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lbtwat o!zmmteduliqwtolabeloli~~mtideethe~tic~~~of 

the radioiwtqe 3% at tha 5'4. Altkmgh this mathod affoxda high mneitivity of detdm, 

theuseoftheradio~~ld~~~~inlauryc~~landdi~tic~lloa~~.In 

the last few F, several labsll.ing pmcedures for the detectFan of qecific mleic add 

Eeqwnweineituueingnal-rdllaactivetags&3~.otinorfl~ havebeandevelqzped.The 

hapteKl is in- either &u&ally or enzyuntically before hybrm.mt.icmofth8pmke.me 

straq ad qecific ~yn amlent interact&m of biotin far egg tite avidin or bacterially 

derivatived etreptavidin fonm thebds ofelnzym-linked r3eectimkit.s that am ammrcially 

availablel. InthecaseofoLigc&oxymcleot~ l2gedwithfl~, thcyki!¶llbe- 

ingelbynmam ofanmlcm LMeranda flmreseme rIIetedmayBten? 

The~ticincorporaticnof~~into~*nsaaplpllshedbyrea~~of~polymeraee 

lIs~mandvIpanaloguc6uhich omtaina biotinmleade at the C-5 poeiticn of the p&midirm 

ring&3-5. ltLietedmiqlm suffemfran&m3dieadwntagee,~the prepuatkm of large 

amnteofprukethatisexpend.veintexnaofenqnw andsutetrates.~,&daallmthfxla for 

thelakellingoflmwithbiotinoffl~ arenvre euitable. 

A poestile apronch for the &anical synthesis of fluorescent pr&ea ansists in the @mto- 

&e&Cal hbellingwitha pbtmctivableanalcgueofbi~ (@otcbioth),bhichfom3stable 

lirjrage witi nucleic a-6. Inanother~oachahiotinderiMtiveattachedtoanidegroupeof 

basic ~oteins is IiIked by forml&h* or glutaralmm to the INA -7.8. Another 

mthdansietsint.hedmdculinaqxm~ofaflmmacent pyridcp&ni&ne~leaBideintoan 

oliqmerg. kcently, efficimt rmthDds fortheattAchmnt ofnawdioactivelab!latothe5'~ 

ofeyntheticollgodwaynucleotib3 huskeenreprt&.lhehiotinylorfluveecent graJpb_ 

tothe ~'-tarminal ~110, aminoz or -tell-16 ti of tha synthetic 

oliganer directly or via a epaonr am (2,6,12 C). lIh.b appmw21 dfere a puseible further chain 

exteumial ky polymerwe frunthe 3'-end.lhesynt.hesisof biotinylatedandfluresent -by 

chemlcali xxoqxxatiofdfied~* atthe C-5 pceiti~withafkmztiamlirxd lmterann 

i!ltOO~~hLUbaca, recently reportedl+19. 



3492 S. R. SAIUWI er al. 

syntheeiEoftheqelmramof2'_dsaamttdine 

Surq et al have deaexmttat& the poeeible cc4NerBial of 44ziaLoLothymcdino into 5-!mthyl- 

qtidinemreactia~withammria.~, the4-trhmlognwpurufiaPdtobastabletomrds 

mxeetericallyhinderedalnines stia8diethylmine, d.iieoprqyLwineandtriethylalnine;no 

nuclecphFllcdieplacementoftriazolebytheeemint3ewaeokeemed~. 

WehaFeertendedthSmg'e mthxlologytopropqre5-mthylqtidinehwingenalkylmd.mllrJcer 

chain at poeitim 4. ltue, the reectian of S'Btyl-3' +b==Yl4-tri=oW 

Q) with l,lo-diaminodecane ti l-N-dnmylmino-l (~).indioxaneaffordedthecomes- 

pmdiq 4-elkyl.autimderivativea~(52%yield)Md~ (88%yield)reepecti~ly (&mm I). 

Sub3eqwntdepcotecticnofdim~tylgroupwitha2%eolu~of benmmwulfonicacidin 

Ui2Cl2 at 0-C follow& by trealment with 1.56 N N&H gave the anpletely deprotected 4-fmctio- 

neliced 5-mthylqtid.ine 1 atrY i (10% and 47% yield in two steps, respectively). 
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synthmisofthespmerennof2'hcqu+caine 

Bmninnh21 of 2' vim with bra&m water at@ 5 in acetate brffer afforded 

e-bmno-Z'Sine 2 Lschmm II). 

Nucleqhilic dieplaommt of txanim by l,l_ in refhlxiq ethxml gnwE 

~cl~ll-2’-decayadarae _ ine 10 with 55% yield. 

Syntheeieoffhemdified 2'-dmqakwine S’-tri@n@ate 

Befole~~~~oftheS'~l,the~prinaryamino~ofthsl~rchain- 

~roeectedwitha~~~lgr~~byreaceicn~thl-betleylo xyc&mnyl-3+nt3t@linLida- 

soliunchlarideinanhture ofwIterandethanoltogive~(72%yl.@d). 

Varicuemsthodstoprepare &s!weimY 5' -t&h@mtedkectlyfrcaedmminehwelmen~ly 

~~23~24, Hamver#incur~,~=ported~ proved to be umuihble 

fortramfiorminglli.ntoacorreqaxUrq tripkaphnte derivetive. Altermtively, we prepared the 

m- ter 14 &ml 11. m, p&ecKoylatialof~withblqJyl chlmideinpyridinefolhwnd, 

by BqxxlifimtialLth tikclignve~. se1ectA.vepmtectim0f S'-aswith~itYlchl~ide 



me mter fi WB ouwerted into 2’4eoxyrimdetxide 5’+mqhuqbUAate in 

qumtitative yield by mfl.ud.g with mzpbline in preeence ofDCX:ueingamixtureoft-kxMand 

water as eolvent~. lb benzy ~lprotectln9 gtarp of the letter bme -by- 

genolysiswlthl09W~:Qt~~.~~witht etrahrtyLarmoniun~teinQyt@W 

fortwe,daysyieldedtriphx#mtederivetlve~ vihi~waeplrifiedbyi~ex&mqe~tqraphy 

cn a DeAE celluloee colurn in the hiaarboM teformueingalinearqedientoftrlethybmm.iun 

bicurtcnste (0 to 0.35 M) ae eluent. 

'Rx tri@mphate derivative ghae been chwacterized * mwe and n.m.r. spsctrasw. %-MR 

ard 3lP+Mx epectre of ~li~Preseneedcnfigurelandfigura2,reapsctivelY. 

~primary~nogrcupofII~~~~byroaaicnofhiotinyl~euccinimide 

eeter(EI8E)inaaod.i.unbicarkwa tehrffer(pH-g)at25'toaffard6.aPrpamd16uaepaified 

by gel filtration cn Se@mdex 010 u&q water as eluent, follard w reveree#nxbeHPXCana 

Nuclecail HS5C18a&xm. 

ma M.otinylated derivative raplao~3 adanina trwte (#pP) in a atandarrl nidr tranalaticn 

oatalyaedby E.ooLi @yam- I: it van bxxporated into a plaunid R#& (10.7 W) awl it w 

vimmlizedwithavidinenzyne~aonjqatee. 
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5'&Dklmtlwytrityl-3'GtaIwy w l- l+[l~l] cyti&i.no (3). lb a wlutia of 
5'-odimtbxytrityl-3'-O-bnwfl+-trluolyl thy&Urn (1) (1 g, 1.43 mx)20 in dioxane (18 
ml) WM addad l,l_ (0.37 g, 2.15 kl). h&r mt$rring far 4 h at xcxxa tsrparstute 
(reacUmapnctoradbylWin m&anol),fJlereeultis@mlxtureuM~~tedtodryneee.~reei- 
dlnwdismD1windi&lotpathanr aml~wkhutor.The~clayerVaedrlab-overanhy- 
~~~~fateand~atdtoQynu.Aftua~~cplri~~~~araoolrmrof 
eilicagelueingagredient of mrthrplindldrlorarthur (O-IO%), 3'~me belated (0.6 g, 52% 
yield). m.p. 84-9O.C; Rf (eolunt A) * 0.65: kml. Qlcd fEr C4&&?407 + l/2 li20 
(811.32): C, 70.99; H, 7.27: N, 6.90. Mr C, 70.63; H, 6.83; N, 6.67. 

.,di~(5Oml)ueea&3altothenactiq lrdxture.lb 
o*c layerwaswaehedwithlO% ~Mdwtu,driedcver eodiuneulfateand~tedto 
~8.Ihc~~~diaaolwdkr'rpLniam~tofdichlorwthan. kMitiknof1i+tpatxv- 
leun ether Qlvc a tite pecipitate. 
yield). Rf (solvent A) = 0.52. 

Further chramfqnqzhic paiflcnticn aff& ‘2 (70 fq, 56% 

(7). Tb a eolutim of 5 (70 ng, 0.14 nrezil) in lliF_ 
dkk9l (1.3ml)1nderTigoxuue atinlng~ After 45 min., 

thereeulting zed by the eMit.iar of Dxex-50 W (a+). lIeruin WM filtered 
off, =kmehedwiti ethanol and t.lm filtratew eqxxated to dryness. Rlrificattcn by HPLC 
on Zortax CC6 9.3 mn (acetmitrile-10-h triethylanmnium acetate Luffer) gave 1 (10 mg, 18% 
yield). m.p. 92-%*C; Rf (eolkt A) - 0.48; Anal. Calc for (396.53): c, 
60.58; 8, 9.15; N, 14.13. Rudr C, 60.03; H, 9.50; N, 14.89; M.S. 
(B+28); 281 (s+l)t 173 (bH2-(CH2)lOdfIz). 

N-[5-DUthy~l+qWhal~~]-l,lO-dianinodecan (Ml-l,lm) 
(21. To a eolutfn! of 1 lm . (0 . II a. . mu &.omne(6odlw&sad5-di- 
Gkhylantltr~l-na@thalenL eulfaumUe &lo&b (cGney1 &lo&k) (0.4 g, i.5 n&l) tir vigxcua 
etirrirq.Afterlhatramt~ture, ~~~inggun~heat~at90*C~30mLn.After 
evaporatian to drynees, the reeidue VW wified cn a ccluum of eilica gel to give 2 (0.42 g, 
72% yield). Rf (solvent A) - 0.27: Anal. Calod for C22H35O2N3S + l/2 Ii20 (4r4.60): C, 
65.14: Ii, 8.70: N, 10.36. Rxxxlr C, 64.24: Ii, 8.71; N, 9.76. 

5'~~~~ty1-3_~~1-~~14~[1~~y~11 cytitline (4). lb a eolu- 
tia of 1 (0 52 . gr 0.75 -1) in (15 1) - M Ndansyl 1 l_ -, (013 g, 0.75 
nmol).Pifteretirr~for48h,~~~mlxtureweMporatsd~dlyM31e.Afterchrcmatogra- 
phic purificatiab 4 wu ieolati (0.68 g, 80% yield). m;p. 9a1OO*c: TLC (ai2Cl2+kaQ 93-7) 
Rf = 0.70; Awsl. -?allca for C&Q@$J~ (1035,30)x C, 69.54: H, 6.71: N, 6.75. Ramd: C, 
69.21; H, 6.3fl 6.34. 

3'+-bwlz&kwlyl4++-[1DaFQney~andnodacylcyt idiom (6). Cbqumd 4 (0.40 g, 0.44 -1) 
waetreatuiwith a eolutlar of 2% tenxrxtfulfkmic acid (14 ml)Xt 0-C. AfteF5 min.. the mixture 
YRLB titted to a ~0rlc-q similar to capamd 5. d dvonatolpaphic pri~th m 6 
we iaclated with 94% yield (0.31 g). m.m. @&=9O'c 'Is&! (cn~2+wair 93-7) M = 0.421 Anal, 

Cakd for C39H5lqN5S (733.90) c, 63.82; H, 7.00; N, 9.54; S, 4.37. Ebmd: C, 63.76=H, 
7.00: N, 9.15: S. 4.62. 
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6 (260 ny, 0.35 nool) in 
-Ehereeu1tingmixtureuae 

thewrk~elmt~~~7,8uea 
ieolated (110 g, 50% yield). m.p. 9S-1OO'C; Rf (CX+Cl2+WXI: 85-15) = 0.46: Anal. QlcTf for 
C32H4M (629.80): C, 61.02; El, 7.52; N, 11.12: S 5.09. Eihndr C, 59.83; El, 7.33; N, 
10.87; S, 5.26; M.8. (C.I. N33): 630 (M), 514 (S+l), 406 (Ni2-(CS2)1@2%lS). 

diethylethermtilthepraUctwae free frusl,lo-dFamltlDdecan.lhereeiduewse ChromatograFhea 
on a colum of silica gel using iecprorer~l -mmmia-vater (6rl:l). Sol- ware -ted to 
dryness and the reaidua wus crystallized fras ethanol-water give 10 (10.8 g. 55% yield). m.p. 19O*C; 
Anal. Glcd for Q@i35N703 (421): C, 56.98; H, 8.37: N;- 23.25. Rsmd: C, 56.83: H, 
8.59; N, 23.65. 

8-_ClO-henryloxyrmrlxs~yl)aminodecyl)]~2'-deo~ine (11). lb a solution of 10 (3.7 g: 
8.5 -1) in a miXture of water (30 ml1 and etluu~~l (40 mlr l-hesmvl~~thyl- 
i.midazoliLn chloride (4.5 g; 17.7 mnO1) Ws added and tha‘reacti& mixture &e &i&d at r&m 
temperature warnight. The aolwsntswere evapxatedtodryneea. lheN+enzylo~yl~l1 
(3.3 g; 72%) wan ieolated w n-c purification cm aili- gel using (cR$ll~ 
10-l) as eluant. 

6-N-henzufl-~1~10~1 Mclnod%cyl]~2'-&o~ ina (12). Beozoyl &lorida 
(3.7 ml) was added to dried N-bmzyloxyca&myl anpanxl 11 (2 38 . g; 4.zgmIDl) in anhydxus 
pyridine (15ml)at 0. and thendrturew~ then left aver&K atramteaparature. The reacticm 
mixuture was quencfiadwithmsthanal(5ml)andthe~l~~eMpeaatedtodryntM.Ihcrcsidue 
ws dieeolved in cIl2Cl2 (100 ml), w&ssdwithaeaturatedeoluticmofNaHDjandthenwith 
wter. Drying and ewporatirn~Eta-ichre;theLatter-diaoolvedinandxtureofWridine 
(12.6 ml) and ethanol (6.4 ml) at O'C; 8 N W(3A (9.5 ml) was added. After 30 min. the reacticm 
mixture was nautraw with Drwax-SaJ (H+ form). 'Iha resin we filtered off and wmhsd with 
~thanolandthe~ filtrate 0 evaporated to dcynects. lhe lKncME@ derivative 12 (2.15 
g; 76%) recrystallized fmn e-1. m.p. 87-88'C; ~H-MR 400 MIz: (CtCl3 + m): 6 = r20 (m, 
12X m2(3-8)): 1.38 (m, 2H, CIi2(9)): 1.55 (m, 2H, 1X2(2)): 2.22 (m, lli, P-2); 2.67 (m, lH, 
H'-2): 3.10 (m, 2H, CIi2(10)); 3.35 (m, Zi, CH2(1)); 3.87 (m, 2?i, H-5'H-5"): 4.08 (m, lH, Hl-4); 
4.69 (m, lH, H'-3); 4.76 (s,lH, Ni); 5.06 (a 3Ii, cXi@ + lZi); 6.50 (q, lH, HI-l): 7.37 (s, 5Ii,O ): 
7.41-7.49 (m, 3H, H@'p,H@'mn'); 7.-98-8.(X (s+e, W, He'CC'E 8.4 (a, lH, H-2). 

6+henwyl+tlO-henzyloxycarbonyl andn&cy11-3'~1-2'~ina (13). Dinlefhxy- 
trityl chloride (1.13 g; 3.3 nsml) uaa added to the mwbeneoylatad w 12 (2-g, 3 nmpl) in 
anhydrms pyridine (6.5 ml): after 2 l/2 h at rccsn taaparature, the reacti&--was e with 
mathan (2 ml) and the solvent 'CIELB evamated to dryneea. The m@.dua vaa dimsolved in Ui2Cl2 
arrl ksahad with a saturated N~HBJ solutim and water, and the CIi2Cl2 eolutimwae driedover 
anhydrcus Na26oq and evaporated. After *nahing twice with light petroleum ether, the resulting 
material (1.85 g; 1.9 nuol) *BB diaeolved in pyridina (25 ml), berreoyl &lorida (2.6 g; 11.4 mtol) 
anddknethylamino~idina (IMAP) (ll5ng)ware &ded. After 11/2hatrom~ture the aolu- 
tiofl~a evaporated, the reeidlml syrup - dieeolvad in ai2Cl2, wl&md with Isaturated NaBx3 
aolutim, Waterand finallyprecipitatedwith lightpetrol~ether. lhe latteruaatreatedwith 2% 
benreneaulfcmic acid in C?l2Cl2+sCH (7:3), (30 ml) for 10 min. wehing, drying and eMposating 
left a syrup tich wsa Wtagraphed m a 0~1~ of ailice gal (a2Cl2+atxi, 93:7). 4HMR 
400 EHZ: ((DC13 + 'DfS): 6 = 1.25 00. lZl, a2 (3-8)); 1.46 (m, 2H. a2 (9)); 1.63 (m, 2H. 
CH2(2)): 2.47 (dd: UL H-2"): 2.97 (m, lH, H-2'); 3.17 (q, al, CzI2 (10)). 3.47 (q a, QH2 
(1)): 4.03 (d, lli, H"-5): 4.16 (d, UI, H'-5): 4.31 (m, hi, H'-4); 5.08 (a, Zl, (X2@); 5.71 (d, 
lH, H'-3); 6.66 (q, lIi, HI-l); 7.33 (8, 5H, 0 ): 7.45-7.65 (m, 2H,H@'mn'); 7.82 (d, lH, H&p); 8.00- 
8.12 (2d, 2H, H@'oo'); 8.57 (s, lH, H-2); 9.10 (a, Ui, Fe'). 

8-~lO-eminodecyll+raino-5~-d#1P (15). A eolutim of 13 (0.327 g; 0.48rmp1) and 1 rmpl (1 ml of 
atodc eolutim) of 2_cyanathyl~lxz+s~te inNdine (5X)- -ted invaaaoat 30'Ctoa 
syrup.'Rtesyrup-~~upinanhydrouepyridine(10ml)Mdtheeolutiarrae~~to 
drytleas. lhis prcceas *se repeated. Ihhydmuepyridine (5ml)anddicyclche~cerhcdiimide (lx!C) 
(0.5g) (6mrpl) *BB added, the reactim flask tightlystcFperrdand~eetaei&s for 4Shoureatroan 
terperature. YJhter (3ml) use added arsdtha eolutimlefthalfankur atroanterqxrature: pjridi- 
newaseva~tedun3arre&ced pressure a&the reeidua taken up inmter (1Oml)and filtered to 
rmmwedicyclchexylurea. lheureawswaahedwallwithwater (1Oml). -ted amaurirm~ 
ride (15 ml) was added and the mixture heated at 60'C for 24 h. The aoluticn wsa cuxe&rated to 
dryn~ain~~and~~edtoa~olrmnod~010gel(l00~25crm)elutedwith50aethanol 
witha flcv rateof 4Oml perh. Racticneof1Omlwere collected. lheapprqxiate fracticma (aa 
mxitoredbywanaFh3(Iph3Ne deWnmnatim) wsre pooled, amcwtram to a mmll volume and 
ly@.Uzed, to aftid 178 ng (49%) of pure 
dismlwd in a mixture of 

arm@=@ate (14). !Ihe vr (0.2 g) was 
mathanol and vater (lsl) and * w a colrw of Ecwax+XM 

(~~Liniunfonn)(lX3an).Aftar~Bhingthecolurnfree~ehenr~idewiththemlxturcOf 
metham and water, the total eluent we evapwated todryneea and the residoedieeolved in a 
mixture of-tar (3 ml) andt-Wtamol(3 ml) antaMng nKx-@rBline (0.105 ml; 4 aq.); dicyclo- 
hexylcartrxliimide (0.259 g: 1.25 -1) diea~lved in ta 
the mixture for 4 h, TIC m silica gel 

1-e l&led drcpwiee. After refluxing 
(i ecpropanol+gL$H-fl2Or7-2-1) a- a single product 
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lwvingfasterthanthephoelharrroteter. lb wlutialws cooledatraxnte&aeratura, an inwluble 
nat~ialws ruluvsdbj filtr&icrl armdtlm filtrate was evaPoratedto&yoess.ltlerer~syruP 
*nodiseolvbdinwater.Afterthree extracticmswithdi.ethylether(15ml),thesolver!t'lasresoved 
in~~~~r~fmwrlairupwasdridlby~mtian..Ihe rddualnmterialwmdimohmdina 
ldxture (5 ml) of mter and ethsnol (l/l), @.ladiun Q1 m (long) at lO%w M and tlm 
solutialuas ~tedatrarntea~emature audatmx@eric~uvasure for 300. After filtraticu 
the solutionwas axxewnkedtodryueesbyfour cwvapxatials with pyridiue (10 ml). Ieeldual 
pyridir=--w evapratim MOB with toluen (5 ml). A mixture of ~yx~c@wic acid (178 
g: 1-l). wmter (5 ml), ~yridirm (10 ml) and tri~+utyl+dm (1.0 ml; 4.2 mml) m -ted 
toa~an8diried~4e~~with10mlofpyridine.Ihe~idualpyridinawethen 
rrmrnmdby2evaPoraticoswith5mlposticneoftolwme. 

Tha~~~~biaeoltradinfresly~8ttlleddtmathy~ulfoxidt(5ml)and~to~ 
dryIrorFhDIlQte.Ihssalu~~kaptatrrnn~t~501:24hr Pyr@w@ate (0.5 -1) (IA8 
sdrbd~be6oreandafterthree~,antar(5ml)~adrhdandther~lting~luticnisapp~~ 
toaoo~(2.5xU)an)ofDUIEce~uloeeFnthabFcarboMtefonn.'Ihs~l~Ltha!~shedwith 
water uxtil the cptical deusity of ths effluent falls to zero and theu eluted with a linear 
gradient of O-O.35 M triethylmmmiun M cartumte.IheaPpropriatefractiam,nmitomsdtyWaucl 
@m@xxus ccntentwere Pooled, -ted to drymss with a tnthtatgerature of 3O'C. All the 
residualtri~lanucmiu0 Mcarhxmteras nmrVaaWthroeewxorat.iamin lI&hwx&diasolllti~iu 
~terfio~byl~llisaticn.~~~Ledto63gofapurctri~te&criMtive 
(259 yield). MS. (FAB): 662.16 (M+H+); kBN( 400 k5Iz: (D2O)r 6 * 1.8 (m, 14H, dscyl 
proton); 1.49 (t, 2H, decyl potans): 1.61 (m, Zi, decyl ~cotcms); 2.18 (dd, Zi, H"-2): 2.68 (m, 
lH, H-2); 2.84 (t, 2H, -1 protaul); 3.38 (m, 2H, H-5' H-5"): 4.14 (dd, lH, H'4)t 4.30 (t, Hi, 
Ii'-3); 4.65 (XC): 6.35 (q, Hi, H-1): 7.98 (8, lH, H-2): 3lP+lR 162 I8ir: (D2D)r 6 (FG4H3 
as reference) - - 8.209 (d, lP, P1, Jpr_pB= 19.45 Ik); - 9.866 (d, lP, PO , Jps-pe = 19.45 Hz, 
J&&= 0 Hs): - 20.987 (t, lP, P6, Jpg_ps = Jpg_pY - 19.45 Hz). 

8-[lO+i~~l]~S'dATp (16). Tb triphtx@ate 15 (9 mg: 13.6 nuol) in 1 M 
scdiullMcarklmt ~9(02ml) 
ill d@stl@iorlm&e (0.4 h\l). 

&3ed ~llyl-N-hy&oxysuc&i&ide ester (5 mg: 14.6 -1) 
&?kactial mixture ws left at 4-C for 18 hrua, diluted with 

water (lml) axxl thm 1ceded directly cm a colum (100 x 2.5 an) sephadax G-10 afxl eluted with 
deioni~~~.Fracticne~~biotinyldATp-drainwrapmledandl~llised.'Ihcreeul- 
tirg material wms Purified by HPIC on blucleceil 5C 18 (4.6 x 250 mn) using a linear gradient 
ra@ng frun 5 to 5(# acetadtrile iqnhst 10-2M trietylanumiunac&ate cwer 20 min. at1 
ml/&n (1.8mg, 15% yield). MS. (FAB): 888.63 (&). 
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Flgure 1: l~-m~ spectra of dATP derivative 15 measured at 400 MHz - 

Flgure 2: 3lP-WR spectra of dATP derlvatfve 15 - 


