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NUCLEOSIDES & NUCLEOTIDES, 14( l a ) ,  23-37 (1995) 

SYNTHESIS, MOLECULAR AND CKYS'IAL STRUCTURE OF 3'-N- 
ALKYLAMINO-3'-DEOXYTHYMlDlNES AND SOME BIOCHEMICAL 

PROPERTIES OF THEIR PHOSPHOROUS ESTERS 

Maxim V. Jasko, lvati 1. Fedorovt, Alexey M.  Atrazliev, Diriiitry Yu. 
Mozzlierin, Nicolay A. Novicov?, Alexey V. Roclikarev, Gnliiia V. Gurskaya 

niid Alexander A. Krayevskyx 

Eiigelliardt liistitute of Molecular Biology, Russinn Academy of Scietices, 32 
Vnvilov Str., I17984 Moscow; ? Moscow Seclieriov Medical Acadeiiiy, 2-6 B. 

Pirogovskayn Str., 1 1988 1 Moscow, Russia 

Abstract: Two approaches for the syiitliesis of 3'-N-alkylated 3'-aniino-3'- 
deoxytliyriiidiries were developed, including both tlie reaction of 3'-ariiiiio-3'- 
deoxytliyriiidiiie with aldehydes followed by the sodium boroliydride reductioii 
arid preparation of the triplieiiylpliosplii~iimiiie derivative and subsequent 
reaction with alkyl iodide. 5'-Tripliosphates of tlie synthesized conipouiids were 
shown to be terminating substrates for hiiriinii iiiiiiiuiiodeficiency virus niid 
avian ~iiyeloblnstosis virus reverse transcriptases as well as for DNA polymerase 
p from rat liver. At the saiiie time these coiiipourids did not deiiioiistrnte the 
properties of a teriiiiiiatiiig substrate in DNA syiitliesis catalyzed by liuiiinii 
DNA polyiiierases a, E, and I from E. cdi. 

Abbreviations used: dT(3'N3), dT(3'N H2), d'T(3'N H Me), mid 
d'T(3'NH Et) - 3'-azido-, 3'-aiiiiiio-, 3'-iiietliylaiiiino-, aiid 3'-etliylaiiiiiio-3'- 
deoxytliymidiiies, respectively; dTTP(3'N3), dTTP(3'N H2),  dTTP( 3" HMe), 
and dTTP(3'N H Et) - 5'-triphosyliates of d1'(3'N3), dT(3'NH2), dT(3'NH Me), 
and dT(3'NH Et), correspoiidingly; RT - reverse tratiscriptases of Iiuninn 

To wliotii corresponderice slioiild he addi cssetl 
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24 JASKO ET AL. 

itiiiiiuiiodefrcieiicy virus type 1 (HIV) aiid aviaii iiiyeloblastosis virus (AMV); 
KFr - E co/i DNA polymerase I,  Kleiiow fragiiieiit. 

i t  i t  rodiict ioii 

Aiiioiig 2'-deoxyiiucleoside analogs iiioclified at the 3'-positioii, 
dT(3'NH2) I I I, attracts defiiiite atteiilioii. I t s  5'-tripliospliate, dTTP(3'NH2) 
shows the property of a potent teriiiiiintiiig substrate for iiiaiiy DNA 
polyiiierases including tlie replicative eiizyiiies a mid E (2, 31. As a precursor of 
the efficient DNA polymerase inhibitor, dT(3'NH2j is still of 110 use in clinical 
practice because of its strong toxicity 14-61. But the search of iiew active and 
selective iiiliibitors of HIV reproductioii aiiioiig derivatives of dT(3'NH2) s e e m  
to be promising. Retroviral RTs are kiiowii to be less specific towards iiucleotide 
substrates tliaii DNA polyiiierases of liigli organized biological systeiiis 17, 8 J. 

This prompted us to introduce additioiiai iiiodificatioiis into the iiiolecule of 
dT(3'NHJ. Such attempts have already been made by at least two groups of 
researchers but the obtained 3I-N-acylated d1'(3'NH2) derivatives 19- 1 11 did not 
show significaiit antiviral activity. Based 011 these data we suggested that the 
followiiig rules sliould be kept iii iiiiiid to retain tlie iiiliibiting properties 
dTTP(3'NH2) derivatives towards HIV RT: (ij reteiitioii of the basic properties 
of tlie nitrogeti atom at C3'; aiid (ii) iiitrodiictioiI of additioiial substituteiits to 
the 3' nitrogen of the iiiolecule. These coiisideratioiis prompted us to syiitliesize 
3'-N-alkylated derivatives of dT(3'NH2) aiid exaiiiiiie their ability to iiiliibit the 
reproductioii of retroviruses. The 5'-tripliospliates of these coiiipouiids were used 
to evaluate the substrate specificity of sevei.;iI IINA polyiiierases mid reverse 
traiiscriptases. Our preliininary data on the syiitliesis of dT(3'N H Me) have beeii 
reported i i i  I 121. 

Results aiid Discussioii 

Svnthesis. Our first attempts to prepare 3'-N-iiioiio- mid 3'-N-dialkylated 
derivatives of 3'-niiiitio-3'-deox~tliyi1iidine IdT(3'NH2j J startiiig from I -(3-0- 
trifluorotiietliaiiesulfoiiyl-5-O-trityl-2-deoxy-~- D- t/ireo-peiitofiirniiosyl) tliyiiiine 
iii reaction with alkylaiiiities afforded exclu.ively to 3'-deoxy-2',3'- 
didehydrotliyiiiidi~ie foriiiation similarly to the reaction of the corresponding 
iiietliaiiesulfo~iyl compound [ 131. The stniidard iiietliod of alkylatioii of tlie 
dT(3'NH2) aiiiiiio group by alkyl lialides i i i  tlie presence of bases resulted i i i  the 
alkylatioii of tliyiiiiiie N-3. During the re:ictioii of dT(3'N H,) with Me1 or Etl 
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3 '-N-ALKYLAMINO-3 '-DEOXYTHYMIDINES 25 

in etliaiiol i i i  tlie preseiice of KzC03 3-N-aIkyl- ( I  or 2) :is well as 3,j'-N- 
dialkyl derivative 3 were idciitified (Sclieiiie 1). 

The involvenieiit of tliyiiiiiie N-3 atoiii i i i  the reactioii with alkyl halides 
was corroborated by IH NMR data. 111 the spectruiii of coiiipouiid 1 the 
clieiiiical shift of 3-N-Me group is 3.29, for coiiipouiid 2 - clieiiiical shift of 3- 
N-nietliyleiie group of Et is 3.95 ppm. The resoriarice of 3-N-CH2 appeared at 
3.92 ppiii and at 2.63 ppiii for 3'-N-CH2 iii  compound 3 (coriiplete data are not 
given). The values of clieiiiical shifts for the protoiis of the substitueiit at alkyl 
a-carbon atom were i i i  good correlatioii with tliose for a range of 3-N-alkyl 
pyriiiiidiiies reported I 141. 'These results iiiade it possible to develop other 
syiitlietical approaches to obtaining 3'-N-alkylaiiiiiiotliyiiiidines. For this 
purpose dT(3'N3) was converted into title dT(3'NHMe) and dT(3'NHEt) 5 and 
6 via the intermediate step of tripl~eiiylpliospliine derivative foriiiatiori by 
treating with alkyl iodides i i i  dioxaiie (Sclieiiie 11).  But the extreiiiely low yields 
of target coiiipoiiiids i i r  tlicse renctioiis pioiiipted us t o  develop aiiotlier 
syiitlietic npproacli wliicli :~llowcd :ICCWS t o  3'- N--rliiiietliyl:riiiiiio derivative 4. It 
should be iiieiitioiiecl tli:it siiiiilai re:ictioii coiitlitioris weie used earlier to obtaiii 
3'-N-nlkylnted iiiicleoside deriv:itivcs coii1:iiiiiiig liydroxyl :it C2' 1 1  51. The 
dT(3'NH2) was treated with pnraforriialtleliydc solutioii iii iiietlianol with 
subsequeiit reductiori with sodiuni boroliydridc to obtaiii tlie iiiixture of 
desirable 5 (72%) aiid 4 (8%). 111 the case of acetaldeliyde 3'-N-dialkylaiiiiiio 
derivative was not detected. 

Separation of coiiipouiids 4 aiid 5 was perforiiied by LiChroprey RP-18 
chroiiiatograpliy (elution with 0.05 M NH,HCO,). 

5'-Hydrogeiipliosplioiiates of iiiodified iiucleosides appeared to be i i i  

some cases less toxic agents inhibiting viral reproduction i i i  cell cultures [ 161. 
Therefore we t raiisforiiied 3'-N-etliylaiiiiii0-3'-deoxytliyiiiidiiie 6 iiito the 
correspoiiding 5'-1~ydrogeiipliosplioiiate 9 usiiig t lie routiiie procedure reported 
i i i  1171. 

We also coiiverted 3'-N-iiietliylaiiiiiio- niid 3'-N-elliylaiiiiiio-3'- 
deoxytliyiiiidiiies 5 and 6 into correspoiidiiig 5'-tripliospliates 7 and 8 by tlie 
reactioii with POCI, ii i  trietliylpliosplinte niid subsequeiit treatiiig with bis-(tri- 
a-butylamiiioiiiuiii) pyropliospliate I 18 j. 

The structure of the obtained coiiipouiids was confirmed by 'H, W, and 
31P NMR, UV, iiiass-spectroscopy as well as by X-ray analysis for compound 5. 
UV spectra of the title coinpounds were the same as for dT(3'NH2) (data are 
not presented). All sugar protoiis of 3'-N-~lkylniiii1io-3'-deoxytliymidiiies 4-9 
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26 JASKO ET AL. 

f4 0 

SCl?CllIc:  I 

3 
H R '  

Sclieiiie I I  

resoiiated in  approxiiiiately the saiiie areas :is the corresponding protons of 
dT(3'NH2) (Table I). The additioiial proton sigrials for the alkyl groups iii N3'- 
positioii were observed i i i  2.58-2.16 ppiii area. Aii esseiitial spectral difference of 
3'-N-iiioiio alkylnted derivatives iii coi~ipnrisoti with dT(3'NH2) was i l l  the 
visual picture of signal HI '  as pseudotriplet whereas in dT(3'NH2) this signnl 
was a clear doublet of doublets (Tables I aiid 11) .  Clieiiiical shift values i i i  13C 

N M R  spectra are represented in Table 111. 
Structures in crystal and solutioii. Coiifor'iiiat ioiinl coriiparisoii 

dT(3'NHMe) (5) with dT(3'NHJ was perforiiied by X-ray analysis as well ns by 
pseudorotatioiial aiialysis of all the experinieiital eiidocyclic 3 J H , H  coupliiig 
coiistaiits (taken from the experiniental spectro i i i  D,O solutioii) for both of 
these nucleosides using PSEUROT prograiii 119. 201. 
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3.81 

dd 

Table I. Clieiiiical Shifts (6 .  ppiii) iii 111 NMK Spectra 
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dd 111 

3.62 3.15 
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1'J 1'.2" 2',2" T.3' 2",3' 2.4' 4,s 4,s' 
4.5 7.3 14.1 7.8 7.4 7.1 2.9 4.8 

6.6 6.6 14.5 7.2 8.5 5.8 2.6 5.5 

5.8 6.8 14.2 7.6 6.0- 6.0 3.2 4.9 

6.0 6.5 14.0 7.7 _L.!l- . 3.5 3.0 4.8 

H-6 

5',5" 

12.7 

12.4 

12.6 

12.5 

7.68 

9 
7.54 

4 
7.6 I 

24- 
7.58 

4 

7.63 3.91 -- 4.5 

. . . - 111 

4.00 -- 4.52 

111 

5-ILlc 
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I .82 

d 

ollmr 

D
ow

nl
oa

de
d 

by
 [

C
om

pu
tin

g 
&

 L
ib

ra
ry

 S
er

vi
ce

s,
 U

ni
ve

rs
ity

 o
f 

H
ud

de
rs

fi
el

d]
 a

t 0
9:

11
 2

7 
D

ec
em

be
r 

20
14

 



28 

Mc- 

CS 

Ill.? 

14.1 

14.1 

JASKO ET AL. 

otlicr, 

( M c ~ - N )  
34.9 

(Me-N) 
35.4 

(CHZ-N) 
42.2, 
(CH3-Et) 

12.2 

Table 111. Clieriiical Sliills ( C C ,  ppiii) i i i  N M R  Si)ectra 

The coiiteiit of tlie predoiiiiiiniit N pseudorotaiiier i n  the equilibrium of 
two states N (3'-eih-2'-exxo) and S (3'-c~o-2'-nrdo) appeared to be slightly 
different for dT(3'NH2) (75%) mid 5 (58%). Howe\.er, these calculatioiis for the 
phase angle (P)  arid puckeriiig aiiiplitude (Y,,, ( N ) )  of the N sugar of 5 gave tlie 
values of 19') arid 30°,  respectively. 7'1iese. par;iiiicters were approxiiiintely the 
saiiie for the parent d'l'(3'NH,) (180 arid 30°, respectively). For iiiirior S 
pseudorotamers, tlie values of P for both ~iucleosides were also identical 
(approxiriiately 160"). Exocyclic coupling coilstants J,.,,. niid J,. 5.. gave the 
distribution of yg+, y' aiid yg- relative to tlie staggered exocyclic C4'-C5' bond. 
Thus, tlie relative coiiteiit of yg+ rotarner i i i  d'T(3'NH2) arid 5 was 58% and 
55%, y' - 36% iri both cases arid yg- - 6% niid 9%. 

Fig. I sliows the coriforiiintiori of the d'I'(3'N I-1 Me) ~iiolecule obtniried 
from X-ray data arid the accepted numbering o f  (lie atoiiis. Tlie bond leiigtlis 
arid boiid angles in 5 correlate well with the sariie values for the tienrest :iiialogs: 
riatural tliyiiiidiiie 121 1, d1'(3'N3) 1221, :uid d'l'(3'NH2)-HCI 1231. As for the 
iiia.jority of  pyriiiiidiiie niicleosides, the glycosidic torsioii niigle (x = - 106.70) 
correspoiids to the niifi-coiiforriintioti. F o r  dT(3'N H,). HCI, the wlue of  x= - 
167" is sigiiificniitly difyereiit. A x value, iiiiicli closer to 5, ltns bec~ i  fouiid i i i  A- 
molecule dT(3'N3) (x=-1259. 111 tliis case t l ie Iws( coinciderice of borid lengtlis 
arid angles was observed. 

The replaceiiieiit of OH-group at C3' i r i  tliyiiiidiiie by Me-N H-group 
results i i i  the cliiirige of coiiforriintioii 01' tlcoxyribose moiety. The sugar 
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3 '-N-ALKYLAMINO-3 '-DEOXYTHY MIDINES 29 

Figure I .  Stereo diagram sliowiiig t Iic iiioleculnr coiiforiiintioii niid tlie 
riuiiiberiiig of atoiiis of 5. 

coiiforiiiatioii i i i  dT(3'NHMe) is C3'-eiido-C4'-tw (-k4), with plinse niigle 
P=28.80 (N-populntioii) aiid puckering ainplitiide Y,=3 1.50. C3' and C4' 
atoins are deviated by 0.36 f i  niid 0.14 A, iespectively, froiii the least-squares 

plniie tlirougli ntoiiis 04', C I '  aiid C.2'. 'llic iiiolecule ol' d'T'(3'NH2)-HCI 
possesses phase aiigle vnhe P 3 . 8 "  aiid c 3 ' - n i ~ ~ o - C 2 ' - t ~ ~ o  sugar coiiforiiintioii, 
also belonging to N-populntiori. In this case ; i to im C3' aiid C2' are displaced 
from tlie plaiie of 04', CI' and C4' by 0.36 a i d  0.24 A. 'Tliyinidiiie Iias 
P=187.50 niid C3'-exo-C2'-e11do coiifoiiiiatiori mid d7'(3'N3) - P=1730, 
iiiolecule A; P=2 120, inolecule B (S-pop~ilatioii) tlint greatly differs from 5. 
However, 3'-deoxytliyiiiidine, wliicli exhibits soiiie aiiti-HIV activity [ 241, is 
cliaracterized by the sugni coiiforinotioii (P- 12.90) close t o  that i i i  coinpound 
5. 

'flie coiiforiiiatioii about the exocyclic ( '  1'-C5' boiid i i i  ci ystal nppe:ired 
to be . g a i ~ / i l * ~  with y (C3'-C4'-C5'-05')=4S.S0. Siiiiilar coiiforiiinlioit has beeii 
obseived i i i  d'l'(3'NH2)- HCI where y -757" : t i i d  i i i  d I (3'N,) iiiolecule A 
(y=50.80). For tliyiiiidiiie :is well as for dl'(3'N i~tolecule I 3  :IIC cltarncteristic 
trans- state with y= 172.8O aiid 173S0, 1espectivcly. 

Takeri toget Iiei, t l i v  d:ita of X-i;iy :iiiO ~~sciidoiotntioiinl aiinlysis show 
t I int t lie i t  lo lec tiles ol 3 '  :I I t I i I i o -  .I '-rl c o x q  t 1 I )I I I I i cl I I ic :II i d  2'- I I ict I i y la I i i i  I io- 3'- 
deoxytliyiiiidiiie 5 h v e  siitiilai coiif~~ritintioiis in ciystnl ;is well as i i i  aqueous 
solution: (i) aborit glycositlic Iwiitl - mr/i ( i i )  wit Ii icspcct t o  exocyciic C4'-C5'- 
borid gnucJie+; (iii) ftii:tiiosc ring coiiioi in: i t ior i  Orloiig9 t o  the N-poyulntioii. 
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30 JASKO ET AL. 

Sclieriie I 11. Primer-Teinplate Coiiiplcx 

Enzvmolony. The substrate properties of the iiucleoside 5'-tripliospliates 
7 and 8 were evaluated in cell free systems with various DNA polyiiierases. The 
5'-[3*PI-pririier-tetiiplate coiiiplex (Sclieiiie I I I ) ,  dNTP, dTTP(3'NHMe), or 
dTT'P(3'NHEt) at appropriate concelitr:itiotis weie  present i n  the reaction 
mixtures. The reaction was performed uiidei the optiiiial conditions for each 
enzyme. The reactioii prodricts were sepnratctl I>\ I'AG E. 

d'lTP(3'NHMe) (7) aiid d'I-IP(3'NHEt) (8) did iiot teriiiiiiate tlie 
eloiigatioii of DNA c h i t i  catalyzed by DNA polyiiierases a niid E from liuriiaii 
placenta aiid KFr at 200-fold iiiolar excess of the coiiipounds over dTI'P. At tlie 
same time the eloiigntioii of tlie DNA cliciiii c;italyzed by AMV R'T, HIV RT 
aiid DNA polyiiierase p froiii rnt livet is teiitiiiiated by both of tlie coiiipouiids 
with difi'ereiit efficieiicies. 111 these experiiiieiits K'ls iiicorporated 7 aiid 8 iiito 
DNA at least 10-fold iiiore efficiently tliaii DNA polymerase p frotii rat liver. 
Fig. 2 shows the DNA terriiinatioii patteiti obtoiiied for 5'-tripliospliates 7 and 8 
with HIV arid AMV RTs. dTTP(3'N3) was iised i n  coiitrol assays (track i). The 
teriiiiiiatioti patterns obtained for n 5-fold excess of dT1'P(3'N3) over d7TP was 
siiiiilar to that for n 10-fold excess of 7 arid 8. 

Table IV shows tlie iiiolar ratios of 7 aiid 8 coiiceiitrntioiis to that of 
dTI'P, at wliicli DNA syiitliesis catalyzed hy di trereiit DNA polyiiierases is 
iiihibited by 50%. It is clear froiii the Table t1i;if 7 and 8, unlike dTTP(3'NH,), 
do tiot i i i l i i l ) i t  KFI ,  D N A  polyiiier;ises ( x  : i i i ( l  I' I I i i iq ,  iiitrodiictioii of tlie alkyl 
residue iiito 3'-miiiiio groiip reduces llie clliciericy of iiiliibitiori. This fact 
iiidicates tlint bulky lipapliylic groups (iiietliyl~iriiiiio or etliylaiiiiiio groups 
iristead of aiiiiiio giorip) decrensc the nfliri i tv of iiiodified dNTP for these DNA 
polyiiierases. 

dT(3'NHMe) ( 5 ) ,  dT(3'NHEt) ( 6 ) ,  and dT(3'NHEt) 5'- 
hydrogenphosplioilnte 9 sliowed no suppressioii of H iV- I reproduction in MT4 
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3 '-N-ALKY LAMINO-3'-DEOXYTHY MIDINES 31 

Figure 2. Sepmtion by PAGE of the products of 5'-f2P]-primer elongation catalyzed 

by HIV-1 RT (series A, B) and AMV RT (series C, D) in the presence of compounds 

I - dTTP(3'N3) 12 pM; 2 - control assay without modified nucleotides; 3-4 - 
dTTP(3'NHMe), 18 pM and 60 p M  for HIV RT; 60 pM and 180 pM for AMV RT, 

respectively; 5-6 - dTTP(3'NHEt) 18 pM and 60 pM for HIV RT; 60 pM and 180 pM 

for AMV RT, respectively. The assays in series B and D were chased with the mixture 

of 400 pM dNTPs. 
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32 JASKO ET AL. 

DNA 
polymerase 
RT HIV 
RT AMV 
DNA pol. p 
DNA pol. a 
KFr 

Table IV. Molar ratios of 7 :iiid 8 coiiceiitrntio~is to that of d7TP at wliicli 
DNA syiitliesis is iitliibited by 50% 

-- 
liiliibitor / dTTP iuolnr inti0 

dTTP(3'N1) dTTP(3"H7) dTTP(3"HMe) dTTP(3'N HEt) 

5 12 30 33 
3 12 . ._ I80 300 

300 6 900 I200 

>1200 120 > 1200 > 1200 

> 1200 600 > I200 > I200 

-. 

- . . 

_____ .... . - ~ -- 

_ _ _ . - _ _ ~  

cell culture (data of Drs J. Balzariiii arid E. De Clercq to wltoin authors are 
grateful). 

The lack of activity of 5 atid 6 iiiny be explaiiied by tlie fact that they are 
not converted to tlie correspoiidiiig 5'-tripliospliates. 

Materials arid Mclliods 

Chernistrv. NMR spectra were iecoidcd oil :I Briiker WM-250 
spectroriieter at 250 MHz (IH, tert-BuOH ;IS iiiternal staiidard), 62.8 MHz 
(13C, 1,4-dioxatie as internal standard) and 101.3 M H z  (3lP, 85% H,PO, as 
external standard) at 25OC i n  D,O. Clieii1ic:il shifts are giveii i i i  ppiii (ti), and 
sigiials Lire described as s (singlet), d (doublet), t (triplet), q (quartet), iii 

(tiiultiplet), pt (pseudo triplet), dd (double doublet). FAB inass-spectra were 
recorded 011 a Kratos MS 50TC titass spectroiiicter. Saiiiples were mixed with 
glycerol directly i i i  the probe tip and xeiioii w:\s med for the fast atoiii gun at 8 
Kev. DEAE-Cellulose DE-32 were from Wlintiiiaii, LiCliroprep KP-  IS 125-40 
pin) and DC-Alufolieii Kieselgel 60 F254 plates from Merck, Dowex 50 WX 8 
froii i  Serva. For 7'LC iiext systeiiis were uscrl (v/v): A - dioxniie : NH, (25%), 9 
: I ,  U - dioxniie : NH, (25%), 9 : 2. 'l'lie X-i:iy :uiiIlysis of  dT(3'NHMe) was 
carried out 011 a CAD-4 diffractoineter; the c r y s l d  was growii from D,O. 

3'-N-Mett~ylainino-3'-deoxythymidi1ie (5) and 3'-N-dimetliyIarnino-3'- 
deoxythyniidine (4) Method A. Triylietiyl~~lios~~liiiie (73 iiig, 0.25 iiitiiol) was 
added to a solutioii of d'l ( J 'N , )  ( 6 2  iiig, 0 . 2 3  i i i i i i o l )  i i i  dioxiiiie (20 ni l ) .  

Reaction mixture was kept foi 24 11 at i o o i i i  ieiiipcrature atid, afler addition of 
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3'-N-ALKYLAMINO-3 '-DEOXY THYMIDINES 33 

Me1 ( I  i i i l ) ,  was boiled for 40 i i i i i i ,  evapoixted to dryness, tlie residue was 
dissolved in water (20 1 1 1 1 ) .  filtered aiid evnpoiated. The residue i i i  water ( I  nil) 

was loaded oiito the coluiiiii (12  x 1.5 ciii) w i t h  LiCliroprep RP-I8 aiid eluted 
with a linear gradieiit of MeOH i i i  water (0 - + 4%, total voluiiie 0,3 1) to give 5 
(9 iiig, 15%), Rf 0.24 (A). FAB mass spectriiiii: iii/z 256 (MH+). 

Method B. Par:iforiii ( 1  g )  i i i  dry et1i:riiol (20  iiil)'wns added to a solution 
of dT(3'NH2) (300 iiig, 1.24 iiiiiiol), the solutioii was stirred 48 Ii at room 
teiiiperature and then sodiuiii boroliydride (200 iiig, 5.3 iiiiiiol) was added by 3 
equal portioris with I Ii iiitervals. After 3 11 the solutioii was treated with water 
(20 nil), evaporated, solved iii  water (200 i i i l ) ,  plnced to the coluiiiii (2 x 8 ciii) 

with Dowex 50 (H+), waslied with water (200 1111) mid tlieii eluted with 1% 
aqueous aiiiuionia. The target fractions with U\' absorbtioii were evaporated, 
solved in water (5 nil), placed oiito the coluiiiii with LiCliroprep RP-18 aiid 
eluted MeCN/O.OS M NH,HCO, (0 -+ 6% MeCN, total voluiiie 0.5 I )  to give 5 
(183 iiig, 72%) and 4 (25 iiig, 8%), R f  0.32 (A) ,  I:AB iii:iss spectriiiii: iii/z 127 
(BH+), 270 (MH+). 

3'-N-Etliylarnitio-3'-deoxythymidii~e (6). Met liod A ;is described for 
syntliesis of coiiipouiids 5 with using of Etl nllowcd to get 6 with 25% yield. (A: 
Rf 0.33). FAB iiiass spectrum: in/z 127 (13H4),144 (M+-B), 270 (MH+). 
Method B as described for syrithesis of coriipouiids 4 aiid 5 with using of 
acetaldehyde provided 6 with 57% yield. 

3'-N-Methyla1nin0-3'-deoxythymidine 5'-triphospliate (7) (arnmonium 
salt). POCI, ( I  I pl, 0.12 iiiiiiol) was added to 5 (10 iiig, 0.04 iiiriiol) in trietliyl 
pliospliate (0.4 nil) at OK, the solutioii was stirred for 48 I1 at O W  aiid then a 
0.5 M bis-(tri-ii-butylaniriionium) pyropliospliate in DM F ( I .O ail) arid 
tributylaitiirie (86 111) at OW were added. The reactioti iiiixture was stirred for 30 
i i i i i i  at 2 0 T  aiid tlieii neutralized with 1 M Et,NH,CO, to adjust the pH to 7.5, 
evaporated at 20°C, niid reevaporated with aqiieoiis EtOH. The residue in water 
( 150 1111) was applied onto a DEAE cellulose coliuiiii (HC0,-). Tlie substaiices 
were eluted with a linear gradient of NH4HCO7. pH 7.5 (0 - >  0.4 M, 2 I ) ,  7 
was eluted with 0.25 M buffer. The fractioiis contaiiiing 7 were evaporated nt 

20oC aiid reevaporated with 5% EtOH (5 x I0 r i i l ) .  After freeze-drying, 7 (6 
nig, 26%) was ohtniiictl. "1 '  N M R  ( I ) , ( ) ) :  K S It1 ( I > . , ) ,  - 1 0 . 8 ~ 1  ( I > ( , ) ,  -22 . l t  (Pv); 
Jpa,pp 22 Hz, Jpp,pu 22 117. 

3'-N-Ethylattiiiio-3'-dcoxytllyrliidili~~ S-lripliospliate (8) (arnnioiiiurii 
salt). Tlie synthesis was perfortlied witli t l ic w i i i c  iiiolar quantities of 6 aiid 
other reagents aiid riiider the smiie coiiditiviis :I$ i i i  the case of 7 to give 8 ( 5  
ing, 23%). 
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34 JASKO ET AL. 

3'-N-Ethylarnino-3'-deoxythymidine 5'-pliosphite (9) (atnmoniwn salt). 
Pliospliorous acid (36 iiig, 0.44 niiiiol) arid N,N'-dicycloliexylcarbodiirliide (93 
tiig, 0.45 niiiiol) was added to the solutioii of tliorouglily dried 6 (60 tiig, 0.22 
tiitiiol) in dry pyridiiie (20 i i i l )  wider stirriiig ;it room teiiiperature. After 24 Ii 

the solution was treated with 100 i i i l  of water, cvnpornted aiid reevaporated with 
tolueiie. The standard procedure of isolatioii ririiig coluriiii (2 x IS ciii) with 
DEAE cellulose (HC0,-), eluent NH,HCO, solution (0 -+ 0.1 M. total voluriie 
I I )  allowed to get 9 (49 iiig, 66%), Kf 0.2 (B). 311' NMR (D,O): F 6.44d, J,,,, 
642 Hz. FAB tiiass spectrum: iii/z 324 (MH'). 

Enzvmolow. We used [a- v P j d AT I', I ( x - 3 2  PI d C'I'P, I y-)2 PI ATP with 
specific activities of 1000-3000 Ci/iiiiiiol (Radioisotope, Russia), dNTP 
(Sigma), BioGel A- I S M  (Bio-Rad Lnboratoiies), T4 yolyiiucleotide kiiiase, 
KFr froin E, cofi (Ainersliatii), DNA polyiiierm p froiii rat liver 1251, DNA 
polyiiierase a and E froiii Iiiitiian placenta 131. icverse tthsciiptases froiii AMV 
(Oiiiutniiisk Chemical Plant, Russia) aiid H IV- 1 1261, and a tetradecaiiucleo- 
tide as a priiller. One unit of enzyiiw ilctivity was defiiicd as the aliiou1it 

catalyzing the iiicorpoi-ntioii of 1 ririiol of  fiirrr r;itlionctive deouyriucleotides into 
DNA in 30 i i i i i i .  

Primer-template hybridization. I Iir I )NA o f  M 13iiip 10 phage was 
isolated from tlie cultural fluid of tlie recipiciil KI2XLI E. CO/I strain. The 
primer (d(CCCAGTCACGACGT)) was lnbclcd at tlie 5'-positioii by Iy- 

32PJATP usiiig 7'4 polynucleotide kiiiase as desciibed i i i  1271. Tllell M I3iiip10 
DP4A (+ cliaiii) (0.5 p M )  was aniienled with 0.75 pM S-132PI-priiiier. The 
priiiier - teiiiplate coiiiplex was purified by gel liltration 011 :I BioGel A- I .5M 
iiiicrocoluiiiti, prewaslied by 10 iiiM Tris-HCI, pH 7.6 and I iiiM ED'TA. The 
unlabeled primer-teiiiplate complex for inliibitioii reactions was prcpared as 
described above witliout gel filtratioii. 

~leniplate-deperideiil elongation of 5'-1 1)1'1- oligotiucleotide catalyzed by 
DNA polyinerascs. Iteactioii iiiixtuies ( 5  111) coiilniried S'-132P(-l;ibelcd primer- 
teiiiplate coiiiplex (0.05 pii iolc .  0.07 ld * i ) ,  00 ~ I M  each of dC'l'P, dG'TP, arid 
dATP, 6 1iM dl"1 I', :iii:ilogs 7 aiirl 8 i r i  v : i i i o i i ~  coiicciitr;itioiis niid ( i )  KFI  (0.5 
activity unit), 10 iiiM Tiis-HCI, p H  7.6. 5 iiiM MgCI,, 1 iiiM ditliiotreitol, (ii) 
AMV R T  or H I V  K7' ( I  iictivity w i t ) ,  I0 iiiM Tris-HCI, p H  7.6, 5 iiiM 
MgCI,, 1 iiiM ditliiotreitol, 40 riiM KCI (foi HIV RT glycerol (to 2%), and 
0.05 niM Tritoii X-100 with various pHs were added), (iii) DNA polyriierases 
a, E or p ( I  activity tiiiit), 10 niM 'l'ris-HCI, I>H 7.4, 6 iiiM MgCI,, and 0.4 
11iM ditliiotreitol. 'I lie assay tiiixtures were iircuhnted for 10 iiiiii at 37°C and 
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3'-N-ALKYLAMINO-3 '-DEOXYTHYMIDINES 35 

teriiiiriated by the ndditioii of foriiiaiiiide (5 id) contaiiiiiig dyes arid 20 iiiM 

EDTA 1271. The reactioii products were sepnrnled by electroplioresis ii i  12% 
deiiaturiiig polyncrylniiiide gel. 

Some saiiiples were ndditionnlly clinscd witli a iiiixture o f  400 1iM dNTPs 
for 15 initi at 37')C. 

Inhibition of DNA syritlicsis catalyzed by DNA polyiiierases witli 
cornpounds 7 arid 8. Reaction mixtures coiitniiied the sniiie compoiieiits, 
unlabeled tetradecaiiircleotide at the coiicetitr:itioris as above, and 6 pM [a- 
32PldATP witli n specific activity of 300 Ci/iiiiiiol iiistend of 60 pM dATP. Tlie 
assay iiiixtures were incubated for 15 i i i i i i  at 37°C niid teriiiiiinted by the adding 
1 ~ n l  of 0.5 M EDTA. Tlie aliquots were placed on 0.5 x 1 ciii strips of 
Whatman DE-81 paper, the strips were waslied witli 5% Na,HPO,, fixed by 
etlianol a i d  assayed for radioactivity by liquid scirit illation couiitiiig. 
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