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Synthesis and functionalization of catechol-type nucleoside
for alternative base pairing through coordinating bonding
Honghua Cao
Department of Functional Molecular Science, School of Mathematical and
Physical Science

The Graduate University for Advanced Studies

Biomacromolecules such as protein and nucleic acid are excelient functional
molecules, which play crutial roles in the vital functions in biological system in an
accurate and well-controlled manner. Owing to recent developments in organic
synthesis and biotechnology, it has become feasible to chemically modify these
molecular structures at the molecular level,

Chart 1
An alternative approach we have used for the

reconstruction of DNA is the direct modification quIx )
M = Matal ion

DNA, hydrogen-bonded base pairing is replaced by metal-induced base pairing, thereby

of nucleobases by incorporating metal-chelating

nucleobases into DNA strands. In this artificial

creating a novel hybridization motif in double-stranded DNA (Chart 1).

We have synthesized an artificial f-C-nucleoside 6 which have a catechol group as a
nucleobase. This novel nucleoside was synthesized from a 2’-deoxyribose derivartive
1 and O-protected catechol 2 via Friedel-Crafts coupling reaction to selectively afford

the desired product fB-C-

Scheme 1

nucleoside 4 in 36% vyield. o m“mw“,?
The  following  two-step m %
OYBDMS TBDMS
deprotection procedures E'° °! m?:;:fns QTEDMS
OTBDMS OTBDMS 5
afforded the target f-C- OTBDMS mjlu
nucleoside 6 (Scheme 1). E.o ) f’““"“‘"‘”‘}

Catechol-bearing B-C-
nucleoside 6 was treated with half amount of trimethyl borate and triethylamine in

DMSO-d,. at room temperature to obtain 2:1 complex 7 between nucleosides and boron



(HI) (Scheme 2) The Scheme 2

isotopically resolved ESI- o 4 chif
TOF mass spectrum of this p OH—B(;_::]L‘E‘JNH m\kjﬂ"/ ° >
solution in the negative on Mwlsqls
mode provided clear evidence for the 2:1 complexation between 6 and boron ion. The
singnal at m/z 459.15 [7-Et;NH'] gave excellent agreement between the experimental
and theoretical isotopic distributions indicating the boron-assisted dimerization of 6.
500 MHz 'H NMR resonances from aromatic protons of the complex 7 in DMSO-d,
were upfield-shifted from those of the nucleoside 6, and the signals for hydroxy protons
on the catechol moiety disappeared upon complexation, whereas those for the ribose
moity still remained. These results indicate that phenoxy groups coordinated to the
boron (III) center, in the deprotonated form, that is to say a boron (III) ion promoted
base pairing of 6. Although there are two possible diastereomeric structures for the
complex 7, we only observed one set of proton signals for the complex 7 in the
spectrum.

We then tried to incorporate a catechol-type B-C-nucleoside as a “chelator-
nucleoside” building block into a DNA strand by means of a phosphotriester or a

.

phosphoramidite approach. Scheme 3

We synthesized  oteos * one .
phosphoramidite type 11 and O—k’ e ouro
10
. CH
phosphotriester-type 13 and 14, / \ ;/\(0" e Ho- FO '

starting from compound 10 DMTIO Ae
DMTrO- o \k_/ l\ OAc
(Scheme 3), which can be used " 2 " 4
0\ O ?'D
to introduce the catechol-type NGcmero” N7 A en
l—©~0 FD
nucleoside into oligo-DNA. o

This work demonstrates a novel base pairing mode assisted by borate formation,
which would provide an alternative DNA base pair in addition to other metal-assisted
base pairs that have been developed in our group so far. This novel base pair at
specific site of oligo-DNA would contribute to the development of new structural and

functionalized super-biomolecules.
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An Approach to Metal-Assisted DNA Base Pairing: Novel-C-
Nucleosides with a 2-Aminophenol or a Catechol as the Nucleobase

Kentaro Tanaka, Motoyuki Tasaka, Honghua Cao, and Mitsuhiko Shionoya

Eur. J. Pharm. Sci., in press.

An Alternative Base-pairing of Catechol-Bearing
Nucleoside by Borate Formation
Honghua Cao, Kentaro Tanaka, and Mitsuhiko Shionoya
Chem. Pharm. Bull., in preés.
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Table 2-1 Tix, 73— VREE, 7FF2UF -2 - ArhigE®k, Lo
AMEBATISEDZ L ICL Y, RIEEHOBRELE T o720 FAF LK
—A UL L TR L 2054 FERWAEE. 77 3 -V AKBEOR
L LT OTBDMS 3£, VA ABE LT BEAELO) AV L 50k, H
MO C-27 VA4 FEROERSHRIN:, TOERWTL. 3V
VANFADREREHFEL, 7AFDVF - I HERELTA S
%%mwt%%‘E%%@W%ﬁké<mLLto:@%%,&ﬁﬂ%@
BF(EL0) W7 & ZITHA SnCl, 2 VL HPRVE RS 5 2, TGEIR
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Table 2-1 Conditions for the Friedel-Crafts coupling reactions

Catechol R’ R” Lewis acid Temp Yield
(R)
OMe TolO B-Cl SnCl, 0C nd
OMe TolO BCl  TiOCH(CH),l, 0C nd
OMe TolO B-Ci TiCl, it nd
OMe TolO BCl BF,-(Et,0) rt nd
OTBDMS TolO B-Cl BF,-(E(,0) rt B: 3.8%
OTrt TolO B-Cl SnCl, rt 0
OTBDMS  TolO BCl  TMS-triflate 0C 0
'~ OTBDMS TolO - gCl BF,(Et,0)  -40-0 ‘C B 21.3%
OTBDMS TolO BCl BF,-(Et,0) 0°C  (93%
a: 1.4%
OTBDMS  Ethyl carbonate OMe SnCl, 0 -C B:36.2%
' : a: 8.2%
OTBDMS Ethyl cartbonate. OMe BF,(Et,0) rt B 14.8%
a: 15.4%

IEEFIHANFEINETHCEIELE L, LoT X242 F 6 DA
Scheme 2-2 (278 L7=G BV — M2 X 4T 0720 Friedel-Crafts % v 77" » 7 R
DERPE LT, B7 /72 36%. o7 /<7 82% {F5N7:, #xtBiE
DIREIR. '"HNMR ZHWY K- LD H-H, B, H-H,. BOH v 7))
7 a ‘/iyy FLHEE L 72 Kool Hid, BADHEERFO—ED -7
FO)R—AEEHRL, X HEGEEL '"HNMR 226, Th6DH v 7Y~
FAXRAY b EeT /v DOV EEEOMBEE T HREL TDd % H-H, &
U, H-Hy DA v F) o yasXyrrid, B7/<—0%E, FRFRS-
7Hz & 10Hz BEOELRT ILOHE S 7F i & < 5F L7 doublet of
doublet D/¥% — %52 5) DML, T/ 7—DHFEWMELD 6 Hz 2
BOWEERT (P ORE L 7 pseudo triplet D/3Y — 2 5.2 3), 4

MRAZTERINERBERNICLOEELL: 2273/ 7/ VR BC-X
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Scheme 2-2°
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‘Reagents and conditions: (i) TBDMS-CI, pyridine, 80 °C, 97%; (ii) Ethyl
chloroformate, pyridine in CH,CL,, rt, 78%; (iii} SnCl, in CH,CL, rt; (iv) 1% K,CO; in

MeOH, rt, 84%; (v) nBu,NF in THF, rt, 100%.

T LAY FHEK 20 b - oDhy Y v

Chart 2-5
YA IHFERENR BT /Y — DS S.OHz
£ 105Hz. 07 /¥ —DHE68Hz & 68Hz & WOB"
LY EEDBRIF RSN, KETAKRLDF : jf
T—NH BCRILEAY FDOH Y TY 2 TR ora 9 P
FrME 4BV T 54 H & 100 Hz, 3 108 20
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WT 62, 62 Hz THEIEPLENRFN BARE a ADX I LA FLIRRE
L7, Friedel-Crafts 77 v 7)) Y 7@ BC-A 7L AT F 413, A%/ — VK
W, KEES )T LAHFET T, TF VA VFEF— FORRELFTFV (5). ©
VT n-Bu,NF ZH\WT TBDMS OBRRERICLITHIZLIZL Y, BB H 7
I-NVE BC-XZLF T 6 BB,
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Materials and Methods

General Information. Unless otherwise noted, all reactions were carried out in
oven dried glasswares under an argon atmosphere with commercial anhydrous solvents
(Wako). l—O—Methyl-2—deoxy-D-ribofuranose was prepared according to previously
reported procedures.””  2-Aminophenol and trifluoroacetic anhydride were purchased
from TCI and tert-butyldimethylsilyl chloride was purchased from Shin-Etsu. 1 M n-
Bu,NF in THF was purchased from Aldrich. All the other reagents were purchased
from Wako and used without further purification. Column chromatography was
performed using Wakogel C-300 or C-200 silica gel (Wako). 'H NMR spectra were
recorded on a JEOL Lambda 500 . The spectra were referenced to tetramethylsilane.
Chemical shifts (8) are reported in ppm; multiplicities are indicated by: s (singlet), d
(doublet), dd (doublet of doublet), ddd (doublet of doublet of doublet), q (quartet), m
(multiplet), and br (broad). Coupling constants, J, are reported in Hz.

0,0'-Bis(tert-butyldimethylsilyl)catechol (1): To a solution of tert- 7
butyldimethylsilyl chloride (9.7 g, 64 mmol) in pyridine {10 mL) was added catechol
(3.54 g, 32.2 mmol). After stirring for 2 days at 80 °C, the reaction mixture was
poured into ice-cold water (500 mL). The solution was extracted with AcOEt three
times, and the combined organic layer was washed with brine, dried over anhydrous
MgSO,, and concentrated.  The residue was purified by silica gel column
chromatography with n-hexane-Et,N (100 : 1) to give 9.11 g (84%) of 1 as a colorless
oil. 'HNMR (CDCL): 8 6.81 (m, 4H), 0.99 (s, 18H), 0.19 (s, 12H).

0,0 '-Bis(tert-butyldimethylsilyl)-4-[],2-dideoxy-3,5-0-bis(eth0xycarbonyl)-a—
and f-p-ribofuranos-1-yl]catechol (3 : 8,4 : a): To a solution of 1-O-methy!-2-
deoxy-D-ribofuranose™ (9.6 g, 65 mmol) in dry CH,Cl, was added ethyl chloroformate

(12.4 mL, 130 mmol) and pyridine (10.5 mL, 130 mmol) at room temperature. After
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stirring for 1.5 h, ethyl chloroformate (12.4 mL, 130 mmol) and pyridine (10.5 mL,
129.8 mmol) were added to the reaction mixture, which was further stirred for 40 min at
room temperature. The reaction mixture was diluted with CH,Cl, (200 mL) and
washed with 2% H,SO, aqueous solution three times and brine, dried over anhydrous
MgSO,, and concentrated.  The residue was purified by silica gel column
chromatography with n-hexane-ethyl ether (5 : 2) to afford 16.3 g (78%) of 2 as a
colorless oil.

l-a,ﬂ0—methyl—2-deoxy-3,S-O-bis(ethylcarbonyl)-D-ribofuranose 2 (200 g, 684
mmol) and 0,0'—bis(tert-butyldimethylsilyi)catcchol (20.6 g, 60.8 mmol) was dissolved A
in dry CH,CI, (80 mL), and SnCl, (13.7 mL, 127.0 mmol) in CH2C12 (130 mL) was
added dropwise to the solution within 10 min at 0 °C. After stirring for 15 min at 0 °C,
the reaction was quenched by adding saturated NaHCO, aqueous solution (1 L), and the
solution was extracted with CH,Cl, four times. The organic layer was washed with
brine, dried over MgSQ,, and concentrated. The residue was purified by silica gel
column chromatography with n-hexane-ethyl ether (8 : 1) to afford 13.2 g (36%) of 3
(B-anomer) as a pale yellow oil and 3.0 g (8.2%) of 4 (@-anomer) as a paie yellow oil.
'H NMR (CDCL,): f-anomer: 8 6.84 (d, IH, J = 1.7 Hz), 6.80 (dd, 1H, J = 8.2, 1.8 Hz),
6.78 (d, 1H, J = 8.1 Hz), 5.16-5.18 (m, 1H), 4.98 (dd, iH, J = 11.2, 4.6 Hz), 4.40 (dd,
1H, J = 11.5, 4.2 Hz), 4.36 (dd, 1H, J = 11.4, 3.8 Hz), 4.18-4.28 (m, 5H), 2.32-2.35 (m,
IH), 2.05 (ddd, 1H, /= 14.0, 11.2, 6.1 Hz), 1.34 (¢, 3H, /=72 Hz), 1.31 (1, 3H, J = 7.2
Hz), 0.98 (s, 18H), 0.18 (br, 12H). o-anomer: § 6.85 (d, 1H, J = 2.0 Hz), 6.81 (dd,
1H, J=8.3,2.0 Hz), 6.78 (d, 1H, J = 8.3 Hz), 5.18 (ddd, IH, J = 7.4, 5.3, 3.8 Hz), 5.04
(dd, 1H, J =7.5, 7.5 Hz), 4.40-4.43 (m, 1H), 4.35 (dd, 1H, J = 11.3, 3.7 Hz), 4.32 (dd,
IH, J=11.5,5.2 Hz), 422 (q, 2H, J = 7.2 Hz), 4.19 (q, 2H, J = 7.2 Hz). 2.79 (ddd, 1H,
J =13.8,7.0, 7.0 Hz), 2.10 (ddd, 1H, J = 13.5, 8.0, 5.3 Hz), 1.32 (t, 3H, J = 7.3 Hz),
1.30 (t, 3H, J = 7.5 Hz), 0.98 (s, 9H), 0.97 (s, 9H), 0.19 (s, 3H), 0.18 (s, 3H), 0.19 (s,

3H), 0.18 (s, 3H).
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0,0'-Bis(tert-butyldimethylsilyl)-4-(1,2-dideoxy-f3-D-ribofuranos-1-yl)catechol
(5):  0,0-Bis(tert-butyldimethylsilyl)-4-{ 1,2-dideoxy-3,5-O-bis(ethoxycarbonyl)- f-D-
ribofuranos-I-yljcatechol (3) (2.58 g 4.30 mmot) was treated with 1% (w/v) K,CO, in
MeOH (25 mL) for 50 min at room temperature. The mixture was neutralized with
aqueous acetic acid solution and then concentrated. The residue was dissolved in
CH,Cl, (200 mL) and washed with water, dried over anhydrous MgSO,, and
concentrated. The residue was purified by silica gel column chromatography with
CHC1,-MeOH (20 : 1) to afford 1.64 g (84%) of 5 as a pale yellow oil. 'H NMR
(CDCl,): 6.82-6.79 (m, 3H), 5.06 (dd, 1H, J = 10.3, 5.6 Hz), 4.42-4.43 (br, 1H), 3.99
(ddd, 1H, J=4.5,4.5,3.0 Hz), 3.81 (ddd, 1H, J=11.4,4.8, 4.8 Hz), 3.72 (ddd, 1H, J =
11.6, 5.7, 5.7 Hz), 2.20 (ddd, 1H, J = 13.4, 5.6, 2.0 Hz), 2.01 (ddd, 1H, J = 13.3, 10.3,
6.2 Hz), 1.91 (d, 1H, J = 6.2 Hz), 1.88 (d, 1H, J = 3.7 Hz), 0.98 (s, 9H), 0.98 (s,
9H), 6 0.18-0.19 (m, 12H).

4-(1,2-Dideoxy- f-D-ribofuranos-1-yl)catechol (6): n-Bu,NF in THF (1 M, 1.14
mL, 1.14 mmol) wés added dropwise to a solution of O,0'-bis(tert-butyldimethylsily?)-
4-(1,2-dideoxy-B-D-riboturanos- I -yl)catechol (5) (0.26 g, 0.57 mmol) in THF (6 mL).
After stirring for 10 mi.n, 5% NaHCO, aqueous solution (2.6 mL) was added to the
reaction mixture, which was then concentrated. The residue was purified by silica gel
column chromatography with CHCl,-MeOH (4 : 1) to afford 0.13 g2(99%)of6asa
colorless foam. After recrytallization from acetonitrile, colorless needles were
obtained, mp 182.0-184.0 °C (dec.). 'H NMR (CD,0OD): 6 6.81 (d, iH, J = 1.7 Hz),
6.71 (d, 1H, J = 8.1 Hz), 6.69 (dd, 1H, J = 8.1, 1.7 Hz), 4.96 (dd, 1H, J = 10.5, 5.4 Hz),
4.29 (ddd, 1H, J=5.7, 1.8, 1.8 Hz), 3.88 (ddd, 1H, J=5.3, 5.3, 2.3 Hz), 3.65 (dd, 1H, J
=11.7,5.1 Hz), 3.61 (dd, 1H, J = 11.7, 5.4 Hz), 2.08 (ddd, 1H, J = 13.2, 5.3, 1.5 Hz),

1.93 (ddd, 1H, J = 13.2, 10.6, 6.0 Hz).
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ABTHAEHEGOMND N ICEBEMEEICL VIEES T HRT 5 AL
VAL RELTAT IV EBBERXELTETS BC-X7VF Y F 6 %
aat. SR L7, | ,
KEEF% TBDMS CTREL AT I—NE, I MIZ O-AFNETEALS
TAF YR - AFEEE O SnCl, ¥ v /- Friedel-Crafts UEIZ L ), =
36% THHD BC-Z7 VAV FE, UK 8% T aC-RX7 Lty FeagmllL
720 ELIZTFNHNFKEF— ME TBDMS OBMBERICIZL Y, AFa—)0
BBCXIVLALF 6 #HE LA, #7723 NBATIZLALF 6 i
Freidel-Crafts RIGx FHWA Z EASTE/-DT, RNA K2 H T2 o7z =L
YUTIVERIZILALR 18 LRIV EWAT v T THWYA1BE LA
T&7,
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3-1 #5

DNA 57 ¥i& Watson-Crick BOKFEHELBEEOA Y v ¥ 2k B, =
HOTABEZAL TVD, ZEHRRICBVT, TFor k51, 7=
SEV P U EBEEROMBNAER AL VB VERELY b BT
2Tw5 G R, EREHELYHEATAILICL D, DNA I LWBEES S
TARESBAIATORT D 2,

FRXTRF LT TO—F & LTEBERREMT ~ B, S L
TEATDHIEIZLY, KEHEEGOND W IZEEBAERIC L 0 i 4 T+
5 AL DNA ORIHEBIME LTwd, #EHICL DSBS 4> % DNA thic
BATHILIZL o THEAESTT DNA O LV ERIEDS, BiErFERILS S
EBWIFETE S,

BEMEROFIAE L 774 -2 LTREEEHVLZE0RSL L
T, EMOTY NI A DB TR, RS E I R0 T A
BZearbo— Vb aEETHhirEELLNS, DNA “E#P CHEAR. A
HAMOSBELTRE T2 * T EiCk ), ELOBBIEEG L OMERLE RS
F o 7HESN SN DNA 2ROBERSFBFRI LTI D2, 20 L5
% DNA #EDK & AL (twisting, untwisting, curving, bending %) 1341k
B 7% UG DR & 72 HARENEC . BSFLFM 7% building block & LT D4 H
MR TE 2, Lo THBRTLELTOEBA 4240, DNA HEE{
G PUL: T e o N o B Vi o SNPR A::117 3/EE = 3 (I

AR AU A4 2iE, ERAA VLRIV RIER B4 BRT 2,
AT AN ENEREID 2:1 SR HRIICHIE TS EFmohTE Y ¢,
ATIA-NEA 7 LAY FEAVZAL DNA OFvE (M) {4 210k 548
%ﬂﬁﬁﬁ%ﬁ%tﬂ%olof$§fd\%2%fﬁﬁttﬁ?:—wﬂﬁ.
C-XI LAY FDRYIEAF L BHEAMBR BT,
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32 A7 A—IWBALX VL F S ROEENFE

BT 3=V BC-NT X

VAR 6 & B OFENKE . DMSO-d, H,

NJZFVTIVELET. LA 6 2P ) AF VKL — b EHSE2 2 E

WX higET L7

OH
OH
Ho— o B(OMe),, Et;N
in DMSO-dj
OH
6

JXAFIVERL— b (22 mM).
PV T 500 fEARL 72,
Z DD ESI-Mass A X
7 bViE, AT T4 TE—
FDBEIZ LY msz459.15
DGFAF =7 %R,
[7 - EtNH*] (caled 459.15)
\Z—3 L7 (Figure 3-1)o
L= DR 3
b= a ryvoEp
(Figure 3-1(b)) 1%, Jl%E(H
(Figure 3-1(c)) & BWvw—
zRL7z BlEX D, 7

(Scheme 3-1)o DMSO-d, ', B-C-X 7 L4 < K 6 (44 mM), b

Scheme 3-1
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Figure 3-1. #§fK 7 @ ESI-TOF mass A% b
' (negative mode): (a) m/z 100-1000, (b) HHFHY
BN AT, (c) SEBRIGFIRLARSAT (miz 459.15
([7 - BtaNH'] caled 459.15)).

S NETO N DREE L2 T a— VIR 2 LY N 6 & BY AT 2:1 Dk
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23



Figure 3-2(b) 2 (@)
DMSO-d, 25T 5% : ﬁ [ ,‘_ ’ ’
R 7 @ 'H-NMR ~/: _ ' |

-------------------------

AR PNERLE, g . Sz ]
XZZLATR 6 DY
TA-NVEEFER LD
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- ‘E N
& (Figure 3-2@)s % pigure 3.2, 500 MHz 'H NMR 2<% ML (DMSO-
e - - dg) (a) C-nucleoside 6 , (b) 3 - borate (2:1) complex, 7:
HERRS 5L [36!] =44 mM. [B(OMe),] = (a) 0 and (b) 22 mM. [Et;N] =

Lo, ecumgm 2mM :
v 7 b L7 (Figure 3-2(b)), T 7-88K 7 T3, 875 ppm HED 7 =/ — 4%
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FAV Y 7 RIREWMERLEFHEZLRDH, Figure 3-2(b) £ v — 77 1 + v
MDY TFNEEZ I, () 8K 7 DO T T A5 L dv—It 500 MHz 'H-
NMR D5 REETHBET & v, (i) DMSO-d, 11 C, B™ £ # ¥ FOROEEA
BAEFAT S > T, (i) D-) K= AT EDOARFIZL Y, B* 44 I
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BEXY, 73— VBATRZ Lt F 6 id BY 2% 0 A5
HENLILNE, 6 % DNA V=7 T RITBATAI L2 ). B* 244
AR & L7 BHIE R R OB R DI s S L 2

24



33 ERBROZ

General Information. All reactions were carried out under argon atmosphere.
DMSO-d, was purchased form EURISO-TOP.  All other reagents were purchased from
Wako and were used without further purification.

'H NMR spectra referenced to TMS were recorded on a Bruker DRX500 (500
MHz) spectrometer. Chemical shifts (3) are reported in ppm; ﬁmltip]icitics are
indicated by: s (singlet), d (doublet), dd (doublet of doublet), ddd (doublet of doublet of
doublet), m (multiplet), br (broad). Coupling constants, J, are reported in Hz.
Electrospray ionization time-of-flight (ESI-TOF) mass spectra were recorded on a

Micromass LLCT spectrometer.

'H NMR measurement of 4-(1,2-dideoxy-f-D-ribofuranos-1-yl)catechol (3)
'H NMR (4-(1,2-dideoxy-B-D-ribofuranos-1-yl)catechol (22 pmol) and triethylamine
(11 pmol) in 0.5 mL DMSO-d;): 5 8.76 (2H,'br), 6.72(1H,d, J = 1.8 Hz), 6.64 (1H, d, J
= 8.0 Hz), 6.57 (1H, dd, / = 1.8, 8.1 Hz2), 4.80 (1H, dd, J = 5.3, 10.4 Hz), 4.13 (1H, m),
3.71 (IH, ddd, J = 1.8, 5.5, 5.5 Hz), 3.45 (1H, dd, J = 5.1, 11.2 Hz), 3.37 (IH, dd, J =
6.1, 11.2 Hz), 2.42 (5H, q, J = 7.1 Hz), 1.95 (1H, ddd, J = 1.2, 5.3, 12.7 Hz), 1.72 (1H,
dddl, J=357,10.6, 12.7 Hz), 0.93 (7TH, t, J = 7.1 Hz).

'H NMR measurement and mass spectroscopies of 4-(1,2-dideoxy-f-D-
ribofuranos-1-yl)catechol boron (2:1) complex (7) 'H NMR (4-(1,2-dideoxy-f-D-
ribofuranos- 1-yl)catechol (22 umol), trimethyl borate (11 pumol) and triethylamine (11
umol) in 0.5 ml. DMSO-d,): 6 6.48 (1H, br), 6.44-6.46 (1H, m), 6.35-6.67 (I1H, m),
4.96 (1H, &, J = 3.8 Hz), 4.82 (1H, dd, J = 5.2, 10.4 Hz), 4.69 (1H, br), 4.13 (IH, br),
4.09 (1H, br), 3.69 {1H, ddd; J=19,5.5,5.5Hz), 3.43-3.48 (1H, m), 3.37-3.41 (1H, m),
3.17 (4.6H, 5), 3.04 (3.4H, br), 3H, 1.93 (1H, ddd, J = 1.3, 5.3, 12.8 Hz), 1.78 (1H, ddd,
J =357, 16.5, 12.7 Hz), 1.15 (4.7TH, t, J = 7.2 Hz). Catechol type nucleoside 6 (44

mM), triethylamine (22 mM) and trimethyl borate (22 mM) was dissolved in DMSO-d;
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and further diluted with acetonitrile. An ESI-TOF mass spectrum in the nagative mode

showed m/z = 459.15 as [7-Et;NH"] " (calcd. 459.15).
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Reagents and conditions: (i) p-chlorophenyl 2-cyanoethyl chlorophosphate, N-methylimidazole, MeCN. -4°C, 90%: (i1) 2% benzenesulfonic acid
in CH,Cl;:MeOH=7:3, rt, 80%; (iii) acetonitrile:triethylamine= 1:1, rt, quents : (iv) TPS-Te in pyridine, rt, 85%; (v) 2% benzenesulfonic acid in
CH,Cl,:MeOH=7:3, rt, 80%; (vi) TPS-Te in pyridine, t, 81%,; (vii) NH4/H,0, 55°C.
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4-5 RO

General Information. All reactions were carried out in oven dried glasswares
under argon atmosphere with commercial anhydrous solvents (Wako). Abbreviation
TPS-Te (4-N-benzoy]—5’—dimethoxytrityl—Z’-deoxyadenosine) were prepared according
to prc\.riously reported procedures ®.  4,4’-Dimethoxytrityl chloride (DMTr-Cl), 4-
chloropheny! dichlorophosphate, N-methylimidazole, and 3-hydroxypropionitrile were
purchased from TCI. One molar solution of n-Bu,NF in THF and 2-cyanoethyl N N-
diisopropylchlorophosphoramidite were purchased from Aldrich. All other reagents
were purchased from Wako and were used without further purification. Column
chromatography was performed using Wakogel C-300  (Wako).

'H NMR spectra referenced to TMS were recorded on a JEOL Lambda 500
(500MHz) or a Bruker DRX500 (500 MHz) spectrometer. ''P NMR spectrum was
recorded on a JEOL Alpha 500 (202.35 MHz) spectrometer. The spectrum was
referenced to external 10 mM phosphoric acid in D,0. Chemical shifts (8) are
reported in ppm; multiplicities are indicated by: s (singlet), d (doublet), dd (doublet of
doublet), ddd (doublet of doublets of doublet), m (multiplet), br (broad). Coupling
constants, J, are reported in Hz. '

0,0’-Bis-(t-butyldimethylsilyl)-4-[l,2-dideoxy-S-O-(4,4'-dimethoxytrityl)-ﬁ—[)-
ribofuranos-1-yl]catechol (8) To a solution of 0,0'-bis-t-butyldimethylsilyl-4-(1,2-
dideoxy-f-D-ribofuranos- I-yl)catechol (0.43 g, 0.95 mmol) in dry pyridine (4 mL) was
added DMTr-CI (0.39 g, 1.15 mmol) in six portions at 0 °C and stirred for 2 h at room
temperature. Additibnal DMTr-Cl (80 mg, 0.24 mmol) was added and the whole was
further stirred for 1 h.  After the reaction was quenched with methanol (2 mL), the
mixture was poured into ice-water (100 mL), and extracted with AcOEt three times.
The combined organic layer was dried over anhydrous MgSO,, and concentrated. The

mixture was purified by silica gel column chromatography with n-hexane-ethyl ether
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(2:1) to obtain 0.53 g (74%) of 8 as a colorless solid. 'H NMR (CDCL,): 8 7.19-7.46
(10.3H, m, including residual CHCL,), 6.75-6.83 (7TH, m), 5.02 (1H, dd, J = 5.5, 10.1
Hz), 4.41 (1H, ddd, J = 2.7,5.6, 5.6 Hz ), 4.01 (1H, ddd, J = 2.5, 4.2, 6.5 Hz), 3.57 (1H,
dd, J = 4.6, 9.8 Hz), 3.20 (IH, dd, J = 6.4, 9.4 Hz), 2.17 (1H, ddd, J = 6.1, 10.0, 13.1
Hz), 1.97 (1H, ddd, J = 6.1, 10.0, 13.1 Hz), 1.84 (IH, d, J = 3.4 Hz), 0.97 (9H, s), 0.94
(9H, 5), 0.17 (3H, 5), 0.17 (3H, 5), 0.13 (3H, 5), 0.13 (3H, 5)
4-[1,2-Dideoxy-5-0-(4,4'-dimethoxytrityl)- 5-D-ribofuranos-1-yl]catechol (9)
To a solution of 8 (0.59 g, 0.78 mmol) in 14 mL dry THF was added dropwisc 1M
nBu,NF in THF (1.59 mL, 1.59 mmol). After 10 min, the reaction was quenched by a
10% NaHCO, aqueous solution (1.3 mL). The mixture was concentrated and purified
by silica gel column chromatography with CHCl,-CH,OH (20:1) to obtain 0.38 gof9
(92%) as a colorless solid. 'H NMR (CDCl,): 8 7.45-7.47 (2H, m), 7.33-7.37 {4H, m),
7.20-7.30 (7H, m, including residual CHCL,), 5.05 (1H, dd, J = 5.6, 10.0 Hz), 4.42 (1H,
ddd, J=2.5,2.5,5.8Hz ), 4.03 (1H, ddd, J = 2.7,4.8, 48 Hz), 3.35 (1H,dd, /= 4.4, 9.6
Hz), 328 (1H, dd, J = 5.1, 9.8 Hz), 2.18 (1H, ddd, J = 2.0, 5.5, 13.2 Hz), 2.03 (1H, ddd,
J=6.1,10.0, 13.1 Hz)
0,0’-Diacetyl-4-[1,2-dide0xy-5-0-(4,4'-dimethoxytrityI)-ﬁ-D-ribofuranos-l-yl]
catechol (10) To a solution of 9 (0.23 g, 0.44 mmol) in 7 mL THF was added
botassium t-butoxide (50 mg, 0.45 mmol) and a THF solution (0.4 mL) of acetic
anhydride (42 uL,.0.45 ramol).  Thirty minutes later, potassium r-butoxide (50 mg,
0.45 mmol) and a THF solution (0.4 mL) of acetic anhydride (42 nuL, 0.45 mmol) were

further added to the reaction mixture and the whole was stirred for 30 min. The -

solvent was evaporated and the resulting residue was chromatographed on silica gel
with CHC1,-CH;0H (40:1) to obtain 0.18 g (67%) of 10 as a colorless oil. 'H NMR
(CDCL,): 6 7.44-7.46 (2H, m), 7.31-7.36 {4H, m), 7.19-7.29 {6.4H, m, including residual

CHCl,), 7.12-6.13 (1H, m), 6.81-6.84 (4H, m), 5.15 (1H, dd, J = 5.6, 10.0 Hz), 4.40 (lH,

m), 4.04 (1H, ddd, J = 2.8, 4.8, 5.0 Hz), 3.33 (1H, dd, J = 4.3, 9.9 Hz), 3.26 (1H, dd, J =
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5.2,99Hz,), 2.22-2.27 (1H, m), 2.03 (1H, ddd, J = 6.1, 10.0, 13.1 Hz), 1.83 (IH, d, J =
3.2 Hz, D,0O exchangeable).

0,0’ -Diacetyl-4-[1,2-dideoxy-5-0-(4,4'-dimethoxytrity})- B-D-ribofuranos-1-yl]
catechol 3’-0-(2-cyanoethyl-N,N-diisopropyl)phosphoramidite (11} To a solution
of 10 (0.11 g, 0.18 mmol) and N,N-diisopropylethylamine (122 uL, 0.70 mmol) in 2 mL
dry pyridine was added dropwise 2-cyanoethyl N,N-diisopropylchlorophosphoramidite
(78 ul, 0.35 mmol). After 10 min, the reaction was quenched with methaﬁol (0.6 mL),
and the mixture was dissolved into AcOEt (100 mL.), washed with éaturated aqueous
NaHCO; (100 mL x 3) and brine (50 mL x 3), dried over anhydrous MgSO,, and
concentrated. The mixture was purified by silica gel column chromatography with n-
hexane-AcOEt (2:1) (including 5% pyridine) to afford 0.13 g (89%) of 11 as a colorless
oil consisting of a 1:1 mixture of diastereoisomers. 'H NMR (CDCl,): 6 7.45-7.48 (2H,
m), 7.33-7.37 (4H, m), 7.25-7.29 (4.6H, m, including residual CHCL,), 7.18-7.22 (1H,
m), 7.12-7.15 (1H, m), 6.80-6.84 (4H, m), 5.12-5.16 (1H, m), 4.48-4.51 (1H, m), 4.21-
4.22 (1H, m), 3.79 (3H, s), 3.78 (3H, 5), 3.54-3.77 (2H, m), 3.21-3.33 (2H, m), 2.61 (1H,
t,J = 6.5 Hz), 2.45 (1H, t, J = 6.5 Hz), 2.40-2.44 (0.5H, m), 2.31-2.34 (0.5H, m), 2.22
(0.5H, 5), 2.21 (0.5H, 5), 2.00-2.06 (1H, m), 1.18 (3H, d, J = 6.6 Hz), 1.17 (3H, d, J =
6.6 Hz), 1.15 (3H, d, J/ = 6.9 Hz), 1.07 (3H, d, J = 6.9 Hz). *'P NMR (CDClL,): & 148.2,
148.0.

0,0’-Diacetyl-4-[1,2-dideoxy-3-0-[(4-chlorophenoxy)(2-cyanoethoxy)
phosphinyl]-5-0-(4,4'-dimethoxytrityl)- 3-D-ribofuranos-1-yljcatechol  (12) 4-
Chlorophenyl dichlorophosphate (0.31 mL, 1.9 mmol) was dissolved in 0.6 mL dry
acetonitrile and N-methylimidazole (0.19 mL, 2.4 mmol) was added dropwise to the
solution at —-37 °C. 3-Hydroxypropionitrile (0.16 mL; 23 mmol) in 1 mlL dry
acetonitirile wés then added dropwise to the mixture at —25 °C, and the reaction mixture
was stirred for 1.5 h at -9 °C (Solution A).

To a solution of 10 (0.56 g, 0.92 mmol) in dry acetonitrile (2.7 mL) was added
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N-methylimidazole (0.27 mL, 3.4 mmol) and the reaction mixture was stirred for 30
:ﬁin at —25 °C. To the reaction mixture was added dropwise the above mentioned
Solution A and the whole was stirred for 1 h at -4 °C.  Then the mixture was poured
into ice water (100 mL), and extracted with AcOEt (100 mL x 3), dried over anhydrous
MgSO,, and concentrated.  The residue was purified by silica gel column
c.hromatography with CHCI; as an eluent to obtain 0.71 g (91%) of 12 as colorless foam
consisting of a 1:1 mixture of diastereoisomers. 'H NMR (CDCl,): § 7.41-7.43 (2H,
m), 7.20-7.33 (1'7H, ﬁ], including residual CHCL,), 7.08-7. 16 (3H, m), 6.80-6.83 (4H, m),
5.12-5.15 (1.5H, m}), 5.06 (0.5H, dd, J = 4.8, 10.9 Hz), 4.24-4.31 (3H, m), 3.78 (3H, s),
3.78 (3H, s), 3.24-3.35 (2H, m), 2.69 (1H, t, J = 6.2 Hz), 2.64 (1H, t, J = 6.2 Hz) , 2.54
(0.5H, ddd, J = not detected, 5.0, 13.8 Hz), 2.45 (0.5H, ddd, J = not detected, 5.6, 13.9
Hz), 2.28 (3H, m), 2.22 (3H, m), 2.12-2.17 (1H, m).

Compound (15) Compound 13 was dissolved in 1 ml acetonitrile/
triethylamine (1:1) solution and the whole was stirred for 1 h, at room temperature.
The solvent was evaporated and dried in vacuo. The remaining solvent was
coevaporated with pyridine three times and dried in vacuo.  3"-0-Acetyl-2’-
deoxythymidine (83.4 mg, 0.28 mmol) to evaporate with pyridine and was dried in
vacuo. The residues was dissolved in 0.5 mL pyridine TPS-Te (22.6 mg, 0.60 mmol)
was added, stirred for 1 h at room temperature. The reaction was quenched with 0.2
mL water and then the solvent was evaporated. The residue was purified by silica gel
column.chromatography to obtain 0.19 mg (85%) of 15 as a colorless 0il. 'H NMR

(CDCL): §8.11 (1H, s), 8.06 (1H, s, s), 7.42-6.80 (26H, m, including residual CHCI,),
6.34 (1H, m), 5.18 (3H, m), 4.40 (2.5H, m), 4.16 (1.5H, m), 3.78 (6H, m), 3.30 (2H, m),
2.40 (2H, m), 2.28 (3H, s), 2.22 (3H, m), 1.96 (5H, s), 1.95 (3H, s).

Compound (16) To a solution of 15 (0.39 mg, 0.36 mmol) in 1 mL dry CH,(l,
was added dropwise 1 mL of 2% benzenesulfonic acid in CH,C1,/MeOH (7:3). The

reaction was quenched after 5 min by adding 0.04 mL pyridine and then the solvent was
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evaporated. The residue was purified by silica gel column chromatography to obtain
0.24 g of 16 (80 %) as a colorless oil. 'H NMR (CDCl,): & 8.55 (1H, m), 7.37-7.16
(8H, m, incfuding residual CHCL,), 6.34 (1H, m), 5.27 (1H, m), 5.10 (2H, m), 4.47 (2H,
m), 4.20 (2H, m), 3.74 (2H, m), 2.41 (2H, m), 2.29 (3H, s}, 2.17 (1H, m), 2.11 (3H, m),
2.06 (1H, m), 1.87 (3H, s). |

Fully protected trimer A-X-T (X-catechol type nucleoside) (17) 2-N-Benzoyl-
2’-deoxy-3’-0-{[O-(4-chlorophenyl)-O ’—(chanoethyl)]phosphon yl}-5"-0-
(dimethoxytrityl)adenosine (99.5 mg, 0.11 mmol) was dissolved in 2 mL acetonitrile/
triethylamine (1:1) solution and the reaction mixture was stirred for 1 h. After
evaporation and coevaporation with pyridine, the residue was dissolved into pyridine
and then TPS-Te (111.0 mg, 0.3 mmol) was added to the solution and stirred for 1 h.
The reaction was quenched with water and the solvent was concentrated. The residue
was purified by silica gel column chromatography with chloroform to afford trimer 16
0.13 g (81%). 'H NMR (CDCl,): 6 9.20 (1H, m), 8.69 (1H, m), 8.13 (1H, m), 8.05 (2H,
m), 7.53-7.09 (m, including residual CHCl,), 6.75 (4H, m), 6.44 (1H, m), 6.26 (I1H, m),
5.35 (1H, m), 5.24 (1H, m), 5.09 (2H, m), 4.75-4.10 (8H, m), 3.39 (ZH, m), 3.09 (1H,
m), 2.83-2.60 (1H, m), 2.55-2.34 (2H, m), 2.26 (6H, m), 2.21 (3H, m), 2.08-1.80 (4H,
m).

Oligonucleotide CGCGAAXYYCGCG (X = catechol type nucleoside) The
oligonucleotide was synthesized by using Model 394 DNA / RNA synthesizer in 1 uM
scale, according to the manufacturer’s protocol. Deprotection and purification of the
synthesized DNA oligomer was performed according to standard procedure’.  Purity of
the obtained oligonucleotide was estimated by RP-HPLC (TSK gel ODS-80Ts 21.5 mm
I. D x 30 cm). UV melting experiments were performed on a Hitachi U-3000 UV/vis
Spectrometer. Melting curves ( A = 260 nm) were recorded for a consecutive heating
(10-95 °C) cooling-heating protocol with a linear gradient of 0.5 °C / min . All

measurement were conducted in buffer solution (1 mM Mops, IM NaCl (pH 7.9)).
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REBBRII OV TR ZIT 2 /2. 4D E 2 A Cu** DRHFILIE-> & ) Lk,
Tk HMEBRREHEL LI T A 000K PN L EBRAULETHL L EDRL,

T, VBN AT VEHRELLY, FAFLTF/ LTt E Y
FIVOPEIATI—NBRATLR LA FERIBEALLZ MY Y—DX 2 LT
FREGHT A ENFTEL, L L, BT 6, #HEBIRICIIV D00
BIRASER SN,
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BERY v X /I E ) TEOHAEEL Lo TV b, I, BEMNERICE
AL, DNA DL BREZTERHIIBW T - LD HEELRE TR L
TWwh, ZNDLH % DNA HTF o ibFERNFiELEME L TEREL L THEH,
FHRL, Bh7oBEE RO OAISTERETAIEICL Y b4 iR
AEHEBMEE b b I LA SRS, |

7L, DNA S FOMBIEABOMEBOKFER S CRUEEGICEIRR
HIERHME L, SOL) LEMESZEEFONEREENICEAT 2
CEICKY, BENBOEEA. Tt YAAMI—EEFRarba— T
AIENTEDLEEZLND,

BT, AT Y a LIRSSV RS T I - VR R
LTHETAAIX 7 LAY Faakat - L7 A7 a—- VB C- X7 LY
Fid. Friedel-Crafts fc & “HREOKHEERILTELSZ L2 LD, ERBIZH
Ko g6 2T HIELATaL,

F=gcit B® kAFa-AVMALR I LAY K 6 OBERIZL D, K
RS E A2 ATHEBIERENERIZ OV TR 247> 72, ESI-MS #llE & 'H
NMRM%kibﬁ%:—w@AIR9bi?FﬁB“4ﬁ7tZl@ﬁ%ﬁ
AT 5 AL M I otre HT T E BY 4 4 Y ISENEERO 2.1
SRR ICAERTAZEFMONTEY, A7 VBRI LF L FEY
— X APITEA L/ DNA OGRS RIEICHR S/ o B,

EmE T, A2 7407 354 FEMEBEE ) JB R DX F L
%KIU‘ﬂ?ﬂ—w@AIE¢DiQPEIWA?—71?1$K§A¢6
CENTE, FATHOT IF A PEMERETHCCEHR L, 13 mer
VIR LAF FOHCHEHS -7 20l 7Fa—- VAT X7 L
dYFEMAL, Cu A4 AT CO BRRABMGE A7 700 Cu* 4 4
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YERTA-NOEREMESBKERGIIHARANEESENFT VD, AL
DNA O ZHHA BT 2RI KADO DNA ZHEBICIE~NTE WD &2
NI, FRELGHFLZDOGRPBPLNPIITE TR,

KX DNA BAEREAICIVAEZEL Tw20 L, AR LA
TIA-NRANTX7 LAY P, BRSBTS 5, #70—
Mid Cu™, Mg", Ni*., Co™, Zn™. Fe*, A» LEOEBA* Y, $4
Wid BT, Siv R EDIEREA A4 2 P mMEA R, AR, E\EAE
HEORAGERBEEL LN ) DI L6, HT T NEEEL LLZATR Y
LAY FEA) T DNAWKEALLEG, 773 VMIZLbORMESIZEY
DNA OF LWHSFHEFFRINLIEEIONE, JDLH L BSTHEE
WL D, DNA 3FOH LWiiE, S 51213 DNA 3 F % -2 0O#EST- 75
TRZHBDIFLELTOFIBABTREKL 25 THA 9,

AKEMEORD Y IEBERIZ L D IEEN 20T 2 AL DNA i, &
MFD = L AREFNTLI LIS OB ABRERAA4 > 2 B0 G
NLIENTUETHEEEZLNL, ZOLHIIZLTHEBELEERBA 40—
RICEYHED T FER, KFWERFUETE L COICHPHFCE S, $7-,
DI LA TI—NVBATAZ LAY FE DNA SF ARG oL 0,
CRA A RS L L DNA BEZROBE, EEHE L &b Bk
o, DFEWEPRERE~OIH D HFIR S,
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