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Ah&act: Syn&esis oj branckd niribuuleotidcs 14 & 19, branckd penttm&muclcotides 37 
& 38 clnd brunckd hcpt~ribonucleoside 41 QIC rrporud wing the kq inzemwdiazc 7 or 9. fht 
advanlogt of wing ? or 9 ir Z&U thy CircwnvCnt Zk nttd for Cot@m~ZUZty proZccZin# gro&qs 

for zh 2 l /tydroxyi fwrcrions ad for the intemucleozidyl phosplwdies~rs in order to introduct zk 
second phosphmiiestcr bmd specifically 01 zk branch-point. All branckd ritmuc~eozidts 14,19, 

37,38 and II hove been wmnbi~wusly choroczerized by IH- & 3IP-N,UR speczroscopy. 

The cellular p&.ng of prc-mRNA in eukaryotes (splicing). both fnxn the nuclear mcs=ngcr RNA and the Group I1 type 

messenger RNA pmumm. in~ol~c~ the fomntiot-t of a “lariat” suuctum lm7. These lariat RNA smtctu~ts have adcnosinc as 

the urGquc &h-point residue which is connecti to a guanosine residue thmgh a 2’ + 5’ pbophodicsm bond, the 3’ + 5’ 

phosphodicster is linked up with a pyritnidine midue (uridint oe cytidioc) while the 5’ + 3’ phosphate residue is always 

ei~auridineorapurim 3*5. Our own interest is mainly directed toward understanding of the biological and confclrmational 

ime of the lariat formation in the the Grwp II and nuclear mediated splicing Mctiolls. Ccmsidcrabk attention has been 

directed to the synthesis of be branchal oligoribonuclcotidcsg-19, mainly owing to the inherent chemical problems encount. 

ered in the introduction of the 2’ + S’ and 3’ + 5’ phosphodiester bond regiospecifknlly at the vicinal hydroxy groups of the 

branch-point idcnosme. WC have repond regiospecifrc synthesis of branched trirr~ric~o~~6~~~ and teaamcric14 ribnu- 

cleotidcs, and have determined their solutioo conformations*62@*5 by NMR spcctmcopy~ These studies have revealed that 

the conformation of the branch-point in a given bran&d oligaibcmucleoridc is entirely dictated by the ncighhouring nucleo 

bases. Thus the predominant conformational feature of the branched airibonucleotide corel6. 20-23+ 25 is comprised of 

unnatural sucking between 2’ -r 5’ linked nuckobases and rbe 3’.pyrirr~idim residue is free and rpart from the txanch-point 

Mmosim whik the conformation of a branched tetraribcm~ckoti& mcmbkr a distorted A-RNA Mix fragmcnt2s25 which is 

easily recognized by an enzyme 11.26. These conformational studiesl6- 19-25 clurl y niscd an important qutsrioo that what 

should be the minimum size of a b-en&d oligoribonuclcotide which woutd be able to mimic the conformation of a naturally- 

occurring lariat ? Ckarly what is rmtkcl is systematic confcmmtional smdies wirh additional ribonucl~~& residues in all three 

tttmini of the bmnchcd triri~ucltotidc core (i.e. 2’ + 5.3’ + 5’ and 5’ + 33 in order to understand (I) why branched 

RNAs are fomKd in splicing maction? (2) does the free energy of activation for uanxstcnfication reactions in the self-splicing 

come fmm intron-fokling ? (3) does the Mg2+ participate in stmochcmical positioning of cxms for the ligation btcp ? (4) why 

should guanosine residue play such an important role in prccisc uanscstcrifzation mactions involved in splicing ? These 

questions have dircctcd our efforts to develop synthetic pr~~cdurcs which would produce larger hnckd oligonbonuclcotidc 

in a purr state to study lhtv confomutioos by IH-MIR sptcuoscopy. 

We herein report I new pmccdure for the syntbcsis of the km&d he@ribonuclcoti& 41, which extends in all of three 

direclionsof2’~5’,3’~5’and5’~3~frwnthec~brancheduimtr14.~bhcptrmcr41comspondstotl.te~uencc 

ar rhc branch-sin of the Grarp II intron Ml from the )mst mitochomlria27. 

It may be noted that the synthetic suatcgics for branched ~Ligoritmnuckotides which have been reputed until now&l7 are only 

suimbk for tbc synthesis of the tmncbed uimcr or an oligomcr extending only at tht 5’ + 3’ dircctioo frwa tbc tmmch-point 

4471 
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A*. Recently, Hau et al has reported l* the synthesis of a txmched ttexuntr using N6-btntoyl-S’-~~mlhoxytrityl- 

bdenosint-3’-~anoethylp~p~2’-S-phmylp~~ioatt as the key inrermodiare. Tht synthesis of this inwrmediare 

was however pcrfcltmU&~~ in seven steps with bw overall yiekl, one of the importanr steps in tht lauer sanugy invdvcd the 

sepantion of Nhm.uyldcnosiot-2’-phosphaoditilidrtc fmn its 3’-isoarer (37%)whichwasfamaIduri.ngtkdcpm- 

cctim of 3’$‘-~atrai~yl- lS&iiyl gwp by fhxkk icPn8. 

Clearly. the sequential introduction of phosphates nt the vi&al 2’- and 3’-hydroxyb at the branch-point A0 is a mandatory 

chemicaI requirement in ackr to be able to synthesize btwcM RNA by regiospecific incorporation of 2’ + 5’ and 3’ + 5’ 

phosphodiester-linked nucleobases. This demand necessarily addresses to a cenual chartical p&km in RNA synthesis that 

involves tht phosphate group vicinal to a h*xyl functio~1. Meed, it is the chemical nature of this phosphate group which 

dictates the nuckophilic rextivity of tk vicinll hydroxyl function toward the phasphatt28-30. Such a rcrction is clearly a 
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d&nant fm with 8 wrr which ir vicirul I) I hydroxyl ~rwp in -u~k81&s28 QT in di-kotidtr29* 

30. Todd CI d fm reportad such nd@xnring grwp pmticipndtmr in isanaierily porn tmmcmrrc~ W&T acidic. basic 

uMltmJIral~darr2s.m’ uapartncrofsaach ncighbodng 2’- CM raKz.kon lk vieid 3’-phtBspw Ims bca clearly 

illustrated in oli~u&oti& ryn&G a*m. IRK recent sttxdy on the synthesis of brnchbd digexncr using the H-pkspfm 

me trmbo&logy wu unsuccessful, owing to the don involving mighbouring group puticip&c&l. It has, however. 

clearly emerged that tbe phosphodicster, with a vicinal hydroxyl group, is rcucmbly suMc, even during the treatment of 

fluoride ion which has been dertxmsuatal in OUI previous work in the synthesis of branched nw~mt~s~0~~*~20 dmg with 

o%hcr works &ME clscwhac1~ .12J? 

In this paper, we rrpat the syntit of N6-knooyl-S~-~(4_mtthox~ryl)~-2’-(~ chlorophenyl)pbosphate 7 and the 

5’-O-[9-@ani~yl)~~-9-yl-l analoguc 9 as the key intumaliate which allow the phosphate chain extension in all thtu 

dtitions [ 2’ + 5’, 3’ + S’and 5’ + 37. The use of the key intertncdiate such u 7 or 9 also circumvents the need for 

complementary protecting groups for 2’-hydxoxyl functions ud for intemucleotidc mes~ers in order to inucdua the 

branching phos@aliesrr bond at the beanch-point rdcnosinc rcsiduc ~~~c#Icu!!y during the coax of the synthesis. A model 

study ( 3tP-NMR ) of tbc e&ability d key intermediate 7 or 9 hu shown that they are stabk under the condition uti for the 

ptmphofamklitt amdcnsatim [tcpuolc (7 cquiv) in dry ~tonitrilc at - 20 oC]35. Even under a slightly basic condition 

(N,Ndiisopropylethylarnine (3 equiv.) in dry acetoniuilc] after 2 h at 20 Oc compound 7 or 9 showed only - 5% phosphate 

imrmrintim which was dctcctablc by 3lP-NMR. This indicated that the cunpound 7 or 9 might k suitable for our purpose to 

be used IS the key intermediate in the synthesis of the branched digonuckotidcs. In a&r to dcrnorrmrte the utilities of 7 and 9 

in the synthesis of tnanched oligtibonuclaHide.s, we kin rrport the synthesis of two tihcd uimcn 14 & 19, two penta- 

men 37 & 38, and a heptamer 41. We Gst converted 3’. 5’-bis-p~ted-N6-btnzoyl~e~~ 1 into its 2’-phosphoditstcr 

2 and then to the 2’-phosphotriesta 3 [o-chlorophenyl and 2-phenylsulfonyltthyl (PSE) as Lht phosphate protecting groups ) 
in good yields. Then the 5’.hydroxyl group from 3 wu sp&frcrlly released by the trtatmcnt with 0.2 M aqueous HCI in 

dioxanc to produce e 4 [ 31P-NMR: -8.34 and -8.59 ] in 82 8 yicld14*32.33. The presence of the 2’-phosphomesra 

vicinal to the 3’-CG.lyl gmup, u in 4, greatly in& Iht stability of the 3’-kilyl ether hod mwud the kdic mmmn~~~ 

Tht PSE pp wu then removed by ammcn~ with triethylaminc to gcnen~c Lhc phosptiwr 5 in 90 & y&d [ 3tP-NMR: 

-7.32 1. ‘& canpound 5 upon remion with 4-mrhoxyuityl (MMTr) chloride oc 9chloro9-@anisoyl)xanthen (Mpx-Cl) at 

thc5’endgave6[ 3lP-NMR: -6.62 1 and 8 [ 31P-NMR: -6.69 ] in 98 96 and 89 9 yields respectively. tiy were subsq- 

ucntly crutcd with 0.2 M n-reuabutyl ammonium fluoride in dry THP, giving tl~ key intummediates 7 [ 31P-NMR: -6.37 ] 
md 9 [ 31P-NMR: -6.27 ] in 95 % md 89 % yields rupectively. 

As the test of our suategy, we fust condensed the 7 with the 2’, 3’di-0-acetyl- 5’-methyl diisopropylphosphoramidire 10, 

using the standard phosphitcamidite methodotogy 35 which gave the dimer with 2’. 3’.diphosph~s 11 in 70 9 yield [ 31P- 

NMR: 4.66, -1.07, -6.81 and -7.30 1. The dinxrr 11 was then condensed with the 5’-hydmxyl block 12, faming r/d/y 

At 
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(63 %p); 18 + 19 (XI %); see experimental section for details ] which also has been characterized spcc~opically (vi& 

For the synthesis of the heptamcr 41, we have employed the building block 9 in which the 5’-hydroxyl function is being 

protected with the 9-anisoylxrnthcn-9-yl- (Mpx) 3’. The decision to employ the 5’-O-Mpx group was based on eartier 

cxpericnces~7-39 that it could TV safely and ~lectivtly removed [ 0.05 M trichloeoacctic acid in chloroform-ethanol mixture. 

98:2, v/v at 0 Oc; @.5% -2 h ] from a fully protected oligonuclcottidt with 3-rncthoxy-1,5-dicarbmethoxypcntan~3-y1 

~MDMPI~~ as the 2’-OH protecting group. Compound 9 was couplal with the fully-protected dimeric 5’-methytdiisopropyl 

phosphoramidite 26 [ Scheme 1: 20 + 21 + 22 + 23, 17 + 23 --) 24 + 25 + 26 ] giving the trimer with a 2’. 

phospMiester at the branch-point. as shown in 35, in 71 % yield [ slP-NMR: -0.66. -0.88. -1.02. -1.63. -6.52, -6.62, - 

6.78, -7.00, -7.05, -7.32, -7.57 and -7.69 1. Then, the uimcr 35 was coupled with a dim&g*39 with a free 5’-hydroxyl 

group, as in 30 [ Scheme 2 : 27 + 28 3 29 + 30 1, giving a fully protected pentamer 34 in 75 % yield. One of the 

important features which was considered imputant in the design of tht/ullyprorccred 36 was that the O4 functicM of uridine 

residue, connecting to the 3’- of the tih-point adcnosine residue (A*), was protected with 2-nitrophenyl group; such/u& 

prorccred pcntamer 36 could IX themfom easily converted to either uracil or cytosine moiety depending upon the exact 

condition of the deprotection procedure as we have rtportcd before 10*14. Using thc5c pmcahm~ we deprorected 36 in two 

different ways. giving two fully deeprotected penmrs 37 IV as the 3’-residue at A’] and 3.g [C as the 3’.r&due at A’] in 26 

% and 25 % yields respectively. The sm~~ures of both pentamers were verified by the *H- ti 3IP-NMR spccaoscopy fvidr 

in,fra). We subsequently removed the S’OMpx group from the fully protected penwner 36 using 0.05 M trichl~ctic acid 

at 0 oC to release its 5’-hydroxyl group to give the compound 39 in 80 % yield. Campound 39 wu then umknsed with a 5’- 

protected dinucleotide 34 [ Sckme 3 : 31 + 32 + 33 + 34 ] in pmxnce of l-mcsitylcntru~~yl-3-niu~1.2,4-trirLole ( 

MSNT ] using 8 phosphouiester rne~ology36 to produce thcfvlly provcred hcpunm 40 in 86 9 yield. -pound 40 

was deptutcctad in the usual way and purified by DEAE-Sephsdcx ion exchange chmmatognphy to give the pure branched 
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SCHEME 2 

Chsrrcttrizatk of t)n branched oligcmucleotides by NMR sptctracopy. 

The naturally occotig atmcr 14 sJmws a IH-NMR spccmrm identical to the one which was synthcsizcd earlier by an 

i&pen- dant mtdml, whose IH-NMR resonances were compktely rssigna! (Fig. I)lo. Sirmlarly the analogous branched 

trimerl9posmses~H~ ces In the amnafic ud ammhc regions which a sepmtcd enough for assignments in order 

to show iu exact struzttm (Fig. 2). The 1H assignment is easily done by comparison with the published IH- NMR 

spccaa20*2’ of AZ% ud A;;;:;. In addition, 2D NMR experiments such as DOSE-SECSY (Duubk quantum spin-echo 

spccrmrcopy,nunadrlsoDECSY)and3*P/~?icontlationspcctnoCl9rltorwackului~mtntoffhe2’~5’rld3’~5’ 

linkages d A* aa 3mm in Figs. 3 ud 4. 
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Figure 8: 

8; 8s28 (J; 1H) H-2; 8.1 I-7.1 l(93, 14H) Bs m md PSE; 6.21 rad S.99 (2 x L Hi’) H- 1’; 5.47 (m, 1H) H-2’; 5.07 
1H) H-3’; 4.47 (no 2H) PSE; 4.08 (Q,L 3H) H-4’md H-S’, 5”; 3.60 (pl2H) PSE; 1.05 ti 28H) ~klisilyi; 3 F P- 
NMR (CDCQ>: -7.45 ad -8.01. 

Compound 4: CompouDd 3 (4 
F 

4.1mmol)rr~~~indiorunt(82ml),~~~~lutiaawuyLArrl0.2M 

adai 
uuwshydnxb.Mc&d(S7ml,nstdtiagm 

~uCntlyaOLacpdK~miXtW 
ts4lution.AfewdroprofthiraZMllpueacrHC1rolutionrre 

tAfterZh,tJu~w&8qqtlarhadby~#intotikc~ 
~b~~rduricaCMOmll,urdamvtiDIwilh~Tbeapaic~wudriadrrdpri8sd 
bysiliagclcdwa wy. Yku 3.331(82 9) lH-NMR (a>afl_ d diamwan): 8-74 ad 8.67 (2 x b 
1H) H-8; 8.24 and 8.15 (2 x t 1H) H-2; 7.99-7.14 (m. 14H) Bz, ClJ% md PSE; 6.22 (92 1H) H-l’; 5.63 (m, 1H) H-2’; 
S,OS (pa 1H) H-3’; 4.37 (m, 3H) H-4’ rod PSE; 3.98 h W) H-S’ and 5”; 3,3S & 2H) PSE; 1.06 (m. 28H) 
tcmigmpykiidlyL3~P-NMR (cDc13): -8.34 red -8.39. 

d S: To tk mbtkm of 4 (1.42 8, 1.47 mnrol) in dry pyridh (28 ml) rrltl &al wicthyluuhc (3.9 ml. 28-6 
4smi&t!mltmim mixntrrcwUdrjedIrrwcvb,radppifibdbydar~gdoOl~chromr~p)ly. 

YieU 1.07 0 (SW 8 1. lH-NMR (-3 + CD$t0): 8.71 (r 1H) H-R 8.W (r 1H) H-2; 8.1s - 472 b NH) Br; PSE 
rad~61)6(9.J-7.6Hz. lH)H-l’;S.S2cm, lH)H-2’;4,93(&J-k6Hr. 1 

r 
H-3’;429& lH)H4’;3.87& 

2H) H-S’UK! S’: Z&S k 6H) Et3Nl-k I.(18 & 37 H) Et* ud a-l IP-NMR + : 
-7.32. 

(CDU3 C@0D) 
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CompamdP;ComQGlad8(847~,0*76uwld)--vrithn- tlc8&7hrmIoWtfloaidc(4.9~)inbryTHF 
(24.5 mu) in a simih way ts fa bw prpcntioa ot7. Yield: 600 W+ (W a). H-NMR (-3 + @&A$: 9.10 B 1H) 
NHB~ 8.64 (t 1H) H-8; 8.16 (r lH-) H-2; 8.0s - 6.64 (m, 2lH) Bs Mpx and c+C!F?G 6.24 Qi, I - 6.1 Hz, WI H-1’; 5,38 
b lH) H-2’; 4.73 (dd J I 4.6 Hz, 1H) H-3’; 4.25 b lH-) HA’; 3.71 (a, 3H) We; 3.29 (pL w) Ii-5’md 5”; 3.02 (oz 
#I) Et3NH; 1.31 L 9H) Et3NH_ 3lP-NM.R (axs3 + pyraWl5): 4.27. 

z0.M rpmd), 10 (428 mg. 0:7 *I + lA3A-tttruok (490 mg, 7 nnW wz 
rstxmfar30lmJ.I.0.1 M~mmuaaedTHF:twun:pyridrne(8:1:1,v/v)v) 

Wdditxao)adidanfde.Afu20min,rfK~wutwabadup~Q3M 
tYkthylumxmilun~-@H7 arMIs 

? 
UIdpkfKdbySbRt~gcl-~y. 

Yield: 82 mg. (70 %), Rf: 0.55 (Solvent 0 3 P-NMR (cDa3): AI,66 -l.o7,d81 lrad -7.30. 

Coqaunrd 13: Gxn~ 11(67 ml 0.05 mad) d 12 (53 mg. 011 mmol) xad MWT 004 utg, 0.35 mrrd) ware 
dissohdindrypyrhc(3ml).AfWfiF+cdon falbmduurrl~up,tbtpoductwu~~bydlicrgclcdumn 
caphy. Yicbd: 81 mg. (92 96). Rf: 0.5 (Solvent B). 31P-NMR (CDCl3) : -O.l5,-0.51, -0.56, -1.03, -8.18, -8.40, 
-8.62 and -8.86. 

colrrpawd 14: compound 13 (53 & 0.03 ~1) was dhdvd in - : wll~ (8:2, vtv) (9 ml) sdutioa To tbc 
soluritm, syfi4nl ‘tr&auAorimt (104 tug, 0+63 armol) md l,lS,heaaaAy~ (0.078 ml, 0.6 d) yet u&cl 
Aftcr2o)L,amanuaud- (4Oml,d-0.9)wu&kl,lRc Eaziabmixaawas 

Tz 
fff6day&alakaen~ 

hwcuo.Tbcraiduewas~whb8o%~d(3Oml)fa5hMc7~ fesaxw8sdidvulinw4teT* 
extxs#fd with dicv Tbe4lKU?SphC~&Cd&lvsEW,lodtbtodirrohsdiDwrOarad~WDEAE- 
scphukrr A-25 column (?Xq- fam). The aWna 
biurtx~~~~ sdutioa (loo0 ml / 1000 ml, pH 7.5). A 

W* dlttad tith 8 IheW @&kttt of 0 - 0.3 M ttiuhylammdum 
t!khals~poabd~8odaoenpatradwithd.inilbd 

wxuTforrfewtimato I#MIw salt to give 14. Yickk 

compound 1uhqouud7(65aU,0.07mmd)wu~ with 15 (247 ny, 0.49 aulxA) in r#tcMIiaile (5 ml) in 
~oitcaudc(343~.4.9mmd)irrdK~~yu~kdfatbr 

~P+JM,R: (c~c13): -0.54, -0.66, -1.46, -1.64. -5.86, 620, -6.32 xnd 4.59. 
peplntiondl3. Yk.k71~,(78%). 

cmpoubd 18: (JXqxw& i6 (65 w 0.05 nrmd) ud 17 (43 mg. 0.1 am100 were 
“fbd 

inpyaiae(3Ml)inplcstnce 
oCMSHT(1.3rng,0.35~)bywulpbospbwicstamtthod.Ykld:50~(63%). 3 P-NMR (CDCl3): -0.54. -0.61, 
-1.22, -1.29, -7.10, -7.22, -7.47. -7.62 ud -8.01. 



648s x.-x. znou Cl a/. 

~22:Q~qouad21($06~&6amr#vrrr#coadritb ~tl=tylcbMtie(l29mmd)ia 
plridtas(SC+~)~thttiKYWB 
7.6 

rrulbnd3t. Yicid: 7.10 g (75 %I. ‘H-NMR (aXI + qoD * pyddlaud~ 831 (&f - 
Hz 1Hj Hb; 8.tM.79 & M?i) NT’ d C]8-pll; 6.12 (d I - 4.6 Hr, lH’) H-1 -; 607 U J 73 Sk IH) H3; 4.61 Q, - 

J - 4.4Hz. lH) Ha’; 4.17 & 2H)K3’ rd K4’; 3.94 b W C18-px; 3.68 ti 3.64 (2 x L 6H) MDUP, 329 k 2&I) H- 
S’md 5”; 3.17 k 3H) MDMR 214 (pr 8H) MDMR 1.25 aal 0~38 (m, 3sH) qsp~ 

Coqmwl23: catnparrd 22 (657 g, 6 ti) #II pbqbaylad with Myl-7 (1s ~xW) 
in pyrkbe in tk unul wryi Ybld: 8.1 g (!B a). bM.MR (cDa3 + pyrkkd5): 8.37 (& J - 8.0 m tH) Hb; 8.13-&76 
(PL 2OH) NP, Clt-Px and m 638 Id. I - 6.6 Y 1H) H-l ‘; 6.05 (p J - 8.0 Hz, 1H) H-S; 4.81 (pl2H) H-2’& H-3’; 
4.33 (PL 1H) HJ’; 3.92 b 2H) Cl8-px; 3.59 nod 3J3 (2 x & 6H) MDMP 3.15 k 3H) MDMF, 3.12-3.01 [a BH) H-S: 
S’urd EQNH ; 1.96 (ns 8H) MD?@ 1.24 (IIJ UH) Clgpx, QNH 3lP-NMR (-3 + -dS): -591. 

Conr~U:compoUnd23(8.1lg,6mmol)ud17(3.l2~77.2mmd)arrrcordcnsadinp#cacro(MsNT(S.~8, 
18 mmol) in the usual way. Yield: 7.68 g (76 9). 3lP-NMR (CDCl3 + pJedincd5): 4.89 ud -7-98. 

Cuu~paund 26: To tk solubn of 2!! (3.52 g. 3 uuwl) in dkhEaromcchw~ (21 ml) wae akkd N,N~M 
mtthoxy &lompbjkw (1.456 ml, 7.5 mmd) md N.Ndii.sqrq~ykthyl(2.62 r.t.k 15 mmol). Afk raEeioa fa 40 
min.rbarw&mbtIBe wUmrrtcdupby@tiCl&igbCtWCUl~trmrsdWYfIiU~mdtrhylawr.IbeaprsiEp&SC 
was driad rod pbfiat by &jca fi ca&m chmwmtograpby. Yickk 296 g (74 %) Rf: 03 (Solvent D). 3lP-NMR (CDCI3 + 
pyridim4~): 150.97.150.43. -6.84, -6.96 awl -7.76. 

C~porrbdra:C~~(4.85g,3.5armoi)ud~(l~~2~~ were 
g. 103 mmd) in pyridb~ by pbphoukcer uwthod. Yit!d: 3.87 g. (83 %). 3 I 

cakncdinpl#c~0fMSKT(3*1 
P-NMR (CDCl3 + pyridii5): -7.28 and - 

7.40. 

Compamd 33: compandr 31 (523 rag, 0.43 mmol) ud 32 (291 mg, 0.35 UBXMBI) were coupkd in v of MSNT 
(399trkg, 1.35mmt)bytbe~~.Y~:383mg(84%) ~~P-rMR (CDa3 + pyTaed5): 412. - 
6.98, -7.07, -7.27, -7.39, -7.49. -7.62 and -7.71. 

Cacnpormd 31: CompwDd 33 (3% mg, 02 nwd) was treated with tricthylaminc (056 ml, 4 mmol) in pyrW~ (6 ml) fa 
4OtninAfkr wqmrkm,tkpoducr#upaifiadbycillcr~cd~ ctuuwqmphy. YkLl: 345 rng (91%). J’P-NMR 
(CDCl3 + pyr&cdS): -5.49, -5.63, a.98 and -7.03. 

Compotwd 35: Compounda 9 (289 mg, 0.3 rmtwl) md 26 (1.4 , 1.05 rmnol) 
dissdvedin~uile~ml).~~fa#)ti,thc0.1 J 

and euude (73s m& 10.5 mmol) wae 
Wine in TfiFzpyklkmcr (8:1:1, WV) was ukl to 

tbtmix~uMil~odawUwt~ed.~20min,tk~tiorrwrSmrrlradUp*ud~~by~~oolUrnn. 
Yield: 472 (7 1 8). 3lP-NhM (CDCl3 + mds): mg, -0.66, -0.88, -1.a -1.63, -6.52, -6.62, -6.78, -7.00, -7.05, - 
7.32 -7.57 and -7.69. 

Compound 36: Couqxw~ 35 (370 m#, 0.167 nnnol) and 30 (333 mg. 0.25 mrnol) war couplad in presence of MSNT 
(247 mg, 0.83 mmd) using the pbc@anesw methubbgkr. Yield: 433 mg (75 a). 

Caqound 39: Corn 
p” 

d 36 (242 mg, 0.07 mmol) was dcblcxkcd at iu 5’.hydraxyl in similar way as describal fa the 
pqaration of 25. Yic d: 177 mg (80 %). 

Compound Uk compounds 39 ( 158 mg. 0.05 mmol) and 34 ( 190 mg, 0.1 -1) WCYE coupled in pt~not of MSKT (207 
mg, 0.7 IWIIOI) in pyridiM using ti pt~~pbuiaa whabbgy. Y iekl: 2 14 mg (86 %). 

Depromtion of Cornpound 36 to 37: Compouti 36 (104 mg, 0.03 mmol) was dcproltcted in the *similar wry as 
dcxribtd for tht &~KMC&XI of W. For tk cl~tson of tk DEAE-Scphdcx A-25 column chranrtognghy, n Near g=knt d 
0 - 0.6 M uitthylarwnon ium bicarbnate sdution (lSO0 ml / 1500 ml, pH 7.5) was usad, YieU 387 Am units (26 9). 

Depro&ction of 40 to 41: Compound 40 (198 mg, 0.04 rnmol) was ckpd to Ii in du similar wry u dcscribcd for 
the psqwation of 37. Fw t)le elutbn of DEAE-Sqhadex A-25 column, 0 - 0.7 M tfiethyb=matum bicubocutt @H 7.5) 
was used. Yield: 665 A260 units (25.2 96). 
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