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ABSTRACT

A new procedure has been developed for the synthesis of
3'-amino-3'-deoxyribonucleosides of adenine, cytosine and
uracil by condensing the trimethylsilylsted bases with per-
acylasted 3—azido-3-deoxyribose derivative, The azido group
could subsequently be reduced to asmino. The 5'-phosphates of
these nucleosides have been prepared and the analogues have
been tested for their . ability to stimulate the ribosome-ca-
tslyzed resction of 3'(2!')=0-(N-formylmethionyl)adenosine
5t'-phosphate with phenylalanyl-tRNA.

INTRCDUCTION

Nucleosides, in which one of the hydroxyl groups of the
sugar residue is substituted by the amino function, are of
interest to present-day molecular biologists and enzymolo-
gists,

Introduction of the 3'-amino-3'-deoxy- and the 2'-ami-
no-2'-deoxyasdenosine into the tRNA 3'-terminus was smong the
methods which ensbled the direction of eminoacylstion of
different tRNA types to be determined 2. The 5*'-triphosphat-
es of the 2'-~ and the 3'-aminonucleosides appeared to be ef-
fective inhibitors of the DNA-dependent RNA-polymerase from
E.coli 3. Various 3'-amino-3'-deoxynucleosides may slso be
used as a tool for the study of the peptidyltrsnsferase cen-—
ter of ribosomes.

The amino acid derivatives of the 3'-amino-3'-deoxyade-
nosine bound to the acceptor site of the peptidyltransferasse
center are known to act as inhibitors of protein synthesis ?
The results obtasined indicated that the acyl-smino acid deri-
vatives of 3'-smino-3'-deoxyadenosine 5'-phosphate bind to

© Information Retrieval Limited 1 Feiconberg Court London W1V 5FG England 625



Nucleic Acids Research

the donor site of the ribosomsl peptidyltransferase snd thus
inhibit the transfer of the acylamino acid residue from
CACCA—-(AcLeu) to the phenylalanyl—tRNA °.

%With these fscts in mind it was felt to be important to
develop s procedure which would ensble substantisl smounts
of the 3'-smino-3'-deoxynucleosides and their 5'-phosphates
to be prepared.

EESULTS AKD DISCUSSIUN

Earlier we have reported the synthesis of the 3'-amino-
-3'-deoxyuridine ° obtained by stepwise modification of uri-
dine and also the method for the preparstion of 3'-smino-3'-
-deoxyasdenosine 7. In this psper we wish to report the syn-—
thesis of the adenine, cytosine and uracil containing 3'-
—-amino-3'-deoxynucleosides and their 5'-phosphates. The
aminonucleosides were obtained by means of glycosidastion of
the silylated N-benzoyladenine, cytosine and uracilgeither
with the esrlier reported 3-scetamido-3-deoxy-1,2-di-U-ace-—
ty1l-5-0-p-nitrobenzoyl-B~D-ribofuranose 8 and the subsequent
removal of the protective groups, or with the 3-azido-3-deo-
xy=-1,2-di-0-acetyl-5-0-p-nitrobenzoyl-B-D-ribofursnose snd
the subsequent reduction of the azido group (Scheme 1),

Synthesis of VII vis szidonucleoside has been achieved
by us before. However, we would like to describe here s
simplified procedure for obtaining VII, and also the synthe-
sis of VIII snd X vis sppropriate azidonucleosides.

The startin, materisl for the synthesis of II was 1,2-
-O-isopropylidene-3-0O-p-toluenesulfonyl-B-D-xylofursnose
(XV) prepsred from 1,2-0O-isopropylidene- ot-D-xylofuranose
(X1). 1,2:5,6=Di-0-isopropylidene~3-0-p-toluenesulfonyl— o -
-bD-glucofuranose (XI1I) cen slso serve as a3 starting materi-
8l for the synthesis of XV 7. The further synthesis of Il
was performed as described in / with a few modifications
(Scheme 2). »

The glycosidation of the silylated Ho—benzoyladenine
and cytosine with I was periormed in the 1,2-dichloroethane-—
acetonitrile mixture in the presence of stannic chloride.
Acetamidonucleosides III and IV were obtasined after the gly-—
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cosidation procedure and the removsal of the acyl groups with
methanolic smumonis in a good yield. kemoval of the acetyl
group from the sliphatic smino function in II1 snd IV was
observed to proceed under drastic conditions (}MeONa/MeOH,
A, 24 hr). The yield at that step did not exceed 50% and
considerable darkening of the reaction mixture made the iso-
lstion of the desired aminonucleosides difficult.

Thy glycosidation of silylasted Nb—benzoyladenine and
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cytosine with II in 1,2-dichloroethsne in the presence of
stannic chloride gave (after the removal of acyl groups)
azides V and VI with an overall yield of 68% and 72.5% from
1I, respectively. The resction of silylated uracil with II
in 1,2-dichloroethane in the presence of stasnnic chloride
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gave the mixture of the desired N,-riboside and N1,N3-bis-
riboside, as was obvious from the PMR spectra of the seps-—
rated products, The formation of bisribosides in the reacti-
on of silylated uracyls with perscylated sugars in 1,2-di-
chloroethane in the presence of stannic chloride was report-
ed by Vorbriiggen et al. 10. When the reaction was run in
acetonitrile, the oversll yield of azide IX from II was 97%
(no N,-riboside or Nq,NB—bisriboside was detected). The re-
duction of the azido group in nucleosides V, VI and IX with
triphenylphosphine in pyridine, followed by treatment of the
reaction mixture with smmonium hydroxide, resulted in amines
VII, VIII end X in a8 high yield.

The simplicity and high yield of the aminohucleoside
vis the szido nucleoside procedure in compsrison to the pro-
cedure via the scetsmidonucleoside as well as the advantages
of synthesis of II (sgainst I), offer the possibility of ob-
teining larger quantities of suger in s shorter space of time
and suggests that the route via the szide is more promising,
Another advantage of the szido group is that it may sct ss
a completely inert form of the blocked smino function and
can be essily tresnsformed to the amino group in the nucleoti-
de or oligonucleotide structures .

Hereafter we shall report the procedure for the synthe-
sis of 3'-amino-3'-deoxynucleoside 5'-phosphates starting
from szides V, VI end IX (Scheme 3). Phosphorylstion of V, VI
end IX was schieved with phosphoius oxychloride in triethyl-
phosphsate, following a modified procedure 11. Reduction of
the azidonucleotides XXII-XXIV with triphenylphosphine in
pyridine in the presence of smmonium hydroxide resulted in

Scheme 3
B B B
e G N 6 e
———— e—
3 OH 3 OH 2 OH
XXII-XXIV XXV-XXVII
XXII : B = Ade; XXV : B = 4Ade; ’
XXIII ¢+ B = Cyt; XXVI: B = Cyts
XXIV ¢ B = Uras; XXVII: B = Ura.
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the production of sminonucleotides XXV~XXVII in high yield.
The spectrsl, chromstographic snd electrophoretic characte-
ristics of the obtained nucleosides and nucleotides sre given

in Table I.

Teble 2
leosides and
lar to those
the sequence
shift of the
ranose cycle

TABLE 1

illustrstes the PMR spectrs of the obtsined nuc-
nucleotides, The spectra of V and VII sre simi-
12, The value J1',2' decresses in
azide-amine—-gcetamide., This may indicaste the
conformationsl N=S equilibrium of the ribofu-
to the N-region in this sequence 13.
As it was reported esrlier the cytidine and its 5'-phos-
phate promote the ribosome catalyzed reaction of the 3'-ter-
minal fragment of the peptidyl-tRNA-3'(2')~U~(N~formylmethio-
nyl)adenosine 5'-phosphate with the phenylalanyl-tENA14’15.

reported in

SPECTRAL? CHRUMA TOGRAPHIC AND ELECTRUCPHOUKETIC
CHARACTERISTICS CF THE CBTAINED NUCLEUSIDES AND NUCLECTIDES

Compound : H 7.0 : in system® H 2‘5: PH /.5

o : pmaznm(ﬁ ): R§ y : ado : I,pC

III 259(15300) 0.52 0.85 1,06 -

Vv 259(15200) 0.55 0.94 0.9 -

VII 259(15100) 0,33 0.71 1.85 -
XXII 259(15570) 0.36 0.3 0.00 0.86
XXV 259(15740) 0.20 0.18 0.88 0.80

IV 270(8690) 0.29 0.68 1.36 -

VI 270(8750) O.44 0.83 1,00 -

VIII 270(8960) 0.21  0.56 1.95 -
XXIII 270(8700) 0.35 0,20 C.00 1.00
XXVI 270(8620) 0.15 0,09 1,05 0.91

IX 261(9830) 0.63 0,66 0.00 -

X 261(9420) 0.35 0.46 1.33 -
XXIV  261(9930) 0.38 0.16 0.00 1,08
XXVII 261(9610) 0.25 0,06 0.4 1.00

*Uv-spectra were recorded in 0,1 M Na-phosphate buffer
(pH 7.0).
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TABLE 2
CHEMICAL SHIPTS (ppm) AND SPIN-SPIN COUPLING CONSTANTS (JHz) OF THE OBTAINED
NUCLEOSIDES AND NUCLEOTIDES*

Tige : Compound
proten. PooImme |} ves P yIIss ; VIIs* : XXII##* | DxVexs
B-8 8.33 8 8.47 8 8.47 8 8.38 s 8.58 8 8.38 8
H-2 8,08 s 8.27T 8 8,25 8 8,28 8 8,10 8 T.97 8
H-1'(J1. 21) 5090d4(2.0) 6.01d(6.0) 6.03d4(3.0) 6.16d(3.0) 6.03d(5.8) 5.93d(2.8)
B-21(J,, 3.) + Hops 5.11d4(5.5) 4.404d(5.5) oD 5.01dd(5.0) 4.4844(5.5)
- +
H-3'(J5, ) 452-3.15 m 4.4144(5.5) + HOD:  5.07-3.87 m  * HOD  3.14d4(7.3)
-4t (J4. 5'a,b) 4.07d4(3.5) 4 00-3.20 m 4.63~4.33 m 3.06-3.83
H-5'a, b(J4. 5ta,b) 3.73t(3.5) 4.15u
CH 30 2,00 8 - - - - -
Type of proton | IVe* PovIee : VIII#+* |  XXIII*** |  XXVI***
B=6 (Jg o) 7.97d4(7.5)  T7.924(8.0)  7.884(7.5)  8.034(7.5)  7.93d(7.5)
H-5 (Js'e) 6.064(7.,5) 5.874(8.0) 5¢93d(7.5) 64104(7.5) 6.074(7.5)
B=11(J3, 50) 5.874(1.0)  5.854(4.0)  5.814(1.5)  5.954(4.0)  5.904)2.0)
3-2'(32- 31) 4.45t(4.,0)  4.2044(5.5) 4.60t(4.0)  4.72-4,33 m
+ HOD: H=2' + H-4'
B-3'(35, 40) 4.95-3.70m  * HOD: 5 3049(8,0)  + HOD: 3.9588(33, 545454
’ 4.12-3.91 m 4.43-4.08m 5 ’
B-4' (341 50a,p) 4.15-3.72 = 415433 m E-214
Type of proton . IVs* 4‘ VIes P VIIIssx | XXIIIsw* P XXVIwes
H-5'(Jgr s51a,b) 3.70t(4.0) T 480
CH,C cb 2.08 - - - -
Type of proton |  IXe#* : Xeee 1 xxIvees XXVII##+
1-1-6(.16’5) 7.93d(8.0) 7.994(8.0) 8.05d(8,0) 8.024(8.0)
B-5(J5 ¢) 5.95d(8.0) 5.93(8.0)  6,024(8,0) 5.944(8,0)
n-v(a,. o1) 5.93d(4.0) 5.89d( 1.0)  5.994(5.5) 5.93d(2.5)
B-2'(Jy, | 3.) 4.6744(5.0) 4.3744(5.5) 4.68t(5.5) H-2' + H-4' + HOD: 5.10-4.30m
B-3'(J,, 4.) + HOD: 3.464d(9.5) +HOD:  3.94t(J5, 50m I3 4um 740)
B ' (3 5q ) 40334011 m + HOD: 4.44-4.26 m H-4' + B=3' + HOD: 5.10-4.30m
H-5'a,b(J
’ ' 5'a,b)3093dd(J4.’5,‘ £.19-3.71 410 u £,104(4.0)
3.0 Jg1 5up4e0)

‘Pr:l.or to recording the spectra all the compounds were twice co-evaporated with D20;
** Solution in DMSO-dg;

*** Solution in D,0.

8 = singlet, d = doublet, t = triplet, dd = doublet of doublets, m = multiplet, u = unresolved.

The asnalogs of cytidine so obtained were tested for their
stiwulating ability. Fig. I demonstrates thst VIII snd 2'-
smino-2'-deoxycytidine ( a kind gift of prof., F.Eckstein)
stimulate the ribosomel process in practically equal measure
and 2-3 times as sctively ss cytidine., We can give no expla-
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Fig.1. Stimulation of the reaction of 3'(2')-O-(N-formylme-
thionyl)adenosine 5'-phosphate with Eﬁﬂrmﬂ-tRNA.using: I-
cytidine 5'-phosphate; 2 - XXVI; 3 - VIII; 4 - 2'-gmino=-2'~
deoxycytidine; 5 —-cytidine; 6 - XXIII, The reaction mixture
contained ribosomes 110 pmol, PHJPhe—tRNA (3-4).104 cpm
(0.7~-0.9 pmol); incubation snd further trestment wss carried
out according to 5.

nation for this difference so far. At the same time XXVI is
even more effective than cytidine 5'-phosphate — the most
active analog, reported in , Whereas the szide XXIII does
not influence the reaction.

EXPERIMENTAL

Compound XI was obtained as described in sand I syn-
thesized according to 8. Thin layer chromatography was run
on the "Silufol UV254" plstes (Kavalier, Czechoslovskia) in
the n-butsnol-waster—acetic ascid (5:3:2, system A), the iso~
propanol-NHQOH-water (7:1:2, system B), the ethylacetate-ben-
zene (3:17, system C), the ethylacetete-benzene (1:4, system
D). The paper electrophoresis was csrried out on "Filtrak N3"
(GDR) peper in a 6% scetic acid, pH 2.5, or in 0.025 M triet-

16
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hylsmmonium hydrogen carbonate buffer, pH 7.5. UV spectrs were
taken with "Beckmsn 25" (USA), IR spectra with "UR-10" (GDR).
PMR spectras were registered with '"Verisn XI~100" (USA) in
CDCl3 with tetrsmethylsilane as the internal stsndard or in
DMSO or D20 with tert-butanol as the internal standard (s =
singlet, d = doublet, t = triplet, dd = doublet of doublets,
dt = doublet cf triplets, m = multiplet, u = unresolved; in
ppm scale).

1,2-0-Isopropylidene—-3-0-p-toluenesulfonyl-5-0-
-benzoyl—- ov=D=xylofursnose (XII)

To a copled solution (0°) of XI (81 g) in dry pyridine
(120 ml) benzoyl chloride (50 ml) in dry pyridine (70'ml).was
added dropwise and the mixture was kept overnight at 4°,
p~Toluenesulfonyl chloride (165 g) was then added and the
mixture was kept for 4 hr at room temperature. The mixture
was poured onto 350 ml of crushed ice, extracted with chlo-
roform (3 x 200 ml). The extracts were combined, washed with
saturated sodium hydrogen carbonate, dried over Na2SO4, eva-—
porated to dryness and co-evaporated with toluene (2 x 7100 ml)

The residue was dissolved in 50 ml of benzene snd fil-
tered through the silica gel column (3 x 20 cm) and the solid
was washed with benzene., The filtrate was evaporated to dry-
ness and the residue wss crystallized from ethsnol., Yield
142 g (73.5%) of XII; m.p. 90-92°; Rp0.58 (chloroform); PMR
in CDClB: 7.98-7.01 (m, 11 H, H3(c6g4s02 + CSgsco), 5.96 (4,
1H, Jq 24HZ, H-1), 4.934, 1H, J2’14Hz, J2,30Hz, H-2), 4.66-
-4.19 (m, 3H, H-4 + H-5a,b), 2.20(s, 3H, §30-06H4502-), 1.49
and 1.,30(2s, 6H, ZCHB). Anal, Calcd, for 022H24085(448.48):
:58.92%C, 5.39%H; Found: 58.83%C, 5.43%H.

1,2-0-Isopropylidene—3—0-=p=toluenesulfonyl- oD-xylo-
fursnose (XV)

To a solution of XII (72 g) in ethanol KUH (14 g) in
water (20 ml) was added. The mixture was boiled for 20 min,
cooled to a room temperature, neutrslized with 4% HC1l (pH 7)
and evsporated to dryness. Chloroform (250 ml) and water
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(250 ml) were then sdded to the residue. The orgsnic layer
was separated, and the water layer extracted with chloroform
(2 x 100 ml), The orgsnic extracts were combined, washed
with 10% sodium hydrogen carbonate solution, dried over
NaZSO4 and evaporated to dryness, Crystallization of the re-
sidue from hexane-chloroform gave 42 g (76%) of XV; m.p.
83—840, Re 0.24 in C; PMR in CDCl3z 7.74 and 7.30 (24, 4H,
J8Hz, HBC 0654802-), 5.84(d4, 1H, J1,24Hz, H-1), 4.84(d4, 1H,
J3’20Hz, J3,43Hz, H-3), 4.53 (4, 1H, J2,14Hz, J2,30Hz, H-2),
4,29 (d4t, 7H, J4,3 3Hz, J4,5,a,b 8Hz, H~4), 3.65 (u, 2H,
H-5a,b), 2.40(s, 3H, §30-06H4802-), 1,41 and 1,22(2s, ©H,
2CH3). Ansl calcd. for C15H2007S(344.38):52.32%0, 5.85%H3
Found: 52.28%C, 5.89%H.

1,2-0-Isopropylidene—3-0O-p-toluenesulfonyl—5-0-
tetrahydropyranyl- o%-D-xylofursnose (XVI)

To a solution of XV (25 g) in dry N1N—dimethylformamide
(80 ml), contsining 2,3-dihydropyrsne (20 ml), a 6% solution
of HCl in N,N-dimethylformasmide (8 ml) was added. After 20
min triethylamine (10 ml) was sdded toa stirred solution, the
mixture was poured intoc water (200 ml) and extracted with
ether (3 x 100 ml). The extrscts were combined, washed with
water (2 x 100 ml), dried over N82804 and evaporated. The
residue was co-evaporated with pyridine (75 ml) then with
toluene (3 x 75 ml) end finslly dried in vacuo to give an oi=~
ly residue. Yield 31 g (99%) of dissteriomers XVI, Rf 0,55 in
C.

3-Azido-3-deoxy-1,2-0-isopropylidene— o¢=D-ribofuranose
(XI1X)

A solution of XVI (29 g) in hexsmethylphosphoric trismi-
de (150 ml), contsining lithium szide (18 g), was stirred for
3 hrs at 150°, The mixture was cooled to room temperature,
diluted with water (300 ml) and extracted with ether (6 x 200
ml). The combined extrscts were washed with water (3 x 150 ml)
and evsporsted. The residue was co-evaporated with toluene
(3 x 50 ml1), dissolved in chloroform (50 ml) and filtered
through a silics gel column (3 x 10 cm). The silica gel was
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washed with chloroform. The filtrste and waeshings were com-
bined snd evsporated to dryness (TLC in D: Rf 0.54 and Rf
0.45, presumably XVIII snd XVII).

A 75% aqueous acetic acid (300 ml) was then added to the
residue and solution was kept for 15 hrs st room temperature.
The mixture wss evaporated, co—evaporsted with n-butaneol
(2 x 50 ml) and then with toluene., The solution of the resi-
due in system C (10 ml) was spplied to the silics gel column
(3 x 30 cm). The elution was run, using the same system. The
fractions, containing pure szide XIX (control-TLC in D), we-
re combined, evaporated and the residue was dried in wvacuo.
Yie%d 7.9 g (54%) of XIX, Re 0.20 in Dj IR:\)max CHCl3 2 114
cm~ (_N ); PMR in CDC13. 5.76(a, 1H, Jq ,2 4Hz, H-1), 4.70
(t, 1H, J2 1 4Hz, J2 )3 4 Hz, H~2), 4,20-3. 40(m, 4H, H-3 +

+ H-4 + Hrsa yb), 1 52 and 1,32 (2s, 6H, ZCH e

3—A21do-3—deoxy—1,2—0-1s;propylldene—5-0-p—nitrobenzoy1—
- oy=D-ribofursnose (XX)

To a solution of XIX (7.5 g) in dry pyridine (70 ml)
end 1,2-dichloroethane (30 ml), cooled to Oo, p~nitrobenzoyl-
chloride (7.1 g) was asdded, the mixture was kept for 1 hr at
room temperature and poured onto 300 ml of crushed ice. The
reaction mixture was extracted with chloroform (2 x 200 ml),
the combined extracts were thoroughly washed with the saturst-
ed NaHCOB, dried over Nazso4, evaporated and then twice co-
eveporated with toluene, The syrupy residue was filtered
through the silica gel column (3 x 20 cm), the silica gel
was washed with chloroform. The filtrate snd washing were
combined snd evaporated. The residue was crystsllized from
ethanol., Yield 9.1 g (71%) of XVIII (needles), m.p. 81-830,
Ry O. 68 in C, IR: Y max CHCl3 2114 cm",l (-N3) PMR in CDC1
H 8.20(d4, 4H, J1, 5 Hz, uaN Cely Cu—y 5. 81(a, 1H, Jq 24Hz,
H-1), 4.75(t, 1H, 9o, 44Hz, J ’34Hz, H-2), 4.67-4, 25(m, 3H,
H-4+H-53,b), 3. 32(dd 1H, J3 SHHz, J3 4 YHz, H=3), 1.55 end
1.33 (2C¢, 6H, 2CH3). Ansl, Calcd for C4 H16N407(364 3):
$49.45%C, 4.43%H, 15.38% N; Found: 49.21%C, 4.52% H, 15.18%N.

3=42id0=3-d60xXy—=5-0~p—nitrobenzoyl-D-ribofursnoses (XXI)
A suspension of XVIII (9 g) was stirred in a 70% formic
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acid (300 ml) for 1.5 hr st 50°, The resction mixture was
evaporated and then co-evaporated with n-butsnol snd toluene,
The residue was dried in vacuo., Yield 7.8 g (96%) of XIX, Rf
0.18 in D. “

3-Azido—-3-deoxy-1,2-di=-0-acetyl—-5-0-p—~nitrobenzoyl-
~B-D-ribofuranose (II)

Acetic anhydnide (90 ml) was sdded to s solution of XXI
(7.5 g) in dry pyridine (120 ml). The resction mixture was
kept for 2 hrs at room temperature, poured onto 300 ml of
crushed ice and extrscted with chloroform (3 x 150 ml), The
extracts were carefully washed with the saturated aqueous
NaHCOB, dried over Na,S0, evaporated and the residue was
twice co-evaporated with toluene., Crystallization of the re-
sidue from chloroform-hexane yielded 8.7 g (89%) of II (need-
les); m.p. 103-104°, Re 0.67 in D, IR: Vo CHCLy 2119 cm”
(-N3)’ PMR in CDClg: 8.22(s, 4H, O,NCgH, CO -), 6.12(s, 7H,
Jq 2UHz, H-1), 5.35Cd4, 1H, J2,10Hz, J2,3 4,5Hz, H-2), 4.49
(U, 2H, H- 5a b) 4,35(dt, 1H, Iy 38Hz, Jy ,58 b5Hz, H-4),
4,10 (44, 1H, I3 o5 Hey I3 48Hz, H-3), 2.12 snd 1 .91(2s, 6H,
2 CH3C0-). Ansl. Cslcd. for 016H46N4c9(408 3):47.06%C, 3.95%H,
13.72%N; Found: 46,90%C, 3.98%H, 13.57%N.

3'-Acetamido-3'-deoxyadenosine (III)

4" splution of N6—benzoyl-N6, 9-bis(trimethylsilyl)edenine
(prepared of 3.65 g of N6—benzoyladenine) in dry 1,2-dichloro-
ethane (20 ml) was added to a solution of I (65 g) in s mix~

- ture of dry 1,2-dichloroethane (60 ml) snd dry scetonitrile
(20 ml). 4 solution of stennic chloride (2 ml) in dry 1,2-di-
chloroethane was then added to the mixture. The resction mix—
ture was heated at reflux for 8 hrs, cooled, diluted with
50 ml of chloroform, neutrslized with ssturated sodium hydro-
gen carbonate (100 ml) and filtered through a layer of Super-
cel Hyflo. The orgsnic layer was separsted, washed with satu-
rated sodium hydrogen carbonate, drled over Na,Su, and evapo-
rated to dryness. The saturated at (° solution of ammonis in
methanol (75 ml) was added to the residue and the mixture was
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kept for 30 hrs at room temperature. The solution was evapo-
rated to dryness and the residue was washed with ether

(5 x 25 ml), The washings were combined, extracted with

50 ml of water. The aqueous phase was separated, combined
with the precipitate and evaporated to dryness. The residue
was crystallized from ethanol., Yield 2.2 g. The mother liquor
was evaporated, the residue was dissolved in water and appli-
ed to the Dowex~50 (HY) column (3 x 3 cm). The resin was
washed with a 30% ethsnol (250 ml) and III was eluted with a
3% aqueous ammonia. The eluste was evaporated to dryness,
Crystesllization of the residue from ethanol afforded additio-
nal 0.8 g of II. The total yield of III was 3 g (63.7%);

m.p. 247-249° dec (1it. '/ 249° dec).

3'-pcetamido~3'-deoxycytidine (IV)

A solution of N4, 2-bis(trimethylsilyl)cytosine (preps-
red of 0,99 g cytosine) in dry 1,2-dichloroethane (20 ml) wss
sdded to a solution of I (4.26 g) in s mixture of dry 1,2-di-
chloroethane (40 ml) and acetonitrile (20 ml)., A solution of
stannic chloride (1,5 ml) in dry dichloroethane (10 ml) was
then added to- the mixture. The reaction mixture was heated
at reflux for 1,5 hr, cooled, diluted with 30 ml of chloro-
form, neutrslized with saturated sodium hydrogen carbonate
(75 ml), filtered through a layer of Super-cel Hyflo and eva-
porated to dryness., A 10% aqueous gmmonia (100 ml) wss then
8dded to g residue and the mixture was kept overnight at room
tempersture. The solution was evaporated to dryness, the resi-
due dissolved in 75 ml of water and applied to the Dowex-50
(H") column (5 x 15 cm). The resin was washed with 0.5 1 of
water snd the substance was eluted with s 3% emmonium hydro-
xide. The solution wss evaporated to dryness, the residue
dissolved in the minimsl amount of wster and applied to the
Dowex 1 x 4 (CH ) column (4 x 10 cm) and eluted with water,
The fractions, containing the substance with Rp 0052 in A
were collected and freese-dried. The yield of IV was 1.71 g
(60%) .
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3t-pzido-3'-deoxysdenosine (V)

To 8 solution of II (5.4 g) and N6-benzoyl-N6, 9-bis(tri-
methylsilyl)sdenine (5.4 g) in dry 1,2-dichloroethane (100 ml)
8 solution of stannic chloride (2 ml) in dry 1,2-dichloroetha-
ne (10 ml) was sdded snd the mixture was hested at reflux for
2 hrs, The mixture was then cooled, diluted with chloroform
(100 ml), neutrslized with satursted sodium hydrogen carbonate
solution (150 ml) snd filtered through a layer of Super-cel
Hyflo. The organic layer was separated, drled over N82304 and
evaporated to dryness., The saturated at ¢° solution of smmonis
in methsnol (75 ml) was then added to the residue, the mixture
was kept for 3 hrs at room temperature and evaporsted to dry-
ness. The residue was washed with ether (3x30 ml), The wash-
ings were combined, extracted with water (100 ml). The aqueous
lsyer was separated, combined with the precipitate and evapo-
rated. The residue was dissolved in s minimsl amount of hot
water and applied to the Dowex-50 (H') column (3 x 10 cm), The
resin was thoroughly washed with a 30% squeous ethsnol and the
substance was eluted with the 25% NH40H—ethanol-water (1:2:7).
The solvents were evaporsted snd the residue was crystallized
from water. The yield of V was 2,65 g (68%). lieP. 2'19-220o
(11t 12 218-220°). 4nsl. Celed. for CaoliqaUglly (292.2): 41.10%
C, 4.14%H, 38.34%N; found: 41.00%C, 4.17/4H, 38.21%N.

3'~Azido-3'-deoxycytidine (VI)

To a solution of N4, 2-bis(trimethylsilyl)cytosine (pre-
pared of 0.6 g of cytosine) end II (2.1 g) in dry 1,2-dichlo-
roethane (50 ml) a solution of stannic chloride (1 ml) in
1,2-dichloroethsne (8 ml) wss added and the mixture was heated
at reflux for 1 hr, The mixture was then cooled, diluted with
chloroform (50 ml) and neutralized with the satursted sodium
hydrogen carhonate solution (7?5 ml). The organic layer was
sepsrated and the aqueous phase was extracted with chloroform
(2 x 30 ml), The combined extracts were dried over Na,80, end
eveporated. The saturasted at 0° solution of smmonis in methandl
(50 ml) was then added to the residue, the mixture was kept
8t room temperature overnight and evsporated. The residue was
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dissolved in the methanol-water (1s4) mixture, and spplied to
the Dowex=50 (HY) column (2.5 x 4 cm). The resin was washed
with water and the substence was eluted with a 3% solution of
ammonium hydroxide, The solution wes evaporated to dryness,
dissolved in s minimsl smount of ethanol and poured into ether
(50 ml). The residue was filtered off, dissolved in water and
freeze-dried, The yield of VI was 1.0 g (72.5%). Anal. Calcd.
for CoHa NGOy (268.23): 40.29%C, 4.47%H, 31.33%N; founds
40.,18%C, 4.51%H, 31.20%N.

3'-Azido—3'-deoxyuridine (IX)

To s solution of 2,4-bis(trimethylsilyl)uracil (prepared
of 1435 g of uracil) snd II (2.9 g) in dry scetonitrile (75
ml) a solution of stsnnic chloride (1.3 ml) in dry 1,2-dichlo-
roethane (2 ml) wss added and the mixture was heated at reflux
for 1.5 h. The solvents were then evaporated, chloroform
(200 ml) and saturasted solution of sodium hydrogen carbonate
(100 ml) were sdded to the residue and the mixture was filter-
ed through a layer of Super-cel Hyflo. The orgsnic layer was
separated, the water lsyer was extracted with chloroform
(50 ml). The extracts were combined, dried over Nazso4 and
evaporated to dryness, A saturated at (° solution of smmonis
in methanol (75 ml) was then added to the residue, the mixture
was kept at room tempersture overnight, and evaporated to dry-
ness, The residue was dissolved in a mixture ethanol-water
(1:1) and spplied to the Dowex 1 x 4 (UH ) column (2.5 x 7 cm).
The resin was washed with s 50% squeous ethanol and the sub-
stance was eluted with O.71 M solution of smmonium hydrogen
carbonste, The fractions, contsining IX, were combined, evapo-
rated and the residue was several times co-evaporated with
water, dissolved in water (30 ml) and freeze-dried. The yield
of I was 2.1 g (97%). Anal. Calcd. for CoHqqNsUg (269.22):
40.15%C, 4.12%H, 26.,02%N; found: 40.13%C, 4.16%H, 29.98%N.

3'—Amino-3'—-deoxyadenosine (VII)

Method A, A 2 M solution of sodium methylate in methanol
(60 ml) was added to III (3,0 g) and the mixture was heated st
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reflux for 24 hrs. The mixture was cooled, neutrslized with
Dowex-50 (H') and was applied to the column, containing addi-
tionsl 10 ml of Dowex~50 (H+). The resin was washed with 100
ml of weter snd the product wes eluted with 3% NHAQH in water,
The solution was evaporated to dryness and the residue was
washed with hot ethanol, then with ether snd dried in vacuo.
The yield of VII wes 1.1 g (43%), m.p. 260° (lit. 1© 260°).
Liethod B, To a solution of V (2 g) in pyridine (60 ml)
triphenylphosphine (10 g) was added snd the mixture was kept
for 3 hrs at room temperature., A 25% aqueous NH,CH (40 ml)
wss then added to the mixture, it was kept at room tempersture
for 2 hrs and evasporsted to dryness, The residue was washed
severgl times with hot ethanol, then with ether and dried in
vacuo. The yield of VII was 1.65 g (90.5%), m.p. 260° (111:.'12
260°). 4nsl. Calcd. for CuoHq,NeUy (266.26): 45.11%C, 5.30%H,
31.57%N; found: 44.93%C, 5.48%H, 31.3%N.

3'-Amino-3'-deoxycytidine (VIII)

Method A, A 2 M solution of sodium methylste in methanol
(30 ml) was sdded to IV (1.7 g) and the mixture was heated at
reflux for 24 hrs. The mixture was cooled, neutrslized with
Dowex~-50 (H*) and applied to the column, containing additionsal
5 ml of Dowex-50 (H+). The resin was washed with 100 ml of
water and the products were eluted with a 35 NHuuH. The solu-
tion was evaporsted to dryness and the residue dissolved in
2 ml of water and spplied to the silica gel column (2.5x20 cm),
equilibrated with the system ethsnol-n-butanol (3:1). The
elution was run at first with 150 ml of the same system, the
3 ml frsctions being ccllected, The coloured fractions were
removed, snd the colourless, contsining IV combined. The fur-
ther elution (using 150 ml of ethanol) gave the residusl IV,
All the fractions containing IV were combined and evaporsted
to dryness., The recovery of IV was 0.31 g. The compound VIII
was eluted with 250 ml of s 85% acueous ethanol, The solution
was evaporated to dryness. The residue was dissolved in water
(250 ml) and freese-dried, The yield of VIII.was 0.56 g (39%).

ilethod B. To & solution of VI (268 mg) in pyridine (4 ml)
triphenylphosphine (1.5 g) was added and the mixture was kept
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at room temperature for 3 hrs. 4 25% aqueous NHuoH (2 ml) was
then added to the mixture, which was kept at room temperature
for additionsl 2 hrs snd finally evasporated to dryness., kther
(50 ml) and water (50 ml) were then added to the residue, the
aqueous layer was separated and evsporated to dryness. The
residue was dissolved in minimsl amount of ethsnol and the
solution was sdded dropwise into 80 ml of ether. The residue
was filtered off, dissolved in water (25 ml) and freeze-dried.
The yield of VIII was 184 mg (76%). Ansl Calcd., for 09H14N4o4
(242,23)s 44.62%C, 5.83%H, 23.13%N; found: 44,59%C, 5.86%H,
23.21%N.

3'-Amino-3'-deoxyuridine (X)

To a solution of IX (54 mg) in s mixture of pyridine -
25% aqueous smmonium hydroxide (1:1,2 ml) triphenylphosphine
(156 mg) was added, the mixture was kept for 2 hrs at room
temperasture, and evsporsted to dryness. Water (20 ml) and
ether (20 ml) were then added to the residue, the water layer
was separated, washed with ether (3 x 15 ml), concentrated
to a 10 ml volume and freeze-dried., The yield of X was 46 mg
(94%). Ansl. Calcd. for 09H43N305 (243.22)s 44.44%C, 5.39%H,
17.2870; found: 34.40%C, 5.42%H, 17.21N.

3'—-4zido-3'-deoxynucleoside 5'-phosphates (XXII-XXIV)

A cooled to ¢° solution of PUCly (0.4 ml) in triethyl-
phosphate (20 ml) wss sdded to s nucleoside (2 mmole), The
mixture was kept for 24 hrs st 4° gna finslly neutralized with
25% aqueous ammonium hydroxide and left for sdditional 1 h at
40. Water (50 ml) was then sdded, and the mixture was extracted
with benzene (25 ml) snd then with ether (2 x 25 ml), The
water layer was separated, evaporated to dryness and dissolved
in water (200 ml)., The further isolstion of nucleotides was
run in the following way. The solutions of XXII and XXIII in
water were spplied to Dowex-50 (H*) columns (2.5 x 10 cm).

The elution was performed using waster. The UV-sbsorbing frac-
tions were collected, combined, evaporated to dryness, co-eva-
porsted with a 10% aqueous smmonium hydroxide (15 ml) dissolv-
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ed in water (25 ml) snd freeze-dried. The yield of XXII was
73%. The yield of XXIII was 58%.

The solution of XXIV in water was applied to the DE-32,
column (5 x 25 cm). The elution was performed with a linear
gradient of concentration (0.0 M —» 0,2 M, V = 7.5 1) of smmo-
nium hydrogen cerbonste buffer. The fractions containing XXIV
(the 0.11 M concentration of smmonium hydrogen carbonate) were
combined, evaporated to dryness, several times co-evaporated
with water and freeze-dried., The yield of XXIV was 39%.

3'—Amino-3'-deoxynucleoside 5'-phosphates (XXV-XXVII)

To a solution of azidonucleotide (XXII-XXIV, 1 mmole) in
the mixture of pyridine (15 ml) and 8 25% aqueous smmonium
hydroxide (10 ml) triphenylphosphine (800 mg) was added and
the mixture was kept overnight st room temperature, The sol-
vents were then evsporated to dryness, water (50 ml) and
ether (50 ml) were added to the residue, The water layer was
separated, washed with ether (2 x 25 ml), concentrated to s
20 ml volume and freeze-dried., Yields: 97% of XXV, 83% of
XXVI, 84% of XXVII,.
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