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(DNA), arc derived from the saox lmsa (4,s ad 6, 
rupcctively)aat&eeofthcabove-buttbc 
otk pridpd zdeoxyfibooIKkuai&, thymidine, ic the 
l-/3-MQk!oxyrMundi of thymine Jb. 

!3ofar,muchmorcWccemshubeeoachievcdintbe 
syntbcsii of oli6odeoxyrii thul of oli@riioWh?o- 
tidc&nisir&lcpuuytothcobvioulKcadyforthe 
2Qydroxy flldons to be prow &To&out an o& 
8ariboauckdidcr~andthcnnlersedulKkrruch 
mildcodiomtbatthcy&wteotcrintoauyreactions 
with the nci&bour& iIltczn&ti @qhodiutu 
lin&8 (see bcbw). An add&ml pro&m whkb b 
inhcfcnt in ol@ii- synthuii is tk stcric 
hidancetotbeappmachofaphosphoryWn8sgentto 
the Y-hydroxy fundions which is presented by bulky 
pmtcctal2’-hydroxy m. Am&r impoltrnt reaaoo 
whymorcproOnsshubceomukiathcdeoxyrii 
&istbatthcapproachwhichhasbccnmort 
tlWo&iyinv~nofarhuprovcdtobcmarc 
dfedve ill the ryllthd of oti8oduJxyribon~. 
rhia mctJM& which illvolva t& phoqBhoryWio0 
of interalcdia& with unprotcctcd intclnudwtide 
linkqca, is lWw comady referred to a.9 the phos- 
phduter appmch; it was in- ia l!M by H. CL 

Rad 
6 

9 

!sckawl. 

Ila ; F+Ms 

b ; R-Me&H 



pwilka& of pMiaUy-pMc&ii phf&odMcr inter- 
~~~~~~~~by 
neccssityveryscnsitivecithertoackl-ottobase- 
altalyzcd bydrdysis. I-be puri&& of phoSpbodies& 
interm&tcsisaparti&@form&bktaskinthc 
~~~s~~~~e~~~~~~k- 
~Of~~~~~~~~C~~ 
graphy or during tbc subsequent conccntratio~~ of frac- 
tions. 

For these reasons, we thought it likely that uhimate 
success in the chemical synthesii of even moderately- 
sized a@fiinuckotidcs and sign&ant improvement in 
yields of o@dc~xyriitiea would depend on the 
pro&c&m of the intermzkotide Iinkages; i.e. that it 
would be nsassary to develop a synthesis invdviq~ 
pho~photduter ratbcr than ph~@udieWr inter- 
rll&te3.Inthisway,theabovedisadvanta8esofthc 

?@- 
hodkster approach would alI be removed at one 

en swoop. 
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l4o;R-Me IBoa AH 
b ; R-Et b; R’-Mn 

(ii)iti8stabkunderthercac&mco&iunsand(iiiiitis 
rcadilyrcmovabkatthcendofthcsyn&si8undcr . . 
cond&nsunderwhichthcrequiredproductisstabk.It 
mayalsobcdcsirabkthatapro&&ggoupshould 
satisfy seWal additional c&ria includisg (ii) it shuuld 
bcpossibktointroduccitbymcansofarca#Mwhichis 
bothreadilyacccssUeandstabk,(v)itshmddbcachirai 
and(viiitsh&lbcdcsignedinsuchawaythatthc 
NMRsp&aofrWuttantprotectedintermediotes~~ 
as simpk as possibk. Ibe requirement ~C$MI$I& 
(iv) should be met calls for nu commcn 
become ckar in the discussion below, the use bf chiral 
group3 for. the protection *of nuf+nidca kads to the 
form&m of mixtures of A, The raGonal- 

and the CW of the deivative may, qcciauy 
ifitisnatcry!3tallinc,tlK!ndcpendhugelyonNh4R 
spectroscopic evidence. Thus the mcthoxymethyknc“ 
(uintkcthykpeglyc4Jld&vativel4a)isprcfMruJto 
the ethoxymethyknc” protecting group (as in II). As a 
scun~I exampk, the ‘H NMR spu%rum of the 26 
dichkXophenoxyac4?tyI pN&ctiQ grlql (as in ur) is 
muchsimpl&d(tothcthrccsingkts)bythcintroduction 
of a 4-methyl sub&ucnt (a8 in l!%). RcgrctUy a 
number of proWin groups which do not appear to 
meet the three most essential aitcria (iii have been 

in the literature for use in oligonuckotidc 

srAGnl-mQARmmJm-RmoescnAus 

llKWlOlllCliCbUildiIlgbkSnquindiIltlICphos- 

ph&cstcrapproacharcdparMy-proteMriior 
MciXyriimlc~ derivative3. oae of the gait 
muitLIoftbephoaphutrker~isthxtoacethe 
buMingblockshavebMlprcpan4thcycanbclinkcd 
togctherinthcsccondstagcoftbesynthcsisbyany 
phosphorylation method which is available. Furthermore. 
if, at some time in the future, a better method is 
developed, it should be pos&k to use it in conjunctioa 
with the same or perhaps slightly mod&d buildi 
blocks. Indeed, a furtler serious disadvantage of the 
phosphodkstcr approech is that it is not versatile in this 
way. 

lEcchoiceofprotcctinggroupsandthepreparatioaof 
buiMingbl&spresentsamuchgrcatcrprobleminthc 
ribethanilltbe&o~saier.Inthe~tPlrce. 
theorknMonalproMemofdkti&&&bctweenone 
primary (So-) and two d&rent scan&y (Z- and 3’4 
hydroxy groups of riiuckusidcs is much more diIfkult 
than the more convcntknal proMem of distinguishing 
between the primary (5’4 and the singk secondary (3’4 
hydroxy groups of %ikoxyribonuckosiis. Further- 
~,thefacilitywithwhichacylgroupsmig+cfrom 
one seun&y hydroxy fu&on to the o&r m ribe 
nucleoside chcmktry’ edds compkxity to synthetic 
work in this series. For this reason mocc effort and 

thoughthnsbeenputintothelynthl?aisofribonuckosi& 
buildbubkck& 

(r)~~MLK=8 
Pne&n of 2’-hgdrary funct&m 

f4r@wytbemostcnK!ialdcciiwbichhastobc 
madcinthcsyntbesisofo@riinu&&k8isthc 
choiceoftheprotectinggroup(R,fa#lWla1()fortbE 
2’-hydroxy fuWions. ‘IIds pro&c&g group has to 
rcmainintactlmtilthcverylMtstcpofthcsynthuisand 
mu.stthcnbcrcmmfedu&rcondSmswhicharemihi 
enoughtoprcvattsubaqmtat$ckofthenkased 
~-hydmxy fundion. on vicbml ph0sphodks& m 
withcoWqWntcka~or~oftbeinter- 
nu&otide~.Tlmsgcncralcrit&(ii)and(iii(8cc 
above)mustbcapplkdstr&ntiytothispro&ting 
Ilroup. 

8 
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Agrcatdcalisknownabouttheactiunofacidsand 
bascsonnuckicacidsandtMrcomponent8anditisfor 
this rca!lon that &d-lab& (e.g. Mary&thy& acetat, 
orthoeW and base-labik (acyl) protect@ groupa have 
usually been favoured over those which may be removed 
;l&W Fys !e.g. reductively or @otoclWialuy). 

coM&aWmwas,therefore,glventothcmatter 
astowhcthcrR(asin16)shouMbcanacid4abikora 
base-lab& group. Brown ct aLI had earlier shown that 
whcncytidhE3’4Mlzylphosphate(17)washcatcdin 
0.1M-hydrochkricecid8ohrtionat800f0r2hr.ca.5096 
hydrolysis to a mixture of cytidine 2’- and 3’qhosphates 
(2oandl9,rcapetively)occumdaIldthlltthercmaining 
unhydroiyzd mat&l consisted of 17 and the isomeric 
Z-bcnxyl ester (l8). llms. u&r acidic conditions, both 
hmyxis f”d F_+ratkn(prrrurmMy I&J a 
pen- IIMmUhWbadoccumd. 
Brown et al.” alao report4 that aMine hydrolysis of 17 
(tol)Pnd~)~notaccomprniedbyisomeriEationtol). 

19 20 
B = cyWiu-l-yl 



It is obviody onchhbk that soy hydrolysis (i-e. 
iotcmuce~ ckav8ge) shlnlld ac%xqaoythcrcmval 
ofzpfo&&ggrqrps.~u,itrnaywdlbepos* 
tosqmratcanohgonockotdefrombwu- 
w$i@x~~y~ll* 

proccssisamuchmorcseriousmatterasiti8virtdly 
impOS&ktOseparateO~-~~ 

one OT man r+5%ntenl* iinhgcs from 

isomeric l&clifd ConEainiqe Onty aaturd 3’+S’-intcr- 

ollckddclin)rapLI.TbuspboQphoryi~duriqe 

thchlun~~dthe~~ydrOxyfonctioasmustbc 

avoidcdataIlcodlts.Ibaefore,ifaciMabikp~ 

groupsaretobcuaaiforthc~-hydroxyfuctbns,tbcy 
mustbcremovabkudercodtbnsunderwhichphos- 
phorylmig&ondocsmtoccwtoasiga&ntextcnt. 

It would thm?forl? appear that tbc tetrahy~yranyl 
groupisnmovabklmdcrsulfkknuymild~of 
acidichydrolysktomakcitsuitabkforthcpxWionof 
T-hydroxy fundons in oligoriis synthesis. 
Howcver,thisgroupcbcsnotmectglxnxalaitcrioo(v) 
forp+ect&grolqmint#atitiachinlmdibareia 
comrtcboawith~~alcohob~tomix- 
turcsofdhstenawrarers.lbusthepreparatioaaf~-o- 
tdn&~yranybridbe23Wtoa~oftwo 

. 



mcthoxy-2Hpyrann 27 wae faund to have the de&d 
hydrolysis prop&&. Thus t1n fa the unblocking of 
2wawthoxytdmhydropyranyhuidine 1, which may 
readilybeprepndasaaystanblc~illhi8h 
yield (see below), w8s fou@ to be 24min in O.OlM- 
hydrochlaic acid at BY. lbe lwthoxytetmhydropyraayl 
therefore appears to bpve even more IlatisfStay acidic 
bydrolysispfapc&stJmlltbetctrahydropymnyIgroup.m 
wthawre, bis-methoxytctrahydropyr8nyl derivatives, 
comspoldineto25,c8Ilusuauybe~(seebclow) 
mpun staUinesolidsingoodyidds.Ibeeooletbcr 
reagent? =mayreadilybeprqmredfrom#,which 
itself may be pnpared=- from 3-chbfopropioayl 
chknideintwostepsiocu.5o96ovelauyiDkl. 

smdlplultaofwata.~, Y-imuK!rs 33 
qparinvuwytobefwoa?dova2%omers32rt 
eqlaii” llms, if r-o-ecy! n’boaudeoeide &iv& 
tivn(such88~md31)uetobcwc!de8bltuhgblocks 
iOtkSptb2SiSOfOliphDhtjdCS,eithabythe 

pbospboQestM~~~~~h,mat 

aremustbetakcniftbefonuatioaofasig&xnt 
propor& of r+5%ltem* linkagu in the 
ploducts is to be avoided. 

Severdgroupswhichmaybercmovedutberthanby 
acid- a basexatalyd hydrolysis have been msted 
fa tbc protection of the Z-hydroxyfurdms in olioori_ 
bonuckotidc synthesis. Fa exaaqde, the Z-O&en- 
&UidiDCdtTiWiVC34hasbCCllUSCd~~fl~ 

29; It-&a02 30 

Intbcirstl&sollthesylltbesisof~~ 
tidesbythcphosphodiderrppn#cb,KboruuduL” 
fMRlredtbeuseofhadabik(rcetyldbcnzoyI)over 
acid-Wk proted& otoups fa the Z-hydroxy 
fuldons. l%e buildipe blocks used were r-o-acyl-r- 
ribam&oti& duivuiva= 2). we ShowuP that &e 
zo+cylriboaucleosii-s~alld31couId8lso 
beased8s~bbcksinephos~syIl~. 
whik3@aDd31wouldkeqlIrlnysuitabk- 
ill 1 phosplnMster sylltbaii, z-o-ncyl derivatives of . lbhwdal arc, on tbc whole, likely to be rather 
iELtay btddhg Mocks fa oligofiihti 
sm~~Yc-nadilymb-- 
rcyl lnigdoa“ to give alixtum of r- aat 3’Gsomen 
(S&me 4). Altbou& such rcyi migmtkm is, especidly 
fa bewoyl goups,‘L relatively slow ia dlydrous 
pyridiDcsobl&l,itisrrccelerataibythcprcsenceof 

P”qo ‘;y 

32 33 

!scbane4. 

31 

b&ckintbesynthesisofUpU2lbythepbospbodiwta 
rpp#cb.The~pmbctialgwp~~vedby 
adytic hydrogenotysis in the prwencc of 1096 
pdWizdchucdwiUmtanyMectnbkhydn 
@natixlofthe5&&ubkboadofthelncilresidue. 
ReitzuKiplbiQepbrre~t!yusedtbero 

k_ &ZUS 

absavedsomehydm$uu&m;obtbem&ilresidws~- 
ingaebenzyhtioa Illulyc%Se,tbeuseofbcazylgroups 
to protect the ihydnxy fundons caamt be recom- 
mdailtsagcneralprocsduninoligoriboauckotide 
syl&sis8sitisquitepossibktbatsome~tkk 
bCnylCtbCfSWilllKttbCOdSOhdOllthCatplystMlr- 

‘frce.ndwmofe,iIltbccduJeofo@ners~ 

1tisDot~toprcsent.compltte’acuYuntofthe 
literature relcitiog to any aspect of oli@mlck&k 
ry+sis in this repat. Howeve& two otkz m 
F&VEf TGdB 

synth&areofpaddarinterdOhtda,Tlllrluand 
Iketd%weusedtheo-nit&I@pwp(asinpuild- 
ingblock33),whicbmaybenxwvedpha&humdy 
fatbispurpoaeintbesynthdsofUpUubdUpAby& 
~rOprorcaplilvieaaLnbavellsairJ’- 
di-t-blwimd~Jint&s~ofUpU 
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prqmr& by tbc &katalyxed exchange rcack be- 
tween riboauckosides 39 or their N-acyl derivatives (see 
below) and trio&g orthoformatc (scheme 5); tksc 
compo&s arc rapidly cunvatuP [t,n- 1Omin for 40 
(B=uracil-l-yl)] into mixtures of tbc currcspondisg r- 
aad 3’-formate esters 4la and 41b, rcspcdvely in 0.01 M- 
hydrochbrk acid solution at W. Thus the 2’,3’-O- 
lnetboxymethy&neappulrstobcca.twiccasWikto 
aqucou acid as the ~-o-oEtboxy 
pfotcctiBg group. *Hydrolysis of the formatc esters 4la 
and41bprcscntxnoprobkm;itproc&srapidiyumIer 
mildly akaiinc umditioas sod i&cd occurs at a 
rcasonabkrateeveninpH7buff~atroomtemperatun. 

Itslnnddbenotcdtbxtthemcthoxymctbylcncgmupis 
chindandthetitsusccallkxdtotbcf‘~of 
mixtures of diasteMisomera 

cyrstanize from the lee&on mixture. In either event, the 
pmductobtJlkIisqltitcsuitabkforuseinoligori- 
bonudcoGdesyntbcsisastherecanbcwdoubtthatit 
cunsists solely of a rs’-pmtMed riiu&oside, free 
from posti isomers. lbe ctboxymethyknc prokct@ 
group’ (as in MJ) has also been used in oligork 
bonudu%ide synthesis; it appears to otkr no advantagic 
over the methoxymcthyknc group. Indeed it would seem 
tbxtthelattcrgroupsbuuldbepn2fcsrcdonthcbasisof 
its spaWW+ sim&ity (see crituion (vii above). 

42 43 44 

PmtcUion of bare midmu 

protcctioaoftbsch8scrcsi&smastbccoaddmd 
hoth in the synthesis of oIigurii and oligodeoxyrii 
mtckotidcs.1tscemsc1carthatitisessentialtoprotcct 
cytosk rcxkes 42 to avoid pborpbaprmdrte 
formation.’ w pbo5phorylation and it would also 
scemtobeawiseprcamtioatotakcinthecascof 
adcllinercsidues43astbeiatterreadilyundergoacyl- 

Intbeirworkontbcrynkaisofol&mcbotidesby 
the pksphodiuter approach, Kboranx u af.’ have used 
N-acylgroqmtoprotcctaUthrecbascrcsiducs42,43 
andulhi8hithtivehMbemfolILJwdillmtothcp 
syntMcwarkcqi&uteitbcrbythephospMicstcr 
or the p&pho~~ter approach. In the dcoxyrii 
seric3,~Kb0ranadaf.8ppcgtofavourtheprotectian 
of cytosinc rc&es 42 by N’-p+udsoylation (as in Isb), 

4Sa ; R-Ph 460 ; R-F% 
b ; R-GMeOC,H, b ; R--H, 

47a’; *MS 

b ; R-Ma&H 

c ;R-Ph 

46 

edenincmiduea43byP-bcnmylation(asin4(r)and 
gunninerkducs44sstbcirNzWmtyrylderivatives 
47b.IntbeiruuksMksoatbcsynthuisofolig0& 
bOlltieotides,aKhoranaddhave~cytoJine 

miducs 12 by N’-bcnmy&tioo (as in 4Sa), guanine 
residues 44 by N’-adyhthn (aa in 47b) and denim 
rcsiduc!I (as in 43) as their PJPdiiyf derivatives 
(aSill@). 

N-ACylpWCthlgglWpSiUCdhtiVClystabkiDaeu- 
tralrind*mediaandha~etbevahIabkp~ltyin 
tkcontextofoli#omhesyntbHi8~af~ 
~+-thiehqK’prcsumablyb=--f 

dusoc&moftheam&(IW~R)proton.llms 
N-acyl groups may be retained whik both acid- and 
base-labikpmMinggroupsan?n?movedfromanoli- 
gonuckatkk The N-scyl oronps tknuclvea may 
generally be removed by ammonaIysis.~ 

l%ereaJoosbchindthecboicuofpar&darNgcyl 
prote&g#raupshavenotatwaysba!ndcarfromtI.K 
litcraturc.Bepzoylaadp&ylbothappcartobe 
sullickntly stabk graups for the protAo of cytosinP 
(asiIl151and4sb,rcspc&ely)andadcldne~residues 
(esin4(rand4(b,rcspc&ely)anddutcylaticmofaUof 
thelattersystems45&4%&and4&canrcadilyk 
effected by amn~nolysis.~ ‘Ibe p-anisoyl group, which 
issomcwhatmlKestable-thaathebcnxoyIgroup, 
hasmonsstisfactory speosqk pmpcrtks [cAcrion 
(vi) for pro&&g groups; see above]. However, WC or 
otbcroftbescg4uupsmayllltim&lybeppeferredonthc 
groundstbatitsllsclcadstotheisoh&mofcrystauinc 
~U&%IQ blocks. N2-A@guank derivatives.’ (as in 47) 
aremuchmorcnsistanttoammonolysisthantbecor- 

=** N-aM d&atives of cytee- and 
In&cd Nkety~ derivatives (as in 

47&cartobcMkiBnuy8table~fortIleacetylgroap 
tobcuscdintheprotc&mofguankresiduesin 
ol&muckoGde syntksis. NVIulxoyIgulbX residues 
(as in 47c) are very stable to ammonolysis but may 
cuWenielluy be u&b&al by treatment with methyl- 
amane- N2-kMyq@mk residues (as in 47b) 
woukIbeexpcctaPtoumkrgoamnmnoWsataratc . 
in&mak&bctwceathatafN2-acetyi-andthatof 
N2&cnzoylguank~. 
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It is approprhtc at this point to consider one aspect of 
riinucleoside chemistry which has been crucial in the 
dcvefopment of methods for t&c ppation of all but 

H w H 

39 

H w H 

H 0, 

2= 0 

53 

oneoftktJpsofbuadiDgbbck~aecbdow)~bl 
~a~of~~by~~~ 
trksterappmcb.A~proccdunfartheeaa- 
vemionofariiJ)afitslV-acylderivative 
intoits3W-acyis4aadY$~oacgl%duivatives 
wasreqdrcd.~~aarJtudyoftbccbemiatryof 
rnM!ctboxy ribawckosides” 0 sugges- 
tuisuchapmedure. 

lEcac&atalyzedrca&m(!Jcbme6)betumma 
n~uckosii3)oritsNgcyfdcrivativeandatrimethyl 
ortbocsm giveP’ theccnnspoadiognucleoside 
ortbmtcr52umaUyinhighyMd.Tbisappcafstobea 
~~,~~,f~e~k,~n~~- 
~y~~~~~O~~~~- 
amtea” (40 or Sz; R = H, see above), ortimm&P (sl, 
R = Me), or&oaWoxyacetW” (52; R - MeOCH1) pad 
cutbobeazoateJ” (52; R = Pb). Such m&boxyalkylidene 
derivatives 52 may be quantitatively converted, by 
~nt~~~~~~d~~’ 
tQgivemixbIfesoftllecaTcapo~r-aadrcstass3 
and S rcqmtivcly. In a number of c.mes,J’ when the 
latter mixtures are dissolved in acid-free solvents. crys- 
takofoncoftbepureisomcrsS3or51aredcposital. 
U~~~3’~~~~~~~~,~ 
~~~~~~~n~.~~~by 
acylmigraW’9ogivcmorcofthct&rmodynemicany 
fawned 3’-isomers, isoIatcd yields arc often For 
example, both adcnwiae (39; B=43) and Nd”” -ben;oyl- 
sdeaosiae (W; B = Wr) may be comrted,l’a oio their 
~~-O-~~x~~~ derivatives (52; 8 =43 and 
46, respectively, R = Me) into crystallim 3’-acetates (sir, 
B=43 and 46a, respectively, R=Me) wbicb may be 
isolated in yields exccediog 75%. 

Wbeo a crystall& 2- or Y-0-acyl ribooucleoside 
derivative is obtained, its orkntation is unknown. P was 
tbercfore emential to devebp all analytkal pMcedure to 
determine wbctbcr such a product was the 2’- or the 
3’-isomer 53 or 54. A general method was developed” 
which depends 011 the observation that cskr&akn of 
the T-hydroxy fun&n of a riboauclfeoside (i.e. trans- 
f~~4~~~~~~~~~~~y- 
cos+ F @f(Y)] by ca 0.142 ppn whereas 

Wkaboa of he Y-bydroxy functioo (i.e. tran8- 
fcrolmation~4Joharvhtuallym,efitctontbechemical 
shift of the H(l? reso~~~.Thusifthc’HNMRspec- 
~ofa~~ofi~rne~~~~,~~by~ 

HO B 

-=p 

‘%d 

RxMi 

52 
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bydrolyaia of a m&onide 23’orthoesta derivative 5% 
i8~XdDCd,tWO&UbktS~tbe~~ 

aigMl80ftbeglyumidicprotoaaanobaeWediotbe 
r@uoof86.IftbeqWrumoftbecrystaninematuklia 
theamWured,onlylnledouhkti8obserWdillthclatter 
~inthecaseofapurei8omef.ThecrysUk 
matuialistbenidentikdasthe~-or3’&ctmcrdepend- 
iogonwktbutbedouWcornqo&tothedown6eld 
ortheup3eld@aliatkspectNmofthcmixture. 

lkimcthyio&omtenmaybempIaccd”bytriethyI 
ldOOWSilIt&~X~rerction3)+S2and~iU 

the acyldm pr~ccdm (Scheme 6). Ribanucleoside 2’- 
andYcstu853aDd54arcn?adily:suscepblbktoelltalinc 
hydrdysisaad~iadiatedXbOV~,tibpcrrticulertySO 

;y;zr -~lpad*h~_h;~ 
. 

exaciaedifmlcko!u3’-formates12aretobeusedas 
syntMicintamedistes.Ibeisdationofuystallim~-or 
3W-acylrii~53ors4inhighyieldsdepends 
Wt!4ClrtraiBOOlU8bCiUgdY*tO~eq9ili- 
bration by acyl m&atioo” in the solvent used for cays- 
taUiZ&0.ForthiSrC4MllitisgelWllyw#eSeti8- 
factorytoworkwithacetateesters(suchass3and54; 
R-h4e)ratbc~tbonwithtbcco1~~poa&beaxoak 
utax(S3and51;R=Pb)whirbuodergoeqdktjon 

Acetatee8teraarenWNnblystahkto 

llleortharexchlmgeac~procedurr(scheme 
6)canrcadilyheadaptedtoprovidcagencralproccdme 
for the 8yathcG of 2$- aad 3’J’di-O-acyl rii 
nuckos& dcrivativea (Ss and 5(, npectively). If a 

Taminrlonhr 

%Y-protectcd w 
% H 

rJ’-O-methox~ derivative 52 b acylatd [by 
tWmentw&M!OClor(R’CO)zOinpyridine~ 
heforetheacidichyd&ysisstep,thede&edmixtureof 
zJ’- and 3’J’di-Gacyl delivatival 55 and s6 may us& 
ally be obtain&- iahighyield.Illthi8Way,lUkIil# 
& a&&~” (39; B =tuacil-l-yl and adeni&yl, 
respedively) have been umverted into tkir aystallk 
3’5’-dirrcetates (5(; B - uracil-l-yl and a&&!Lyl, R = 
R’=Me)in90andovc~6096isoWdyk4ds,rcqa+cly. 
Thin exlremely versatik proo&reJnay raMlily be 
llsed=-inthesynthesisof~2J’-aIMJ3’J’- 
diesten with differeIl$ acyl group8 (ii. 55 awl 5(, 
RZR’). It in expcrimentalty strai@forwanl and Uis- 
factoryyicMsofdiestersare~obginsdqrovidcd 
thataueistaknintbemGpu&onoftbeac&sc& 
tive Z$‘-o-methox-ne dkvativea !n prior to 
their acy&tioIl. 

Tcnninol and non-temdnd dbowc&osidc building 
blob 

TbeafztualkGldin8blocksr&rediua~oli- 
goniOackotideSyntbesiswilldeerlydC.pCDdOntbe 
protectinggroupawhicharetobeused.Ifthe~-hydroxy 
functionsaretoremainprotecMbyacid4abikgroups 
until the final stcq of the syllthesis, two tamfnol OT 
chain-end buiMing blocka in which the 3’- or S’-hydroxy 
fun&aisalaoprotectedbyanacid-labikgroupwould 
epgear to be necc~sary.‘~ Such 2’,3’- and 2’s’qroWted 
WmilUllIUlit8[4oalklsI,MplXtively]~ilhlWkdill 
scJWne7.Ifitbiatendedtbatit&ouldbeposaibkto 
exteDdtlEgrowingoligo~C!baiMineitha 
din?c&m[ie.eitkXfDmtbetumiBal3’-orthetl!Xm&l 
Y-hydroxy fnctioa], it is Wewary” to have rJ’- and 
zJ’-pfotectaI non-ktmbral or chaill extutkl buublg 
bbck!iinwhi&tbc3’-andQmWtiaggroups,reapeu 
tively, may be removed under cOndWt# (e.g. alkaik 
hydrolysis) which do pot a&ct the 2’W ~lroups. It 
would seem” thet ribonukoaidc ~-acetaM+stera and 
r-acetaLs’+sters [scheme 7; p aml 99, Espedivelyl 
wNldmakesuitabklrodammel~~.lEe 
procedures which have been developed for the prepara- 
tionoftbe8efourtypeaofbuMiIlgbbckareoutIkd 
below. 

Ho 

F Me 

b 



61 a ;R-CHO 

HO OH 

60 

d;R-H 
b ; R-COCIi,OPh 
c ;R-H 

dibte aqmons ammonia 

ff Y B 

0 R 
0 R>e OMe 

B w 
4 Oeo 

62 sa 
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dcrivod from tbc f8nE rcid uld I xcumduy akdml, 
8ekctivedacyWonisputialMyfxvounh&inthe 
pnpntiwofrs’-llmWui~lmitx.lllc . . 
caababm (a) R=Me or W, R’=CIWMe ad (b) 
R=CH&Me,R’-Hweefouul=‘tohcsuit&kfor 
selective dacyltioa. !WlIMtely, @od yiddx of pure 
ay8Wne 3’J’4i-o-rcyl dcextivea 5( were 
obtxinal- with both umle in most cues 
exuukd. Comhiaxtion (b) which invdvea 5’~O-formyl- 
3’-O-mdhoxyacctyl-riin~~coxidc dcrivxtives (5(; R = 
CHzOMc,R!-H)xs-slul”tosatisf~ 
yields of cryMine 2’-O-mc&oxyktrd~ydropyrxnyl-3’- 
0-mcthoxy&yl-rii&oaidc derivxtiver (S; R= 
CHfibfc) which mry be fur&z dacylxted mukr 
cQmp8ntively mild canditk of duilu hydrolysis. 
llJctattctpointisofcoask8bleiaqWaWillcoaaec- 
tiOllwithtllCpho&WktCrrpporchtooli@lUCkotidC 
synthesis 8.9 such dc8cyWoo must be -1% u+r 
c4XdithWhicbdOwtkdtOrppecLbk- 

hydrdysis of the phoaphotricstcr ~IWQS (see below.). 

2’-0-Methoxytetrxhydropymayi derivrtivcs” 21 with 
uaprotected 3’4lydroxy fuactk rad the WEqoMiq 
tetr8hydropyrulyl daivatives- bxve bee0 used inrted 
of rS’-ptoteaea MMmnind units in the piJlspho& 
ter approrch to o@riiuckuti& ayntksis. The Y- 
hydroxyfu&ooisckaAymuchmorexlcu?&ktor 
phosphorylat@ wt thxn the comparatively hinder4 
3’-hydroxy fun&a aad undouq nrtutrrl 3’+ 5’4~ 
tc$nWW Wxgcs will be fornM!d predomiaalltly. Al- 
thoughithasbcen&in&‘thuthcftinof3’+3’- 
intcnluckotide~cannotbe~whalthc 
3’-hydroxy function is left unpotectdd, 8 ceti propor- 

tkaftheUterunmturdlin&umustinevihblybc 
formed. If the pqmreon of r+r-iatan* 
~i9rUnynC&ih&,WlthiBhNyCttobC 
Ut&liSbdill~tanyWifSUCh-~- 

Ilnclultidc liahgeS, once formed, andd be ckwcd 
ac.wiv*, then simple f-x*~yl 
dcrivxtivcs21cauldsxfdybcuscdudtcnWivextothc 
xbove Dan-termilul z’s’qmectcd u&3 St. 

6) NUI-teminaf ~,5’-pwtectd units. s&xXive 
deu+onmrydsobcusaJiIltkprcpu&mof 
non-terminrl Zj’potected units 9P.‘= For this appmach 
tobefasi&k,itmustbcpossiitoprcpucpurcay* 
tdtinc 3’,5’&04cyl rii~ dcrivxtivca 63 with 
combiioa~ of xcyl groups such thxt folbwing the 
uWboxytetrahydropyll step to give 64 (scheme 
lo), the 3’-0-8cyl groups may be removed sck%ively to 
give tbe dcsircd noMumilml rJ’-protuM unit8 9). 
sch!&edercyLtioaisll!ssf8vour8bkinthi8casctllul 
in the prcpxr&n of the wrrcspondill8 rs-protected 
huildingblocks51(seeabove)uitlquircsthatthc 
sxpon&atioa of xn ester derived from a scco&ry 
rlcohdshouldproceedmuchmorcr@lyUnntk . . 
sqomWmaofmc8tuduivcdfnnnrprimuyd* 
lml. Nevcrthrka a~~biumtioac (r) R = CHaOhk, R’ = H 
~(b)R=Ph,R’=CI&Ohkwaeb&hfoundntobc 
suitxble UNI cq%tak noo4amind r~-protectcd units 
wercprepu+nuisf~yiddsbythismc&od. 

Nobtarmarl~J’potedadbUiWDgbbCbUCper- 
h8ps more convcnicn~y prepWed (!khcaE 11) by rdec- 
tice acyf&m. Ml?thoxy of o&u- 
aUy any a&fable cfystdlk 3’$‘-di-O-acyl rlbo- 
nvclcoride dcrfwtfor 0, followed by removd of bath of 

. 
~-O-~x~YdropyrW 

~21xndtheirN+cyIduivatives.Whcnthe 
l8tteintamsdkte8reuewitha~excerrof8ll 
arybxyrqetyl chloride 65 in the presence of 2Wtidk 
in rcebartrik sobltion, N!gioaelective xcylxtioa occurs= 
tOgiVCtknoa-taminrl~j’-pl-OtCCtl!d~bbChY 

8nduuallyin~yidds.Vuylittkofthci8omcric 
3’cstenrppeutobcobbinad~it~potposribkto 
rvoid the formation of m&rate of the 3’$‘- 
diaters. In a number of caser~Z&tallk p- 

!sckm2 10. 



hydrdysis. 
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Acidic hydrorysis of wine 2-demy~sidcs and daiva- 
tftm 

As a- above, the glyccidic linka@s of purine 
2&oxyribo+ arc very c?edtive to a$dk llydfoly8is. 
ms c ;whti hy+w of .2--y- 

xygunmm 7Sa m O.lM- 
hydroc&icacidat2pxrerqortcd7’tobe1(#and 
lOOmin, rcqwtiveiy. nc carespoadips half-times for 
the hydrolysis of 74x and 75r in 0.2M-hydrochbrk 
rci6dioxr9(1:1 v/v)at2Vam ca8x~d7hr,-~~pec- 
tivelYmdlWMktlWlUtl?XU&iti0lIxt&tiUWRXJUkd 
for the complete removal of the mcuwxytetn- 
hyQoyrany1 group from 3’-o-lwthoxytetra- 
hydroqranyl-Neoxyadenosinc (72x; B -43) is co. 
35min. 1twouldthlwforebeexpectedthatthenmoval 
of a metboxytetrahydropyranyi 8roup from an oli@w 
XyriboprrcleotideiIlulpeousdiOWcdptionarwldbG 

accompanialbycu5%clcavageofea&oftkpurine 
residues. This is ckarly ufmcccptabk. FMumtdy, 
however, water-acetic acid (1:4v/v) is a more suit&k 
lmbkXk@resgent.AltlKw#thec4mlp~n?movalof 
tbemc&oxytetrabydrqyranylranyltxkescca.6hrYin 
8096 * acid at W, very little (pox&y cu. 1%) 
depwmwn of Meoxyadenosiae 7+ and rdeoxy- 
gaenoQipe75roccunlmderthese~Tberemo- 
val of 4-aRthoxy- and 4,4’-dimethoxy_trity1 pIw?ct@ 
groupsoccumevenmoreeasilyin8096ac&ecid:for 

exxmpk,thethymidioed&ativc.u1(69mand8C;B= 
thymipl-yl) are npatas’ to =wo complctc 
hydmiysixin9Oand1Sminat26xodzP,reqm&dyia 
thi8medium.Itillfurtherillwe&gto~”thxt+ 
methoxy- and 4@imethoxy-trityl arc both removal 
more tidy thaa ~~ydwwwl groupc hl 
0.2 M-hydrocltlok ackI-&oxxa (1: 1 v/v). 

Averyimporwfactorwhichmustbetakalinto 
aocouptifaCidUikplUt&Uggroups~tobelWK!din 
oti#xkoxyrii~ synthl?& is that tbc 8lycaddic 
linkxge of Icbenxoyl-ZdeoxM 74 [nod 
presumably other P-acyl d&atives of 74x1 is xpprai- 
ablymnrelxbiletoacidichydroiysiathxatheglycwidic 
linkxgc of rdeoxyadcnoaioe 7& itself. Fku example, the 
hxtf-tiu~ for the hydroly& of 74b in 0.2 M-hy&o&ric 
&ciddioxml(l:lv/v)at21pisca. 1hr,~tbatisoal?+bt 
oftbehdf-timeforthchydrolysisof74xtmderthesxme 
conditioas(~xbove).Itixfurthernoterporthpthatthe 
hdf-times,iIlthesememedmmforthe~ofthe 
glycQ6idic inkages of N’kllxoyl-~*~ 7s 
and2ueoxy8unn+75ritxelfareviltlmay~. 
Althoqbthe@iycosidiclinkxgcaf7siamorcst8bk 
tbnnthxtof7&in8096rtceticacqitkl,lwl?v~, 
~kM~~thatof7~iuthelattcr 

PhO 

IilthghthCCXoeptionallabilityOftheOtycosidiC 

linka8eof7&(orratln?rofits4-metboxytrityldcriwive) 
wxs not& in the early literature on o@deoxyri- 
bomKkowsyntb&thc coasequencesofthixobser- 
vxtiollxleperhapsootwidciyappnciated.Anob~ 
conqucwiotkpbospbodiesterappmachandinthe 
tIaalunblockinglJtepsoftbephoxphotri&rilppN&&is 
tbattheN-&cylprote&ggroupsshouldbercmovcd 
from the bxae rcxidws bcfon any step invdvin8 acid 

0 

HO 03 ‘I ” 
0 w ’ NHR 

7Sa ; R’-R+i 
b ; R’-Bz,Rh 
c ; R+32,Rhc 

Hb 

lSa;R-tl 

b;R-& 



trcawnt(prcfcrablywith8096&Xticacid)iscarrid 
out.lllc~ofthclabilityofthcgiy~ 
linka#c of w~yi-~~xyadc~ 7Ib in the 
clmillextdlmstqmofthepboepbotnester~ 
inwhiditk lklWWytOnmoVeRCid~oropps 

witboutlmbbckiQgtbebaacnsidues,arcnotmserIous 

asmigllthavebccaslntk&d.TllusitispOssl~atO 

rcawve tbc 3’-0-mc&oxytetlahydropymlyl group from 
the fully-pmtecM dinucbaide phosphate 76 either by 
tmtnmtwith8O!%accticacid(6hr,2tP)orwithO.2M- 
hydrochlofic aciddioxan (1: 1 v/v) (1.5 hr. 20”) with only 
asmdlamountof concomitant dcpwidon.’ It seems 
likely that the ins-cad stability of the glycosid.ic 
lidagca of 76 is due to the inductive effects of the 
5’-O-aryloxyacetyl and the 3’,5’-phmpha&stcr groups. 
This hypothesis is supported by the obsmatS’ that 
the rate of depel&n of 3’J’di-oetyl-W-benmyl- 
2uoxyadelmii 74c in 0.2 M-hydrachloric aciddioxan 
(1: 1 v/v) is only co. ooe-twentieth that of 74b. 

me dedopmalt of rhtl phos~tw appd 
Asstatcdabove,tbechoiceofagmupR(seeSclww 

2)fortbepnMadonoftkintaaadeotide~isa 
cmcialp+kminthciymtGmfol&mcbotidmbytk 
~rpprorcb.Tbbqoppmurt,ofcome, 
fum the &cipal uituia [@(ii] w above fg 
~FW.~bcarylP+tm8~-+ 

pbospbotnerterrynthunsofarl~nuckotde 
contain@ a natural 3’45%1tmu&otiBe li&gc. It is 
intmtingtonotethatthcreportofthiawortbyMichcl- 
soa and Todd” in 1955 antaIx& the IInt papa, by 

AcO, 
_ “y 

Q\\ /O 
Phcki20~p~I 

AcO, 

appmch (!Jcbcmc 12), Michelson aad Todd” phos- 
pborylatcd 5’-O-aretylthymidinc 77 with the nuckoai& 
~_beazyiphoapborochkridotederivativent0~givethe 
fllnyqbrotaa dilwckoaide pboEptmte 79. Rc.mval of 
thcprot&qgroup~gave’QT8@.Inthcaamcpapcr, 
tbcsynthGsofp~T,thc5’-plmphateestmof6Rwas 
alsodcWibal.Dcspitctheaepromisiqs initialnXults,no 
ather work on the syntksii of ol&uckotides by the 

Llowiltg 10 years. IfI 1%5, Lmingcr et al. l n- 
aospbotriester approach was repoWl during the 

examined the latter approach using the 2~yanoethyl 
gmlp to protect the intcrn~cotide linkages. 

In tbcii orighml studies on oligon- synthesis by 
the phosphotricster approach, L&&cr et al. iu- 
vest&cd the possii of using a polymer support-‘& 
~inordatocanyoutprqamtionsonalaqcs4Ae, 
these workcrs74b inv&gated the use of the phosphe 
tri&erapproachinhomogueuu solutionacc&iagto 
thcprocedurcoutli&inscbemc13.Thes’protected 
thymidinc derivative 81 is allowed to react with 2- 
CyanoetbYl Phosphate in the P=== OfanarcnWll- 
pbmlyl chbridc in pyIidinc soluioo to give the 3gH?s- 
phatecater82InthesecondpboJphorylatioastep,Mis 
allowed to react with an unproti r- 
deoxyrii* 67a in tbc prcscmX of ~4,ei- 
isopropylbenzu~~@bonyi chloride (II’S, llb) in pyri- 
dinCSolU&ltogivCSS.IbehltWpNXilKt&3&whicbiS 
umtm&Wtwithasmallammmt(co.45%)ofn&rial 
with ummtmal 3’+3’-iotcrll~tide Wages, may be 
completely unblocked by treatme firstwith8046ac& 
acid(tonmovethc~group)andthcnwithdihlte 
ammonia (to remove tlX 2-cyalWhyl group); alter- 
natively,8%ImlybcconvutaIintoits2-cyaaoethyl 
ester (IQ R = po(o_)OCH~ and the chnin ex- 
teodedfurth!u.Intiway,tbeoli&ymidylicac& 
~‘zT and CrphT were prewed from 83r @ = thymin- 

~In’alaWpapcr,L&ingcreraf.~ab&onedtheu23c 
of unproteded ~dcoxyribonu&osidcs 67a in the chain- 
extclGonstcpsandiMteadusedthecmspwdiso3’-0- 
&bcnzoy@opionyl derivatives 67b, thereby prcventiug 
tbc fCwmaGlm of any 3’+3’-interwdeotide lin&L?s. IlIe 
~4cnxoy~yl group may be nmoved”: by treat- 
ment with hydrazine hydrate ia pydmsace acid un- 
derconditioaswbicbdonotk%dtothcunblockingof 
intclnM lidages. usiog this mod&don 
LCt8iWWdd~~csrriedOUttbCStepwiseSynthesisOi 

oligodcoxyriinuchMidcs containing bases other than 
thymine ad also tbc block synthesis (i.e. 2+ 2-4 and 

HO 

O\\ 6 

- -0 
/- 

b 
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Ilb 670 ; R-H 

b ; F+PhCOcycyco 

lily - thymin-l-yl 

830; R-H 

b ; R-PhCOCti&H,CO 

!kbalx 13. 

3+3+6) of the tctrmer, tTp),T ad the bcxmer, 
PPIsT. 

Both the bellzyl and tbc 2-cyalKdhyl proted& 
groupShavethegn?atadvantagcthattbeycanbe 
rcmovulfromtbehtcndd&~attheedof 
tbC8JdCSi8unduV~ftlild-iDdCCd.Debeb 

zylathmayrcadilybeeffectedmby~xidth 

;m&tk*syWdd prz 

FurhmoE, both uBblo&g lWdoIlS illvdve sp& 
o-alkylfbaiooandtkeforenockavagcoftbeinter- 
OodeotidelihgCS8hOddOCCUL~critaion~~i(SCC 
above) k fumlkd for both plWxthg @oltpll. llll! 
remain& question is wktk cdcrh (iii is fuHUlcd, i.e. 
wkthcrtbeseprotectinegroupaarecomplctelystabk 
uderthreactkmcoditions.IfacomparativdyloPg 
o&m* is to be syntbcaized, a number of pbos- 
plWylatioa8ndplndk&mstcp8willbe 



kaE4teliwllicllwaaun?nalbwadtomctwiths7to 
giWtB.ThCtliIW~)2T~Simik@preperedin~ 
stq~wisc(1+2+3)syntG~andthctetnmer(Tp),Tin 
a eC (2+2+4) syn&ais. Ihe# works-s also pra 

lllC2J&tliChlaroethylprotactinggroupWOUklbC 

expected to remain intact during the chain-cxtcMion and 
plldhth att?ps of oligoe sy&l%is provided 
t!mt relativC?Iy mild cu&ioas of dkdine hydmlyia 
wereusedtomoveacylpromingproups,ifany,from 
thetcmlkmlllydroxyfun&ils.AfultbcrmeritoftbL? 
WtMdoIWbylgroupisthat,likctbcbcnzylaad 
2-cyanocthyi protectipo groups, it may be removal by 
spcci6c O-alkyi cleavage. However, it is by no mcaos 
ckarfromthe&atun?tbBtcJMtm(ihi(raeabovc)for 
pro&t& m ill fntnau& i.e. if -thy1 
tgups~~cd’!tbecnduftbe8~aabout 

Ill&nbk*~.TbcW- 

-ntwithziIlcdustof~ 
aqueous acetic ecid;” (b) pyridinc co&ning aptic 
acidm- and (c) anhydrou8 dimethylfomlamkW m; it 
bns alao been removed” by sodium qMlmknc in 
hexamcthylphospboric triam& @rocedW (a)]. It woukl 
scemtlultproc&ne(a)isuIMuitab&innucleiacid 
chcmiatryintlmtit8usewollklverylikelykadtopWtial 
red~ofthcpyrimidinekses.lllrrs~=nported 
that a loss in ultravidet absarptioa is ob6c1~ui when 
N’-bcoznyl-Zdcoxycytidinc 89 is treated with zinc- 
coppcrcouplein!N96aa&ecidatroomtcmpcraturc. 
PraMwe (c) which involve’s aprotic naction conditions 
WOUhdeppear,illpIiKipk,tObCd~th8llprocedure 

(b). u procdm (d) is followed, strictly anhydrous 
co&Ions are lEccsWy in order to ensure that 
~~DCJM&W aMine hydrolysis of the pbospbotriestcr 
groups is avoided. As procAres (a)+) involve heten 

CtUYbditlWttOClt?WCtbrt,md~detersdne 
whcthcrallthew-yl_grooprrcmoval 
fy ;&scdw*. 

-tlmtthe 
pbl!aylpNLtiuggrCIapc4luklbcMedillthc!3ynthcnisof 
TpT 88. Y-O-MetboxyM&@mp Wylthymidine 90 
wastrcatedwithavayalightexccsnofpbcnylphos- 
pbon+ichbri&ueintheprexnceof~in 
acetom& sdution to give (!WRme 15) the putative 

phospaorochbridpte 91. AftcJ a suitable 
puiodoftimc,tbc3’-pnetedbuildbtgblock87was 
thddCdildthCsUXlIdphospboryhtioastepwaS8llOWCd 

topmcu?dtogivethcfuny~dio~ide 

phospk&e92inMtisfactolyyicld.Tbclattcrproduct)2 
wasuobbckedbytrcatmcntwith(a)alkaliforashort 
time (to remove the acetyl group), (b) acid (to remove tbl? 
methoxytesahydropynny1 group) and (c) alkali for a 
loqger time (to u&lack t& intcrn~~ Wage). Al- 
tbmlghitwaswtraX@zcdattbetime,thislmMocking 
procedurc~ led to a mixture of thymidylyl-(3’+5Why- 
mid& a0 and it8 two symmeIriCai inomen (see below). 

ll.RphCOylglDUpiSSt&lCCOOUghtoremsiniOtXt 

R’O\ //o 
_oNP\oPh 

93 

-O\@O 
R%' ‘Ot’h 

R++O 

R2Cf ‘OPh 

90 
) 

HO 

AcO a7 92 

-Thy- thynin-byi 

scbmc 15. 
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synthesk of oQodeOxyriilSckot&. Tk! lirst 
d4prribonuckotide- syntha&A by the phosphotiiester 
appmach was ~~~4~~ 1.2 which has 
an mmatmal intemuckotide Ii&qte. In 1969, NeiIson*D 

la a BllbW4Wlt sc-rh of papers, N&son ct aL6‘** 
have extcndcd this pmcedule aIMI have syllthcskcd a 
number of disan’bonuckatidts both by sttpwise and by 
block syntbcsis. These yorkcrs invarkbly used 2,-O- 
~~~y~- (such as 23) iastcad of 
z3’~aobtetlninrlbujdingMoJs~~as~ 
andinordcrtoavoidpos&kcWamnWn 

Ilotur that the l7%Xvcrks of lllqnWM 
olip&boallckaW% after the ImbIocking process (ii 
cludiDg*with w coupk in dimcthyE 
formam&) are geacmlly rather poor. Unkss a much 
~~~~~~~~~~~ 
mastcastcoMdmbkdoubtoatbes~oftbe 
2’2’2.trkhlomcthyl protc&# group in the synthesis of 
ol@uckotidcs by tbc phosph&estcr approach. 
However, these studks ckarly indkatc that the phos- 
photrkstar is more suitabk than the phosphodkstcr ap- 
proach in the syntbcsis of oIiguriiW. 

Inf97O,&amsandi&singe?rqMedasimikr 

with the Z-acetal 1OlI in the pnscace of TPS llb in 
@dine !&tion to give tbc paltiany-pmtcctcd 
dkllck+dc pbOspha& 14!A TEatmcnt of the lattS in- 
~l~~~~~f~~~by~ 
acetic acid gives upu in satisfactory ykld. 

Altbouh the PaaQpaotrkster appnwcb, with pheayt 
p~~,~~~s~~k~ 
deoxyrii s&s, a di&uity was first emnatacd 
wbenitwasuscdintberiRnseserks.‘ilms,forexampk, 
itwasfoulJdthattberWtioabetwec0the2,5’-protectad 
lKMe&Ml*& derivative 66 alld pbeoyl phos- . harorllchk#tdatcpmcccdcdmnchmorasiowlythantbe 
~~~~P~~~t~ 
~~~~Y~~~~ T. However, 

~midinabuildmgbIock16 
with phenyl phMpborodk~ (Scheme 20) in the 
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IIS 
+ 

HO B w OhkJ 

Np/O O 
PhU' ‘0 \ 0 

OJ UB.u(3( ) 
IitJ -OH 

iI8 a ; Ar-Z-CICaH, 

Y H Oh%! 
121 

B-B'=tuaciM-yl; 

scb23. 

X Me 

120 



0 R OMe 

Np’ 

w’ ‘0 Q 
b 

0 

0 e’ 

b d 
x H Me 

116 

III -on 
lo0 wp+ 

B - B’ - mcil-1.yi 

!schemc 24. 

I24 a;Ar=2-CIGH4 

+ 

l-l6 i)H 

123 

125 a; Ar=2-CIGHI 

B = tmcil-I-yl 

3’-plmphatc ester l24& 
l24DWith1iIlthCpnsemX ofTPsinpyridhetioh&l 

groupsbeforethedkdiaehydmlysiastqiscanicdaut 
if unblocked plmdmta with !Jokly r+y.iemed& 
linkagmafetobcobtaimd.~tbcfcianoevi- 
dcme for the fomdotl of the 3’+3’-isoma of I% in 
thc~betwoen~and2A~pos~callbc 
Mi&dE4itQ#hifthe~~3’aOa_terminal 

nii~blocksBisuaedinsteadof28. 
Asidcatedabove,thestepwiEcsyll&sisof~ 
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114, Ilb 

C5”5N 

Hd 
126 

a;R- 

RO 0 Thy 

+v 

0 

%A 

PhdpLO_ 
I21 

O\\pP 

Phd ‘0 
Ilb, 

C,“,N 

Cl 
Thy-thymln-I-yl 

b; R- 

“CI 

I 
\ 

114 and 3’-oimtboxytetrahydropymyltb~ “9” 
starting mataials. ltle funy-pfotcctcd dlmcko& 
pho!Jplmtc8l?S8~mdlm~,whichmaybere#mlcdas 
theb&cunitsioblock8yntiwi8,waepiqmdaccmd- 
ingtotlEpmcedmouttiaedinscbenae26~i8olatcd 
pUre, f&OWillg Short C&M chnrmrtoetap hgm75and 
71% yidd8, mpectively. PrelimiMfy rQdiw wale car- 
riedti8tlUX8d@With~butCVCllmaCe88ti8- 

fitctory rc8ults were obtaimP (8cc below) wbm tbc 

were p&d&d with lipophilic aryloxyacety~ pmtcct@ 
groupsinonbXtopromtetlb&8dmlityalXltbc8ohl- 
bilityofhighcrmok!allarweightoligmuntiedfrom 
thcminoqanic8oivam.Rcady8olubilityiaorgaIlic 
solvent8 alnl c8pccuy in chlorofolm i8 
the work-~ of puch plmphat&stm 
their fmctmatm by Shit c&mm cbrometosrephy.y 

whcllmbi8treatulwitbdihltcac&lNi8obGncP 
inlli#lyidd;wlmitistreatcdwitbdiklteamnKmi&l31 

i8obt&dal8oinhighyie1d.n?sc-pbo8- 
ph&CblO&8wb8Ddl3lIMythCllbCliUkCdt@l?&iO 
tk8amwayasthcIlwk&dc~~(waDd 
lg,~~~to”~tplly-proteded- 
(132; II= 2) in 62% i&ted yield. PaMlyqmtcc&d 

ammoe respectively, may be 
linkcdtogc!ktogivethefunyprotcctcdoccamer(u2; 
n=f$ins4%i8olawyicki.TwofwtbcrlqetSm8of 

T 
‘vely. 

ow8tqmareinvdvcdintheanMocLilrpoftbefully- 
pmctedoligomc~l32.Tbctir8tstopillvolvc8 
treatmntwithammonia inaqlKmt8dioxanto~etbe 
tM&lly+OUCtUlOligO~l33.ThClattapre 
tetrpaydropyranyktea(~n)~~prodad, 
t&msubjectcdtoa!kal&hydroIysi8togivctbepbos- 
phodiesterin~l34.Thefoululstepinv~ 

-3 Cl 
R- 

I 

b 
Me0 Q 0 

I29 

hy hy 

I 

131 Me0 

‘ci 0 

Thy-thymin-I-yl 

C’l 
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Me0 Q 0 
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HC) 
J35 

Tlly = thymist-yJ 
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$40 
t i 

ad 

5 25 50 n 
FRACTION NUMBER 

BY of fpny-rmbbc~ CrphT (wa; II= 6) on Dl3Akhhc with 
hydrogm carboa& kmsr (pli 75; liasu PrdLpt. O.lXI1-0.6 Y; co. 145 d f.m&&. 

charge of -2. There are alao four possible carrcspood- phenol itself and again effecting unblockig by hydroxide 
~productswithc~of-3.-4,-5,daad-7.It ioninthemostsuitabksolvent. 
canbeseenfromF~lthateithcrsomeofthepousi& (iii) Byusiagphenyloranothcrarylprotec@group 
products(Sckme28)arenotformedorthattheyarcnot andeffectiugunblockingwitham&ophikotkrthan 
fully separaW by chromatogmphy 011 DEAEcellulose. hydroxide ioa. 

VWTPTPTPTPTPTPTPTO ,“E. ’ f + VP + pf + TPT) + 

(pTp + pTpT + TpTp + TpTpT) + - . - - 

Althou& (Tp),T (Ua; n = 6) accouoted for over 75% 
ofthetotalnuckotideproductsobtaklbyunblock.ing 
the funy-protectai octamef (uz; n-6), the mat&l 
isolated following DIMEcelluloae chromatography (Pi 
1, major peak) was ahnost certahdy contamkted with 
the isomeric heptanuckotide phenyl es&s correspond- 
ing to the dim&o&e derivatives @TpT and TpTp) 
indica@ in scbL?me 28. Tkefore the occmTence of 
signiku (i.e. co. 3% peX phospWkter group) inter- 
nucleotkk cleavage during the unblocking of phenyl- 
protected oligonuckotkk4 is diaadvantagunls in two 
ways. FWly, the yielda of uqnuk&l oligomkckotidea 
iWitably becuma IowcX with increasipe mokuk 
mzt +=W tk puriecation of unptotectsd 

nuckoWabyDMk&bseorDEAEssphdex 
chronWouaphyiama&morediUkultbytheprerenceof 
iotgnucleotiQckava#cprodpds. 

Attanptr to ulppnrr ManIle cleavage dIuh me 

bkxkhg of the pho8phcmiatu inu?med&t~ 

IftbCpllWpb&i~epproachWi!h~lprotecting 

groupa is ta baame rbc method* of choice for the 
syntbeak of olig& and poly-mk&otxk of high molecu- 
larweigh~anunbkAngproceduremutbefound 
WhidllhlitStl.EUClltdilltUldCOtjdCCkaV~tOaot 

more tllm, say, 0396 per phoaph&ester #oup. There 
are,inprkipk,atkasttkeemetbodrbywhichthia 
targc4mi&tboachiev& 

OB~=taiWthepbenyl~rotectinglpoup~ 
CffectiUgUIIbkXkiIIgwithhydroxideioniIIa~~8UiC 
able 8olvent. 

Cu3 ByreptaciaeP~yl~~erylprotectiaelpoup 
derivedfromaphenolwhichisastroogcracidthan 

It now seems unlikely that the target of not more than 
0.5% intemuckotide cleavage win be achieved if me&Ml 
(i) i.9 foIlowed. I&cd 24% intemlKk&de cleavage per 
phoaphotrkter gnnlp occllR4 eve0 u&r the moat 
fawn&k co&ions so far foupdpT When sodium 
hydroxide in water-dioxan (1: 1 v/v) is used in the un- 
block@ of the triphenyI ester of (TpbT, over 7% intcr- 
nucleotide cleavage per phosphotric8ter group i8 obser- 
ved.~Therdore,ifhydroxideionistobeusedtoeffect 

intherii8&88 
fromaphenolwithapK,of7.5orleaaisnquiredif 
intemuckotkk cleavage a=mp&ngtiby 
hydroxideionistobclimitedtoO.#6perpintupha@iea- 
ter1poup. 

Me,C c)- 0” ‘0 
0 Thy 

NOz b 
0 

Me0 Q 0 

lS7 Thy - t!lymill-l-yl 



ncf&bilityoflimiGngiaterpuckotideckavagcby 
sdopt@mctbudOwasinv~bycqiqouta 
blocksyIltbeofoligotbymidylicacidsbasl!dontbc 
fll@-ptlXkddill~~phdew7WhiChWar 

olsahd in 6696 idated yield from the qpmpri& 
thymidinc bu&ling blocks, 2Gitro4t~henyl dihy- 
dmgcn pbo&atc and TPS Ilb. lllc 2-nitro-Jubstituent 
wasintrodua?diutothcarylprotcctinggrouptoreduce 
illtemuckotkk cleavage duling unblocking (the PK. of 
2-nitropW is 7.23) pnd the Qt-butyl substitucot was 
iIltrodWedtoincrcmc tbClipophilicityofthCphosph@ 
t&atcrInWmediB& Ithdbecnfoulethattbesohl- 
bility of phenyl& oli@mucleoes in chloroform 
dcazaes markedly with incnxsii mdcudar weight 
thus making the work-up and purificafioll of the synthetic 
reactionpr&ctsmorcdiuiu&-Ibeintcrmcdi&l37 
waStrC8tCdWithecideadwithlXL9CandtlWCbycOn- 
vcrtal into the conwpoadine dimlclco!Jide pbosphatl% 
with free 3’- and f&c S’-llydroxy func&ls, mpcctively. 
TbelatterwercliakcdtQ@crtogivethcfully-protcc- 
tedtctmmcrin%‘%isolatcdykldandr&tionoftbis 
sequence of react&~ led to the fully-protected octamer 
in 37% yield.= 

nlc rcaults obtained in tin! mlblockin8 of the fully- 
prot&eddimer1J1andthccanxspondingtetramcrby 
tbe#clMJlpmcedmeilxWl?dinscbeme27,with 
0.2 M-sodium hydroxide in water+lioxfm (1: 1 v/v) used 
to effect llydroIy8is of the phosphotrkstcr group, were 
very satisfactory in that intcmuckotide +ava#e ap- 
peandutobekssthaoO.!i%pcrp~rgroup. 
~,tbcu8eofamorclipoph&arylprotccting 

zm an improvement in that the phosphe 
mtcnMesprovaltobcrcadilysolubkin 

chl0roform. UllfortmWcly, bmveva, 2-nitro4t-butyl- 
phcoyl pro&ted intcmxdiates arc diBwlt to work with 
in that their plmsphotriestcr groups arc extreme 
susceptii to basic hydrolysis. I&al, it is 
to use an acid&d ClutiDg solvent to limit silica gel 
promoted hydrolysis during their pur&atioo by short 
culumn chromatogE@y. It tlWcfore seem.9 unlikely that 
itwillbcposslWtocanyoutthcsyntbcsisofbigh 
molecular weight olige aqd paIy-oudco&ks by the 
~trkstcrappmschwithanarylpmtectinglpoup 
derived from a phenol with a PK. much below 8.5 

Me&d (iiii for uobbckiug aryl-proWted iatcroucke 
tidelinkaguhassofarbccolittleinvestigatcd.IIldced 
fluorkkioaistheonly&cmativetohydroxideionwhkh 
hasbCCOpfOpOdiOthCliterature.Itahuadd.-bVC 

MMTrO 

0 Thy 

‘cr 

OlP/O 

PhO’ ‘0 

USCdlhddCiOO[telMll~UOlfl~iOtetra- 
hydrofuran-pyridinewatcr (8: 1: 1 v/v)] to unblock p- 
ChkKop~~. itltml* +lkagcs of 
CxqaraMlysbortphgodeoxyribonuckobdcsbuthave 
comctotheum&smothathydroxidciopismorcsuit- 
able for unblockiqg higbcr m0kadar weight oligomers. 
However, the latter workersm did not di.9cWs the occur- 
rence of intcmuckutkk ckavagc during unblockiq 
eitbcr by treatment with lIuoride km or by hydrolysis 
withsodiumhydroxideinaqueousdioxan.Ugilvkrtaf.sp 
have lqoltcd that treatment of the fully pmtectal 
diml&oGie phosphate I38 with 2 nadecular cqlivalents 
of tctra-n-butyw fluoride (TRAP) in t&a- 
hydrofuran (Scheme 29) gives I39 with M) dctaztabk 
iutcmuclcotidc ckavagc. However, this result & to 
be confimled as treatment of 11(1 with 2 mokculU 
equivaleots of TRAF in the prlsence of trkthylaminc (10 
mdecular equivalents) and water (3 molecular 
cquivalcnts) hSd9’w to cu. 2096 intcnl~tide ch?avagc. 
neatnteot of 14al with 2 molecular equivalents of TRAF 
in tctrahydrofuran-p~dino-xntcr (8: 1: 1 v/v), under 
co&ionscorrespomiiagtothoscuscdbyItakurad 
al.,- lcads’“’ to ca. 396 intenluckoedc ckavagc. some- 
what less (cfz. 296) intcnl~eotidl! ckavagc’would be 
expected in the uoblockiog of la by hydroxide ion in 
eqWou.9dioxan. 

Ittbcreforcsa%nsthatllwri&ionisllnsuMkfor 
the lmblocking of r&tivcly hi@ moll?cular wcigbt aryl- 
pmtected olige and poIy-oodeotides. Nevcrtbdess 
mctbod(ii)meritsfurtberiavmti&on.Intbccoo- 
version of 141-B 94 (schemL? 30). it ia preferable that only 
oae ol&ophilic stMiMio0 maction at pbospborus 
should occur. However, pmsum&ly two such sub 
stitutioo rcactiom occur in tk case of fhmride 
iolLItisp0ssiithatformationofanintcMediatc 
dialkyl phospb0rolluoridatc (142; x = F) involva some 
intcrnucl& &wage &e. R’O- or R%- instead of 
ArO-aslalvin8group]bu&duetothcrclativelyhigh 
strcpsth of the P-F bond, it is even more likely that 
phospaoroauriaate hydrolysis [i.e. conversion of 142 
(X=FJ to u] will proceed with some intcmuckotidc 
cleavage. ‘Ibus X- sbould, if PosJibk, be an oxygen 
nuclm (RO-) suc41 that the O-R bond is broken in 
tbc conversion of 142 (X = OR) into )4. Ckarly, despite 
itsothczlimMom,hydroxkkloameersthiarequ& 
mcot. It MW appears that ultim& s-s in tbc 
syntlesis of high molecular weight olige and poly- 
ouckotidcs by the pbmpbotrkstcr approach with an aryl 

n Bu4G F-(TBAF) 
0 0 

\\P/ 

?etrahydr&mm 
m -0’ ‘0 

139 
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d 
Ma0 Q 0 

140 a ; Ar-m Thy-thymin-I-yl 

b ; Ar-2-CIC6H4 

R’O, /o 

R%/PNOAr 

R’O, ,0 

F?O/pYt 

R’O, /O 

- RIO/p\O 

141 142 94 

!khaoe 30. 

plDwhggroupwindcpcodtoa~extcntonthe Tllhprocedurcconaatbc ~rsitcallkadto . 
sohhmofthispro&mofintemukatidccka~duf- both phosphatarmdate formdoa~~‘oo lmd w 
iacunMocLinet iiltcnl* ckavage.~ lbs when the funy-prutec- 

Fhdly,itshauldbcnutaltlut,inscvcrallabod&s tcd2&o4t~ylcsterof~T143istreated 
aqucousammlmiahasbccnuaed~~‘~toef[cct& WithlOM -ammo& ill aquunul acxto&k (!kbeme 31), 
unblock.& of aryl prectcd internuckotide’~. thcpbo@wdd&ofTpT(1~1096)isobtaineduin 
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aqleous-k?3dsto~ 
tkm, the yield of mbT (Wa; II= 2) foIbwingf~ 
hy&oIyfisisoniybdwecn75and8096.Ifmpbos- 
boramhm arc fomwd, t&n t!K! extent of inter- 

zIchti& ckavage is cu. 7dt% per phosphocriesta 
m- 

EEcmrtmuAmmmtN-~ 
(a) MOM- P~@w@wJ Q?- 

As ilxhtai above (sckm 17 ad.subsequent d&S- 
cxmsion), when biinal pbospImxyMhg agents, slK4h 
as pbcoyi plmpborodichlori~ (9g; x= a) or plmlyl 
dihydrogen phosphate 114 in the presence of Tps lib, 
arc usul, symmetrical prodlEts (e.g. lg# and 1.1, 
!khcme17)maybcobtai&.IhisispartkuMysoin 
the synecsis of oIig&oxyrii~tides. Ibe forma- 
tion of such byproducts is undesirabk not only because 
itlcadstolowcryieldsoftbcrquiredproductabutalso 
becauseitleadstopllrikaWpoMemsespecigyintbc 
case of relativ~y *high molecular weight OligonW 
tides.=’ A further dukntqc of usin# an aryl or akyl 
dihydrogen p&&ate in the prcMnce of an arcncsul- 
phanyichk&einthcfirstpbospkylationstepofa 
pbos~rsynt&aisisthatyiddsappeartobc 
much lower whco N’-acy@&ac residues arc 
prcseflL-~‘~ Recent work (see bcbw) has nvc&d 
tl&ifasuitabkmonofuctkudphosphoryWngsgent 
is used, the formation of symmetrical products can be 
avoided and satisfactory yields arc obtakd irrcspcctive 
ofthebnscreGhlcsprc8ellt. 

A monofunctional pbosphoryl&& agent (+I as 16, 
schL?me32)illt&5mtstepofthcpbospbotnestg 
pmachmustmcctatkastthrccr@rcm&3.Pirstly~ 
mustbereactiveenwgbtophospkyW t!M rclativcly 
hi&red 3’-hydroxy groups of riiu&oside build& 
blocks (e.g. 59). !kmdly, if it is ukimakly intc&d to 
protccttbeiIltcnluc~~swithanarylgroup,it 
must be possible to convert the initial pbospkytatkm 

undcrumditionswhicbarcsUBcicntlymiklfarbothtbc 
aci&aadbasc-sensitiveprotectissgNnlps_~lwnainin- 
tac&aadforBootlK!ruk&edtnuIf~toocalr. 
Tbirdly,itmustbcpossibktoisolatctklattcrinter- 
mcdiatu147aspuresalts,frcefromphosphurylatioa 
and otbcr by-products. Clearly, if all tbrcc of these 
requirements arc to be nret, the c&ice of X in 14 is 
likclytobcstridyJimitcd. 

mix unnlo- p&sphoryutg agents Ire, 149 
and_* have rccqtly bcc~sugg~~tcd for this purpose. 
F%” and Lc@kowsk~_ nqortcd that phenyi N- 

ylpboQphorarmaochlon 118 IeSts wftb 81 
(!kbcme 33) to give lsl in nearly quantitatjve yield ad 

bcisolatdbyprccipitatimasitspyridinhsaltin8596 
yield. However, the Polish workers’” did not report the 
use of l!Q as an iIltcrmcdiatc in oligonlI&otide 
Synthesis. 

The USC of 2dorophcnyi ~-tricllloroctbyl phos- 
plkorochkridate 14J as a monofd pbmpboryht- 
ingagcnthasbcenrcporkdbyvanBoometa1.’~’lIms 
Y-O-p&lanpkMxy&ccQWymidiDel2Wactswithl4!J 
illpylidiDCsohrtioatogiWl!Oill!XMi&tCdyi&I. 
TkatmcntoflS3withanexcessofzincdustinthe 
prcsene of acid (0.2 mokcuk cqlkalcnts of ~S&tri- 
isapropykozncsuiplnmicacidwithnspecttolS3)in 
pyr++u$mgivcsthedesircdmtcnnuWlS4 
wlucbethen&atcdbyextn&mofitstri$~lam- 
nnndumsnltintochlorofoml.TbeIMcbworkas’ have 
ltRdthis~pro+urcintlusynthcsis 
ba4hofolig&oxyralo-ando@rkuD&ti&s(ses 
below). No di&ultk regard& the nfavourabk parti- 
tklingofchargl?dspccies(suchasls4)betwcenc~ 
farmamiaqucuusbuifcroraoycvidcneofpyrim&c 

ArO 
\P@O 

Cl’ ‘x 

ArO 
‘P//O _ 

k0 

R’O’ ‘X 

b//O 

R’O’ ‘O_ 

MMTrO 

Cl 149 lb0 a; Ar-Ph 

148 

CSHSN 

MMTr 

O\/O 
PhO’ ‘NHPh 

ISI 

Thy - thymin-I-yl 

SckaS 33. 

MMTrO 
0 mY 

b 

OIPP 

PhO’ b_ 
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RO 

“4 

ROT0 my0 
149 

W’,“’ +$F \ /O Cl 
CI,CCH,O’ ‘0 

R = +clCJI,; Thy - thymid-yi 

SC* 34. 

RO RO 

L- Obr 

Cl JJ ’ Me 

Et 

Me SH 

IlOb IS6 
schunc 35. 

(e8pedlyCytosbe)nductioabyzincdusfintbe 
prC8eoCcofp~ioahavebecnreported. 

Fillally, the use of cnitropbenyl phCrly1 pho8phCkCh 
hmidate’m m a8 a monofd pv 
ag+mtwa8nxenUydwibcdbyRcescandYanKui. 
Ihelamralgcntwcwhichmy~bcobcaineda8 

trk8tcrintamediatesu(in~yidds.nu8the 
dated yield of an ~-bclmylgluumk dmivative 
(W, B=N’ wa8 9296. ‘Ihi phos- 
p~Sg+Zllt19bMCt8CVCllmOnN%UtilyWith 
5’-~~~~uClco8idc~Mocks4to 
give the C4xmpondin8 3ktiwyl phosphatc8. katment 
ofls6(oroacofthelattl?rpleCteddcoXyliiuC~ 
ti&%)Withf?llCXCC88Ofp-thiOCWd1SI)aDdtriethyl- 
amkinaceto&ileat#rgive8avirtdyqumtiMive 
yiddaftmca1~ofthctriethtriethylpnnaonium8altofthc . 
dC8idphospbodrester- * (ET? OT dcoxYri- 

Tldofhl5aaandlsabappalrfullytomatauof& 
above requirement8 for monahmctioasl pbo8phorywn# 
a@wt8intbesyntbmi8ofo@on-bythcpho8- 
phdrktcrapproaCll. 

a8 &litrophcnyl 
phenylpho8phomC~mi8u8edintbc6rst 
paospaoryhtion 8tcp (!khemc 35) in a pho&ob+ 
C8tH 8)‘&!8i8, m lrctiratipr wt (19)) i8 still 
requiredillthC~phospboryiatioqstep.A8ill- 
dicatcd above, TPS lib, which was uurodud by 
Khoranaual.%~anaCliv?tingagentinthcpho8- 
~Xppro$w~sclltaMcfor--mdrtcp 

bwpbotneJtaapproach.OlltheWbdC,Tpsllb 
has been prdemd t0 meSit@IiC8Id@Hl~1 ChbIidC lti 
bltbatit9pL%U8tOIWtIMW’C8lOWly’ WithtbCfEC 
shydfoxy fInAon8 of the 8eumd C4mpowm @WI, 
sCbunC34)end~ytbenforeitsll8cleadsto 
8omkr amount8 pf 8abpz o&R?, wbi~b 
=aY- 

‘lkrcianodoubtthetTPS1lb~aneflectivertctivat- 
illgagcntforthCscCoDdpha6pborytation8tcpaadtl.ultit8 
usclHuallylaKt8to8ati8faCtoIyyieldsof~~ 
pdlEt8.IdCCd8OlIElZpOft8illthCLiterature~tO 
tllClMh&l8OfTPSillthi8coatextmpybC~ 
innamuChaait88uitab@‘forthc8eCdatepCanQ0tbe 
clearly cmluatd Id88 a pm intanaediste 

Aro\p@o 
RIO' 'O_ 



SO,CI 

R 

0 

R 

/ 

k 

Ila ; R-Me 
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0 
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solpboastioa of 5’-hydroxy groups. Bellxenesulpbonyl 
and nnGtyknesulpblmyl-m rpotative stnMues 
lo; AT = Ph and ~4,tmM6H~, lwpecthelyl have been 
fourKPO to be particularly effective i3ctivating ageoe. 

Neilson et a/.” have reported that mcaitylenesulpbonyl 
-l&l-~ [putative structuc 1U; Ar=2M- 
Me&H& used in cunjmctiaa with 223trichlotoethyl 
phosphate, is superior to TPS lib in both steps of 
oligorii~tide syrltllesis ill that its use leads to no 
c&ratioIl0ftberea&nmediumandto~istelltly 
bighzr yields. van Room et al.” have reported that 
Z4.W - isopropyibenzeoesulphonyl - 4 - nitroiie 
(putative stmcme 161b; AI = 2,4,W~C6H2l is a 
lMcful ahating agent in the second step of oligori- 
boauleotide synthesis; these workers have fou# that 
the latter reagent promotes phospboryIation somewhat 
more slowly than TPS lib in the synthesis of dimcrs ad 
aimersbutmorerapidlyiathebbcksynthesisofbi&er 
mokcular wei&t oligonucleotides. The extent of 5’- 
suipbo&on is repotim to be lower and yiekls of 
pmdctsarempoxtedtokgeaeraIlyhigberwlml6lb 
[Ar = Z4&0,6H,] is used instead of lib. 

(c) c&her raccnt ddopent~ in phospho?ylation . 
IllthCbCliCftbtnormalplKk3pborylatioareactwas 

proceedtoosbwlytoanowtbceCelltsynt&sisofloq 
polyllIKk&i&s, Lets@r and Lunsfon?’ invest&ted 
tbepoa&Uyofcanyingoutaphospb&estersynthesis 
daplm@itenthathaaphorpbpteintamsdirtespor 
exampIe, in the synthesis of fuUyqnutecM ’ TpT 
(S&me 37). these workers treated 5’-O+eooxyacetyL 
thymidinel++lightdeiiciencyofocbloropbtnyl 
7 (lea; R=2-clcJI4) in the 
presence of 2&hMine in tetrabydrofunm solution at 
-Wtogive,presumably,l(6.AfW6min,thesecond 
build& block (167, co. 0.5 molecular equinknts with 
tespect to 164) was add+ to give. l(1 (R- 2-ClCJQ. 
oxid&nofthelattermWmedMewithiodincin 
aqueous tetrahydrofuran at -lo”, folknved by treatmeat 
with alnmo& gives the c4Xrespoodiq dinucleoside 
phosphate (la; R=2-CKLH,) in 65% isolated yield 
(belled on 167). solnc syllWtlical 3’+3’dinoc4eoaide 
phosphate, derived from two molecules of 164, is also 
obtainA As aryl phospllomdic~ridites 166 ami the 
intermedia& pbospborochMlites 166 are remarkably 
reactive, it is necessary to use an excess of the 
component with a free 3’4ydroxy group (e.g. 164) over 
bothtbepbompbmdichIolidite166adtbesecmd 
componcot (e.g. 167). Symmtrical by-products with 3’+ 
3’-in- linkages are inevitably formed. 
Let&geraadLunsfon?‘wereneverthelessabktocarry 
out a satisfactory stepwise synthesis of (T)rT by this 
procuime, using W-trichloroethyi pbosp!~~~I+ 
loridite (16$ R = tM!CH~ as the pbosp&Mq agent 

ne ose of pbospbo&&bridites ill oligoriiw 
ti&sy@e8ishasbeenrqnXtedfromtwo 
laboWoW.*= Despite indications that the 3’-hydrqxy 
lPWd~-O-~xyWrabYdWmti~ 
derivat+ea (such as 57) are compamtively bindeM 
8llbamdquantitiesofsymme~produdswith3’+ 
3%tcm*. are obtaid When~mcthyl 
pborpbaomehlonweisu8ed~ssthe~ 
agent.llreusebyL&ubandvanTamelen oftbemethyl 
goupfortbepnlte&oofintem~tjde~aQd 



3174 C. B. Rmm 

HO 
bose/THf * 

164 RO-Pet I66 
MMTrO 

I67 

(II) NH,/oq. dioxon 
‘) 

MMTA I66 

Thy = ttQmiQ+yl 

scbane37. 

HO 
0 ThY 

w 

MMTft) I69 

” 

Icy 
- 170 ; NEtJ 

CHpC12 

HG 
61 

ThY 
MMTrO 

0 

Yy 

ITI ; NEQ 0 ThY 

MepNaiO * 
kJ 

0 0 *pP/ 
0’ \o 

Me Me 
172 HA IT5 

Mebp o $Me 

Ii -II- 
0 0 

170 

HO 

ITI 

Thy - tbymin-1.yi 

scbsrne38. 



MMTrO 

chsmial8ynt&8i8of~audpoly- 

PhOPOCl* 

llob 

Me 

ItOb 

Thy = Illymiwl-yl; 0 - polym 

scheme 39. 

MMTr 

alkahc hy&olysis. The llnlh&ddimer,trimeralui 
tctmmcr(135;n=O,1aDd2)wcrc-illthiaway 
in 73,35 ad 31% yields, rcspcaively. 
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DMTrO 
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ArO’ ‘OCH~CH~CN 

ArO 0 Nb 
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-- 
L 
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Y 
NN Me 

so2 

Me Me 

182 183 184 

Thy - tllymin-l-yl; Af - 4ac& 

structure ls3) and then with 24zyfumcthanol. Appdmtly 
very satid- yields of monom~9eotidc build@ 
bloclrs(e.,g.l82)maybcobtai&iothiswaydcspitctbc 
use of a bifuWional pbospbolylating ageot l&3. nc 
5’-proMing group ia removed from 182 and funy-prlb 
tectal oligomc~es (comrrpomling to 181 and higher 
mokcularwcigbtoligomen)byabriettrcatmentwith 
bcnzcm?3ulpboti acid in chlorofoml-m&Dol.n nc 
2-cyanocthyl group may be removed &ctively from ltI2 
and fuIly-protectcd oligonucl&dcs by treatment with a 
large CXWSE of tril?thylamiIR in anhy&ous pyrsne 
sdu&m.Ibelattcrprocuturc,whichisofgrcatim- 
pOlWKXtOthC-OpC~OftlliSSyathebic 

strateey, wan lint nqmtaJ by ,A&mink Q d.“’ Sood 
aadNarang”6haveuscdthiaapproachintbeblock 
syntbcsii of olige alni pdy-tllymid* acids coatel@ 
fCnntccn,twentyandthiTty4ghtthy6dinercskhea 
(W;n-l218aad36,nspectively).Inthisworktbe 
&m&al 3’-hydroxy functions were protccW aa aceclte 
egr=d&TkiW of k fuqWt=ted produqs 

trcatm& &St wltb knxelKL3ulphonlc 
acid in chbroform-methawl (to release the termiMl 
S’-hydroxy fun&@ and then witb concentrated 
aquwusamaMmiaatW(torcmoveallofthele&uiDg 
pfotc&aggroup!3).Anotewltrtbyfcaturcofthisworkis 
that mlXitykocslllphoaylt&az& (puuive stlucturc 

186 

phosplmtr&cr approsb. AutIWgb an appN?cilMc ex- 
cusofa&atiugagcotu4wlMWdincachcouieo- 

Mllphonatioa of the componmlt!J with free 5’- gEy furKeoLlswasaot~cd. 
NamgandhiacowokcraItadprcviounIyreportcdn 

the sydmis, by related proc&ru, of a number of 
relat&ly high mofec&r we@ sequences of the E. cdi 
lactaeopWatorgeneandlEsteoaenzyme~ 
8itu.mscscq-ooataiaedanfour-beses. 
However, this work was car&d out before the 
development of the trictbylam&pyridi~~ proc&rc for 
thefemovalof2.cyaWthyigroupsfromtrrminslpbos- 
pMrkWr!38ndtbcsyIl&4icstrateeyadoptuiwaalc8s 

tcrmind Y- and 5’-hydroxy fum+na. Such Watmcnt 
withammoniaialikelytolcadtoappfc&&intcr- 
ou&ut& cleav8gc’” (po&ly 34% pa -hutI+ 
tergroup).~,thcrcisaciakofphoQpborarm _ 
datcform&an~mldsolDcofthelmblockedproductsarc 

186 

+ 188, 

187 



CbanicdtylltkaJaof~8ndpdyilud8otidu 3177 

likdytocmtaitl~prooortioplsoftcrtnitmlY-b 
3’- aD(l 5’ + 5’-intenl* g&a@?&- 

thi8rpgl#chandtbcrci8rborea8ontobetkvetbatthc 

vaaBoomaedlfurgd”bavetackk!dthc,~ 
Syntheris of Ol@ UK! pdyiibCUUck&k8 will p#‘CSent 
any furtber 8ig&!ant Mkultks. Most d thC 

ofdigaibonodsobdt,~a~w&ichhclosciy 
S.hiktOthtdOptdbyhtlilldCdmdOlfXC 

fU&lDCnhl pr0MemS have been 8OlVCd. w, thC 

recently by Sood and Naraq”‘ in the deoxy-schs; 
tlnalcbokeofaproteCtiqOroPpforthciutenuCkotidC 

tbcsc WarkerP have llaed tbc id-lab& metboxy- 
liI&+Eaappear8tobcthconlyrcany&ortantranah!- 
ing problem. It now 8ccmr vay likely that it will be 

wrphydro9yMyl Boup to protect ~a*xy possibk 8ubatantiaily to decze~ the extent of inter- 
fllndio~andtheO-chbropbenylgro4xptoprotcct 
in~tjlle liQka@s. vao Booal ad Bllrgen hove 

nucleotide ckxvage aCunqanyiBgthcrCmovalofaryi 
prO&&ggroups”rad,ifthi8prOVeStObetbCCMC, 

avoided tlw podbsty of phqMktu hy&olysis oc- thaecanbcvcrytittkdoubtthattbepho8photrkater 
curr&duriagtbenmovalof5’-O-scylgroqmbyuhg appronchwillraptiybccomeestabUedestbemethod 
the laevlllinyl pro* Broup (a8 iu 183, sct#me 41). otChO&fotthCC~8y&!Si8OfO&&and~ly- 
ThcuscoftbclatWgroupwaarqwtaiprcvhslyby 
Hassner u CrL”’ and by Ho aml Wang’= who removed 

nucleotides of d&cd baae8~quenCe. 

it,rc8pc&ely,byr&ctionwith8odiumborohydridcin Ackno~tr~ ahodd like to expms my extmm gmti- 
aqumu8dioxanandbyrcac&wi&hydr&einboiliqj tUd8tO8lWUlbWOfCXCdk2ltCY3W~WitbOlUWbOICrt9md 

mc&nol. van Boom and Burger8 have sb0w11”~ that the hrdwclrkourowoatudieJinthiaareawouklnoth8vebeca 

kcvulinyl group ix removed very rapidly by hydnui~ pouible. 

hydratC ia pM acid, tk mnt previouly 
uscdbyLcts&wandMillu-=toremovethcrelataJ 
@-benzoy@opionyl group. T+ Laevulinyl i8 more suit- ‘M. W. Nireukq ad P. L&r. S&ace lls, 1399 (1964). 

able for use in w synthCxi8 than the js ‘C.Byrd+EOhmk8,M.W.MommdH.G.Kbmm,~. 

benu, 
dr”” 

ionylgoupinthatitisckavedbyhydmzine N~AcodSdU.SA.SJ.79(196S);RD.W~.E~ 

Cal time8morempidly8ndappxrcntlyu&rcondi- md H. 0. Kkrum, 1. Aid Bid 14.221(1965); R. D. Wdlr, T. 

tiOll8 wdu which the rcmovxl of N-acyl protecting 
M. Jmmb. S. A Nm 8114 Ii. 0. Klnma8, Ibid n. 237 

groupS from ba8MC8idUC8 and Otba lllUk8il’&& Side- 
(1%7); R D. Wdh. H. B&hi, H. Khel. E Ohmh d H. 

reaction8 ocuu only to a n#tipihk extent. 
G.Kbaraw hid. 27,265 (1%7-j. 

van Boom and Burgcr~“~ carried out the 8yntheii of 
t. L &rwal, H. B6chi. M. H. Cwutbac, N. Gw H. G. 

the decariimlckotide (UpApkUpA and 8bOl-h related 
~K.Kh~~,A.KuwEOhtsoka,U.L~j- 
Bh~~kr~.J.H.~d~~.V.Senmelh,H.Weba~~dT. 

SeqUCllCCS based hl@y OP tW0 f@-pNI&tCd Yw Noryn Zn.27 (1970). 
q omnnickotjde St&l@ mntmids (lq B(B~=uracil-l- ‘H. G. Kbmnr, K. L Aguwal. P. Bcsmar. H. Bnchi, M. H. 

yl and N”-p-ankoykdcni&yl). Treatment of the lotta Cmtbax, P. I. Cadion, M. Fridkio, E J8y. K. K&c. R. 

building block8 (lsa) with zinc in the presence of 2.4.6 Kkppe, A Kmu, P. C. Laemo. R C. Mik. K. Mimnoto. 

tri-i8opropy~acidinpyrid&llndwith 
A. h8t. u. L. hjBh8DdUy. B. Rmmwrtby. T. Selrjr. T: 

hydrszioe hydrate in pyrS~C& acid, napoctivdy, 
T~~~J.H.vmde~.I.BbLClum.Il,p.565d 

gives the partklly-proteed mononuckotide8 (lS6 and 
rq. (1976). 

l87). The desired Nly-protected dinuckotide (M9; B = 
‘R H. Hall, 7ke AknU#ed N&widea in NV&C AC& 

uracil-l-yl, B’ = N’-p-aekoyI&nin-Syl, is obta&d in 
Cdumbh Udvaxitv Prua New York (1971). 

‘H. 0. Kharum, G.-M. Teaa. J. G. kid&i 8114 E H. Pot. 
87% ykld by allow& the qpropr& partklly-prectal them. and M 1523 (1956). 
mononuckoti&8 (la; B(B’)= umcil-l-y1 SKI M; “H. G. Kbrmrr, Aur A& Cikarr. 17. 349 (1969): bK. L 

B(B’-) = N’-p-ankoykdcnin~yl) to react togc&r in the &mwd, A. Ymmki, P. J. Cmhioa md H. G. Khmm, 

presence of the 2,4,Mi&opropyib~nzenesulphoayl Alww. chm. hwtanaf. Jw. 11.451(1972). 

derivative Of 4-Uitl’Oii (putative Sm lm in 
‘H. G. Kkw8m, W. J3. Rmdl. P. T. G&m, G. M. Teaa 8114 

pyridinc 8OhltiOIL ki8 the fI@-protected dinuckotide 
E H. Pd. I. Am. Chm. Sot. 7#, 1002 (1957). 

(10; B - mwzil-1-yl, B’ - N”-p-ani8oyladenin-!3-y1) may, 
~.M.JlcobradH.G.KbaurI.~m.~~~or.r,1630 

like the fully-protected monomtckoti&8 185, be un- 
(I%+. 

Mocked 8&ctively at it8 3’- and 5’cnds by treatment, 
‘ORLohrrmnn80d~.~.Kbarnn,1.~~~~oc.10,629 

(1%6). 
rc8pectiv~y, with zinc end hydnuinc, a block synti “P. T. Giibm ti 0. M. Tam, Chm. and IA 542 (1959). 

i8 possibk. The X,3’-cisdiol Bystem of the tgminel %xrecentspaalmvkwsono&owkdeaynt&&,see 
Nb-p-aniaoyladellilK residue was protected with a ‘R 1. ZIdraov lad s. M. zbeaoduos swhail 222 (1915); 

mthoxymcthykne group. Satkfactory yields were % K&d d H. Se@. Fhtsckr, Ckm, N. Nmofe 

I’CpOrted”’ for d thC 8)‘lltbCtiC step8 iDVOhd. The 
35,29B(1975);Y.~PndA.D.Broom.Clum.Rran, 

fdiy-protected Olioonbonudaotide8 were u&bckai by 
183 (1977). 

trcxtmcnt lir8t with tetra-n-butykmmonium fluori& un- 
“B. E Gri&~ 8114 C. B. Reese, TemMm 29, &7 (1%9). 

dcrtbe~8~tcdbyItakuraUoL,-thenwith 
“Cc. B. Rserc, Cdbqwa Intaarbionuu du C.N.RS. No. 162, 

319 (1970). 
25% aqueous ammonia and 6naUy with 0.01 M-hydro- “C. B. Keeae, JSo&oms & &/fur 1.245 (1976). 
chloric acid to remove tbc X-O-metboxytetra- “A& Jumrn md C. B. Row, C&em. and JA 1493 (1964); 8. E. 

hydropyranyl and X,3’-O-methoxymethyk groups. Gri&X.Jaw~,C.B.ReucmdJ.RS&oa,Tmakfm 

RMlly,itis nasoarbletoconclu&thatacon8&anbk ‘-C. B. Rm8 rad D. R Tnntbrm. Tumkdma Lutema 

aalountofprogrc88lm8bccnma&inthcp~~ (lwn;9.R~YJlrmm.C.B.Rrere,J.ESIlhton 

qproachtothc8ynthc8kof~andpdy-aucko&8 
mdD.RTmlm.Jf&ck&y 

intbepe8tdea&or8o.Attheprc8cnttimc,high 
%. M. Bmm, D. I. ncrmth. A. H:Nzz A. R Todd, 

. 
n&cukr weight oli#4F and p 

Natm ln, 1124 (1956). 

_ _ __ _._. ._ .__ _ 
lmve8trc8dybeen8yntberized~8ali8facta8’y~by 

‘g.RG~M.Jlrmrn~~.~.~.~~~,639 .___- 
Uvaal. 
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