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• ummary - Tht! ust! of rcrr-butylphenoxyacctyl for -pruledion of nucleositle ba,es during oligonm:leotide synthesis facilit:lles its 
removal under mi ld cond irions. T his protecting group reduces depurinJlion o f deoxyadcnosine residues , and minimize.~ prematu re 
de.~il ylmi on rcsulLing in chain dcgr.tdu1ion during po~t ynthcsis worku p of ~ynll,~ti c; R A . 

chemil.'al sy nthesis ot' ON/\. KNA / chimerii: olig11n11deolides / synthetic rihnzyme / oligonucleotide m elhylphosphonate diesters 

Introduction 

Solid uppon assisted synLheses of DNA and to acer­
ta in ex tent RN A o!igomer. are routine proce . . es , and 
with the he lp of an a utomated DNA synthesizer DNA 
chains nf up to 4~50 hases long can be achieved 
within a few hours. However depending on the nfllur 
of Lhe oligonuclcotid c hain and d prote ·tion . t ra tegy 
{room temperature v.1· e levated temperature), po. t-syn­
the. i. steps <.:an take much lo nger than c hai n 
assembly. Long e ,,;posures to concentrated ammonia 
does not affoct the quality o f normal synthetic 
dcoxyoli1,onucleotides, but in the case of synlhe tic 
RNA. methylphosphonate oligonucleotid dicstcrs, or 
oligonuc leot idcs containing 4 -thiothymidinc or 6-thio­
guano in~. there is a need for milder deprotccrion 
condi ti ons. 

Since o ur inlro<luction of ~ -cyanocl"hyl as a t mpo­
rary phosphorous protecting g roup [IJ for facil ita ting 

Abhn,viarion : rBDMSi. t -buryl dim~thylsilyl: tBPA, 1-butyl ­
pht:noxy acetyl; T HF, tctrahydrofuran; 'PG, controlled pore 
glass; PAGE. po1yacrylamidc gel electrophoresis; DBU. diaza­
tiicyc lo--u ndect!ne; DCA, dichl1Jruaccric acid; TC A . trich loro 
aceric acid; DIPEA. dii opropylethylamine; DMF, . -dime­
thyl fonnrunide; ti<.: , 1l1in layer ' hromatography: TEA, triNhyl­
amine; -liz, N-benzoyl: N-dmf. N -dimethy lfonnamidinc; 
ibu, - isohut yry l; vac. vacuum; aHC'03 1,oln, ~odium 
hicarbonate solution. 

po I-synthes is workup and minimizing side reaction ·, 
recent cfforrn have been geared towards the use of 
more labile exocyclic amine protecting group . u~e of 
labile protecting groups not only faci litates D"'lA/ 
R A synlhesi · but also allows incorporation of mod i­
fied and base sensit ive nudeo. ide . . Protec ting groups 
such as phenoxyacetyl L2J, and djmethylam inoform­
arnidine l3.4] have been introduced ur re-adapted for 
phosphorarnidite and H-phosphonate chemistries. Use 
of the phenoxyacetyl group for exor.:yclic amine pro­
tec tion. especia lly for guanosine, remains problematic. 

N-phenoxyacely l 2'-deoxyguanosine phosphorami­
dites tend to fom, ge latinous precipi tates in a(eto­
nitrik sol ution, rhus requiring the use of DMF .is a 
co-'iolven1. Dimethylformamide is frequently contami ­
nated with free amines, which can in te rfere during 
amidite coupling. Si mil arly, the s tability of dimcth I­
amino formamidine derivatives of deoxyadcnosinl' l4j 
towards acids o r bases used during o ligonuc1cNide 
synthe ' is i questionable and chain branching can 
re. ult. Other protecting groups such as the tBDMSi­
ether of 2-hydroxymelhylbenzoyl 151 is not readily 
available for the synthes is of large amounts of nudeo­
side building bloc ki,. T he phthaloyl gTOup f01· N­
protection of de:oxyadcnosine ha.-. been succes lully 
used [61, buc it is d ifficull to introduce for C and G 
nuc!eoside . 

He re, we describe the use of r-butylphenoxyace tyl 
171 (1BPA as a useful al ternati ve for protec1i011 of 
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exocyclic amine groups of nucleosides including cyto­
sine. Thi -protecting group i. stable wwards typical 
acidic and basic reagents used in au1omated DNA/ 
RNA synthes is follow ing e ither standard phosphor­
amidite or H-phosphonate chemistries. Problems asso­
ciated with solu bili ty of deoxyguanosine-pho. p hor­
amid ites u ing o ther labile N-protecting groups are 
elim inated with the use of the more lipophilic t-hutyl­
phenoxyacelyl groups. N-Deacylation i: not only faci-
1 itated with the use of thi. protecting group but <lepu­
rinatjon of deoxyadcnosinc re ·idues due tu exposure 
to DCA or TCA soluti ons commonly used during 
detritylation is minimized. Tn addition , use of -tBPA 
protection jn R A ·ynthes i'> using 1-BDMSi for 2'­
hydroxyJ protection minimize,<; chain cleavage due lo 
premature desilylation 181 during prolonged incubation 
periods in concentra1ed ammonia solut ions at 55 t> . 
which i- normally required when isobutyry l- or bcn­
/,oyI-protec1·ing groups arc used. N-tBPA protected 
nucleoside building blocks now allow synthes i:s of oli ­
gonuclcotid chains contnin ing base sensitive linkages 
and/or modified nucle()sidcs. 

Materials and method 

Nucleosides, dime thuxyuityl ch lo ritJe {DMT- 1 ). trimethyl­
ch lorosilane. t-bu tylrtimethylchlorosilane, und ·i I er nitrate 
were obtained frt1m Ray,lo C hemical, , Argyl I Ro:id , Edmonton, 
Canada and Aklrich Chemical Company, PO Box 355, 
Milwaukee, Wi. coni;in SA. Solvems use<.! were HPLC grade 
and were dried over n molecular sieve (4 A). Tetruhydrofuran 
was dried and fre hly di :-.ti lletl from souiunl mernl and hcnzo­
phenonc mi;1:ture. 1-Butylpheno ya ctic a11hydridc, t-butylphe­
noxyacetyl ch loride, and ~-cyanoetl1yl-monoch!oro- . -dii.~o­
propylamino-phosphine were ob1aincd from Biusynteeh, 
Hamburg, Germany. DNA/RNA syntht.'si~ reagent~ W're 
obltlined from Millip re Corporation. MA SA. MR spectra 
wcr 1aken on a Bruker lnstrum<'nl. Au lomatecJ l) A synthe ·i­
zcr u ed were M il lipore·s 1'750 ,mtl 8400. Standard protocol.~ 
w.:rc used for u lignmcr ~ynthcsi':l unk ·s ,,,med oth ·rwi~ _ 
Reaction s teps involve(i in 1he prepi!Ialion {)f suitabl. prorected 
monomers have been outlined in scheme I . 

Synth si~· cf N -rBPA•d1•oxymu.:IC'11sidt'l ri/1ormdeositle ( I a-<') 

Synthcsi of N -prolccred nu ' lcoside w,1s carried out followrng 
tmnsient protection strategy 191. Typk:1111 nucleosides 
10 mmol) were dri.:d by coeva.purating with pyridine (J X 

50 rn l) under rcduue<J pressure and suspended in dry pyrh.line 
(50 ml). To this suspension . trimethylsllyl chloride 
(30-40 mmot) wus added th rough a syringe. After ti n'ing at 
room 1crnperature (RT) for I h, t-bucylphenoxyacetil· anhydride 
l}5.0 mmol) for A and or 1, bu rylphcnoxyu.cctyl chloride 
( ! .5 mmol) for G wa:i addtid Jropwise .11 o~c. T he rencrion 
mixrurc wa • stirred 1,11 RT f r 3---4 h w ilh monitnring by tic \thin 
layer chro111a1ography1 ( 15o/r, MeOH in CH~ 12). On comple­
tion, the reaction mixture was trealed wi th me ihanol (5 ml) fol­
lowed by water ~5 tnl) . The o rg:.mic solvt:nts ,md hydroly7.cd 
s iJy l derivatives were rcmovt:d by r,Jt:iry evuporntnr· under 
/"t'uuced pressure. ·n1e vi._cou.~ mass wa~ then rreaktl with ice 
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Scheme 1. Synthesis of N-tBPA-prote<.;ted nude,oside and 
reat.:t ivc phosphorus derivat1vcs. 

c ld w.11er. Solid resit.lue obtained wa washed with hexam·­
c1hyl ucetace ( I: I mi>:.Lure, and pale yellow oUd was finally 
d1'led over pho~phorus penlaoxidc under val :uum to yie ld 11bo1rt 
7-8 rumnl of N -protected nucleoside. 

S •11/hesi.1· of N-t/.JPA-5 '-0-0MF deo.9•m1dttosidel rlbo1111deoside 
(~ a--c) 

Dimcthoxytritylacion reaccion was performed following stan ­
dard mt:lhod.s. The dried N -1-butylphenoxyacetyl nucleoside 

TO mmol) was dissolved in dry pyridine (50 m l). 
Dimecho,,.ytrltyl chloride \ l. I eq) was added portionwise ova 
I h at RT. Afle.r 3--4 h of stirring. when 90% of the matt:ri:ll 
converted into de$ired product, reaction was quenched wi th 
ethanol. Pyridine wa~ remo ed and viscous oil was taken up m 
e1hy l a..-eca1c. Ethyl atetate so!u11on wa washed with cold a111-
rated NaHCO~ soln. O rganic layer was washed once wi th i;aru­
rated aCl 1-olution and dried over anhydrous a1S(1, . 
Cone ntr..itic n of ethyl acetate . olu t.ion under reduced pre sure 
gave a yellow foum. Purification by silica gel· chroma1ogr.1phy 
using 1::1hyl a<:t:t;Uc and increasing percent<1ge of elhaool 
(0--10%J gav light yellow to cQlorless producl in good yield 
(2:65%). 

Syn//wsis of l'-0-sify l -rirotet·ted ribo1111da11.,·ide(3 a--~· : 

Conversion ol' N-tBPA-S'-0-DMT-ribonucleosides into .'.!' ,0 
and 3'-0-silyl derivative were carried out a -cordir~ 10 ur 
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previously published method I 111, the: nuc leos ide and solid 
·ilver nitrate (0.8-1.0 e~) were dried by co-evaporating irt pyri­
dine 1mder reduced pre.ssure. 111c mixture wa!' laken up in dry 
THF {fi r A and C) or dry pyridine (for G) ·olvent 5 
ml/mmol) , and t-butylLlirncthylrsilyl hloride 11.0 cq) wa.~ added 
in two portion~. The reaclion mixture was then , tirrcd over­
night prore('ted from 1i ht. Tu this mi lure was adutld a moi1;1 
pa te of :.odium bicarhonatc anu water and stirred for 30 min. 
This T)lixturc wu,c;; fill t:re<l through a elite p.1d,ed .sintcreJ •fas~ 
funnel and solit.l residue wal'l washed thuroughly with ethyl 
nce tate. The ombincd solution wa~ com.:enlratcd anu finally 
taken up in ethyl aCeltttC, whil.'h was washet.l with cold souium 
bicarbonute an.tl saturnled sodiurn h lorj(le solution~ . The d ried 
orgunic: . olut ion was com;eatrated 10 a foam. This foam was 
dissolved in n sm:.Jl volume or methylene .:hloridc and was 
ppled out as a . olid from cold hexane. finally the desin.:d 2·-o-
1BDMSi-pror.::c1~tl 1w lco~ide was obtainetl by chromato-

ruphy u, iag si lica gel und hexane-ethyl acetate mixture . The 
pure :r -O-$i lyl regio i:-omer for C and O were also obtained as 
a rysta llinc solid from eth~r-hexane-methylene chlorit.lc 
( l :4: 1) mps for C"' 194-l96"C. G = 161-163cC) in 5 - 559l 
i~0Ja1ed yield. Attem pted cryst11ll ization of A-derivative was 
Linsucccss ful. The punty uf the rcg io is me~ was determ ined 
by proton MR. 

Gener(I/ methodji,r th,, synthe.vi.~ t?f reactive phospltom.~­
amidire deriva1i 11e (4. , 6) 

Syt1thosi of rci,ic1ive phm;ph0ru -amidire was carried out 
according to published meLhods [ l, ll . 14]- Typicall y protected 
nucleosidc \ a.s dri d overnight under high vacuum and di. -
solved in freshly distilled T H F (5 rnl/mmolj. To this solution, 
DIPEA (J.0 e4 and monoehl or -N, -dialylamin o- ~- ·ya.no­
e.thoxy/methyl phosphine ( 1.5 cq) were added . The reaction 
wa.~ moni tored by ck or by RP- HPLC for ribonuclcoside deri­
vative , On completion of Lhc reaction, solid hydroch loride was 
li llernu under argon, the clear solution was conccniratet.l and 
the residue taken up in ethy l acetate. Usual workup and purifi­
<-'ation by ·il ica gel c"l umn chrom.1tography gave the dcsiretl 
pho phoramidite in a 75- % yield. 

Synthesis id" H-pho.1ph1Jnme (7 a-<) 

These deri vatives were also m,uk. according to a previously 
described method. Dried nudeoside (2 a--c) was lrt:aleu with 
2-cbloro-4H-l .3-2-benzodioxaphosphorin-4-one ( 1.5 e4) and 
DIPEA (3.0 e4) in dry THF (5 ml/mrnol ). When all starting 
mati:ria l was consumed, Lh~ reac tion mixture was 4uenched 
with a cold pyridine-water mixture ( I: I ) at 0 °C. After removal 

f solven1 under redu.;ed pressure, the reaction product wa., 
1:1ken up in ethyl acetate and W<l:ihed with cold 0 .1 DBU-bicar­
bonate or 0.1 M TEA-bfcarbonate solution. The product in 
organ ic solvent wal', drie<l and oncentrnted w a foam , which 
was purifieJ by ,-,i liC<1 Mel column u:-ing melhylene chloride 
containing 0-10% mefhan nl and 0. 1% DBU or TEA. The pro­
du I was c:lmracterited oy pho~phorus (l·hemic:al hift . A = 
2.16. C = 1.73 and G = 1.17 ppm) and proton MR 

Results and discussion 

ln1roduction of the tBPA protecting group onto exocy ­
clic amines of nucleos ides was carried our following 
the transient hydroxyl prmection strategy developed 
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by Jonei,; et al l9J . Yields of N -protected nucleosidell 
were in the range of 65-85%. Dimethyoxytrityl. and 
t-butyldimethylsilyl in the ca~e of ribonucleo ide , 
were introduced according to standard methods 
[10, Ir 1. -tBPA-5'-0-DMT-ribonucleos ide resulted 
in a mixture of 2'-0- and 3'-0+bulyldi methyl ily l 
ethers. u:-ing tert-buty ldimethy ls ilyl chloride and 
silver nitrate. However, some selectivity toward~ the 
formation of the de ired 2'-0-silyl ether (60%) was 
ob::; rved in the reaction mjxture. The crude reaction 
producls, after precipitation from hex:anc or low boil­
ing peLroleum ether in order to remove unreacted pe­
cies of t-butyldimcthylsilyl derivatives. were purified 
o n silica gel columns using ethyl acetate-hexan mix­
ture to yie ld the pure 2'-0 -: ilyl derivative 45- 50% 
yield). Regio- isomcric.ally pure. 2'-0-siJy l cytosin and 
guanosi ne nuclcosid s w re cry. tallized from hexane~ 
m thylene chloride-ether mixture (4: l : I , v/v/v). The 
puri ty of these 2'-0-si ly l isomers was determined by 
melling points and spectroscopic properties. 

D eox yn uc leoside-l3-cya.11 oethy l-N ,N-diisopropyl ­
amino-phosphoramidjtes we.re obtained using our pre­
viously de. cribed melhod [I] and su cessfully puri­
fied on large scales in high purity (:?98.5%) u ·ing 
silica gel column chromatography or a Waters Prep 
500 HPLC. M thylphosphinamidites of N-t BPA dA, 
N-t BPA dC and N-tBPA dG derivatives were also 
similarl y prepared u ·ing monochloro-N,N-djsopr pyl­
arnino-methyl pho!'!phinc 114] ( 1.5 eq) and N. -diiso­
propylcthylamjne (3 .0 eq) in dry T HF. T hese deriva­
tive were purified on silica colu nrn using crhyl 
acetate-hexane or ethylacetate. ProducL were ch,irnc­
terized for purity and regiospecifictiy by proton and 
pho!iphorus MR. 

In order to prepare various alkyl -amino pho phor­
amidites, the desired mo nochlorocyanoelhoxy-N,N ­
diaJkylamino (N.N-d imerhy lamino/N,N-dielhylamino/ 
N,N-diisopropylamino-/and -morpholino)-phosph ines 
were prepared according ro publ ished methods [I , I I]. 
Then N-tBPA-r ibonucleosidcs were converted into 
these various phosphornmidites in dry T HF usin di­
i.~opropylethylamine {3.0 eq) and the monochlorophos~ 
phinc 1.5 eg). The react ion of the free 3'-hydrnxy l 
group was complete within 4-8 h of Stirring at RT. 
rsolacion of . -dimethylam ino phosphoramiditc by 
aqueou · bicarbonate extraction followed hy purifi­
cat ion on a sil ica ge l colu mn was achieved in good 
yield (50%). Interesti ng ly. the stability of this spedes 
in ac:etonitrile solution was short (approximately J h). 
All other dialkylaminophosphoramidites were isolated 
in pure form (~98~ according to 3 1P-NMR and 
~9.5% . '- isomer). or the e, the morpholino phos­
phoramidites were the most , table in solution, yet 
lea t reactive in coupling to support bound nucleo-
ide res idue . 

N-tBPA deo ' ynucleo ·ide- '-0-H phosphonate /,alt 
of tri ethylamine or diazobicyclo-llndecene (D RU) 
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were prepared in dry THF using 2-chloro-4H-l ,3,2-
benzodioxapho phorin--4-one L 12, 131 :md the products 
were ubsequcntly converted into the more stable 
ammonium salt wilh either ITiethylammonium bicar­
bonate or DBU-bicarbonate solution (0.1 M). The 
crude H-phosphonate salts w r purified by silica g~t 
column chroma.togrnphy u8ing. methylene chloride­
methanol mixtures 5-15%) ontaining DB or tri­
ethylamine (0.1 o/,:J_ High purity and good yield (60-
65~) of dA and dC H-phosrhonate salt were obtained 
after purification. Allhough rea ·onably good yield of 
dG-H-phosphonatc DBU ·alt (50~ ) was obtained . 
purity. according to phosphorus NMR was onl y 
96--97% . 

CPG derivatives J'unctinnalized with N-tBPA pro­
tected nuclem;idc:s were synthc!ii i e<J viu their 3'-0-
succ inate nilrophenyl e ·te rs . A lmos! identical load ­
ings of up lo 40 µmol nuclcoside per gram of s upport 
were obtain d. 

Stabilities of N+butylphenoxyctcety l protcLted 
nuclcosides towards chemi al reagents used during 
oligonucleotide ynthe is were dctem1inec.J. A small 
amount of the -tBPA protet:1ed nuc lcosi.des were 
treated with various reagents usc:d in DNA synthe<;i8. 

N-tBPA <.leoxycytidine wa stable towards all tbes · 
reagent._ . ln a mixture of acetic anhydride N-methyl­
imidazole pyridine it gave the desired 3',5'-0-diacery ­
latcd prm.1ucL as expected. - t-BPA-Deoxy adenosinc 
and +BPA-deoxyguano ine were rable in iodin . 
acetic anhydride and -methylimidazole so lu tion». 
However. during acetic anhydride / N-methylimid ­
azole / pyridine treatment. some conversion oft-BP/\ 
deoxyguanos ine imo 3'-5'-0-. -triacetylated-deox) 
guanosinc was observed. This wa confirmed b 
similar treatment of 3'-5 '-di -0-1etrai, opropylsilox y 
N+BPA deoxyguanosine. This transamidarion of 
IBPA dcoxyguanosine wa pre vented by the u ·c of 1-

butyl phenoxyatelic anhydride (t-BPA anhydride 
( IO~ in THF}), which was as effective as acetic 
anhydride in capping non-coupled 5'-hydroxyl group~. 

A sma ll amount of depurination of N-rBPA deox) ­
adeno. ine in DCA so)ulion was obsefved, thi s effec t 
wa. investigated in detail by synthesizing the dimer 
<.l(TA) and trimers d(TTA) and d(CAT) on PG sup­
port s ,1ia pho phnramidite. and comNred with sy11 -
thcse: utilizing N- bz or N -dimethylformamidino 
deox.yad no~ine phosphoramidites. The extent of g l. -
co:ide bond c leavage was deterrnin d by measuri g 

A) TA - DEPURINAT!ON B) TTA SUBJECTED TO DCA SOLUTION, DEPROTECTED AND 
ANALYZED BY RP-HPLC 

Depurination of 3'·terminal dA 
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(iv) MADE FROM bzdA . INCUBATED IN OCA FOR 64 HR. 

Fig l. Effccl of 3% D A solution on dcoxyad no:-ine bound to solid supports. 



tJ1e amount of full length dimer and trimer pre ·enl 
afler incubating the support in DCA _solution for 
various lengths of time foll wed by cleavage from the 
support and deproceclion with concentrated ammo­
nium hydroxide prior to HPLC analysis. Similar expe­
Ti ments were carried out using N-bz and N-dmf 
cleoxyadenosine derivatives. The comparative rates of 
depurination and qualiry of product :.ir shown in 
figure L No significant depurination during a no1mal 
1.0 µmo! s ale ynthesis cycle is observed with any of 
the above deo:1.yadenosine derivatives. Nevertheless 
the e derivatjves did show increa. ing am1 unt.<. of 
depurioat.ion when the dimer. and trimers were incu­
bated for longer period~ with acid. The rate of depuri­
nation was more pronounced for N-bz dA as com­
pared to N-tBPA or N-dmf dA derivatives. 

Removal nf the N-protectinR ~mup from the .synthetic 
oliRonucleotide 

It is w 11 known that removal of the N-protecting 
group from dcoxyguanosine is the limiting .step in 
deprotection: therefore. its removal with NH"-40H solu­
ti n at RT using variou N-protected deoxyguanosincs 
c111 ·hor d to CPG beads was stud ied . Complete 
removal of tBPA from deoxyguanosine was achieved 
in I h at RT as shown in figure 2. This removal was 
nl.'io complete within 15 min at -5°c. In addition 10 
aqueous concentrated ammonium hyuroxitle solution, 
N-deacylation as also t:a rriet.l oul with: i methanol­
ammonium hydroxide (1:3, v/v) solution- ii) ethanol/ 
methanol saturated with ammonia ga : and 111 an 
anhydrous methanolic solution f rotas. i.um carbo­
nate ('50 mM); obtained by warming up the uspcn­
sion. Th se milder deprorection conditions were also 
able to completely rem()ve the t-butylphcnoxyacetyl 
~rnup. 

Ci,nr-ellffdilt-ld Arn monln. 

Room femperalum 

pro/CCllld dG 
IO!al 1iG 

0.4 

0 2 3 
t (hours) 

Fig 2. Deprolcction of G protected nudeosii.le. 

5 6 

l7 

0/igonudeotide s nthesC's 

Synthei;e. of DNA and R A oligomers were carried 
out on Millipore automated Cyclone or Model 
875( 0. A synthesizers u. ing phosphoramidite 01· H­
phosphonate chemistrie. and standard protocols. In 
ynthc c · using tBPA nucleoside pho ·phoramidites. 

tBPA anhydride was used instead of acet ic anhydride 
in the capping reactions . Concentrations of amidite 
u cd in the sy ntheses were the same a tho c for s1an­
dard N-b7. and -ibu protected monomers (50 mg/ml . 

DNA synthesis 
Another major c ncem in DNA synthesis is 0~6 modj­
fication of deoxyguanosine residues during symhcsis 
ancl ammonia deprotection. We symhesizetl d G'f) 10 
oligomer us ing different orders for the oxidation (ox ) 
and capping (cap s teps (e.i/ ox-cap, cap-ox, cap-ox­
cap . Following the e synthe es using tBPA pho ·phor­
amidites and deprotection with cone NH,10H at 5.1°C 
for 15 min. products were analyzed by UY, HPLC and 
enzymatic degradations. In each case.. we found 1hc11 
product quality. quantity. UV spectra, HPLC and 
enzymat.ic degradar ions gave resu lts which "'ere 
almo. t identical (table l ). 

Although we did nor . ee any . ignificant di ffercncc 
in the quality of the product. lightly better yie ld , of 
purified material were obtained when an extra capping 
. tep wa in1rodu ed in lhe synthesis cycle. Several oli ­
gonu<.:leutide: ranging from 16-100 base long \\ ere 
symhesized in good quality using tBPA pho ·phornmi ­
ditcs, We therefore. pr fer the cap-ox-cap protocol in 
our syntheses. Oligodeoxynucleotjdes were also :-yn­
thesi/ed in good yield us ing H-phosphonate salt·. of 
appropriately protected N-tBPA deoxynucleoside:- . 

Synthetic uligonucleotides obtained from N-LBPA ­
protected nucleosides following either pho phorarni ­
dite or H-phm,phonute ·hemi uy were analyzed for 
base modifications by complete degradation : nro 
deuxynudeosit.les by snake venom phosphorodie~ter­
ase (SVPD) and alkaline pho phatase (BAP) a, sh(1wn 
in figure 3. These analyses all gave the four expected 
dcoxynucl asides in the appropriate ratios for the 
sequences synthesized. DNA synlhcsized from N­
tBPA protected nucl o ide monomers were :,!so 
effective in DNA sequencing un<l polymerase d ,u in 
reaction (PCR) studies (data not shown). 

RN srnilwsi · 
In R ·A synthe · is usino tRDMSi for 2'-0-hydroxyl 
protection, il i considered tlrnt long expo:ure. to 
concentrated ammonia at elevated temperal'ur~c:; 
re ult. in ome desilylation which promote:; chain 
cleavage and ultimately gives poor yields of the 
d sired RNA product. To investigate the effecl of 
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Table I. The resuhs of d(GT) IO synthesis on 0.2 mmol scale with different orders of capping and oxidation after each couplinp 
step: I) ox.idalion-capping; 2) capping-oxidation; 3J capping-oxidation-capping. 

Order of Crude material Purified material Coupli11g effldem:y based Base inegrity 
capping and OD a1 2fi0 nm OD at 260 r,.m 
o;i.idation 

Ox-cap 30 13.5 
Cap-ox 26 14.6 

Cap-ox-cap 31 16. l 

longer ammonia or e thanol -ammonia treatments for 
removing N-bz and N-ibu, we studied the 2'-0- ilyl 
protected dimers rAT, rCT and rGT. These dimers 
were synthesized using N-tBPA, 2'-0-TMBSi dbonu­
cleoside phosphoramidite . After synthesis, the 5'­
DMT-group was removed and the dimer products 
were i ·olaLed in pure fom1 by HPLC. The products 

A I 
,, 

i\ 

I : 

1:/ 
11./ 

I "I I 11 
II 
l 

1----- -..J \ '-----~-----I..=---- -

011 DMT-cnlnr after enzyme digest 

98.6 >99% 
96.6 >9991 

97.5 >99% 

were lhen treated with ethanolic ammonium 
hy<lroxide overnight at 55°C. We observed that pro 
longed treatment of si lyl derivatives with this solutioH 
results in significant de ilylation and/or chain cleav 
age (fig 4). Although it is not clear, we observed tb3l 
this desilylation is nucleoside dependent. Therefore. 
we believe that milder N-deacylntion method. am 

B 

I I 
I I 

/ 

I % JI 

~ j·------h-- ----- - -- -

D 
r~ ,, i 
I .~ 

---, 

-·~~ I ·1; 
f / --- ,., 

f . _ _/ ---~ \ ~ . 
• I - --- _. _____ -• 

Fig 4. Effect of ammonia olurion on 2'-0-TBDMSi of rAT dimer. A. Purified 2'-0-TBDMSi-rAT. B. Incubated with ethanohc 
ammonia for I h at 55°C C. incubated for 3 h at 55°C. O. incubated for 20 h at S5°C. 
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desirable for RNA syntheses u ing tBDMSi as the 2'­
hydroxyl prolecting group and this labile group 
should be highly beneficial for RNA synthesis. 

Fig J. Efl7:ymalit: degradation of HPLC-purified 24-Mer. 

In comparison to DNA synthesis, RNA synthesis 
coupling times arc much longer for N,N-diisopmpyl­
amino phosphoramidites. We investigated the m,e of 
other dialkylamino and N-morphilino phosphorami­
dites for fa ter coupling fjmes. N,N-Dimethyl­
aminophosphoramidites were the most reactive but at 
th same time were very unstable in olution. ,N­
diethylaminophosphoramidite had . lightly better 
coupling kinetics compared to N,N-diisopropylamino 
phosphoramidires. We ynthesized several R A oli­
gomers u ing either N N-diethylamino or N,N-diiso­
propylamino pho phoramidjtes which were then llSed 
in :ludies of riboz;yme activity of . ynthetic RNA. 
Three chimeric (DNA-RNA-DNA) oligomers were 
also synthesized using N-tBPA-2'-0-tBDMSi-~'-O­
DMT-ribonuc leoside-3'-0-(N,N-diethylamino)-pho ·­
phorami<lite or N-tBPA-5'-0-DMT-deoxynucleo~ide~ 
3'-0-(N,N-diisopropylamino)- phosphora.midite. The 
coupling time for ribonucleoside monomer phosphor­
amidi1e wa · 12 min with intermittent pulsing of fresh 

A) OXIDA ION BEFORE CAPPING 

r 
) ' 

l 

11 

B) CAPPING · OXIDATION - CAPPING 

., 

I A f 
L___-1~.w\~ L 

0 

TIME 

30 0 

HPLC CONDITION: WATERS DELTAPAC C-18 COLUMN, FLOW RATE= 1.5 ml/min, 
BUFFERS A =0.1 M TEAA (pH= 7_0) SOLN.; 8 ... 100% ACETONITRILE, 
GRADIENT: ( I) 0 TO 2 min 100% A, (ii) 2 10 27 min O ·> 40% B {iii) 27 to 30 min 40% B 
and (iv) 30 to 35 min 40% 8 to 100% A. 

Abs at 254 nm, AUFS = .5 

Fig S. RP-HPLC profi.les of crude synthetic DMT-rAUC-UGC-ACU-CGC-GA 

30 
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/ = Cleavage Site 

C 
C G 
A U 

C-G 

AA-Uc/ 
5'-GCGccG A UCGAGC-3' 

I I I I I I I I II I 
3'-CGCGG AGCUCGG-5' 

S-24mcr 

A-19mer 
AG CU 

UAG 

Fig 6. S24-R 19 hammer head ribo7.yme. 

tetrazole aod ani idite so lulions. Deoxynuclcoside 
pho phoramidite coupling tim s were mu h shorter. 
ln this case coupling was followed hy the ~apping. 
oxidation and capping protocol. The final 5'-0-DMT 
was left on the chain for rever.'e phase HPLC purifica­
tion. Th removal of N-tBPA protecting group was 
achieved either with a mixture or concentrated ammo­
nium hydroxide and ethanol (3:1. v/v) or with a satu­
rated cthanolic ammonia at RT wi thin 2 h. 

Prior to removal of s ilyl protecting groups. the 
ammonia solution wa .. c >mpletely evaporated. The 

ORI -

BPE! -

END -

- .. - -•. ••••• ••• 
~ S :!4-1""1 

- R f9,mer 
~ P rn-mer 

Lanes {L · > R) 1 Zd mer. 2 : 19 me, . 3 .. 24 & 19 n1ers ml~tu re1 4 3 24 me, 1.mcJ 

5 = 19 mer with M_gh 10 11, 6 & 7 = 24 & 19 mers mixture w,111 Mg2• ,on 
a1 35 aM 50 °C . 8 & 9 = 24 & 19 mers mhc1Ure wilh Mgz., 19 mer nli,o"neo 

Fig 7. S24·R 19 hummer head r ibozyme clcuvage reaction. 
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SUBSTRATE STRAND 

GU CLEAVAGE SITE 

u/ 

C 
u 

GATCC -3' 
II 1 1 I 
CTA G .5• 

C 

CATALYTIC STRAND II 

BASES IN THE BOX REPRESENT D OXYNUCLEOTIOE PART_ 

SUBST RATE STRANDS WITH DEOXYURIDINE AN D MOOIF- IED 
LINKAGE AT THE CLEAVAGE SITE. 

Fig 8. Three-piece ch1meri riboz.ym · 

dried residue was then treated with tetrnbutylammo ­
nium fluoride so lution (TBAF in THF; 1.0 M, 600 µI l 
for 20 h. Excess TBAF reagenl wa: quenched wi th 
ammonium acetate (0.1 M. pH 7.0: 600 ~LI ) and pro­
duCls were analyzed by RP-H.PLC for complete depro ­
iection as indicated in figure 5. The dc:-.ired material 
(45- 55 O.D.) for I mmol cale run wa iso lated by 
Oligo-Pak column purification. and further purified by 
pr parative PAGE (20% ). In (lUr hands, we did not 
notice a significant difference in eithe r yield or quality 
of the procluc.:l using anhydrous ethanoli c ammonia or 
mixtures of ethanol and conocntratecl ammonium 
hydroxide. Thu. ynthesized hammerhead ribozym~ 
sequen 19. 24 men;), a. shown in figure 6 wer • 
found to be efti c tive in cleaving substrate sequence · 
in figure 7. The three piece chimeric o ligonucleotid,~ 
st:quence ( l 3. 15 and 17 mer ·) were able lo fom1 
rihozy rne structures as shown in figure 8. 

Modified oli1to11ucleo1ides 

In ord r to e .~ploil the henefit of milde r deprotection, 
we util ized N-tBPA building blocks for the synthesis 
of base labile oligonucleoti de chain oligodeoxy ­
nucleo~idemcthylphosphonate dies ters LI 4, 151) an, l 
RNA chains contl:ti ning 5-hromouridine and other 
labile modified nuclco. ide . uch as 4-thiothyrnidine. 

A} 

.. v 
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B) REGULAR DIESTER OLIGOMER 
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HPLC METHOD: STATIONARY PHASE "' WATERS DELTA PAK (C- 18 (300A), MOBILE PHASE: (A) TEAA SOLN 
(0.1 M, pH"" 7.0), (8) = ACETONITRILE, FLOW RATE= 1.5 MUMIN, GRADIENT: (ii) 100% A FOR 2 MIN. {H) 30% BIN 15 MIN, 
(iii ) 50% B IN 3 MIN, (1v) 505 B FOR O MlN, (iv) 100% A IN 3 MIN AND (vii) EQUILIBRATE FOR 5 MIN. 

Fig 9. RP-HPLC 1.:hromatogram of TITCCGTCCGGAAT oligomer with m thyl phosphonaLe diester and regular phosphate 
dicslt:r linkage~. 

Base labile oligomer.\· 
One of the major demerit - of e isting methods for 
post-syn the. is work-up of methylphosphonatc oligo­
mers is the use of hydrazine followed by ethylenedi­
amine 1)r et11ylenediamine lrealmenl alone L 15 ]. 
Hydrwine i very toxic and . omewhat tends lo 
degrade pyrimidine bases a_ used in Maxam-Gilbert 
.<;equencing. and ethylenediamine L<;nd. to convert 
cytosine into arninOethylcytosine. Furthermore, tan­
datd N·deacylation with concentrated ammonium 
hydroxide ·olu tion for N-bcnzoyl and N-isobutyryl 
removal in o ligonuc leoside ,nethyl phosphonates 
leacl lo severe rhain degradation ll5J. In order to uti­
lize milder deprotcction condition. everal different 
strands of methyl phosphonate oligomer were syn­
thesi7.ed using N-tBPA protected nutleoside methyl­
phosphinamidites in acetonitri le. These w re depro­
tected wilh concentrated ammonium-hydroxide 
elhanol mi turc (3: I or methanol saturated with 
ammonia ga. for 15 min ar 55°C or 2 h :,it RT. The 
oligomers were eparated from the CPG support and 
lyophillized in a spec:!d vac. Products were analy1.cd 
hy reverse phase HPLC (fig 9) and in every synthesi.s. 
the full length product was the major peak. Similarly 
three different ribonucleotide chai ns contai ning 5-
bromouridine and 4-thiothymidine were synthesized 

using N-tBPA protec.:t d phosphoramidites. Tile ·c 
were incubated in ethanol-ammonium hydroxide inix­
ture L:3) for 2 h at RT. After removal of ammonium 
hydroxide. lhe materials were subjected to TBAF 
solution in THP ( 1.0 M, 20 h) for the removal of the 
2'-TBDMSi group. The crude mat ria1 wa · purifi d by 
. trong anion exchange column chromatograph} in 
good yield (M Gail, C Pritl, per. onal communicathm). 
Enzymatic digest of the purified material re:,;ultecl in 
the five e xpected nucleos ides in the appropriate r,niu 
fig 10). 

Back.ho,u: modified oligom.J.cleoride 
ln order to as. es · stability of N-tBPA protect ion 
toward · treatm nt w ith Beaucage' L16]. Reese 's 1171 
reagents or with sulphur in carbon/disulphide-pyridine 
mixture, we also synthesized several polypho phc,r -
thioated oligonucleotides using pho phoramidites and 
li-phosphonate monomer . After synthesis the chain 
wa cleaved from the . uppon and N-deacytated u. ing 
concentrated ammonium liydroxide at RT for 2 h. The 
products were analyzed by HPLC and 31P-NMR. ln 
each case these produ t were identical to those mad 
from standard N-benzoyl or N-isobutyryl protec ted 
oucleoside monomers. 
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MATERIAL, 5-METHYL-dC WAS ABSENT 

Fig 10. HPL profiles of a synthetic oligoribonudeotide containing 4-thiothymidine. A. Before purilication . B. After purifLca 
tion. C. Enzymes digest (SVPD and ALK phosphata e ). 

Conclusion 

The fo1Jowing conclusions were drawn: i) t-butyJphe­
noxyacet I (tBPA). is useful for exocydic amine pro­
tection for A, G and ven C nucleo ides; ii) N-tBPA 
protection i · stable towards mo t DNA/RNA syn­
thesis reagents: iii ) N -1BPA protected deoxyguano­
sine phosphoramidite is highly ·oluble in acetonitrile; 
iv) although acetic anhydride- and N-methylimidazolc 
solurion · cause displacement of tBPA to a certain 
e rent by the acctyl group. u e of tBPA anhydride in 
place of acelic anhyd1ide prevenrs thi problem; v) H­
pho. phonate DBU{fEA salts containing the t-BPA 
protecting group can be synthesized in high purity a.nd 
good yield; vi) complete removal of the t-BPA pro­
tecting group with ammonia !-;Olution is achieved 
within 2 h al RT or 15 min at 55"C ; vi) oligonucleo-

tide obtained using this 1abile protecting group po ·· 
sess 99% base integrity (by HPLC) and are al. (1 

effective in biologicaJ studie · viii) rapid deprotectio11 
of the t-BPA group allows synthesis of oligoribo · 
nucleotide in good yield with mirumal chain degra · 
dation; ix) 1-BPA protected nucleosides facilitat<­
syntheses of more labile oligonucleoside methyl · 
phosphonate diesters. other base sensitive oligo ­
nuclcotide containing modified nucleosides. and 
polyphosphorothioate oligonudeotid s. 
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