2~ &
) RLE SR o
Bl®m=

2°3-%F FHE A% DNA 42 & %

z gt Y

In vitro and in vivo studies of safrole 2°,3’-oxide induced

DNA adducts

bR RIL% | L
R HErE B4

L 2o B

PEAR-O- &40



23-% % % HE 77,5 DNA e = 4 &

2 R BN Y

In vitro and in vivo studies of safrole 2°,3’-oxide induced

DNA adducts
e S L% S Student : Li-Ching Shen
R HYF #L Advisor : Wen-Sheng Chung
SRR SR S 7 L Co-advisor : Kuen-Yuh Wu

) AR S N
BLsm=
A Thesis
Submitted to Ph. D. Program, Department of Applied Chemistry
College of Science
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of
Doctor of Philosophy
in

Applied Chemistry

September 2012

Hsinchu, Taiwan, Republic of China

PEAR-O- #£4 ¥



2’35 FHE X DNA R A F 2 BB paEy

T wEHIREXE KR
HEHEE D RRB KR

Rl < E gy o8 s
R

A B - R F AL SRR AHAR 3 AU 24§ ke
(2’-deoxyadenosine, 2’-dAdo 10) - Hﬁiv%vé (adenine, Ade 15) ~2’-3 5 5 £ £ ¢4
(2’-dexoyguanosine, 2’-dGuo 18) ~ 2°-2 ¥ %z ¥ipex(2’-de oxycytidine, 2°-dCyt 20)
fe3q e (2'-thymidine, 2'-dThd 22)r2 [°Ns]-10 4= [®Ns]-18 i& {7 & Jis 2
bod g g8 B E T o AMEY F R A $ A 43 N1y-SFO-dAdo 11
(4.2%) ~ N°%-SFO-dAdo 12 (4:5%) ~ N3y-SFO-Ade 16 (1.0%) ~ N9y-SFO-Ade 17
(2.4%) ~ N7y-SFO-Gua 19 (16%) » N3y-SFO-0Urd 21 (3.8%) 4= N3y-SFO-dThd

23 (1.2%) 2 2 p 528 2.[PNs]-11 ~ [°Ns]-12 4-[*°N5s]-19 -

NH

NH HN O>
N (@] N N OH (@] /NfLN
{7 ijg (Nf':j A w
HO
o :o:

HO H
K(\©:0>
OH d
OH OH
N1y-SFO-dAdo 11 (4.2%) N®y-SFO-dAdo 12 (4.5%) N3y-SFO-Ade 16 (1.0%)
and ["5Ng]-11 and ['5Ng]-12
NH,

O
N X © R N
«ij NP NS ﬁgm
N HO <\ | /)\ HO
o NTONTONH, o

OH
NQY-SFO-Ade 17 (1 .0%) N7y-SFO-Gua 19 (16%) R=H N3y-SFO-dUrd 21 (3.8%)
and [*N;]-19 R=CHs N3y-SFO-dThd 23 (1.2%)



= TR R A BHAY 3 AT § 7t DNA A DNA 4o~ & 0 3%
YRR RAGE A e A 11012016 0 19 § F A Ak I P oix
% #F 18 (isotope dilution) % »< i Ap & 47 = L 25 4 ¢ #F 3¥ 2 (liquid
chromatography  electrospray  ionization tandem mass spectrometry,

LC-ESI-MS/MS) & & izt 4 & A RN 2R b end 2§ o R 5% BF i
& R PPA # 3 #2159 5) DNA (Calf thymus DNA) £ Ji » @ 515 10° @ 5 7
(nucleotides) # 5 2000 @ 4v = & 4= 11 ~ 170 i 4c = & # 12 ~ 660 i 4c = & 47
16 11 % 2670 B4 A4 19 A F U T8> NS X RE - #E2ZFH
% 312 # 3 (30 mg/kg body weight) & s & 45 3] fRi @ 4o % A2 4 19 HF
FHEAHAS 3 AP g F DNA A2 DNA e X 2 1 o
A H N> AR 2’-135:]1 ARG A F o AT BHDRA S
10~ RAppe 27 HH0 ~ - 7 APNFELY - FRfig 28 1o i 5 - B0 W
29 Bz F Ik (41, viv)ZiR &% > & 0°C T4 * L E 365 nm 2 ¥ ¢ kiR
Rt TR EF BT AT 2 X B~(Soxhlet extraction) ik & + £ f =3

et 24 § R - B RG4S -

COOH  HOOC COOH  HOOC




In vitro and in vivo studies of safrole 2°,3’-oxide induced DNA adducts
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ABSTRACT

In the first part of this thesis, we synthesized SFO 3 and characterized the
DNA adducts from the reactions of 3 with 2’-deoxyadenine (2’-dAdo, 10),
adenine (Ade, 15), 2’-deoxyguanosine (2’-dGuo, 18), 2’-deoxycytidine (2’-dCyt,
20), and thymidine (Thd, 22) to investigate the SFO-DNA adducts formed in
vivo and in vitro. The reactions of 3 with 10, 15, 18, 20, and 22 were carried out
under physiological conditions (pH 7.4, 37 °C) which gave five adducts
N1y-SFO-dAdo (11) (4.2%); N°y-SFO-dAdo (12) (4.5%), N3y-SFO-Ade (16)
(1.0%), N9y-SFO-Ade (17) (2.4%), N7y-SEO-Gua (19) (16%), N3y-SFO-dUrd
(21) (3.8%), and N3y-SFO-Thd (23) (1.6%). Moreover, ©°N labeled analogs of
adducts [°Ns]-11, [°Ns]-12, and [*°Ns]-19 were synthesized to serve as internal

standards.
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A newly-developed isotope-dilution high  performance liquid
chromatography electrospray ionization tandem mass spectrometry
(HPLC-ESI-MS/MS) was developed to investigate the SFO-DNA adducts in
vitro and in vivo. In vitro study, the reaction of 3 with Calf thymus DNA showed
that the levels of 11, 12, 16, and 19 were determined to be 2000, 170, 660, and
2670 adducts per 10° nucleotides. Subsequently, we measured the amount of
adduct 19 in the urine of mice after intraperitoneally treatment with a single
dose of 3 (30 mg/kg body weight). These results suggested that 3 can cause in

vivo formation of DNA adducts.

In the second part of this thesis, we attemped to prepare a molecularly
imprinted polymer (MIP) for 2’-deoxyadenosine 10. A mixture of
2’-deoxyadenosine 10, methacrylic acid- (MAA, 27), ethylene glycol
dimethacrylate (EGDMA, 28), and 2, 2’-azoisobutyonitrile (AIBN, 29) in
acetonitrile/water (4/1) was initiated by UV light (365 nm) at 0 °C for 16 houres
to obtain a polymer. The polymer ‘after Soxhlet extraction to remove the

2’-deoyxadenosine was found to be a specific receptor for 2°-deoxyadenosine.
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= O 45
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....................................................................................................... 51
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$-3F 23-BI TR ILDNARAF BT 4 X R $2 53

1.1.1 DNA 4= & 3

2 % P pe (deoxyribonucleic acid, DNA)Z & & 4 3 % {555 ~ &4
e~ 22w B 7 § kA (base) &= o Hﬁ'u;!‘;fvé (adenine) ~ 5 % #L ¢4
(guanine) ~ #z ¥ipez_ (Cytosine)£? 33 s;jufgp,i (thymine) b/ € 11 & 44t s
# oA gl DNA (Bl- ) #e A2 B enr e et e 2RI 2 38

B2y 8
@‘»ﬁb,b o

cytosine /A= Irich B e
Ein . S
N)\\O» ———————————————— HNT SN SN
o) OH
HOT o “ \
H H
"o O] \)'t _______ ) l\\l Moo h
| ﬂ?’ e thymine
e o-p-o o RS o% i03 & y
|> § |
O ! ] ; 7
(0] H - 4
O*IID_O
O:l‘D—O 8
&

M- -4 F PpEpeng Aps

B BT € F) G AT H - e AE A HEa R AR
T 2k F 2% @ MBI R FlS A X A R R E 24 = (Chen, 2001) - 19
B ERBES o CPERBS T AN AR NIET > FERT I
SIS S T o iR N 0B Ry TR AR AR AEA

2K A A4 JERE BAERPAS > fL5 DNA 43 A% (DNA



adducts) o iz AR 13 AR Flag AR € ¢ (F DNA g 2 it sc D F
%émﬁozﬂﬁé %o 4% DNA ‘v = & 3= &% AL Fl45 @& " e 13 4R
FRAFVFUELY FLEF A ANRERL ] 7 F AR

(Groopman and Kensler, 1999) -

1.1.2 DNA +c & & $ thig 4 fo ik b 1
DNA 4v = & ¥ &8 03 813 48 %4/ ® = )(Chen and Hong, 2001)
(1) gt “,f 12 42 # 4] (nucleotide excision repair, NER) : 7 j&_3’8 #-4 &k
ArE 733 PpELmRE EE B *‘f BBy K,érti {625 DNA 4t
%] (DNA strand breakage).» £ ¢ DNA % £ f% (DNA polymerase) i& {7 i2
# 5 (Cleaver et al., 2001) (2) #& 2 *» “,% iz ¥+ (base excision repair,
BER): 2 {4z » DNA 4@ A& L4k 147 4% g %+4 DNA
(abasic site DNA/apurinic site DNA, AP site DNA) » £ d 3’:3 -3 & 2L =
Bp2 APt FH Pk A RS2 (57,4 DNA 47
(DNA strand breakage) - 5 DNA % & f= (DNA polymerase) & 7 i3 4 >

d DNA R épee dad 3274 a3 k=% DNA & &5 1L 2.

'.:'\

= (Boiteux and Guillet, 2004) > % # ™ #8512 4 B /T B 18 150 AR 12
2 DNA%tg\ﬁ«f”é dff\,,ziﬂ'ﬁ@"}o'ﬂﬁbl DNA 4r = &2 3 8 &

%i’(ihh’f @lm@é‘\ﬁﬁ" ”/ 3@%&-6 %’i’(zi‘r]f\ ﬁr{%\%%&&ﬂ/:}'



2 F](Singh and Farmer, 2006) o #7142 DNA 4c = & f= ch4d = §

W)}t Pl\i :‘:" ’F’L_‘

# F »# £ fdp & (biologically-effective doses) » DNA 4c = 2 4+ £ 4 3

T i € 7 #F Rk % (Chen, 2001; Swenberg et al., 2007) -

S APTE AL RS

N/

Bz [tk (T

Lo
Sk Tk

i SH DNA

[mAz%%L///// 1&%@%@@ BT R

e 9BLBUY é?m@mg

/

FEE PR

) BT

! TS AR B

! lmﬁmﬁﬁﬁ
s

BT BRI

W) =
2001) -

4

DNA “4c = & 47 235 = &2 i3 4h {ofp e «0 B % (Chen and Hong,



1.1.3 & 1% % (Safrole) 1
FH% 1 2% #0 (sassafrasoil) (hi & &4 > sy 35 a3 — 2
FALP o 4ot B (basil) ~ 2 & (hutmeg) ~ ¢ 42 (cinnamon) ~ 2 #F #x
(black pepper) ¥ (Munerato et al., 2005; Ueng et al., 2004) - B = 4% & "2 T
£ 7 ¥ (International Agency for Research on Cancer, IARC) ﬁﬁ B A
2B (7 i ¥ A i SRR ) hit £ (IARC, 1976) « wc B! £ I &8 & 47 42
4 K ¢ (The Scientific Committee for Food of the European Union)
aE A (R E60kg) FPEEE THEREOI Mg A B L FkEE
ARt BROE & i e e EFE R € (Joint FAO/WHO
Expert Committee on Food Additives) P& _m3t=+ A & p B+ FEPF 5
879 pg (Martati et al., 2011)« f& /T & A &3 # = (areca quid) # ¥
i (Inflorescence Piper betle ) = ;‘;L;‘I.%g 7 15mg e E L) avd o
WAEP R BE O E 1 ek R ¥ 1§ 420 uM (Martati et al., 2011) -
RRAFEFIRAE 2 AR ERT PREE RS Y
BT 0B R G Y FIRERIRA 2 B ITR OR e v AT K R
Jrfrs—*ﬂf ~ (Lin, 2002) > ]t 17 & KR ¥3TrE-S ¥ $%22 v sz (Hsieh et al., 2001)
B2 BB E TSR E L kg M- A2 P E ROR

848 AL -



114 $#4 1 XBWF A3

THE L AEE S AR AP AR AT R
(1°-hydroxysafrole 2) (Borchert et al., 1973b; Stillwell et al., 1974) ~ 2°,3’-
% % ¥ 2 (safrole 2°,3’-oxide, SFO 3) (Wislocki et al., 1976) ~ 3*-5x & &
1§ % (3’-hydroxysafrole 4) (Benedetti et al., 1977) £1,2-3¢ A -4-%5 3 2 ¥
(1,2-dihydroxy-4-allylbenzene 5) (Benedetti et al., 1977) (Bl = )~ &£ 2 32
A # e 4 & (physiologically based biokinetic, PBBK) =3¢ &% » 48 ¢F &
BH4dctE o &4 % H2% 1300 mg/kg body weight) e B § H% & 8f
Af 2458 7 chE L uliw EE 1 10.0% - 7.7% ~ 74.0%% 6.9%
(Martati et al., 2011) -

g2 ﬁﬁ)ﬁ’%éﬂ?% CHRERRT TS 28 B EASRY
3 -2 A5 % 2 92 = (Borchert et al., 1973b; Stillwell et al., 1974) -
1976 & > Wislocki % * (Wislocki et al., 1976) % = £ & JR * [2°,
3°-*H]-1’-hydroxysafrole » 5 .5%% n 2- DNA (hepatic DNA) - + pE 48 RNA
(ribosomal RNA) e3¢ & % § Herpe2 4 > @ gt 3 & £307 A a4y
PEEAZ OREST  FI R R AHAY 2 - BN AT RE
1 AspEfer 23 p) DNAF REe* 2 Ry 0+ 255 s s R

#r4 4~ (Borchertetal., 1973a; Borchert et al., 1973Db) -



OH
o ~ o OH
¢ <Om

3'-hydroxysafrole 4 2',3"-dihydroxysafrole 7

| |
SO O — S

1,2-dihydroxy-4-allylbenzene 5 safrole 1 safrole 2',3"-oxide (SFO) 3

l OH
oy

1'-hydroxysafrole 2

|

0S0;
o) =
¢
(@)

1'-hydroxysafrole sulfate 6

0 R~
<o]©/v /... DNA adducts

carbocation

W= % #2122 3% (Martati etal., 2011) -

BREEAHAS D-SRAS R 28 22 3 5 & &2 (2°-deoxy-
guanosine, 2°-dGuo) & J& » 2 & ;= N’ (trans-isosafrole-3’-yl)-2’-deoxy-
guanosine 8 2 N*(safrole-1’-yl)-2’-deoxyguanosine 9 (B = )7 & DNA 4t

= & # (Chung et al., 2008) -



o} O o o}
N J . )
T CIT Y7
NTONTSNES N N/)\NH 7

HO HO

o o}
OH OH
N2-(trans-isosafrole-3'-yl)-2'-deoxyguanosine 8 N2-(safrole-1'-yl)-2'-deoxyguanosine 9

Wz - - AF82% 2 0 DNA 42 &% : N’-(trans-isosafrole-3’-yl) -
2’-deoxyguanosine 8 (Phillips et al., 1981) ¥z N*(safrole-1’-yl)-2’-

deoxyguanosine 9 (Chung et al., 2008) -

WMT Pri2fertri2 DNA+c 2 2% > Spotl:4e & & 4 8 &2
Spot2: 4v = & 4 O B>t spots 3 v 4 1w R 7 - H H 45ig o (A) i HepG2
mi P 4o D-f2 A & 2 (400 MM) 1 % 24 o P (B) A 4o » D-iz A
W W& 2 hfpdle; (C, D) 8 fifmg 2 0 i 3 wve (3458 ) (Liu et al,

2004) -



2004 & > Liu & 4 A& HepG2 fm® ¥ e » F 2 iV A F 17-55 4
FHE 2 - Ang o {1 PR AT EIIRT A 2T RS R
P F A L Tz MT-C o D enp fon st AR 5 0 FE RS
Ferw wstimee 5 U-5AF HE 2 40 DNA 404 & 30 N*~(trans-iso
safrole-3’-yl) -2’-deoxyguanosine 8 (spot 1)# & (Liu et al., 2004) - Mf w2
452008 & Liu % A4 )% PP-a gtz A 4528 =8 R 10 & 2 %
ST e B X K ThHP 2 = B ”‘f‘:ﬂj‘%‘i ¢ 44554 &+ 8 (Chung et

al., 2008) -

V- RRTF B2 AHHAF 23Ry R 3R AD

=1

® = 7 (Salmonella typhimurium) TA1535 4 TA100 2% 4% = 35 (Ames
Test)? # ¥ H-Z A FAF 3L F YRR X% (moderate mutagenicity)
(Swanson et al., 1979; Wislocki et al., 1977) » I & € 3¢ = & £ g fn 72
A549 (A549 human lung cancer cells)nkm?z %= (apoptosis) (Du et al.,
2006a; Du et al., 2006b) - UL ok BEREEABAS 39 CD-12 B
g 4 %7 f g (Miller et al., 1983) » @ s g @ @a%%%s%«’ B % X
FrE e IS R HE AHAS SFO3hE Ry g3 3o Hfimbe ¥
ez (micronuclei) =3 4c 12 2 DNA %74 (Chiang et al., 2011) -

e §_% 1995 # Qato &% 4 (Qato and Guenthner, 1995) #-§ % ~ 5t
A e 34w A g s% DNA (calf thymus DNA) 4v2°-4 § § % rErd £ (7

8



BAF o 1 PPUERRZAWERI G BadAFE S (B

A 2§+ -B) -
A,—
‘Q

&
X !

- | T

W PR iesrir208-%s 52 DNA w2 AP - (A) 2°,3-

BFAHE S H AR DNA LR (B) 223-%kF £k 3 & 2
35 5L PH2F B (C) #o%ist 8 - A E ¥ % 1(97.3 mg/kg body
weight) 2 % B35 DNA: % 48N 4 & 2 3 % DNA 4c & 3§ 4 1] 1
a-d i (D)2 4 & K2 »F5 DNACHH] 2 ); (E)F# 74 i1t i — 4| § 2°,3'-

% % % 2 3(106.9 mg/kg body weight) - (Qato and Guenthner, 1995)

PR asdrss - #EF 2% 1 (97.3 mg/kg body wt) 2z % &3+

%P o4 3 FREREDNA S AP 2 (F--C) e bl ¥




~ H|E %2 A 4 3 (106.9 mg/kg body wt) 2 % £15F% DNA (B =
E) 23 B B2 EEUFR DNA W iRERT & 2§ HE A 34
» 3ApB I DNA e A4 24 & TE el e % L & L PG F R &
FAF 3T ouEd B pg 2 (glutathione S-transferases, GSTS)
ik § v & 47 -k fzps (epoxide hydrolases, EHs) 2 & it chif 4% i S
( Luo et al., 1992; Luo and Guenthner, 1994, 1995) » #f 12 & ;> A 48PN A5 =

FREAMAS M ADNA SR AP > FIEEE AHEP 3

RILEF RGP AT

1.1.5 DNA 4c = g $p ek 37 3 73
Pp-is L 4t;2 (P P-postlabeling) ~ &% A 452 (immunoassays)

T v &&=  (electrochemical detection, ECD) ~ % sk i jp] (fluorescence
detection) £ 3% 2 (mass spectrometry)z8 & * %k T E DNA 4v = & 4 &
Z % (Himmelstein et al., 2009) o &4 fech2 fo 4k 57 T & oE A E D
DNA 4= 2% » & 4 g> 22 % 5 - 423 gactd (Himmelstein et
al., 2009; Koc and Swenberg, 2002) » *P-fs . 4t;2 izt = 2 ¢ B 2 3 &
a7 B (~1 adduct per 10° normal base) #rét 2 & & - 1> H 0 2 B
EERE- L3 g0k - d 3 3 I R R pE

(polynucleotide kinase, PNK) #- [y-?P]ATP + 2_ *?pP-orthophosphate i #

10



3] 2-deoxyribose * 5°-OH =% (Phillips and Arlt, 2007) > ]t gt 3 j* & &
4k E‘LTIA{% WEF PR T ( &4 : N7-alkylguanine adducts )
Z_ DNA #c = & # e 47 (Himmelstein et al., 2009; Koc and Swenberg,
2002; Swenberg et al., 2007) -

1990 & B e o iz R Y F ¥z (isotope dilution mass
spectrometry, IDMS)7? &+ kit £F iy > FRTHR* B2 Z §
TR B3 e (iz) SRR B A TR 0P i Bk PP
fs 82 2 5 2347 DNA 4c & & 3= 503 jn (Koc and Swenberg, 2002) - #

iR TR E AN OALFEEEREFE PR R

3

&%’%7—§¢?¥%¢$ﬁ%éﬁ&ﬂiﬂ’ﬁ#éﬁkﬁéﬁﬁ
kp 2L F L2 (g2, 2003) Bt & & DNA 4c & &  chfe =
FRESEUE FT RS 2 A ER = F R T2 TE DNA 4=

At ER - TR o

1.16 &5 848

IEIHT DR A F RALFL Y (styrene) ~ 7 = % (butadiene) ~ ¢
*fi (ethylene) £ 5 %5 (propylene) H i iz @ #72) = ik § N FHA
oo - BRAGD BORAEBHAEE RS L AP okEF2 4 1 (Luo et

al., 1992; Krause et al., 1997; Faller et al., 2001;Csanady et al., 2003; Wu et

11



al., 2011) » #r i 2R 59 AN 4 4 DNA e & F 4 » £ &1 20-3 § 3tefed
F 2% 4% N1-~N° e N3- i B it 2 sitehed DNA e 2 4 0 22 2= §
E XA F A8 N7- 4o N2-i= B B2 f ¥ eBed DNA > 22 2-4 § %
sl 7 % N3-fr NA- i § Be i 2_ % e DNA 4o = & 4 14 2 2259 9oty
5 ) N3-i B Pt 2 99 9peede & 2 4+ (% - ) - (Pongracz etal.,

1989; Tretyakova et al., 1997; Koskinen and Plna, 2000; Koskinen et al.,
2000b; Munter et al., 2002; Boysen et al., 2009 )

- ~DNA#% A 72 R R 2 P F B (Boysen etal., 2009) -

Chemical
carcinogens ~ N7-Gua O°-Gua  N’.Gua ‘N8-Ade NI1-/N"Ade N3-Cyt N*Cyt

Propylene oxide 100 0.5 - 4.4/10 35 2
Ethylene oxide 100 - - 10 10 1
Butadiene oxide 100 - - 15 25 15 2
Styrene oxide 100 - 4.5 10 16 5

O FEREREAHMAS AT AR E L RBREL - > T
A FAEFH AN 2% DNA A4 DNA 43 A 4> @ 248 &4k
RS 12-52 A A A F SRR o Fpt AP (ARl ) BE AT
FEFHARCHAL 382 2-24 Fker 10 ket 16-2-4 5 5 £
Hrd 18~ 2-4 § %6 e 20 AR 22 F 52 DNA #e 2§ > 2 4

PN F A R R A0 (TR N RE S S B AR TR & fF (stable

12



isotope dilution) ® »T ik 40 K 47 % B L AR P B OB 2 (high
performance liquid chromatography— electrospray ionization-tandem mass,

HPLC-EIS-MS/MS) % B8+t 2k § 2 S 3tA 4 3 2 DNA 4 & &

e o

SFO 3 £ 2’-deoxyadenosine (2°-dAdo, 10) ~ adenine (Ade, 15) ~
2’-deoxyguanosine (2°-dGuo, 18)~2’-deoxycytidine (2’-dCyt, 20) f= thymidine
(dThd, 22)2. DNA 4 & & J 2. & & ~ & v 2 B

l

£ PN =% 522 DNA 4 2 & &

l

H BRI 0ok S i An AT L AR i R SFO3 2
ia;ﬂ;j{ DNA = J& 2. DNA #v = & $-

l

Wp%S SFO3 2 &P 2.7 ¢ 2 & SFO-DNA 4c = 3 4

W~ FERIAER

13



12 B5% 23
121 £35#A 345 2°.3-%F § # % (safrole 2°,3°-oxide, SFO 3)
% H % (safrole, 1) & # A 4 (£)-2°,3-% 5 + # % ((+)-safrole
2’,3’-oxide, (1)-SFO 3) 2 Gd  FHHAPF > Bl Sk <k (Noller

and Kneeland, 1946) z_ = 2 @& & & GVBl=Z) -

H
<OI>/\/ MCPBA
S CHCl;, 0°C, overnight ~ Q
3 9 d

40%
1 3

AW TR NHAY )23 R 3 o

122 2°,3-% 3 5% DNA4c R g2 &3 ~ Wi éi’%f#ﬁ?i
1221 ¥ HFAHAEAFF)3 & 2-4 F Hﬁ'u},-cé (2°-deoxyadenosine,

2-dAdo 10) 2 F &

NH,
N X
N
<
HO N N/) !
o NH HN O>
N o} N OH
pos RCD et
a 4 Y NS OH lof NN
a¢ B 2'-deoxyadenosine HO o HO
o e (2-dAdo, 10) . 0
d OH OH
H7.4,37°C,72h
3 P N1y-SFO-dAdo 11 NBy-SFO-dAdo 12
4.2% 4.5%

FW= ~ 24§ e 10 2 (2)-SFO 3 2 4 & A N1y-SFO-dAdo 11 &

N%-SFO-dAdo 12 =& = -

14



(A) "
g 008 2-dido N6/ SFO-dAdo 12
= |
g 006 N1v-SFO-dAdo 11
© l
% 0.04
8 sos \
S 002-
g J
g 0.00 fh{\ W/‘-"‘M
2 1
< -0.02 — PR— —
0 5 10 15 20 25 30 35
(B)
0.08 ) )
g 1| 14.2 min 2' 3"-dihydroxysafrole Safrole 2',3"-oxide
o 006 -
(o] 4
N
= 0.04 -
m | .
32.1
e 002 min
-g 4
5 0.00 M v A
-8 4
< -0.02 T T T T T ‘ T T T T T ]
0 5 10 15 20 25 30 35
Time (min)
(C) (D)
0.12; 217 nm 0.10 269 nm
258 nm 0.05+
§ 0.08 §
§ & 0.00-
S5 B 5  -0.05]
8 8
< 0.00- < -0.104
-0.151
-0.04 : : . : . : : ;
200 250 300 350 400 200 250 300 350 400
Wavelength (nm) Wavelength (nm)

Bl= ~ (A) (#)-SFO 382 2°-3 § 9fed 10 o pH 7.4, 37°C T F Jis 72 /| p*
21 (B) (£)-SFO 3 & pH 7.4,37°C ™ & Ji 72 /| B¥2_ % »cige Ap & 15 B1# - (C)
4 & & $ N1y-SFO-dAdo 11 £2(D)4r = # # N%-SFO-dAdo 12 2 UV vz
£ -

s HE AHAF(H)-SFO3 & 2°-3 3 Hﬁavgfvé (2’-deoxy- adenosine,
2>-dAdo 10) 2 @igi= T (pH7.4,37°C) G\B=) * B 72 -] pF > RS
FI* BrRABRATRAFTE F S Bofrd 2 = 0 tg=18.6 min & tg = 23.2

min 4 ©] 5 N1y-SFO-dAdo 11 # N%-SFO-dAdo 12 (B1= ) » #-H A uljc &
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R
)o

AN

-

HI') »

i

TR 542 (electrospray ionization, ESI) sz H A+

(GRS

+ Na]") £ 314 ([M - 2’-deoxyribose + H]*) >

] N1y-SFO-dAdo 11 2

¥ OUFE ES K F' s 51

B AR AR AT R A L

104+ (2)3 2

/l,\.

N°%-SFO-dAdo12 2

£ (W

m/z 430 (M + H]*) ~ 452 ([M + H

i

: m/z 430 ([M + H]") ~ 453 (M + H + Na]")#r 314 ([M - 2’-deoxyribose +

DNA 4v s & Fo » F]pt 24 ip

AP T AL R P EE RS

®) 429.9
. 4301
full scan 1] PTOduct ion scan
sl M =429
Nf”[' o < fL oy 3141
N ”
¢ N 5 J SH
asen <N N’J m> 24e8{ HO x'
<1 Ho
. w {C ™ m/z 314
L e oH 1 . ™ 1
i 314.2
1068 452.2
332.2
B) 430.2 430.1
ji: full scan ** product ion scan
IM=429
" HN ™
e R
1549 oy s <’
. HO 0. 200s] HO \_‘
‘i j m/z 314 314.1
£ o 12 8 OH 12
NL 452.2
Y lus L o it L JL " i J\ L.

@~ ~ DNA 4 & & $ N1y-SFO-dAdo 11 - N%-SFO-dAdo 12 & 3+

T2 RFRFRT R
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12211 DNA 4e= & ¥ N1y-SFO-dAdo 11 2 BT

NH o s
SRRNSS,
8 g
N N/)z OH e’ g
(ONG3)
0

H
13 1
OH 2 b
2 g
8
d
a
e 1 3xOH 4 . o a2
J ‘ —— 3y v‘ 5B 1 5
I S TR T 7 (
] : . . -30
277 ’ 40
y —e e i ' i - S0
5 -60
— A
1= - %
4,— a
g -100
d'a—._: < - 10
o= <tHeCs  * | i o I
f—% X s |4 : : - 130
8 o pre . Hy—C - : -
e :ﬁ;._'.@stz_ﬁz;___cﬁ ______ = v | % ¥
4.72 "”"L -------- - Hr'ﬂCZ ------- H.,' »Cg-~--- 3 H.:»~>C3 -150
6 s .- g e S s i s i e e QH..’.-HC5 180

9.0 l 875 - 87.0 ' 7?5 ' 7V0 ' 6'5 , 6.‘0 55 " 570 - 45 ’ 470 7 375 l 3?0 - 2‘5 ‘ 2'0
W4 ~DNA 4t & & % N1y-SFO-dAdo 11 2. HMBC (500 MHz, d-DMSO)

R

e Ad 11 2 'H NMR k3 F v 8 #6633 2= ¢ 4% &

2-deoxyribose + =1 1°-H » Fp* & HMQC £ 2% B ("B~ =) ¢ #-2 1°-H
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(0 6.33) ® & e (08344 and 83.52) % 5 C-1"> @ & HMBC k3 ¢
(F14)1-H% 7 & C-175 Venenis & 2_ ¢ VBRI Res b e st C-4 (S
147.15 and 147.10) ¢ = @ C-8 (5138.8) A 8|3 ey & & (B4 I
DEPT "Bl = ) > tfg3n C-8 ¢hit # =4 15 » % HMQC X B ¥ 124
FOH8 A F 834 a2 d A g LG RS
(diastereomers) & & 4= » F]p ¥ 1Y “?1 Pl g g 2 A e (%
=)o

3+t 2-deoxyribose + 1 2"-H (52.34) v 2'-H (5 2.66)c3u 5L 23E
d H,H-COSY kB (‘fRl--=) &£ U-HAphk «h3 = % 20 495 Wood
e Cadet 87 3 fvif 2°-30F Suefiet e 2-deoxyribose ¥8 4 &3 it T 2
& § 2 C2-endo 758 F & (B +) (Cadet et al., 1979) » I ¥ i p
2-deoxyribose iEtkendtdy S ;¢ 0 @ 2°-H =& purine » R TP iR
(shielding zone) > 4p & #12'-H A& %3771 f Zimidazole » F]pt 2-H i
B e 2-H =hd e (upfield B3 FrEé ok im s § ik
Jo»a = 3.1 Hz (cis) £ J,5 = 6.1 Hz (trans) ( Wood et al., 1974; Cadet et al.,
1979) - #71 j£ 800 MHz 3 23 £ =k R TR 2 & 343 5 18 1 enig &
F e AP -EEEE =4 05231-236; 2Jypy=3.2 Hz (Cis) % 2"-H;

g (down field) it % =4 52.63-2.70 ; *Jy3= 6.4 Hz (trans) <_% 2'-H -

18



HoH,c_ Hzo

Hy Base

Hy' Hy'

OH Hy

C2-endo C3-endo

B+ ~ C2-endo ¢ C3-endo 27+ & Bl °

fid @ e C-4 & HMBC %3 2= 4 : 5633 (I-H) - 5826
(2-H) ~ 6834 (8-H) § *Jenz4pM » ¥ 1 Arif V H 2455826 5 2-H » 1
% HMQC 1 Ygy 700 C-2(5149.2) 5 @ it & 4 5156.0 =t 7] 5 #2 2-H
Clen)F & & e B8 @28 8-H o)t B L F 7 v e B e
b e C-6oBe {5 4] * C-4 (5147.15, 147.10) 4r C-6 (5156.0) £ 2-H (58.34)
113 C-4 (5147.15, 147.10) ' C-5 (6123:6) 22 8-H (58.26) 1)y ® &
L A% 2-H fr 8-H @ G HIUELIR Tl A o e R 0N i R
HMBC £ 3§ + g4 2 %5 @ C-a (5 109.6) ~ C-e (5122.2) ~ C-f (5 132.13 and
132.11) > #1 1* F =44 52.63-2.70 fr 2.74 thi MG @ & 2N A B
B s G it &4 11 + 1,3-benzodioxole & B+ 0 o’-H v a”-H » 4oyt
¥ 2k B H,H-COSY %3 Bl %4 B-H (53.90) ¥ v-H (53.67-3.72) 4v
V'-H (04.27) o 5 {6 € C-2 - C-6 & y-H fr y"-H 4 2 4 11 5 2'-

4 § #ukes 2 NL 2 % alkylation 1 N1y-SFO-dAdo (W14 {4 =) =
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% = ~ 'H and 3C Chemical Shifts (¢), Spin-Spin Coupling Constants, J + (Hz) of Protons,

and Long-Range C-H Correlations (HMBC) in N1y-SFO-dAdo 11.

proton® o (ppm) multiplicity Jun (H2) carbon S (ppm) o (ppm) HMBC
(RV(S) =11  (R)/(S)=21
2-H 8.26 s Cc-2 149.2 149.2 2-H; y-H
8-H 8.34 s c-8¢ 1388 138.74;138.79 1'-H; 8-H
6-NH  n.d.[? C-6 156.0 156.0 2-H; y-H
C-4®  147.15; 147.12; 147.07 1-H; 8-H
147.10
C-5 123.6 123.6 8-H
1-H 6.33 t Jyp= 7.2 C-1®l 83.44; 83.41; 83.48 2-H; 1’-H
Jyp=6.41 83.52
2"-H 2.31-2.36  ddd Jypr= 6.4 Cc-2’ - -
Jyy =—12.89
Jyy=3.21
2-H 2.63-2.701 m Jyp=7.21
Jyp = —12.819
Jyy =649
3-H 4.42 brs c-3®  70.67; 70.6 2'-H: 5"-H
70.65
4'-H 3.90 brst! c-4"®  87.92; 87.9 2'-H
87.94
5"-H 353-356 m C-5 61.6 61.6
5'-H 3.61-3.64 mM
3’-OH 5.37 brs
5-OH 5.08-5.10 m®
B-OH  5.01 d 4.4
a-H 2.63-2.709 m C-a 40.7 40.7 e-H: d-H
2.74 dd 5.0; ~14.0
B-H 3.90 brs!®! C-B 68.5 68.5 a-H; y-H
y-H 3.67-3.72 m" Coy 51.4 51.4 2-H; o-H
4.27 dd 2.4: -13.3
a-H 6.87 d 1.2 C-a 109.6 109.6 o-H; e-H; d-H
C-b 147.0 146.9 g-H; a-H
C-c 1454 1454 g-H; e-H; a-H
d-H 6.86 d 7.9 C-d 107.9 107.9 d-H
e-H 6.74 dd 1.1;7.9 C-e 122.2 122.1 a-H; e-H
c-f  132.13: 132.11; 132.09  o-H; e-H
132.11
g-H 6.00 s C-g 100.6 100.6 g-H

[a] Diastereomeric mixture of racemic N1y-SFO-dAdo 11 or (R)-enriched-N1y-SFO-dAdo 11. [b]

Unresolved multiplet due to a mixture of diastereomers. [c] n.d. denotes not detected. [d] Signals of H-2”

and H-o were overlapped. [e] Separated shifts due to a mixture of diastereomers. [f] Selective decoupling of

H-2" or H-2". [g] Proton NMR spectra measured in an 800 MHz spectrometer.
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1.2.2.1.2 DNA 4 % & $ N%-SFO-dAdo 12 2 $# &%

v A4 12 0 HMQC (Bl = 1) kP - 21 8 246839 2.
FUELT A A E 2551394 1051646 2 - B (-CH; B> 4
2. DEPT k2 @) 2uginhd oy & > H ¢ & = 164.6 ppm Fr & = 8.39
ppm X TR 2B R ok p 2t P Ahdx (HCOO NH,') eh+ 4§ 5 & 7 ji
HMBC (4 ®l= - - ) kB & = 8.39 ppm £ C-4 (5 148.1) = C-5 (5
119.7) 7%y iy &7 i ¥ - 2B @t & = 139.4 ppm - & = 8.39
ppm B —EUJ?\P%V%J 7C-8 ¥2 8-H -

tv = A& 47 12 + 1,3-benzodioxole A @} B-H it & =4 £.03.91-3.95
Pl ¥4 HMQC k¥ &1 = gl CB (6 70.2) iy & 741 » o PF A
HH-COSY kv & 13 ¢ B-H #p #8227 ,y"-H fo o’,a’-H B2 %

% o 35d HMBC 3 ¢ 2 C-a(5100.7) ~ C-e (§122.1) ¢ C-f(5132.9)
L2 & g u i o-H (52.58-2.63) 4r o’-H (52.73-2.80) > @ ¥ ¢
— m 4 HH-COSY (B -+ -) thkzd 2B-H sphl 2 2 & % ¥4 %%
v,y'-H (03.46) - F15 HMBC k3¢ w2 v'y"-H & & chp ;5L Ik -
Flot w2 i alkylation shi ¥ o e K Bl - HH-COSY £z +¢ y-H v
v-H ¢ -NH (5 7.59) 2= # ¢ gznse & A4 12 & N° =% alkylation ¢

N%-SFO-dAdo #c & A 4 (%= )~
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Y B o a
HN O>g
N SN OH e
8¢ || d
N N/2
HO_ 5
o}
4'3 1 12
OH 2
a
HCOO™

e

-r2.0
25
3.0
————— e e SRR 3.5
: 4.0
: 4.5
i f { i 50
: e :5.5
SR R - : 6.0

6.5
7.0
e — RS N YN (N N — :15
T-r F8.0
o | raj

s S B L S s s S B B B B B S S S l_g‘u
90 B85 680 75 V0 65 60 &85 &S0 45 40 35 30 25 20
{pPm)

BlL - ~DNA 4= %% N%SFO-dAdo 12 2z H,H-COSY (500 MHz,

de-DMSO) 2 ] -
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% = ~'H and °C Chemical Shifts (&), Spin-Spin Coupling Constants, J,; 4 (Hz)

of Protons, and Long-Range C-H Correlations (HMBC) in N®-SFO-dAdo 12.

proton ! S(pm)  multiplicity  Jynu(Hz)  carbon  s(ppm)®  5(ppm) HMBC
RY/(S)=11 (R)(S)=2/1 Correlation(s)
2-H 8.24 s C-2 152.2 152.3
g-H " 8.39 s C-8 139.4 139.5 1-H; 8-H
6-NH 7.58 s C-6 154.7 154.6
C-4 148.1 148.1 1-H; 8-H
- _ C-5 119.7 119.7 8-H
1-H 6.38-6.41 da! Jp=72" cv 84.0 84.0 2-H; 1-H
Jyz = 5.6M
2”-H 2.30 ddd Jirp=5601 c2ll  _ -
Jpy=-13.6"
Jyy=3.20
2-H 2.73-2.8011 m
3-H 4.44-4.47 m C-3 70.9 71.0 2-H; 4'-H;
5-H
4-H 3.91-3.95 m c-4 88.0 88.0 2-H;5-H
5”-H 3.56 dd 4.2;-11.8 C-5 61.9 61.9
5-H 3.66 dd 4.4;-11.8
3-OH n.d.[
5-OH n.d.[
-OH n.d.F
a-H 2.58-2.63 m C-o 40.7 40.7 e-H; d-H
2.73-2.801 m
B-H 3.91-395 m C-B 70.2 70.2 a-H
y-H 3.46.1 m C-y 46.0 46.0 a-H
a-H 6.85 d 0.61 C-a 109.7 109.8 a-H; e-H; d-H
C-b 146.9 146.9 g-H; a-H
C-c 145.2 145.3 g-H; e-H; a-H
d-H 6.83 d 7.9 c-d 107.8 107.9 d-H
e-H 6.71 dd 1.2;7.9 C-e 122.1 122.2 a-H; e-H
C-f 132.9 133.0 a-H; e-H
g-H 5.99 S C-g 100.5 100.6 g-H
Hcoo™ 839 s HCOO™  164.6 - HCOO™

[a] Diastereomeric mixture of racemic N%-SFO-dAdo 12 or (R)-enriched-N%-SFO-dAdo 12. [b]

Unresolved multiplet due to a mixture of diastereomers. [c] Signals of 2’-H and o’-H were overlapped. [d]

Signals of 4’-H and -H were overlapped. [e] n.d. denotes not detected. [f] Signals were overlapped with

solvent. [g] Signals of 5’-H and y-H were overlapped. [h] Signals of 8-H and HCOO™ were overlapped. [i]

Selective decoupling of 2’-H or 2”-H. [j] Proton NMR spectra measured in an 800 MHz spectrometer.
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1222 # #% ~#4& $ (R)-(+)-Enriched-SFO 3 & 2-4 § Bﬁu%.-vé 10
2 F R

FHEAHASF(E)S & 22 % ijlﬂ%v,é 10 #72 =2 DNA “4c = & F~
N1y-SFO-dAdo 11 shptssn it & ¢ A A &5 2> A B £ 75k R 3¥tA
AR 2 S22 R A G 24bpt B Rl (diastereomer) o i A
NMR 2877 poigiheanid s B2 /gJe_F friB T eni % - 3 (Olsenetal.,
2005) o & 1 H B uipe A A Aot e (R)-2(S)-40 3 F
TR R AP ARG - HFFE S L RR BRSBTS R

L

12221 & = & & & F 2 (R)-(+)-enriched-SFO 3

OH OH
\ Hi. Hi..
AD-mix-A OH TsCI, TEA OTs
Methanesulfonamide DMAP, DCM
50% tBuOH, 0 °C, 30 h F;Z% h
0_0 86% 0_0 % 0O
1 13 14
H, O
K,CO3, MeOH
30 min
o) 23%
o

(R)-(+)-enriched 3

F W= ~ (R)-(+)-enriched SFO 3 en & = o

24



ANt /I’?% L2 EG R EMaE % L34 F 3 (Mohan and Rao,
1998) » & = 2 i A2 Bl 4c 3 Bz o 7 L ] *  Sharpless asymmetric
dihydroxylation & = it & $ 13> [a]® = +21.7° (¢, 0.003, CH,Cl,) » £ 4] * =
1% s 4p & 47 (chiral HPLC) » dtii- 2 H Hp fEE 7 » 5 5 96.0%
(percent enantiomeric excess)( "4 B = (a) )o e F_f it &4 14 »[a]®” = +12.5°
(c, 0.002, CHCl,)¥p 868 F A 5 £ 3 39.7% (B = (b)) o F 4l * £
BRrurp ki kA3t £ 3(CHBI= () TR R s v 5 221
optical rotation 4 %] 4 [a]® = +11.8° (¢, 0.003, CH,Cl,) + [a]® = -11.6°

(c,0.003, CH,Cl,) » $+pt 8GR F A & 5 393%:% Hod R utd 4 3

12222 2-3 % Hﬁ'u}.-vé DNA #4c = # $= (R)-enriched-N1y-SFO-dAdo 11

£ (R)-enriched-N%-SFO-dAd0 12 2. & PRET

y NH o HN
7 N/Y\©: N\ OH
¢ f\N % m - <N \ N/) OH o> (Nm
HOW o (R)-(+)-enriched-SFO 3 KOJ + Hoj o
OH

OH pH 7.4, 37 °C OH
2'-dAdo 10 (R)-enriched-N1y-SFO-dAdo (R)-enriched-N®-SFO-dAdo
1 12

FARI 22 F ks 10 2 (R)-(+)-enriched SFO 3 2 4 & £ #

(R)-enriched-N1y-SFO-dAdo 11 £ (R)-enriched-N°- SFO-dAdo 12 =& = -
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3 a GHY BER ep 1S
8 g 55% BE BB gg
I I &= Y v W

o, AL

(ppm) (ppm)  (ppm)

e

3 He¢
B8

— 100,86

—107.9

—100.%
&

<

(ppmy)

||] ||

SRELEBERES
EEEL CEEEEE)
e

—70.64
—68.54
—&1.5
—5 .43

] | I

T T T
170 165 160

T T T T T T T T T
185 160 145 140 135 130 125 120 M5

8 cwogy R o= g
8 gu3gs B 8y gl
I I == 1 h% W

Y W

(ppm) (ppm)

l.ﬂllﬂ

T T T T T T T
10 105 100 95 90 85 80

(ppm)
&8 &
] F8 B3
85 8 FERCE
11 | VoV

N

T T T T T T T T T 1
7 70 65 60 56 B0 45 40 3B 30

T
88.0
{ppm)  (ppm)

1L\ i

T T T
170 165 160

T T T T T T T T T
185 150 145 140 135 130 125 120 115

T T T T T T T
110 105 100, 95 90 85 80
(ppm)

T T T T T T T T T 1
7% 70 B85 B0 55 50 45 40 35 30

W -+ = ~DNA 4 = & # N1y-SFO-dAdo 11(F B ) £ (R)-enriched-N1y-SFO-

dAdo 11 ( + B) 2 *C NMR (500 MHz, de-DMSO) - 3 &) & F] -

2R 2 E#FI(R)/(S) 5 2:1 1(R)-(+)-enriched-SFO 3 |, e & 3g#p #7118 2.

DNA ‘e = & ¥~

(R)-enriched-N1y-SFO-dAdo 11 £  (R)-enriched-N®-

SFO-dAdo 12 7 3C NMR % # B3+ € § 2.1 canushis & - Fp ) »

(R)-(+)-enriched-SFO 3 £ 2°-3 § 5itsfed 10 F Jis ©
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500 (R)-11

S)-11 100
200 G- (R)-11
801

300 sl (5)-11

200 404

100 201

LA

0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
Time (min}) Time (min)

UV absorbance at 258 nm (mVolts) @

UV absrobance at 258 nm (mVolts) »

¢4

W+ = -~ DNA 4 % & # (A) NIy-SFO-dAdo 11 #& (B)

(R)-enriched-N1y-SFO-dAdo 11 z_ £ 4 % »xi% 4p & 17 ] -

R -+ = 7 25 3] (R)-enriched-N1y-SFO-dAdo 11 &3 4~ 2 et L2
4 21 HmuEiag B 7 02 2l N1y-SFO=dAdo 11 4 & stz @ s (R) &
(§) fmusL vyt 2 ehs iy Fg41% Chiral HPLC #7 AS-H (4.6%250
mm, 5 um) 2 £k 45 ¥ $1> & isopropanol/hexane % & 4p chik i% T = 5
hk Hr2bgtpt £ 48 N1y-SFO-dAdo 11 £ (R)-enriched-N1y-SFO-dAdo 11
Fru@EFLl B2l agnr (B+=2)-

7 i (%7 #5N%-SFO-dAdo 12 ¢ (R)-enriched-N°-SFO-dAdo 12 # #

& "C NMR £3# (BlL2 ) & LB F eRphitmgzss -
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—154.70
—152.26
14814
145,91
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—199.49
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7098

T T
108 10
(pp

T T T T T T T T T T
170 165 166 150 145 130 125 120 115 O) 95
m
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s} @& oo = & =3 -] =+ @ = oy o b — 0
= ool Dwn @ o o o @ [=] @ & @ = «@ Fo o
@ Wi FEo o] & w2 ==] 8 oo == = @ o
= ee ZZE = = == 2= = Ga 0 =R © P o
| (A I | I I NP Y =
-—T
8
{ppm)
L.l N J. ol \\.,m
M. oy bt o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
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FlLz - DNA 4= & $#-N%-SFO-dAdo 12 (™ B ) £ (R)-enriched-N®-

SFO-dAdo 12 (! @) 2 C NMR-(500-MHz, de-DMSO) 2 &) & ) -

1.2.23 N1y-SFO-dAdo 11 %4 Dimroth rearrangement £ 35 =
N®-SFO-dAdo 12

RipEd < JI%J%_P %% % % K~ ¥4 4 (propylene oxide, butadiene
oxide, styrene oxide)# 2’-34 ¥ H;jlv%vé 10 F w3 @ aoig 0 2°-3 % Hrjmv;%
¥ 10 F e NL S A8 F 252 N1-dAdo 4c 2 A 4+ & =% » E &
4 Dimroth rearrangement 2 = N°®-dAdo 4t & & 4 - Dimroth rearrangement

TE Tk

She

FORHSHIL R LEd s 4R 22 § ke 10 thn fRE £
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(recyclization) & # 3% + 1§ B+ (N % hf B3 (N) =% 23 (B~

7) 254 N°-dAdo 4r & & 4 (Kimetal., 2000)

N
J fg% ¢ ﬁ —< f)
o

HO
dR = 0

OH

W+ T ~ Dimroth rearrangement » J& %+ B]

_.0ee 258 nm 0.10 S
0.16 2 003 5 008
| 0 hr E 000 < 0.00
0.12 § 00 gﬂ:
1 S
-0.06 g 015
0.08+ 5-&09 ﬁ i
] 200 250 300 350 400 R
g 0.04 - Wavelength (nm) \ zu:/ wﬂe;effgm (n::_s -
R 0.00 A
N T T T T T T T T T T 1
© 0 5 10 15 20 25 30
Q
2 0459 supr
[
2 012+
2
0.08
S _ N1y-SFO-dAdo 11 NBy-SFO-dAdo 12
> 0.04-
2 ]
0.00 -%
T T T T T T T T T T T 1
0 5 10 15 20 25 30
Time (min)

W~ = ~N1y-SFO-dAdo 11 % 0.2N K,HPO, (pH 7.4)»37 °C = i& 7 Dimroth

rearrangement & i i # & N°%-SFO-dAdo 12 2. % »<% 4p & 47 B 2# o
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% 7 ez Dimroth rearrangement =5 J& > 2% i - N1y-SFO-dAdo 11 fe
B % 02N KHPO, (pH 7.4) eip i > £ 2. 37°C T 1% F s 4p B 17 R E
FREERFAR (B ) §RESETAVELTER24 FEET
- X # 7 N1y-SFO-dAdo 11 58 & # £ e + N%-SFO-dAdo 12 -

i styrene oxide (SO)& 2°-4 3 ij{v%vé F i) s 3 b e =R 44
(regioisomer) 4v = A 4= ¥ > 7 I3 styrene oxide >}t K B¢ 2-3 % H?t?—wé
T e F SFO B % #7245 L N1-#wZeA (N1-inosine, N1-dIno) e & &
4 = (B-+ - ) (Qianand Dipple, 1995; Selzer and Elfarra, 1996; Barlow

etal., 1997; Barlow et al., 1998) -

OH

NH
deamination </Nj\)J\N
N
dR
N1a-SO-dIno
NH;— CH " —
N SN
a-attack </ | N
NH RN N/) OH
|
¢ |\)N dR Dimroth NH
N">N7 Nla-SO-dAdo  Rearrangement =~ N-—~\y

5 O R ¢ A
N
b 2'-deoxyadenosine dR
N°®a-SO-dAdo

Styrene oxide
(80)
OH

D|mroth
B- attack Y f Rearrangement N SN
¢ J < g

HO NTON
. o dr
dR = N1B-SO-dAdo NSB-SO-dAdo

OH

W -~ = -~ Styrene oxide (SO) £ 2’-4 3 Hijlv;!}vé F AR5 22 DNA 4o =
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4 3 v (Deamination). # Nl1-alkyladenine :7DNA 4c = & =4 5 7

e B NL§ B AL el AR+ Y A2 4 1 T e (Shapiro and Klein,
1966; Barlow et al., 1997) - ix & 44>+ fj H 7 N1-alkyladenine inix 52 4 A
fveag v R E 22 ¥ ehl (Macon and Wolfenden, 1968) - ¥ #_ Styrene
oxide 7 DNA 4 = # = N1-(2-hydroxy-1-phenylethyl)adenosine #rzL% % %
BELF RN (BL ) FIdERPeAM L s KA 3 5 A e
SIEEFR R A ks S L TS B B - kfgan pKa 4piT
(Shapiro and Klein, 1966; Barlow et al., 1997) » #]}* N1la-SO-dAdo } -
BERT L RAE R ehd g A0 A e g e N1B-SO-dAdo Rl E_F]E
= Ha(steric effect) <+t - &fz @ % 4>>3 § L chig 7 (Qian and Dipple,

1995; Barlow et al., 1997) -

NH, _OH H,0

N +

¢TIy “NH, ngajﬁ «Nfﬁ” NN

N N/ —_— ITI N/ E— N N/) — <N ‘N/)
dR

dR 4R
N1la-SO-dAdo 0?<azolinium N1a-SO-dIno
ring system
HO.
dR = o
OH

W -~ ~ ~ Styrene oxide (SO) 2. DNA “4t = #& ¥ N1lo-SO-dAdo 2 % 75 =

Nlo- SFO-dIno z_ & B4 o
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N1-2 N°-sftefet o alkylation i % & AT sk hfefenR # M &
3 1“F o % (styrene oxide) 1 & F]5 AT—GC Ir#f & *c (transition) i
*endy F R vA - 5 X vEeh Bi L P b A & A pF (hypoxanthine-guanine
phosphoribosyl transferase, hprt) % % (Bastlova and Podlutsky, 1996) 14
% 1 N-ras gene codon 61 3 ¥ & % § 1 4~ ¢h NG—HﬁLv;%vé DNA 4c =& & 3
g = AT—GC I 4 ¥ = (Latham et al.,, 1993) - @ = = % (butadiene)
Bgot @ity £33 AT #k LA ¥en4s 3% (Sisk et al., 1994;
Recio and Meyer, 1995)- H ¢ x 1 Nl-ﬂfjlv%vé DNA 4v = 2 F 3R R 211k
N°-9fegrd DNA 4r & & 4= BN TR g 3 BF L N9tk 9 DNA 4e & 2

¥ & E_ 7 22 thymidine €% > & Nl-%%vé e A g g R A HEIER o

1224 %#% 5845 (1)-SFO3 &Eju%-cé (Adenine, Ade 15) 2_ 5 &

NH,

N NH NH,
¢ NT N N N
9N N/) < g < )N
H 3 NT>N NN
Y . H +
a @ Adem?e o <O
o] lo) (Ade, 15)
B ) OH
g <O o OH o e}
H7.4,37°C,72h
d P N3y-SFO-Ade 16 N9y-SFO-Ade 17
3 1.0% 2.4%

F WA~ RoEes 15 2 (3)-SFO 3 2 4 # & 4+ N3y-SFO-Ade 16 #

N9y-SFO-Ade 17 & & o
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A £ 008 Ade
c 4 N3y-SFO-Ade 16
2 0.06 X N9y-SFO-Ade 17
~N | /
© 0.04
[}
8 J
S 0.02-
Q0 4
o
g 0.00 —/\!\M
g d
-0.02 : N ; ; : ‘ : , 1 ; ‘ ; |
0 5 10 15 20 25 30 35
B
£ 0.08 - ‘ .
c 1 14.2 min  2' 3"-dihydroxysafrole Safrole 2' 3-oxide
Q3 0.06 |
N 4
® 0.04 -
(0] d
o 32.1 min
c 0.02 -
(V]
S 1
8 0.00 /\}-vw'* v
_Q 4
<002 J 1 ¥ J T ‘ T ‘ T |
0 5 10 15 20 25 30 35
Time (min)
(®) (D)
0.124 227 nm 0.104
260 nm
8 oos gl g 00
S S 0.0
o] 0
= 0.04- e
8 8 -0.05-
Q0 Q0
< 0.00- < -0.104
-0.15
-0.04 ; ; . . ‘ : . :
200 250 300 350 400 200 250 300 350 400
Wavelength (nm) Wavelength (nm)
by e 0
B4 ~ (A) ()-SFO 3 g2 9feh 15 o pH 7.4, 37°C T F fi 72 /| 52 (B)

(£)-SFO3 tpH 7.4,37°C & & Jis 72 /|- pF2_ B »xi 40 & 17 B34 - (C)4e & A&
# N3y-SFO-Ade 16 &2 (D)+r = & 4 N9y-SFO-Ade 17 2 UV w sk 3 ) -

ESR U =) N3-H;j1v;1;vé DNA “4c = & 4 » S # a;ju;ﬂwpé 15 ¢

g (£)-SFO3 ted iE 2T (pH7.4,37°C)F s (GXW=) 72 [ ¥ - K3

P kTR (B4 DBREI AF TR (k=186 min & t=22.7 min

6
(B=+)>

A BATA X ATE o SRR TRESRE R A S

28

= E'

v 1 AR AT R PR RY (M2 =

33

fr'r%—'ﬁ’{



314—136) » £ 3 I UV B4tk & [Ama = 271 nm (16) ~ 260 nm (17)] 2

(+)-SFO 3 & H!jiv%v/% 15 F e = R 4 b (regioisomer) . FJpt 24 i 4 BT

$i20 B DNA S A4 0 5it- 417 P RS ie 7 S ae -

(A)
3141 136.0
a0 full scan ;::}produc( ion scan
200 M=313 226 -
NHy <}‘ Jf:j
SN N
¢ ) m/z 136 o
! o oH >
Py b .
g 16
314.1
£
TSR R A L Liccnan .l pllige . ... ol
(B) ™ e R B Wm0 s M B e b W W A% R R0 % o m v w0 @ @ b # ™ _m W g
314.1 136.1
S |
full s¢ 11065
200 M=g:2 NH, ,3:.5 product ion scan
20 N cous
AL -
220 3008 Ny
koo 01 0
wal ° o i o 5 m/z 136
E 1ee 5 5o 17
| Ll | S ﬂ ”J
R 7Y VI W FTRL. NURV.Y, SO ekl L | l \ \

W=+~ 42 3 N3y-SFO-Ade 16 = N9y-SFO-Ade 17 & &+ #3872
TR -
1.2.241 DNA 4t % & $ N3y-SFO-Ade 16 2 B # %
FABLSAS 16 2 H NMR £37 (4Fl- 2 e)t F486=
8.01 {fr 7.86 ppm A %] % i Wuked b 1 2-H fo 8-H» F1 L 4452 fr et
Ip AR b 2-H ehi B gt 8-H ehin R e S (lyer etal., 1994;

Krouzelka et al., 2008); # ¥ & ¢ DEPT (*¢®l= + =) f+HMQC (*¢®l = +
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N) 2 %GBT S PCNMR kB 8 =6 = 1433 v = 152.3
ppm =k ® fL (methine, -CH) 4 %] 5 C-2 {r C-8-i- ¥ =4 51189 2 » &
A EJEd 4o % A% 16 S HMBC %38 (F= +-) 1 & 8-H (Jow’i)
2 2-H ("Joi;33) iy & (coupling)#-H %% E:]ui Zed 15+ enC-50 pit Hix
#% &2 styrene oxide léi’ﬂijlv%vé 15 ede 2 2 = 3-(2-hydroxy-2-phenylethyl)
adenine (C-5, 6120.3)4p i7(Krouzelka et al., 2008) °

i - 9 iz g5 3-(2-hydroxy-2-phenylethyl)adenine (C-4, 6 149.7; C-6, &
155.0) (#z) ehE &Mt & A3 P8 =8 61482 25 C-4
By - RBitE#H 5156.7 @5 C-6> Fri¥ HMBC %3 C-4 (0 148.2)
21 2-H (Cdop;ie )iy £: C-6(5156.7) 22 2:H (Ucp) % 8-H (ep) et &
FEin C-4 22 C-6 chagianth@ »@m F# C4~C5-C-6 23 2 FFfry -
B2 L 22 A HMBC k2@l ® @ ¢ 35— & oy B & (C-4
¥8-H) Jyamz s e e “Joy (C-5 %+ 2-H ; C-6 %4 8-H) & & a8t > &
W g 4 F i AT AR F g sRiR & (hybridizations) & 2 @ %

%2 frig = (R. M. Silverstein) -
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NH,
~N
6 N
s 1 °J,
H4N o a
N8 o)
>9
OH ¢ S
d
16

120

125

130

135

-140

145

-155

160

Bl= -+ - ~DNA 4r = & ¥ N3y-SFO-Ade 16 22 HMBC (500 MHz, ds-DMSO)

L -

§95F B B E B4 52.58-2.60 213 52.89 ppm & HMBC & 3
g CasCe~Cf iy g A A u e ia-H fo o’-H> ¥ F Hd DEPT,
HMQC 12 HH-COSY (*{Bl= ~ =) S X%\ 7 22 ihit 8 =85

3.99-4.03 {r4.35 4% 5 ¥ — 247 & (methylene, -CH,) y-H = v"-H -
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Bisdy-H 4o y"-H 2 C-2 4o C-4 & HMBC k3 + chig £ 25 >

maesg 4e s A 40 16 N3 i ¥ alkylation -5 N3y-SFO-Ade °

4 = ~'H and *C Chemical Shifts (8), Spin-Spin Coupling Constants, J,; 11 (Hz)

of Protons, and Long-Range C-H Correlations (HMBC) in N3y-SFO-Ade 16.

proton 5 (ppm) multiplicity Jun (Hz) carbon & (ppm) HMBC 5 (ppm)!
correlation(s)

2-H 8.01 s C-2 1433  2-H;y-H 143.9

8-H 7.86 s c-8 152.3 152.3

NH, n.d.[ C-6 156.7  2-H;8-H 155.0
C-4 148.2  2-H;y-H 149.7
C-5 1189  8-H 120.3

B-OH ndF

a-H 2.58-2.60" m C-a 40.4 e-H; a-H

2.89 d -13.2
B-H 3.99-4.03 m C-B 68.4 a-H; y-H
y-H 3.99-4.03 m Cy 54.1 a-H; 2-H
4.35 ddd 7.7:7.9;-19.6

a-H 6.88 S C-a 109.7 a-H; e-H
C-b 146.9 g-H; a-H
C-c 1454 g-H; e-H; a-H

d-H 6.87 d 7.9 c-d 1079  d-H

e-H 6.76 d 7.9 C-e 1222  o-H;a-H
Gl 1325  o-H;a-H

g-H 6.00 S C-g 100.5 g-H

[a] n.d. denotes not detected. [b] Signals were overlapped with solvent signal. [c] Signals of
v-H and B-H were overlapped. [d] Chemical signals of 3-(2-hydroxy-2-phenylethyl)adenine

(Krouzelka et al., 2008).
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12242 DNA 4= & ¥ NIy-SFO-Ade 17 2. B2

70

80
-90
+100

110

+120
130

140
150

=160

o Iy Eiciolo S o e i

€--

e

“e

|
'
1
1
1
1
1
|
1
|
1
1
!
|
1
1
|
1
]
1
1
1
'
|
'
1
v

vV
t 3
v

.
%

<~
iH,—C

H
X H,; H,—C4

Hg—Ca<----

e
VIR

| [<-*H—>Cs

——d

2

80 %5 T0 65 60 55 B0 45 40 35 30 25 20

8.5

(ppm)

~DNA #4r = 2 = N9y-SFO-Ade 17 2z HMBC (500 MHz, d;-DMSO)

-+

)

;]é

;%? Bg] o

¥
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'"HNMR kB (4Bl -4 ) 5 =4 58108024712 4 &)
5 Mgt 15 1 2-H - 8-H fo NHp st » 2 ¢ S HMQC (il =
) kY E2H® L= 501522 iz s C-20 ¥ ¢hjg _ HMBC
(Bl= L) k3#7? & 8H § Jon B £ 14 &= 51415 h= sl

(DEPT ; *t®l=+- )% 5 C8-

4 7 ~'H and °C Chemical Shifts (&), Spin-Spin Coupling Constants, J,; 1 (Hz)

of Protons, and Long-Range C-H Correlations (HMBC) in N9y-SFO-Ade 17.

proton 5 (ppm) multiplicity Jnn (Hz) carbon & (ppm) HMBC 5 (ppm)™!
correlation(s)

2-H 8.10 S C-2 152.2 152.3

8-H 8.02 S C-8 1415 v-H 141.3

NH, 7.12 C-6 155.8 2-H 155.9
C-4 149.6 2-H; 8-H; y-H 149.6
C-5 118.5 NH,; 8-H 118.5

B-OH  5.12 d 5.5

o-H 2.57 dd 7.0;73;-138 C-a 40.6 e-H; a-H

2.67 dd 46;4.9; -13.7
B-H 4.00-4.02" m C-B 69.5 a-H; y-H
v-H 3.98 dd 8.2;-13.0 C-y 48.7 a-H
4.15 dd 2.6;2.7,-13.0

a-H 6.81 d 15 C-a 109.7 a-H; e-H
C-b 146.9 g-H; a-H
C-c 1454 g-H; e-H; d-H

d-H 6.80 d 7.9 C-d 107.9

e-H 6.68 dd 7.9;15 C-e 122.2 a-H; d-H
C-f 132.1 a-H; a-H

g-H 5.95 S C-g 100.6 g-H

[a] Signals of y-H and p-H were overlapped. [b] Chemical signals of

9-(2-hydroxy-2-phenylethyl)adenine(Krouzelka et al., 2008).

okt b ow gk (C-4, C-5 2 C-6) ehiv F =4 ald HMBC 3% Bl
Uen2 B &ML 1 (1) M E B 5149.6 e 2-H o 8-H 2 *Jey

C-4:(2) % =4 51185 k22 8-H 4o NH, 2 *Joy i &
39
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A 2 A C5; (3) 4 451558 cpder 2-H § %Jep i & » @ 2 &7 8-H
£ Jonehin &g A BH 5 C-6 0 ty-H e y’-H (53.98, 54.15) 7]
4 DEPT » HMQC ~ HMBC 4= H,H-COSY £ B (‘HB= -+ -) %4 >
Fp fiy'-H foy"-H 22 C-8 v C-4 & HMBC sk 3 + ehiy £ 2085 ¥ AR %

peiv £ 5 R E N9 =¥ alkylation e N9y-SFO-Ade (% 7 ) »

1225 F H F A A2 $F ()SFO 3 & 2-3 § 5 kK &

(2°-deoxyguanosine, 2°-dGuo 18) 2

N
NH
e
[ N N/)\NHZ
o $
(6}
on OH
v NH
a @ 2'-deoxyguanosine 7N N
o 0 (2-dGuo, 18) |
0l 8 AL
d pH7.4,37°C,72h
3 N7y-SFO-Gua 19

16%

W= ~2-4 3 5 £ Leb 18 22 (1)-SFO 3 2 4r = A& = N7y-SFO-Gua 19

£ o

BEHEABAS(E)SFO 3 &2 2-2 §F K Ees 18 A MiEET
(PH7.4,37°C) F 72 /[ p&% (XMW= ) B retp k17 ° (M- - =)

BRIFGHEG:=205min - LE372 $2 k74 BE B fI¥



TS N AL TS TREE mz330 (Bl L) A UV
Joh £ A =285 NM > $2BlE7 5T RpEZ L EBrb e R A > BE R

e ARt R TS B PRSI REFE T R HET

(A) "
0.08 - 2T N7y-SFO-Gua 19

0.10 269 nm

0.06 —

0.05:

1 $ 0.00
0.04 — Lo0s
£0.10
045

200 250 300 350 400
Wavelenth (nm)

0.02

0.00 - M\ M

0.02 TR — —
0 5 10 15 20 25 30 35

PO )

Absorbance at 260 nm

B

~

0.08 ,
| 142min o 3 gihydroxysafrole  safrole 2',3"-oxide
0.06 —

0.04 —

002 32.1 min

0.00 1 /\J\-m/‘ v A

0.02 —_— —_—
0 5 10 15 20 25 30 35

Absorbance at 260 nm

Time (min)

W= L= ~(A)(#)SFO3® 22 5 § Evier 18 4 pH7.4,37°C * £ &
72 | pE22(B) (£)-SFO 3 tpH 7.4,37°C © £ Ji 72 /| B2 % »cie 4p & 15 )
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152.1 0
s 15 d
0] | full scan 4] Production scan oH
| M=329 /o\
e 1365 !
N wn M2 152

266 0. 1265 % f
. m <N N’*Nﬂz

) o tres 19

NH 100

98
oA N 330.1

330.2

mmmmm

W= Lz ~ DNA 4= 24 N7y-SFO-Gua 19 & 3+ #5538 7 2 T w5 73R
TR -

12251 DNA 4e= & ¥ N7y-SFO-Gua 19 2. S &2

145 2 ;g%i styrene oXide 2 N7-§ & #Zed 4v = & 7 2 3 > 24P K-
N7y-SFO-Gua 7 'H NMR-k # 2+ ("Bl= L2 ) tHi=48% 5627 4v §
7.79 s gis w75 NH, fr8:H(Novak et al., 2004) » i ¥ j£_ HMQC
L@ (CHBZ L ) 8-H 226 = 148.3 ppm 2 % % # % C-8 v
5. (HBl= - 2 DEPT %£3M®) - d - -7 2 HMBC £#B& =
159.8 ppm 4 = 108.2 ppm 2 8-H 2 )y 1% & 28, A u] 20 MEHEF
B 51598 LARASS BF R 2 CABBRERS 01082 5 pas- B

§ R+ 2 C5-
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o
gg ¢ .
T 0
d e P
HO N~ B NH
LT
N"4>N"2"NH,
19
a NH \
| d B ] a
T 1 U R
1 1 IS AR
S— — -30
] A T
o . ’ '
i i | RS- &
: - -e 70
p— E E
| -90
i 100
g 1
R >'.§1§__C__.__‘ ———————————————— ) Hyy—GCs 110
il $
© TN AR I S N N G U I e 130
o | T e i c. Hy—Clu
- "-1. ——————— e e I """"""" ) I-L Y 3 s
bS]
T | 160
= e 170

Bl= -+ I ~DNA 4r = & ¥ N7y-SFO-Gua 19 22 HMBC (500 MHz, ds-DMSO)

L -

4 d HMBC %3+ & =2.64 ppm 4= & = 2.52-2.55 ppm £ C-f
(6132.4,%)cy) ~ C-a(5107.9, 3Jcyy) %2 C-e(5122.2,%)cy) ehif & 208 > 4
EHAWEMES 19+ 1,3-benzodioxole A B F ha’-H fr o-H > Fpt

‘ﬁ d H H-COSY 7":;‘&( ‘f]‘?]}_ L = )\:‘ l;,ii OL’,OL”-H 1 R ME T :7‘\_"31%: B'H
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it F i £.03.97-4.01: tfet2 b ¥ - BEp-HE 2 §y=3.97-4.01
ppm £ oy = 424 ppm R E G y-H Ey-H o T8 e EER C sopd
C-y(652.0)%= HMQC k¥ B " 7 & & » St ikdy y-H fv y"-H £ § &
ed b C5 4o C-8 2 Yoy 8 L35 » FE Tt 4 & A % 5 N7y-SFO-Gua

(%\'7‘\>°

% = ~'H and °C Chemical Shifts (&), Spin-Spin Coupling Constants, J,; 11 (Hz)

of Protons, and Long-Range C-H Correlations (HMBC) in N7y-SFO-Gua 19.

proton d (ppm) multiplicity Jun (H2) carbon & (ppm) HMBC
2-NH, 6.27 S 2-C 152.8
8-H 7.79 S 8-C 143.8 8H;yH
4-C 159.8 8H
5-C 1082  8HyH
6-C 154.8 8-H
B-OH n.d.?
o-H 3.96~4.00° m a-C 4036 a-H;e-H
2.64 dd 2.7;2.2;13.8
B-H 397~401° m B-C 70.2 v-H; a-H
y-H 3.97~4.01° m y-C 52.0 a-H
4.24 dd 7.4;17.6
a-H 6.79 S a-C 107.9 a-H;o-H
b-C 146.9 g-H; a-H; d-H
c-C 145.4 g-H; e-H; a-H; d-H
d-H 6.78 S d-C 109.7 d-H
e-H 6.65 d 8.0 e-C 122.2 a-H; a-H
f-C 132.4 a-H; a-H
g-H 5.94 S g-C 100.6 g-H

°n.d. denotes not detected. °Signals overlapped by solvent. ‘Signals of B-Hand y'-H

overlapped.
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1226 % #% fN#A & (2)-SFO 3 & 2-4 § *z e (2°-deoxycytidine,

2°-dCyt 20) 2. F J&

NH,

(Y
N/go o
HO
o
Y N
a ¢ OH HO
<O p © 2'-Deoxycytidine o

% e (2'-dCyt, 20)

pH7.4,37°C,72h N3y-SFO-dUrd 21
3.8%

SW A~ 2-4 § e eRex 20 8 (+)-SFO 3 2 4r & & 3+ N3y-SFO-dUrd 21 £

£

#F HE N HA P (+)-SFO 3 & 23 F e eper 20 4 J2iE 2 T (pH
14, 3°C)F 72 1 PF (AR ~) @ e Ap 17 @Y (Bl -2 ) B%
FFFTRERE(R=225min 5 - 2 8372 22 k474 HE S T
WA #E 8 A 5 £ o1 7 N3y-SFO-dUrd 21 2.  j=+* 5 0 m/z 407 ([M +
H]"), 291([M - 2’-deoxyribose + H]") (Bl= + =) » ¥ Mzt it £ 4 21
Bt (£)-32 (5 DNA e & 24 0 Fp AP Bk p k45 KA A

WA IR PR R RET
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0.05. 264 nm
A ' 0.00-
( )E 0.08 - 2 -dCYt & 005
(o /| ‘% +0.10
o 0.06 - 2 015
[(o] +0.20.
,.N_, 1 200 250 300 350 400
[ 0.04 - Wavelength (nm)
8 1 N3y-SFO-dUrd 21
c 0.02
®
E 0.00 —,{k-vl[\ A
g ] v
Q
< -0.02 4 T ! ; T T I 1 ! 1 ! I
0 S 10 15 20 25 30 35
B
( )E 0.08 14.2 mi
c 1 2 2' 3'-dihydroxysafrole safrole 2',3'-oxide
o 0.06
©
Q J
% 004
8 002 32.1 min
® J
€ 0.00 M A
a | v
Q
< -002 1 T L T T ‘ T T T 1 \ 7 1
0 5 10 15 20 25 30 35
Time (min)

W= L+ ~(A)(2)-SFO32.2-2 5 zeieg 20 2 pH 7.4,37°C T F J& 72

e (B) (£)-SFO 3 wpH7.4,37°C ® & Jis 72 | pr2_ % »cite 4p & 45 )

111:\4
o
o

407.2 291.1
##1 product ion scan

i 5
BeRPE
1.3e5 N *.() o
HO ~
m/z 391

%1 full scan
s25i M = 406

o

OH 21

Infensity, cps

272.8 407.3

30 1a0 10 180 200 230 230 280 260 W00 a0 G40 0 280 400 420 4d0 460 40 600
mmmmm

W= ==« DNA 4% & % N3y-SFO-dUrd 21 & 325 #7582 3 of JE ¥
P -
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1.2.2.6.1 DNA 4e= & N3y-SFO-dUrd 21 2 S &2

w2 }‘?&J 5 AFE > kI “BrA F propylene oxide (Solomon et al.,
1988) -~ ethylene oxide (Li et al., 1992) ~ butadiene oxide (Selzer and Elfarra,
1997) Fv styrene oxide (Barlow and Dipple, 1999) £ 2°-3 ¥ %z eigex F
oo A& € A5 N3-Bik 2°-3 § weeferte S A F > B FEFTI 4 AT
F ;% & N3-B- i e 2°-4 § Fiefee d > 'H NMR e (' B =
1) Eg A Es 20 B (singlet) 0 NHp gL > jiz ok b 7 rde
R E AN R -2 5 e DNA S R A > T (73 4 &
v B fe )= N3-B~ ik e 2°-3 R ripe(2°-deoxyuridine, dUrd) DNA 4c =
# 47 N3y-SFO-dUrd 21 (Koskinen et al.,; 2000a) -

DNA “c & & 3 21 3258 4p R 4Edem b4 > F °C NMR £33+
RIS ERht E s e H e g At AL 21 i
2-deoxyribose } & hit B i hd s g ¢ Frehte R F P 11 ALy =
6.18-6.21 ppm £7 &c = 85.08; 85.14 ppm = {3 ELA W 5 1-H ¥ C-1"»
#¥d HH-COSY (Ble + = ) 1-H ol < R % Bdeir B 2 )
2’-H (6 2.07-2.22) ~ 3-H (0 4.26-4.29) ~ 4-H (0 3.83-3.84) 4= 5-H (6
3.57-3.65) =B o 3 F ¥ _DEPT ("¢ Bz + - )~HMQC ("4 Bz -+ =
Fv HH-COSY (*flle + = ) kI3 4p® & amaiiv e d g chit §i»
# o =5.75;5.76 ppm 2 5, =7.91; 7.92 ppm 1?1 % gl it B = 4% 6= 100.9
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ppm £ & = 138.68:138.74 ppm 4 %] i Fiepez_ (uridine)  «H5-H £ 6-H
ME CH58C6;H? 6-Henmug 1 & 5d H ¥ 2-deoxyribose + 1 1’-H
3 Jonm &@ 5-H L W SAER e EEAL I B RS RE S
TR0 AU E A - A2 e SRt e 5-H & 6-H RIS A G

s & 11 ensd ' g% (doublet) o

E&L/& OH e Z>g
"ONS

4'3 1

, 21
OH 2

30
L 40
50
60

80
90

100
. 110
® -120
-130
140
®Hg—>Cy =—--===---m---ssmoooo-e + H.o—Co 150
160
170

€-mmmmmmm s b

C e - - - -
1 (ppm)

80 7.5 7.0 65 60 55 50 45 40 35 30 25 20 15
(ppm)

W= + ~DNA 4 & & 4 N3y-SFO-dUrd 21 2. HMBC (500 MHz, ds-DMSO)
L -
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% = ~'H and °C Chemical Shifts (8), Spin-Spin Coupling Constants, J,; 1 (Hz)

of Protons, and Long-Range C-H Correlations (HMBC) in N3y-SFO-dUrd 21.

proton ! 5 (ppm) multiplicity ~ Jyy (Hz)  carbon 5 (ppm) HMBC
Correlation(s)
C-2 150.71;150.73  6-H; a-H
C-4 162.21;162.23  6-H; a-H
5-HM 5.75; 5.76 d J=81Hz C-5 100.9 6-H
6-H 7.91;7.92 d J=81Hz C-6 138.68;138.74  1-H;5-H; 6-H
1’-H 6.18-6.21 m®! c-1 85.08; 85.14  2"-H; 1-H; 6-H
2.2"-H 2.07-2.22 m c-2’ 40.4
3 -H 4.26-4.29 m c-3 70.13;70.19™  2-H
4'-H 3.83-3.84 m C-4’ 87.4 2-H
5, 5”-H 3.57-3.65 m C-5’ 61.11; 61.13M
OH 4.80
OH 5.09
OH 5.30
a-H 2.62-2.63 m C-a 40.84; 40.90  a-H; e-H; d-H
B-H 3.95-4.041 m C-B 67.9 y-H: a-H
y'-H 3.69-3.72 m C-y 46.01;46.07™ a-H
y'-H 3.95-4.041 m
a-H 6.83 d 1.5 C-a 109.53;109.56"  -H; e-H
C-b 146.8 g-H; a-H
C-c 145.3 g-H; e-H; a-H
d-H 6.81-6.82 mt] c-d 107.8 d-H
e-H 6.69 d 8.0 C-e 121.93;121.95  -H; a-H
c-f 132.67;132.71  o-H; a-H
g-H 5.99 S C-g 100.5 g-H

[a] Diastereomeric mixture of racemic N3y-SFO-dUrd 21. [b] Unresolved multiplet due to a mixture of
diastereomers. [c] Signals of B-H and y"-H were-overlapped. [d] Two sets of singnals due to a mixture of

diastereomers.

‘v &2 21 F e 1,3-benzodioxole A B B-H thit B =8 40

3.95-4.04 ppm B] ¥ ¢ HMQC k2 = spd C-B (0 67.9) #iy & % ) >

B % HH-COSY ek 2 131 22 B-H 4p 482 y'-H (53.69-3.72) 5 v"-H

(53.95-4.04) # o-H (52.62-2.63) a2 2 % # ; @ a-H S8 7 11

- %57%%’ % HMBC 3% ¢ £ C-a (6109.53; 109.56) ~ C-e (6121.93;

121.95) fr C-f (5132.67; 132.71) + i & e 3aw 5 3

IZHLOI}‘]LL
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¥ 2 gEd HMBC k3 C-24r C-4 82 ¢ -H fr y'-H Firgate % 4 4 21
» 2-3 ¥ Feee b N3 =¥ alkylation 7 N3y-SFO-dUrd 21 (Rl= + ~ {c
3 =)o
2 )glej FEGd o G A BPE & ethylene oxide #72) & £ N3-B~ i+ 2’
3 % reeper DNA e 257 10387 p g iad 5§ 210 aaN3-B- X a2
2 § fiemeg_ (2°-deoxyurdine, dUrd) £ 3 & & <02 £ F & (Lietal., 1992
Solomon et al.,, 1988) - @ d propylene oxide #73j= 3 N3-(2-hydroxy-
propylyuracil =7 2°-2 5 Jiefieg. DNA 4= 2 3 Al & 5 RFplEoG 3
(Snowetal., 1994) » ] & 2’-3 % "eepeg N3 ¥ 30 & £87 3 4217 iz
B T Az w Rk A IBRFEE ¥ 5% GC—AT transitions # 4 GC—
TA 4= GC—CG transersions (Zhang et-al.; 1995) > @ BT % 7 % IR » fiL
58 4 mre (mammalian cells) 3 B~ enig 44 ¥ % & 3 £ uracil
glycosylase st > F]pt ¥ 14 '*,f N3-(2-hydroxypropyl)cytosine =57 DNA

e A g e B pram i H “f-i % s v gouracil 4c = 2 = (Plnaetal., 1999)-
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1.2.2.7 % #4 S #AF (£)-SFO 3 #5 3eyer (Thymidine, 2>-dThd 22)

LF

a o A OH HO
<o p © Thymidine o
AN . (dThd, 22)

d N3y-SFO-dThd 23
pH 7.4,37°C, 72 h 1 29,
. ()

4 5 Rt 22 2 (+)-SFO.82 4o 4 1 N3y-SFO-dThd 23 e = -

R R RHA S (2)-SFO3 LaReg 22 A iR 2T (pH 7.4,
3°C)F e 72 ) PE (FUBIN) BRI A TR (Rl- L 4) BET
FGEEG=236minG - L BFA X2 KT MR R B TR
Pript g A oo 5 £ FIN3y-SFO-Thd 23 2 i+t 51 m/z 421 ([M + H])
fo 305 ([M - 2°-deoxyribose + H]") (Bl = +)> ¥ g gyt i £ 4 23 5 3¢
(£)-3 2 {6 I DNA e = A fo > TRt A4 F o dp k17 RA S E A S

S AR S 7 PR K SR R R
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(A) £ 008 2-dThd ot I 11

c | §»0‘05

o 0.06 A ‘E -0.10

8 ' §-0415

200 250 300 350 400

8 | Wavelength (nm)

% 0.02 - N3ﬂ/-SF/O-dThd 23

el

o 0.0 M\ WJ

@

2 ]

< -0.02 | ; : I T T T T T T 1

0 5 10 15 20 25 30 »
(B)

e 008 -

c | 142 min 2 3'dihydroxysafrole ~ safrole 2',3-oxide
< 0.06 -

©

~ .

w® 0.04 -

q) 1

. g— 32.1 min

c 0
3 ]

S 000 —’{LVT‘—‘\( -

?
- 1
<C -0.02 : i T T T T T T T T 1

0 5 10 15 20 25 30 35
Time (min)

Fl= 4~ (A) (£)-SFO 3 82 5 ¥ulipe22 & pH 7.4, 37°C = & i 72 |- pF &2

(B) (£)-SFO 3 & pH 7.4,37°C = F Jis 72 [\t 2 % »cite 4p & 45 BI3# o

4211 305.0
2o full scan | product ion scan
M=420
0
9 o
| > \6‘“ >
\i&io OH I 4 J§0 OH

HO s550a] HO_ 0\_. m/z 305
i oH B i o 3
= =
z g 286.8

421.2

o a0 180 180 200 230 240 280 280 300 330 340 380 58D 400 a0 Ak 480 480 460
mmmmm

W=+~ 4 F 4 N3y-SFO-Thd 23 &t 3+ #58 T 2 Lo E 4L T B
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1.2.2.7.1 DNA #c = & = N3y-SFO-dThd 23 Léﬁ_gji

DNA “c 2 g4 23 525440 B4R £ 4 > F12* °C NMR 3%+
Mg R et e s N R e § AL AL E S 23
2-deoxyribose } & eni* B A Ad me ¢ gt AP 11 FERLOy =
6.15-6.19 ppm 2 & = 84.63; 84.73 ppm 4 B 5 1-H > &% 4 H,H-COSY
(Ble L= ) e T-H ehfp bl 2 % B4 A 24 2-H (5 2.08
—2.24) ~ 3-H (04.21-4.24) ~ 4'-H (6 3.75-3.77) 4= 5’-H (5 3.52-3.60) =773t
5o & F JCDEPT (i Hle -~ ) v HMQC (*ifMle - ~ ) k%3 4piy
Eaa gLy g A RE R sy | FEH a6 5= 179 ppm ;s o =
12.9 ppm ¥2 5, = 7.7 1 ppms 6c = 134.48;134.53 ppm % *9 eiez_ (thymidine)
P enCH; 2 6-H: # 7 6-H e BLa £ & d B 2 2-deoxyribose * =7 1'-H
F %don 1 & F MR

‘e A2 F 23 1+ e 1,3-benzodioxole A B B-H it B 28 A5
3.90-3.98 ppm B &4 HMQC k2 = s C-B (5 67.9) iy & 2 1) >
e P & H,H-COSY sk iy 137 22 B-H 4p a8 2 y'-H (63.67-3.71) s y"-H
(53.90-3.98) ¥ o-H (52.56-2.57) 4p Rk 2. 2 % % ; @ o-H 3BT 1L 2
- %’gd H A& HMBC &3 ¢ &2 C-a (0 109.46; 109.49) ~ C-e (6 121.86;
121.88) - C-f(0132.62; 132.67) F ®& & T §LF 1L Fg T o F] Pt e 15 24 i

¥ LfEd HMBC k3t C2 o C-4 &2 y-H fr v'-H Fignse % A% 23
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3 593t N3 ¥ alkylation 7 N3y-SFO-Thd 23 (W= - - foi ) -

\fl/& OH e Z>g

HO 5
4| 3'0 1-
, 23
OH 2
HCOO™ 5
CH;
6
cH— 10
+20
30
L
T . '40
Qg+ ]
Sl 50
; 5— +60
31—‘ '70
e o 2
4—j 90 £
B, 9— 100 =
il
5o €----=-----t- s R e N O 110
a7 ; ' CH;—C4
e— o ' : 120
. v ' 130
f6:‘ e ookl et mheiay Hi—Ce : Leao
b C= 2° 3 v - ‘
i B e b i ci i S i s i T Hyy=C; 150
v Vv
_ SRS ) e ) ) S | E—— H‘\/"Y"—>C P ‘160
HCOO, 4 < 4
Hs—C4 CHs—C4 170
85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15
(ppm)

W= -+ - ~DNA “r = & ¥ N3y-SFO-Thd 23 2. HMBC (500 MHz, ds-DMSO)

L -
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# ~ ~'H and “C Chemical Shifts (), Spin-Spin Coupling Constants,

Jun(Hz) of Protons, and Long-Range C-H Correlations (HMBC) in
N3y-SFO-dThd 23.

proton 5 (ppm) multiplicity ~ Jy. (Hz)  carbon 5 (ppm) HMBC
Correlation(s)

CH; 1.79 s CH; 12.9 6-H; CH;
c-2 150.61;150.64!  6-H; y-H
C-4 162.91;162.93  6-H; y-H
C-5 108.4 CH,

6-H 7.71 s C-6 134.48;134.53  1-H; 6-H

1-H 6.15-6.19 mt] C-1 84.63;84.73  2-H

22"-H 2.08-2.24 m C-2’ 40.4

3-H 4.21-4.24 m c-3 70.15;70.21  2-H

4-H 3.75-3.77 m c-4 87.3 2-H

5, 5"-H 3.52-3.60 m C-5’ 61.2

0 4.72

OH 5.01

OH 5.23

a-H 2.56-2.57 m C-a 40.90; 40.96  e-H; d-H

B-H 3.90-3.98 m C-B 67.9 y-H; a-H

y'-H 3.67-3.71 m Cy 46.24:;46.301 a-H

y"-H 3.90-3.98 m

a-H 6.76-6.77 m C-a 109.46;109.49"  o-H; e-H
C-b 146.8 g-H; a-H
C-c 145.20;145.22 g-H; e-H; a-H

d-H 6.74-6.75 mt® C-d 107.8 d-H

e-H 6.61-6.62 m C-e 121.86;121.88™  o-H; e-H

6.63-6.64 m

[oF ; 132.62;132.67"  -H; a-H

g-H 5.93 S C-g 100.5 g-H

HCOO™ 8.12 s HCOO  163.1

[a] Diastereomeric mixture of racemic N3y-SFO-Thd 23. [b] Unresolved multiplet due to a mixture of
diastereomers. [c] Signals of B-H and y"-H were overlapped. [d] Two sets of singnals due to a mixture of

diastereomers.
1228 f1* RIEF 2R HFFWI R E T TR ESRe MTH2 LR
i ASAS» SFO32Z DNAe = 2t gip end 2 £

N3- ~ NL-/N®-3 i 2 s efoh 4o o A 4 82 N7-Bo 82§ J ook 4o & 4 4

ARy AHAEF E EVIEDNA F g2 <2405 2 DNA = 2% (4
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- ) FREARF PR S BB ARA 50 DNA 4cd 24 > FpL A
$ 4r & & $ N1y-SFO-dAdo 11 ~ N%-SFO-dAdo 12 - N3y-SFO-dAdo 16
N7y-SFO-Gua 19 § = 2 3 ik > f1* Tk = Z 3 »uirip 1724
PEHLR BE I A 4T E B N BPA Y SFO3 2 DNA 4v = & 4~ 4 22 48

oh g o

|l

o

12281 & 3k =% % 22 P % ¥ & [°Ns]-N1y-SFO-dAdo 11 ~

[°Ns]-N°%-SFO-dAdo 12 $=[°Ns]-N7y-SFO-Gua 19

3 HIoN 5
ST LD on_ig OH 5
N 15N/) a o 12/ | >
1
[5N;]-dAdo 10 HOW o Ho NTIEN
+ :O:

OH

OH
D/\@0> pH 7.4 [°N5]-N1y-SFO-dAdo 11 ['®N5]-N®y-SFO-dAdo 12
(6]
o 37°C

O

3 —_—— ()r
[5N]-dGuo 18 9
15N

HO °NH
<]

15N 15N/ 15NH,
["®Ng]-N7y-SFO-Gua 19

AW AR E T2 PR # 5 [PN]-NLy-SFO-dAdo 11 -
[°Ns]-N°%-SFO-dAdo 12 4-[°Ns]-N7y-SFO-Gua 19 14 = o
P RRTP AR TRA R TR W AR

FHFAHAS 3 AUED Lk R [N]2-4 § ke

56



([°Ns]-2-0Ado 10)8r [NgJ-2-2 § § J et ([°Ne]-2-dGuo 18) t4 52

f':"r",’{—r (pH 74, 370C)F)'T%72 /JBE’;:’I?IJ? B ﬂ_y\‘tﬁf[,—% ix %EE‘JJ;/E’_} ‘ilé

-

Ak 2 PN =% 45 %2 DNA e A4 > & 35 : [°Ng]-N1y-SFO-dAdo
11 ~ [**Ns]-N%-SFO-dAdo 12 4r [**Ns]-N7y-SFO-Gua 19 » & i * 2% 5 4
4 pm (productionscan) Ex HAFE (B=-L-@@H=-L=) F4 %

TR SFO-DNA v 242 4 K F 2 pRE T o 5715 af o

Y A g L = ~k N\
5] 2 NOy-SFO-Ade 17 R p 3 2 ¢ 4 & » Fp ¥ 0§ & 4 f7
’ 2 3
N3y-SFO-Ade 16 = &8 & o
a
(@) 314.17 319.07
1003 N1y-SFO-dAdo, M = 428 1004 [N, ]-N1y-SFO-dAdo, M = 434
NH
'SNH
N
N
2 80, ﬁqﬁj L S o 80 oy s
5 HO. N £ ‘fN I, J on )
k] o m/z 314 . 3 HO. N
5 e0 T S 60
o = m/z 319 +
© OH + | T
o o o OH +
2 o =
% 40 : £ w0 x 435.13
o [Ade + HJ* = M+HY & = t
135.96 =
20! 296.25 43002 20; ;
0 T 0 L [
100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500
nvz m/z
(b)
430.02 318.79
100; \8,-SFO-dAdo, M = 429 1007 [18N]-N6-SFO-cado, M = 434
+
T
80; 80 NH *
g Num°> ES § "(':N 1sm> 5
3 ,N Sy OH o i 3 15y ‘ISN’) EI
5 60; L . =3 S 6ol HO P
% HO. N 314.31 a 0. m/z 319
2 0 m/z 314 i g hom
T 40 o T T 40
7] Q
x « x [M + HJ*
‘ 435.41
20, b=} 20 301.01
296.60
i i I i l Ak ! A
100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500
m/z m/z

W=-L- - (a))N1y-SFO-dAdo 11 (430—314) £ [“Ns]-N1y-SFO-dAdo 11
(435—319) 4r (b) N%-SFO-dAdo 12 (430—314) £ [“Ns]-N°%-SFO-dAdo

12 (435—)319) j’_%}/ﬁ:; ﬁi«?\—r’\:’“%’ﬁt;ﬁ#ﬁ ?;-EE%;] .
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(a) 152.36 {b)

! 157.11
100 . NTy-SFO- Gua M = 320 100; ["SNg)-N7r-SFO- Gua M = 334
T +
I
. s m{ . +
80 Q9 _§ fLNH 80 a \ / f’"
o — — Z
g 9 L vz 152 g 4 T
£ 603 T & 60 *
T + E j‘:"
2 ] T 2 3 z
g ] z P e'u 335.20
£ i 513479 33033 2 | 213912
40 é EM} 0 =
o < 165,80 + Z2 T
T = 181,59 =
z i
0 109.79 206.99 20_ {
c[ R S N— ol .“i  ——N
B0 100 140 180 220 260 300 340 B0 100 140 180 220 260 300 340
miz ¥z

W =-L= - N7-SFO-Gua 19 (330—152) £ [*N:]- N7y-SFO-Gua 19

(335—>157) A+ H8 T2 F AT HFm R R -

12282 17 b & A sk ip kit £ F KM ? W T
(HPLC—ESI-MSIMS) t 2 (£)-SFO 3 #]: 2 35 DNA (Calf thymus

DNA) % &2 DNA 4 3 & %

d T2 k E AR NS SeRes 2 NT-§ L oferd S8 4822 DNA 4o 3
# $ (Goggin et al., 2009) » F]pt 2 i -] 259 ’ﬁ{ DNA £ SFO 3 » & s »
A AR R RIEG 0 e dE (L) FRFKE ERANTE i (B= S
w A) T @R AETL P FEE B DNA SR A g > 22 (2) 47
PRk RR AR ORIR(RIZ e B) 2 a2 WEIATG A A2
DNA ‘e & o 4wl {17 £ =% H18 5 »ziz 49 & 47 T B
e BMEHETRE S EF T RH (multiple reaction monitoring,

MRM)A 45 o 2% 2 (1)1 % 5% N1y-SFO-dAdo 11 (430—314) p &2 %
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[°Ns]-N1y-SFO-dAdo 11 (435—319) ; (2) # # 5 N%-SFO-dAdo 12
(430—-314) p & 2# 5 [®Ns]-N%-SFO-dAdo 12 (435—319) ; (3) & &
N3y-SFO-Ade 16 (314—136) 7 p 3% % N9y-SFO-Ade 17 (314—136) ; (4)
N7y-SFO-Gua 19 (330— 152) ¥ p & & & [P°Ns]-N7y-SFO-Gua 19
(335—157) » 4 47| £ 334 DNA 4 & & 7 i1

KA B T 3R AR fRGE ik ¢ R A 45 5] N3y-SFO-Ade 16
(Bl= + = A-(1) 2 N7y-SFO-Gua 19 (Bl= - = A-(3) > m & = i
N1y-SFO-dAdo 11 £ N%-SFO-dAdo 12 ch4e = 2 4+ (B = L = A-(2) > =
¥ 12 ariE N3y-SFO-Ade 16 2 N7y-SFO-Gua 19 = fE H & 7 48 €
(glycosidic bond labile)z. DNA 4r = # 3= o 5 & P]-] £ 53 B:ja DNA F #13%
DNA 4 & & 47 e g > 58 (19 Lk M i 78 4o #1020 847 JE 722
DNA 4 & # $ N3y-SFO-Ade 16 (B = ~ = B-(1)) £ N7y-SFO-Gua 19 (8]
=+ w B-(3)) DNA ¥ % b -kfaT ko i iprd kiR AT 50
@ F)4£ 2.2 DNA 4r % 2 # N1y-SFO-dAdo 11 £ N°%-SFO-dAdo 12 (%) =
Lw B-(2)c £ @pE 10° BPHEY §F N1y-SFO-dAdo 11 -
N®y-SFO-dAdo 12 ~ N3y-SFO-Ade 16 2 N7y-SFO-Gua 19 4 & % 2000

170 ~ 660 2 2670 242 A4 X (F4 )
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N3y-SFO-Ade ’

|| Ny-SFO-Ade

N3y-SFO-Ade

['l NOy-SFO-Ade
I |rI ¢
A o

s w15 m m @
e N84-SFO-dAdo
N1y-SFO-dAdo | ™ /

AA00GT

{ [15N5]-N1y-SFO-dAdo ﬂ [15Ng)-N8y-SFO-dAdo e

50000

3 [15Ng)-N1y-SFO-dAdo A

[15Ng}-MBy-SFO-dAdd

Tirma fmint

(3) 2500000
1000004 N7y-SFO-Gua e

£ 20000 J & 5000003
z E

NTy-SFO-Gua

o] [15Ng)-N7y-SFO-Gua

['5Ng]-N7y-SFO-Gua

™ T T T
0 15 20 25 30
Ti

|

5 10 15 0 k3 k]
Tirne {rnin)

W=-Lw 255 DNAZ SFO8 £ 2 3
T3 H - (A)] £ %99 DNA 2 SFO.3 A3 (7 -k faenF it (1)# 7 LT
cp 3 3 wEed DNA 4e & & $ N3y-SFO-Ade 16 2 1 2% 5. N9y-SFO-Ade

172 (2) % 7 R F &[*Ns]-N1y-SFO-dAdo

seiedp K 19 T o AR B

11 4-[*°N5]-N6y-SFO-dAdo 12

HRUEL > & & B3 DNA 4 & & % N1y-SFO-dAdo 11 4= N°%-SFO-dAdo

12> 3)# 72 222 p w13 v&ed DNA 4r = & $ N7y-SFO-Gua 19 2 p 1%

& 2. [Ns]-N7y-SFO-Gua 19 ; (B)-] £ # i DNA £ SFO 3 & figie » 1 * ¥

Mot ok fa (F it 70°C 4o - | i) &
w3 vEed DNA 4r =t 2 4= N3y-SFO-Ade 16 £ p &% & N9y-SFO-Ade

ERER kR (D#E A L)

17 » (2)DNA 4 & & # N1y-SFO-dAdo 11 4= N%-SFO-dAdo 12 >

[*°N5]-N1y-SFO-dAdo 11 4=[°Ns]-N°%-SFO-dAdo 12 » (3)#: # #& 22 p % |+
4 &4 DNA 4r & 4+ N7y-SFO-Gua 19 2 p 3 Z[°Ns]-N7y-SFO-Gua

19 -
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%-L\/\ﬂ»]’;f]lDNAbL’SFOI% pH7.4-37°C ™ F J& 72 -] ¥ z- DNA

e A 1151216 % 1902 2§ o

Alkylation level (10° nucleotides)

N1y-SFO-dAdo N%-SFO-dAdo N3y-SFO-Ade  N7y-SFO-Gua

11 12 16 19
Incubation solution NDP NDP 400 1400
Enzyme hydrolysis 2000 170 660 2670

4Adducts spontaneously released during the preparation of SO-modified DNA, analysed
from incubation solution followed by fitration through 0.22 um syringe membrane. °ND

denotes not etected.

7 e i B B~h 2. DNA Ye = A4 9118 & chik R % 1+ (mutagenic) £
R (carcinogenic) I 7 tple 0 BF 52 Watson-Crick 4k Afe ¥t i
#1235 & i1 DNA 4c 2 & 4 5 N1-82 N6-95j1v;2.-v4\ DNA 4 243 & § i &
AT—GC I #g % 2z (transition) (Latham et al., 1993; Sisk et al., 1994; Recio
and Meyer, 1995; Bastlova and Podlutsky, 1996) » F]pt H 3z 3 g { H »t
N7-5 % v&+b o N3-H§Lv;!;fvé 2. DNA ‘v = & = (Koskinen and Plna, 2000) -
H ¢z NL-9tked DNA 4e 3 2 4 5% 8 2 N-9Red DNA 4o 3 2
P8R G DR TR N-Res I DNA 4e 3 A 4 BT 10225 R
Er oA NIkt de o 2 47 PR G 21T o

AR F 5> NT-5 % Bod fo N3-9uBrd 2 DNA 4o 257 3 & § )4 R
R Mand &eb =% (Koskinen and Plna, 2000) i = GC—TA Fr
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AT—TA # = (transversion) > %] 5 DNA X% & fi= (polymerase) ¢ 2 %
¥4 =% (apurinic site, AP site) ¥ m #& » ijlv%vé (Bastlova and Podlutsky,
1996) - 74 F148 DNA # > & 10° i + H ik (nucleotides) ® ¢ § ~1 i 2 &
#4 cnDNA 4F 3 (Nakamura and Swenberg, 1999) » &5 & 4= » R £ &
10° % 3 f& (nucleotides) # ¢ F #ci 3 et HDNAFF G > @ & A 48
Pl 2% 10° % 2 3 i (nucleotides) ¢ 4 § #c i 2 -+ H DNA 3 §
(Koskinen and Plna, 2000)- d »%igut 3 efed i % 3 F 7 WA B 4R A ¥ N7-
5 3 k4 {r N3-3tsked o 7 482 Watson-Crick & 2 fie #f (base pairing) -
pAp gt B 8 e DNA 4o $ 7 278 & £ (Koskinen and Plna,
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(Vodicka et al., 2006) » @ izt Ak 1245 2. DNA 4 = & 3730 § 7 £ 4 % Fm
Eﬁ‘r#”f TIARie® B0 5 T FEF R B A SA SFO3 adip L7 g%
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19 eh g o
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Fpe 53 mEs AHAFE DNA 22 £ et ab e d 374 4y
#p B 1+ (Koskinen and Plna, 2000) o & &/ 3 ® » AP & F . F ~
#A 4 SFO3 2 20-3 § teked 10 22offet 16 #7) 4 2 DNA 4 & 2
+ N1y-SFO-dAdo 11 4- N%-SFO-dAdo 12 £ N3y-SFO-Ade 16 4r
N9y-SFO-Ade 17 ~ 2°-2 ¥ & % #E+4 18 #7422 DNA 4 = & F
N7y-SFO-Gua 19 ~ 2°- % § #¢ ez 20 #7735 % 22 DNA 4 & & %
N3y-SFO-dUrd 21 w2 sqbiteis rg 2204 45 & 2 DNA 4v 3 2 4
N3y-SFO-dThd 23 » i 4] % UVAviS s e 2 Pipi & 45 ki 3 & B4 ® o

g 3% N3- ~ N1-/N°-B~ oz b ded &g 21 NT-Br 8 2§ K ofod 4o
AP AEF NMAS e BRI T DNAF B4 2B # %2 DNA4 = 3
$o(F-) FlP AP 4 & F N1y-SFO-dAdo 11 ~ N%-SFO-dAdo 12 -
N3y-SFO-dAdo 16 £ N7y-SFO-Gua 19 4 & # 354k R fs & # & i
2 DNA 4v & & $ 2 “N =% 7.2 p 128 5 [°Ns]-N1y-SFO-dAdo
11 ~ [®Ns]-N%-SFO-dAdo 12 4= [®Ns]-N7y-SFO-Gua 19 > # ¢
N9y-SFO-Ade 17 t 4 p £ 7 ¢ 254 Fpt #4817 5 2§ N3y-SFO-Ade 16
PR SR F R RS AR AT R RO BT
TR 2PN 2 SFO-DNAsc & A 4 & £ o

68



ol 259 H'% DNA (%8¢t ) 9 5% % % Fig o 4v & A = N7y-SFO-Gua 19
(2670/10° nucleotides) 4 = £ # % » H = ¥_N1y-SFO-dAdo 11 (2000/10°
nucleotides) f= N3y-SFO-Ade 16 (660/10° nucleotides) 12 2 N1y-SFO-
dAdo 11 :=d Dimroth rearrangement i 2. N%-SFO-dAdo 12 (170/10°
nucleotides) o d »*4c = & $» N7y-SFO-Gua 19 2. 4 & & & % - “,f P2 thig
MR RTL DNA Sem 2572 g iFp gt fed iv% > 5 &
B PR DB AR TE T HACDNA F S RE R o SR IRR Y 0 B
PR R o eh N SRS F i F A EA P SFO 3 ek RURR
# 2 4rd A d N7y-SFO-GUa'ld cg o BBk S S8 7 > ¥ - Tfo¥ - %
€ ER Y 2 42 A P NTy-SFO-Gua 19 0z & 4~ w] 5 1.0240.14 4= 0.73
+0.68 ng/mg creatinine (n =4)» @ % = X AR # 4e & & £ N7y-SFO-Gua 19

e KT F

Ik

&L @

E-

% WRp[D] > i@ T 4 & & N7y-SFO-Gua
19 eh2 R+ ¥ 5 60 | pF o

Fd AFTAPRERT R HE CHA SFO3 M € 22 DNA &
675 % DNA 4v 2 & $o 0 Fpt A doleif 2 473588 DNA 4 2 2 4 o 8 5

DNA } :3 & 8 » ie— #4535 4 S ¥4 4 SFO3 2 A T4 12 -

69



14 R%> 2

1.4.1 Purification of DNA Adducts.

Reverse phase HPLC analysis was performed by using a Hitachi
L-7000 pump system with a D-7000 interface, L-7200 autosampler (Hitachi
Ltd., Tokyo), column oven, L-7450A photodiode array detector (Hitachi Ltd.,
Tokyo), and a Prodigy ODS (3) column, 4.6 x 250 mm, 5 um (Phenomenex,
Torrance, CA). The mobile phase consisted of 50 mM ammonium formate,
pH 55 (A) and acetonitrile (B). For purification of N1y-SFO-dAdo 11,
N°-SFO-dAdo 12, N3y-SFO-Ade 16, and N9y-SFO-Ade 17, a gradient of
0-30 min 0-42% B was employed. For purification of N7y-SFO-Gua 19, a
gradient of 0—20 min 0-20%.B, 20—30 min-20% B, 30-45 min 20-80% B
was employed. All the isolated- compounds -were further purified and
desalted by changing eluent A to deionized water with a linear gradient from
0% B to 50% B over 30 min.

Chiral HPLC analysis was performed using a Gilson 321-H1 pump
system with a 506C interface, a Rheodyne 7725l injector, a Gilson 155
UV-vis detector, Gilson Unipoint software (Gilson, Inc., Middleton, WI),
and CHIRALPAK AS-H column, 4.6 x 250 mm, 5 um (Daicel Chemical
Industrial Ltd., Tokyo). Mobile phase of isopropanol/hexane (v/v, 20:80)
solution was eluted isocratically at a flow rate of 0.5 mL/min to purify
compounds 13, 14, and (R)-(+)-enriched 3. Compounds 11 and 12 were
eluted with isopropanol/hexane (v/v, 2:98) solution at a flow rate of 0.5
mL/min for 5 min, and then eluted with isopropanol/hexane (v/v, 90:10)
solution with the flow rate decreased to 0.1 mL/min from 5 to 6 min and

maintained for 90 min.
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1.4.2 Spectroscopic and Spectrometric Methods.

'H NMR spectra were measured with either a 300 or 500 MHz
spectrometer. Natural abundance *C NMR spectra were recorded using
pulse Fourier transform techniques, with a 300 or 500 MHz NMR
spectrometer operating at 75.4 or 125.7 MHz, respectively. Broadband
decoupling, H,H-COSY (Correlated Spectroscopy), HMQC (Heteronuclear
Multiple Quantum Coherence), and HMBC (Heteronuclear Multiple Bond
Coherence) were carried out to simplify spectra and aid peak identification.
Samples were dissolved in dg-DMSO for NMR analysis. The alkylation
positions of DNA adducts were mainly determined by long-range H,C
correlations of HMBC spectra. UV-vis spectra of these adducts at pH 1, pH 7
and pH 13 were recorded on a HP-8453 spectrophotometer with diode array

detection.

1.4.3 Synthesis of (+)-SFO 3 (Noller and Kneeland, 1946).

m-Chloroperbenzoic acid (30 g, 0.17 mol) in chloroform (200 mL) was
added slowly to a solution of safrole 1 (22.7 mL, 0.15 mol) in chloroform
(50 mL) at 0 °C. The reaction mixture was stirred at room temperature
overnight, and the excess m-chloroperbenzoic acid was treated with 10%
sodium sulfite. After being extracted three times with 5% NaHCO; (3 x 250
mL) and twice with water (2 x 200 mL), the organic layers were combined
and dried over MgSQO, and evaporated to dryness. The residue was purified
by column chromatography with hexane/EtOAc (v/v, 10:1) as the eluent to
give (+)-SFO 2 as a yellow liquid (10.6 g, 40%); ESI"/MS: m/z 179 ([M +
H]"); *H-NMR (300 MHz, in CDCly) : §2.51 (dd, 1H, y-H, J; = 2.6 Hz, J, =
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4.9 Hz), 2.70-2.81 (m, 3H, y"-H, o’-H, o’-H), 3.06-3.11 (m, 1H, p-H), 5.91

(s, 2H, g-H), 6.66-6.69 (m, 1H, Ar-CH), 6.73-6.75 (m, 2H, Ar-CH) (%4

- ). BC NMR (75.4 MHz, in CDCl) : §38.3 (C-y), 46.7 (C-0.), 52.4 (C-B),
100.8 (C-g), 108.2 (C-d), 109.4 (C-a), 121.8 (C-e), 130.7 (C-f), 146.2 (C-c),

147.6 (C-b) (¥ Bl = ).

1.4.4 Enantioselective Synthesis of (R)-(+)-enriched-SFO 3 (Mohan and
Rao, 1998).

4.4.1 Synthesis of (R)-(+)-5-(2,3-Dihydroxypropyl)-1,3-benzodioxole 13.

Safrole 1 (0.16 mL, 1.0 . mmol), AD-mix-g (1.4 g, 0.1 mmol), and
methanesulfonamide (98 mg, 1.0-mmol) in 50% aqueous tBuOH (10 mL)
was stirred at 0 °C for 30:h. The reaction mixture was added with Na,SO;
(1.5 g) and extracted three times with EtOAc¢ (3 x 10 mL). The organic layer
was washed with brine, dried with MgSO,, and evaporated under reduced
pressure on a rotary evaporator. The sample was recrystallized from CH,Cl,

to produce a white solid 13 in 86%. Compound 13 showed a 96% ee as
determined by Chiral HPLC (*#® = ). The optical rotation of 6, [a]p”™ =

+21.7° (c = 0.003 in CH,Cl,), had some discrepancy with literature value
([a]p = +32°).(Mehanand Rao, 1998) 1y MR (300 MHz, in CDCly): & 2.61-2.74
(m, 2H, a-H), 3.49 (dd, 1H, y-H, J; = 7.0 Hz, J, = -11.2 Hz), 3.67 (dd, 1H,
v’-H, J1 = 3.2 Hz, J, = =11.2 Hz), 3.83-3.91 (m, 1H, B-H), 5.93 (s, 2H, g-H),
6.66 (dd, 1H, e-H, J; = 1.6 Hz, J, = 7.9 Hz), 6.72 (d, 1H, a-H, J = 1.6 Hz),

6.75 (d, 1H, d-H, J = 7.9 Hz) (*¢ @ = ). ®)C NMR (75.4 MHz, in CDCL): &
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39.4 (C-), 65.9 (C-y), 73.0 (C-B), 100.9 (C-g), 108.3 (C-d), 109.6 (C-a),

122.2 (C-e), 131.3 (C-f), 146.3 (C-c), 147.8 (C-b) (‘BT ).

1.4.4.2 Synthesis of (R)-(+)-5-(2-Hydroxy-3-tosyloxypropyl)-1,3-benzo-

dioxole 14.

A mixture of 13 (0.42 g, 2.14 mmol), tosyl chloride (0.45 g, 2.35
mmol), and 4-dimethylaminopyridine (0.03 g, 0.24 mmol) dissolved in
CH,Cl, (7 mL) was added triethylamine (0.36 mL in 7 mL CH,Cl,)
dropwisely at 0 °C and stirred at room temperature for 3 h. The residue was
purified by column chromatography (hexane/EtOAc = 75/25, R¢ = 0.12) to
give 14 as a light yellow liquid-in"72% yield. The product 14 was determined

to be 40% ee by chiral HPLLC analysis (*4 &= ). [a]p® = +12.5° (¢ = 0.002,

in CH,Cl,). *H NMR (300 MHz, in CDCls): 52.46 (s, 3H, CHy), 2.67-2.71
(M, 2H, a-H), 3.90-4.06 (m, 3H; B-H, v-Hyy"-H), 5.93 (s, 2H, f-H), 6.59 (dd,
1H, e-H, J; = 1.6 Hz, J, = 7.9 Hz), 6.63 (d, 1H, a-H, J = 1.5 Hz), 6.72 (d, 1H,
d-H, J = 7.9 Hz), 7.34 (d, 2H, Ar-CH, J = 8.1 Hz), 7.80 (d, 2H, Ar-CH, J =

8.3 Hz) (*4® = ). ®C NMR (75.4 MHz, in CDCly): §21.6 (CHs), 38.9

(C-ar), 70.3 (C-B), 72.5 (C-y), 100.9 (C-g), 108.3 (C-d), 109.5 (C-a), 122.2
(C-e), 127.9 (CHCSO03), 129.9 (CH;CCH), 130.2 (C-f), 132.5 (CH;CCH),

145.1 (CHCSO3),146.3 (C-c), 147.7 (C-b) (* 8= ).
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1.4.4.3 Synthesis of (R)-(+)-5-Oxiranylmethyl-1,3-benzodioxole 3.

Tosylate 14 (0.13 g, 0.40 mmol) and K,COj3; (0.49 g, 3.57 mmol) in
methanol (25 mL) was stirred at room temperature for 30 min. Methanol was
removed with a rotary evaporator under vacuum. The residue was diluted
with water and extracted with EtOAc. The organic layer was dried over
MgSO, and the solvent was removed by a rotary evaporator. The crude
product was further purified using column chromatography (hexane/EtOAc

= 7/3, Rs = 0.58) to give a light yellow liquid 3 in 23% yield. The product 3
was determined to be 39% ee using chiral HPLC analysis (% Bl = ).

Separated enantiomers were collected for optical rotation measurements.
(R)-(+)-5-Oxiranylmethyl-1,3.<benzodioxole 3: [a]p> = + 11.8° (c = 0.003
in CH,CL,); (S)-(-)-5-Oxiranyl methyl-1,3-benzodioxole 2: [¢]p® = — 11.6°
(c = 0.003 in CH,ClL). [a]lp® = +13° was reported for the
(R)-(+)-enantiomer.(Mohan and Rao, 1998) *H NMR (300 MHz, in CDCl,) &
2.47 (dd, 1H, v'-H, J; = 2.6 Hz, J, = 4.9 Hz), 2.65-2.79 (m, 3H, v"-H, o’-H,
o’-H), 3.01-3.07 (m, 1H, B-H), 5.87 (s, 2H, CH,), 6.60-6.64 (m, 1H,
Ar-CH), 6.68 (s, 1H, Ar-CH), 6.95 (d, 1H, Ar-CH, J = 6.1 Hz) (*# %l ).

C NMR (75.4 MHz, in CDCls): §38.4 (C-y), 46.8 (C-a), 52.5 (C-p), 100.9
(C-g), 108.3 (C-d), 109.5 (C-a), 121.9 (C-e), 130.8 (C-f), 146.5 (C-c), 147.7

(C-b) (@4 ).
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1.4.5 Synthesis of N1y-SFO-dAdo 11, (R)-enriched-N1y-SFO-dAdo 11,
N°y-SFO-dAdo 12, and (R)-enriched-N%-SFO-dAdo 12.

A solution of either (+)-SFO 3 or (R)-(+)-enriched-SFO 3 was reacted
with 2°-deoxyadenosine 10 at a 2:1 molar ratio in 0.2 N K,HPO, (pH 7.4)
solution and incubated at 37 °C for 72 h. Products were purified and further
desalted using reverse phase HPLC. The solutions containing pure adducts
were dried under vacuum. Each pure adduct was subjected to spectroscopic

and spectrometric characterization.

N1y-SFO-dAdo 11. The ESI"/MS/MS of adducts 11 showed the fragments
at m/z 430 ([M + H]"), 452 ([M + Na]"), and 314 ([M - dR + H]"). HRMS

(ESI): m/z calcd. for CooHzuN=Op [M-+ H]"430.1728; found 430.1729. The
maximum absorbance (Ama) Was 259 nm at pH-1, 259 nm at pH 7, and 261
nm at pH 13. 'H NMR (500.MHz, in dg-DMSO) 62.31-2.36 (m, 1H,
2"-H), 2.63-2.70 (m, 2H, 2'-H, o’-H),'2.74 (dd, 1H, o"-H), 3.53-3.56 (m, 1H,
5”-H), 3.61-3.64 (m, 1H, 5'-H), 3.67-3.72 (m, 1H, y’-H), 3.90 (brs, 1H, B-H),
4.27 (dd, 1H, y"-H, J; = 2.4 Hz, J,= -13.3 Hz), 5.01 (d, 1H, B-OH, J = 4.4
Hz), 5.08-5.10 (m, 1H, 5-OH), 5.37 (brs, 1H, 3’-OH), 6.00 (s, 2H, g-H),
6.33 (t, 1H, 1’-H, J;»» = 6.4 Hz, Jy» = 7.2 Hz), 6.74 (dd, 1H, e-H, J; = 1.1 Hz,
J,=7.9Hz), 6.86 (d, 1H, d-H, J = 7.9 Hz), 6.87 (d, 1H, a-H, J = 1.2 Hz),

8.26 (s, 1H, 2-H), 8.34 (s, 1H, 8-H) (*4 @+ ). °C NMR (125.7 MHz, in

de-DMSO) 640.7 (C-a), 51.4 (C-y), 61.6 (C-5’), 68.5 (C-B), 70.65 and 70.67
(C-3’), 83.44 and 83.52 (C-1’) overlapped with solvent (C-2°), 87.92 and
87.94 (C-4’), 100.6 (C-g), 107.9 (C-d), 109.6 (C-a), 122.2 (C-e), 123.6 (C-5),
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132.11 and 132.13 (C-f), 138.8 (C-8), 145.4 (C-c), 147.0 (C-b), 147.10 and

147.15 (C-4), 149.2 (C-2), 156.0 (C-6) (@~ - ).
DEPT spectra (*# 8-+ = ) ~H,H-COSY spectrum (*+8® -+ = )£ HMQC

spectrum  (*fE@l-+- 2 ) o

(R)-enriched-N1y-SFO-dAdo _11. '*H NMR (500 MHz, in ds-DMSO)

52.29-2.37 (m, 1H, 2”-H), 2.62—2.78 (m, 3H, 2’-H, o, o’-H), 3.51-3.73 (m,
3H, 5°, 5”-H, y-H), 3.87-3.91 (m, 2H, 4-H, B-H), 4.24-4.29 (m, 1H, y’-H),
4.41-4.43 (m, 1H, 3'-H), 6.00 (s, 2H, g-H), 6.31-6.36 (m, 1H, 1’-H), 6.75
(dd, 1H, e-H, J;= 1.6 Hz, J,= 7.9 Hz ), 6.86 (d, 1H, d-H, J = 7.9 Hz), 6.87 (s,
1H, a -H), 8.26 (s, 1H, 2-H), 8.35/(s, 1H,8-H) (*4® -~ 7 ). *C NMR (125.7

MHz, in ds-DMSO) 640.7-(C-a), 51.4 (C-y), 61.6 (C-5), 68.5 (C-B), 70.6
(C-3"), 83.41 and 83.48 (C-1’) overlapped with:solvent (C-2’), 87.9 (C-4"),
100.6 (C-g), 107.9 (C-d), 109.6.(C-a), 122.1(C-e), 123.6 (C-5), 132.09 and
132.11 (C-f), 138.74 and 138.79 (C-8), 145.4 (C-c), 146.9 (C-b), 147.07 and

147.12 (C-4), 149.2 (C-2), 156.0 (C-6) (*4 @~ = ).

N®y-SFO-dAdo 12. The ESI*/MS/MS of adducts 12 showed the fragments at
m/z 430 ([M + H]"), 452 ([M + Na]"), and 314 ([M - dR + H]"). HRMS (ESI):

m/z calcd. for CyH.uNsOs [M + H]" 430.1728; found 430.1723. The
maximum absorbance (Ama.) Was 267 nm at pH 1, 271 nm at pH 7, and 271
nm at pH 13. *H NMR (500 MHz, in de-DMSO) 52.30 (ddd, 1H, 2”-H, Jps
= 3.2 Hz, Ji» = 5.6 Hz, Jy» =-13.6 Hz), 2.58-2.63 (m, 1H, o’-H),
2.73-2.80 (M, 2H, 2'-H, o”-H), 3.46 (m, v', y"-H ovrelap with 5’-H), 3.56 (dd,
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1H, 5"-H, J; = 4.2 Hz, J, = —11.8 Hz), 3.66 (dd, 1H, 5™-H, Jys = 4.4 Hz, Jgs
= -11.8 Hz), 3.91-3.95 (m, 2H, 4"-H, p-H), 4.44-4.47 (m, 1H, 3'-H), 5.9 (s,
2H, g-H), 6.38-6.41 (dd, 1H, 1'-H, J;» = 5.6 Hz, J1» = 7.2 Hz), 6.71 (dd, 1H,
e-H, J= 1.2 Hz, J = 7.9 Hz), 6.83 (d, 1H, d-H, J = 7.9 Hz), 6.85 (d, 1H, a-H,
J = 0.61 Hz), 7.58 (s, 1H, 6-NH), 8.24 (s, 1H, 2-H), 8.39 (s, 2H, 8-H,

HCOO) (*# &~ = ). ®C NMR (125.7 MHz, in de-DMSO) §40.7 (C-a),

46.0 (C-y), 61.9 (C-5"), 70.2 (C-B), 70.9 (C-3"), 84.0 (C-1") overlapped with
solvent (C-2"), 88.0 (C-4), 100.5 (C-g), 107.8 (C-d), 109.7 (C-a), 119.7
(C-5), 122.1 (C-e), 132.9 (C-f), 139.4 (C-8), 145.2 (C-c), 146.9 (C-h), 148.1

(C-4), 152.2 (C-2), 154.7 (C-6) (' B~ ~).
DEPT spectra ("Bl 4 )« >HMQC spectrum (*t®= -+ ) & HMBC

spectrum  (*FBl= L - )=

(R)-enriched-N°%-SFO-dAdo 12. *"H'NMR (500 MHz, in de-DMS0) §2.30

(ddd, 1H, 2"-H, Jp3 = 2.9 Hz, Jy»» = 6.1 Hz, Jy»» = —13.1 Hz), 2.60-2.63 (m,
1H, H-a'), 2.72-2.79 (m, 2H, 2’-H, o”-H), 3.54 (brs, y’, y"-H ovrelap with
H,0), 3.54-3.57 (m, 1H, 5"-H), 3.66 (dd, 1H, 5-H, Jys = 3.4 Hz, Jss
=-11.7 Hz), 3.91-3.93 (m, 2H, 4-H, B-H), 4.44-4.45 (m, 1H, 3'-H), 5.03
(brs, 1H, OH), 5.28 (brs, 1H, OH), 5.37 (brs, 1H, OH), 5.98 (s, 2H, g-H),
6.38 (dd, 1H, 1’ -H, J;»» = 6.2 Hz, J;» = 7.7 Hz), 6.70 (d, 1H, e-H, J = 7.9
Hz), 6.82 (d, 1H, d-H, J = 7.9 Hz), 6.84 (s, 1H, a-H), 7.59 (brs, 1H, 6-NH),

8.23 (s, 1H, 2-H), 8.38 (s, 1H, 8-H) (*4® = -+ = ). *C NMR (125.7 MHz,

in de-DMSO) 540.7 (C-at), 46.0 (C-y), 61.9 (C-5"), 70.3 (C-B), 71.0 (C-3),

84.0 (C-1’) overlapped with solvent (C-2°), 88.0 (C-4’), 100.6 (C-g), 107.9
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(C-d), 109.8 (C-a), 119.7 (C-5), 122.2 (C-¢), 133.0 (C-f), 139.5 (C-8), 145.3

(C-C), 146.9 (C-b), 148.1 (C-4), 152.3 (C-2), 154.6 (C-6) (4@l = + = ).

1.4.6 Rearrangement of N1y-SFO-dAdo 11 to N%-SFO-dAdo 12.

A sample of 11 (30 pg) in 1 mL of 0.2 N K,HPO, (pH 7.4) solution was
incubated at 37 °C, and the solution was analyzed at various elapsed time by

reverse phase HPLC.

1.4.7 Synthesis of N3y-SFO-Ade 16 and N9y-SFO-Ade 17.

(+)-SFO 3 and adenine 15 at a 2:1._molar ratio in 0.2 N K,HPO, (pH
7.4) buffer solution was incubated at-37 °C for 72 h. Adducts were purified
and further desalted using reverse phase HPLC. The pure adduct was dried
under vacuum and subjected  to..spectroscopic and spectrometric

characterization.

N3y-SFO-Ade 16. The ESI'/MS/MS of adducts 16 showed the fragments at
m/z 314 ([M + H]") and 136 ([M — SFO + H]"). HRMS (ESI): m/z calcd. for

C1sH16N505 [M + H]" 314.1255; found 314.1243. The maximum absorbance
(Amax) Was 274 nm at pH 1, 274 nm at pH 7, and 273 nm at pH 13. 'H NMR
(500 MHz, in de-DMSO) §2.58-2.60 (m, 1H, a’-H), 2.89 (d, 1H, a’-H, J =
-13.2 Hz), 3.99-4.03 (m, 2H, B-H, y-H), 4.35 (ddd, 1H, y"-H, J;= 7.7 Hz, J;
= 7.9 Hz, J,= -19.6 Hz), 6.00 (s, 2H, g-H), 6.76 (d, 1H, e-H, J = 7.9 Hz ),
6.87 (d, 1H, d-H, J = 7.9 Hz), 6.88 (s, 1H, a-H), 7.86 (s, 1H, 8-H), 8.01 (s,

1H, 2-H) (*¢ Bl = + = ). ®C NMR (125.7 MHz, in ds-DMS0) §40.4 (C-a),
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54.1 (C-y), 68.4 (C-B), 100.5 (C-g), 107.9 (C-d), 109.7 (C-a), 118.9 (C-5),
122.2 (C-e), 132.5 (C-f), 143.3 (C-2), 145.4 (C-C), 146.9 (C-b), 148.2 (C-4),

152.3 (C-8), 156.7 (C-6) (*®l= + 7 ).
DEPT spectra (4@l = + = ) ~ H,H-COSY spectrum (*®@= +- ) &

HMQC spectrum ("Bl = - ~) -

N9y-SFO-Ade 17. The ESI'/MS/MS of adducts 17 showed the fragments at
m/z 314 ([M + H]") and 136 ([M — SFO + H]"). HRMS (ESI): m/z calcd. for

C1sH16N505 [M + H]" 314.1255; found 314.1242. The maximum absorbance
(Amax) Was 260 nm at pH 1, 263 nm.at pH 7, and 263 nm at pH 13. 'H NMR
(500 MHz, in dg-DMSO) 62.57 (ddydH; a’-H, J =7.0 Hz, J = 7.3 Hz, J =
—-13.8 Hz), 2.69 (dd, 1H, ‘a™-H, J = 4.6 Hz, J. = 4.9 Hz, J = -13.7 Hz),
4.00-4.02 (m, 2H, B-H), 3.98 (dd, 1H, ¥'-H, J;=8.2 Hz, J,= —13.0 Hz), 4.15
(dd, 1H, y-H, J; = 2.6 Hz, J;=:2.7 Hz, 3;= —13.0 Hz), 5.95 (s, 2H, g-H),
6.68 (dd, 1H, e-H, J = 1.5 Hz, J = 7.9 Hz), 6.80 (d, 1H, d-H, J = 7.9 Hz),
6.81 (s, 1H, a-H), 5.12 (d, 1H, B-OH, J = 5.5 Hz), 7.12 (s, 2H, NH,), 8.02 (s,
1H, 8-H), 8.10 (s, 1H, 2-H) (*4® = -4 ). *C NMR (125.7 MHz, in

de-DMSO) 540.6 (C-cr), 48.7 (C-y), 69.5 (C-B), 100.6 (C-g), 107.9 (C-d),
109.7 (C-a), 118.5 (C-5), 122.2 (C-e), 132.1 (C-f), 141.5 (C-8), 145.4 (C-c),

146.9 (C-b), 149.6 (C-4), 152.2 (C-2) 155.8 (C-6) ("B = -L).
DEPT spectra (*4®= + - ) ~ H,H-COSY spectrum ("Bl = L - ) &

HMQC spectrum (*t@l= += ) -
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1.4.8 Synthesis of N7y-SFO-Gua 19.

(+)-SFO 3 was reacted with 2’-deoxyguanosine 18 at a 2:1 molar ratio
in 0.2 N K,;HPO, (pH 7.4) and incubated at 37 °C for 72 h. Adducts were
purified and further desalted using reverse phase HPLC. The pure adduct
was dried under vacuum and subjected to spectroscopic and spectrometric

characterization.

N7y-SFO-Gua 19. . The ESI'/MS/MS of adducts 19 showed the fragments
at m/z 330 ([M + H]") and 152 ([M — SFO + H]"). HRMS (ESI): m/z calcd.

for CyxHuNsOs [M + H]® 330.1202; found 330.1193. The maximum
absorbance (Amax) Was 279 nm at pH-1, 286 nm at pH 7, and 283 nm at pH
13. 'H NMR (500 MHz, in dg-DMSOQ) §2.64 (dd, 1H, o’-H, J; = 2.2 Hz, J, =
2.7 Hz, J; = -13.8 Hz), 2.52 (m, 1H, a"-H overlap with solvent), 3.97-4.01
(m, 2H, B-H, y"-H), 4.24 (dd, 1H, ¥*-H, ;= 7.4 Hz, J, = -17.6 Hz), 5.94 (s,
2H, g-H), 6.27 (s, 2H, NH,), 6.65 (d, 1H, e-H, J = 8.0 Hz), 6.78 (s, 1H, d-H),

6.79 (s, 1H, a-H), 7.79 (s, 1H, 8-H) ("Bl = + = ). ®*C NMR (125.7 MHz,

in d-DMSO) 540.4 (C-1), 52.0 (C-y), 70.2 (C-B), 100.6 (C-g), 107.9 (C-a),
108.2 (C-5), 109.7 (C-d), 122.2 (C-e), 132.4 (C-f), 143.8 (C-8), 145.4 (C-c),

146.9 (C-b), 152.8 (C-2), 154.8 (C-6), 159.8 (C-4) (*4Bl= L7 ) -
DEPT spectra (@Bl = + = ) -~ H,H-COSY spectrum (*®@=-+- ) &

HMQC spectrum (*4Bl= + ~) o
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1.4.9 Synthesis of N3y-SFO-dUrd 21.

A solution of either (+)-SFO 3 was reacted with 2’-deoxycytidine 20 at
a 2:1 molar ratio in 0.2 N K,HPO, (pH 7.4) solution and incubated at 37 °C
for 72 h. Products were purified and further desalted using reverse phase
HPLC. The solutions containing pure adducts were dried under vacuum.
Each pure adduct was subjected to spectroscopic and spectrometric

characterization.

N3y-SFO-dUrd 21. The ESI"/MS/MS of adducts 21 showed the fragments
at m/z 407 ([M + H]"), 291 ([M - dR + H]"), and 273 ([M - dR —H,0+ H]").
HRMS (ESI): m/z calcd. for CigH»nN>Qg . [M + H]" 407.1454; found

407.1463. The maximum absorbance (Amax) Was 265 nm at pH 1, 266 nm at
pH 7, and 266 nm at pH 13. *H NMR (500 MHz, in ds-DMSO) §2.07—2.22
(m, 2H, 2',2"-H), 2.62-2.63(m, 2H, o’,a”-H), 3.57-3.65 (M, 2H, 5',5"-H),
3.69-3.72 (m, 1H, y’-H), 3.83-3.84 (m, 1H, 4'-H), 3.95-4.04 (m, 2H, y"-H,
B-H), 4.26-4.29 (m, 1H, 3'-H), 4.80 (brs, 1H, OH), 5.09 (brs, 1H, OH), 5.30
(brs, 1H, OH), 5.75(d, 1H, 5-H, J = 8.1 Hz), 5.76 (d, 1H, 5-H, J = 8.1 Hz),
5.99 (s, 2H, g-H), 6.18-6.21 (m, 1H, 1’-H), 6.69 (dd, 1H, e-H, J= 8.0 Hz),
6.81-6.82 (m, 1H, e-H), 6.83 (d, 1H, a-H, J = 1.5 Hz), 7.91 (d, 1H, 6-H, J =
8.1 Hz), 7.92 (d, 1H, 6-H, J = 8.1 Hz) ("t B = — 1 )."*C NMR (125.7 MHz,

in ds-DMSO) 540.4 (C-2"), 40.84: 40.90 (C-0), 46.01; 46.07 (C-y), 61.11;
61.13 (C-5'), 67.9 (C-), 70.13; 70.19 (C-3'), 85.08; 85.14 (C-1"), 87.4 (C-4),
100.5 (C-g), 100.9 (C-5), 107.8 (C-d), 109.53; 109.56 (C-a), 121.93; 121.95
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(C-e), 132.67; 132.71 (C-f), 138.68; 138.74 (C-6), 145.3 (C-c), 146.8 (C-h),
150.71; 150.73 (C-2), 162.21; 162.23 (C-4). (*f Bl = -+ ).
DEPT spectra (*®l= + - ) ~ HH-COSY spectrum (*t@z +=- ) &

HMQC spectrum (¥t @z += ) -

1.4.10 Synthesis of N3y-SFO-Thd 23.

A solution of either (+)-SFO 3 was reacted with thymidine 22 at a 2:1
molar ratio in 0.2 N K,HPO, (pH 7.4) solution and incubated at 37 °C for 72
h. Products were purified and further desalted using reverse phase HPLC.
The solutions containing pure adducts were.dried under vacuum. Each pure

adduct was subjected to spectroscopic and spectrometric characterization.

N3y-SFO-Thd 23. The ESI'/MS/MS of adducts 23 showed the fragments at
m/z 421 ([M + H]), 305 ([M - dR"+'H]"), and 287 ([M - dR — H,O+ H]").

HRMS (ESI): m/z calcd. for CyHuN,Os [M + H]" 421.1611; found
421.1614. The maximum absorbance (Amax) Was 273 nm at pH 1, 273 nm at
pH 7, and 273 nm at pH 13. *H NMR (500 MHz, in ds-DMSO) §1.79 (s, 3H,
CH,), 2.08-2.24 (m, 2H, 2’-H, 2”-H), 2.56-2.57 (m, 2H, o’-H, o’-H),
3.52-3.60 (m, 2H, 5'-H, 5”-H), 3.67-3.71 (m, 1H, y-H), 3.75-3.77 (m, 1H,
4-H), 3.90-3.98 (m, 2H, y-H, B-H), 4.21-4.24 (m, 1H, 3’-H), 4.72 (brs, 1H,
OH), 5.01 (brs, 1H, OH), 5.23 (brs, 1H, OH), 5.93 (s, 2H, g-H), 6.61-6.62
(m, 1H, e-H), 6.63-6.64 (m, 1H, e-H), 6.15-6.19 (m, 1H, 1’-H), 6.74-6.75
(m, 1H, d-H), 6.76-6.77 (m, 1H, a-H), 7.70 (s, 1H, 6-H), 7.71 (s, 1H, 6-H),

8.12 (HCOO") (% Bz + = ). *C NMR (125.7 MHz, in de-DMSO) 512.9
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(CHa), 40.4 (C-2"), 40.90; 40.96 (C-c), 46.24; 46.30 (C-y), 61.2 (C-5), 67.9
(C-B), 70.15; 70.21 (C-3"), 84.63; 84.73 (C-1'), 87.3 (C-4'), 100.5 (C-q),
107.8 (C-d), 108.4 (C-5), 109.46; 109.49 (C-a), 121.86; 121.88 (C-¢), 132.62;
132.67 (C-f), 134.48; 13453 (C-6), 145.20; 145.22 (C-c), 146.8 (C-b),

150.61; 150.64 (C-2), 162.91; 162.93 (C-4), 163.1 (HCOO") (*4E= + 7 ).
DEPT spectra (*t Bz - = ) ~ H,H-COSY spectrum (*f@e L= ) &

HMQC spectrum  (*f @z + ~) o

1.4.11 Synthesis of [*°Ns]-N1y-SFO-dAdo 11, [*°*Ns]-N%-SFO-dAdo 12,
and [*°Ns]-N7y-SFO-Gua 19.

[*°Ns]-2’-deoxyadenosine 10-and [*°Ns]-2’-deoxy- guanosine 18 (5 mg)
was dissolved into H,O (1-mL), respectively, to-serve as the stock soultion.
For synthesis of [°’Ns]-N1y-SFO-dAdo 11 .and [*°Ns]-N%-SFO-dAdo 12,
(4)-SFO 3 (20 pmol) was added to [>Ns]-2’-deoxy- adenosine 10 (500 pL,
10 pmol) in 0.2 N K,HPO, (pH 7.4) buffer solution and incubated at 37 °C
for 72 h. For synthesis of [*°Ns]-N7y-SFO-Gua 19, (+)-SFO 3 (14 pmol) was
added to [*°Ns]-2’-deoxyguanosine 18 (400 uL, 7 pmol) in 0.2 N K,HPO,
(pH 7.4) buffer solution and incubated at 37 °C for 72 h. The reaction
mixture was subjected to HPLC separation as metioned above. The
corresponding peaks were collected and concentrated to serve as a stock

solution without further purification.
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1.4.12 High Performance Liquid Chromatography—Electrospray
lonization-Tandem Mass Spectrometry (HPLC-ESI-MS/MS) for
Quanitification of DNA Adducts in Calf Thymus DNA.

HPLC-ESI-MS/MS analyses were performed on an APl 3000TM
spectrometer (Applied Biosystems/ MDS SCIEX, Foster City, CA) together
with Hitachi L-7000 pump and L-7200 autosampler (Hitachi Ltd., Tokyo).
Electrospray ionization source was used in the positive mode (ESI*-MS/MS)
throughout the study. A Prodigy ODS (3) column, 150 x2.1 mm, 5 um
(Phenomenex, Torrance, CA) was utilized. Total ion chromatograms and
mass spectra were recorded on a personal computer with the Analyst
software version 1.1 (Applied Biosystems). The mobile phase consisted of a
linear gradient from 0% to.42% acetonitrile in-50 mM ammonium formate
buffer (pH 5.5) from 0 to 25 min at a flow rate of 200 uL/min. The MRM
mode was used for quantitative analysis of adducts 11 and 12 (m/z 430—
314), isotope enriched adducts: [*°Ns]-N1y-SFO-dAdo 11 and
[*Ns]-N%-SFO-dAdo 12 (m/z 435—319), adducts 16 and 17 (m/z 314—
136), adducts 19 (m/z 330—152), isotope enriched adducts [*Ns]-N7y-
SFO-Gua 19 (m/z 335—157), with the collision energy set at 29, 27, 35 and
39 V, respectively. The dwell time for MRM experiments was set at 150 ms.
Nitrogen was used as the turbo gas with temperature set at 450 °C; it was
further used as the nebulizer, curtain, and collision gas with pressure settings
of 8, 8, and 12 psi, respectively. Calibration curves were established in the

concentration range 5 to 250 ng/mL for adducts 11, 12, 16, and 19.
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1.4.13 Reaction of (£)-SFO 3 with Calf Thymus DNA.

Calf thymus DNA (1 mg) in Tris-HCI buffer (pH 7.5-8.5, 1 mL)
containing 1 mM EDTA was kept at 4 °C for overnight as a stock solution. A
solution of 100 uL of DNA (100 ug) was hydrolyzed with a mixture of
DNase | (4 U), phosphodiesterase | (32 mU), phosphodiesterase Il (80 mU),
and acid phosphatase (1 U), and incubated at 37 °C for 8-10 h (Matter et al.,
2006; Pang et al., 2007). The amounts of reagents were adjusted according to
the amounts of DNA in the sample. To evaluate the efficiency of enzymatic
hydrolysis, calibration curves of dAdo, dGuo, dCyd, and dThd were
established using HPLC analysis. The retention time of each
2’-deoxyribonucleosides was at. 9.9 min (dCyd), 12.4 min (dGuo), 14.6
min (dThd), and 16.7 min (dAdo). (data. not shown), respectively. The
hydrolysis efficiency of double strand calf thymus DNA was estimated to be
97.8%.

Calf thymus DNA (10 mg) ‘was reacted with (+)-SFO 3 (60 umol) in 10
mL of 0.2 N K,HPO, buffer at pH 7.4 and incubated at 37 °C for 72 h. All
samples were then kept in an ice bath for a few hours to vaporize the Et,0
and then analyzed using two different methods modified from Goggin et
al.(Goggin et al., 2007) Method 1: The solution was spiked with 100 uL of
the  isotope  enriched  [®Ns]-N1y-SFO-dAdo 11 (4  ng),
[Ns]-N%-SFO-dAdo 12 (9 ng), N9y-SFO-Ade 16 (5 ng), and
[*°Ns]-N7y-SFO-Gua 19 (4 ng) to serve as internal standards and then filtered
with a 0.22 um PVDF membrane to remove the DNA backbone for
HPLC-ESI-MS/MS analysis.  Method 2: The reaction mixture was

subjected to neutral thermal hydrolysis at 70 °C for 1 h follow by hydrolysis
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of the biopolymer using an enzymatic method described above (final volume
1 mL), and then analyzed after removal of the enzymes by filtration.
Calibration curve of each DNA adduct with added internal standards was

established for quantitative analysis by HPLC-ESI-MS/MS method.

1.4.14 Animal Experiments.

The animal experiment was approved by and conducted in accordance
with the China Medical University Animal Ethics Committee guidelines on
animal care. Sixteen male FVB mice aged 6 to 7 weeks and weighing 20-25
g were purchased from the National Laboratory Animal Center (Taipei,
Taiwan). Animals were acclimatized for seven days prior to (£)-SFO 3
treatment. (x)-SFO 3 was dissolved in olive ail and the final concentration
was 9 mg/mL of (x)-SFO-3. Mice were divided into control (5 mice) and
exposed groups (four groups with a toal of 11 mice). For the exposed group,
mice were intraperitoneally injected with 30 mg/kg body weight of (+)-SFO
3 in olive oil and then housed in 4 metabolic cages. There were 2, 3, 3, and 3
mice in each group. For the control group, mice were intraperitoneally
injected with the same volume of olive oil as the exposed group. Urine
samples were collected at 24, 48, and 72 h after treatment. The collected
urine samples were mixed with 10 pL of sodium azide (final concentration
0.05%) and centrifuged at 3000 rpm for 10 min at room temperature. The

supernatant was collected and stored at —80 °C until used for analysis.
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1.4.15 High Perfromance Liquid Chromatography—Electrospray
lonization-Tandem Mass (LC—-ESI-MS/MS) Spectrometric Method for

Mice Urine Analysis.

A reversed-phase HPLC system with an autosampler (ACCELA,
Thermo Scientific, MA) was used for quantification. Sample (20 uL) was
injected into a Cyg column (150 x 2.1 mm, 3 um, HyPURITY® C18; Thermo
Hypersil-Keystone). The mobile phase consisted of 10 mM ammonium
formate buffer pH 5.1 (solution A) and 0.1 % formic acid in acetonitrile
(solution B) and was delivered at 200 uL/min. For the analysis of mouse
urine, a gradient of 0% B from 0 to 3 min, 0-18% B from 3 to 28 min,
18-100% B from 28 to 31 min; 100-0% B from 31 to 32 min, and 0% B
from 32 to 35 min was applied. A triple-quadrupole tandem mass
spectrometer (TSQ Quantum ACCESS, Thermo-Scientific, MA) comprising
a heated-electrospray ionization (H-ESI) source was operated in the positive
ion mode. Quantification of N7y-SFO-Gua 19 was carried out by monitoring
the ion pairs m/z 330—152 and [*°Ns]-N7y-SFO-Gua 19 was monitored by
the ion pairs m/z 335—157 in multiple reaction monitoring (MRM) mode.
The vaporizer temperature was set at 300 °C, nitrogen sheath gas was set at
35, auxiliary gas was set at 15, and the heated capillary temperature was set
at 300 °C. Collision energy of 23 eV was applied. The argon gas pressure
was set at 0.2 Pa for collision-induced dissociation (CID), and the discharge
current was set at 5 pA. Total ion chromatograms and mass spectra were
recorded on a personal computer with Xcalibur software (\Version 2.0.7,

Thermo Fisher Scientific Inc., MA).
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1.4.16 Analysis of N7y-SFO-Gua 19 in Urines of Mouse Treated with
(£)-SFO 3.

Urine samples (200 pl) of mice were spiked with 17 pL of
[*°Ns]-N7y-SFO-Gua 19 (13 pg/uL) with a final concentration of 1.1 ng/mL.
These samples were filtered through 0.22 um PVDF membrane filter, and
then analyzed using the newly-developed isotope-dilution
HPLC-ESI-MS/MS method. Creatinine in each urine sample was analyzed at
a local hospital (Taipei, Taiwan). The concentration of N7y-SFO-Gua 19 in
urine was adjusted to the level of creatinine and expressed as ng/mg
creatinine.

N7y-SFO-Gua 19 standard.solutions (0.25, 0.5, 1, 1.5, 2, 4, and 5 ng/mL)
were prepared in urine from:control mice. Each standard solution was spiked
with 17 pL of [*°Ns]-N7y-SFO-Gua 19 (13 pg/pL) with a final concentration
of 1.1 ng/mL, follow by filtration through a 0:22 um PVDF membrane filter.
Linear calibration curve were constructed by plotting the ratios of the peak
areas for N7y-SFO-Gua 19 and [*Ns]-N7y-SFO-Gua 19 versus the
concentrations of the standards, the sample was ready for analysis with our
newly developed isotope-dilution HPLC-ESI-MS/MS method. The precision
was evaluated by repeatedly analyzing the calibration standard solutions 5

times on three different days.
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Shea, 2001) -
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1940 & B 4~ > Pauling &2 Dickey f| * fi % fodidl 5 124 L& > #-7
fr B~k 2 alkylorange %k & fadh - AR & (B= 14 ) 28 41% 3
;Ei‘l]%él_f_fﬂjbﬁi,i-i ’ ]4_1] ‘J‘ J-_E__#_«']"— 3&&]":"7 };]8 /}_{r}}ﬁ’ T;\.F,!E}éfc

1o 3 R 3 ens P ((Pauling, 1940; Dickey, 1949) -

. N T &
| Q.Dldﬁ ‘5_ JSle_.JU
methyl orange NayO + Si0, s "o 5,» L
T .,-o-Sl SI'\-\.
( i

) = e N _,-El .8

045 1':5__.;}_”:”_@_”':'\_ Ot Si-gr’ lﬁP 0 Df' ':}“Sl"
ethyl orange

W=14 - 7EHEE A RS A Ll 7 g 4 3 (silica polymer)

(Dickey, 1949; Spivak and Shea, 2001) °

212 & F#HK B 4 F (molecularly imprinted polymer, MIP) % 3+

F

AFHORE AR EA ST B L9 (Spivak et al, 1997) 0 F
LB R PR P AL G F K (template) 0 I B A F H R
(monomer) #-HE A F FIER SAcKGFer B A F 3L F )8 o e F A~
<~ £ e B HE M (cross-linking monomer) £ % WAF2 7 £ F B2 % A&

W% 3% 34 A (porogen) o B {5 R 4v o~ B d B enAS AR R ] F A

4%
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(thermalchemical) &t -k v & (photochemical) = ;%:i& 74 F itk F 4 + &
Fl 58 A7 A28 REAT o Bid a7 BURA T HOIRE AT £ 4t
SenfiR T ) R R B e S ﬁ%xlf » AN E B - Mk 03 HRE

(macroporous polymer) o

Extract

EGDMA

po!ymer merize
“complex “with ——
{ <9

Rebind

e L~ 23 H0KEF A~ K34 (Spivakand Shea, 2001) -

213 HARHE WP chicr 4

VR H A2 B eniv L0 & LT R B A G 3N R ) e PR 4 T

% @i B iE*r 4 7w F £ @4 (covalent bond) & E_ 2t £ W 4
(noncovalent bond) % #f 243t i 03] & 0 A SH IR FEITH 4 SR I Y
b3 BIRA T HORR A BT o DR R A R B - R S

oo

R AR R EIVR PR B R A d WUIFf 2 3 BlFR 1977 &
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(Wulff et al., 1977a; Wulff et al., 1977b) 3& ! » #4524 +  phenyl-o-D-

mannopyranoside (24a) ¥ & 4 =+ &0 4-vinylphenylboronic acid ¥ %8 (24b)
Fsa)s & fabists o Fher A R iAo 7 AR e - fiag
(ethylene glycol dimeth acrylate, EGDMA) A % 1+ & ¢ = F B &
(copolymerization) & &4 3+ 0w F » F (Ble - ) HEF ) * Rk

v ORET A "/f 95% erficsx (WuUIff and Schauhoff, 1991) -

Wz -+ — ~Phenyl-a-D-mannopyranoside 24 z_ 4 + i3 % 4 + (Wulff et al.,

1977b)

Flw b E gk kg etk A5 > & 5% £ d Mosbach £2 Shea <

92



2 3 B Py #- L-phenylalanine anilide (25) # 3 #i-5%<4 < > methacrylic acid
SHM (Ble - ) JIr R A TSI B afFl i gants

BaEHEr 4 AL F G CERA TR LR -

oY

2-amino-N,3-diphenylpropanamide methacrylic acid

B = -+ = ~ L-Phenylaniline-anilide 25 fi-4% % 4 =+ (Sellergren et al., 1988) -

214 =76

12 H padk 2 (nucleotide bases) 4~ + & ~ F 7 7 0 B % A d
Shea # 3 B f3 >t 1993 & £ = O-ethyladenine #i-wx 5 4 + B 7 1 4 fhdg
3R F A F G973 (Shea et al., 1993; Spivak et al., 1997; Spivak
and Shea, 1998)-2010 +# Scorrano & * 4% ® z 3 % & (methacrylic acid,
MAA 27) 4 = H 48 (monomer) ~ = 7 A[F Wiz = ffy 28 § & L&
] (crosslinker) (Ble - =) % ¢ § K41, VIV)iR & 7% &g = RIVAE]

% % #¥3% 1-methyladenosine 26 =7 1-methyladenosine fi-ix § 4 + o F B %
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FETTEE A FHER AT A

10 ~ cytidine 30 -~ inosine 31 I P i3 % %4 1-methyladenosine 26 £

-EHEM (Ble +tz)o

Monomer
NH
N _CH3
N
<It
NTN
(o]

OH OH

HO o

S on

1-Methyladenosine 26 Methacrylic acid (MAA, 27)

Bz L=

AR T A 28 X A2 s e

adenosine 29 -~

2’-deoxyadenosine

=

=

Cross linker

Foegh

Ethylene glycol dimethacrylate
(EGDMA, 28)

» fio 4+ 1-methyladenosine 26 ~ ¥ A p g 27 H Ay = @

(o}

NH NH, NH,
N N-CHe NfN NﬁN ﬁN Nj\)‘\NH
2 74 73 4
<Nf:/) B (ALY o AL
HO HO HO. HO HO
o) 0] (0] (6] o
OH OH OH OH OH OH OH OH OH
1-Methyladenosine 26 Adenosine 29 2'-Deoxyadenosine 10 Cytidine 30 Inosine 31
35E+04 -
s 3pE+04-
-
S 25E+044
)
L1
S 20E+04-
il
S 15E+04-
~
(]
't.g_» 10E+04 4
2 50E+03-
P A A A
00E+00 T T T T T
& N g & «®
& & &£ F &
?& 0& @bﬁ o AN
Y a
S
N ¥
Wz - = ~ 1-methyladenosine 26 ~ + i< § &~ + & 7% b 2 flde A2 2 5

R
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",f g2tk i d-gt 1-methyladenosine 26 & 3 R F A T LG F
10 5B~ (MIP-SPE) e o444 » & #-4c » 1-methyladenosine 26 <15k
A EFAPT T e §IRIER (AUL VNIV 208 &t o f1¥
BorRAR AT AAT (B 1 ) 7 5 FIEE R EB7 R il

?ﬁ',ikl%o

2s0{ (A)

3 &
(S ]
=

Absorbance (mAL)
n ok
(=0

0 z5 5 7.5 10 12.5 15 7.5

Time (min)
We -7 5 2cik4p k47 BlE o (A) Foik tk &~(B) 4 ~ 1-methyladenosine
26 gk R &0 2 (C)#-4e ~ 1-methyladenosine 26 i/ ik tk & 518~ +

4R F & &+ % P~ (Scorrano et al., 2010) -

R R 2 (matrix effect) &4 452 $ &b < e+ 4 > Flpt 7 1Y
FPEHATFEL - MR A FHRF AT T FAEEN EEAT
FHEAHME O RBAPFLENAE  RHY F -G Sd B R %
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+ HE f#A L SFO3 i € 524 DNA A2 2 SFO-DNA “4c = &
$oo L1 i- HEE SFO A FIE M AP RL LT EHE AHA
$ SFO 3éeht &4 b BT 2 % DNA > x5 d fs% -3 DNA -k iz
ts » 5 NI1y-SFO-dAdo 11 22 N%-SFO-dAdo 12 eh# = £ o d
N1y-SFO-dAdo 11 ¢ 54 Dimroth rearrangement £ # & N°%-SFO-dAdo
12> 9510 24 & fdg 1 0% 2 T #-N1y-SFO-dAdo 11 £ # & N%-SFO-dAdo
12 & e rz w0 1% CL8 2 F4p 5 P ™ & {7 & Foehldd 1t 10 2 SR N5

LN e B T sk N%-SFO-dAdo 12 A F 0% A 3 (Ble - =)

Bo i B ULEAR E B s S DNA B ok iR i i Ik S FlAD B B

b -

Monomer Cross linker

0 i O%
N
o 5o
o
Methacrylic acid (MAA, 27) Ethylene glycol dimethacrylate
(EGDMA, 28)

-12

+12

Wz L= ~ DNA 4c & # # N%-SFO-dAdo 12 4 5 ¥4 8 A 5 o
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22 R HH

d 36t &2 Ny-SFO-dAd0 12 £ 24 e » 5 i & ik B 2 e end

S AL -2 F el 10 KRG A F 022 0 F HOKE A F He

221 2-3 § Bﬁ'u%.-v% (2’-deoxyadenosine, 2’-dAdo 10) &9 A Jﬁ*ﬁi

(methacrylic acid, MAA 27) % & 2. %8 NMR & |

AR P 2 4 4B~ pt (Scorrano et al., 2010) # 60 °C T4 Huie
A HRE A LR EF R B F LRIpE R (4111, VIVIV) 2R
ERdfRs Fkd > R AFHIRE LT SRFET T EETReF
dEiEa 4 0 B PR N T3 Ak (scanning electron microsope, SEM)
pEHTE 3 e MIP 25 85 (morphology) (Bl + - ) » &< Jed v iz
BAFHORB AT EF MIESLES B FR A PRI A 60 °CT
Pk + B H R 27 2. FFeng 421 % 4 ¢ (07 3 A7)t &2 712yl

S B LE AT HARE AT o
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gt gk ARG 20-4 F R b i AR G G g iT

TP 2-H & 8-H S F IR E ISR E A BB S F (upfield) £ e
¥-(downfield) % =# (*48& = + 4 ) (Rao etal., 1999; Basilio Janke et al.,
2004) 5 7 F B F BIER AP M2 §RE 8T AR Gk
#l A s 243 HRF A F (molecular imprinting polymer, MIP) p e
CDsCN/D,O=4:1:= &3% > 41* 'HNMR &7 RBP4 24 §

E L A SN S U R LR

12 R ST L A 25 °C SR W 2 TH NMR 3§ - i 8
68.17 ppm £ 58.20 ppm e LA B 5 2°-3 § Sekes b 2-H ¢ 8-H
s sl (Ble - A~ ) (Narukullaetal., 2008) « <88 7 2% ¢ » AP g
7] & 55 °C “7ip[ ¥ 2. 'TH NMR %3 > it § =4 58.19 ppm % 2-H ¢ 8-H

El - A AFEFERE ML ARG 2H ¢ FRIFH
98



i 8-H §§) MESFEHBE - TR Beerr ¥ gt (60°C) &7 HR
BAFREF e SRR s 8T AR GREN 27 2 g

o TR APRRieE B2l BEHBAS pd REFLSFHKRF A

o

+ R

[ ]
8-H 2-H /[Lr&
M Lo " O‘W)L
e
+——+ u M—LJLHJ it 8 H—<’N7 [ 5°C
HO N NP H
o]
1L I
o S R = —— 15°C
JL | o ; .. s°C
J.U?L | _+LQWJ_,J ! . . 35°C
\ MM;A_'\J i M55 °C
h.5 85 75 6.5 5.5 45 35 25 15 0.5

Rl -~ s 2§ 3Reked 102 7 [ Sip 27 12 114 2§00 R &

24 N2 e
fo 7 B

-~

41

%89 %2 '"HNMR 3 3# (500 MHz, CD;CN/D,0 = 4:1) -

222 2-3 % %ﬁlvﬁ-vé g A+ 2 R4

SRR 24 FOREARRE A S RS - #2-4 § ke 10



PR 277 AP e Z Fifis 28 F - B0 % 32 1 1:14;
75:9 8 b bie il & CDCNID,O = 4:1 2 7 3 Al# » 541 'HNMR

BEE P e K Rle S 4T R I MEE R e & E I BLE

*.rr_rx\L

B wosseE I UV 4% (365 nm) 20 °C T Rif- A4 F & 16 | P
PEEIRILG g RIAM e S e LG LR R (Rl 4 C)

1 ﬁg&frriﬁ BLE RBONREF o

(B)

s
o .JMV U b

A | | |
\ L_HJLMK 4

Ww >4 23 §ouled 10-7 AP M 277 [ e - pif 28
71:14:754cmF - B0 % 29F BT -2 'HNMR 3B (300 MHz,
CD,CN/D,0 =4:1) o (A) 4 kP2 ;8 &% ~(B) & 0°C ™ 12 UV % (365

nm) i&i7k@1ls4 - ~(C) BREFBL6)PFo
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et vhETE 2 g e S FIM O AU AR st L 5 Bakst (scanning
electron microsope, SEM) #p#&#7¥ 3| <57 MIP 32} ix (morphology) (B =
LA B ;gké'p WP dpens + 0% B 4 3 § 3 3 02 7R E (cauliflower)

758 (BT - B) #p iz (Scorrano et al., 2010) -

BT+~ 25 R F A il 3 T 5 AR - (A) 2-2 § et B
g A5 (B)e 1]%1 1-Methyladenosin #i-5%< % 4 <+ (Scorrano et al.,

2010) -

223 2°-3 iﬂﬁlvﬁ-w"}iﬁi%b + 2. 45850 4

5B ATE L 2’--i§ﬂ:j1v%vé‘ 10 & F 0 ® &+ . F 5 5 4280
4 ANjpds 24§ ﬂ;j"\v%vé 10 ;2% %~ MIP (% % ®) 2 NIP
(non-imprinting polymer) (4=#4l%) R EMR R B PIARY 2-3 § B;j’l\\!%\zlz,\

106 AT KRBT L- 7@ Fg4er MIPBR? 2-2 §
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ot 10 kA F R FEEF 4 MIP hR R 43 Y 2-3 § 90k
A 10ERS B IV NEPAPNELZ L FHREAFH 22 E

B;j‘{p}l}‘_vé 10 —?-’ﬁ ﬁﬁﬂ‘—l“@" (I’Gbiﬂd) ey 4 o

M el -
> Determination
AV ' ¥ byHPLC
)
Incubation with Filtration
2’-dAdo 10 solution Unbound 2°-dAdo 10

S00

400

200

200

100

0

T
UV absorbance at 258 nm

NIP (20 mg) pretreatment
-~ 2'-dAdo 10 (1 mM)

— MIP (20 mg) pretreatment

~  MIP (40 mg) pretreatment

ML

| F
i
1
C [T

& - s - L Ed S &
15 20 25
Time (min)

o
ot
s
o

WI+- ~2-3 § 584 10 (L mM) 4~ 5% 4 3 (20 mg ~ 40 mg)
g2tk 3 &+ (non-imprinting polymer, NIP 20 mg) * &g & fs o L »

25 pl ik o Bk At 203§ ket 10 2 F o 4p K AT R
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23 Akaix

d 3t p % N%-SFO-dAdo 12 th& &3 8 § a4 Mgt T g7k B

HEE R TR TR F L IR U F AR IR

NN
et

P L A BT kP17 N%-SFO-dAd0 12 0 i 1t 152 & & jfide ™

DCM
3,4-Methylenedioxyphenethyl alcohol 3,4-Methylenedioxyphenethyl alcohol

O> o
HONCEO Silica gel, pyridinum chlorochromate, OA/C[0>

(commercial available)

(1) Znly, ice -cooled, MSCN/DCM, rt, 2 h  H,N o
(2) THF, LIAIH,/0°C, reflux 2 h j\/@(} ——————————— : o

HO N q
an

2-Amino-1-piperonylethanol

DMSO of DMF, DIPEA |
55:60 °C, 15-20 h

HN O>
eNf” 113110
N /)
HO N
O
N®—-SFO-dAdo 12

OH

o
T

FEL - s e d A NY-SFO-dAdo 12 8 & o
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4L >
2.4 2%
EE. R AT iR 2-2 3 H;j’l\v%

7

oM T ARG

102 AFHRR A 0 AP A FHORE AT HTIE S 0 A kM

P A ez s 3 628 - Bigds 2 FHRE AT o
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25 R F
2.4.1 Preparation of Molecularly Imprinted Polymer.

The polymer imprinted with 2’-deoxyadenosine 10 (MIP) was prepared as
follows: 0.0468 mmol of 10 were dissolved in 2 mL of acetonitrile/water
(4/1, vIv) in a round bottle and 0.661 mmol of MAA 20 and 3.520 mmol of
EGDMA were added to the solution. Then, 0.042 mmol of AIBN as initiator
was added and the mixture was degassed in a sonicating bath flushing with
nitrogen gas for 5 min to remove oxygen and sealed. The polymerization was
initiated photochemically by a standard laboratory UV light source at 0 °C
for 1 min and allowed to proceed for 24 h. The resulting polymer was ground
in a mortar. After crushing, the polymers were soxhlet extracted in methonl
overnight, then dried under-vaccum. A control (non-imprinted) polymer (NIP)
was prepared using the same conditions except for the addition of the

template.

2.4.2 Batch Rebinding Studies.

A stock solution of 1 mM of of 2’-deoxyadenosine (2’-dAdo 10) in
CHCN3/H,0 (4:1) solution was prepared. A 3.5 mL of 2’-dAdo solution was
then added to 4 mL glass vial containing 20 mg NIP, no polymer, 20 mg MIP,
and 40 mg MIP. The vials were then shaken overnight. The concentration of
unbinding 2’-dAdo 10 was measured by HPLC after filtration on 0.22 pum
PVDF syringe filter.
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Current Data Parameters
NAME  illly20G8041S
EXPNO 3
PROCNO 1

F2- Acqulanxon Faramsters
Dats_ 20080420

Tims 5.27
INSTRUM spsct

PROSHD 5 mmpMul(lnu
PULPROG cosysd

TD
SOLVENT D20
NS 4

1€
4785 272 Hz
2338512 Hz
02138512 8ec
382

D1 200000000 sac
INO 0.00020880 sac
============ CHANNEL 1 =========== ==
H
10.60 usec
-3.0C dB
300.1313620 MHz
F1i - Acquieition parameters
NDO 1
TD 256
SFO1 300132 MHz
FIDRES 18.708054 Hz
sSW 15357
FRMODE uncsfinad
F2 - Processing parameters
si 1094

3001300000 M-z
SINE

o
000 Hz
1.c0
F1 - Processing parameters
si 1094

GF
3001300000 M-z
SINE

o
000 Hz
o

W= L= 4 &3 N7y-SFO-Gua 19 2. H,H-COSY (500 MHz, dg-DMSO) & 3 ] -
154



~
»

-

A
N
|
|
.‘

|
'
'
°

= A~ 4o 2 N7y-SFO-Gua 19 22 HMQC (500 MHz, ds-DMSO) & 34 1] -

155




Value

C:f Users! Public/
Documents/
NMR_Data/ Chungws!
Lilly/ 2008 NMR 500/
97081 3dept fid/ fid

Title dC-80/ d6-DMEO
970505¢

Origin inova
Owner womrl
Solvent DMSO
Pulse DEPT
Sequence
Acquisibion  2008-08-14T10:17:24
Date

8 Modification
Date

9 Temperature 250

10 Number of 4000
Scans

11 Spectrometer 12573
Frequency

12 Spectral 314465
Width

13 Lowest -38718
Frequency

14 Nucleus 13C

15 Acquired Size 25137

16 Spectral Size 65536

— -1 e

792 788 579 5.76
(ppm) (ppm)

T

5.0 4.5 4.0 3.5
{ppm)

W= L4~ e A4 N3y-SFO-dUrd 21 2. *H NMR (500 MHz, dg-DMSO) 3§ ] -
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41.0

455 415
(ppm)

T

46.0

AN
861z

89°8EL~
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5 3on53194}
‘ |

—JUWV__J i

EXPNO 2

PROCNO 1

F2 - Acquisition Parameters
Date_ 20080810

Time 18.48
INSTRUM spect
PROBHD 5 mm Multinu

0
4789272 Hz
0.292314 Hz
1.7105396 sec

- —

104.400 usec
6.50 usec
3000 K
2.00000000 sec

-

SFO1 300 1319508 MHz
F2 - Processing parameters
Si 16384
SF 300.1299912 MHz
WDwW EM
SSB o
LB 0.10 Hz

o

GB
PC 1.00

1D NMR plot parameters
3.00 cm
12 000 ppm
3601.56 Hz

6.54348 ppmi/cm
163.11414 Hz/cm

HRE - = 4o A $ N3y-SFO-dUrd 21 2 H,H-COSY (300 MHz, d-DMSO) 3 ] -
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Parameter Value

Data File Name C:/ Users/ Public/
Documents! NMR_Data/
Chungws/ Lilly/ 2008
NMR 500/ 971017H fid/
fid

2 Title dT-80O
971017H

2 Origin inova

4 Owner wrl
5 Solvent DMSO
6
7

Pulse Sequence s2pul

Acquisition 2008-10-18T02:27:11
Date

8 Modification
Date
9 Temperature 250

10 Number of 16
Scans

T e T e 11 Spectrometer 49997

772, 770 Frequency
(ppm) 12 Spectral Width 8000.0

12 Lowest -1027.8
Frequency

14 Nuclevs 1H

15 Acquired Size 23993

16 Spectral Size 65536

4.5
{ppm)

HHRE L w s 403 & N3y-SFO-dThd 23 2 *H NMR (500 MHz, dg-DMSO) 3 ]
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Current Data Parameters
NAME Iilymms1 17

EXPNO

PROCNO 1

F2 - Acquisition Parameters
Date_ 20080818

Time

giSTRtM

a8
'
'
'
'
[
'
[
o
1

200.1319508 MHz
F2 - Proees?i meters
300.1239897 MHz
EM
0
0.10 Hz
0
1.00

HHE L= - 44 3§ N3y-SFO-dThd 23 2 H,H-COSY (300 MHz, d6-DMSO) 3% ] -
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273 K |
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16.0 15.0 14.0 13.0 ppm 9.0 8.0

WRe L4~ 2 gk 3,5°-di-O-(triisopropylsilyl)-7-"N-2’-deoxyadenosine
21 i 4 (1:4) . CDCIF,/CDF; (Freon solution); 4] * % 8 % 2 7 "H NMR %
#k B] - (Basilio Janke et al., 2004)
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