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In the preceding paper,  together  with two other  groups,  we descr ibed  the synthesis  of three  pentanu- 
cleotide segments  (Al1-15, B1-5, and Bl1-15)  of the two-st randed pentadecadeoxyribonucleot ide (A). (B) 
corresponding to the 5 ' - t e rmina l  sect ion 1-15 of yeas t  valine tRNA [1]. 
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Continuing this work, we have synthesized three other  segments of this two-s t randed pentadecanucleo-  
tide, namely: A1-5 (V) and two mutually complementary  s e g m e n t s -  A6-10 0fH) and B6-10 (XVHI). The 
synthesis  was pe r fo rmed  by the block method in accordance  with the scheme shown below, severa l  different  
rou tes  be ingused to  obtain the pentanucleotides dpCpGpTpGpG (XII) and dpCpCpApCpG (XVrff) in o rde r  to 
study the p rope r t i e s  of the in termedia te  oligonucleotides and to se lect  the optimum variant  of the method 
of synthesis .  In the creat ion of an interr~ucleotide bond the blocking of the 5 ' -phosphate res idue  and the 3 ' -  
hydroxyl  of the deoxyribose moiety and of the amino groups in the pyrimidine and purine nuclei was effected 
by means  of the same protec t ive  groups as  previously [1]; as condensing agents  we used t r i i sopropylbenzene-  
sulfonyl chloride,  mesi tylenesulfonyl  chloride,  and dicyclohexylcarbodiimide.  (See scheme on following 
page.) 

The pentanucleotides obtained at the present  t ime and previously,  (V), (XII), dpTpCpTpApG, dpCpTp- 
ApGpA, (XVIII), and dpApApApCpC, taken together,  reproduce  the complete r~ucleotide sequence of both chains 
(A and B) of the 15 -membered  segment of the double-hel icalDNA, including the 5 ' - t e rm in a l  section ((2) of 
yeas t  valine tRNA. 

E X P E R I M E N T A L  

F o r  genera l  exper imenta l  information, see [1]. The work was pe r fo rmed  with monodeoxyribonucleo.- 
t ides produced by the exper imental  chemical  fac tory  of the Novosibirsk Institute of Organic Chemis t ry  of 
the Siberian Branch of the Academy of Sciences of the USSR (Novosibirsk): Ion-exchange chromatography 
was pe r fo rmed  on DE-23 or  DE-32 DEAE-cel lu lose  (Whatman, England) and A-25 DEAE-Sephadex ( F a r -  
macia ,  Sweden). The protec ted  oligonucleotides were  chromatographed on FN3 or  Whatman No. 1 paper  
in the E tOH-1  M AcONH 4 (7: 3) sys tem (pH7.5), and the products  of the elimination of the N-protec t ive  
groups were  chromatographed in the n - P r O H - c o n c .  NH4OI-I-H20 (55: 10: 35) system. The UV spec t ra  were  
taken in neutral  aqueous solutions. The monomer ic  composit ion of the oligonucleotides a f te r  the el imina-  
tion of the N-protec t ive  groups was de termined by hydrolys is  with the phosphodies terase  of snake venom or  
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(for homool igomers )  with alkal ine phosphatase ,  and then phosphodies te rase  (see [1]). The cyanoethyl and 
acetyl  de r iva t ives  of the mono-  and ol igonucleotides we re  obtained as  descr ibed  in the preceding pape r  [1]. 

1. dpGiBUpG iBu. A mix tu re  of the pyr id inium sa l t s  of dCEpG iBu (0.9 g, 1.4 mmole)  and dpGiBU-iBu 
(1.2 g, 2.1 mmol e s )  was dr ied by evaporat ion with pyridine (3× 50 ml) and dissolved in 8 ml  of pyridine,  
and then 1.4 g (4.6 mmoles )  of t r i i sopropylbenzenesul fonyl  chloride was added and the mix tu re  was  left at 
20°C fo r  5 h. It was  cooled to -50°C,  12 ml  of a 1 M pyridine solution of t r ie thylamine  and 20 ml  of wa te r  
were  added, and then the mix tu re  was left at 20°C for  16 h. After  this, it was mixed with 2 N NaOH (equal 
volumes)  at 0°C, kept at 0°C for  10 min, neutra l ized with Dowex 50× 8 (PyH +) to pH 8, and then the r e s in  

• was  f i l te red  off and was washed with 2 M aqueous pyridine.  The combined f i l t ra te  (900 ml) was t r a n s f e r r e d  
to a column of DEAE-ce l lu lose  (I-ICOs- , 3.6× 30 cm) previous ly  equil ibrated with 0.05 M t r i e thy lammonium 
b icarbona te  (TEAB) and chromatography  was p e r f o r m e d  in a concentrat ion gradient  of TEAB in 10% etha-  
nol (2 l i t e r s  0.05 M - 2  l i t e r s  0.2 M; 0.5 l i te r  0.2 M - 0 . 5  l i t e r  0.3 M), with the col lect ion of 12-ml  f rac t ions  
in 10 rain and m e a s u r e m e n t  of the absorpt ion  at 260 nm. F rac t ions  260-350 yielded 19,000 OU260 (40%) of 
the dinucleotide {I) Rdp T 1.40, X m a x  258 nm, X min  228 nm; £250/£260 0.85, £270/£260 0.78, £280/£260 0.70, £290/ 
£260 0.55. F rac t ions  130-210 gave 1790 of the initial  dpG iBu. 

Af ter  the el iminat ion of the N-p ro tec t ive  groups by ammono lys t s  (25% NI-I4OH, 72 hours  at 20°C), dpGpG 
was  obtained with Rdp T 0.55, m o n o m e r  composi t ion dpG: dG 1.00: 1.09. 

2. dpTpT (]I) was  obtained by the reac t ion  of 3.35 g (7.35 mmoles )  of dCEpT and 3.2 g (7.25 re.moles) 
of dpT-Ac under  the conditions of expt. 1. Chromatography  was p e r f o r m e d  on a column of DEAE-cel lulose 
{I-ICOs-, 4× 80 cm; 5 l i t e r s  0.05 M - 5  l i t e r s  0.30 M TEAB in 10% ethanol, 18-ml  f r ac t ions /10  rain). F r a c -  
tions 310-460 yielded 70,000 OU26 ~ 50% of dpTpT, RdpT 0.85, Xma x 267 rim, Xmi u 233 nm, monomer  com-  
posit ion dT : dpT 1.09 : 1.00. The amount of dpT r e c o v e r e d  was 16%. 

3. dpTpTpT {!II) was obtained by the r eac t ion  of 0.76 g (0.9 mmole)  of dCEpTpT and 0.80g (1.8mmole) 
of dpT-Ac  under  the conditions of exper iment  1. Chromatography  was p e r f o r m e d  on a column of DEAE- 
8ephadex (I-ICO3- , 2× 30 cm; 2 l i t e r s  of 0.05 M - 2  l i t e r s  of 0.4 M TEAB in 10% ethanol, 12-ml  f r ac t ions /10  
rain). F rac t ions  192-240 yielded 8800 OU26 ? (36%) of the t r inucleot ide  (IH), Rdp T 0.60, × m a x  267 nm, ~ 'min 
233 nm; m o n o m e r  composi t ion dT:  dpT 1.0: 1.95. The amount of dpT r e c o v e r e d  was 70% and of dpTpT 45%. 

4. dpGiBupGiBUpTpTpT (IV) was obtained by the reac t ion  of 260 mg (0.24 mmoles )  of dCEpGiBUpG iBu 
and 400 mg  (0.33 mmole)  of dpTpTpT-Ac  by the method of expt. 1. 

Chromatography  was  p e r f o r m e d  on a column of DE-32 cel lu lose  (ttCOs-, 1.8 ×40 cm) in a concent ra-  
tion g rad ien t  of TEAB in 10% ethanol (0.8 l i t e r  of 0.05 M - 0 . 8  l i t e r  of 0.25 M; 0.8 l i t e r  of 0.25 M - 0 . 8  l i t e r  
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Fig. 1. Isolation of dpGiBUpGiBUpTpTpT (IV) (expt. 4): peak A contains 2700 OU260 of the dinu- 
cleotide (I), peak B 5200 OU260 of the trir~cleotide 0II), and peak C 4300 OU260 of the pentanu- 
cleotide (IV). 

Fig. 2. Isolation of dpcAnpGtBUpTpGiBupGiBU-- 0U) (experiment 10A): peak A contains 1250 
OU260 of dpGiBU; peak B 250 OUs60 of the tetranucleotide (IX); and peak C 200 OU260 of the penta- 
nucleotide (XI). 

of 0.5 M) at a rate of elution of 67 mlfa  with a fraction volume of 10 ml (Fig. 1). The yield of pentanucleo- 
tide (IV) was 4300 OU260 (0.075 mmole, 32%), Rdp T 0.50, k max 262 nm, k min 232 nm, ~250/~260 0.80, ~270/~260 
0.93, ~2s0/~260 0.70, ~zg0/~S60 0.42. The amount of dinucleotide (I) recovered was 34% and of the trinucleotide 
0II) 55%. 

After elimination of the N-protective groups by ammonolysis, the unprotected pentanucleotide (V) was 
obtained, Rdp T 0.35, >-max 262 rim, kmi n 233 rim, ~250/~260 0.89, ~2T0/~2600.93, ~2s0/~2~0 0.69, ~290/~2s0 
0.30; nueleotide composition dpG : dpT 2.05 : 3.00. 

5. dpcAnpG iBu (VI). A. Compound (VI) was obtained by condensing 2.65 g (4.7 mmoles) of dCEpC An 
and 3.9 g (6.9 mmoles) of dpGiBU-iBu under the conditions of experiment 1. Chromatography was performed 
on a column of DEAE-cellulose (I-ICO3- , 4x 85 cm) in a linear concentration gradient of TEAB in I0% etha- 
nol (10 l i ters of 0.05 M-10  li ters of 0.26 M), 18-mi fractions being collected every 7 rain and their absorp- 
tion at 280 nm being measured. Fractions 601-810 yielded 74,800 OU2s 0 (57%) of the dinucleotide (VI), RdpT 
1.12, k max 262, 286 nm, k rain 233, 270 run, ~250/~260 0.85, ~2~0/2e0 1.00, ~zs0/260 1.07, t290/~260 1.07, ts00/~260 
0.94, and fractions 381-460 yielded 6300 OUs02 (4%) of the pyrophosphate dCAn-5'pp5'-dC An,* RdpT 1.37. 
The amount of dpG iBu recovered was 40% (fractions 81-200) and of dpC An 5% (fractions 316-380). 

Ammonolysis of the dinucleotide (VI) gave dpCpG, RdpT 0.64, 2~ max 253, 270 (shoulder) nm, kmi  n 
218 run, ~250/£260 1.01, ~270/5260 0.94, £280/£260 0.78, g290/~260 0.33. Nucleotide composition, dpC: dpG 1.00: 
1.01. 

B.: A mixture of the pyridinium salts of dCEpC An (0.85 g, 1.5 re.mole) and dpGiBU-iBu (1.2 g, 2.1 
nunoles) was dried by being evaporated with pyridine five times and was then dissolved in 10 ml of pyridine 
after which 3.2 g (15.5 mmoles) of dicyclohexylcarbodiimide and 2 g of Dowex 50x 8 (PyH +) were added and 
the mixture was st irred at 20°C for 72 h. After the addition of 10 ml of water, the unchanged carbodilmide 
was extracted with hexane (3× 20 re.l), the aqueous pyridine solution was allowed to stand for 12 h, and the 
urea  that had deposited was filtered off. The filtrate was subjected to treatment with alkali, as in expt. 1, 
and after neutralization it was chromatographed on a column of DEAE-cellulose (HCOs- , 4 × 75 cm, 5 liters 
of 0.05 M - 5  li ters of 0.30 M TEAB in 10% ethanol). Theyieldofthedinucleotide (VI)was 23,4500U2s0(54%); 
the recovery of the dpG iBu was 27% and of dpC An 22%. 

6. d pcAnpGiBUpT (VIII).~ A. Compound (VIII) was obtained by the condensation of 1.17 g (1 mmole) 
of dC~-CAnpG iBu and 1.40 g (3.5 mmoles) of dpT-Ac in the presence of 1.45 g (6.5 mmoles) of mesttylene- 

* This pyrophosphate was converted quantitatively into dCEpC An under standard cyanoethylation conditions 
(see [1]). 
t E. P. Badosov took part in this section of the work (expts. 6 and 9B). 
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sulfonyl chloride (3 h at 20°C). After  working up as  in expt. 1, the mix ture  was chromatographed on a col- 
umu of DEAE-cel lu lose  (HCO3- , 2.5 × 77 cm) in a l inear  concentrat ion gradient  of TEAB in 10% ethanol (3.5 
l i t e r s  of 0.05 M - 3 . 5  l i t e rs  of 0.35 M), 16-ml  f rac t ions  being collected every  10 rain and their  absorpt ion 
at 270 nm being determined.  Frac t ions  230-380 yielded 16,000 OU270 (46%) of the t r inucleot ide (VIII) Rdp T 
1.00, ~. max 263, 275 rim, k man 235, 270 nm, ~250/~260 0.85, E270/~260 0.98, ~.280/~260 0.96, E290/r~260 0.84. The 
r ec ove r y  of dpT was 41% (fractions 30-120). 

The am_monolysis of (VHI) gave dpCpGpT, P, dpT 0.60, ~ m a x  255, 265 (shoulder) nm, ~ m i n  230 nm, 
~250/~260 0.91, ~270/~260 0.97, ~280/~260 0.74, ~290/~260 0.20; nucleotide composit ion dpC : dpG: dpT 1 . 0 0  : 1 . 0 2  : 
1.07. 

B__. Compound (VIII) was obtained by condensing 180 mg (0.17 mmole) of dCEpcAnpG iBu and 300 mg 
(0.68 re.mole) of dpT-Ac under the conditions of exper iment  5B. Yield 2090 OU270 (36%). 

7. dpTpG iBu (VII) was obtained by condensing 450 mg (1 mmole) of dCEpT and 630 mg (1.1 mmole) 
of dpGiBU-iBu under the conditions of exper iment  6A (4 h at 20°C). The mixture  was chromatographed on 
a column of DEAE-cel lulose  (HCO3- , 3×50 cm, 2.4 l i te rs  of 0.05 M - 2 . 4  l i t e r s  of 0.25 M TEAB in 10~ eth- 
anol, 9-ml f rac t ions /5  rain, absorpt ion at 260 nm). F rac t ions  260-360 yielded 9000 OU260 (36~) of the dinu- 
eleotide (VII), Rdp T 1.20, ~. max 261 am, ~. rain 233 nm, ~250/~:260 0.7~ ~270/~260 0.90, ~280/E260 0.72, ~290/~260 
0.43. The r ecove ry  of dpT was 35% (fractions 100-156) and of dpG i~u 40%. 

The ammonolysis  of (VII) gave dpTpG, Rdp T 0.65, k max 259 nm, ~'min 232 am, ~250/~260 0.94, ~270/E260 
0.92, ~280/~260 0.71, ~ 290/~260 0.28; nucleotide composition dpT: dpG 1.00: 1.10. 

8 dpTpG iBu G iBu ~X) was obtained by the reac t ion  of 0.65 g (0.67 mmole) of dCEpTpG iBu and 1.07 g • p 

(1.9 mmole)  of dpGLBU-iBu under the conditions of expt. 6A (2 h at 20°C). The mix ture  was chromatographed 
on a column of DEAE-cel lulose  (I-ICOn- , 2×40 cm, 4.5 l i t e rs  of 0.05 M - 4 . 5  l i t e r s  of 0.4 M TEAB in 30% 
ethanol, 18-ml f rac t ions /10  rain, absorpt ion at 270 am). F rac t ions  404-480 yielded 6000 OU270 (26~) of the 
t r inucleot ide (X), ~'max 258 nm, ~. min 235 am, ~250/~260 0.87,.~270/~260 0.86, ~280/~260 0.70, ~290/~260 0.45. The 
r ecove ry  of dpG iBu was 6~c (fractions 290-318) and of dpTpG 1Bu 10~ (fractions 336-386). 

Ammonolysis  yielded dpTpGpG, Rdp T 0.49, ~-max 257 am, ~. rain 230 am, ~250/~260 0.97, ~270/~260 0.85, 
~280/~260 0.65, ~290/~260 0.34; nucleotide composit ion dpT : dpG 1.00 : 1.95. 

9. dpcAnpGiBUpTpG iBu .~X) was obtained by the reac t ion  of 180 rag (0.18 mmole) of dCEpCAapG iBu, 
230 mg (0.24 mmole) of dpTpGiBU-Ac, and 250 mg (1.4 mmole) of mesi tylenesulfonyl  chloride (3 h at 20°C). 
The react ion mixture  was chromatographed on a column of DEAE-cel lulose  (I-ICO3, 1.5×40 cm, 2 l i te rs  of 
0.05 M - 2  l i te rs  of 0.4 M TEAB in 10~c ethanol), with the collection of 7-ml  f rac t ions /10  rain and the mea-  
Surement of the absorpt ion at 260 nm. F rac t ions  280-350 yielded 930 OU260 (11%) of the tetranucleot ide (IX), 
Rdp T 0.80, k max 260, 275 (shoulder) nm, ~'min 235 nm, ~250/e260 0.84, ~270/£260 0.92, ~280/e260 0.88, ~290/~260 
0.77. The r e c ove ry  of dpTpG iBu was 55% (fractions 118-180) and of dpCAnpGiBU 22~c (fractions 181-240). 

The ammonolysis  of (IX) yielded dpCpGpTpG, Rdp T 0.60, ~. max 256 nm, ~. rain 235 nm, e250/e260 0.96, 
270/e 26o 0.94, e280/~260 0.72, ~290/E260 0.30; nucleotide composition dpT : dpC : dpG 1.00 : 1.00 : 1.94. 

10. dpCAnpGiBupTpGiBUpG iBu ~:XI). A. Compound (XI) was obtained by the reac t ion  of 900 OU260 
(0.017 mmole) of dCEpCAnpGiBUpTpG iBu and 2800 OU260 (0.17 mmole) of pdGiBU-iBu in the p resence  of 
100 mg (0.5 mmole) of mesi tylenesulfonyl  chloride in 1 ml  of pyridine (4 h at 20°C). Chromatography was 
per fo rmed  on a column of DE-23 cel lulose (HCO3- , 1× 35 cm) in a l inear  concentrat ion gradient of TEAB 
in 10% ethanol (0.7 l i ter  of 0.05 M - 0 . 7  l i ter  of 0.35 M), at a ra te  of elution of 30 m l /h  and with a f rac t ion 
volume of 5 ml (Fig. 2). The yield of pentanucleotide (XI) was 200 OU260 (0.003 mmole,  17%), Rdp T 0.60, 

max 259, 275 (shoulder) nm, k mi n 228 nm, ~250/~260 0.85, ~270/~260 0.88, ~280/~260 0.83, ~2~0/~260 0.69. The 
r ec ove ry  of dpG iBu was 45% and of the tetranucleot ide (IX) 27%. 

The ammonolysis  of (XI) gave the unprotected pentar~cleot ide (XII), Rdp T 0.25, k max 256, 272 (shoul- 
der)  nm, ~. rain 235 am, ~250/~260 1.03, ~270/~260 0.88, ~280/~260 0.68, ~290/~260 0.32; nucleotide composit ion dC : 
dpT : dpG 1.10: 1.00: 3.20. 

B.=. Compound (XI) was obtained by the react ion of 2000 OU2~ 0 (0.055 mmole) of dCEpCAr'pGiBupT 
(PyH +) and 4000 OU260 (0.12 mmole)  of dpGiBUpGiBU-Ae(Et3NH +) under  the conditions of expt. 9. Chroma-  
tography was per fo rmed  on a column of DEAE-cel lulose  (I-ICO3- , 1.5× 51 cm, 1.5 l i ter  of 0.05 M - 1 . 5  l i te r  
of 0.35 M TEAB in 10% ethanol, 13-ml f rac t ions /15  rain). Frac t ions  100-190 yielded a mixture  of the penta- 
nueleotide (XI) and the initial  t r inucleot ide (VI~) [ recovery  of the dinucleotidc (I) 52%]. This mixture  was 
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rechromatographed  (column 1.5× 25 cm, 0.75 l i ter  of 0.15 M - 0 . 7 5  l i te r  of 0.35 M TEAB in 10% ethanol, 4.5- 
ml fractions}. Frac t ions  110-270 yielded 900 OU260 (20%} of the pentanucleotide (IX). 

C_~.. Compound (XD was obtained by the react ion of 3440 OU270 (0.13 mmole} of dCEpcAnpGiBU and4470 
OU2y 0 (0.13 mmole} of dpTpGiBupGiBU-Ac under the conditions of expt. 9; yield 37%. 

11. dpcAnpc  An ~XIII). A. This  was obtained by the reac t ion  of 1.2 g (2.2 mmoles)  of dCEpC An and 
2.0 g (3.6 mmoles} of dpCAn-Ac under  the conditions of expt. 1. Chromatography was per fo rmed  on a col-  
umn of DEAE-cel lu lose  (HCO3-, 4.5× 90 cm, 5 l i t e rs  of 0.05 M - 5  l i t e r s  of 0.35 M TEAB in 10% ethanol, 
20-ml f rac t ions /12  min). Frac t ions  350-450 yielded 74,000 OU302 {76%} of the dinucleotide {XIII), ~. max 
302 nm, £ min 238 nm (see [1]}. The r ecove ry  of dpC An was 9% (fractions 150-225}. 

B. The condensation of 1.6 g (2.8 mmoles} of dCEpC An with 1.3 g (2.3 mmoles)  of dpcAn-Ac was ca r -  
r i ed  out s imi la r ly  with the aid of 2.45 g (11.5 mmoles)  of mesi tylenesulfonyl  chloride in 15 ml of pyridine 
(4 h at 20°C}. Chromatography was pe r fo rmed  on a column of DEAE-Sephadex (HCO3-, 3.5× 50 cm, 5 l i t e r s  
of 0.07 M - 5  l i t e rs  of 0.55 M TEAB in 10% ethanol, 19-ml f rac t ions /10  min}. Frac t ions  300-490 yielded 
60,000 OU302 (58%} of the dinucleotide (XIID. The r eco v e ry  of dpC An was 13% (fractions 180-250}. 

12. dpcAnpcAnpA Bz ~XV}. Compound ~XV) was obtained f rom 2.25 g (2.0 mmoles)  of dCEpcAnpG An 
and 2.0 g (3.6 mmoles} of dpABZ-Ac in the p resence  of 4.9 g (16.5 m_moles} of t r i i sopropylbenzenesulfonyl  
chlor ide in 20 ml of pyridine (4.5 h at 25°C} (see expt. 1}. Chromatography was per fo rmed  on a column of 
DEAE-cel lu lose  ~ C O 3 ,  4× 60 cm, 5 l i t e r s  of 0.05 M - 5  l i t e r s  of 0.35 M TEAB in 15% ethanol, 18-ml f r ac -  
t i o n s / l l  min, absorpt ion at 280 nm). Frac t ions  430-540 yielded 47,000 OU280 (45%) of the t r inucleot ide ~XV), 
Rdp T 0.81, A max 287 nm, ~. min 237 nm, £250/£260 0.86, £270/E260 1.21, ~280/~260 1.49, ~290/~260 1.61, ~3o0/~26Q 
1.40. Frac t ions  556-640 yielded 13,300 OU302 of an unidentified substance Rdp T 1.32, k max 302 nm, ~ rain 
238 nm. The r e c o v e r y  of dpA Bz was 62% (fractions 71-170} and of the dinueleotide (XIII) 20% (fractions 
300-425). 

The ammonolysis of (XV) yielded dpCpCpA, RdpT 0.59, 2~ max 264 nm, 2, rain 227 nm, E250/~260 0.83, 
E276/E260 0.93, e280/e260 0.57, E290/~260 0.16, nucleotide composition dpC : dpA 1.93 : 1.00. 

13. dpABZpc An (XIV). A. This was obtained from 2.45 g (4.3 mmoles) of dCEpA Bz and 2.5 g (4.4 
mmoles) of dpcAn--'~c ~ t~e conditions of expt. 9 (5 h at 20°C). Chromatography was performed on a 
column of DEAE-Sephadex (HCO3-, 3× 35 cm, 5 liters of 0.05 M-5 liters of 0.3 M TEAB in 10% ethanol, 
25-ml fractions/16 rain, absorption at 280 nm). Fractions 272-344 yielded 46,300 OU280 (30%) of the dinu- 
cleotide (XIV), RdpT 1.05, A max 285 nm, A rain 240 nm, c25~/~260 0.91, ~270/E260 1.18, ~290/E:260 1.54, c290/~260 

/~n lJz 1.58, e3Q0/e260 1.33. The total recovery of dpC and dpA was 24%. 

Ammonolysis  gave dpApC, Rdp T 0.70, A max 262 rim, k rain 236 nm, ~250/c260 0.74, ~270/~260 0.80, ~280/ 
e260 0.36, nucleotide composit ion dpA: dpC 1.00 : 1.08. 

B__ Compound (XIV) was obtained by the condensation of 1.05 g (1.85 mmole) of dCEpA Bz and 1.55 g 
(2.8 mmoles)  of dpcAn-Ac by the p rocedure  of expt. 5B. Chromatography was pe r fo rmed  as in exper iment  
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• 13A (column 2.5×45 cm, 35-ml  f rac t ions /24  rain). F rac t ions  155-195 yielded 23,500 OU280 (36%) of the di- 
nucleotide (XIV). The r e c o v e r y  of dpA Bz was 44% (fractions 60-90) and of dpC An 47% (fractions 97-125). 

14. dpABZpcAnpGiBU ~XVI) was obtained by the condensation of 1.05 g (1.0 mmole) of dCEpABZpc An 
and 2.45 g (4.2 mmole) of dpGL]SU-iBu by the method of expt. 9 ( 5 h at 20°C). Chromatography was pe r -  
fo rmed  on a column of DEAE-Sephadex (HCO3- , 3x50  cm, 3 l i t e rs  of 0.05 M - 3  l i t e r s  of 0.3 M and 3 l i te rs  
of 0.3 M - 3  l i t e r s  of 0.4 M TEAB in 10% ethanol, 30-ml  f rac t ions /22  rain, absorpt ion at 280 rim). F rac t ions  
268-340 yielded 14,000 OU280 (28%) of the t r inucleot ide (XVI), Rdp T 0.80, k max 282 nm,.~ min 238 nm, £250/ 
~260 0.86, ~270/~260 1.03, e280/~260 1.18, £290/£260 1.11, £300/£260 0.85. The r ecove ry  of dpG iBu was 50% (frac- 
tions 88-120) and of the dinucleotide (IV) 16% (fractions 180-216). 

The ammonolysis  of (XVI) gave dpApCpG, Rdp T 0.40, k max 257 nm, ~ rain 228 nm, £250/£260 0.93, £270/ 
~260 0.89, £280/£260 0.58, £290/£260 0.22, nucleotide composition dpA: dpC: dpG 100: 1.06: 0.97. 

15. dpcAnpcAnpABZpc~np~  B u -  -- (XVII). A. Compound (XVII) was obtained by the condensation of 
535 ID_g (13,000 OU302, 0.5 mmole)  of dCEpCAnpC - 'An and 740 mg (26,000 OU280, 0.5 mmole) of dpABZpC An- 
pGiBU-Ac in the p resence  of 0.39 g (1.8 mmole) of mesi tylenesulfonyl  chlor ide in 5 ml of pyridine (3 h at 
20°C). Chromatography was pe r fo rmed  on a column of DEAE-cel lu lose  (HCO3, 3.5× 55 cm, 3.5 l i t e rs  of 
0.05 M - 3 . 5  l i t e rs  of 0.4 M TEAB in 30% ethanol, 12-ml f rac t ions /10  rain, absorpt ion at 280 urn). Frac t ions  
510-590 yielded 7800 OU280 (21%) of the pentanucleotide (XVII). The r ecove ry  of dpcAnpc An was 44% ( f rac-  
tions 405-450) and of dpABzpcAnpG iBu 34% (fractions 451-500). 

The pentanucleotide (XVII) (2500 OU280) was rechromatographed  on a column of DEAE-Sephadex (C1-, 
1.6× 35 cm) in a l inear  concentrat ion gradient  of NaC1 in 0.02 M tr is-HC1 (pH 7.5) in 7 M u r e a  (1 l i te r  of 
0.02 M buffer  and 1 l i t e r  of 0.25 M NaC1 in the buffer),  6 -ml  f rac t ions  being col lected every 12 rain. The 
combined f rac t ions  266-280 were  diluted with water  to a volume of 1200 ml and were  deposited on a column 
of DEAE-cel lu lose  (I-ICO3- , 1 .2×45 cm) and then the c o h m n  was washed with 0.05 M TEAB until  the r e a c -  
tion for  C1- was negative, a f te r  which the substance was eluted with 120 ml of 1 M TEAB (pH 7.5). This 
gave 2280 OU280 of the pentanucleotide (XVII), Rdp T 0.43, ~ m a x  287 nm, k m i  n 239 nm, £250/£260 0.42, £270/ 
e260 1.10, ~280/£260 1.19, £290/£260 1.20, £300/~260 1.19. 

Ammonolysis  yielded the unprotected pentanucleotide (XVIII), RdpT 0.23, k max  261 nm, ~ min 228 nm, 
~250/£260 0.91, ~270/£260 0.95, ~280/£260 0.66, £29o/£26o 0.26, nucleotide composit ion dpC : dpA : dpG 2.94 : 1.00 : 
1.01. 

B. Compound (XVII) was obtained by the condensation of 2.0 g (1.3 mmole)  of dCEpcAnpcAnpA Bz and 
2.2 g (2"~2 mmole) of dpcAnpGIBU-Ac by the method of expt. 1. 

Chromatography was pe r fo rmed  on a column of DE-23 cel lulose (HCO3- , 3.8× 66 cm) in a l inear  con- 
centra t ion gradient  of TEAB in 20% ethanol (9 l i t e r s  of 0.05 M - 9  l i t e rs  of 0.6M) with a r a t e  of elution of 
80 m l / h a n d  a f rac t ion  volume of 16 ml (Fig. 3). Yield: 21,000 OU230 (19%); the recovery  of the dinucleo- 
tide (XIII) was 65% and of the t r inucleot ide (XVI) 21%. 

S U M M A R Y  

The chemical  synthesis  of th ree  pen tadeoxyr ibonuc leo t ides -  dpGpGpTpTpT, dpCpGpTpGpG and dpCp- 
CpApCpG-  corresponding to the 5 ' - t e rmina l  segment of yeas t  valine tRNA has been effected. 
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