s T8

yG-tl —-5.37 —-1.62 3.75 6.99 6.82 0.0

yG-t2 —590 —1.34 4.56 7.55 739 —11.6
yG-t3 —5.62 —1.17 4.45 7.27 7.05 —8.5
yG-t4 —5.66 —1.17 4.49 7.31 7.08 —-9.2
yG-t5 —590 —1.04 4.86 7.56 7.39 —10.9
yG-t6 —6.02 —1.16 4.86 7.67 751 —11.5
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#2 1ETDB3 LYP/6-31+G(d, p) /K i 543 3 y- 2 0504 K AN 57 0 40 00 B GO 25 1 3 B IOKR e

(E/eV) JFRTHE (f) MK IHJE (assign.)

- i H I T

E/eV(nm) f assign. E/eV(nm) f assign
yG-tl  3.26 (380)  0.102 T TL (86%) 3.51(353) 0130  mymtr(88%)
yG-t2 398 (312) 0.113 naT*L (85%) 3.88 (319) 0142  mygm*L(88%)
yG-t3  3.97 (312)  0.157 T (89%) 3.96 (313) 0180  my*y,(92%)
yG-t4  4.01 (309)  0.165 Tt (89%) 3.96 (313)  0.187  mym*y,(92%)

*1,(43
yG-t5  4.26 (291)  0.050 T (437%)

4.13 (298) 0.092 Tyt (83%)

- T*L4+1(37%)
T L41(69%)

yG-t6 425 (292)  0.072  -mg_ it (17%) 413 (300)  0.102  mum*(86%)
+ L (10%)
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3.2 yG RV FIRUCLTE B R BRI RS2

F245H T yG SA T F AR SRR AT I v
RARBORAS (Sy) BRI i) 2 BLU A & IR T 9R EE
MERITIH)E. B34 H T & RS —BURKE (S1)
Pt SR EIE. R 2RI 3 ATLLE H, & Ak
(1S, A ok 3, W R PLIE S A nuE. Xy
yG-t1, yG-t2, yG-t3 Tl yG-t4 i, EATH S, A
XRTH — LEKIE. M yG-t5 flyG-t6 11 Sy 535
BEZAIERSY. W 3 PR, X yG-t5 i, Sy
BEEXMTH — LA3%)MH — L+1(37%)
BRIE, T yG-t6 1) Sy AXNT H — L+1(69%), H-1
— L (17%)f1H — L (10%) BKiE. 2387 Sy A1)
BOR R AT LRI, yG-t1 MIBUR e f /) (LAE A 3.26
eV), 5RTR T H-L g Z I 13 4518 — 3 yG-t2,
yG-t3 Fl yG-t4 [ Sy 25T B UK BEAH 22 A K (2
0.4 eV), H X5 87 1) HR - 5 B 2 38 14 K1y, RYD
yG-t2 < yG-t3 < yG-t4, KAy LW U5 B -
X = H AT X 50, yG-t5 Al yG-16 [ Sy A& % B

® % W

86% 85% 89% 89%

o8 2t of o8 o9

yG-tl yG-t2 yG-t3 yG-t4

(ROR BE A0 A BT ) (£94.25 eV), AR 1)
IR FomEE KRNI A yG-t5 < yG-t6. & 445 H
T IX I (1 2R AN e 1 L R IR A U 3 X
NF ot BRIE, AIO6 FLF-BRIT (nmc*) AL AR ERIT
(mo™®) IR F R EEAR /I, —MOR VR MEFE 5258 oW
M), w4, ATATCUR 25 5 L B AR E
X I s SR A AT SR ATX 2 yG-t1 B ERIR
e K BLTE 380 nm 4k, 1M yG-t2, yG-t3 Al yG-t4
) B KM SO K HH BILAE 310 nm 2 A4, (H LR 05
FE i yG-t2 < yG-t3 < yG-t4; yG-t5 Fl yG-16
e R ST K HE BAE 290 nm BT, (EL R W% Wi 5 E
AE yG-t5 < yG-t6.

2 R R IR 2 5 T LLUR B, yG-t1 1)
S B A 351 eV, R EN0.25 eV. 1M H 5
S EHRETARBERNARE, HhyG-t2,
yG-t5 Fl yG-t6 FIZLEE KT 0.1 eV, i yG-t3 Fl yG-
t4 AR REB/D, HHEERT S S LS
SAFREZE AR,

‘ L
y (]
BE 98
L+1 o7 L‘
7% ‘10%

%

43%

.9
e~
H 17%

wus |

yG-—t5 yG-t6

K3 yG LT 57 M A i ARIBOA Ao o7 AR BT A 3= 22 P BT ik

il " — yG-tl
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=
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0

200 ZE;() 360 3:50 4(|)0 4EI>O 500
Wk
B4 (MTIEM) £ TD-B3 LYP/6-31+G(d, p) /K I
THEAF RN yG B AN S A SOR (v 7 RSO i

3.3 B—HRTSHEHMICLIE

K545 H T 1E CIS/6-31+G(d, p) K FARALTS
B Sy (o) AW JUAT S5 4. B TR W, yG-tl,
yG-t2, yG-t3 fl yG-t4 [ Sy M EF I LM, £
B SRR 1) A S A ), T y G-t
FyG-t6 1) Sy & B A 2. 3t — B iR,
FI A 7 FEAS I 2 OUBER b 22 B, FEBIORAS T LA 454
HR KR K T M, 7R RS B 1k 2R
FEWRAS AR #4550 T .

£T EiR 3 EIH S, 45k, FIH TDB3 LYP/
6-31+G(d) AiETHE T X R AL i I B0 RE, H
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(e) yG-t5

(f) yG-t6

Bl5  7ECIS/6-314+G(d, p) K LIRIAFEIN yG S H SRR S1 &4 T4 (HK: A)

X T M6 RS, THHR R yG-t1 B 3 yG-t6
SR R R R 6 IR K A R 430, 348, 348, 345, 307
309 nm. PLEZERFH, yG-12, yG-t3 Fl yG-t4
AP KATZA K, 1 yG-t5 Al yG-t6 1758 H 9%
KA BT, 3X R 5 e AT e RO K 1
Ry Sl 2B R IE I 20 2 f5 X eI 1
PGP KAy 5 403, 358, 351, 352, 316 F1320 nm.
DL S5 RER B, F VA PR fS G-t 1 e K R
AEROR RS, T ASE LAt 7 A AR 1 2R S K R A AN [
FREEE B L0R%, 1X— IR HH X Sl 1) g R Wi
ANbA Y EIEN

K6 (MFI%) £ TD-BHandHLYP/6-314+-G(d, p) /K
S b T A5 B P o e R R A e . ¥ AL T
3.4 FEEEXIXT S, SHIF

WIRG ik, yG-t1, yG-t2, yG-t5 M yG-t6 ¥ 7]
5 M mE g (C) i bl 3 0, FRATT 2 52 T Bl T
X T 3K DY A B ' 1 R PR 2 L FRATT R AR

55 i v g J BBl 5 X 45 o GO AAR 1) B A1 ot AS g
K gem, (A ERMZE, B TDDFT ik
H AT AR WAT BT SO S R U7 i, H2 R
i TDDFT B it 254 JR BUAH 0z & (140 B3 LYP)
HIAS B 1E 1 1 3 o A7 5 R R A5 L IR e R
TDDFT HiEW 5L o T2 A & (W& A S8
P ) B B AR B T AR R HUA Rz R 1X
B FeA1% H BHandHLYP 32 5% 3K WF 57 s 3 XoF )
BRI, Ziz R O uF B e fE — e F2 fE boe
ik TDDFT J7 i 1 6k B 15 21 5 S50 {8 5T 1) 45
R, TDBHandHLYP 153 B 1% U A0 35 o) 1)
RIS S A o F-E, TR N R E ShE
Y moihaE, WE 6. gk — 2 R, XL HE
Loy A ARV 43, o KT B B ) HOMO Al
LUMO #Ui&, R BRIE 5257 A N e P4 J) 380
KA. R3 G T R AR AR R 2 B
WOKRE IR T 2R AL ) &8, Al LAE i, Bt
XA S, S RET —ERENER, &
19 S, 43 5 0.17, 0.08, 0.06 F10.05 eV, 1 H.
BE X X} yG-t5 Al yG-t6 P Tk 2k S1 25 1 9% 7 50 & 5
MR, 5 BARAR LG, FOX JE R 7 5 B 4 s K T
72% FM27%.

B 745 T 1E CIS/6-314+-G(d, p) J7 K F Lk
A1 2 BB EE X S, &S I JUAT & 44, A a] A
FHERT yG-5-C 1Sy &5 B A i L 454 2 4h,
FARD = ANBRIE XS (1) Sy 2500 JLART 45 74 # 2& AE~F- 1 7,
Hor G-t 1-C Al yG-t2-C F T~ T 4 32 B phy gy
IR b SR A HE A DA R BA (1 S S TR g ), T
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yG-t6-C MIAEF T T8 2 3 2k 5 T AI06 s 7 HE
FAEM. IR 5 BRI AA 1 LT 2
H ) AR AT DL I 25 R AR A 3 B AR AR R )
b, T H AR ARE S R R X e — 2L BT
S BHLM S5, FATH TDBHandHLYP J5 ¥ 11
BT H S, — So MIERIE, XM T B8R 1258 6 Kk

'
) gl
R N -3
T B 2.040 /)
o Y 0N b,
s ./"_"' 2.084 .-?-‘_‘
pg i
J 2 J
v 3220y .-
(a) yG-t1-C
o
). e
1 g e o
bt 1 f ‘—.
* ‘ R .00 e
> Jo s
J 9

(¢) yG-t5-C

U, IS4 BA TR arh, TFE LW, BRIEE
X PUAN B IE 1) R G K R AE TR, 3X — AT
R R IR AT e KR M A B S AL, o
yG-t1 Z B 5Ok, Boxt G Ho% R 72130
nm. BB TR, B I 2 X P MR R
RAEFE AR TR AR B N (11%—152%).

? a2 @
2 o9 ?
s ged

J'. ] P s | 2.119 ‘ R i
p-a @k P
' ¥

Jy 2 9@
." 4
200 M‘“Q-a J-%T‘é
(b) yG-t2-C
? 3 ,1.9617‘_“

‘ ‘;\'\J- /.‘ 2.227 i
g L s e
Y 9
W SF &

« B o
aoaeaoﬁga‘&}?
J‘; ,
(d) yG-t6-C

B7  (MTI%E) £ CIS/6-31+G(d, p) /K-F BRI BB 1 Sy &40 1450 (K A)

#3 {£ TDBHandHLYP/6-31+G(d, p) KV Lit 5175
FIRBRET A S ALK RER (B /eV) JET3REE (f) M
PRITVHJE (assign.)

B o y- S
E/eV  f assign. E/eV  f  assign.
yG-t1-C  3.99 0.147 mm* 3.72 0.152 mm*
yG-t2-C  4.57 0.139 nm* 449 0.129 mm*
yG-t5-C  4.81 0.098 mm* 4.75 0.057 mm*
yG-t6-C  4.78 0.093 mm* 4.73 0.073 mm*

# 4 1E£ TDBHandHLYP/6-31+G(d, p) /K Lit- 575
BRI FE S S1—So BRI IS TR RE & (E/eV) KT 582
(f) FERIEVA)E (assign.)

B o y- S
E/eV  f assign. E/eV  f  assign.
yG-t1-C 354 0.204 mm* 384 0.174 mn*
yG-t2-C 305 0.176 mm* 312 0.158 mm*
yG-t5-C 272  0.254 mm* 279 0.1056 mm*
yG-t6-C 274 0.311 mm* 281 0.123 nm*

4 %2 #®

AR 2 2 R EL S (DFT) A4 i 235 i
oK 18 7735 (TDDFT) A58 1 & R e 2R y- 5
W WA e JFL T A S A A 1) 35 25 M JB RN L e T
WF R, -1 A R v 45 1 3 N 2 Bk e 1 &5
¥, TERE & b A =N 0E T A A K1) AR,
y- SN 5 A ] R LXK =R SR, AN i
JOR 3 BT 2% B - 15 WA 1Y) e KR SO A B R AR 1
W K132, 75 SE BRI A aT DA R B0, T
H -S04 (AR 1 25 0 5 30 A i B A TRk
BRI, BRI AT UR] S AT S i Fie SO e AT 14T
BRIy, WV R AL - 5 R FR v 25 1) 1) B
KIS AN e K R AR WG A, T A HL A S A4 4k
FHNAR KA H; 5 Mg RO yG-t1, yG-t2,
yG-t5 Fl yG-t6 I RIS K AN ' i K AR i
B, 3R BH y- 1% 04 [ HL P UG 1 SR 52 PR 85 R
K. UL ESSRABT 5% yDNA (16385 14 5t A2
5E y- SIS I AFETE 3
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Abstract

Recently, newly created unnatural fluorescent nucleobase analogs have gained increasing attention. In the present
work, a comprehensive theoretical study on the structural, electronic, and excited-state properties of y-guanine (yG-t1)
and its five possible tautomers (yG-t2, yG-t3, yG-t4, yG-t5 and yG-t6) is performed. Tautomerization analysis reveals
that the canonical form of yG is not the most stable tautomer in the gas phase since it has three tautomers with the
same stabilities. The spectroscopic properties are investigated: It is found that these tautomers have different absorption
spectra, and so we can distinguish them by their spectroscopic signatures. In addition, effects of methanol solution and
hydrogen bonding with cytosine on the absorption and emission spectra are examined. The methanol solution is found
to red-shift both the absorption and emission maxima of the studied bases except for yG-t1, for which the absorption
and emission maxima are blue-shifts after solvation. On the other hand, hydrogen bonding with cytosine is found to
blue-shifted both the absorption and emission maxima of yG-t1, yG-t2, yG-t5, and yG-t6. Theoretical predictions here
are helpful for the investigation of the tautomerism of yG and the optical properties of yDNA.

Keywords: y-guanine, electronic spectra, DFT, solvent effects
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