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Synthesis and hybridizing properties of oligodeoxynucleotide
analogs containing methylenefor macetal
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Abstract: Aim To design and synthesize a new mixed backbone oligonucleotide ( MBO) . Methods In
the presence of trimethylsilyl trifluoromethane-sulfonate ( TMSOTF) , condensation of 3'- O-( diphenylphos-
phinyloxy) methyl acetal (1) with 3/-protected deoxynucleoside (2 or 6) afforded dimers (3) or trimers (7)
respectively . 5 - Hydroxyl and 3'-hydroxyl groups of these acetal-linked oligomers were protected by 4,4 -
dimethoxytriphenylmethyl ( DMIr) or by diisopropylamino g cyanothoxyphosphine respectively. Then,
compounds 5 and 9) were incorporated into oligonucleotides by using the standard solid phase synthesis of DNA
with the phosphoramidite method. Results Six new oligonucleotides ( ODNII - ODN VII) containing
methyleneformacetal have been synthesized. The melting te mperatures ( T,,) of these ODNs with their DNA
comple ments were determined. Conclusion The melting te mperatures ( T,) of these modified ODNs were
lowered about 0.8 - 1.2 C per methyleneformacetal modification . These new ODNs can hybridize to DNA with
only slightly less affinity than a control phosphodiester ODN, yet more work is necessary to study these
modified ODNs and their biological activities .
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Figure 1  Route of synthesis of target compounds 4, 7 and 8
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Table 1 Physical and spectra data of compounds 4a- d, 7a- ¢ and 8a- c

No." Structure Molecular formula MP/ 'C  Yield % ' HNMR/ & DMSO dy) FAB MS ny/z
4a B =T CpHu N, O, 118-121 90 1.56 and1.96(6H,2s - CH; x 2) ,2.29 - 2.36(2H,m,2 - Hy,) ,2.56 - 2.66 799( M+ H™)
B, =T (2H,m,2-Hy) ,3-49 - 3.58(2H,m,5 - Hy) ,3-94(8H,s - OCH; x 2,5 - Hyy) ,
4.15- 4.35(2H,m,4-Hx2) 4.42- 4.44and 4.73 - 4.75(2H,2m ,3'-Hx 2) ,
4.96 - 5.04(2H,m - OCH, O") ,6.41 - 6.47(2H,m,I"-Hx 2) ,7.02 - 7.05
(4H,m,ArH) ,7.40 - 7.71(10H,m ,6- H,Ar Hx 2) ,7.86(1H,s ,6- H)
4b B =T CgHpNO,  120-123 83 1.67(3H,sCHs) ,2.30 - 2.63(4H,m,2 - Hy X 2) ,3.65 - 3.87(4H,m, 888( M+ H™)
B, = C™ 5'-Hy, x 2) ,3.90(6H ,s - OCH; x 2) ,4.19 - 4.26(2H,m,4-Hx 2) ,
4.48 - 4.56(2H ,2m,3'-Hx 2) ,4.96 - 5.02(2H ,m - OCH, O) ,6.32 - 6.35
(2H,m,1’-Hx2),7.05- 8.11(20H,m ,Ar Hx 4 ,5 H/dC,6- H/T) ,
8.25(1H,d,J=7.5 Hz 6 H dC)
4c B =C¥ CxHuNO, 129-130 85 1.42(3H,s -CH;) ,2.00- 2.31(4H,2m,2 - Hy, x 2) ,3.18 - 3.27(2H,m, 888( M+ H™)
B, = 5'-H,,) ,3.70(8H,s - OCH; x 2,5 - H,,) ,4.00 - 4.07(2H,m . 4-Hx2) ,
4.14 - 4.47(2H,m,3-Hx 2) ,4.78(2H,AB,I=7.0,10.0 Hz - OCH, O') ,
5.37(1H,s,0H) ,6.12- 6.20(2H,m,I"-Hx 2) ,6.84 - 8.01(20H,m,
ArHx 4 5 H/dC,6- H/dT) ,8.11(1H,d,J=7.5 Hz ,6- H/dC)
4d B =C* Gy H;, N O, 95-97 80 1.51-1.61(2H,m,2-H,) ,1.89- 2.02(2H,m,2-H,,) ,3.25 - 3.46(4H, 977( M+ H")
B, = C¥ m,5 - Hy x 2) ,3.75(6H,s ~OCH; x 2) ,3.88 - 4.01(2H,m,4-Hx2) ,
4.11 - 4.35(2H,m,3-Hx2) ,4.75(2H,AB,I=7.0,10.0 Hz - OCH, 0") ,
5.96 - 6.03(2H,m,1’-Hx2) ,6.87 - 8.03(20H,m,Ar Hx 4,5 H/dCx 2) ,
8.07(1H,d,J=7.5 Hz ,6-H/dC) ,8.12(1H,d,I=7.5 Hz,6 H/dC)
7a B =T CpHyp N Qs 98- 100 90 1.78(9H,s -CH; x3),2.01 - 2.24(6H,m,2-Hy, x3) ,3.57- 3.69(6H,m, 751( M+ H™)
B,=T 5'-Hy, % 3) ,3.86- 4.30(6H,m,3-Hx 3 ,4-Hx3) ,4.77(4H,2AB - OCH, O
B,=T x2),5.14(1H,t,J=5.0 Hz,5- OH) ,5.36(1H,d,]=4.3 Hz,3'- OH) ,
6.11 - 6.20(3H,m,1"-Hx3) ,7.51 ,7.53 and 7.69(3H ,3s ,6c Hx 3) ,
11.31,11.33 and 11.35(3H,3s ,NH x 3)
7b B, =C¥  CyHisN O 108- 111 85 1.78(6H,s -CH; x2) ,2.13 - 2.28(6H,m,2 - Hy, x 3) ,3.62 - 3.70(6H ,m, 840( M+ H")
B,=T 5'-Hy, % 3) ,3.89 - 4.32(6H,m,3-Hx3 4-Hx3) ,4.79(4H ,br - OCH, O
B,=T x2),6.12- 6.18(3H,m,I"-Hx3) ,7.38(1H,d,J=7.5 Hz,5 H dC) ,
7.49 - 7.63(5H,m,Ar H) ,7.99 and 8.02(2H ,2s ,6- H/ Tx 2) ,8.39
(1H,d,]=7.5 Hz,6-H/dC) ,11.31 and 11.35(2H ,2s ,NH x 2)
7¢c B =T Cyy Hys N, O 104-107 87 1.76 and1.77(6H ,2s - CH; x 2) ,2.08 - 2.25(6H,m,2'- Hy, X 3) ,3.56 - 3.59  840( M+ H")
B, = C¥ (2H,m,4-Hx2) ,3.68 - 3.94(6H,m,5-H,, x3) ,4.21 - 4.31(4H,m,3-Hx
B,=T 3,4-H) ,4.78 - 4.82(4H,m - OCH, O x 2) ,5.12(1H,t,J=5.0 Hz,5- OH) ,
5.35(1H,d,J=4.3 Hz,3-OH) ,6.11 - 6.21(3H,m,lI"-Hx 3) ,7.50
(1H,d,J=7.5 Hz ,5 H/dC) ,7.60 - 7.68(5H ,m,Ar H) ,7.99 and 8. 01
(2H,2s ,66 H/Tx2) 8.21(1H,d,J=7.5 Hz,6- H/dC)
8a B =T Cs3 Heo Ny O 102-105 81 1.67,1.86 and1.91(9H,3s -CH; x 3) ,2.15- 2.68(6H,m,2-Hy, x 3) , 1053( M+ H™)
B, =T 3.90(6H ,m - OCH; x 2) ,3.91 - 4.68(11H,m,3-Hx2 ,4-Hx3,
B,=T 5'-Hy, % 3) ,4.93(4H,2AB - OCH, O % 2) ,5.62- 5.64(1H,m,3-H) ,
6.26 - 6.34(2H,m,1’-Hx 2) ,6.50 - 6.53(1H,m,l"-H) ,7.29 and 7.38(2H,
25 ,6cHx2) ,6.94- 8.03(14H,m,Ar Hx 3 ,6- H)
8b B, =C¥  CyHg N, Oy 110- 112 78 1.85 and 1.93(6H,2s - CHy x 2) ,2.24- 2.61(6H,m,2-Hy x3) ,3.91(6H,  1142( M+ H")
B,=T m,;OCH; x 2) ,3.94- 4.10(4H,m,5-H,, x2) ,4.27 - 4.67(7H,m,3-Hx 2,
B, =T 4-Hx3 5-H,) ,4.86- 4.97(4H,m - OCH, O x2) ,5.67 - 5.75(1H,m,
3'-H) ,6.26 - 6.40(2H,m,1"-Hx2) ,6.51 - 6.55(1H,m,1’-H) ,6.93 - 8.01
(21H,m,ArHx 4 ,6-H/ Tx 2,5 H/dC) ,8.17(1H,d,J=7.5 Hz,6- H/dC)
8 B =T Cso Hs N, O 108- 110 75 1.69 and 1.86(6H,2s - CHy x 2) ,2.25- 2.60(6H,m,2' - Hy x 3) ,3.90(6H,  1142( M+ H")
B, = C¥ m-OCH; x 2) ,3.91 - 4.11(4H,m,5 - Hy, x 2) ,4.32- 4.60(7H,m,3-Hx 2,
B,=T 4-Hx3 ,5-Hy) ,4.82- 4.90(4H,2AB - OCH, O x2) ,5.63 - 5.67(1H,m,

3-H) ,6.23- 6.42(3H,m,I’-Hx 3) ,6.95- 8.04(21 H,m,Ar Hx 4 ,6-H/Tx 2,
5-H/dC) ,8.15(1H,d,J=7.5 Hz,6- 1/ dC)

"C,H, N analyses were within 0.5 % of calculated values
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Table 2 Melting temperatures ( T,,) of modified and N, N ) (5)
unmodified oligonucleotides hybridized to their 4 (1.0 mmol)
complementary oligodeoxynucleotide strands 5 mL N.N
Modified ODN Sequence T € ATy 0.8 mL (4.6 mmol) (2- N, N
ODN I( control) 5:-TT1'GCTCTTCTTCTT-3/ / 5.0 - ) 0.473 g (2 mmal) . 30
ODNII 5'- TTTGCT nt CTTCTTCTT-3 541 -0.9
ODN I 5'-TTTGCF nr G nr TICTTCTT3 53.4 -08 min 40 mL, 5%
ODNIV 5= F nF m TGCTCTTCTTCTTE:3' 52.6 -1.2 40 mL ,Na, SO, , ,
ODNV 5'- TTTGCTCTICTIC nr F nr B3 53.0 -1.0
ODN VI 5'- T u# TTGCTCTTCTTCT nt 3’ 526 -1.2 ’ >
ODN VI 5'-F mF nr TGCTCTICTTG mF mr B3 50.6 - 1.1 5.
ODN VIII 5-FsFsFsGsCsTsCsTsT 40.0 -1.0 4 (7)
sCGCsTsTFsCsTFsT3
1(1.0 mmol) 6 (1.0 mmol)
m: Methyleneformacetal ;s : Phosphorothioate modified; = AT, :
The decrease in T,, per modification 10 mL ° ’
0.4 nm 2 h, TMSOTf(0.33 g,
" 5
o 5 &5 , 1.5 mmol) . 0.5 h, , 10
o] B
[ 7\ mL , 2x10 mL ,
3'%’ : . MOy, . -
OH 2 0 5 20 mL(3:1) 0C, 1 moleL"
(N) C3'-endo x““ )
(S) C2-endo 5 mL, 30 min, 732
Figure 2 C3'- endo and C2'- endo sugar conformations ) , , )
typical of RNA and DNA, respectively 7.
5 5-04.4- )-
(8)
RY-2 , 4.
'HNMR  Bruker AG P300 , TMS 6 5-0(4,4- )-8- O (2
. FABMS  MAT212 N, N ) 9
Perkimr Elmer 2400 . H, 5.
GFs,4 7 (1) "
CaH, (5 g'L'l) P,Q (5 ( ODNII ~ ODN VIII)
-1
g‘L’l) 3h, (0.4 nm) DNA 1 mmol* L EDTA, 10
7.0 -3- 0 ) mmol*L™" Na, HPO, ,0.14 mol*L"' NaCl ,
(1) 3-0 (2) . 2.5~3.0 pmol* L' ,pH 7.4,
(3) 3-0 (6) 90 C 5 min, (
[5] 20 C) ., 1 cm
1 (& N, N ) ,  UW260
[9] , 103 ~ 105 C/11 Pa ,20~90 C 1 C
, 50 % . , T,
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