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Abstract -  S ingle 6-formyl-2'-O-methyluridine or 2'-O -methyluridine was

intr oduc ed i nto olig onuc leot ides  (9- 23 m ers ) , wh ich have  s im ple base -

sequences , as  a subs tituent for thymidine to compare the ability of duplex

formation and the thermal stability of the resulting duplexes.

The 5-methyl group of thymidine exists  in the major groove of DNA, and a modification at C5

of 2'-deoxyuridine and its  incorporation into oligomers is  a useful des ign target for the s tudy

of DNA- protei n inte ractio ns .1- 3   Howe ver, t he int roduct ion of  6-sub s titut ed pyr imidin e

nucl eos ide s  in to oli gonu cle oti des  has  ra rely  be en s tud ied .  W e r ece ntl y su cce ede d i n

introducing a 6-formyl-2'-O -m ethylcytidine unit into an ol igonucleotide duplex (23 mers )

containing the specific Myb binding sequence, 3'-TTGAC-5', based on computer modeling, as

a sub s titu ent f or th e sec ond thymi dine in th e bin ding sequ ence, to s tudy the i ntera ctio n

between the 6-formyl group of the oligonucl eotide and the guanidino group of Arg-190 i n

Myb. 4  T hrou gh t he i nves tiga tion  of 6-mo dif ied pyri midi ne o ligo nucl eoti des , we wer e

int ere s t ed in s t udy ing  t he s ta bi lit y o f var iou s  oli gon uc leo tid e dup lex es  co nta in ing  6 -



formyluridine derivatives.5

Synthesis  of the oligonucleotide building block (5), which is  a precursor of the 6-formyluridine
derivative,4 ,5  is  shown in Scheme 1.  Benzoylation of the known vicinal diol (1)4  gave 2  in
94% yiel d, and t he subse quent ac idic hyd rolys is  proceed ed in 82 % yield to affor d the 6 -
subs tituted uridine derivative (3).   Dimethoxytritylation of the 5'-hydroxyl group provided 4
in 78% yield.  The building block synthes is of the modified oligonucleotide was completed by
3'-O-phosphitylation in 95% yield.6
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Scheme 1. Reagents: (a) BzCl (3 eq), DMAP (5 eq), CH2Cl2. (b) 1 M HCl-MeOH (1:10). (c) DMTCl (1.5 
eq), py. (d) [(iPr) 2N]2POCH2CH2CN (1.8 eq), 4,5-dicyanoimidazole (0.7 eq), CH2Cl2.

The nucle os ide pho sphorami dite unit  (5) obt ained as  above was  incorpo rated int o the s i x
kinds  of oligonucleotide sequences  by an automated DNA synthesizer with a trityl-off mode
(Scheme 2).  After ammonolys i s , these oligonucleotides  we re purified by polyacrylamid e
urea gel electorophoresis.

① 5'-CTT TXT TTG-3'
② 5'-CAA AXA AAG-3'
③ 5'-CTT TTT XTT TTT G-3'
④ 5'-TTT TTX TTT T-3'
⑤ 5'-CGC GAA XTC GCG-3'
⑥ 5'-AGA ATG TGT GTC AGX TAG GGT GT-3'

Scheme 2 . Olig on ucleotid e sequ en ces co ntaining  6 -sub stituted  2 '-O-meth ylur id in e at the  X p ositio n .
Th e str an d  ⑥  in clu d es th e  m o d if ied  My b b in d in g  seq uen ce (b ald  face) , in  wh ich  th e  n atu ral
sequence is 5'-CAGTT-3'.

Each oligo nucle otid e, co ntain ing a  6-( 1,2-d ihydr oxy) ethyl -2'-O -meth ylur idine  unit , wa s
trea ted with  10 0 eq uiva len t of  NaI O 4 in 5 0 mM  HC O 2NH 4  bu ffe r at  0 °C f or 1 5 mi n t o



produce the 6-formyl group at the X pos ition (Scheme 2).7  Excess  amount  of  oxidant  and

inorganic salts were removed by Sep-Pak® (C18) treatment.

We also prepared the corresponding s ix oligonucleotides  containing 2'-O -methyluridine (U1)

at the same pos ition (X) in Scheme 2 to evaluate the effect of the 2'-O -methyl group itself in

th e  d u p le x  f o r ma t io n .   T he s e  m o di f i ed  ol i g om e rs  wer e  a n n ea l ed  wit h  t h e  n a tu r a l

complementary oligonucleotides .  In the case of Dickerson-Drew type ⑤ , X = U2, and its

isomerical s trand with 2'-O -methyluridine, X = U1, were annealed with themselves .  The Tm

values  of the duplexes  were measured in the Tm buffer [6 mM sodium phosphate buffer (pH

6.7), 120 mM NaCl, and 12 mM MgCl2].  The results are shown in Table 1.
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5'-TTT TTX TTT T-3'
3'-AAA AAA AAA A-5'
      X = T              20
      X = U1             19
      X = U2              9

5'-CGC GAA XTC GCG-3'
3'-GCG CTX AAG CGC-5'
      X = T              64
      X = U1             40
      X = U2            n.d.

5'–ACACCCTAACTGACACACATTCT–3'
3'–TGTGGGATXGACTGTGTGTAAGA–5'
      X = T              73
      X = U1             67
      X = U2             66

Table 1. Tm values of synthetic oligonucleotides containing U1, U2, or native T, in the 
Tm buffer: 6 mM sodium phosphate buffer (pH 6.7), 120 mM NaCl, and 12 mM MgCl 2.

5'-CTT TXT TTG-3'
3'-GAA AAA AAC-5'
     X = T            32
     X = U1           23
     X = U2          n.d.a

5'-CAA AXA AAA-3'
3'-GTT TAT TTC-5'
     X = T            28
     X = U1           22
     X = U2          n.d.

5'-CTT TTT XTT TTT G-3'
3'-GAA AAA AAA AAA C-5'
     X = T            48
     X = U1           41
     X = U2           35

duplexes Tm (°C) duplexes Tm (°C)
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It has  been reported that the Tm values  of 2'-O -methyl oligonucleotides  are almos t same as
those of natural DNA duplexes .8  In our experiments  us ing 9 to 23-mers , the Tm value of
eac h ol igo nu cl eo tid e, whic h co nt ain ed  s in gle  2 '- O -m et hy lu rid in e, wa s  lo we r t ha n th e
corre spond ing n atura l ol igonu cleot ide.  Aft er th e dou ble m odifi cati on at  the 2'- a nd 6 -
pos itions , this  tendenc y to des tabilization i ntens ified.  Especiall y in the Dickerson-Dre w

dode cam er dup lex of ⑤ , the  exi s te nce  of  th e two 6 -su bs t itut ed nuc leo tide  un its  at  th e

proximal positions in the duplex causes a steep lowering of the Tm value.  

In summary, we have demons trated that oligonucleotide synthes is  containing 6-formyl-2'-O -

methyluridi ne in the s ix kinds  of  sequences  (①-⑥) to in ves tigate t he thermal s tability o f

their duplexe s .  In the l ength of 9 b ases  and in t he Dickerson -Drew type d odecamer, th e
duplex formation could not be detected.  Presumably, 6-formyl-2'-O-methyluridine exis ts  in
syn conformation i n the oligonucleo tides ,9 and this  phenomenon would depress  the s tabl e
duplex formation.

EXPERIMENTAL

Gener al  Infor mati on.  1H NMR (400 MHz) spect ra were measured on a JEOL GSX-4 00
spe ct ro me te r an d 3 1 P  NM R ( 24 0 MH z)  s pe ct ra  wer e mea su re d on  a  J EO L EC P- 6 0 0
spect rometer.  Chemi cal shift s  were repor ted in ppm on the d sca le relat ive to the inter nal
s tand ard (Me4 Si) f or 1 H NM R and  the  ext er nal  s ta nd ar d of H 3 PO 4  fo r 3 1 P  NMR .  M S
spect ra a nd HRMS s pect ra were measu red on a JEOL JMS  D-300  ma ss  spect r ometer i n
FAB mode (m -nitro benz yl alcoh ol as  a matr i x).  UV spect ra wer e recor ded on a JASC O
Ubes t -55 or a Shi ma dzu UV-16 00 sp ect rophotomet er.   Eleme ntal anal y ses  were carri e d
ou t in  th e Mi c ro an al y ti ca l  L ab or a to ry , S ch oo l o f Ph a rm ac eu t ic al  S c ie n c es , S ho wa
Unive rsity.  A commercially avail able hexan e solut ion of BuLi was  titrat ed befor e use with
diph e nyl  ace ti c acid  in THF.   TH F wa s  di s ti l led from  ben zo ph enon e ke tyl .   Co lum n
chromatography was  carri ed out on s ilic a gel (s ili ca gel 60, Merck ).  TLC was perfo rmed on
silic a gel (preco ated silic a gel plate  F 254, Merck ).  Preparat ive HPLC was  carri ed out on a

S h i m a d z u  L C - 6 A D  wi t h  a  S h i m - p a c k  P R E P - S I L ( H ) • K I T  c o l u m n  ( 2× 2 5  c m ) .  

Oligo nucleotide s  were synth esized in the 30 nmol scale with a Beckm an Oligo  1000M  DNA



Synthesizer by the Beckman standard protocol.

1-[3,5-Bis-O - tert -butyldimethyls i lyl-2-O -methyl-β -D-ribo-furanosyl]-6-(1,2-

dibenzoyloxyethyl)-4-ethoxy-2-pyrimidinone(2).  To  the  mixture  of  1-[3,5-bis-O-

ter t-butyldimethyls ilyl-2-O -methyl-β -D-ribo-furanosyl]-6-(1,2-dihydroxyethyl)-4-ethoxy-2-

pyrimidinone4  (1 , 581.8 mg, 1.01 mmol) and DMAP (617.0 mg, 5.05 mmol) in CH 2Cl2 (10 mL),

BzCl (0.35 mL, 3.03 mmol) was  added at 0 °C, and then the solution was  s tirred at rt for 1 h.  

The mixture was  partitioned between EtOAc (300 mL) and H 2O (50 mL).  The organic layer

was  washed with satur ated aqueou s  NaHCO 3, H 2O, and b rine (50 mL  each), su ccess ively ,

and dr ied o ver N a2SO 4.   S il ica g el col umn c hroma tograp hy (1 0-20%  EtOAc  in h exane )

afforded 742.3 mg of 2 as  a white foam (94%).  A portion of 2 (dias tereomer mixture) was

separ ated into two c ompo nents , 2a  (rete ntio n tim e: tR  9.9 min) and 2b  (t R 12. 8 min ), b y

HPLC (25% EtOAc in hexane) for phys ical data.  For 2a: UV (MeOH ) λmax 276.5 and 229.5

nm, λmin 255 nm. 1H NMR (CDCl3) δ 8.08 – 8.06 (2H, m), 8.01 – 7.99 (2H, m), 7.62 – 7.54 (2H,

m), 7.48 – 7.40 (4H, m), 6.39 (1H, dd, J =  3.1 and 7.7 Hz), 6.03 (1H, s), 5.88 (1H, br s ), 4.92 (1H,

dd, J  = 3.1 and 12.2 Hz), 4.75 (1H, dd, J =  7.7, 12.2 Hz), 4.74 – 4.69 (2H, m), 4.45 – 4.34 (2H,

m), 3.98 (1H, m), 3.91 (1H, dd, J  =  4.5 and 11.4 Hz), 3.74 (1H, dd, J  = 5.7 and 11.4 Hz), 3.47

(3H, s), 1.32 (3H, t, J = 7.1 Hz), 0.93 and 0.84 (18H, each as  s), 0.15 and 0.01 (12H, each as  s ).

FAB MS (+ NaI) m/z  80 5 (M+ Na)+ , 767 (M-M e)+ , 725 (M- tBu)+ . HRMS (FAB) calcd fo r

C40H 58N 2O 10NaSi2: 805.3531, found: 805.3530.  For 2b UV (MeOH) λma x 282 and 229 nm,

λmin 255 nm. 1H NMR δ 8.09 – 8.07 (2H, m), 7.99 – 7.97 (2H, m), 7.62 – 7.54 (2H, m), 7.48 –

7.40 (4H, m), 6.37 (1H, dd, J =  3.4 and 6.2 Hz), 6.10 (1H, d, J = 5.6 Hz), 6.07 (1H, s ), 4.86 (1H,

dd, J  = 3.4 and 12.2 Hz), 4.81 (1H, dd, J =  6.2 and 12.2 Hz), 4.79 (1H, t, J  = 5.6 Hz), 4.56 (1H,

dd, J  =  4.3 and 5.6 Hz), 4.43 – 4.35 (2H, m), 3.99 (1H, dt, J =  4.3 and 5.6 Hz), 3.95 (1H, dd, J  =

5.6 and 10.7 Hz), 3.77 (1H, dd, J = 4.3 and 10.7 Hz), 3.38 (3H, s ), 1.31 (3H, t, J = 7.2 Hz), 0.90

and 0.87 (18H, each as  s), 0.14, 0.13, 0.04, and 0.03 (12H, each as s ).  FAB MS (+NaI) m/z  805

(M+ Na )+ , 725 (M- tB u)+ .  HRM S (F AB) c alcd  for  C40H 58N 2 O 10N aSi2 : 805 .353 1, f ound :

805.3530.



2'-O -Methyl -6-( 1,2-di benz oy l oxyethyl ) uri di ne ( 3) .   Co mpound (2) (229.6 mg, 0.29 3

mmol) wa s  disso lved in  MeOH ( 4 mL) a nd 1 M H Cl (0.4 0 mL) was  adde d at 0 °C.  Th e

solution was  s tirred at rt for 8 h, and then concentrated in vacuo .   The res idue was  purified

by silica gel column chromatography (1% MeOH in a EtOAc-hexane (2 : 1) solution) to obtain

126.3 mg of 3 as  a colorless  wax (82%).  This  compound, dias tereomer mixture, was  used

without further purification for the next step.  1H NMR (CDCl3) δ  9.23 (1H, br s ), 8.08 – 8.05

(2H, m), 8.02 – 7.99 (2H, m), 7.65 – 7.55 (2H, m), 7.50 – 7.40 (4H, m), 6.38 and 6.32 (1H, each

as  dd, J = 2.5 and 7.3 Hz), 6.10 – 6.06 (1H, each as  s), 6.03 (0.4 H, d, J =  6.6 Hz), 5.93 (0.6H, d,

J =  4.9 Hz), 4.99 – 4.95 (1H, m), 4.86 (0.4H, t, J =  6.2 Hz), 4.71 – 4.54 (2.6H, m), 4.17 – 4.16

and 4.08 – 4.03 (1H, each as  m), 3.90 – 3.84 (1H, m), 3.77 – 3.72 (1H, m), 3.54 and 3.47 (3H,

each as s ), 3.36 (0.6H, br), 3.10 (0.4H, d, J =  4.4 Hz), 2.99 (0.6H, d, J =  6.1 Hz), 1.92 (0.4H, br).

FAB MS (+NaI) m/z  549 (M+ Na)+ . HRMS (FAB) calcd for C26H26N2O 10Na: 549.1488, found:

549.1486.

5'-O -( 4,4 '-D i me th oxy tri tyl ) -2 '-O -m eth yl - 6-( 1,2 -d i be nz o yl o xye th yl ) uri di n e ( 4) .  

The mixture of 3  (150.5 mg, 0.286 mmol) and DMTCl (145.3 mg, 0.429 mmol) in dry pyridine

(3 mL ) wa s  s t irr ed  a t rt  o ver ni gh t.   Et OH (0 .5  m L)  was  ad de d an d the  s ol ut io n wa s

co nc en tr at ed  i n v ac uo , an d th e r es id ue  was  p ar ti t io ne d be twee n E tO Ac  ( 30  m L)  a n d

saturated aqueous  NaHCO 3 (10 mL).  The organic layer was washed with H 2O and brine (10

mL each), and dried o ver Na2SO 4.  S ilica gel column chromatogr aphy (20-50% EtOAc i n

hexane) gave 184.7 mg of 4 as  a white powder (78%).  A portion of 4  (diastereomer mixture)

was  separated into two components , 4a  (tR 15.3 min) and 4b  (tR 16.5 min), by HPLC (40%

hexane in EtOAc) for phys ical data.  For 4a: UV (MeOH) λma x 266 nm (ε 13000) and 232 nm

(ε 51000), λmin 257.5 nm (ε 12000). 1H NMR (CDCl3) δ 8.66 (1H, br), 8.08 – 8.01 (4H, m), 7.64

~7.60 (1H, m), 7.58 – 7.53 (1H, m), 7.49 – 7.39 (6H, m), 7.33 – 7.31 (4H, m), 7.24 – 7.20 (2H,

m), 7.17 – 7.13 (1H, m), 6.79 – 6.76 (4H, m), 6.38 (1H, dd, J  =  2.9 and 7.7 Hz), 6.01 (1H, d, J =
2.4 Hz), 5.87 (1H, s), 5.03 (1H, dd, J = 2.9 and 12.2 Hz), 4.65 (1H, dd, J  =  7.7 and 12.2 Hz), 4.56
– 4.50 (2H, m), 4.01 – 3.97 (2H, m), 3.74 (6H, s), 3.57 (3H, s), 3.40 (1H, dd, J = 3.7 and 10.3 Hz),
3.34 (1H, dd, J = 6.1 and 10.3 Hz), 2.65 (1H, br).  HRMS (FAB) calcd for C47H 44N 2O 12Na:

851.2792, found: 851.2788. Anal. Calcd for C47H 44N 2O12•H 2O: C, 66.66; H, 5.48; N, 3.31.



Found: C, 66.90; H, 5.40; N, 3.19.  The phys ical data for 4b  are as  follows: UV (MeOH) λma x

267.5 nm (ε 8000) and 232 nm (ε 48000), λ min 258 nm (ε 11000). 1H NMR (CDCl3) δ 8.46 (1H,
br), 8.07 – 8.05 (2H, m), 7.95 – 7.93 (2H, m), 7.65 – 7.60 (1H, m), 7.58 – 7.54 (1H, m), 7.49 –
7.40 (6H, m), 7.33 – 7.28 (4H, m), 7.23 – 7.19 (2H, m), 7.15 – 7.11 (1H, m), 6.78 – 6.73 (4H, m),
6.16 (1H, d, J =  4.6 Hz), 6.13 (1H, dd, J = 2.9 and 5.1 Hz), 6.03 (1H, d, J  =  2.2 Hz), 4.76 – 4.70
(2H, m), 4.59 – 4.54 (2H, m), 3.94 – 3.90 (1H, m), 3.70 and 3.68 (6H, each as  s), 3.55 (3H, s ),
3.50 (1H, dd, J = 5.3 and 10.7 Hz), 3.39 (1H, dd, J =  3.2 and 10.7 Hz), 2.79 (1H, d, J  = 7.3 Hz).
HRM S ( FAB ) cal cd for  C 47H 44N 2O 1 2N a: 851 .27 92 , f oun d: 85 1.2 789 . Ana l. Cal cd fo r

C47H44N2O12•H2O: C, 66.66; H, 5.48; N, 3.31. Found: C, 66.46; H, 5.39; N, 3.16.

5'-O - ( 4,4 '-Di metho xytr i tyl ) -2' -O -me thyl -6-( 1,2-d i ben z oyl oxye thyl ) uri d i ne- 3'-O -

( 2-cyanoe thyl -N ,N - d i i sopro pyl ) phosp horami di te ( 5) .   To the m ixture of  compoun d

(4) (146.8 mg, 0.177 mmol) and 2-cyanoethyl tetraisopropylphosphorodiamidite (0.101 mL,

0.319 mmol) in CH2Cl2 (3 mL), the solution of 4,5-dicyanoimidazole (14.6 mg, 0.124 mmol) in

MeCN (0.3 mL) was  added.  The mixture was  s tirred at rt for 4.5 h and diluted with CH 2Cl2

(30 mL).  This  was  washed with saturated aqueous  NaHCO 3 (2×10 mL), and the organi c

layer was  dried over Na2SO 4.  S ilica gel column chromatography (1% Et3N in 25-50% EtOAc

in hexane) gave 5  as  a colorless  oil, which was  dissolved in toluene (2 mL), and hexane (25

mL) was  added to the solution with s tirring.  After decantation, 172.5 mg of 5  was  obtained

as  a form (95%).  This  was  used for oligonucleotide synthes is  under  the Beckm an stand ard

conditions .  1H NMR (CDCl3) δ 8.22 (1H, br), 8.08 – 8.05 (2H, m), 8.04 – 7.94 (2H, m), 7.63 –

7.52 (2H, m), 7.49 – 7.39 (6H, m), 7.34 – 7.15 (7H, m), 6.79 – 6.75 (4H, m), 6.38 – 6.33 (0.6H,

m), 6.26 – 6.25 (0.4H, m), 6.02 and 5.87 (1H, each as d, J =  1.7 and 3.2 Hz), 6.01 and 6.00 (1H,

each as s ), 4.99 (0.6H, dd, J = 3.4 and 12.2 Hz), 4.81 – 4.51 (3.4H, m), 4.26 – 4.10 (1H, m), 3.94

– 3.79 (1H, m), 3.75, 3.74, 3.72, 3.71, and 3.70 (6H, each as  s), 3.69 – 3.42 (4H, m), 3.52, 3.50,

3.48, and 3.45 (3H, each as  s), 3.39 (0.4H, dd, J = 3.4 and 10.3 Hz), 3.27 (0.6H, dd, J =  5.9 and

10.3 Hz), 2.76 – 2.73 (0.4H, m), 2.66 – 2.58 (1H, m), 2.38 – 2.34 (0.6H, m), 1.29 – 1.01 (12H,

m). 31P NMR δ 154.0, 153.7, 153.3, 153.0. FAB MS (+ NaI) m/z 1068 (M+ K)+ , 1052 (M+ Na)+ .

HRMS (FAB) calcd for C56H61N4O13NaP: 1051.3870, found: 1051.3862.



Ol i gonucl eoti des  i ncl udi ng 6-formyl uraci l  base.4   Oligonucleotide ⑥  (X = U2), fo r

example, was  prepared from purified oligonucleotide ⑥  (X = 6-(1,2-dihydroxy)ethyluracil

base as the precursor).  The precursor ⑥  (10 nmol) was dissolved in 50 mM HCO 2 NH 4  (600

µ L), and 100 mM NaIO4 (45.0 µ L) was added at 0 °C.  After 15 min of mixing, ethylene glycol
(1 mg) was  added, and the mixture was  loaded on the Sep-Pak (C18), which was  washed with

H 2 O, and formyl-oligonucleo tide ⑥  (X = U2) was  eluted  with 60% MeOH (5 mL).  Th e

eluate was  concentrated in va cuo and the amount of oligonu cleotide was  es timated by UV-
absorption at 260 nm.
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