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Abotr8ct- Tha ma of tha Z-nitrophmylmulfenyl group for thr protrction of 
tha N-trrninur of peptldro and the .xocpcllc-uino function of droxy8d.no- 
rinr uill be illurtratrd in tha rr8emblagc of the ouclro~ptide. I-Pbs-Tyr 
(pATAT)-NM2 and H-Ala-Sar(pATAT)-A18-OAllyl V&z pho.pho- l d phosphitctri- 
4at4r lntar#diatm. 

Nuclmoprotaio. (paptidor) .ro n.tur.lly octurrlng polywr. lo which the hydroxy groupr of the 

L-..mlao .C id. ..r La., thraoalo. or tyro4lae in th. protein (peptld.) p8rt 8r. cov.l.otl~ 

8ttach.d via a pho.phad1.at.r llnkrga to the 5 ‘-end of auclalc rcidm (DNA or RNA’), Th. 

introduction of thm pho8phodia8tar bond htman thm nuclrlc meid and prptida unit8 c8n be 

most tonoonlontly 8chl.r.d by urlag on8 of the rareral phoaphorylation method. thum far 

dev.1op.d in nucl.ic 8tida chomlotry. Indead, ln l rlirr l tudima oa the preparation of 

nuclmoprptld.. w. 8horrd th8t a pho8photrl.at.r2 or l H-pho.phoa8t.dlr8t.r3 8ppro8ch could be 

.uccs..full~ 8ppllod for the fornation of th. requlrad pho8phedle8tor bond. How.v.r, thl. 

syoth8t lc route g8o. only 8~~0.8 to nucl.op.ptld.8, the nucl.lc .cld. moirtl of which 

c0n.i.t.d .olaly of nut laobarer lacking l xocyclic-a.mino funct loam (e.g. , thpidloa or 

urldln.). Thm roaron for thir llmltatlon i. 81 follow. brric hydrolyrlr of the comonl~ u..d 

N-.cyl groups for thm protmctlon of the l xocyclic-NH2 function. of thr purinr 8nd p~rloldlne 

ba8.8, rdsnlns, guanin. and cytomlna im not corpp8tibl. with the prmsrnco in 8 nuclsopptidt 

of sarlnlnyl (thraoalnyl)nuclmotldyl pho.photrl- or dloster liaka~om: in both cam08 O-•1Imi- 

04t ion r88ult8b la tha fomtlon of dehrdro-paptld. dorlv8tlv.8 8ad the corresponding nuclrlc 

rcid. S’-pho8ph8te8. Further, basic dablocklng coadltions omy hrvb a dolatmrlou8 l ffact on 

the chlr.1 inrmgrlty of thm peptldo p8rt in thm nucleopaptid.. 

V. now raport that protmctloa of the .xocycllc-amloo function oC rd.oo.lnm ulth tha 2- 

nitroph.n~l.ulf.o~l group l nablad ua to prepare tha nut Iaopmpt lde frbgtmatr , H-Pho- 

Tyr(pATAT)-NH2 8nd H-Ala-Ser(pAIAT)-Ala-OAllyl. 

In 4 recant corms lc4tlon it ~44 rmportmds that the 2-nltrophaayl.ulfrnyl (NPS) group 

was rultabls for th. protection of the rxoc~cllc-rolno group of doti.., and rlbonuclaorldrs. 

Thum, apart from irm 4444 of introduction, It aa illumtrmrmd thrt the NTS-group murvlv.6 

caarpoaly wad phoaphoryl8tioo mthod8, and that it8 rmval could b l ffoctad by rlcpla 

thlolyalm. Another intaro8tlag imature warn th8t th8 praaance of an N’PS-group incr8888d th. 

8t4bility of thm N-glycomldlc bad la purima deoxyouc l.o.ld44 tow8rdr acidic hydrolyal. 

(drpurinatlon). Tho aboo. matlonad favorrblm proportfem of the NPS-group, togethrr with the 

lntmrartlng obaorvatlon that thl. N-protoetl#kg group ~84 capatibla with th8 u.. of th. acld- 

labilo 4,4 ‘-dl~thoqtrltyl (MT) group for thr protbctlon of the 5’-hydroxyl function in 

DNA, ur6.d U. to 8Pploy the N?S protmcting-group-8tr8tegy In the l yntheaim of the 
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aucloopaptida frqmmnt H-Phe-Tyr(pATAT)-NH2 (8d). The rtapm lawoload in the l aarrnblale of 

this auclaopmpt ide, which 14 4 n4tur4lly occurrla~ Craprd of th4 nuc140pr0taia CONd in 

the inlti~l l talr of the rollin& circle raplic~tlon of double xtrrnded clrculxr OnA of 

bactarlophals +X 174 by amae A protein, LB illurtratrd lo Schau 1 aad 2. 

Tha preparation of totrwr bb havlo$ l Iram 5 ‘-hydror)1 group im out1 load in Schrw 1. 

Phorphorylxtloa of S’-O-Ui~thox~trit~l-6-W-(2-nitrophan~l~ulfon~l)~d~noaia~ (I), obtxinrd I_? 

4 rliaht modiflc~tion of l literature procmdura5, with the blfuactioa41 r#r#eat O-(2- 

ch1orophon~l)-0,0-bf8(1-kntotr1~ro1~1)pho~phrt~’ (2) #4V4 iatarudlrta 3. R~glor*loctiva 

coupling of 3 with 4 l llaht axcoma oi thymidine b affordad koy dimr 5a in a yield of 70X. 

Tha latter ~8 quratlt~tirely converted into the 3 ‘-0-lrvuliooyl darlortioe Sb by acylatlon 

rlth 1wuI inoic xc ld l nhfdrlde8. Acldolyllo9 of the 4,4’-dhthoxytrltyl group (R1) fra Sb 

gave dlmr SC having 4 free 5’-hydroxyl group. 00 the other hand, phosphorylatlon of Sr with 

2 yielded M l till having at the 3 ‘-*ad ona 4ctiv4bl4 knzotrl4tolyl (BT) phoaphxta functloa. 

W-nrthyli~id4+ol4-~di~t~d condonartloo of dinr M rlth dlorr SC, rawlted la thr fully- 

protrcted tatramer ba, which ua@ datritylatmd, to aloe bb in l n ov4r411 yield of 87X (brrrd 

on Sa). 

fhm coupling of dlpmptlde NPS-Phm-r)r-NH2 (74) rlth tatrmr bb im depicted in Schrv 2. 

Dlpmptlda IA, prmparod by HOBT/DCCI-wdlatod condaamtloaLO of NPS-Ph.-OHll with H-Tyr-WH212 

WA* phosphorylated rlth 2 to yield intormadiata Ib. Thr latter uao than coupled, •~ uatlonrd 

before, with tatrrrwr 6b to furnlrh fully-protottod nuclaopqtido 84 in 4a 4mzmllent 714ld. 

The fwourablm outcm of tha oxybanrotriatolidm pho8photrlrrtmr approach lodlcatrr that tha 

concomitant relaam of I-hydroxybantotrl4rolr in the two-atap phorphorrl4tion proemdure 18 

compatible with the presonco of tha NPS-&roup& 

Coapl4ta doblocking of nuclaopaptida Ia uao aftacted lo thrum eenmrcutlom l tapm. The 2- 

chlorophrnrl (R2) aroupr wara romovad with oxi~te-lonx14 to &lve, aftor work-up rod 

purification by Sophrdex W-20 chrmtgraphy, partially-protactod 8b. The NPS (R’) groups 

wore then remwad under vary mild coadltlono with trl-n-butylphoaphina ia dlouno-ratrr. fha 

44m procedure hem barn mad beform for the ramral of thr 3-altro-2-pyrldlaaaulfenyl &raup 

from cymtaine darloativmmls. In this rrrpoct it lo intaraxtla# to note that the reaction of 

trl-n-butylphoxphino with Ob rrrulta in tha fomtfon of x yallow non-charsad NPS deriortire 
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(prmmuubly thm corrmrpoodiag diaulflde) and thm 8Irultmaaou8 di8coloratlon of the rtartlag 

product, the pra.gr.88 of which can l a8ily k judgad by TM-rarly818. tlaally, bfdrmt1nO17818 

Of &Z 7imid84, l tt8r rark-up mad purificatloa, hwmnaour 8d. Thm II+, 13C- mod 31P Wt4R 

l pmctrm of U (Mm+- 8alt) thu8 obtalamd vmrm in lull l ccord vlth It8 propo8md 8tructur8 (88m 

fig. I). M8 8bQVO nntion8d thrmr-8tmp dmblockiq prOc8durm Vm8 8180 umcutmd by U81ng in 

thm fir8t 8t@p tetra-n-butyl-niua fluoridm in8tm4d ot thm oxiuta proc8dur8. Thm n8t 

rm8ult Of thla IltmrnmtiV8 8tmp Vm8 4 lovmr yield of 8b vhich 18 mainly due to thm non- 

8mlmctioity of thm fluoride-ion8 prcmotmd clewage of th8 2-chloroph8nfl group8 ‘6. 

A 

B 

ti~uro 1. A. Lou-Clold ‘H ?WR 
8p8CtrUa Of fully dmprOt8Ct8d 
aUCl8Opmptid8 H-Pho- 

Tyr(pATAT)-NH2 (8d) 8hovin& 

r8800mDC.8 Of! H-1' pCOtOn8 

of thm dmox7ribomom (6 pp 

r8#iOn); H-b of tha thpin88 
and 8TmtiC pTOtOlr8 Of trr 

mnd Pho (7 ppa roglon)$ H-2 
mad H-6 ptOtOD8 Of th8 
;ym!iiOm8 (8 ppI rm&iOfI). 1, 

P )+(R 8pWtM Of 8d 

8hovlaa tV0 rm8On4nC88 iQ the 
rmtlo 1:3. The rmmonoac* 4t- 
4.0 ppa may ba attributed to 
the phO8pbOd i88t8r bond 
b8tv8mn the ph8nOl ic hfdroxfl 
aroup of Tyr and th8 3'-mad 

Of thm t8trmr. 
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The l uccosmful l mreablaae and dablockiq of nucleopaptida 8d l tlmulated ~8 to prepare the 
nuclaopoptlde H-Ala-S~r(pAIAf)-Alar (IZC la Scbrw 3). To l chimra our goal tw diffbraat 

phoaphovlation mathodm for tha coupling of protected trlpoptido 9 with totramr 6b mm 

rxplorod. turthor, rho hiahly l dvocatrd” allyl-group was l ppllad for thm protection of thr 
C-tormlaua of alanloo in the trfpmptido. 

In a first approach tripeptldm 9, obtalaad by condrnalag N?S-Ala-3ar-OH rlth H-Ala- 

0Ally117a, lo the prraaoce of iaobutyl chloroforuto and W-uthylmrpholloe, wa# coupled with 

Into-dirt, bc prmparad lo xitu by phoaphorylatioa of bb rlth 2 (~a Schem 1). York-up and 

purlflcatloa l ffordrd hawgeaaoum 12~. aa judaad bf ILGanalyaia and 31P N?lR mpactrorcopy, ln 

a yimld of 64% (baaed on 6b). Tha l ltornatire l rmrbla&a routa (~a praparatloo of Ua la 

Schwa 2) coomlatlng of pho#phorylatlon of trlprptlda 9 vlth 2 follored by the l ddltlon of 

tetramr 6b proord to be not l ucceaaful. In this particular camm, the prlury hydrov1 group 

of the l orina oolot7 In 9 raetad tw timea with 2 to alvo a conridarable amount of the 

undeairad l mtrkal product. On thr other haod, the Cormatloa of thlm uaraatmd pro4uct 
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could k l llmi~tmd by the follorlq phomphita-triamtar utbod. To 8 8olutlon of tr1papt14m 9 

In l crtoaltrlla vmm l ddad l quLolmr OOulltm of I-fGtatr8tola l nd the pbo8phitylmtin8 raurnt 

IO which warn prawrmd by l l liaht ~lflcmtlos of a lltarmtura procmdural*. TI.Gaa81~818, 

l ftmr 30 via 8t 20°C, ladie8tmU thm l bmmacm of 9 mnd thm prm8mnca of l hlahar-ruonlw product 

(praawbly LA). Aa l quhlmr muat of tatramr bb twathar with I-H-tmtrmtolo wmro now 

l ddmd to thm ramction rixtura follormd, l ftmr I8 h at 20%. by oxidmtion of thm lntmrnmdlmtr 

tormd pho8phit8trlamtmr with t-butt1 hydroparoxldm19. Work-up, l ftar 30 mlo l t O°C, l nd 

purlficmtloa furalmhmd auclaopmptlda 12t ln l ylmld ol 90X. Dablockily of I24 to 11~4 12d 

stfll hrvin# tba mllyl group l t the C-tmrriaum of l lmalnm rmm pmrforrwd by the l mcond 

protocol watlonad l mrllar for tha rmmovml of thm protactlq #mupa from 6a. Uafortunmt8ly, 

may 4ttmrpt to raawo tha raiaiaa l llyl group (RI) ln 12d to yield I2c urn108 roll- 

l mtmblimhmd procadurmm involvlaa ngblm wtml cmtmlymtml' tmllmd. 

Thm l bovm damcrikd pho8phitmtrlmmtar l ppromch hmm, l pmrt frotr thm high coupliag 

l ftlcimnc~, tha l ddltloaml l drmatm#m thmt thm l llyl-phomphmtm protactlu group (R’) of thm 

l xtrmwl~ ba8e-labllm nuclmotldyl-pmptldyl pho8photrimmtmr bad In l2f cmn bm qumatltmtlrmly 

rmrovmd la pyr idinm-vmtmr. Thu8 waitorla~ at thlm procea8 bf “P WR 8hormd. l ftmr 48 h at 
20% ) corplatm dlmmppmmrmncm of one phomphorum rmmoamnca mad thm rmmppmmrmncm of 8 

chmrmctmrist lc phomphodimmter rmmonmn~m. lurthmr dmblocklm# of 12g, lo the mm= tmmhloa mm 

mratlonmd for 121, affordad bcmogenroua 124. thm Intmarlty of 12d, obtmlnad by thm two 

dittorent routmm, wmm uammblguoumly mrcmrtmlnm4 by IH-, 13C- mad 3’P ?D¶R l pmctromcopy (814 

J 

A 

?laura 2. A. Low-Cimld ‘H NHR l pmctrua of pmrtlmlly-dmprotmctmd nuclmopmptldm H-Alm- 
Smr(pATAT)-Aim-O-Ally1 (12d) mhorlna rmmonmncm of: bH of mllyl group and H-l’ proton8 of the 
dmoryriba8e8 (6 ppa rmaioa)i H-6 rotoa8 of thmlamm (7 pm rmtioa); H-2 mad It-8 proton8 of 
the l dmainmm (8 pp1 rm#ion). b. 3P ? HiR mpmctrua of 124 l hovim# tvo ra8onmncom ln the rmt Io 

1:3. 

Pyrldlaa, dlounm, tmtrmhydrofurmn (THP) l nd l cmtonitrlla war8 drlmd by raf lu*lpI with 
cmlcira hydridm for 16 h l nd than dl8tlllad. ?yridlo8 umm rmdiatlllmd frar p-tolumammulfoa~l 
chloride (30 a/l) mad l tormd ovmr ~lmculmr l lmvmm d. Dlounm l nd IW vmrm rmdimtlllmd frm 
LlAlH4 (51/l) l nd 8tored 01•r wlaculmr l lmva8 4i. W-rthyltiidmrola umm dlmtlllmd from 
cmlcl\r~ hydrida uadmr raducmd pr888urm l nd l tormd wmr rolmtulmr l imram bi. Dimth7ltorurldm 
wmo drlad by l tlrrirq rlth cmlclur hydrlda ovmral@ht at 20°C, 41mtillod uadmr rmducmd 

pram8ura and 8torad over wlmculmr l lavam 41. Dlchlormthmna and nthmnol mra uamd without 
turtbmr prrif lcmtlom. Hel-Tyr-NH2 warn prrtbm8d fra Mormbiechu. 2-lltropbrrPl8ulfamP1 
chlorldm mod I-hydrory-bmtotrimxolm mra gutcha8md frar TLLKA. Tha lmttar emuad urn8 drImd 
ovar phomphorum pmnroxidm for 70 h mt 50°C. Lwullnolc l cid l nhydridm umm prmpmrmd by 
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condmnring lovulinolc acid with KC. 
Irlothyl&moaiw bic4rbon4to buffer (TXAB) warn preprred by p488ing 4 rtrau of CO2 g4r 
through l cool*d (lo r*ter brth) l olution of triathyltilnm (82s ml) ia water (2175 rl) uatll 
4 n*utr41 l olutloa ~48 obt4 loti. Schlelchmr rad (khUl1 DC hrtlgfolho F 1500 LS 25b war* 
wrd for TLC 4a4ly8f8 in th4 8olvaDt 8y8t8ur A) 8x kbOH in CH2CI2t B) 6X HaOH la cH2Cl2& C) 
4t HroH La cBi2c12. Short colrrrnrr chrartogr*phy VU p*rfornd on Kia**lgml 60 (230-400 r*h). 
Ihm column ~48 l lut*d vlth CH2Cl2 l pplyi~g 4 wth4nol gr4diODt O-IO%. Ikph4dax Ul20 mumpax4ti 
In CH2Cl2/NeoH (l/2, v/v, cola: 150 cm x 1 cm), and Saphadax G-25 8UrpeDd.d ID 4qurou8 
MQOAc (0.05 H) at pll 6 vmra l l*o rurd 48 chrocutography wtarial, FPLC 4n4ly81* v48 c4rrl8d 
out on 4 ?hrucl* PILC 8prtrm u4lng 4 Mow Q HR (S/S) col\m. Cr4di*at l lutloa v48 prforud 
at 20oc, by Wilding up 4 gr4dl*ot, atarting with buffer A (0.0) I4 W8H2FO~, pH 6) rnd 
4pplylng buffmr 1 (0.05 H WaR2?04, 
1H, 31r r&d ‘3 

1.2 H N4C1) pH 6) with 4 flov rata of 2.0 rl/ria. 
C W qmctr4 wr4 r44urad rt 200 Wit, 20.7 HHx 4nd SO.3 WHx roqactlvol~, 

u8lng 4 JBOL JHn-m 200 xpactrowtar. Ch8mic4l l hiftm 4r4 girrn la pp~ (I 
3 

rol4tirr to 
totr&wthyl*il*no for lH MR and relation to 85X H3W~ (mxtorn*l l t*nd4rd) for I? MJl. 
‘H MR qectra wrm 4180 rmcordad 4t 300 Hltr u8iag 4 Bruk*r W-300 rpectrommtmr iatarfrcod 
with 4n ASItCT-2000 cmputmr. HIR rampler wore lyophilirad three tiaam frca D20 (99.75X) and 
fin*lly di88olvod In D20 (99.951). [0]~8 v*luo~ vmre m**ur*d u*log l Parkin-Elmr 141 
pol*rimbt*r. 

~‘4(blrtbo~trityf)-6-W-(2_nitro~~l4u~fanY~~~~~4d4~4~Da 1 

D8oxyrdeno~lnm (20.0 wol, 5.02 g) u** cwv4por4tmd with l caronltrlla and l ub*aquo*tly 
di**olv*d In l nhydrou* l cotonitfll* (100.0 l i). Altar l ddltion of h*~thyldl8il8t4a* (80+0 
-1, 16.9 ml) 4nd triuthyl*ilyl chlorid8 (1.0 ml), the rlxturr ~44 l*ft at 20°C for 1 h. 
anium chlorld8 ~48 wvad by Ciltr4tlon uxdar 4 Itram of nltrogma, 4~4 th4 flftrrta ~44 

coacantr4tmd, l nd co*v*porrtmd with xylmnm (2 x 50.0 ml). Addition of l catonitrll* rnd 
pyrldino (l/l, v/v, 100.0 al) to the rmmfdue 4ffordad 4 0.2 M stock molutloa of silylrted 
daoxy*d*no*ino. A p*rt of th* l bnvo obt*inmd stock 8olutloa (5.0 rwl, 25.0 al) W*B tr44t4d 

with 2-nitroph*ayl*ulf*nyl chlarlde (5.5 -1, 1.05 g) l nd the mixture v** loft for I6 h l t 
20%. 
The ‘RIS group8 ware hydrolyzed with math*nol/v*tor (l/l, v/v, 5.0 ml). The solution 148 
coacantrmted rnd the rorldua was dl**olvod in *thy1 4cat4to (100.0 ml), u48h.d with vrter (2 
x so ml), conceatrrtad and fia*lly dirrolvrd in diox*n*. After rrfluxing for 20 1111, 

undl**olvmd rprt*ri*l w** removrd by filtrrtion. The l olutioa ~44 conc*nrr*t*d l nd the r**idu* 
u*m cow*por*t*d with pyrldln8 (3 x 30.0 ml), r*dimmolv*d in pyrldins l nd trmatd vlth 4,4’- 
dlmothoxytrityl chlorid* (6.0 prol, 2.03 g). After 2 h, the ro*ctlon alxturo ~44 qurachrd 
vith math*nol (0.5 ml), concoatr*tod, dl88olvrd in CH2Cl2 (SO.0 ml) l nd r44hmd with N4HCOj (I 
H, 50.0 ~1) and by brine (50.0 ml). The org4nic phra ~44 dried (HgSO4). conceatrrtrd, rad 
the cruda r88iduo ~48 purlflmd by rhort-tolm chrmtogr4phy, 4pplyiDg 4 0-10x grrdl8ot of 

Fl4OH in CH2Cl2. Tiald 2.29 g (3.25 ml, 65X). RC 0.72 (A), 0.61 (81, 0.32 (Cl. 
‘H WR (200 HHr) In CDCljr I 8.46 (a, lH, H-8)) 8.34 4nd 8.30 (d, IH, J 6.26 Hz, NPS), 6.09 
(a, IH, H-21, 7.44 - 6.77 (m, 13H 8nd 2 x 8, 4H, l romtlc H of NT 8nd NPg), 6.46, 6.43 4Dd 
6.40 (t, lH, H-l’), 4.80 - 4.60 (bro4d. lH, H-3’), 4.14 - 4.12 (a, 1H, H-b’), 3.16 (8, 6H, 
OCH3 of DHT), 3.43 - 3.61 (d, 2H, H-S’ *ad H-S’ J 4.87 Hz), 2.93 - 2.54 (2 x m, 2H, H-2’ rDd 
H-Z’), 
Aarl. Calcd. for Cj+j@6O$t C 62.88, H 4.85, N 11.89; found C 62.78, H 5.30, N 11.33x. 

Fr4p4r4tloo of dimr Sa 
Compound 1 (5.0 mol, 3.53 g) ~48 diorolvod in 4nhydrous pyridiam (25.0 ml) 4nd corv4por4tod 
to dryn.88. O-(2-cbloroph*nyl)-O,O-b~4(l-~nzotrl4xolyl)pho8ph4t* 0.2 H l olution la dloxra8 
(5.75 -1, 28.8 ml) 148 rddod 4nd the rlxtur* ~48 rtlrrmd for 20 mln at 20°C. TLC 48olyri8 
(8y’ltem A) rhor8d th4t moomar 1 v48 coaplrtoly convertad to lnterwdl4to 3 (Rf 0). Thpldlao 
(6.25 awl, 1.51 g) in rnhydrou8 pyrldlar (30.0 ~1) v48 rddad to iatommdiato 3. After 
l tirring for 2 h at 20°C, TLC 4n8ly818 (8y8t*m A,1 4nd C) indlc4ted tha 8b8enc8 of 3. The 
mixture v48 dllutad vlth CH2C12 (300.0 rl) 4md 8ub8aqwntly r44hed with TUB (LW, 100.0 ml) 
and vrt*r (100.0 ml). Th8 org4olc layer 148 drlad (MgSO4) 4Dd coac8atr4ted to glvo ID 011. 
The crudr dlwr v48 tritur4ted vlth pmtrol*\re*thor ( 40-60°C) 4ad purif lad by collra- 
chrmtogr8phy (8ilic4 g*l ia CH2Cl2), rpplying 4 O-IO% gr8di*nt at PI*OH in CH2C12. Ti*ld 
3.92 g (3.50 -1, 70X). Rt 0.57 (A), 0.38 (II), 0.17 (C). 31? tMR in CH2Cl2: 6 -7.43 and- 
8.31. 

Syntbmim of dimr SC 
Lemllnolc acid l Dh?drid* In dioua8 (1 )I, 1.5 lrpol, 1.5 ml) rod W-wthyllmld4tol8 (0.5 -1, 
0.04 ml) verm 4dd.d to dlwr 54 (1.0 rpol, 1.12 g) lo 4nhydrou8 ptridlar (1.0 ml) at OOC. 
Aftor rtlrring for 2 h, TLL l n*ly*i* (8y8trlu A, B 4nd C) indlcatmd cooverrion of !ba lnto Sb. 
Tha mlxturm v4* dllutad with CH2C12 (50.0 rl) l nd l xtr4ctmd with TlSAB (1 H. 50.0 ml) l nd with 
v8tar (50.0 ml). Ihm 8olution ~44 driad WgSQ,), conc*ntr4t*d 8ad di8aolvmd in 4 mini-1 
uount of CH2C12/t¶*O)( (7/3, v/v) to vhlch p-toluon*rulfonlc rcid (21) in CH2Cl2/MoM (I/3, 
v/v, 12.0 ml) v** l dd*d at O°C. When TLC l n*ly*io indlc*t*d cmpl*t* detrityl*tfon, th* 
ra4ction VI* quench8d vith 4qubou8 U4HCO3 (1 II, 5.0 ml), dilut*d vith CH2C12 (50.0 ml) 4ad 
l xtractad with NaHCO3 (25.0 11). Thr org4nlc 14y*r ~48 drlad (Hgx)~), concaatrated and the 
crud. re8Ldua -48 purif lad by short colura chraerrtogr8phy. field 0.83 a (0.9 -1, 901). Rf 
0.63 (A), 0.52 (B), 0.22 (C). 
31P WIR lo CH2C12/H*OHl I -7.13, -7.22 8ad -7.68. 

Syatk818 of tmtrmr bb 
Dlc#r 54 (1.44 sol, 1.62 g) m* dl88olvmd in 4nhydrou8 pyridinm l nd cow*pot*t*d to dryn***. 
Pho*phorylrting *gent 2 (1.74 -1, 8*7 ml) V*B l ddad, and mftrr 20 l ia, TLC 4a8ly818 
(ry8t.m A), rhomd c-let* convarmion of 5a loto M. Introduction of dlmmr St (1.8 -1, 



Prep4r4rion of nwkopcptkks 6S2l 

1.65 8) sod Y-uthyllridaaola (6.0 ml, 0.443 ml) follornd by l tlrriq at 200c for t h 
ylmld4d cruda totrwr k. After 4trod4rd work up procaduro drtrit~l~floo and puriflc4tlon 44 
d44crlkd for dlvr SC, pure tatrrur 6b warn obt4laod. 11.14 2,36 8 (I.24 ml, 66X), Rf 0.56 
5 A), 0.36 

lP 
(D), 0.11 (C). 

mR in QI2C12: 6 -7.07, -7.25, -7.77 4nd -7.89. 

SyMb8irn ol di~tldm 78 
To 4 8olutie8 of Ima-?ba-a4 (5.0 HoI, 1.6 11 la 010 (25.0 ml), WI-Tyr-ICB2 (S.0 mol, 1.1 
8). trlmth~lul4m (S.0 -1, 0.7 rl) 44d hydraxybanzotrl4rola (6.0 rol, 0.6-l 11 mro 44446. 
fho l olutloa ~44 coolmd to O*C aad dicyclohmxylc4rbodllxlda (5.5 ml 1.13 11 w4m added. 
Attar l tlrriw at 0% for 1 h, the coolia# w4a rmor4d 4~d th4 mixture w4m lmft 18 h at 20%. 
bicytlohrx~luro4 ~48 rood by f lltr4tloa over 4 ~11 147mr of collta 4ad th4 f lltrrte *II 
concmntr4tad. Ilu ra4lduo ~44 Ollutad rlth CH2Cl2 (LOO.0 al) 444 extracted wlth 4~u4ou4 
m2m& (1 n, 2 X 25.0 ti, p#i 3.8), W4t.r (25.0 II), 8QU4OU8 N42C+ (1 n, 2 x 25.0 l l) 44d 
f ln4lly with r4tor (25.0 ml). Tba or&4nlc ph44e ~44 driad Mr~4) # 4ad rubmequeatly 
coocratr4tod to drynmm. Cry4trllizrtlon of thm rm4lduo fra athyl rcatxtm afforded pure 
dlp4ptlda 74. Tleld: 1.92 8 (4.0 ml, 80X), Rf 0.54 (A), 0.31 (B), Oe17 (Cl, [o12e +5,8 (c 
1, HaOH), mp. 119-121°C. lli MR (200 m4) lo #ISO/CDCllr 6 8.12 - 6.68 (13H, 4ramatlc), 4.70 
mad 4.65 (broad 4, IH, J 8.53 Hz, C’H), 4.39 4ad 4.34 (4, lH, J 8.53 Hg, CM), 3.01 (II, 4H, CM2 
of Tyr rad Cho). 
13C MR in WX)/CDC~JI I 172.48 aad 171.90 (2xC-0 of Tyr 48d rho), 154.91 - 114.17 (4rorrtlc 
C of NPS, Tyr 4ad Ph.), 53.12 4od 51.54 (KH of Tyr and mm), 38.75 4ad 35.96 (bCH2 of Iyr 
4nd Pha). 

Tally protoctul nucleomtlda ti 
The 47nthoalm of b vam pmrfoilwd la 4 4h114r f48hloa 48 de8crlbad for thm mtntho814 of 
tetrmr 6b 4t4rtlng from dlprptldo 74 (0.5 ~1, 0.24 11 mad rm4grnt 2 (0.6 al, 3.0 ml) In 
4nhydrour d iox4na, followed by the 4dditloa of tmtrwr 4b (0.625 mol, 1.19 8) in tha 
pr4rooco of Y-math71 lsld4rola (2.08 rol, 0.17 rl). Tlrld of pure k ~48 1.12 6 (0.441 -1, 
88X), Rf 
31P MIR 

0.55 (A), 0.32 (II), 0.07 (C). 
in & CH2C12: -6.47, -6.92, -7.22, -11.85, 4nd -12.06, 

?4rtl4lly dmblackmd muhopapttde 8b 
Iho ra#vrl of the 2-ClC6H40 group wm8 parford followlo~ two procodurmr 
4) Nuclaop4ptido k (0.04 rrol, 102 -1 -48 treated with l ya-&altrokauldoxL (1,6 -1, 
0.266 8) 4nd N1,~~,N3,N3_tatr*wth~l~~41d14~ (1.28 ~1, 0.147 8) lo 4nhydrou4 rW (4.0 ml). 
31P Ml? l pactrorcopy reva4lrd coaplatm coovrr4ion of 8.4 to 8b rltbln 18 h 4t 20°C. 1218 
ra4ctlon -48 quanchul by 4ddlo8 4crtlc rcld (1.58 mol, 0.09 rl) rad tha l olv4at 144 rrowmd 
undmr rrducad pr488ura. T’ho r4mldum w44 diluted with CH2Cl2/n~ l/2, v/v and 4ppliod to 4 
Smphadex U-20 colunzr which ~44 l lut4d with thm 4~ l luant. 
31P Nl¶R in Tw: 6 -1.30, -1.51, -1.60, -5.77. -5.68 and 
b) Nuclropaptld4 84 (0.02 -1, 51.2 q) urn8 dlmmolvod la 4 l olutioo of tatr4krtyl4aonium 
fluorlda la pyridlno/ratar (l/l, v/v,. 0.25 H, 3.2 rl) 4ad tha rlxturm w4m 4tlrrul for 2r h 4t 
20’C. kmor81 Of 2-CiC6kf+3 frar 8a w44 aooltorad br 31P IICR. Crud. Ib thus obtrloed wmm 

Pl 
urlfl4d 48 d4rcrlb4d uodmr 4). 

P IMU in pyrldlna/w4tar: 6 -0.24, -0.44, -0.59 4od -4.43. 

?4rtf4lly d4bloctb nucleo~gtidm 8c 
Cvuod 8b obt4lmd 4b-a ~44 dl84olrmd In 4 mlni.mm uount of diouaa/w4tar (Q/l, v/v) rnd 
traatad with trl-o-butylpho4phina (5.0 l q). After 20 l ln 4t 20°C, TLX 4a4174lm Indlc4tmd 
complmtm coararalon of Db to 8c (878t4m A). Altar rmv41 of th8 8olvamt, th8 r48ldum vmm 
di44olo4d In 9(2C12/NeOH (30 ml, 1:2 v/v), and 4ppliad to 4 Saphadmx LA-20 calm which ~44 
l lutmd with tha man l olvant. 

Carplmtoly dablocked m~~laepoptidm Bd 
A 4olutloa of hydrrzlam hydr4t4 in pyrldia4l4crtlc rcld (3/t, v/v, 0.5 II, 5.0 4q) ~44 addad 
to nucloop4ptidr 8~. Aftrr 20 l ia, the r44ctlon ~44 qu4nchrd with 4c4tyl4cotonm (0.97 ral, 
0.1 01) mad cruda M ~44 rppllrd to a %ph4d4x G-25 colurrs. Tb4 fr8ctloo8, coat4lal~ fully 
dablocked auclaop4ptldo W were concentr4tad and rppllad to 4 cola of bmmx 5W cation 
l xch4n84 rmrln (N4’ forp). Tha W-p.omltlva fr4ctloo4 wmra colloctad, poolrd, concantrmt4d to 
-11 volt aad flo4117 lyophillud. Yirld of pure 8d ~44 39.6 rl (0.023 ~1, 58X) by ~4108 
oxlrrta-loo4 444lrtmd 44blockln8 of 84, 4nd 14.0 q (0.008 ml, 41x1, by u4in8 fluorldo loom 
for th4 ruovrl of 2-chlorophaoyl 8roupr from 8a, [o]lB l 38.7 (C 1, H20), rotaatlon tlm4 
(?PLC-4a4178ls) 5.2 min. 
An41. C4lcd. for C~OH~~N~~O~QP&N~~: P 7.241 found P 7.10X. 
IH MR (300 Wix) In D2Oc L 8.33 4nd 8.11 (Ixm, 2H, 2x&8 dir), 8.03 sod 8.01 (2x0, ZH, 2xH-2 
dA), 7.44 4ad 7.28 (2x4, ZH, 2xH-6 dT), 7.23 4nd 7.21 (d, 2H, J 7.38 Ht, Tyr), 7.05 and 7.03 
(d, 2H, J 6.61 Hz, vr), 6.83 l nd 6.82 (5H, Phe), 6.29 - 5.95 (3rt, LH, Lx&l’, J 6.8, 7.2, 
6.8, 5.0 and 5.6 Hz), 4.96 - 3.58 (4xH-3’, 4xH-4’, 2x a ll, AxI+5’ 4ti Ax~-5~), 2.97 - 2.12 
(12H, 4x+2’, Axli-2” 4nd 2x DCH2 dd at 2.97 - 2.95 J 6.3 Hr 4sd 2.93 - 2.91 J 5.9 Rx), 1.69 
rod 1.66 (2xm, 6H, 2xCH3 df). 
13C )#R 0201 4 177.36 4ad 176.17 (C-0 of T’yr 44d Phm), 157.07 - 112.48 (C-4, C-2, C-6, C-5 of 
dT, C-6, C-2, C-4, C-8, C-5 of dA 4od l ammtic C of Tyr aad ?h4), 86.08 - 84.22 (C-4’ l nd C- 
l’ of dA aad dT), 77.44 - 
Ph4), 41.29 - 37.23 (C-2’ 

65.67 (C-3’ 4nd C-5’ of d& and df), 57.03 4nd 55.10 (aCH of Tyr aod 

31P MU la D20: I -0.60, 
of dA rad di 4od OUi2 of Tyr and Phr), 13-79 rnd 13,29 (2xCn3 dT). 

-0.66 rod -3.96. 

Smtbmmlm of trlpaptidm 9 
To 4 4olutloa of fl-Ser-OH (7,s mol. 0,79 8) In dimathoxyethxaa (lo+0 uol) 4ad 4queoum 



NlHcoj (I n, 10.0 -1, 10.0 rl). NPS-Aim-0% (5.0 ml, 1.70 8) v.B mdd.d In Clr. portioam 
ovmr l p.rlod of 30 rlo. Aftmr 24 b l t 200c, th. dlutboxymthmnr vmm r-ad ua4.r tmducmd 
prmmmura. Addition OC v4tmt (SO.0 II) mad .thyl l emtmtm (LOO+0 ml) fol1ov.d by 4cldlflc4tlon 
(I W H2W4, pH 3). l ffotdrd, l fter r-v.1 of the l quaoum lmyor, l l olutlon of tha cruda 
dlpmptldm la .thyl l cmtmtm. Subsmqu.otly, thm vmtet 1my.t vmm vmmhrd tvlcm with .tQl l cmtmtm 
(2 x 20 rl), 4od the coablnmd ora4nlc l~yorm v.r4 vmmhmd vlth brim (100.0 ~1). Tho yollov 
or&mnlc phmm. vmm dr1.d (HgSO4), conemntrmtod to mm.11 volupr mad d1lut.d vlth p.tro1.u 
l thor. Tie14 of thm crymtrlliam dlp.ptld. vmm 1.32 8 (4.0 rrol, 80X) I 
(CH2Cl2/~.aH/AcoH, 

RI 0.27 
as/lo/s, v/v/v), Bp. 112-llS’C, S of NPS-Air-S.r-OH (ref. Glu) 0.93, pH 

4.88. 
To 4 molut lon of dlp.pt id. NM-Air-S.r-OH (3.0 ml, 0.99 g) In Iw (50.0 -1) w-w- 
thyl~rpbolls. (3.2 ~1, 0.35 ~1) vmm l ddmd l nd thm rlxturo v4m cooled to -13%. Iaobutyl 
chloroforutm21 (3.15 m.1, 0.42 -1) v4m added, l nd t&o mlxtur. v4m laft for 10 lrlo at- 
lS°C. p-Talu.amoulfoalc meld .4lt of H-Aim-OAllyl (3.0 ml, 0.9 8) mad W-uthyLlcrrpbolln. 
(3.0 ml, 0.33 ml) mr. now addrd. Tha rlxtura v4m rtlrr4d for 15 ml0 l t -15OC l nd 
l ubmeqwntly for L h l t 2O.C. The l olutloa V~B coseaatrmtmd, tba rmmidum vmm dllutmd vlth 
a(2C12 (100.0 rl) contminl~ HmUi (2.0 ti) 4md l xtrmctmd vlth 4qumoum WI$UJ (ill, 2x50.0 ml), 
v4t.r (SO.0 ml) l nd flnmlly KR2W4 buffmr (Ul, 2x50.0 -1, pH 3.8). TIM or#aaic 1my.r v4m 
v4mh.d vlth rmtmr (50.0 rl), drlmd (mSO4), toneantrmtad rad the tripaptldm V~B crymtmlllrmd 
free ItOAc/C’H2C12/h.x4no. Tlmld of 9 v4m 1.15 8 (2.61 -1, 87X), Rf 0.65 (A), q. 116-118°C, 
[al21 -59.2 (c 1, dlox4nm). lH MR (200 KH+) la DtlSOa 4 8.29-7,32 (4H, 4r#rtlc MPS), 5.91- 
5.77-t& IH, CH-, Allyl), 5.32-5.08 (I, 2H, cH29, Allyl), 4.89-3.55 (fH, 3x&H, flCH2 Smr, 4nd 

CH2 Allyl), 
‘3c NM la 

1.31-1.28 (d, bH, 2xCX3, Air). 
MSO: I 173.53, 171.95 and 169.76 (3xC-0 of 2xAl4 4nd Sor), 145.61-124.79 

(rrmtlc C), 134.28 (CH-, Allyl), 117.61 (cH2-, Allyl), 64.02 l nd 61.72 (CH2, Ally1 l sb 
OCH2, Smr), 58.86, 54.86 rnd 47.68 (3xaCH, of 2xA14 4ob Smr), 19.21 mad 17.08 (2xbCH3, Al4). 

filly prot.ct.4 nucl.oprptId. 121 
Tripaptld. 9 (0.227 rol, 99.7 II) la l nhydroum l cmtonltrll. (3.0 rl) coatmlalw L-H- 
tmtr42018 (0.227 -1) vm. phomphorylmtad with l llyl-blm(dllmopropyl~~no)phomphinm in 
l cmtonltrllm (1.25 II, 0.18 rl). TLC l nmlymim (ayatrw A rmd b), mftmr 30 llo, lndlcrtmd 
coQplmte coaoarmion of capouad 9 to lntarmdlmto I!. Submrqumatly, t.trmmar 6b (0.227 -1, 
L33 -1 mad lH-tatr4rola (0.227 -1) v.rm l ddmd mad thm mlrtur. v4. lmft for lb h .t 20°C. 
Oxldrtlon l t O°C for 30 min. vlth t-butyl hydropmroxidm (4.0 ml, 0.5 il. 80X l olutloa la 
dl-tart-butylpmroxld.), 4fford.d crudm auelaoprptlde 12f. The l olution vm. dllutmd vlth 
CHIC12 (50.0 ml), varh+d with water (30.0 111, drlmd (mSO.4) and coac8ntrmt.d. Ma oily 
rmridum V.B than dlmmolvmd ln CH2Cl2/H.@l (l/2 V/V) l nd .ppli.d to 4 Smphmdmx Ul-20 coluw~ 
rhlch ~44 l lutmd with the .m l olv.nt. lurthmr purlflt4tlon u4m obtmlwd by mbort cola 
chrocutoar4phy. Ilold of 12 v4m 500 q (0.204 lpol, 90%). RI 0.63 mad 0.48 (A). 31P IOU la 
CH2Cl2: 6 -0.66, -7.31 l nd -7.43. 

Pully pr0t.ct.d nucl.op.ptldm L2m 
Tmtrmr 6b (0.227 -1, 433 w) v4m d1mmoload In anhydrous pyrldln. 4nd comv4por4tmd to 
d ryammm . Pho.phorylmtlq rmm#oot 2 (0.261 lpol, 1.31 ~1) v4m l ddod and TLC 4nmlymlm (mymtmm 
A) after 20 mln l hoved coapletm conomrmlon of 6b into lntarwdlmta 6~. Ttlp.ptlda 9 (0.283 
-1, 124 ~1 in l nhydroum pyrldlao (1.5 ml), vhlch v41 prmrioumly drlmd by coarmpermtion 
with pyrldln. (2x3.0 ml), ~44 mddmd to lntm~dlmt. 6b. Aftmr l tlrrln~ for 2h at 20°C, TLC 
mnmlymim (CH2C12/HmOH 9/l v/v) ladicmtmd thm l bmoacm of corgound Cc. Work up and purlilcmtloa 
procdurm v.r. parlormad ln l l lrllmr fmmhion mm damcrlkd for emsound I2f. 11.14 of 124 
vmm 366 m (0.145 -1, 64X), Rf 0.46 (a2Cl2/H4OH, 
7.28 4nd -7.b3. 

9/l, V/V). 31? kR lo CH2Cl2: 4 -6.89,- 

?4rtlmlly doblockmd aucl~p.ptid. 12b 
Fully protmctad hmptrprr 12m (0.04 umol, 100 ~1 vmm 
ln 4 l llll4r v4y mm dmmcr1b.d for th. dmblocklng o! 
pyrldlna/vmtmrr 6 0.97, -0.24, -O.&B l nd -0.57. 

Fart ifilly deblockad nucl.op.pt ld. 121 
Nucl.op.ptldm 12f (0.02 ~01, SO q) v4. dlmmol;;d 
v4m lmft .t 20°C for 48 h, after vhlch tin P 
(pyrldinm/vmt.rr & -0.91, -7.10 mad -7.40). To 
pyr ld lnr /Ii20 tetrmbutyl 
nut l.op.pt ida 12b. 

fluorldm 

trmmtmd with tmtrmbutylmmonlrrr f luorldm 
nuclmopoptid. 84 (uthod b). 31? M&R In 

in pyridina/vmt.r (l/l v/v, 2.5 ml) 4ad 
NU l hovmd th4 rmmctlon to bm c~lmtm 

4 l olutlon of 1% thum obtmlnmd la 
to p4rt ir 1 Ly dab1ock.d 

?.rtl.lly dob1ock.d mucl.ogeptld. lie 
Nucleogwptld. 12b v4m tre4t.d with trl-a-butylphomphla. la l l lrllmr fmmbioa mm demerikmd 
4Ixw. for thm l yatho.1. of colroound k. 

?mrtl.ll~ dab1ock.d mucl.op.gtld. 124 
Hydr44looly.lm of thm 1mvullooyl group l nd purlflcatloa of cruda capouad l2d wara 
4ccocppll4had la 4 l bllrr wnnar 41 dmmcr1b.d 4boro for the l ynthorim of c 
nucl.op.ptld. 84. flold of l2d 14. 23.4 ly (0.014 -1, 701). 
dloluao/vmt.r, l/l, v/v) I rmtmntlon tk (RX-4a41ymlm) 

[.$“‘:~E;‘:~ 
3.2 118, An.1. . 

C5&lMl+lPkbla4r P 7.421 found P 7.39X. h m (300 W) lo DMI & 8,34 aad 8.33 (2x8, 2H, 
IxH-8, dA), 8.10 mad 8.05 (2u, 2H, 2xH-2, dA,), 7.46 mad 7.31 (txm, 2H, txM-6, dT1, 6.35- 
5.98 (4~. 4x&l’), 5,85-5.76 (I, lH, CH-, Al’lyl), 5.23-5.16 (I, 2H, CM29, AllyI), 4.97-3.51 
(23H, 4xH-3’, 4xH-4’, 3xuCM, OCH2 Sor, CH2 Allyl, SW-5’ 4ad 4x&5”). 2.81-1.91 (8H, 4xJi-2’ 
4ad LxH-2”), 1.69 (6H, 2xCH3, dT), 1.35-1.24 (6H, tx6CH3, Al4). 
13C N~IR in D2O/T?lA( 4 174.5s. 171.89 4nd 170.96 (C-O, of 2111114 mad Smr), 166.49 - 112.24 (C- 
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4, c-2, c-6, c-5 of d? 4nd c-6, C-2, C-4, C-8, C-5 of dA), 134.43 (C?i- l llyl), 119.27 (CH2- 
l llyl), 85.75 - 84.61 (C-4’ 4ad C-l’ of dA 4nd dT), 77.19 - 70.71 (C-3’ of d.A 4nd dT). 67.33 
- 60.70 (c-5’ of dA and dt, Oa2 Sar and CM2 l llyl), 55.03, 54.19 rod 49.95 (3xaCH, of 2xA14 
rod Sor), 44.49 - 39.26 (c-2’ of dA 8nd dt), 17.48 and 16.99 (2xWH3 Ala), 13.83 4nd 12+S5 (2 
x CH* dT) t 
‘1P i&l7 in D201 i 0.39 4ad -0.63. 
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