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The chemical synthesis of the nbo-hexamer C-A-A-C-C-A has been achieved by two different routes applying 
the phosphotriester approach and using the @-nitropheny1)ethyl group for phosphate protection. The 2’-hydroxy 
groups as well as the terminal 2‘,3’-diol function have been blocked by the (lert-buty1)dimethylsilyl group as 
permanent protection throughout all the synthetic steps with great success. Final deblocking of all protective 
groups could be performed with 80% yield to give the hexamer 23. The various protected intermediates have been 
characterized by elemental analysis and UV spectra. 

1. Introduction. ~ In recent years, the chemical synthesis of oligodeoxyribonucleotides 
has been improved tremendously due to the advantages of the phosphotriester [2] [3] and 
the phosphoramidite approach [4] over the older phosphodiester method. Analogous 
good progress could not be achieved in the ribonucleotide area largely because of the 
difficulties of finding suitable procedures for protection of the additional 2’-hydroxy 
group. The problem of protection of the various functionalities is the crucial point in this 
series and has been modified very widely [5-71. Many efforts have been made, especially 
towards the synthesis of partial structures of tRNA’s using a single addition procedure [8] 
[9] as well as a block-assembly phosphotriester methodology [ 10-171. 

In order to test the (p-nitropheny1)ethyl-phosphate protection [ 181 in an oligoribonu- 
cleotide synthesis, we have chosen the hexaribonucleotide sequence C-A-A-C-C-A corre- 
sponding to the 3’-terminus of a series of methionine-initiator tRNA’s [19] as a model. 
The strategy accounts for the phosphotriester approach applying two series of block 
condensations (201 in comparison to the stepwise chain elongation of the corresponding 
heptaribonucleotide G-C-A-A-C-C-A [9]. The permanent OH protection of the sugar 
moieties was performed by the (tert- buty1)dimethylsilyl group due to its striking chemical 
features [21] [22] and high stability. 

2. Syntheses. - The anticipated syntheses afforded three starting materials, the N 4 -  
benzoyl-2’-O-[(tert-butyl)dimethylsilyl]-5’-0-(monomethoxytrityl)cytidine 3’-[2,5-di- 
chlorophenyl 2-(p-nitrophenyl)ethyl phosphate] (I), the N6-benzoyl-2’-O[(tert-butyl)- 
dimethylsilyl]-5’-O-(monomethoxytrityl)adenosine 3’-[2,5-dichlorophenyl 2-b-nitro- 
pheny1)ethyl phosphate] (2), and the Nh-benzoyl-2’,3’-di-O-[(tert-butyl)dimethyl- 

‘) Part XXIV: [ I ]  



HELVETICA CHIMICA ACTA - Vol. 69 (1986) 1769 

silylladenosine (3), which have been described already earlier [22] [23]. The oximate 
cleavage [24] of 1 and 2 led to the phosphodiesters 4 and 5, respectively, which were 
isolated as their triethylammonium salts, whereas detritylation of 1 and 2 afforded the 
5'-OH components 6 and 7, respectively [23]. The various condensations to the fully 
protected dimers 8, 10, 12, and 14 were achieved by 2,4,6-triisopropylbenzenesulfonyl 
nitrotriazolide (TPSNT) as well as by p-toluenesulfonyl chloride/N-methylimidazole in 
abs. pyridine with isolated yields ranging from 67-91 YO. These dimer blocks function 
then as intermediates in the chain-elongation process to the hexamer 22, which was 
performed by two different sequences of reactions according to the schemes 2 + 143 ,  
3 + 3-6 units and 2 + 2+4,4 + 2+6 units, respectively. 

The first route included oximate treatment of 8 and 10 with p-nitrobenzaldoxime in 
Et,N/H,O/dioxane to convert the terminal phosphotriester group into the corresponding 
phosphodiester ( 4 9 , l l ) .  Then, 9 was condensed with 7 to give the trimer 16 and 10 with 
3 to form the trimer 18 in 75 and 72 YO yield. The second approach afforded again oximate 
cleavage of 12 to the triethylammonium phosphodiester 13 and detritylation of 14 to the 
terminal dimer 15 by use of the ZnBr, procedure [25]. The 2 + 2 block condensation of the 
two components 13 and 15 was achieved under similar reaction conditions using two 
different condensing agents and yielded 65 and 7570, respectively, of 20. 

The final steps of the two synthetic pathways consisted of analogous procedures for 
the partial deblocking of the appropriate protecting groups forming 17 from 16, 19 from 
18, and 21 from 20 followed by the condensations of the two trimers 17 and 19 and of the 
dimer 9 with tetramer 21 in the usual manner using TPSNT for the coupling reaction to 
form the fully protected hexamer 22 in 62 and 69 YO yield. 

The deprotection of 22 to the free hexaribonucleotide C-A-A-C-C-A (23) has been 
achieved by subsequent treatment by 1) 0 . 5 ~  1,5-diazabicyclo[5.4.0]undec-5-ene (DBU) 
for 15 h to eliminate the (p-nitropheny1)ethyl groups, 2) 0 . 2 5 ~  Bu,NF for 20 h to cleave 
the (tert-buty1)dimethylsilyl groups, 3) conc. NH, for 24 h to remove the N-benzoyl 
groups, and 4) 80% AcOH for another 24 h to split off finally the monomethoxytrityl 
residue. The crude reaction product was then purified by DEAE-Sephadex chromatog- 
raphy in Et,NH'HCO; buffer (pH 7) applying a linear gradient and giving 71 % yield of 
the hexamer 23. Spleen phosphodiesterase affected further digestion to give Cp, Ap and 
A in a 3 :2:1 ratio after 16 h incubation at 37". 

3. Physical Data. - The characterization of nucleotides and oligonucleotides is still a 
difficult problem due to the limitations of the analytical methods, from which usually 
more qualitative than quantitative measurements can be derived. The protected inter- 
mediates 1-22 were purified by silica-gel chromatography and then applied to C,H,N-ele- 
mentary analysis to get the correct compositions. The molar extinction coefficients of the 
UV spectra account then as a characteristic feature of every compound in a quantitative 
sense (Table). 

The 'H-NMR spectra (high resolution) are very complicated and not too conclusive 
regarding the structures. Too many overlapping signals and the fact that the protected 
phosphotriesters always consist of diastereoisomeric mixtures limits the NMR method 
significantly for structural proofs of such types of complex molecules. Some character- 
istic signals like the one of CH,O of the monomethoxytrityl group help in the isolation 
procedures to find and detect the right reaction product. 
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Table. U V Absorption Spectra of Nucleotides and Oliaoribonucleotides in MeOH 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

230 (sh, 4.54), 263 (4.51), 304 (4.09) 
227 (sh, 4.61), 260 (sh, 3.68), 278 (4.39) 
227 (4.18), 280 (4.36) 
232 (sh, 4.44), 262 (4.51), 300 (sh, 4.14) 
278 (4.51) 
230 (sh, 4.32), 262 (4.54), 300 (sh, 4.10) 
278 (4.50) 
228 (sh, 4.74), 268 (4.73), 315 (sh, 4.09) 
230 (sh, 4.67), 265 (4.71), 315 (sh, 4.02) 
230 (sh, 4.68), 262 (4.81), 300 (sh, 4.36) 
230 (4.55). 260 (4.73), 300 (4.35) 

I2 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

I m m  [nml ( k  6 )  

230(sh,4.75),268(4.78),315(sh,4.03) 
230(sh,4.63),268(4.71),315(sh,3.99) 
230 (4.66), 270 (4.62), 315 (sh, 4.03) 
230(sh, 4.48), 268 (4.62), 315 (sh, 3.87) 
228(sh, 4.92), 270 (4.94), 315 (sh, 4.05) 
230(sh, 4.79), 270(4.86),315(sh,4.05) 
230 (4.80), 262 (4.81), 317 (sh, 4.09) 
230(sh,4.67),262(4.71),317(sh, 3.99) 
232(sh,4.89),267(4.88),315(sh,4.18) 
233 (sh, 4.84), 267 (4.95), 315 (sh, 4.20) 
235 (5.00), 266 (5.16), 315 (sh, 4.50) 

4. Conclusion. - Solution chemistry to oligoribonucleotides can be achieved in a 
preparative scale applying the phosphotriester approach in a stepwise manner or by a 
block-condensation procedure. The appropriate choice of the various protecting groups 
account to a large extent for the obtained yields in the synthetic as well as the deblocking 
steps. 

Experimental Part 

General. TLC: Precoated silica-gel thin-layer sheets F I500 LS 254 and cellulose thin-layer sheets F-1440 from 
Schleicher & Schiill. Prep. TLC on silica gel 60 PF,,, (Merck) and prep. column chromatography on silica gel 
(Merck 60,0.0634.2 mesh). M.p.: Buchi apparatus, model Dr. Tottoli; no corrections. UVjVIS: Cary Recording 
spectrometer, model 118. Applied Phys. Corp., and Uvikon 820, Kontron: I,,, in nm (Ig E ) .  

1. Nb- Benroyl-I’-O-[ ( tert-butyl)dimefhylsilylJadenosine 7-/2,5-DichlorophenyI 2-( p-Nitropheny1)ethyl 
PhosphareJ (7) [22]. For 2 h, 2.19 g (4.4 mmol) of ZnBrz are dried in high vacuum at 140”. The salt is suspended in 
25 ml of ahs. nitromethane, 0.78 g (0.69 mmol) of 2 added, and the mixture stirred for 5 min at r.t. The mixture is 
treated twice with 50 ml of ice/H20 each and the org. layer dried over Na2S04 and evaporated. The residue (0.73 g) 
is dissolved in 5 ml of CH2C12, put on a silica-gel column (7 x 3 cm) and chromatographed subsequently with 200 
ml of CH2C12, 200 ml of CHzC12/MeOH 100: 1, and 100 ml of CH,CI,/MeOH 97: 3. The main fraction yields 0.5 g 
( 8 5 % )  of 7 as amorphous solid. Reprecipitation from 3 ml of CHCI, into 200 ml of hexane with stirring gives an 
amorphous colourless powder. UV (MeOH): 278 (4.50). 

2. N4- Benzoyl-2’- 0-1 ( tert-butyl)dimethylsilyl]-5’- 0- (monomethoxytrityl) cytidylyl- (7-[ 0‘- (2- ( p-nitrophe- 
nyl)ethyl)] +S )-N6-benzoyl-2’-0-[( tert-butyl)dimethylsilyl Jadenosine 3’-[2.5-Dichlorophenyl 2- ( p-Nitrophe- 
ny1)ethyI PhosphateJ (8). Twice, 0.5 15 g (0.48 mmol) of triethylammonium N4-benzoyl-2’-O-[(tert-hutyl)dimethyl- 
silyl]-5’-O-(monomethoxytrityl)cytidine 3’-[2-@-nitrophenyl)ethyl phosphate] (4) and 0.344 g (0.4 mmol) of 7 are 
coevaporated with 2 ml of abs. pyridine and then dissolved in the same amount of abs. pyridine. After addition of 
0.17 g of 2,4,6-triisopropylbenzenesulfonyl nitrotriazolide (TPSNT), the mixture is stirred for 6 h at r.t. and then 
kept over night in the ice box. The mixture is then diluted with 100 ml of CHCI, and treated once with 100 ml of 
phosphate buffer (pH 7) and 3 times with 100 ml of H20.  The org. phase is dried over Na2S04, filtered, and 
evaporated to give a foam. The residue is dissolved in 2 ml of CH,CIz and chromatographed on a silica-gel column 
(5 x 1 cm) with 600 ml of CHCl,/MeOH 98:2. The main fraction is evaporated and the solid further purified by 
another column chromatography with CHCl,/MeOH 99.5 :0.5. Evaporation of the main fraction yields 0.24 g 
(59%) of 8a as a colourless amorphous solid. Anal. calc. for C8,H,4C12Nl,021P2Si~ (1804.8): C 57.90, H 5.25, N 
7.76; found: C 57.88, H 5.30, N 7.67. 

3. N4-Benzoyl-2’- 0-1 ( tert-butyl)dimethylsilylj-5’- 0- (monomethoxytrityl) cytidylyl- (3’-[ 0’- (2- ( p-nitrophe- 
nyllethyl) J -5’ )-N6-henzoyl-2’-O-[ (tert-butyl)dimethylsilyl/adenosine 3’-[2- ( p-Nitrophenyllethyl Triethylam- 
monium Phosphate] (9). A soh.  of 0.67 g (4 mmol) ofp-nitrobenzaldoxime in 24 ml of Et,N/dioxane/H,O 1:l:l is 
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stirred at r.t. for 20 min. Then, 0.722 g (0.4 mmol) of 8 are added, and stirring is continued for 2 h. The soh. is 
evaporated after addition of 30 ml of abs. pyridine. The residue is coevaporated twice with abs. pyridine and twice 
with toluene, dissolved in CHCI,, and chromatographed on a silica-gel column (5 x 2.5 cm) with 200 ml of CHCI,, 
200 ml of CHCI3/MeOH 98 :2, and a gradient of CHCl,/MeOH/Et,N YO :5 : 5-70 :20: 10. Evaporation of the main 
fraction yields a solid residue which is dissolved in 6 ml of CHCI, and added dropwise to a stirred soh. of 50 ml of 
hexane/Et20 4: 1 with separation of an amorphous powder. The precipitate is collected by suction and then dried in 
vacuum at 50” to yield 0.643 g (91 %) of a colourless powder. Anal. calc. for C,7Hlo,N,,021P2Si2~H,0 (1779.0): C 
58.74, H 6.18, N 8.66; found: C 58.74, H 5.75, N 8.56. 

4. N4- Benzoyl-Z-O-]( tert-butyl)dimethylsilyl/-5‘-0-(monomethoxytrityljcytidylyl- {3’-[ OP-(2-( p-nitrophe- 
nyl) ethyl)] -5‘ )-N4-benzoyI-2’- 0-1 ( tert-butyl) dimrthylsilyl/cytidine 3’-[2,5-Dichlorophenyl 2- ( p-Nitrophenylj- 
ethyl Phosphate] (10). At 40”, 0.383 g (0.36 mmol) of 4 [22] and 0.251 g (0.3 mmol) of N4-benzoyl-2’-O-[(tert-bu- 
tyl)dimethylsilyl]cytidine 3’-[2,5-dichlorophenyl 2-@-nitrophenyl)ethyI phosphate] (6)  [22] are evaporated twice 
with 2 ml of abs. pyridine. The mixture is dissolved in 2 ml of abs. pyridine, 0.25 g of TPSNT are added and stirred 
at r.t. for 6 h. After storage over night in the ice box, the mixture is diluted with 100 ml of CHCI, and then washed 
once with 100 ml of phosphate buffer (pH 7) and 3 times with H,O. The org. layer is dried over Na2S04, filtered, 
and evaporated to a solid foam. The material is dissolved in little CHCI,, put on a silica-gel column (5 x I cm) and 
then developed with 500 ml of CHCI,/MeOH 98:2. The main fraction is evaporated: 0.486 g (91 %) of 10 as a 
colourless amorphous solid. Anal. calc. for C,,H,,CI2N8O2,P2Si, (1780.8): C 58.00, H 5.32, N 6.29; found: C 
58.00, H 5.45, N 6.34. 

5. N4-Benzoyl-Z- 0-1 ( tert-bu tyl)dimethylsilyl]-5’- 0- (monomethoxytrityl) cytidylyl- (Y-[ 0’- (2- (p-nitrophe- 
nyl)rthylj] 45’ )-N4-benzoyl-2’-O-/ ( tert-butyl)dimefhylsilyl/cytidine 3‘-12-( p-Nitrophenyllethyl Triethylummo- 
nium Phosphate] (11). To a mixture of 1.5 g (10 mmol) ofp-nitrobenzaldoxime in 33 ml of Et,N/H,O/dioxane 1 :1:1 
is added 1.0 g (0.56 mmol) of 10. The mixture is stirred for 2.5 h at r.t., then evaporated, and twice coevaporated 
with 5 ml of abs. pyridine as well as 10 ml of toluene. The residue is dissolved in CHCl, and chromatographed on a 
silica-gel column (60 x 3 cm) with 800 ml of CHCI,, 300 ml of CHCI,/MeOH 98 :2, and 500 ml of CHCI,/MeOH/ 
Et,N 98:2:0.5. The product fraction yields 0.85 g (85%) of 11 as a colourless amorphous solid. Anal. calc. for 
C ~ ~ H , ~ ~ N ~ 0 2 ~ P 2 S i 2  (1736.0): C 59.50, H 6.15, N 7.26; found: C 59.22, H 6.09, N 6.99. 

6. N6-Benzoyl-2’-O-( ( tert-butyl)dimethyl.rilyl]-S- 0- (monomethoxytrityl)udenylyl- {3’-] OP-(2-( p-nitrophe- 
nyl)ethyl)] -5‘ )-N4-henzoyl-2’-O-[ ( tert-hutyl/dimethylsilyl]cytidine 3’-[2.5-Dichlorophenyl 2- ( p-Nitrophenylj- 
ethyl Phosphate] (12). 6. I .  Three times, 0.55 g (0.5 mmol) of 5 and 0.35 g (0.42 mmol) of 6 are coevaporated with 3 
ml of abs. pyridine. The residue is dissolved in 4 ml of abs. pyridine, and 0.32 g of TPSNT are added and stirred 
over night at r.t. The mixture is extracted twice with 25 ml of CHCI,, washed twice with 25 ml of phosphate buffer 
(pH 7) and 50 ml of cold H20.  The org. phase is dried over Na2S04, evaporated, and coevaporated twice with 10 ml 
of toluene. The residue is dissolved in 5 ml of CHCI, and chromatographed on a silica-gel column (30 x 3 cm) with 
1.2 1 of CHCI,. The main fraction yields 0.50 g (67%) of 12 as a colourless amorphous solid. 

6.2. Three times, 0.55 g (0.5 mmol) of 5 and 0.35 g (0.42 mmol) of 6 are coevaporated with 3 ml of abs. 
pyridine. The mixture is then dissolved in 4 ml of abs. pyridine, 0.31 g (1 mmol) of 2,4,6-triisopropylbenzenesulfo- 
nyl chloride and 0.25 ml (3 mmol) of N-methylimidazole are added and then stirred for 20 h at r.t. Workup and 
purification as in 6.1. Anal. calc. for C,,H,CI,N,,O,,P,Si,. H,O (1822.8): C 57.32, H 5.28, N 7.64; found: C 57.19, 
H 5.27, N 7.45. 

I. Nh- Benzoyl-2’- 0-1 ( tert-hutyl)dimethylsilyl]-S- 0- (monomethoxytrityl) adenylyl- { 3’-[ 0’- (2- ( p-nitrophe- 
nyl)rrhylj] +5‘ )-N4-henzoyl-2’- 0-1 ( tert-butyl)dinielhylsilyl]cytidine 3-12- ( p-Nitrophenyl)ethyl Triethylammo- 
nium Phosphate] (13). A soh. of 0.584 g (3.5 mmol) ofp 4trobenzaldoxime in 15 ml of H,O/dioxane/Et,N 1 : 1 : 1 is 
stirred for 30 min at r.t. Then 0.631 g (0.35 mmol) of 12 is added and the mixture stirred for 30 min at r.t. The 
mixture is evaporated to dryness, then twice coevapordted with 5 ml of pyridine and twice with 10 ml of toluene. 
The residue is dissolved in 100 ml of CHCI, and chromatographed on a silica-gel column (1 5 x 3 cm) with 500 ml of 
CHCI,, 500 ml of CHCI,/MeOH 98 :2 and 800 ml of CHCI,/MeOH/Et,N 97:3 :0.5. The main fraction is collected 
and evaporated to yield 0.58 g (92%) of 13 as an amorphous solid. Anal. calc. for C8,H,,,N,,O2,P,Si2.3 H 2 0  
(1815.0):C57.57,H6.28,N8.29;found:C57.46,H5.91,N7.96. 

8. N4-Benzoyl-2’- 0-[ (tert-buty1)dimerhylsilyll-S- 0- (monomethoxytrityl)cytidyl.vl- {3’-[  0’- (2-( p-nitrophe- 
nyl)ethyl)] tS’}-N6-bmzoyl-2’,3‘-bis-O-[( tert-butyl)dimethylsilyl]adenosine (14). A mixture of 0.257 g (0.24 
mmol) of‘ 4 [22] and 0.12 g (0.2 mmol) of N6-benzoyl-2’,3’-bis-O-[(tert -butyl)dimethylsilyl]adenosine (3) [23] is 
evaporated twice with 2 ml of pyridine at 40” and the residue dissolved in 2 ml of abs. pyridine. Then, 0.17 g of 
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TPSNT are added, and the mixture is stirred for 7 h at r.t. before keeping it over night in the ice box. The mixture 
is extracted twice with 100 ml of CHCI,, the extract washed with 100 ml of phosphate buffer (pH 7) and 3 times with 
H,O. The org. layer is dried over Na2S04, filtered, and evaporated in vacuum to give a solid foam. The residue is 
dissolved in 5 ml of CHCI, and chromatographed on a silica-gel column (7.5 x 1 cm) with 600 ml of CHCI,/MeOH 
98 :2. The residue of the main fraction is dissolved in CHCI, and rechromatographed on a silica-gel column (15 x 2 
cm) with CHC13/MeOH 99.5:0.5. The main fraction yields 0.23 g (75%) of 14 as a colourless amorphous foam. 
Anal. calc. for C,,H,,N,O,,PSi, (1545.0): C 61.41, H 6.39, N 8.15; found: C 61.58, H 6.13, N 8.15. 

N4-Benzoyl-2’-O-[ ( tert-butyljdimethylsilyl]cytidylyl- (Y-/OP-(2- ( p-nitrophenyljethyl)] +S }-N6-ben- 
zoyl-2’,3‘-bi.~-O-/(tert-butyl)dimrthylsilyl]adenosine (15). For 2 h, 1.1 g (4.4 mmol) of ZnBr2 are dried at 140“ 
under high vacuum. The salt is then suspended in 20 ml of dry nitromethane, 0.7 g (0.45 mmol) of 14 added, and the 
mixture stirred at r.t. for 10 min. The mixture is then treated twice with 20 ml of ice H 2 0  and the org. layer dried 
over Na2S04 and evaporated. The residue is dissolved in CH2C12 and chromatographed on a silica-gel column 
(7 x 3 cm) with 200 ml of CH2C12, 250 ml of CH,CI,/MeOH 100 : I  and 200 ml of CHC12/MeOH 97:3. The main 
fraction yields 0.50 g (88%) of 15 as a colourless amorphous solid. Anal. calc. for C,xHxzN9015PSi3 (1260.6): 
C 54.49, H 6.62, N 9.86; found: C 54.39, H 6.68, N 9.95. 

N4-Benzoyl-2’-O-[ ( tert-butyl)dimethylsilyl]-5’-0- (monomethoxytrityl)cytidylyl- (3’-/OP-(2-( p-nitro- 
phenyljethylj] +S } - N6-henzoyl- 2’ -0-1 ( tert-butyl)dimethyl.~ilyl]ade~~yly~- {3 ‘ - /  0’- (2- ( p-nitrophenyl)ethyl)] 
+S }-N6-benzoyl-2’- 0-1 ( tert-butyl)dimethylsilyl]adenosine 3’-[2.5-Dichlorophenyl2- ( p-Nitropheny1)ethyl Phos- 
phate] (16). Twice, 1.1 g (0.63 mmol) of 9 and 0.36 g (0.42 mmol) of 6 [22] are coevaporated with 5 ml of abs. 
pyridine. The mixture is dissolved in 3 ml of abs. pyridine, then 0.52 g of TPSNT are added and stirred overnight at 
r.1. The mixture is treated with 50 ml of CHCI, and washed with 50 ml of phosphate buffer (pH 7) and 50 ml of 
ice/H20. The org. layer is dried over Na2S04, evaporated to dryness, and then coevaporated twice with 10 ml of 
toluene. The residue is dissolved in 3 ml of CH,CI, and chromatographed on a silica-gel column (14 x 3 cm) with 
500 ml of CH2C12, 200 ml of CH2C12/CHC13 1 : I ,  500 ml of CHCI,, and 500 ml of CHCI,/MeOH 99 :I .  The main 
fraction yields 0.78 g (75%) of 16 as a colourless amorphous foam. Anal. calc. for Cii8HI,IC12Nl,03~P,Si, 
(2501.5): C 56.66, H 5.28, N 8.98; found: C 56.49, H 5.42, N 8.83. 

N4-Benzoyl-2’-O-[ (tert-butyl)dimethylsilyl]-5’-0- (monomethoxytrityl) cytidylyl- {3’-[ OP-(2-( p-nitro- 
phenyljethyl)] -5‘ } - N6- benzoyl-2’-0- /( tert-butyljdimethyl.dyl]adenylyl- {3’ - [ 0’- (2- ( p-nitrophenyl)ethyl)] 
+S )-N6-benzoyl-2’-O-[ (tert-butyl)dimethylsilyl]adenosine 3’-12-( p-Nitrophenyljethyl Triethylammonium Phos- 
phate/ (17). A soh. of0.7 g (4.9 mmol) ofp-nitrobenzaldoxime in 16 ml of H20/dioxane/Et3N I : 1 : 1 is stirred for 20 
min at r.t. Then 0.7 g (0.28 mmol) of 16 is added and stirred for 1.5 h at r.t. The mixture is evaporated, 
coevaporated twice with 3 ml of pyridine and twice with 10 ml of toluene, and the residue dissolved in 80 ml of 
CHCI,. This soln. is chromatographed on a silica-gel column (15 x 3 cm) with 800 ml of CHCI,, 200 ml of 
CHCI,/MeOH 98 :2 and 800 ml of CHCI,/MeOH/Et,N 98 :2:0.5. The main fraction yielded 0.58 g (85%) of 17 as 
an amorphous colourless solid. Anal. calc. for Ci,xH144N17030P3Si3~2 H,O (2493.7): C 56.83, H 5.98, N 9.55; 
found: C 56.89, H 5.73, N 9.29. 

12. N4-Benzoyl-2’-O-/( tert-butyljdimethylsilyl]-S-O-(monomethoxytrityl)cytidylyl- {3’-[OP-(2-( p-nitrophe- 
nyl)ethyl)/ + 5’ )-N4-benzoyl-2’- 0-1 (tert-butyl)dimethylsilyl]cytidylyl- (7-1 OP-(2-( p-nitrophenyljethyl)] -+ S}- 
N6-benzoyl-Z’,3’-bis-0-[( tert-butyljdimethylsilyl]adenosine (18). Three times, 1 . 1  g (0.63 mmol) of 11 and 0.24 g 
(0.4 mmol) of 3 [23] were coevaporated with 3 ml of abs. pyridine. The residue is dissolved in 2.5 ml of abs. pyridine, 
0.46 g (1.2 mmol) of TPSNT are added, and the mixture is stirred over night at r.t. The mixture is then extracted 
twice with 25 ml of CHCI,, washed with 50 ml of phosphate buffer (pH 7) and 50 ml of ice/H,O. The org. layer is 
dried over Na,S04, evaporated, and then coevaporated twice with 10 ml of toiuene. The residue is dissolved in 5 ml 
of CH2C12 and chromatographed on a silica-gel column (13 x 3 cm) with 800 ml of CH2C12, 1000 ml of CH2CIZ/ 
CHCI, 1 :I, 400 ml of CHCI,, and 500 ml of CHCI,/MeOH 1OO:OS. The main fraction yields 0.64 g (72%) of 18 as 
an amorphous colourless solid foam. Anal. calc. for C,09H,3,N,3026P2Si4 (2217.7): C 59.04, H 6.14, N 8.21 ; found: 
C 58.77, H 6.12, N 7.56. 

N4-Benzoyl-2’-O-[ ( tert-butyl)dimethylsilyl]cytidylyl- (3’-[ OP-(2- ( p-nitrophenyljethylj] -rS )-N4-ben- 
zoyl-2’ - 0 -[ ( tert-butyl) dimethylsilyl]cy tidylyl- { 3’ - [ 0’- (2- ( p- nitrophenyl j ethyl j ] + 5’ } - N ‘- benzoyl- 2’,3’-bis-0- 
((tert-butyl)dimethylsilyl]adenosine (19). For 2 h, 0.5 g (1 mmol) of ZnBr, are dried at 140” under high vacuum. 
The salt is then suspended in 5 ml of abs. nitromethane, 0.4 g (0.18 mmol) of 18 are added and stirred for 1.5 h. The 
mixture is extracted twice with 5 ml of CHCI, and then washed with 25 ml of phosphate buffer (pH 7) and 50 ml of 
ice/H,O. The org. layer is dried over Na2S04 and evaporated and the residue dissolved in 3 ml of CH2C1, and 
chromatographed on a silica-gel column (10 x 3 cm) with 500 ml of CH2CI, and 800 ml of CHzC12/MeOH 98:2. 

9. 

10. 

1 I .  

13. 
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Evaporation of the main fraction yields 0.29 g (82%) of 19 as a colourless amorphous solid. Anal. calc. for 
C,9Hl19N,,02,P2Si4 (1945.3): C 54.90, H 6.17, N 9.36; found: C 54.71, H 6.12, N 9.11. 

14. Nh-Benzoyl-2’- 0-(( tert-butyl)dimethyl.rilyl]-5‘- 0- (monomethoxytrityljadenylyl- {3’-( 0’-(2-( p-nitrophe- 
nyl)ethyl)] + 5’ )-N4-benzoyl-2’- 0-1 (tert-butyl)dimethylsilyl]cytidylyl- {3’-( 0’- (2- ( p-nitrophenyl)ethyl)] + 5’)- 
N4-benzoyl-2’-O-(( tert-butyl)dimethylsilyl]cytidylyl-{3’-[OP- (2- ( p-nitrophenyl)ethyl)] - 5 ‘ )  -N6-benzoyl-Z’ $7- 
bis-0-((tert-butyl)dimethylsilyl/adenosine (20). 14.1. Three times, 0.42 g (0.23 mmol) of 13 and 0.19 g(0.15 mmol) 
of 15 are coevaporated with 3 ml of abs. pyridine. The residue is dissolved in 2 ml of abs. pyridine, 0.18 g (0.46 
mmol) of TPSNT are added and stirred over night at r.t. The mixture is extracted with 20 ml of CHCl,, washed 
twice with 15 ml of phosphate buffer (pH 7) and once with 25 ml of ice/H20. The org. layer is dried over Na2S04, 
filtered, evaporated, and coevaporated twice with 10 ml of toluene. The residue is dissolved in 3 ml of CHCI, and 
chromatographed on a silica-gel column (17 x 3 cm) with 600 ml of CHCI, and then with 1 1 of CHCl,/MeOH 
100: 1. The main fraction yields 0.28 g (65 %) of 20 as a colourless amorphous solid. 

14.2. Three times, 0.85 g (0.46 mmol) of 13 and 0.272 g (0.22 mmol) of 15 are cocvapordted with 3 ml of abs. 
pyi-idine. The residue is dissolved in 2.9 ml of abs. pyridine, and 0.3 g of 2,4,6-triisopropylbenzenesulfonyl chloride 
and 0.25 ml of N-methylimidazole are added and stirred for 20 h at r.t. The mixture is treated with 50 ml of CHCI, 
and then washed twice with 25 ml of H20.  The org. layer is dried over Na2S04, evaporated to dryness, and 
coevaporated twice with 10 ml of toluene. The residue is dissolved in 10 ml of CHCI, and chromatographed on a 
silica-gel column (20 x 3 cm) with 500 ml of CHCI, and 800 ml of CHCI,/MeOH 100 : 1. Evaporation of the main 
fraction gives 0.48 g (75%) of 20 as a colourless amorphous solid. Anal. calc. for C14,H172Nl,03sP,Sis~H20 
(2952.3): C 56.95, H 5.94, N 9.01; found: C 57.19, H 6.04, N 8.89. 

15. N6-Benzoyl-2’-O-[ (tert-butyl)dimethyl.silyl]adenylyl- {3’-( 0’- (2-( p-nitrophenyl)ethylj] -+S}-N4-ben- 
zoyl-Y-O-[ ( tert-butyl)dimethylsilyl]cytidylyl- {3’-[ 0‘- (2- rp-nitrophenyllethyl) 1 -5.1 -N4-benzoyl-Y -0-1 (tert- 
butyljdimethylsilyl]cytidylyl- {3’q OP-(2-( p-nitrophenyl)ethyl)] + 5’ }- N6-henzoyl-2’.3’-bis-0-[ (tert-butyljdime- 
thylsilyl/adenosine (21). 15.1. A soh.  of 0.437 g (0.15 mmol) of 20 in 5 ml of 2% TsOH in CH,CI,/MeOH 4:l is 
stirred at r.t, for 50 min. The mixture is diluted with 40 ml of CHCI, and then extracted 3 times with 25 ml of H20. 
The org. layer is dried over Na2S04, filtered, and evaporated to dryness. The residue is chromatographed on a 
silica-gel column (15 x 3 cm) with 400 ml of CHCI, and 600 ml of CHCI,/MeOH 100:3. The main fraction is 
collected and evaporated to give 0.34 g (85%) of 21 as a colourless amorphous solid. 

15.2. A soh.  of 0.2 g (0.07 mmol) of 20 in 2 ml of 2 %  CF,COOH in CHCI, is stirred for 30 min at r.t. The 
mixture is diluted with 10 ml of CHCI,, washed first with 15 ml of buffer (pH 7) and secondly with 20 mi ofice/H20. 
The org. layer is dried over Na2S04, evaporated, and the residue purified by prep. TLC (40 x 20 x 0.2 cm) on silica 
gel with CHCIJMeOH 96:4. The main band is extracted by CHCI, to yield 0.1 1 g (61 %) of 21 as an amorphous 
colourless powder. Anal. calc. for C120H156N19034P3SiS (2642.1): C 54.54, H 5.95, N 10.07; found: C 54.09, H 5.83, 
N 9.70. 

16. N4-Benzoyl-2‘-0-[(tert-butyl)dimethyl.rilyl]-5’-0-(monomethoxytrityljcytidylyl-~3’-(OP-(2-(p-nitro- 
phenyl)ethyl)] +S ) - N6- henzoyl-2’-0 -]( tert- butyl)dimethylsilyl]adenyl~l- (3’- [ 0’- ( 2 -  ( p- nitrophenyllethyl)] 
+ 5’ }-N6-benzoyl-2’- 0-(( tert-butyl)dimethylsilyl]adeny(yl- {3’-[ 0’- (2-( p-nitrophenyl)ethylj] --t 5’ )-N4-benzoyl- 
2’-0-(( tert-butyljdimethylsilyljcytidylyl- (7-1 0’-(2- ( p-nitrophenyljethyl)] -5’ )-N4-benzoyl-2’-O-[ ( tert-butyl) 
dimethylsilyl(eytidylyl- {3’- [ 0’- ( 2 -  ( p-nitrophenyljethyl) I + 5’ ] -N6- benzoyl-Z’,3’-bis-O-[ ( tert -butyl)dimethyl 
silyl]adenosine (22). 16.1. Three times, 0.15 g (0.085 mmol) of 9 and 0.15 g (0.057 mmol) of 21 are coevaporated 
with 3 ml ofabs. pyridine. The mixture is then dissolved in 0.75 ml of abs. pyridine, 65 mg of TPSNT are added and 
stirred over night at r.t. The mixture is then extracted twice with 30 ml of CHCl,, washed twice with 20 ml of H20,  
the org. layer dried over Na2S04 and evaporated followed by coevaporation twice with 10 ml of toluene. The 
residue is dissolved in 5 ml of CH2C12 and chromatographed on a silica-gel column (10 x 3 cm) with 500 ml of 
CH,C12, 400 ml of CH2C12/CHC1, 1:1,300 ml of CHCI,, and 600 ml of CHCI,/MeOH 100: 1.5. The residue of the 
main fraction is dissolved in 3 ml of CHCI, and then added dropwise to 100 ml of hexane with stirring. The 
amorphous solid is dried under vacuum: 0.17 g (69%) of 22 as a colourless solid. 

16.2. Three times, 0.22 g (0.1 1 mmol) of 19 and 0.42 g (0.17 mmol) of 17 are coevaporated with 3 ml of abs. 
pyridine. The residue is then dissolved in 1.5 ml of abs. pyridine, 0.13 g of 2,4,6-triisopropylhenzenesulfonyl 
uitrotriazolide (TPSNT) are added and stirred at r.t. over night. The mixture is extracted twice with 10 ml of CHCI, 
and then washed with 25 ml of buffer (pH 7) and 25 ml of ice/H,O. The org. layer is dried over Na2S04, evaporated 
to dryness, and twice coevaporated with 10 ml of toluene. The residue is dissolved in 5 ml of CH2C12 and 
chromatographed on a silica-gel column (10 x 3 cm) with 500 ml of CH,C12, 400 ml of CH2CI2/CHCl3 1: 1,400 ml 
of CHC1, and I I of CHCl,/MeOH 100: 1.5. The main fraction yields on evaporation and drying under vacuum 0.27 
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g (62%) of 22 as an amorphous colourless solid. Anal. calc. for C197H24hN28054PSSi7.2 H,O (4299.1): C 55.81, H 
5.86, N 9.44; found: C 55.42, H 5.46, N 9.36. 

16.3. Three times, 0.1 I 1 g (0.042 mmol) of 21 and 0.1 1 1 g (0.063 mmol) of 9 arc coevaporated with 3 ml of abs. 
pyridine. The residue is dissolved in 0.55 ml of ahs. pyridine, 38 mg of 2,4,6-triisopropylhenzenesulfonyl chloride 
and 30 pl of N-methylimidazole are added and stirred at r.t. for 20 h. The mixture is extracted with 40 ml of CHCI,, 
the org. layer washed twice with 20 ml of H,O dried over Na2S04, and evaporated. The residue is coevaporated 
twice with 10 ml of toluene, dissolved in CH,CI, and chromatographed on a silica-gel column (10 x 3 cm) with 400 
ml of CH,CI,, 300 ml of CH,CI,/CHCI, 1:1, 250 ml of CHCI,, and 600 ml of CHCI,/MeOH 100:1.5. The main 
fraction is evaporated, the residue dissolved in 2 ml of CHCI, and added dropwise to 50 ml of hexane with stirring. 
The amorphous solid is collected by centrifugation. Drying under high vacuum at 40" yields 0.125 g (70%) of 22 as 
an amorphous colourless powder. 

1 7. Cytidylyl- (7-5') -adenylyl- (3'-5') -adenylyl- (3'-5') -cytidylyl- ( 7 - 5 ' )  -cytidylyl- ( 7 - 5 ' )  -adenosine (23). A 
soln. of 13 mg (3 pmol) of 22 in 4 ml of 0 . 5 ~  DBU in ahs. pyridine is stirred at r.t. for 18 h. The mixture is then 
neutralized with 2 ml of I M  AcOH in pyridine, evaporated, and coevaporated twice with 3 ml of ahs. pyridine. The 
residue is dissolved in 5 ml of a pyridine s o h ,  which has been prepared rrom 0.8 g of Bu,NF and 0. I 1  ml of HF by 
3 times dissolving in dry pyridine and evaporation under vacuum. After stirring for 20 h, 3 ml of H,O are added, the 
mixture is evaporated and then this process repeated twice. Deacylation is achieved by treatment with 8 ml of conc. 
NH, for 24 h followed by evaporation and coevaporation twice with H20. The final deblocking step to remove the 
monomethoxytrityl group is done with 10 ml of 80% AcOH at 0" for 20 h. The soln. is again evaporated, 
coevaporated 3 times with EtOH, dissolved in 2 ml of H,O, and extracted several times with CHCI,. The crude 
mixture was purified by paper and ion-exchange chromatography, respectively. a) The crude aq. reaction soh.  is 
concentrated to a small volume and put on 2 large sheets of paper for chromatography with i-PrOH/conc. 
NH,/H,O 50:10:35. The main band is eluted with 150 ml of H,O, concentrated, and lyophylized to give 63 OD 
units (30%) of 23. b) The crude aq. reaction soh. is applied onto a DEAE-Sephodex A-25 column (60 x 1 cm) for 
elution with a linear gradient of 0 . 0 0 1 4 7 5 ~  Me3NH+HC0T buffer. The product fraction is evaporated, then 10 
times coevaporated with each 10 ml of H,O to give finally 149 OD units (71 %) of 23. 

The hypochromicity of 23 is determined by alkaline hydrolysis in 0 . 3 ~  NaOH at 37" for 24 h. There is a 9.2% 
decrease of absorbance in the hexamer due to base-stacking and giving a total calculated yield of 80% of 23. 

18. Enzymic Hydrolysis ofC-A-A-C-C-A. A s o h  of 63 OD units of 23 in 80 pI of H,O is mixed with 20 p1 of a 
cocktail prepared from 30 pI of I M  K3P04 (pH 6.2), 25 pl of 0. I M  EDTA-sodium salt (pH 7), 30 p1 of 1 % aq. Tween 
80. and 110 pl of H,O and then incubated for 16 h at 37". The mixture is applied onto a sheet of paper for 
chromatographical separation in i-PrOH/conc. aq. NH,/H20 50:10 :35. The 3 bands are cut out, eluted with H20,  
and the ratio calculated from the UV spectrometric determinations to be Cp/Ap/A = 3 : 2.08 : 1.15. 

REFERENCES 

[I]  Part XXIV: E. I. Kvasyuk, T. I .  Kulak, N.  B. Khripach, I. A. Mikhailopulo, E. Uhlmann, R. Charubala, W. 

[2] J. H. van Boom, Heterocycles 1977, 7, 1 197. 
[3] C. B. Reese, Tetrahedron 1978,34, 3143. 
[4] M.A. Dorman, S. A. Noble, L. J .  McBridc, M. H. Caruthcrs, Tetrahedron 1984,40, 95. 
[5] C. B. Reese, Phosphorus Sulfur 1976, I ,  245. 
[6] V. Amarnath, A. D. Broom, Chem. Rev. 1977, 77, 1x3. 
[7] S. S. Jones, C. B. Reese, S. Sibanda, 'IUPAC Current Trends in Organic Synthesis', Ed. H. Noraki, Pergamon 

181 T. E. England, T. Neilson, Cun. J .  Chem. 1976,54. 1714. 
[9] K. K. Ogilvie, N.  Y. Theriault, Cun. 1. Chem. 1980, 57, 3140. 

Pfleiderer, Synthesis 1986, in press. 

Press, Oxford, 1983, p.71. 

[lo] E. Ohtsuka, S. Tanaka, M. Ikehara, J .  Am. Chem. SOC. 1978, 100, 8210. 
[ I  I ]  J. H. van Boom, P. M. J. Burgers, Recl. Trau. Chim. Pays-Bus 1978, Y7, 73. 
[12] J. H. van Boom, P. M. J. Burgers, R. Crea, G. van der Marel, G. Willc, Nucleic Acids Res. 1977,4, 747. 
[I31 R.W. Adamiak, E. Biala, K. Grzeskowiak, R. Kierzek, A. Krarewski, W.T. Markiewicz, J. Okupniakm, J. 

Stawinski, M. Wiewiorowski, Nucleic Acids Res. 1978,5, 1889. 



HELVETICA CHIMICA ACTA - Vol. 69 (1986) 1777 

[I41 S. S. Jones, B. Rayner, C. B. Reese, A. Ubasdwa, M. Ubasawa, Telrahedron 1980,36,3075. 
[I51 J.A. J. den Hartog, G. Wille, J .H.  van Boom, Reel. Truu. Chim. Pays-Bus 1981,100,320. 
1161 J .  A.J. den Hartog, G. Wille, R.A.  Scheublin, J.H. van Boom, Biochemisrry 1982,21, 1009. 
[17] E. Ohtsuka, A. Yampine, T. Doi, M. Ikehara, Tetrahedron 1984,40, 47. 
[I81 E. Uhlmann, W. Pfleiderer, Helu. Chim. Acta 1981,64, 1688. 
[I91 D. H. Gauss, M. Sprinzl, Nucleic Acids Res. 1982, IO, r l .  
[20] M. Ichiba, W. Pfleiderer, Nucleic Acids Res., Symp. Ser. 1981, 9, 169. 
1211 K.K. Ogilvie, S.L. Beaucage, D. W. Entwistle, E.A. Thompson, M.A. Quilliam, J .  B. Westmore, Carbohy- 

[22] G. Silber, D. Flockerzi, R. S. Varma, R. Chdrubala, E. Uhlmann, W. Pfleiderer, Helu. Chim. Acra 1981,64, 

[23] D. Flockerzi, G. Silber, R. Charubala, W. Schlosser, R. S. Varma, F. Creegan, W. Pfleiderer, Liebigs Ann. 

[24] C. B. Reese, L. Zard, Nucleic Acids Res. 1981, Y, 461 I .  
[25] H. Koster, N. Hoppe, V. Kohli, M. Kropelin, H. Kaut, K. Kulikowski, Nucleic Acids Res., Symp. Ser. 1980, 

drates-Nucleosides-Nucleotides 1976,3, 197. 

1704. 

Chern. 1981, 1568. 

7, 39. 


