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(2¢-5¢)-triadenylate and its an a logues con tain ing 3¢-ter mi nal epoxyadenosine or cordycepin res i due were
ob tained by phosphotriester ap proach in the pres ence of 4-ethoxypyridine N-ox ide (EPO) as O-nucleophilic 
cat a lyst of cou pling re ac tion. The cou pling re ac tions pro ceeded with high speed (be low 5 min) and ef fi -
ciency (yield 86-92%). The re ac tion yields achieved in the pres ence of N-methylimidazole were sub stan -
tially lower (80-85%), and the fi nal yields of triadenylates were only 21-25%, as com pared to 29-35%
ob tained with N-ox ide.
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In tro duc tion. 2¢-5¢-oligoadenylates (2-5A) play the
key role in the mech a nism of an ti vi ral ac tiv ity of in ter -
feron. The pres ence of 2-5A is of great im por tance in
the pro cesses of cell growth and dif fer en ti a tion,
apoptosis, pathogenesis of di a be tes and ath ero scle ro -
sis, more over, they are con sid ered to be very prom is ing 
prep a ra tions for tu mor and he ma to log i cal dis eases

[1–5]. Un for tu nately, nat u ral (2¢-5¢)-oligoadenylates
1a (Fig ure) are rap idly cleaved in the cell by
phosphodiesterases. 2-5A an a logues with chem i cal
mod i fi ca tions, in clud ing those that in crease the
nuclease re sis tance, of ten re veal higher bi o log i cal ac -
tiv ity. A broad va ri ety of 2-5A an a logues with mod i -
fied car bo hy drate res i dues, internucleotide phos phates, 
and heterocyclic bases has been ob tained [1, 2, 6–12].

Thus, triadenylate 1b mod i fied with epoxyadenosine is
known to be the in hib i tor of post-trans plan ta tion tis sue
re jec tion [12] and was shown to pos sess
cardioprotecting fea tures [13]. Adenylate 1a and its an -
a logue 1b stim u late pro lif er a tion of bone mar row stem
cells and in flu ence their apoptosis [14]. It was pre vi -
ously shown that oligoadenylates are closely con nected 
with cAMP sys tem (cy clic adenosine monophosphate)
[15]. Type 1c an a logues con tain ing cordycepin

(3¢-deoxyadenosine) dem on strate an ti vi ral ac tiv ity, in
par tic u lar against HIV-1 vi rus [16, 17]. The mech a nism 
of their an ti vi ral ac tiv ity in cludes ac ti va tion of RNAse
L [17], in hi bi tion of re verse tran scrip tase [16], and
DNA-poly mer ase [17]. Antiproliferative ac tiv ity of
cordycepin an a logues of 2-5A is con nected with the ac -
ti va tion of nat u ral killer cells [18] and ac tiv ity of
nucleoside me tab o lites of “core” oli go mers [19].
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Most of ten 2-5A are pre pared by phosphotriester
syn the sis in the so lu tion, yet solid-phase
phosphoramidite ap proach is also used to syn the size
2-5A in small quan ti ties [1, 2]. Usu ally arylsulfonyl
chlo rides and nitrotriazolides are used in the pres ence
of N-methylimidazole or tetrazole cat a lysts as cou pling 
re agents in phosphotriester method. Pyridine N-ox ides, 
es pe cially those con tain ing p-electronodonor groups at
para-po si tion, are so called hypernucleophiles which
cat a lyze acyl, phosphoryl and sulfonyl trans fer re ac -
tions ef fi ciently [20]. N-ox ide-based re agents were pro -
posed as cou pling re ac tion cat a lysts in the syn the sis of
oligodeoxyribonucleotides [21–23]. Cur rent work de -
scribes the first syn the sis of 2-5A us ing O-nucleophilic
ca tal y sis. We have de vel oped an ef fi cient method of the 
prep a ra tion of (2¢-5¢)-triadenylates and their an a logues
1a–c by phosphotriester ap proach with
4-ethoxypyridine N-ox ide (EPO) as a cou pling re ac tion 
cat a lyst.

Ma te ri als and Meth ods. Ex per i ments were per -
formed us ing adenosine (Fluka, Ger many),
4,4¢-dimethoxytrityl chlo ride,
2,4,6-triisopropylbenzenesulfonyl chlo ride (TPSCL),
trimethylchlorosilane,
2-chlorophenyldichlorophosphate,
2-nitrobenzaldoxime (Alrdich USA). Other re agents
and sol vents were pur chased from Macrochim,
Ukraine. Acetonitrile was dis tilled over P2O5 and cal -

cium hy dride; pyridine was dried by dis til la tion over
NaOH, ninhydrin and cal cium hy dride. 1H NMR spec -
tra were ob tained on Bruker WM-300 spec trom e ter
(300 MHz, in ter nal stan dard tetramethylsilane), UV
spec tra were re corded us ing Specord UV-Vis
spectrophotometer (Karl Zeiss Jena, Ger many).
Mass-spec tra were ob tained on Perkin-Elmer SCIEX
API-100 in stru ment us ing electrospray ion iza tion tech -
nique, ESI-MS, with de tec tion of pos i tive ions. Thin
layer chro ma tog ra phy was per formed on Sil ica gel
60F254 plates (Merck, Ger many) in the fol low ing sys -
tems: chlo ro form-meth a nol 9:1 (A), isopropanol–con -
cen trated NH3–wa ter 5:1:2 (B). High per for mance liq -
uid chro ma tog ra phy (HPLC) was per formed on Wa ters
sys tem (USA) equipped with DAD-440 Kontron de tec -
tor, us ing Nucleosil-C18 col umn (10 mm, 4.6´250 mm,
Interchrom, France) in the gra di ent of CH3CN (5–40%)
in 0.1 M triethylammonium ac e tate buffer (pH 6.5).
EPO was syn the sized ac cord ing to [24, 25]. Nu cle o tide
com po nent 2 was pre pared by phosphorylation of
6-N,3¢-O-dibenzoyl-5¢-O-dimethoxytrityladenosine
[26, 27] with o-chlorophenylphosphoditriasolide us ing
stan dard pro ce dure [28].

6-N-benzoyl-9-(2,3-anhydro-b-D-ribofuranosyl)a
d e nine (3b)

2¢,3¢-anhydroadenosine [29] (498 mg, 2 mmol) was
evap o rated with dry pyridine (2´5 ml), dis solved in 10
ml of the same sol vent and trimethylchlorosilane was
added (762 ml, 6 mmol). The mix ture was stirred for 5
hours at room tem per a ture, benzoyl chlo ride (464 ml, 4
mmol) was added and left over night. The mix ture was
cooled to ~5°C, then 2 ml of wa ter, and 10 min later 4
ml of 25% of aque ous am mo nia were added. In 15 min
the mix ture was evap o rated, and the res i due was
co-evap o rated with 5 ml of pyridine. Then 50 ml of
chlo ro form were added, the pre cip i tate was fil tered off,
washed with CHCl3 (2´10 ml), and fil trate was evap o -
rated. The prod uct was iso lated by sil ica gel chro ma -
tog ra phy in the gra di ent of meth a nol (0–8%) in chlo ro -
form. Prod uct 3b was crys tal lized from eth a nol. 522 mg 
of white pow der were ob tained (74%). M.p.
186–187°C (lit. data 185–188°C [12]). 1Í NMR
(DMSO-d6): d 11.20 (br.s, 1Í, NH), 8.77 (s, 1H) and
8.65 (s, 1H) (H-2, H-8), 8.06 (d, J=6.9 Hz, 2H, Bz),
7.5-7.7 (m, 3Í, Bz), 6.35 (s, 1H, H-1¢), 5.06 (m, 1Í,
5¢-ÎÍ), 4.57 (br.s, 1Í, H-2¢), 4.26 (m, 2H, H-3¢, H-4¢),
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3.56 (m, 2H, H-5¢,5"). Found, %: C 57.46, Í 4.38, N
20.05. Cal cu lated for C17H15N5O4, %: C 57.80, H 4.28,
N 19.72.

Adenylyl-(2¢-5¢)-adenylyl-(2¢-5¢)-(2¢,3¢-anhydroad
enosine)(1b). Syn the sis us ing EPO.

Ð-com po nent 2 (1.34 g, 1.25 mmol), ÎÍ-com po -
nent 3b (353 mg, 1 mmol) and EPO (1.31 g, 9.4 mmol)
were evap o rated with dry pyridine (2´10 ml), dis solved 
in 10 ml of dry pyridine and TPSCl (948 mg, 3.13
mmol) was added. In 5 min the re ac tion mix ture was di -
luted with 50 ml of chlo ro form and washed with aque -
ous NaHCO3 (2´30 ml) and wa ter (30 ml), or ganic
layer was dried over an hy drous Na2SO4 and evap o rated
in vac uum. Ex cess pyridine was re moved by evap o rat -
ing with to lu ene (2´10 ml). Dinucleotide 4b was iso -
lated by sil ica gel chro ma tog ra phy in the gra di ent of
meth a nol in chlo ro form (0–3%). 1.18 g of dimer 4b was 
ob tained (yield 91%). It was dis solved in 75 ml of 2%
so lu tion of p-toluenesulfonic acid (TsOH) in chlo ro -
form-meth a nol (7:3) mix ture. In 5 min the mix ture was
di luted with 50 ml of chlo ro form and washed with
aque ous NaHCO3 (3´50 ml) and wa ter (50 ml), or ganic
layer was dried over Na2SO4 and evap o rated.
Detritylated dimer 5b was iso lated by sil ica gel chro ma -
tog ra phy in the gra di ent of meth a nol (0–3%) in chlo ro -
form to get 820 mg of the prod uct (90%). 820 mg of 5b
(0.82 mmol), 1.10 g of P-com po nent 2 (1.03 mmol),
and 1.08 g of EPO (7.74 mmol) were evap o rated with
ab so lute acetonitrile (2´10 ml), dis solved in 10 ml of
this sol vent, and TPSCl (782 mg, 2.58 mmol) was
added. In 5 min the mix ture was di luted with 50 ml of
chlo ro form, washed with aque ous NaHCO3 (2´25 ml)
and wa ter (25 ml), or ganic layer was dried over Na2SO4

and evap o rated. Af ter sil ica gel chro ma tog ra phy in the
0-3% meth a nol gra di ent in chlo ro form, 1.38 g of fully
pro tected trimer was ob tained (86%). It was dis solved
in 75 ml of 2% TsOH so lu tion (chlo ro form-meth a nol
7:3). In 5 min the mix ture was treated as de scribed
above, and detritylated trimer was iso lated by sil ica gel
chro ma tog ra phy in the gra di ent of meth a nol (0–3.5%)
in chlo ro form. The yield of the prod uct was 1.03 g (0.62 
mmol, 88%). 2.08 g of 2-nitrobenzaldoxime (12.5
mmol) and dioxane, triethylamine and wa ter (30 ml
each) were added, and the so lu tion was kept over night
at room tem per a ture. The mix ture was evap o rated; the
res i due was evap o rated with 10 ml of pyridine and

treated with 100 ml of ether. The pre cip i tate was fil -
tered, washed with ether and dried in vac uum. It was
dis solved in 50 ml of conc. aque ous am mo nia and left
for 48 h at room tem per a ture. The so lu tion was evap o -
rated, the res i due was treated with 20 ml of ether and 20
ml of 0.01 M triethylammonium bi car bon ate (TEAB,
pH 7.5) and aque ous layer was sep a rated. Trimer 1b
was iso lated by chro ma tog ra phy on Molselect
DEAE-25 sorbent (Reanal, Hun gary, HCO3

– form) in
the gra di ent 0.01–0.3 M TEAB (pH 7.5). Cor re spond -
ing frac tions were evap o rated in vac uum, then evap o -
rated with eth a nol (3´20 ml). The res i due was dis -
solved in the min i mum vol ume of eth a nol and pre cip i -
tated with sat u rated po tas sium io dide so lu tion in
ac e tone (200 ml). Po tas sium salt was fil tered, washed
with ac e tone (5´5 ml) and dried. The yield of 1b was
344 mg (0.35 mmol). Yield af ter deblocking equaled
56%, over all yield was 35% based on start ing OH-com -
po nent 3b. Rf 0 (À), 0.72 (Á). UV (H2O): lmax 259 nm
(e=3.73×104). ESI-MS: m/z 908.3 [(M+H)+].

Adenylyl-(2¢-5¢)-adenylyl-(2¢-5¢)-adenosine(1a).
Syn the sis us ing MeIm.1.45 g (2.50 mmol) of ÎÍ-com -
po nent 3a, 3.34 g (3.13 mmol) of Ð-com po nent 2 and
2.24 ml (28 mmol) of MeIm were evap o rated with dry
pyridine (2´20 ml), dis solved in 30 ml of dry pyridine
and TPSCl was added (2.85 g, 9.4 mmol). In 15 min the
mix ture was treated as de scribed for 1à. Pro tected
dinucleotide 4a was iso lated by sil ica gel chro ma tog ra -
phy in the gra di ent of meth a nol in chlo ro form (0–2%)
to get 3.40 g (2.08 mmol, 83%) of 4a. It was dis solved
in 200 ml of CHCl3-MeOH 7:3 mix ture, 3.95 g of TsOH 
(20.8 mmol) were added and the mix ture was kept for 5
min. Af ter the stan dard work-up the prod uct was iso -
lated by chro ma tog ra phy in the gra di ent of meth a nol
(0-2%) in CHCl3. The yield of detritylated dimer 5a was 
2.34 g (1.76 mmol, 85%). Ð-com po nent 2 (2.35 g, 2.2
mmol, 1.25 eq.) and 1.58 ml of methylimidazole (19.8
mmol) were added and the mix ture was evap o rated
with ab so lute CH3CN (2´20 ml), dis solved in 30 ml of
the same sol vent and 2.0 g of TPSCl (6.6 mmol) were
added. In 15 min the mix ture was treated as de scribed
above. Chro ma tog ra phy in the gra di ent 0-2% MeOH in
chlo ro form al lowed ob tain ing 3.21 g (1.41 mmol, 80%) 
of fully pro tected trimer. It was detritylated by the treat -
ment with 2.68 g of TsOH (14.1 mmol) in 150 ml of the
mix ture CHCl3-MeOH 7:3. In 5 min the mix ture was
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treated as de scribed above. Detritylated trimer was iso -
lated by chro ma tog ra phy in the gra di ent 0-2% of meth -
a nol in CHCl3 (yield 2.32 g, 1.17 mmol, 83%). The
prod uct was dis solved in dioxane-conc. NH3 2:3 mix -
ture (100 ml) and left for 3 days at room tem per a ture.
So lu tion was evap o rated, the res i due was treated with
25 ml of 0.01M TEAB (pH 7.5) and 25 ml of CHCl3.
Or ganic layer was sep a rated. Prod uct was iso lated by
ion-ex change chro ma tog ra phy and trans formed into
po tas sium salt as de scribed in 1b. 632 mg of 1a (0.63
mmol) were ob tained. Deblocking yield equaled 54%,
over all yield was 25% from ÎÍ-com po nent 3a. Rf 0
(A), 0.70 (B). lmax (H2O) 259 nm (e=3.76´104).
ESI-MS: m/z 926.4 [(M+H)+].

Adenylyl-(2¢-5¢)-adenylyl-(2¢-5¢)-(3¢-deoxyadenosi
ne)(1c). Cordycepin an a logue was ob tained by both
meth ods de scribed above us ing EPO or MeIm
nucleophilic cat a lysts. Rf 0 (A), 0.71 (B). lmax (H2O)
259 nm (e=3.75×104). ESI-MS: m/z 910.3 [(M+H)+].

Re sults and Dis cus sion. Î-nucleophilic ca tal y sis
of cou pling re ac tions in oligonucleotide syn the sis has
some ad van tages over tra di tional N-nucleophilic ca tal -
y sis with the re agents like methylimidazole. First of all,
it is much higher re ac tion speed, and lower level of side
re ac tions re sult ing from low ba sic ity of re agents. N-ox -
ides are much less ba sic com pounds than cor re spond -
ing py ri dines (DpKa = 4-6), but at the same time they are 
50-100 times more re ac tive cat a lysts [20]. High ef fi -
ciency of O-nucleophilic ca tal y sis was pre vi ously dem -
on strated in the syn the sis of
oligodeoxyribonucleotides. In this case, al most quan ti -
ta tive cou pling is achieved in 2-3 min, as com pared to
10-15 min with methylimidazole ca tal y sis [21] (for
intramolecular ca tal y sis the speed is even higher [22,
23]). Syn the sis con di tions in the prep a ra tion of quite la -
bile oligoribonucleotides should be as mild as pos si ble
which can be pro vided by O-nucleophilic cat a lysts
com bin ing high nucleophilicity with low ba sic ity. In
the pres ent work O-nucleophilic ca tal y sis was ap plied
to the syn the sis of triadenylate 1a and its an a logues
con tain ing an ep oxy group or cordycepin res i due at
3¢-end (1b, 1c).

Trinucleotides 1a-c were syn the sized by mod i fied
phosphotriester ap proach in the so lu tion (Scheme).
6-N,5¢,3¢-Î-pro tected phosphodiester 2 was used as a
nu cle o tide com po nent in all cases. To pre pare it,

5¢-O-dimethoxytrityl-N-6-benzoyladenosine was se -
lec tively benzoylated at 3¢-hydroxyl [26, 27], and then
2¢-hydroxy group of 3¢-ben zo ate was phosphorylated
by o-chlorophenylphosphoditriazolide in acetonitrile
[28]. OH-com po nents were suit ably pro tected nu cleo -
sides 3a-c. Pro tected adenosine 3a was 3¢-ter mi nal
nucleoside in the syn the sis of nat u ral trimer 1a, and
3¢-O,N-pro tected cordycepin 3c in the syn the sis of
cordycepin an a logue of 2-5A. These nu cleo sides were
ob tained by known meth ods of nucleoside chem is try.
In the syn the sis of ep oxy-2-5A N-pro tected
anhydroadenosine 3b was used as OH-com po nent. It
was ob tained by se lec tive benzoylation of
2¢,3¢-anhydroadenosine [29] at exocyclic amino group
us ing silyl tran sient pro tec tion method [28]. In our case
trimethylchlorosilane was used as silylating agent,
whereas pat ent [12] ap plied more ex pen sive
hexamethldisilazane for this pur pose.

Ac ti vat ing re agent triisopropylbenzenesulfonyl
chlo ride (TPSCl, 2.5 eq. to P-com po nent) and cou pling
cat a lyst 4-ethoxypyridine N-ox ide (EPO, [21]) were
used in the syn the sis of triadenylates from synthons 2
and 3a-c. 3 eq. of N-ox ide to TPSCl and 25% ex cess of
P-com po nent over nucleoside com po nent were in tro -
duced in the re ac tion. Re ac tions were per formed in
pyridine or acetonitrile. The sec ond cou pling was car -
ried out in acetonitrile, whereas the first one was per -
formed in pyridine due to in suf fi cient sol u bil ity of
start ing nu cleo sides in CH3CN. Cou pling re ac tions
were fast (less than 5 min), and high yields were
achieved. Dimethoxytrityl group was re moved by
p-toluenesulfonic acid. At all stages the prod ucts were
iso lated by sil ica gel chro ma tog ra phy. Deblocking of
detritylated ep oxy-trimer was per formed in 2 stages: it
was treated with 0.15 M so lu tion of
2-nitrobenzaldoxime (NBA) in dioxane-triethylamine
wa ter 1:1:1 mix ture (10 eq. of oxime per phos phate
group) to re move chlorophenyl phos phate-pro tect ing
groups [28, 30], and then O- and N-benzoyl groups
were cleaved by ammonolysis. Ex per i ments showed
that the ep oxy group in 2¢,3¢-anhydroadenosine was
sta ble both to oximate treat ment and ammonolysis.

Pro to col of the syn the sis of ep oxy de riv a tive 1b
with EPO is pre sented in Ma te ri als and Meth ods. Nat u -
ral trimer 1a and its an a logue 1c con tain ing 3¢-ter mi nal
cordycepin res i due were syn the sised in the same way.
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High rate and yields of the re ac tion were ob served in all 
cases. Fi nal deblocking of 1a and 1c was per formed in
one stage with out oximate treat ment, us ing only the
ammonolysis of detritylated tri mers. Ad di tional treat -
ment with oxime re sulted in in sig nif i cant in crease of
the yield of deblocked oli go mers (this was the case for
ep oxy an a logue 1b as well). Af ter com plete re moval of
pro tect ing groups tri mers 1a-c were pu ri fied by an -
ion-ex change chro ma tog ra phy on Molselect DEAE-25
sorbent in 0.01-0.3 M gra di ent of con cen tra tion of
TEAB (pH 7.5). Po tas sium salts of (2¢-5¢)-triadenylates 
were ob tained by the pre cip i ta tion of ethanolic so lu -
tions of triethylammonium salts of tri mers with po tas -
sium io dide so lu tion in ac e tone. The yields of tri mers
1a-c were 29-35% based on cor re spond ing start ing
nucleoside com po nents 3a-c.

For com par i son, tri mers 1a-c were pre pared also by
clas sic method [31] us ing cou pling re agent TPSCl and
N-nucleophilic cat a lyst methylimidazole. The rep re -

sen ta tive syn thetic pro to col for trimer 1a is pro vided in
ex per i men tal part. The syn the sis of 1a-c with MeIm
was gen er ally per formed as we de scribed be fore [14].
At all stages the same re agents, their con cen tra tion and
ra tio were used as in the EPO-cat a lyzed syn the sis of
cor re spond ing tri mers. Un der the same syn thetic con di -
tions, methylimidazole pro vided sub stan tially lower
cou pling yields (up to 85%) and to tal yields of fi nal oli -
go mers (21-25%), as com pared with EPO. Cou plings in 
the pres ence of MeIm re sulted in the for ma tion of less
clean re ac tion mix tures, with sev eral times lon ger cou -
pling re ac tions (10-15 min). Thus, over all ef fi ciency of
2-5A syn the sis us ing N-ox ide ca tal y sis ap peared to be
con sid er ably higher than that with MeIm.

The data on the yields of in di vid ual cou pling re ac -
tions and fi nal prod ucts syn the sized un der var i ous con -
di tions are pre sented in the Ta ble. All triadenylates are
white pow ders sol u ble in wa ter and prac ti cally in sol u -
ble in or ganic sol vents. The pu rity of com pounds pre -
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Gen eral scheme of the
syn the sis of
(2’-5’)-oligoadenylates. 
Bz – benzoyl, ClPh –
î-chlorophenyl, DMTr
– dimethoxytrityl, NBA
– 2-nitrobenzaldoxime.
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pared by both meth ods was 95-96%, ac cord ing to re -
verse-phase HPLC. Their struc tures were con firmed by
mass-spec tro met ric anal y sis (ESI-MS).

In con clu sion, the use of O-nucleophilic ca tal y sis of 
internucleotide cou pling re ac tion in the phosphotriester 
syn the sis of oligoribonucleotides al lowed achiev ing a
high speed and yield of cou pling re ac tions and over all
syn the sis ef fi ciency. The ef fec tive ness of this re agent
in the syn the sis of (2¢-5¢)-oligoadenylates ex ceeds that
of the clas si cal nucleophilic cat a lyst of nu cleic ac ids
chem is try, N-methylimidazole, sub stan tially.

Au thors are grate ful to Ac a de mi cian G.H. Matsuka
for valu able dis cus sions, Dr Z.Yu. Tkachuk (In sti tute
of Mo lec u lar Biology and Ge net ics, NAS of Ukraine)
for kindly pro vided sam ple of cordycepin, and Dr S.
Richelme (Ser vice de Spectrometrie de Masse,
Universite Paul Sabatier, Toulouse, France) for per -
form ing mass-spec tro met ric anal y sis of com pounds.
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Ñèí òåç (2'-5')-òðè à äå íè ëà òîâ è èõ àíà ëî ãîâ ñ 

èñ ïîëü çî âà íè åì Î-íóê ëå î ôèëü íî ãî êà òà ëè çà ðå àê öèè 

ìåæ íóê ëå î òèä íîé êîí äåí ñà öèè

Ðå çþ ìå

Îñó ùå ñòâëåí ñèí òåç (2'-5')-òðè à äå íè ëà òà è åãî àíà ëî ãîâ, ñî -
äåð æà ùèõ 3'-êîí öå âîé îñòà òîê ýïîê ñè à äå íî çè íà è êîð äè öå ïè -
íà, ôîñ ôîò ðè ý ôèð íûì ìå òî äîì â ïðè ñó òñòâèè
Î-íóê ëå î ôèëü íî ãî êà òà ëè çà òî ðà ðå àê öèè êîí äåí ñà öèè –
N-îêñè äà 4-ýòîê ñè ïè ðè äè íà (EPO). Ðå àê öèè êîí äåí ñà öèè ïðî -
õî äè ëè ñ âû ñî êîé ñêî ðîñ òüþ (äî 5 ìèí) è âû õî äîì (86–92 %).
Âû õî äû ðå àê öèé â ïðè ñó òñòâèè N-ìå òè ëè ìè äà çî ëà áûëè çà -
ìåò íî íèæå (80–85 %), à ñóì ìàð íûé âû õîä òðè à äå íè ëà òîâ â
ýòîì ñëó ÷àå ñî ñòàâ ëÿë 21–25 % ïðî òèâ 29–35 % ïðè èñ ïîëü çî -
âà íèè ÅÐÎ. 

Êëþ÷åâûå ñëîâà: (2¢-5¢)-îëèãîàäåíèëàòû, àíàëîãè
îëèãîíóêëåîòèäîâ, ôîñôîòðèýôèðíûé ñèíòåç, íóêëåîôèëüíûé 
êàòàëèç, N-îêñèäû ïèðèäèíîâ.
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