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NUCLEOSIDES & NUCLEOTIDES, 4 ( 1 & 2 ) ,  139-142 (1985) 

B S S p t ,  C Minganti and M J Gait: 
MRC Iabratory of Molecular Biology, Hills Road, Catkridge CB2 2QH, UK 

w. An improved method for solid m s e  oligodeoxyribnucleotide synthesis is described 
that uses phosphotriester chemistsy, controlled pore glass as s u p r t ,  a new and mope stable 
Enkage agent and a better protecting group combination. 

Recently we described the use of long chain alkylamine controlld pore glass (EM- 
CK) as an improved Support for rapid synthesis of oligodeoqribnucleotides by a phos&c+ 

triester procedure.2 Internucleotide coupling times were reduced to 15 minutes when 1- 

mesitylenesulphonyl-34trc-l,2,4-~iazole (PENT) was used as coupling agent in the psence 
of N-methyl imidmole and pyridine. An 1-r was assembled us- a semi-rranual flow 
systeml arii isolated in o v e f i  yield of 14.7% . 

F'urther improvements might be expected by reducing the potential for side reactions. 
To lessen the r i sk  of loss of adenyl moieties during 5I-tei7ninal acidic deprotection, we 
have investimted the use of 9-&enyhthen-9-yl ( p i q l )  as 5' protecting p u p  for deoxy- 
ribnucleotide monomers. Using 3% dichlomcetic acid in 1,24ichlomethane, the pixy1 

group is removed from C E - b m d  oligonucleotides faster than the dimethoxytrityl group 

previously us&. we have also fomd that the &wOy14 and the &(n-tutywo)methy1ene 

groups, recently suggested for the #-protection of adenines, are equally useful in 
pference to the benzoyl p u p ,  because of the increased stability to acid of the corres- 
ponding Nb-ptected deo@enosine derivatives. 

3 

5 

In addition, we report on a new and convenient typ of linkage between support and 
oligonucleotide. 

5 I +piql-thpidine, -Nb-di (n-butylamino) methylene deoxyadenosine , - d-benzoyldeoxy- 
The 'TDIC' linkage (Figure 1) is formed by reaction of 0.2 mnol of 

cytidine or  -d-isohtyyldeoxygumosine with 0.2unnol each of N,N-diisopropylethylamine 

and toblene 2,6-diisocyanate in ~ f i  of a n h ~ u s  I ,2-dichloroethane/pyridine ( 1 : IV/V) 

for 6h at room tempratme in the dark, f o l l o d  by direct reaction for 24h with EAAXFG 

(2g, 0.21~~2) suspdd in dry 1,2-dichlomethne (4.5 m l ) .  After washing, capping with 
pyridine/acetic anhydride /laethyl imidazole (8:l:l V/V) for  30 min ax?. further washing 

steps, the support loadings of deoxynacleoside obtained were 22-30 pmol g-' . The TDIC 
139 
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140 SPROAT, MINGANTI, AND GAIT 

0 

1 
linkage is more stable t o  h s i c  hyclrolysis than the previously used succinate l i n k r ~ ~ @  , 
and is not, prone to cleavage by amino impurities i n  h s i c  solvents such as pyridine. Also 

Lhe need for preprat ion of deoxvriucleoside-j' k u c c i m t e s  is  ohviatcd. 'I'he TprlL" ' M f i g e  
is  (:l=ved by concentrated aqueous ainmonia a t  56' for  36-@h, conditions a lso r ec lu i id  

5 for  c o w e t e  rem0Va-l of di(n-htyhino)methylene protecting groups frwni &mines . 
A , -  

These i ~ o v c m : n l , s  were t e s M  i r i  serni+nual flow synthesis ' " of oliii;onucleot,ides 

on an economiml micro scak (15mg support) wirg an assembly cycle shown i n  the 'l'ihle. 

Solvents and acidic deprotection media are delivered by argon pressure t o  a srral l  glass 

col im containkg the supprt .  Coupling rezictiorls are carried out under stopped flow con- 

dit,ioris by syringe injection through a septum. 

phenyl phos@-lates of thymcline, &-@Woyl deoxyadenosine, $-isobutylryLdeoxyguanosine 

ax? d-tmzoyhjeoqcytidine are us4  as monomer units. 

wing 1 )O.?M tetramethyl pmidir iurn py r id ine -2~bxa ldox i1~1 t~ ,  331, rwm tempratwe,  

2 )  conc. m o n k ,  @, 56' and 3 )  acet ic  acid/wakr (8:2), 30 miri room tempratwe. 

use of an extended time for lhe oximate reaction is  helpful i n  improving yields of m e -  

rich oligonucleotides. 
6 of guanine than hd previously been thought . 

'I'riethylammnim 5'-O-p~l-3'-C-cklloro- 

FM deprotection is  achieved 

The 

6 'I'his my be attributable to  a slower reversal or 0 modifications 
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SOLID-PHASE OLIGODEOXYRIBONUCLEOTIDE SYNTHESIS 141 

1 I I I I 
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%934(@ F'IG 2. Ion exchange hplc of the Z-mer on Partisil IC-SAX using a gradient of 

6.3) i n  fonramide/water (6:4). 

In the synthesis of the purine-rich Z-mer, d(AcGTcGcAAGAACC) , for example, 

plnification of one tenth of the crude @uct by ion exchange h.p.1.c. (Figure 2) yielded 

0.89 %a Units from the mixrial i n  the mjor peak (9% overdll yield). Similar results 
were obtained for the synthesis of 23 chains of 1022 residues long, required for  assembly 

of a gene fo r  somatomedin C. '. 
The methd is also suitable for the prepration of larger quantities of o l igcdeoqp ib  

nucleotides. S t a r t i n g  with 25Omg of ICAA-CK (g 7.5 Umole) in  each case, two 234ne1-s 

have keen prew corresponding to the DNA sequence of the O$ binding site oi' A cro 

protein. The assembly cycle was similar to that used fo r  micm synthesis excepL Jlat the 

flow rate was % 5 min-'. ~n the coupling reactions 71 urn01 of monomers (the adenine 

N6 p t e c t i n g  group was di(n-htylamjno)methylene), 250 pmole of "T, 40 ul of N-methyl 
imidamle and 0.M of pyridine mre used. After dep tee t ion  d(ArrrATCCC?n;CGCn;ATAGAT) 

and d ( A T c T A T c A C C )  were isolated in 11 2% (207 
Units) yields respctively by ion-exchange h.p.1.c. The pwity of each strarad was So-%% 

a s  judged by reversed @me h.p.1.c. The yields are similar t o  those obtained for the 

same oligonucleotides synthesised on a Ideselguhr-polyamide s u p r t  except tht the 
9 improved flow chwacteristics of CPG rrake it easier to handle in larger columns . 

mits) and 4.9% (95 %a 
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