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Abstract: A new convergent synrhenc procedure has been developed for preparatwn of lanat 
heptanbonucleotuie 19, modellrng rhe laruztformed m Group II and nuclearpremRNAprocess1ng 
reaction (Splicing) The first three steps 1n this strategy involves the condensation of the 
appropr?ately protected 5’-O-levul1nylated-cytutylyl(3’~5’)ur1dme-3 *-phosphohster 4 with the 3 ‘, 
S’-drhydroxy-6-N-(4-anlsoyl)-2 ‘-0-pLxyl(9-phenylxanthen-9-yl)adenosme 14, 1n presence of an 
actlvatmg agent, to grve 15a (49%) Chemospecrfc phosphorylauon of 3’-OH of 15a afforded the 
1nrermedare 15b (92%) which was treated with mild acrd to achieve a reg1ospec1fic removal of the 
2 *-O-puryl group to give 15~ (91%) The fourth step 1s the lntroducaon of the (2-cyanoet&+(2-(4- 
nrtrophenyl)erhyl)phosphotr1ester moiety to he 2’-OH of the branch-point adenosrne 1n 15c 1n a 
single step, by using (2-cyanoerhoxy)-(2-(4-nrtrophenyl)ethoxy)-(d11soproyylmnmolp, to 
give the crucial branch-point burlding block 15d (58%), warh two dtss1mdar vrc1nal phosphates at 
2’- and 3’- of rhe branch-pornr 15d was then condensed with the appropnately protected 5’- 
hydroxy-u&y&1(3 ‘-+.5 3-(2 ,,3 ‘-d1-0-acetylcytzdrne) 11 to afford the fulry protected intermediate 
164 (S7%) Regiospecrfic deblocking of 2-cyanoethyl group froth 16a afforded the 2’-(2-(4- 
n1trophenyl)ethylphosphodrester 16b (94%), which was condensed wrth the drmerlc 5’-hydro_xy- 
guanmylyl(3’-+ SJurui1ne-3 ‘phosphotr1ester 13 to @ord rhe fully protected 17a (59%) The 5 ‘-O- 
levuhnyl and the 2-cyanoelhyl groups were regiospec1fically removed from 17a successively to 
afford first 17b (88%) and then rhe 5’-hydroxyJ’-phosphodrester block 17~ (68%) 17c was 
allowed to undergo mtramolecular phosphorylanon, m presence of an acnvatmg agent, under a 
cond1tron of hrgh dllurron lo afford rhe fully protected lariat-RNA 18 (66%) which was then 
deprotected rn four steps and purtjied to give the ftily &protected lariat-RNA 19 (29%) Detailed 
500 MHz IH-NMR and 202 4 MHz 3lP-NMR studies, using Clean-TOCSY, DQF-COSY, NOESY & 
31 P-IH-NMR shift correlation rechnlques, have uneqluvocally established the purity and the 
srructural integnly of lariat 19 

In the last few years, we have developed methodologies for the synthesis of branched RNAs various Sizes 
G lad such as branched mmer AC G 1e.f _ , branched tetramer UAC GU lg , branched pentamer, ACC and a number of 

their analogues, a branched heptamer CIJ&$ lg, a branched nonamer CUAE:? lh and a branched decamer 

GUG lh 
cCUAUCA modelhng the lmat mtron formed at the penultimate step of Group II and nuclear pre-mRNA 

processmg reaction (Splicing) m Eukaryotes (Scheme 1) We then SubJected these synthetic branched RNAs to 

high-field NMR stu&es (500 and 600 MHz 1H) to estabhsh (1) why the conservation of nucleotie sequences 

1s necessary at the Splice site of RNA mtron [adenosme (A) as the branch-point nucleotlde, guanosme (G) as 

the 2’+5’-hnked nucleotlde, and unchne (U) or cyndme (C) as the 3 ‘+ Y-hnked nucleoade] for appropnate 

ligation of exons, and (2) what are theu structural slgmticance m the formation of lanat-RNA mtmn wiuch IS 
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shown to be an essential reqmrement for ublqmtous Sphcmg reaction. The comparative high-field NMR 

spectroscopic studies have established that solution conformation of these open-chained branched RNA 

models show &sanct conformational changes upon addihon of nucleotide units 111 any of the three 2’- ,3’- or 

S-termmals of the branch-pomt adenosme block. Thus, the structures of the branched trimer and pentamer are 

smula&cJJ~ whale the structures of branched teaamer lk-a closely rmrmc the structure of the heptamerls The 

solution structures of the branched nonamer and branched decamer has been shown to form a thud category, 

Qstmct from the other shorter modelsIt 

El IVS E2 c I\, !LAG 
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Figure 1. ‘Ibe two steps m Group It and Nuclear pre-mRNA Sphcmg (Step I) Substrate (El-IVS-E2). A = Branch-pomt 
Nucleoude. the 2’4Xl of the branch-pomt adenosme (A) attacks tbe z’-phosphate of G residue connecnng the El cxon g~vmg the 
Lanat lntron which 19 still covale&y hnkcd W the cxon Ez (Step II) Upon formation of the Lanat mtron, 3’4X-l of El attacks the 
S’-phosphate of B2 gwmg the hgated exons (Bl + E2) as products. In Group II Spltcmg, no external somce of enagy such as ATP or 
GTP or a corn lexauoa wtth protan IS nqruted, only cofactor requued IS Mg2+ 

& 
Ion Nuclear mRNA sphang reauon mqmrea both 

ATF’ and Mg loo and It takes place w&m the spbceosome consutmg of 50s to 60s complex of the pre-mFWA, four small 
nbonucleqnotem partxles and as yes unknown number of assccmted protem factors 

It has became clear from all these conformational sfuQes la-u that the open-chamed branched RNA 

models adopt a rather loose and non-rigid conformanon m soluhon It 1s hkely that these open-cham branch- 

RNAs only partly rmmlc the natural lariat-RNAs because of lack of conformational constram, nbonucleoade 

cham foldmg abihnes and the resfncted conformauonal space that are expected to be present m the real lanat- 

RNA structures &her, we have reported the synthesis of the smallest possible lariat-RNAs*Uz, A”) and 
c’ G 

A/ ‘1 which have shown very n@d confmttons, and clearly, they do not nunuc the conformahon of the 
CXJ’ G 

natural counterpart. A more reahstlc synthettc hat-RNA model that resemble the natural counterpart is the 

heptamer, csu4,A$$ (19) 9 wluch 1s 3’+5’ phosphodlester hnked from the branch-pornt A to 

U~(Y-Q’@ formmg the “3’-tall”, 5’43’ phosphodlester linked to 3’ of ~2(5’-,33~6(5’~33~7(5,~31~3 

which 1s 5’32’ phosphdester lmked to the branch-point Al, gvmg a lariat-RNA Studies of the solution 

sm~ctures of a senes of synthenc lanat RNAs of different loop sizes synthesised in this laboratory (m-. tetra- 

and penta-nucleot& loop contaming lwat-RNA) 1~ have already started to reveal mtcrestmg effects of the 

size of the Ianat-loop on the conformation of the constituent sugar and phosphate backbone compared to the 

open-chamcd counterparts These stu&es Iv also show how the conformatlonal stram change upon enlargmg 

2+ the loop-size and how they affect the Mg bmdmg propemes Ad&tlonally, some constramed lanat-RNA 

loop show some mtereshng effect&’ such as conformaaonal isomensm and conformahon dependent self- 

cleaving xeacnons as seen in self-cleavmg RNA hammerhead loops 3a-f 

One of the most important considerations m the design and synthesis of lanat-RNAs IS the careful choice of S- 

and phosphate protecting groups and the strategy for mtra$lecular phosphorylation leading to the lariat-loop 

For the synthesis of lariat-RNAsl”z , i”, and 
u’ G 

A 
cu’ G 

) , we chose to use S-levulmyl group protected 
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termmal guanosine and create the 2’-ks(cyanoethyl)phosphomester function at the branch-point The final 

cycllzaaon was camed out between the 5’-hydroxyl of the 5’-termmal guanosine moiety of the 5’+3’-branch 

and the branch point 2’-phosphodlester funcaon. formmg the mnucleoad1c lariat-2’+5’-loop in A/%nd 
u’ G 

A”) Note that dus strategy allows nng expansion only through elonganon in the 5’+3’duectlon from 
CUG 
the branch pomt nucleoude pnor to the cycllzahon and 1s practical only for the synthesis of m- and tetra- 

nucleon&c lariat-RNA@2 Since our ultimate goal IS to expand the size of the loop of lanat-RNA such that 1t 

conformationally nurmcs the natural counterpart, we decided to develop a more efficient general synthetic 

strategy that would lead us to the synthesis of larger lanat-RNAs Clearly, this should be possible 1f the stategy 

allows cham elongation both 1n the 5’+3’ and 2’-+5’-dnections from the branch-point A We herein report the 

synthesis of the lariat-RNA heptamer 19 that rmrmcs the sequence of the branch-site of the Group II mtron bl 1 

of yeast rmtocondna4 

Most of the procedures for the synthesis of the cychc DNAs and RNAs, mainly because of ther putauve 

role 1n blologlcal processes - 5 8, have been based upon the phosphornester approach9 employmg the 

intramolecular cycl1zat1on reaction of 5’-hydroxy function of an ol1gonucleot1de to 1ts 3’-phosphodlester 

funcnon using an activating agent (ArSO2X type) under high dilunon condition The cychzaoon reaction has 

also been camed out 1n a one-pot fashion by generation of the S-hydroxy-3’-phosphodiester intermediate 1n 

s~ru from an ohgonucleot1Qc 3’, 5’-dlhydroxy IntermedIate and aryl-hs-O,O-(1-benzomazolyl)phosphatelo 

The high dilution condmon used for the intramolecular “tall biting” react1on (4-5 mM of the ollgomer 

mtermtiate) 1s important 1n order to mmmuze any mrernwleculur polymenzauon The “PZ SIIU method” was 

used by Bonora er al 10 for preparation of a number of cyclic ol1godeoxyadenyllc acids In line ~nth the 

“hydroxy phosphodlester method”, Hsu er al l1 synthesized three cyclic d1rlbonucleos1dedlphosphates 

r(ATp), r(Azp) and rvgp) Van Boom et al synthesized r(Ggp)g and later h1s group prepared two 

cyclic tetra-RNAs, two cyclic hexa-DNAs and two cyclic octa-DNAst2 Reese er al 13 synthesized cychc 

ohgothym1dyhc acids together with a cyclic hexa-DNA of a mixed sequence Also by the S-hydroxy-3’- 

phosphodiester method, a solid phase synthesis was developed by Barbato et al 14J5 which produced up to 

cyclic hepta-ohgodeoxycytidylic acids Khorana et al16 isolated cyclic ollgomers and especially cyclic 

dlthyrmdyllc acid as by-products 1n the course of theu work on synthesis of oligothyrmdyhc acids using h1s 

phosphcdlester approach17 

In our new strategy for the lariat-RNA synthesis, the fully protected pentamenc IntermedIate 16a 1s the 

key intermedIate that can be chain extended 1n a flexible manner in the 2’+5’-direction from the branch-point 

A, by first converting 1t to 2’-phosphodlester (as 1n 16b) and then can be coupled mth various 5’-hydroxy 

nucleonde blocks [a d1mer (13) or a tnmer or an ohgomer] The strategy was des1gned such that 1t allowed the 

use of the compatible and versatile comb1nanon of 5’-O-levuhnyl- and 2-cyanoethylphosphotnester protecting 

group 1hJu*2J8J9 in the assembly of 18 from 16a (16a -+16b +17a+ 17b -+17c +18) Dlastereomencally 

pure higher Rr 2’-0-tetrahydropyranyl (Thp) nucleoside blocks were used through out the synthesis of the 

lariat-RNA 19 The 4-amsoyl group was used for nucleobase protection, 1n order to Increase the resistance of 

the protected intermdates agamst hydrazmdo and ter&uy ammes requved for the deprotectlon of S-levuhnyl 

and cyanoethyl groups m the lntermtiates (v1de mfra) The 3’-phosphodlester block 4, the dlmenc 5’-hydroxy 

blocks 8 and 13 were synthesized according to standard phosphotnester protocol&‘Jt The branch-pomt 

bullding block 15a was prepared by the regloselecuve condensatton of appropnate dlmer-phosphodlester block 
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4 with 6-N-(4-anlsoyl)-2’-O-plxyladenonne 1422 using 1-mentylenesulfonyl chlonde (MsCl) / N- 

methyhmulazole (MeIm)21 to give the key 3’-hydroxy block 15a (49%. @*P = -7 06, -7 54, -7.23, -7 84, 

-7 93, -8 06, ) Tnmer 15a was subjected to 3’-phosphorylatlon with 2-chlorophenylphosphoro_hs(l,2,4- 

mamhde) 1n the usual manner23 to @ve the correspondmg 3’-phosphdester block 15b (9246, @lP = -5 8 to 

-9 7). The 2’-0-depurylanon of l5b was camed out usmg mchloroace~c acid 1n 2% C!H3OH-U&Cl2 at 0 ‘-‘@ 

to give the 3’-phosphdester-2’-hydroxy block 1% (91%. 831P = -7 0 to -9 1). The choice of mtroducmg a 

suitably protected 2’-phosphornester funcnon vlcmal to the 3’-phosphodlester at the branch-pomt A m 15~ was 

based on the followmg cons1deratlons (1) After cham elongahon 1n the 3’+5’ dlrectron from the branch-pomt 

A, 1t should be possible to persue the cham elongahon at the 2’-+5’ duecaon with a S-hydroxy-3’-termmal 

phosphornester block (such as 13), which reqmres that at a specific stage of the synthetic transformanons, one 

should be able to convert the 2’-phosphornester function at the branch-point to the T-phosphdester 111 a 

chemospeclfic manner (2) This means that the 2’+5’ mtemucleondyl phosphate protectmg group at the 

branch-point, generated upon cham elongation at the 2’-+5’ du-ecnon, should be compatible with the removal 

condlhon of the 2-cyanoethyl group from the 3’-phosphornester end of the 2’-+5’ linked RNA ~1 Simple 

model reactions showed that neither the 2-chlorophenyl- nor 1,1,1,3,3,3-hexafluoro-2-propyl- group= can 

be easily introduced as a part of the 2’-phosphornester function at the branch-point of 15~ through 1ts reactions 

with the poorly reactive aryl-(2-cyanoethyl)-phosphoroanu&tes25* or (1,1,1,3,3,3-hexafluoro-2-propyl)-(2- 

cyanoethyl)-phosphoro anu&tes27 This 1s further aggravated by the relatively poor reactivity of 2’-OH group 

vicinal to the 3’-phosphodlester function at the branch-point A of 15~ The (2,2,2-mfluoroethyl)-(2- 

cyanoethyl)phosphate group was on the other hand easily mtroduced at 2’- of the branch-point 1n 15~ through a 

reaction with (2,2,2-mfluorethyl)-(2-cyanoethyl)-phosphoroatmd1te, but 2,2.2-mfluoroethyl group29 turned out 

to be too stable under the condluons normally employed for the final removal of 2-chlorophenyl groups from 

arylphosphatesx.31 Although both are P-elrmmatmg groups, the 4-mtrophenylethyl32-37 has been shown to be 

quite compatible with the 2-cyanoethyl group 32, due to the differences 1n the acidities of the P-protons 2- 

cyanoethyl group 1s efficiently removable upon treatment of methylamme @Ka of the Et$VI-I+ -11 0), while 

the 4-mtrophenylethyl group 1s completely stable under this condltlon, 1t 1s however removable by stronger 

organic nitrogen bases such as 1,8-diazabicyclo[5.4 Olundec-7-ene (DBU) (pKa of DBUH+ -14) The 2- 

cyanoethyl-(2-(4-n1trophenyl)ethyl)phosphomester function 1n 15d was easily introduced by the reacnon of 

15~ with highly reactive (Zcyanoethoxy)-(2-(4-mtrophenyl)ethoxy)-(dnsopropylam1no)phosph1ne and 

tetrazole38.39 1n Qmethylformam1de-acetonimle at room temperature followed by aqueous 1odme ox1datlon to 

introduce vlclnal phosphates the 3’-phosphodlester-2’-(2-cyanoethyl)-(2-(4-mtrophenyl) ethyl)phosphotnester 

block 15d (58%, 83lP = -4 7, [-7 0 to -9 51, 31P NMR panel (a) 1n F1g 2, Ce/Npe-P ClPh-P = 1 3) The 

phosphlne reagent was synthesized by reactmg 2-cyanoethoxy-(his-(dusopropylammo)) phosph1ne ~th 2-(4- 

mtrophenyl)ethanol (8656, 6 31P = +147 8, +147.7) using a procedure reported for (b1s-(2-cyanoethoxy))- 

(dmopropylammo)phosphine39 Note that the v1c1nal phosphates at the branch-point 1n 15d are hfferently 

protected in order to orchestrate different chemical reacfivmes toward alcohol (v1de 1&a) the 3’-phosphate 1s 

a diester, protected partially with a 2-chlorophenyl group, and can easily react with an alcohol under an 

appropnate condition, while under the same condihon the 2’-phosphate 1s a completely inert phosphornester 

protected with two P-ehm1nat1ng groups (Zcyanoethyl- and 4-nltrophenyl) Two distinct groups of 

phosphorous resonances 1n 31P-NMR can be observedlhz 1n the spectrum of each of the (2-cyanoethyl)-(2-(4- 

n1trophenyl)ethyl)phosphate or (2-(4-n1trophenyl)ethyl)phosphate contaming intermediates (1 e 15d, 16a. b, 
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Cd) 

Fig. 2: 31P-NMR spectra [36 MHz] of 15d (Panel a) in CDC13+CD3OD, 16a (Panel b) m CDCl3+CD3OD, 
16b (Panel c) In CDC13+CD30D, 17a (Panel d) m CDCl+CD3OD, 17b (Panel: e) in CDCl3+CD3OD, 1% 

(Panel f) m CDCl+CD30D and 18 (Panel g) in CDC13+CD3OD at 22 Oc 
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17a-c. and 18, vrde mfra) Sample uuegration of these two groups of phosphate resonances reveals the outcome 

of each reactton steplhf [see Panels (a) - (g) in Fig. 21 In the next step. a I-mesnylenesulfonyl-3-nitro-1,2,4- 

tnaxole (MSNT)30 condcnsauon reaction was carned out between compounds 15d and the drmenc 5’- 

hydroxy-undylyl (3’+5’)-(2’. 3’-dr-G-acetylcytrdme) 8 to yreld the fully protected pentamer 16a [57 %. 

@lP-NMR, Panel (b) m Frg. 2, ce/Npe-P ClPh-P = 1 4)] 16a was then treated wrth excess methylamme m 

pyndme for 4.5 h at -20 T to grve the decyanoethylated 2’-(2-(4mtrophenyl)thyl)phosphodrester block 16b 

[94 %. @tP-NMR, Panel (c) m Fig. 2, Npe-P - ClPh-P = l-4)]. At thrs pomt, pcntamer 16b was extended m 

the 2’-+5’ drrecuon by a condensatron wrth MSNT for 6 h at -20 T usmg the dlmenc 5’-hydroxy- 

guanlnylyl(3’~53urrdrne-3’-(2cyanoethyl)-(2~hl~phenyl)phosphomestff 15 to afford 17a [59 96, (@P- 

NMR, Panel (d) m Frg. 2, Ce/Npe-P : ClPh-P = 1 6)] The 5’-G-levulmyi protectmg group was removed from 

17a by treatment wrtb hydraxme hydrate m pyndme/acehc acrd (3 2 v/v) for 5 mm at -20 “C to give 17b [88 

%, (@tP-NMR, Panel (e) m Fig 2, Ce/Npe-P ClPh-P = 1 6)] 17b was then treated wrth excess of 

tnethylamme m pyndme for 3 h at -20 ‘C to grve the decyanoethylated (2’+5’)-(2-(4- 

mtrophenyl)ethyl)phosphotnester-3’-(2-chlorophenyl)pho~h~ester 17c [68 %, @P-NMR, Panel (b) m 

Frg 2, Npe-P ClPh-P-drester ClPh-P-mestcr = 1. 1 5)]. 17~ was then SubJected to the mtramolecular 

phosphorylauon reactron m pyndme sohmon (4 mM) m presence of of MSNT (14 eqtnv. 18 h) at -20 T to 

grve the fully protected heptamenc lariat-RNA 18 [68 %, @*P-NMR, Panel (g) m Frg. 2, Npe-P * ClPh-P = 1. 

6)] Fully protected lariat-RNA 18 was then deprotected m four steps (1) DBU m pyndme for 5 h at -20 ‘C to 

remove the 2-(4-nurophenyl)ctbyl group from the 2’+5’-phosphomester, (II) TMG-aldoxmrate3031 m droxane 

water for 45 h at -20 “C to remove the Zchlorophenyl groups from the phosphates and the &(2-mtrophenyl) 

group of the guanme, (1~) concentrated ammorna for 7 days at -20 T to remove the acyl groups and (IV) 80% 

aqueous acetrc acid for 24 h at -20 T to remove the 2’-G-Thp groups The crude product (see Hplc profile III 

Fig 3a) was punfied and isolated by DEAE-Sephadex A-25 column chromatography followed by serm- 

preparative RP-HPLC (see the analytrcal Hplc profile m Fig 3b) and Dowex ion-exchange column 

chromatography (see expenmental section for details) to finally give pure Na+ salts of cycbc branched 

heptamer 19 m 29% (432 A260 o d units) isolated yreld A soluaon of 19 (-1 0 A260 o d unit) was digested 

with Snake venom phosphdesterase m ms-hydrochlonde buffer (pH 8 0) at 37 “C for 48 h followed by 

drgesuon with alkalme phosphatase gave the rmxture of all consutuent adenosme, guanosme, undme and 

cyudme m a correct tano as quanutated by Hplc (see expenmental) 

I I I I 1 I I 

0 5 10 15 0 5 10 
Rt (mm) + R, (mm) + 

Fig. 3: (a) HPLCchromatogram (Nucleosd Cl& 5p) of the wde w mutme, ehted with 0 1Mmethykunmon1um acetate 
~)/acetorumle(MeCN)(0409bBm30nun.lmVrma;A=5%M~mOlM~A.pH7O,B~509b MeCNmOlM 
TEAA. pH 7 0) The dewed product 19 eluted at Rt = 9.20 mm. (b) HPLC- cbmmatognun (on the same column wmg the same 
mnt) of 19 BS as methyhmmommn salt after punthu~on on DEAE-scphsdcx and semqnepaaave RP-HPLC 
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Characterization of Lariat-RNA, 
CUW 

Csu4,A; G3u7> W) ’ by %WMR & 3tP.NMR Spectrapcopy. 

All sugar protons, non-exchangeable nucleobase protons and phosphorus resonances were assigned (Table 1) 

usmg several 1D and 2D expenments, such as clean-TGCSY4c, DQF-CGSY41, NOESY42 and 1H-3tP Inverse 

cormlatron43 (1H at 500 MI-Ix ) Thts full asstgnment of NMR resonances m Table 1 uself suggest the presence 

of seven sugar residues, seven nucleobase mmettes and seven phosphodtester lmkages. From 1D expenments 

(Frgs 4A-C), rt was possrble to assrgn the H6 and II5 Protons belongmg to either uridme (3JBeB5 = 8 1 I-Ix) or 

cyndme (3JReBS = 7.6 Hz) residues. The TGCSY spectra (Fig. 5) clearly showed seven oscillatory relays 

ansmg from Hl’ protons of seven constttuent pentose sugar resrdues It was then possible to connect the 

aromattc protons of each nucleobase wnh rts respectwe sugar residue from the NOESY spectra (Frg 6). Thus, 

from both H8At and H8G3 rt was possible to observe crosspeaks to thetr respectrve Hl’ proton The 

pyrrmrdme resrdues could be also assigned by the crosspeaks between therr respectrve H6 and H2’ or H3’ 

protons Ftg 4D shows the 1D 3tP-NMR (202 45 MHz) spectrum in which all phosphate resonances 

connectmg the H-3’ of the first sugar residue and H5’/5” of the second pentose sugar residues (H-3-O-P-O- 

S/5”-H) are shown Thus uneqmvocal assignment of phosphate resonances has been possrble usmg the tH-3lP 

correlated spectra (Fig 7). The cychc nature of the lariat-RNA loop m 18 is clearly evrdent from the fact that 

the key mtramolecular phosphorylatron reachon of the S-termmal hydroxyl group of C6 residue to the 2’+5’- 

hnked-3’-termmal phosphodrester of U7 m 17~. should produce a new type of 117(3’p5’)~6 phosphtiester 

moiety which should be clearly observable m 3tP-NMR of the deprotected lanat-RNA 19 This has mdeed 

been observed at 6 0 90, which m lH-31P inverse correlation spectroscopy has been found to correlate with the 

H3’ of U7 (at 8 4 46) and the HS /5” of @ (at 8 4 05 and 3 96) as would be expected from the the loop 

structure of 19, thus provrdmg the stratghtforward spectroscoprc evidence that the lartat-loop had mdeed been 

formed (see the legend of Frg 7 for a hst of all other *H-SIP correlanons observed) 

Table 1 : lH-NMR (500 MHz) assignments (reference 6 (I-IzO) = 4 7 ppm) of lanat heptamer (19) based on 
1D and 2D NMR expenments such as Clean TOCSY, NOESY, and DQF-CGSY 

EXPERIMENTAL 

tH-NMR spectra were recorded m 6 scale with Jeol FX 90 Q and Bruker AMXJOO spectrometers at 90 and 
500 MHz respectrvely, using TMS or Hz0 (set at 4 7 ppm) es Internal standards 31P-NMR spectra were 
recorded at 36 or 202 MHz m the same solvent using 85 9% phosphonc acid or CAMP as external standard 
Thm layer chromatography was carned out uwng pre-coated Merck sthca gel Fm TIC or HPTLC plates m the 
followmg -methanol mrxtures (A) 90 10 (v/v). (B) 80.20 (v/v) Dry pyndme was obtained by drsnllauons 
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HSA’ 

I I I I I I 
wm 79 78 77 76 75 74 

I I 1 I I I 

pm 59 58 57 56 55 54 

wm 10 0‘5 0’0 

Figure 4. (A) 500 MHz IH-NMR spectrum of lanat heptamer (19) (17 mM) recorded at 284 
K, (B) Expansion of aromatic region (6 8 0 - 7 425 ppm) showmg full assignments, (C) 

Expansion of anomenc region (6 5 95 - 5 425 ppm) showmg full assignments, (D) 1D 3tP- 

NMR (202 45 MHz) NMR spectrum of lanat heptamer (19) 6 0 90 [G3(3’ps’)U7], 6 0 90 

W7t3’p5’)C6], 6 0 77 [U4(3’p5’)C5], 6 0 69 [@(3’pS)@], 6 0 40 [At(3’p5’)“]. 6 0 34 

[U2(3’pS)At], 6 0 05 [A’(2’p5’G)3] 
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H2iA’ 

Hl@@ 
l-m4 

H5U7 
B d 

0 H5U2 

HSc6 

0 
H1’A1 

-4 0 

-4 5 

-5 0 

-5 5 

-PPm 

I I I I 

wm 70 76 74 

Figure 6 NOESY spectra of the lanat heptamer (19) recorded at 284 K with a mlxlng tune of 
200 ms A sweep width of 4000 Hz was used for 4K data pomts m F2 and 256 expenments of 
96 scans tn Fl Quadrature detectton m Fl was achieved ~th TPPI A smne2 wmdow was 
apphed m both dlmenslons before zero-ftig and Fourrer transformatton to grve a 2K * 1K 
matnx From the spectra it was possible to aaslgn all sugar residues ~nth the help of the 
crosspeaks between H6 and H2’/3’ for pynmldines and between H8 and HI’ for purines 
[reference 6 (H20) = 4 7 ppm] See Table 1 
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wm 6 0 45 40 

Figure 7. lH-31P mverse correlated s 
recorded m the absolute value mode w tR 

ectra of the larzat heptamer (19) The spectra was 
a sweep mdth of 4000 Hz m M and 1400 Hz 111 Fl 

4K data points was used 111 F2 and 256 expenments of 72 scans m Fl A sme2 wmdow was 
apphed in both dnnenstons before zero-filhng and Fomer transformahon to give a 2K * 1K 
matrix. The followmg stx sets of 1H-31P correlations have been found (1) H3’G3(4 52 
ppm)p(O 90 ppm)HSU7(4 22 ppm) & HS’U7(4 02 ppm), (2) H3’U7(4 46 ppm)p(O 90 
ppm)H5’@(4 05 ppm) & H5”C6(3 96 ppm), (3) H3’U4(4 34 ppm)p(O 77 ppm)H4’@(3 99 
ppm) & H5’@(3 99 ppm) & H5”C5(3 88 ppm), (4) H3’C6(4 43 ppm)p(O 69 ppm)H4’@(3 98 
ppm) & H5’/H5”@(3 73 ppm), (5) H3’A1(4 87 ppm)p(O 40 ppm)H4’@(4.23 ppm) & 
H5’U4(4 15 ppm) & H5”U4(3 97 ppm), (6) H3’U2(4 33 ppm)p(O 34 ppm)HS’At(408 ppm) 
Referenced agamst water (4 7 ppm) m F2 and agamst CAMP (external reference 0 0 ppm) in 
Fl In *H-31P inverse correlatton spectrum, the H2’A1pH5’/5”G3 was not detectable The 
presence of H2’AlpH5’/5”G3 hnkage can be however substanttated from the followmg hne of 
reasonmg (1) The presence of 2’-phosphodlester m the sugar moiety of A1 was evident from 
the down-field shift of H2’ A1 at 6 5 10 which 1s most down-field amongst all H2’ of the other 
SLX pentose residues [note that correspondmg chemical shift 1s also found 111 the lmat tetramer 
and pentamer (2) From DQF-COSY spectrum (not shown) performed with and w&out 31P 
decouplmg, it was possible to measure the 3J~p = 4 Hz between 5’-phosphate of G3 and tts 
H5’/H5” (3) The H5’/H5” of G3 absorbs at 64 01 which 1s agrun typical for a 5’-m-OPO3- 

-0 0 

-0 2 

-0 4 

.o 6 

,o 8 

mm 
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from CaH2 and TsCl. Acetomtrile was d~snlled from P$I5 under argon. Dnnethylformarm de, triethylamme 
and DBU were drstilled from CaH2 under argon The cohmm chromate 

KXx 
hrc separamms of all the protected 

mtermediates were camed out mung Merck G 60 s&a gel. DBAB-Sep A-25 from Phannacia was used 
for the ion exchange chromatography. A LDC equipment wth ConstaMemc Pump model III and Gradient 
Master was used for analytical HPLC chromatography. A Gllson eqmpment wrth Pump Model 303, 
Manometnc Module Model 802C and Dynamtc Mrxer 811B Connected to a Dynamax computer program for 
gradrent control was used for serm-preparative RP-HPLC separanons 2’-G-Thp derivatives of all nucleosrdes 
used in dus work were separated and used in a drastereomencally pure form which are designated as “Low Rf’ 
or “Hrgh Rf” subsequently m the followmg expenmental sectton. All reacttons were camed out at -2OoC, 
unless otherwrse specified. After srlica gel column chromatography, some phosphodrester blocks had to be 
subJected to a 0 2M NH&O3 - C&Cl2 extractron to enhance the resoluhon of then 1H & 3lP-NMR spectra 
Compound 3: 5’-O-~~yl-2’-O-tetrahydropyranyl4N-(~~~soyl)-~~~3’-methy~omum(2- 
chlorophenyl)phosphateJg~~ (HighRf) l(1 25 g. 1.55 mmol) was condensed wnh 2’0tetrahydropyranyl-N-3- 
(4-amsoyl)-undtne9~4~ (HighR,j 2 (0 68 g. 1.47 mmol) m dry pyndme (4.5 ml / mmol) by use of l- 
mesnylenesulfonyl-3-mtro-1,2.4-tnazole (MSNT)g (1.38 g, 4 65 mmol) The reacnon nuxture was then stnred 
for 60 mm Aqueous ammonmm bicarbonate work up @amhon between concentrated ammomum bicarbonate 
solutron and dchloromethane) followed by slhca gel column chromatography (O-3% ethanol in CH2C12) 
afforded crude High Rf - Hagh Rf - rsomer of 3 (13 g) lH-NMR (CDCl3). 8 25-6 88 (m, 15H) atom, CH-6, 
U-i-5 & W-I-6.6 04-5 68 (m, 3H) CH-1’. UH-l’& W-I-5; 5 07 (m, 2H) CH-2’ & CH-3’. 4 90-4 05 (m, 1OH) 
sugar protons + 2 x tetrahydropyranyl-, 3 87 (s, 6H) 2 x -COPhOCH3.3.57 (m, 4H) 2 x tetrahydropyranyl, 
2 70 (m, 4H) -CGCH$H2COCH3, 2 20, 2 19 (2 x s, 3H) -COCH$J-I~COCH3, 1 54 (m, 12H) 2 x 
tetrahydropyranyl, 31P-NMR(CDC13)~ -7.01, -7 64 ppm. 
Compound 4: Crude 3 (1.3 g) dissolved m dry pyndme (9 ml) was stmed wnb 0.2 M acetommle sohmon of 
o-chlorophenylphosphoro-brs-( 1.2,4-mazol1de)~3 (9.3 ml, 1.85 mmol) for 40 mm. Aqueous ammomum 
bicarbonate work up followed by silica gel column chromatography (2-896 ethanol m C!H&li) afforded the 4 
(NH4+-salt, 1.05 g, 0.75 mmol, 48%, calc.from 2). Rf: 0 67 (B); *H-NMR (CDCl3+C!D3OD)8 22-6 88 (m, 
19H) arom., CH-6, CH-5, & UH-6; 6 W-5 55 (m, 3H) CH-l’, UH-1’ 8~ UH-5, 5 16-4 16 (m, 12H) sugar 
protons & 2 x tetrahydropyranyl, 3.87, 3 85 (2 x s, 6H) 2 x -COPhOCH3, 3 71-3 32 (m, 4H) 2 x 
tetrahydropyranyl. 2 69 (m, 4H) -COCH2CH2COCH3.2 20.2 17 (2 x s, 3H) -CGCH2CH2CGCH~, 1 50 (m, 
12H) 2 x tetrahydropyranyl, SIP-NMR (CDC13+CD3OD) -7 17, -8 35, -8 74, -9 20 ppm 
Compound 7: 5’-0-(4,4’-d~methoxymtyl)-2’-O-teaahydropyranyl-3-N-(4-an~soyl)-un~ne-3’-methyl 
ammonmm(2-chlorophenyl)phosphate44 (HlghRf) 5 (1 14 g, 1 50 mmol) was condensed wnh N-3-(4-amsoyl)- 
2’,3’-&-0-acetyl-cytldme 6 (576 mg, 1 25 mmol) in dry pyndme (5 ml / mmol) by addition of N- 
methyhrmdazole (595 p.l, 7 5 mmol) and I-mesrtylenesulfonylchlonde (MsC1)21 (819 mg, 3.75 mmol) The 
reacuon nuxture was then stured for 60 mm. Aqueous ammonium bicarbonate work up followed by sthca gel 
column chromatography (O-3% ethanol m CH2C12) afforded 7 (152 g. 109 mmol, 87%) Rf 0 55 (A), lH- 
NMR (CDC13) 8.05-6.78 (m, 28H) arom., CH-6, U-J-5 L UH-6.6.16-5 97 (m, 2H) CH- 1 ‘& UH-1 ‘, 5.48-5 22 
(m, 4H) CH-2’, 3’, UH-3’&UH-5, 4 84 (m, 2H) UH-2’& tetrahydropyranyl, 4 65-4 19 (m, 4H) CH-4’. 5’, 
5”&UH-4’, 3 88,3 86 (2 x s. 6H) 2 x -COPhOCH3, 3 79,3 69 (2 x s, 6H) 2 x 0CH3.3 63 (m, 4H) UH-5’, 
5”& tetrahydropyranyl, 2 08, 2 06 (2 x s, 6H) 2 x -COCH3, 156 (m, 6H) tetrahydropyranyl, SIP-NMR 
(CDC13) -7 37, -7 84 ppm 
Compound 8: The DMTr-drmer block 7 (1 52 g, 109 mmol) was dissolved m half of the calculated total 
volume of 2% EtGH-CH2C12 solunon and chtlled to OX! in an Ice bath Tnchloroacetlc acid (TCA) (178 g, 
10 9 mmol) was &ssolved m the second half of the 2% EtGH-CH2C12 solutron and chilled to OOC! pnor to 
pounng it into the drester solutron. The final concentranon of TCA was 0 055Mu. After snmng for 60 nun the 
reacnon was quenched by a small amount of pyndme and then tt was SubJected to aqueous ammomum 
bicarbonate work up Srhca gel chromatography (2-4% ethanol m CH2Cl2) afforded 8 (1 12 g, 102 mmol, 
94%), W 0 49 (A), IH-NMR (CDC13+CD3OD) 8 23-6 86 (m, 15H) arom , U-I-6. CH-5 & UH-6, 6 08-5 95 
(m. W) CH-1’8~ W-I-1 ‘, 5 84 (d, J = 8 54Hz. 1H) UH-5, 5 66-5 30 (m, 3H) CH-2’. 3’& W-J-3’, 4 89-4 23 (m, 
6H) UH-2’, 4’. U-J-4’, 5’, 5” & tetrahydropyranyl. 3 97 (m, 2H) UH-5’, 5”, 3 86 (s, 6H) 2 x -COPhOCHjr, 
3 63 (m, 2H) tetrahydropyranyl, 2 09 (s, 6H) 2 x -COCH3, 1 51 (m, 6H) tetrahydropyranyl, 3tP-NMR 
(CDC13)- -6 7 1, -7 76 ppm 
Compound 10: 5’-0-(4,4’-dlmethoxytntyl)-2’-(Ttetrahy~p~yl-2-N-(r-bu~l~nzoyl)-6-O-(2-n~~phenyl) 
guanosme-3’-methylammonmm (2-chlorophenyl)phosphate 44 9 (High Rf) (4 57 g, 4 09 mmol) was condensed 
wnh 2’-0-tetrahydropyranyl-N-3-(4amsoyl)-undme45 (High Rf) 2 (1 74 g, 3 76 mmol) m presence of MsCl 
(2 23 g, 10 2 mmol) and N-methyhmldazole (1 63 ml, 20 5 mmol) m dry pyndme (20 ml) for 60 mm After 
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aqueous ammonuun bicarbonate work up, slhca gel column chromatography (O-2% EtOH, 0 25% pyndme / 
CH2Cl~ was performed, whch afforded crude 10 (4.31 g). tH-NMR (CDC13): 8.18-6.69 (m, 3OH) amm UH- 
6 & GH-8; 6.29 (d, Jt*9* = 7.33Hz, 1H) GH-1’; 5.93 (m, W) UH-l’& UH-5,s 69-5 43 (m. 2H) GH-2’& 3’. 
4.69-4.18 (m. 8H) UH-2’, 3’. 4’. S, S’, GH-4’& 2 x tetrahydropyranyl. 3 84 (s, 3H) -CGPhOCH3; 3.70.3.68 
(2 x s, 6H) 2 x -0CH3; 3.49 (m, 6H) GH-5’,5”& 2 x tetrahydropyranyl; 146 (m,12H) 2 x tetrahydropyranyll. 
1.29 (s, 9H) 1-bu@PhC& 3tP-NMR (CDCl3). -7.66 ppm. 
Compound 11: Crude compound 10 (4.31 g) was stirred with 0 2 M acetomtnle solution of o- 
chlorophenylphosphoro-hs-(1,ZCmazohde) (22.2 ml, 4.43 mmol) m dry pyndme (28 ml) for 40 nun 
Aqueous ammomum Lucarbonate work up and,srhca gel column chromatography (3-7% EtGH / 0.25% 
pyndme / CH2Cl2) afforded ll(3 41 g, 195 mmol, 52% talc. from 2) Rf 0.74 (B); tH-NMR (CDC13): 8 27- 
6 60 (m, 34H) arom , UH-6 & GH-8.6 28 (m, X-I) GH-I’, 6 07 (d, Jr* 
2H) GH-2’ & W-l-5, 5.44 (m, IH) GH-3’, 5 05-4.31 (m, 8H) 

hy 5,37+ l,H) P-J,‘, 5 93-: 73 (m, 
2.3.4.5.5 ,GH-4&2x 

tetrahydropyranyl, 3.85 (s, 3H) -COPhOC&; 3.68 (s, 6H) 2 x -0CH3. 3 48 (m, 6H) GH-5’,5”& 2 x 
tetrahydropyranyl, 1.49 (m. 12H) 2 x tetrahydropyranyl. 128 (s, 9H) t-bu.fyZPhCO-; 3tP-NMR (CDCl3) -6.25, 
-7 57, -8 03 ppm 
Compound 12: Compound 11(3 41 g, 1.95 mmol) was condensed with 2-cyanoethanol(200 p.l. 2 93 mmol) 
in presence of MSNT (1.73 g, 5 85 mmol) m dry pyndme (10 ml) Aqueous ammomum bicarbonate work up 
and silica gel column chromatography (O-2% EtGH / 0 25% pynchne / CH$l2) afforded 12 (3.32 g. 1 95 
mmol, quant ) Rf 0.69 (A); tH-NMR (CDC13) 8 37-6 61 (m, 34H) arom , UH-6 & GH-8,6 31-6 06 (m, W) 
GH-l’& WI-l’; 5.93 (d, J = 8.3Hz, 1H) W-I-5.5.72 (m. 1H) GH-2’, 5 47 (m, 1H) GH-3’; 4.80-4 29 (m, 1OH) 
UH-2’, 3’. 4’. 5’. 5”. GH-4’. 2 x tetrahydropyranyl & -CXX$H2CN. 3 84 (s, 3H) -COPhOCH;1,3.69,3.68 (2 
x s, 6H) 2 x -0CH3.3.50 (m, 6H) GH-5’. 5”& 2 x tetrahydropyranyl; 2 78 (m, 2H) -OCH#f2CN, 149 (m, 
12H) 2 x tetrahydropyranyl, 128 (s, 9H) t-b&PhCO-, 3’P-NMR (CDC13) -7 03, -7 91, -8.11, -8 15. -8 20, 
-8.25 ppm. 
Compound 13. Deprotechon of the 5’- 4,4’dlmethoxymtyl group of 12 (3 32 g, 195 mmol) was done m the 
same way as for 7 Silica gel chromatography (O-3% ethanol m CH2C12) afforded 13 (2 65 g, 1 89 mmol, 
97%). Rf 0 51 (A), tH-NMR (CDCl3+CD3OD): 8.36-6 89 (m, 21H) amm , UH-6 & GH-8.6.15 (m, 2H) GH- 
I’& UH-1’. 5.89,5 79 (2 x d. J = 8.06Hz, 8 55Hz. 1H) UH-5, 5.49-5 06 (m. 3H) GH-2’, 3’ & W-I-3’. 4 81- 
4 31 (m. 1OH) UH-2’. 3’. 4’, 5’, 5”. GH-4’, 2 x tetrahydropyranyl & -OCH$!H2CN, 4 00 (m, W) GH-5’,5”, 
3 86 (s, 3H) -COPhOCH3,3 39 (m, 4H) 2 x tetrahydropyranyl, 2.81 (t, J = 6 59Hz, 2H) -OCH2CH2CN, 1.51 
(m, 12H) 2 x tetrahydropyranyl, 1 31 (s, 9H) t-bu@PhCG-, 3*P-NMR (CDC13) -6 93, -7 01, -8 08, -8 13. 
-8 20, -8 59, -8 76 ppm 
Compound 15a The 3’-phospho&ester block 4 (Hugh Rf - High Rf (105 g, 0 75 mmol) was condensed with 
6-N-(4-amsoyl)-2’-0-pixyladenosme 22 14 (467 mg, 0 71 mmol) in dry pyncime (5 ml) by addmon of N- 
methyhnudazole (299 ~1, 3 75 mmol) and MsCl(410 mg, 1 88 mmol) The reaction nuxture was then stured 
for 60 nun Aqueous ammonium bicarbonate work up followed by silica gel column chromatography (usmg 
the silica gel pre-washed with 1% Et3N - CH$l2 nuxture followed by waslung with pure CH2Clz) with O-3% 
ethanol/O 5% pyndme m CH2C12 afforded 15a as a white powder after co-evaporanon with toluene and 
cyclohexane (738 mg, 0.365 mmol, 49%). Rf 0.70 (A), lH-NMR (CDCl3+2.6-lumime) 8.56 (m 1H) AH-8, 
8 22-6 40 (m, 37H) arom , AH-2, CH-6, CH-5 & UH-6.6 05-5 68 (m, 4H) CH-1’. UH-l’, AH-l’ & UH-5, 
5 12-4 16 (m, 16H) sugar protons 8~ 2 x tetrahydropyranyl, 3 88,3 86 (2 x s, 9H) 3 x -CGPhGCHj, 3 60-3 30 
(m, 5H) 2 x tetrahydropyranyl & AH-3’, 2 68 (m, 4H) -COCH2CH2COCH3, 2 19, 2 16 (2 x s, 3H) 
-CGCH$H$OCH3; 158 (m, 12H) 2 x tetrahydropyranyl, 31P-NMR (CDC13+lutldme). -7 06, -7 54, -7 23, 
-7 84, -7 93, -8 06 ppm 
Compound 15b: Compound 15a (738 mg, 0 365 mmol) in dry pyndme (3 ml) was treated with 0 2 M 
acetommle solution of o-chlorophenylphosphoro-t&1,2,Cmazohde) (5 48 ml, 1.09 mmol) for 60 mm 
Aqueous ammomum bicarbonate work up followed by sihca gel column chromatography (using the silica gel 
pre-washed with 1% Et3N - CH$& nuxture followed by washing with pure CH$&j Hrlth O-7% EtOH/l% 
pyndme in CH$& afforded 15b as a wiute powder after co-evaporation with toluene and cyclohexane 
(m+-salt, 746 mg, 0 334 mmol. 92%), Rf 0.74 (B), tH-NMR (CDC13+CD30D+2,6-lutldme)* 8 59 (m, 1H) 
AH-8, 8 39-6 47 (m, 41H) arom , AH-2, CH-6, CH-5 & UH-6, 6.35-5 70 (m, 5H) arom , AH-l’, UH-1’. CH- 
l’, UH-2’, & UH-5,5 37-4 07 (m, 16H) sugar protons & 2 x tetrahydropyranyl, 3 91.3 89.3 86 (3 x s, 9H) 3 x 
-COPhOCH3,3 40 (m, 4H) 2 x tetrahydropyranyl, 2 58 (m, 4H) -COCHpZH$OCH3,2 20,2 14,2 09 (3 x s, 
3H) -COCH2CH2COCH3, 160 (m. 12H) 2 x tetrahydropyranyl, SIP-NMR (CDCl3+CD30D+lutldme) -5 78 
to-971 ppm 
Compound 15~ : The 3’-phosphodiester block 15b (746 mg, 0 334 mmol) was dissolved m half of the 
calculated total volume of 2% EtGH-CH2C12 solution and chilled to 0 OC m an ice bath Tnchloroacehc acid 
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(TCA) (655 mg, 4.01 mmol) was drssolved in the second half of the 2% EtOH-C!H$l2 sohmon and chrlled to 
0 OC prior to addmon mto the above solunon of 15b. The final concentratron of TCA was 0 055 M. After 
sturmg for 60 mm at 0 oC, the solution was poured mto 0.2M ammo~um bcarbonate solutron whmh was 
saturated with ammomum chloride and acid&d wrth dry ice and this aqueous phase @H -6.5) was extracted 
wnh dtchloromethane (3 x 50 ml) The organic phase was dned m magnesmm sulfate and filtered and 
evaporated. The resrdue was &ssolved m a small amount of dtchloromethane and pipetted mto a drethylether- 
hexane solution (150 ml) (2 1 v/v) The precrpitate was centrifuged, the supematant was decanted and the 
white plxyl-free sohd was dried in VOCLU) (NH4+-salt, 605 mg, 0 305 mmol, 91% of 15~). Rr: 0.65 (C); tH- 
NMR (CDCl+D,OD). 8 68 (s, 1H) AH-8,8.36-6 86 (m, 28H) arom , AH-2, U-I-6, CH-5 & W-I-6; 6 00 (m, 
3H) AH-l’, CT-I-l’ & III-I-l’; 5 77, 5 74 (2 x d, J = 8 12Hz.8 06Hz. 1H) UH-5, 5.19-4 13 (m, 16H) sugar 
protons & 2 x tetrahydropyranyl, 3 87 (s, 9H) 3 x -COPhOCH3,3 50 (m. 4H) 2 x tetrahydropyranyl. 2 68 (m, 
4H) -COCH#H$!OCH3,2 19,2 16 (s, 3H) -COCH~CH$OCH3, 144 (m, 12H) 2 x tetrahydmpyranyl, SIP- 
NMR (CDC13+CD3OD) -7 08 to -9 13 ppm 
Compound 1Sd. (2-cyanoethoxy)-(2-(4-ni~ophenyl)ethoxy)-(dllsopropyla~o)phosphlne (1 12 g, 3.05 
mmol) was weighed into a dry 50 ml round bottomed flask and dry 15% dimethylformamide / acetomtnle 
solutton (10 ml) was added under argon (argon balloon) Then dry and subhmed tetrazole (640 mg, 9 13 
mmol) was added under sttrrmg. and it rapidly went mto solution followed by a qmck formatron of a 
prectpitate After 3 mm sumng, solid 2’-hydroxy-3’-phosphodtester block 15~ (High Rf - High RfJ (605 mg, 
0 305 mmol) was added to the suspension and the clear reacuon solution was then stured for 40 mm at room 
temperature under argon A solunon of O.lM 12 / tetrahydrofuran / pyndme / Hz0 (7.2 1 v/v/v) (32 ml) was 
added and the reaction soluuon was stured for 15 mm, poured mto 0 1M s0d1UN thlosulfate / concentrated 
ammonmm bicarbonate solution (50 ml) and extracted wnh dtchloromethane (3 x 50 ml) The pyndme-free 
gum obtained after toluene co-evaporanon of the organic residue was then purified by short slhca gel column 
chromatography (2-8% EtOH m CH$&) to finally gtve the 3’-phosphodlester-2’-(2-cyanoethoxy)-(2-(4- 
nmophenyl)ethoxy)phosphomester block 15d as a whtte powder after co-evaporatron with toluene and 
cyclohexane (NI-I4+-salt, 402 mg, 0 177 mmol, 58%); Rf 0.69 (II). *H-NMR (CDCl3iCD3OD) 8 65 (s, 1H) 
AH-g.8 34-6.84 (m, 32H) atom , AH-2. CH-6, CH-5 & UH-6.6.23 (m. H-I) AH-l’; 6 10-5 69 (m, 4H) CI-I-l’, 
UH-1’. UH-5 & AH-2’. 5 13-4 14 (m, 18H) sugar protons, 2 x tetrahydropyranyl -OCH$L!H2CN & -OCH2CH_ 
2PhNO2, 3 88, 3 87 (2 x s, 9H) 3 x -COPhOCH3, 3 50 (m, 4H) 2 x tetrahydropyranyl-, 3 05 (m, 2H) 
-OCH$H2PhN02,2 87-2 47 (m, 8H) -OCH$H$N, -OCH$H2PhNO2 & -COCH2CH$OCH3,2 19.2 17 
(2 x s, 3H) -COCH$Z!H2COCH~, 151 (m, 12H) 2 x tetrahydropyranyl, 31P-NMR (CDCl+CD30D) -4 74, [ 
-7 05 to -9 521 ppm 
Compound 16a. A mixture of 15d (402 mg, 0 177 mmol) and compound 8 (High Rf) (291 mg, 0 266 mmol) 
was co-evaporated with dry pyndme and redtssolved in dry pyndme (0 8 ml) MSNT (367 mg, 1 24 mmol) 
was added and the reacuon mixture was steed for 6 h Aqueous ammomum hcarbonate work up followed by 
sthca gel column chromatography (2-4% EtOH m CHzCl2) gave the fully protect&&High Rf- Isomer of 
pentamer pentamer 16a as a white powder after co-evaporanon wnh toluene and cyclohexane (336 mg, 0 101 
mmol, 57%), Rf 0 55 (A), *H-NMR (CDCl3) 9 23 (br, 1H) NH, 8 70 (m, 1H) AH-8, 8 34-6.85 (m, 47H) 
arom , AH-2,2 x U-I-6,2 x CH-5 & 2 x UH-6,6.47 (m, 1H) AH-l’, 6 15-5 49 (m, 11H) 2 x CH-l’, 2 x UH- 
l’, 2 x UH-5, AH-2’, -3’. 1 x CH-2’, -3’ & III-I-3’, 5 10-4 03 (m. 27H) sugar protons, 3 x tetrahydropyranyl, 
-OCH$H$N & -OCH$I-I2PhN&, 3.84 (s, 15H) 5 x -COPhOCH3, 3 40 (m, 6H) 3 x tetrahydropyranyl, 
2 98-2 45 (m, 8H) -OCH$H$N, -OCHZCH2PhN@ 8~ -COCH2CH2COCH3,2 20,2 18,2 16 (3 x s, 3H) 
-COCH$H$OCHj, 207 (s. 6H) 2 x -COCH3, 1 50 (m, 18H) 3 x tetrahydropyranyl, SIP-NMR 
(CDC13+CD30D) [-2 61 to -3 29]& [-5 86 to -8 791 ppm 

Compound 16b: Compound 16a (336 mg, 0 101 mmol) was treated with dry tnethylamme (281 pl, 2 02 
mmol, 20% cone in dry pyndme (1 1 ml)) and stured for 4 5 h The reacuon mixture was diluted wnh dry 
pyndme and evaporated and then co-evaporated with toluene Sihca gel column chromatography (4-88 EtOH 
/ CH2C12) afforded the pentamer 16b (312 mg, 0 095 mmol, 94%). Rt’ 0.42, 040 (A), IH-NMR 
(CDC13+CD30D) 8 65 (m, 1H) AI-I-g, 8 44-6 81 (m. 47H) arom , AH-2,2 x CH-6,2 x CH-5 & 2 x JUI-I-6, 
6 34 (m. 1H) AH-l’, 6 15-5 30 (m, 11H) 2 x CH-1’. 2 x WI-l’, 2 x W-I-5. AH-2’, -3’, 1 x M-2’. -3’ & 1 x 
UH-3’, 5 20-4 17 (m, 24H) sugar protons, 3 x tetrahydropyranyl, -OCH$H$N & -OCH$H2PhN@, 3 89, 
3 86 (2 x s. 15H) 5 x -C!OPhOCH~, 3 40 (m, 6I-I) 3 x tetrahydropyranyl, 2 85-2 45 (m, 6H) -OCH2CH2PhN@ 
& -CoC&CH~COCH~; 2 19,2 16 (2 x s, 3H) -COCH2CI-I$OCH~, 2 07 (s, 6H) 2 x -COCI-I3, 150 (m, 18H) 
tetrahydropyranyl, 31P-NMR (CDCl+CD3OD) -2.37, -2 76, [-7 57 to -8.621 ppm 
Compound 17a: 16b (312 mg, 0 095 mmol) and 13 (243 mg, 0 142 mmol)] were co-evaporated wrth dry 
pyrrdme and redissolved m dry pyrrdme (0 48 ml) (MSNT) (197 mg, 0 67 mmol) was added and the reacuon 
mtxture was starred for 6 h Aqueous ammonium bicarbonate work up followed by srhca gel column 
chromatography of the orgamc residue (O-5 % EtOH-CI-I$l$ gave the fully protected ohgomer 17a as a white 
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powder after co-evaporauon wtth toluene and cyclohexane. (277 mg, 59 %), Rf* 0.53 (A); 1HNMR(CDQ3) 
9 45 (br, 1H) NH, 8.70 (m, 1H) AH-8; 8 33-6.84 (m, 69H) arom., AH-2, GH-8,2 x CH-6,2 x CH-5 & 3 x UH- 
6; 6 37 (m, H-I) AH-l’; 6.15-4.90 (m, 19H) 3 x W-I-5, anomenc & sugar protons, 4.80-4.01 (m, 30H) sugar 
protons, 3 x tetrahydropyranyl, -GCH$H$N & -GCH$H2PhNGz 3.83 (s, 18H) 6 x -cophocH3,3.30 (m, 
1OH) 5 x tetrahydropyranyh 2 90-2.45 (m, 8H) -GCH2CH2CN, -GCH$X2PhN@ & -CQCH~CH2COCH3, 
2.18, 2.14 (2 x S, 3H) -CGCH~C!H~~HJ; 2.05, 2.02 (2 x s, 6H) 2 x -CCK!H3; 146 (m, 30H) 
tetrahydropyranyl; 126 (s, 9H) r-butyJPhCO-; SIP-NMR (CDC13+CD30D)* -2.00, -2.29, -2.51 & t-7 35 to 
-8 351 ppm. 
Compound 17b. 17a (277 mg, 0 056 mmol) was dissolved m dry pFdme (0.5 ml). Then 0.5 M hydrazme 
hydrate (10 eqmv ) in pyridme/aceuc actd (3.2 v/VP6 (1.12 ml) was added to the reacuon nuxture and after 5 
mm sturmg, the reacuon was quenched by addition of pentane-2,4-drone (58 pl, 10 eqmv.) The reaction 
nuxtum was then SubJected to aqueous ammomum hcarbonate work up. The pymdme-free gum obtamed after 
evaporauon and co-evaporaaon wnh toluene was then punfied by silica gel chromatography (3-5% EtGH m 
U-X$12) to give 17b as a whne powder after co-evaporaaon wnh toluene and cyclohexane: (239 mg, 88%), 
Rf* 0 49 (A), lH-NMR (CDC13) 9 46 (br. 1H) NH; 8.67 (s, 1H) AH-8.8 33-6.84 (m, 69H) arom , AH-2, GH- 
8,2 x CH-6,2 x U-I-5 & 3 x UH-6, 6.37 (m, 1H) AH-l’, 6.17-4.95 (m, 19H) 3 x W-I-5, anomenc & sugar 
protons; 4.85-4.10 (m, 28H) sugar protons, 5 x tetrahydropyranyl, -OCH&H.$N & -OCH2CH@N02; 3 83 
(s, 18H) 6 x -CGPhGCH3,3.78 (m, 2H) CH-5’. 5”, 3.39 (m, 1OH) 5 x tetrahydropyranyl, 2.92-2.61 (m, 8H) 
-GCH2CH$ZN, -GCH$ZH2PhNGg & -cOCH2CH2COCH3; 2.05,2 02 (2 x s, 6H) 2 x -C0CH3; 146 (m, 30H) 
5 x tetrahydmpyranyl; 126 (s. 9H) r-butylphco-; 31P-NMR (CDC13+CD3OD) -1.98, -2 29, -2 54 & [-7 15 to 
-8 381 ppm 
Compound 17~: 17b (239 mg, 0 049 mmol) was treated wrth dry methylamme (136 ~1, 20 eqmv , 20% 
concentrauon m dry pyridme, 0 55 ml) and stured for 3 h The reachon nuxture was diluted wnh dry pyndme 
and evaporated and then co-evaporated wrth toluene Preparatrve thin-layer chromatography (149bEtGH / 
CH2Cl2 as eluent) afforded 17c as a white powder after co-evaporauon wnh toluene and cyclohexane: (NH4+- 
salt, 160 mg, 68%). Rf. 0 28 (A); *H-NMR (CDC13 +CD3OD) 8 67 (s, IH) AH-8.8 47-6 79 (m, 69H) arom , 
AH-2, GH-8,2 x U-I-6.2 x CH-5 & 3 x UH-6; 6 38 (m, 1H) AH-l’, 6 17-4.95 (m, 19H) 3 x W-I-5, anomenc 
& sugar protons, 4.90-4 10 (m, 26H) sugar protons. 5 x tetrahydropyranyl & -GCH$H2PhNQ2; 3.84 (s, 18H) 
6 x CGPhOCH3; 3 78 (m, 2H) CH-5’, 5”; 3.38 (m, 1OH) 5 x tetrahydropyranyl; 3.01 (m, 2H) 
-GCH&H2PhNGz; 2 07,2 04 (2 x s, 6H) 2 x -CGCH3; 1.43 (m, 30H) 5 x tetrahydropyranyl, 126 (s, 9H) r- 
bu@PhCO-; 31P-NMR (CDC13+CD30D) -1.90, -2 09, -2 88,5 18 & [-7 18 to -8 131 ppm 
Fully protected heptameric cyclic branched RNA 18: The 5’-hydroxy 3’-phosphtiester block 17c (160 
mg, 0 033 mmol) was co-evaporated with dry pyrtdme and redrssolved m dry pyrtdme (250 ml / mmol, 4mM) 
Then MSNT (137 mg, 0 46 mmol, 14 equrv ) was added to the macaon solution and was then stured for 18 h 
Aqueous ammomum bicarbonate work up followed by slhca gel column chromatography (2-5% EtOH m 
C!H$&) afforded the htle compound 18 as whne a powder after co-evaporahon wtth toluene and cyclohexane 
(105 mg, 0 022 mmol, 66%); Rf* 0 44 (A), 8.79 (s, H-J) AH-8, 8.59-6 84 (m, 69H) arom., AH-2, GH-8.2 x 
CH-6,2 x CH-5 & 3 x UH-6,6 52 (m, 1H) AH-l’, 6 25-5 00 (m, 19H) 3 x UH-5, anomenc & sugar protons, 
4 90-4 10 (m, 28H) sugar protons, 5 x tetrahydropyranyl d -OCH&H2PhNCJz, 3.83 (s, 18H) 6 x 
-COPhOCH3, 3 31 (m, 10H) 5 x tetrahydropyranyl; 2 62 (m, 2H) -OCH#H2PhN@, 2 04 (s, 6H) 2 x 
-COCH3; 144 (m. 30H) tetrahydropyranyl, 126 (s, 9H) r-bu@PhCG-, 31P-NMR (CDCl3+CD3OD).-107, 
-124,-332&[-691to-9.111ppm. 
Deprotection of 18 to 19: Fully protected lanat 18 (105 mg, 22 pmol) was dissolved m dry pyndme (0 2 ml) 

followed by addmon of 0.5M DBU / pyndme solutron (440 pl, 220 mmol) and the reaction mrxture was 
smred for 5 h, after whrch all of 18 had reacted and resulted m a new lower Rf spot on TLC (solvent A), due to 
regloselecuve removal of the 4-mtrophenylethyl group The reacuon was then quenched by addition of 1M 
acehc acid / pyndme soluhon (220 pl, 220 mmol) After a few mmutes, the nuxtum was poured into water arid 
extracted by dtchloromethane (4 x 25 ml). Adjustment of the pH wrth ammonium hcarbonate helped cleanfy 
the colloidal water phase The orgamc phase was dned through magnesium sulphate and evaporated and 
coevaporated wnh &oxane. The resrdue was dissolved 111 droxane / water (8.2 v/v) solution (6 7 ml) and to thus 
sohmon, syn-4-mtrobenxaldoxrme (256 mg. 1 54 mmol) and 1,1,3,3-tetramethylguamdme (173 pl, 1 38 mmol) 
were added After sturmg for 45 h at room temperature the solvents were removed by evaporauon m vacua 
and concentrated ammoma (45 ml, d = 0 9) was added The reaction mixture was stured for 7 days at room 
temperature and was then evaporated and co-evaporated with dlsttlled water The residue was treated wuh 80% 
aq aceuc acid (40 ml) for 24 h at mom temperature After evaporauon and co-evaporauon wtth &sulled water 
the residue was dissolved m drsulled water (20 ml) and extracted wtth Qathylether (3 x 20 ml) and the water 
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phase was evaporated to dryness Purification of 19: DEAE-Sephadex A-25 column chromatography was 
camed out by n&ssolvmg the residue m 0.001 M ammomum bicarbonate (BDH Chemicals Ltd. Poole, 
England) buffer and applted to a DEAE-Sephadex A-25 column (2 x 25 cm, HCO3- form) and eluted with a 
hnear gra&ent 0 001 M - 0 5 M - 0.8 M ammonium bcarhonate sohmon (5OOmWOOOml/SWml, pH 7 5) The 
mam peak eluted between 0.7 and 0 8 M and contamed a shoulder on the front side, wluch was collected 
separately (front fracuon, 249 Am units) The rest of the mam peak was &vtded m two equal parts (middle- 
and rear fractions, 366 and 249 A260 umts respectively). These two latter frac0ons (contamed 7580% of 
product, Judged from analytical HPLC runs) were punfied by high pressure semi-preparative Sphensorb 
S5ODS2 column chromatography 5-7 mg batches of lyopluhzed matenal obtamed from the muidle- and rear 
fractions were &ssolved each 1115% MeCN m 0 1M methylammomum acetate (TEAA) at pH 7.0 (900-1000 
pl) m Eppendoxf tubes, cenmfuged and were then inJected onto a senu-preparaave Sphensorb S5ODS2 
column (8 x 250 mm) equihbrated in 5% acetommle m O.lM TEAA Gra&ent eluuon with acetommle 111 
0 1M TEAA (O-5% solvent B (B = 50% acetommle m 0 1M TEAA) in 20 mm, 1 ml/mm) resolved the desired 
peak wth base-hne separanon (detector was set at 254 nm) The punfied matenal was collected, evaporated 
and then lyophlhzed several times (-9 x 1 ml) until the TEAA salt was removed (monitored by IH-NMR) 
Yield of pure methylammomum salt of 19.430 Am units. 18 5 mg, 6.36 pmol, 29% 
The utle compound 19 was obtamed as a sodmm salt by eluhon through a Dowex column (1 x 20 cm, Na+ 
form) with dlstllled water at 2 OC The eluted water was collected in a 50 ml round bottom flask which was 
cooled m ethanol / dry Ice bath. The freezed aqueous solution was lyophlhzed and the white silky residue was 
redissolved m a small amount of &stilled water, swiftly transferred to a 10 ml screw cap bottle and lyophthzed. 
Enzymatic digestion of deprotected lariat 19: Cro~ulus adumanteus snake venom phosphodlesterase 

(SVPD) (0 008 units) m O.lM Tns-hydrochlonde buffer at pH 8 0 (50 fl) was added to a solution of lanat 19 

(1 o d m 50 ~1) m an Eppendorf tube The resultmg solution was kept for 60 mm at 37 Oc by which time all of 
lanat 19 had been digested to mononucleotlde blocks (tin = 7 mm HPLC -gradlen? 040% B, 30 mm, 1 ml / 
mm A = 0 1M TEAA / 5% MeCN, B = 0 1M TEAA / 50% MeCN) Alkaline phoshatase (0 01 units) m 0 1M 
Tns-hydrochlonde buffer at pH 8 0 (40 pl) was added to the SVPD solution and the nuxture was kept for 18 h 
at 37 OC HPLC quantltahon of the resultmg nucleoside mixture was camed out usmg the gradent O-508 B, 
30 mm, 1 ml / mm A = 0 OlM TEAA, B = O.OlM TEAA / 20% MeCN, which showed the followmg rat10 for 
Cytldme (Rt = 3 87’ ). Undme (Rt = 4.72’ ) Guanosine (Rt = 9 42’ ) Adenosme (Rt = 14 23’ ) are 0 89 2 09 
082.1O(calculatedfor19 094 197.111 10) 
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