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The synthesis of 2'-deoxycytidine nucleosides bearing amino and thiol groups appended to the 5-position of the nucleobase via a butynyl
linker is described. The corresponding triphosphates were then synthesized from the nucleoside and incorporated into oligonucleotides by
Vent (exo~) DNA polymerase. The ability of Vent (exo™) polymerase to amplify oligonucleotides containing these functionalized cytidine derivatives
in a polymerase chain reaction (PCR) was demonstrated for the amino-functionalized derivative.

Deoxyribonucleosides carrying functionality appended atthe The C5-position of the pyrimidine nucleobases is an
5-position of uracil were introduced three decades ago to appropriate place to introduce functionality, as the site lies
complement the functionality that DNA carries intrinsicdly.  in the major groove of the duplex, where appendages do not
Fluorescent appendages attached ®-Blideoxynucleotides interfere with Watsor Crick pairing. Appendages at this site
have been the key to automated DNA sequenéiRgnc- are also well tolerated by RNA and DNA polymerases, which
tionalized appendages may also increase the power andio not interact with the nucleobases in the major grg6vé.
versatility of nucleic acids as receptors, ligands, and cata- post of the previous work in this area has functionalized
lysts2 Modified standard nucleotides have been incorporated 2'-deoxyuridine, although some work has also appended

into in zitro evolution experiments. functionality through the 5-position of'-2leoxycytidine
t Department of Chemistry. analogqeiWe repprt hereT the synt.hesis df.dboxycyti'dine'
zl??p)agmem of ABatgm)F/{ ar%d JCEG" ABiologK- Sod976 98, 1587 nucleosides carrying amino or thiol terminal functionality
a ergstrom, . E.; Ruth, J. 0. Am. em. S0 3 — B . _ H
1589. (b) Langer, P. R.; Waldrop, A. A.; Ward, D. Eroc. Natl. Acad. appended at position C5 via a fgur carbon_ alkyny! linker.
Sci. U.S.A.:Biol. Sci.1981,78, 6633—6637. We also report the successful incorporation of these as

c (vzv) Zrc()igﬁééiégﬂfgs’rgm%égéki; Dam, R. J.; Hobbs, F. W.; Robertson, - yriphosphates into DNA using Vent (eXoDNA polymerase

(3) Benner, S. A.; Alleman, R. K.; Ellington, A. D.; Ge, L.; Glasfeld, and PCR amplification.
A.; Leanz, G. F.; Krauch, T.; MacPherson, L. J.; Moroney, S. E.; Piccrilli, gy
A.'J: Weinhold. ECold Spring Harbor Symp. Quant. Bidl987,52, 53— Recent reports suggest that protectéetebxycytidine
63. nucleosides carrying a C-5 acetylene group readily suffer
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unwanted cyclizatio®® Thus, we explored chemistry to
attach substituents to the 5-position of an unprotected cytidine
nucleoside.

But-1-yne-4-thiol (2) having its thiol group protected as
the disulfide withtert-butylthiol was synthesized from but-
3-yn-1-ol 1 as reported previousf.The corresponding
1-aminobut-3-yne, with the amino group protected as the
trifluoroacetyl amide, was synthesized from but-3-yn-1-ol
via a route adapted from the literatifredere, the free
hydroxyl group ofl was converted to the corresponding
azide via mesylation. The azide was then reduced to the
corresponding amine with PRHThe reaction mixture was

acidified, the side products were extracted, and the free amine ow

(5) was isolated by the neutralization of its acid salt. Reaction
with trifluoroacetic anhydride gav@in 51% yield (Scheme
1).
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aConditions: (a) DMTCI/TEA/DMAP/Py anhydrous/6 hAT
to rt; (b) 2 or 6/Cul/TEA/Pd(PPK./DMF anhydrous/16-14 hirt;
(c) Di-t-butyl-1-(t-butylthio)-1,2-hydrazine-dicarboxylate/LiOH/
MeOH—-THF/90 min anhydrous. (d) Py/DMAP/TEA/AD/4 h/0
°C to rt.
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aConditions: (a) PP#DIAD/THF/TEA/14—18 h/rt; (b) MsCl/
anhydrous ether/3 hfIC/H,0; (c) NaNyanhydrous DMF/3.5 h/67
°C/H,0; (d) PPh/anhydrous ether/4#0/18 h/0°C to rt/10% HCI
(aq); 10% NaOH (aqg); (e) anhydrous MeOHACR,CH,/18 h/0
°Ctort.

Sonogashira couplif§ of the compounds with the's
tritylated 5-iodo-2'-deoxycytidine (8) in the presence of
palladium(0) catalyst gave the desired produétsuid 10)
(Scheme 2).

The 5'-tritylated nucleoside was used in preference to the

5'-hydroxy nucleoside because the former is easier to handle

(with respect to monitoring and its greater solubility) and
saves solvents during column chromatography purification.
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W.; Janssen, R. C.; Eaton, B@hem. Biol 1997,4, 675-683. (f) Tarasow,

T. M.; Tarasow, S. L.; Eaton, B. BNature1997,389, 54-57. (g) Perrin,

D. M.; Garestier, T.; Héne, C.Nucleosides Nucleotide999,18, 377—
391. (h) Battershy, T. R.; Ang, D. N.; Burgstaller, P.; Jurczyk, S. C.; Bowser,
M. T.; Buchanan, D. D.; Kennedy, R. T.; Benner, S.JAAm. Chem. Soc.
1999,121, 9781-9789. (i) Ang, D. N. An Alternative to the Origins of
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Catalysis. Ph.D. Dissertation, University of Florida, Gainesville, FL, 1999.
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The benzoyl-protecting group dhwas replaced by the
more stableert-butylthio groug in a one-step reaction with
di-t-butyl-1-(t-butylthio)-1,2-hydrazine-dicarboxylate in the
presence of LIOH to givell. Acetylation of10 and 11
yielded mixtures of both di- and monoacetylated products,
12 and14, 13 and15, respectively, with the major products
being the desired4 and 15.

We attempted to selectively deacetyld@and13 using
ZnBr,.!* An equimolar amount of the Lewis acid gave the
desired 14 and 15, together with the unreacted starting
compound12 and 13, in approximately equal amounts.
Treatment with 2 equiv of ZnBryielded the N-4 deacety-
lated and deprotected-®H compoundsl6 and 17 only.
Compoundsl6 and17 were also prepared from4 and 15
using the commercial deprotecting mixture (2.5% trichlo-
roacetic acid in ChCly) for oligonucleotide synthesis via
solid-phase chemistry (Scheme 3).
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C.; Eaton, B. EJ. Am. Chem. S0d.995,117, 8474—8475. (c) Lutz, S.;
Burgstallar, P.; Benner, S. Aucleic Acids Resl999,27, 2792—2798.
(d) Hingoranim, M. M.; O’'Donnell, M.Curr. Org. Chem2000,4, 887—
913.
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Triphosphate synthesis was carried out following literature
procedured? Thus, reaction ofl6 and 17 with POC} in
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trimethyl phosphate and proton sponge gave the phospho NG

rodichloridates as intermediates, which were conveited
situwith pyrophosphate to the corresponding triphosphates.

-
Hydrolysis with NHOH gave the desired nucleotide &
triphosphates]18 and 19 (Scheme 4).
-
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Figure 1. Primer extension experiment using amino-functionalized
2'-deoxycytidine triphosphatk9. Denaturing 20% PAGEurea gel
was used. BRadiolabeled primer was visualized by a phospho-
imager. All lanes contain annealed primer and template, buffer,
and water. Lane 1: All natural dNTPs (0.1 mM each), no
polymerase (negative control). Lane 2: Vent (ex®NA poly-

- . . merase and dCTP only showing pausing after incorporation of dC.
The ability of the functionalized dCTP analogués énd Lane 3: Vent (exo) polymerase and natural dNTPs showing

19) to serve as substrates for thermostable DNA polymerasegormation of full-length product (positive control). Lane 4: Vent
under PCR conditions was then studied. Since different (exo~) polymerase and9 only, showing incorporation of a single
polymerases often behave differently with unnatural nucleo- 19; lower mobility due to positively charged functionality. Lane 5:
sides® representatives of two evolutionary families of DNA ~ Vent (exo) polymerase and9, dTTP, dGTP, dATP, expecting

a Conditions: (a) POGI(MeQ)P(O)/proton sponge/2.5 hfT;
(b) Tri-n-butylammonium pyrophosphatefributylamine/DMF/
TEAB/2 min/0°C to rt; (c) NHy/rt/18 h.

polymerase's were examined. These were the Tag DNA
polymerase fromThermus aquaticugrepresenting Family
A) and Vent (exo) DNA polymerase fromirhermococcus
litoralis (representing Family B).

Primer extension experiments were done using PAGE-
purified 5'-[y-2P]-radiolabeled primer (5'-GCG TAA TAC
GAC TCA CTA TAG-3') and template (5SGAC ACG CGC
TAT AGT GAG TCG TAT TAC GC-3) (both from
Integrated DNA Technologies, Coralville, I1A).

Taq incorporated neithel8 nor 19 with acceptable
efficiency (data not shown). Vent (exXpDNA polymerase
incorporated bothl18 and 19. Thus, Vent polymerase
incorporatedl9 (Figure 1; Lane 6) opposite G in a single
base extension. Full-length product was obtained upon
addition of a complete set of natural triphosphates excluding
dCTP (Figure 1; Lane 5).
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incorporation of thred 9s.

Similarly successful incorporation was observed for ana-
logue18with protected thiol functionality (data in Supporting
Information).

Compoundl9 carrying a free amino group successfully
replaced dCTP in PCR amplification using Vent (exo
polymerase (Figure 2; Lane 6). This PCR required incorpo-
ration of 22 and 31 functionalized cytidine analogues per
strand in the forward and reverse reactions.

Lane 1

4

2 3 5 6

Figure 2. PCR amplification with19 replacing dCTP. Agarose
gel (2%) was used and stained with ethidium bromide. A total of
25 PCR cycles were run, with 2 min each incubation. Lane 1:
Promega DNA ladder 25300 nts. Lane 2: Negative control,
lacking polymerase. Lane 3: Positive control with standard dNTPs.
Lane 4: Positive control including both-dCTP andl9 (1:1 ratio)
and standard dNTPs. Lane 5: Withu®1 19 and standard dNTPs.
Lane 6: With 4uM 19 and standard dNTPs. Template (100mer):
5'-CGC ATT ATG CTG AGT GAT ATC TAT CCA GAC CTA
GAA AGA GTG CAC TGA TGC TGT TCG AGC GCA CGG
CCT CCAACATGC CGTCCATGC ACCACTAGACCTC-3
Primer (24mer): 5GAG GTC TAG TGG TGC ATG GAC GGC-

3'. Reverse primer (24mer):"-EGC ATT ATG CTG AGT GAT
ATC TAT-3'.
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Relatively low concentrations of triphosphatei{) were rejected this hypothesis. Rather, it seems that the replacement
used in the PCR amplification. Compoud® alone sup- of dCTP by19 simply lowers the yield of full-length product.
ported the synthesis of full-length products at these concen- The accessibility of these functionalized nucleoside deriva-
trations (Figure 2; lane 5), although doubling the concen- tives and polymerases that accept their triphosphates suf-
tration of 19 increased the amount of full-length product ficiently well to support the polymerase chain reaction gives
formed. This suggested tha® was able to support PCR  two new tools to those wishing to perform molecular biology
amplification, but at modestly lower efficiency. Consistent with DNA containing thiol and amino functionalities. This
with this conclusion, a 1:1 mixture d@and dCTP ina 1:1  is another step toward the development of a synthetic
mixture showed reduction in the amount of full-length biology!®
product observed relative to dCTP alone. As a caveat, it is
important to note that these results are consistent with, but Acknowledgment. We are grateful to Dr. Jodie V.
do not absolutely prove, the presence of the functionalized Johnson and the personnel at the mass spectroscopy lab at
cytidine derivative in the product. the Department of Chemistry for acquisition of the mass
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of 19 showed a double band. Extensive help in the HPLC purification by Dr. A. P. Kamath
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Further, although 9 supported the PCR amplification of
DNA, the yield appeared to be lower than with standard
dCTP. We considered the possibility that the positively
charged amine groups may disrupt the intercalation by the
similarly cationic ethidium bromide. As the intensity of the
band increases when the concentratiod®is doubled, we 0L0360290

Supporting Information Available: Experimental pro-
cedures and characterization of all new compounds along
with NMR spectral data. This material is available free of
charge via the Internet at http://pubs.acs.org.
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