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Ah&met-l,l-Dimethyl-2,2,24richloroethyl has merit as a protecting group for P-0 in the phos- 
phite-triester synthesis of oligonucleotides. Use of this group enables one lo simplify procedures for 
preparing active nucleoside phosphorochloridite reagents, lo remove oligonucleotide phosphotriester 
intermediates intact from a solid support, and lo conduct block syntheses in solution or on a silica support 
oia phosphite chemistry. Deprotection can be achieved by warming the trihaloethyl phosphotriesters with 
tributylphosphine. The high e!Iiciency of the coupling and deprotection reactions for oiigomers bound to 
an insoluble support make this chemistry especially attractive. 

The chemistry of the phosphite-triester scheme for 
synthesizing oligonucleotides’ is represented sche- 
matically in Chart 1. On sequential treatment of a 
S-O-protected nucleoside (1) with (a) ROPX,, (b) a 
3’-O-protected nucleoside, (c) iodine-water and (d) 
an agent to free the Y-OH, a dinucleoside phos- 
photriester (5) is produced. The chain can be ex- 
tended by treating 5 with another active phosphorous 
intermediate, (2), and repeating the cycle. After con- 
struction of the desired sequence all phosphoryl 
protecting groups (R’) and the 3’-O-terminal protec- 
ting group are removed (e, f) to give the synthetic 
oligonucleotide. A striking feature of this approach is 
the speed of all reactions in the building sequence. 
Since a phosphorodichloridite (R’OPCI,) is more 
reactive than a monochloridite (2), it is important 
that all dichloridite be consumed or removed before 
step b. This feature is particularly important in solid 
support syntheses where a large excess of the nucleo- 
side phosphorochloridite is used. In the initial work 
with this scheme it was found that Cl,CCH,OPCI, is 
ploderately selective in reacting with nucleosides, 
affording good yields of 2 at - 78”.3 This protecting 
group has since been used in a number of syntheses 
conducted in the solution phase.4 

A Me protecting group for P-O was employed 
when phosphite chemistry was adapted to solid-phase 
synthetic methodology.’ With this group, the phos- 
photriesters can be converted to phosphodiesters by 
the action of thiophenol/triethylamine,6 a reaction 
that proceeds efficiently with oligomers bound to 
solid supports’ as well as with oligomers in homoge- 
neous solution. Selectivity iS poor when CH,OPCI, 
reacts with nucleosides, however; a mixture of 
CH30PCI,, intermediate 2, and a dinucleoside 3’-3’ 
phosphite is obtained even-when excess nucleoside is 
employed.’ A reagent suitable for solid support syn- 
theses can he obtained by driving off excess dichlo- 
ridite by coevaporation with pyridine. Alternatively, 
CH,OPCI, can first be converted to CH,OP(NR,)Cl, 
which then reacts selectively with protected nucleo- 
sides to give phosphoramidite derivatives 2 
(X = NR2, Chart 1). Relatively unreactive them- 
selves, these phosphoramidites afford highly active 

phosphitilating agents on treatment with tetrazole in 
acetonitrile.* 

Heretofore it has not been practical to utilize 
trichloroethyl protecting groups for synthesis of’oli- 
gonucleotides on solid supports. Conventional reduc- 
ing agents such as Zn metal’ or aromatic radical 
anions3 do not react satisfactorily with trichloroethyl 
phosphotriesters bound to an insoluble matrix such 
as silica, and non-selective cleavage reactions make it 
impractical to remove oligomers from the support 
prior to deprotection. 

We describe in this paper several experiments 
designed (a) to test the utility of l,l-dimethyl- 
2,2,2-trichloroethyl for protecting P-O in the phos- 
phite approach and (b) to find an efficient means to 
convert trichloroethyl phosphotriester derivatives im- 
mobilized on solid supports to phosphodiesters. 
1,l dimethyl-2,2,2-trichloroethyl was selected for 
study since it is considerably larger than either methyl 
or 2,2,2-trichloroethyl. lo As a consequence of steric 
hindrance, one might therefore expect greater select- 
ivity in reactions of C13CC(CHpkOPC12 with nucleo- 
sides and greater stability of the phosphite (2,3) dnd 
phosphotriester (4,s) intermediates. These properties 
could lead to simplifications in procedures and new 
options in preparing and handling intermediates in 
the phosphite scheme. 

Dimethyltrichloroethyhyl derivatives. 1.1 -Dimethyl- 
2,2,2-trichloroethyl phosphorodichloridite is easily 
prepared and is relatively stable thermally.” We 
found that it reacts readily with nucleosides despite 
the presence of the bulky alkyl group. Thus successive 
treatment with S’-Odimethoxytritylthymidine . and 
thymidine in THF/pyridine at - 78” yielded the 3’-5’ 
linked dinucleoside phosphite, 
(R = (CH,OC,H,),C(C,H,>, R’ = CI,CC(CH$: 
R” =‘H, B = thymine), easily isolable by extraction 
and precipitation from pentane. 

The phosphite link in 3, as well as the trityl ether, 
is attacked by 80% aqueous acetic acid (extensive 
cleavage within 30 min at room temp), but compound 
3 reacts only very slowly with ammonium 
hydroxide+dioxane (1: 1, v/v) (no decomposition ob- 
served after 30 min at room temp; only slight reaction 
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Chart 1. Phosphitctriester synthesis of oligonucleotides. 

after 24 hr). Compound 3 also exhibits good stability 
toward atmospheric oxygen; we have stored samples 
as dry powders for over a year at 5” without de- 
tectable oxidation or hydrolysis (the “PNMR reso- 
nance for the epimers of the phosphite, 6 ‘* - 151.3, 
- 1511.0,‘~ is readily distinguished from that for the 
corresponding phosphate, 6 - 10.36, - 10.23 or the 
hydrolysis product). On the other hand, oxidation 
with iodine/water proceeds rapidly and essentially 
quantitatively. The resulting phosphate, 4, is more 
stable to ammonium hydroxide than the correspond- 
ing derivatives with methyl or 2,2,2-trichloroethyl 
protecting groups (no degradation of 4 was observed 
by TLC test over an 8 hr period at room temperature 
in ammonium hydroxide-dioxane (1: I, v/v) and only 
slight reaction was observed after 48 hr. 

Tests monitored by “PNMR spectra indeed 
showed that Cl3CC(CH3hOPCl2 is much more se&- 
tive than Cl3CCH2OPCl2 or CH3OPCl2 in reacting 
with the 3’-OH of a nucleoside. Active phosphite 
derivatives were prepared by adding 1.2 equivalents 
of d-(DMTr)T to 1.0 equivalent of ROPCl, in 
CH2C12/CSHSN (3 : 2, v/v) at rmrn temperature. The 
spectrum of the product from C13CC(CH3)20PC& 
showed only a sharp peak ( - 177.8 ppm) for the 
desired active reagent (2) and a small peak 
( - 151.3 ppm) for the 3’-3’ dinucleoside phosphite 
formed from 2 and excess d-(DMTr)T. All dichlo- 
ridite ( - 2 13 ppm) had been consumed. On the other 
hand, each of the other reaction mixtures showed the 
presence of ROPC12 ( - 198.5 ppm for R = CH3 and 
- 195.2 ppm for R = Cl,CCH,) in addition to peaks 

, d<DMTr)TpT/YJ 

for the active nucleoside phosphoromonochloridite 
and the 3’3’ product. Accordingly, use of the hin- 
dered protecting group enables one to prepare an 
active reagent suitable for synthesis directly by mix- 
ing the components without subsequent manipu- 
lations. To maximize selectivity we routinely prepare 
the reagents at - 78”, where d-(DMTr)bzA, d- 
(DMTr)ibG, and d-@MTr)bzC also exhibit high 
selectivity with Cl,CC(CH,),OPCl,.” Tet- 
rahydrofuran was used as a solvent in preparing a 
number of the reagents used in the earlier studies. 
Methylene chloride works equally well and is easier 
to dry and to store. For polymer support work it has 
the added advantage of being a good solvent for 
pyridine hydrochloride. 

Block coupling. As a test of the utility of tri- 
chlorodimethylethyl derivatives in joining oli- 
gonucleotide blocks, the transformations outlined in 
Chart 2 were carried out. The l,ldimethyl- 
2,2,2-trichlorcethyl ester of S-O-dimethoxytrityl- 
thymidylyl-(3’-5’)~thymidine (7) was converted to 
both phosphoromonochloridite 8 and derivative 9, 
which has a 5’-OH and 3’-OAc. Reaction of these two 
blocks, with 9 as the limiting reagent, afforded the 
fully protected tetranucleotide, compound 10, in 93% 
yield. Similarly, detritylation of 10 followed by con- 
densation with 8 yielded the protected hexamer 
(8 1%). d-@MTr)TpTp bzAp bzA(OAc) (70%) and d- 
(DMTr)bxApbzApTpT(OAc) (73%) were obtained 
by preparing and coupling appropriate dinucleotide 
blocks by an analogous sequence. These tetramer 
derivatives and 10 and 12 were each characterized by 

/ 
8 bR 

d -(DMTr) TpT d - (DMTr)(T,v~T(OAc) 

7 10 m=3 
d - (HO) (Tp).T(OAc) IO m=5 

9 n=l 
I1 n=3 

Chart 2. Block condensation scheme; p qmscnts a 3’-OPO-5’ intemucleoside link. P is trivalent 
phosphorous at the 3’-0. 
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able for obtaining oligonucleotides from soluble tri- 
chloroethyl phosphotriester derivatives. 

OR CH, OR 
I I GHOP 

Importantly, the tributylphosphine reaction is 
equally effective with trihaloester derivatives bound 
to a solid support, though the reaction is somewhat 
slower. Following three rounds of synthesis, thesilica 
support bearing the dimethyltrichloroethyl phos- 
photriesters was treated with the tributylphosphine 
reagent (80”, 3 hr) and then ammonium hydroxide 
(5 hr, 50”). The alkaline solution was collected, con- 
centrated, taken up in water, and chromatographed. 
Absence of sizeable peaks other than the major one 
for d-TITT attests to the efficiency of the coupling 
reactions and the deprotection scheme (the purity 
indicated by the HPLC profile was similar to that 
indicated in Fig. 2). 

Other phosphines and trihalo esters can also be 
employed in these transformations. Tris(dimethyl- 
amino)phosphine is an effective reagent, but has no 
apparent advantage over tributylphosphine. Tri- 
bromoethyl phosphotriesters (e.g. 2,2,2-tribromethyl 
bi.s-(S-0dimethoxytritylthymidyl)phosphate) react 
rapidly with tributylphosphine even at room tem- 
perature. Tribromoethyl therefore has some potential 
as a Pa protecting group; however, we have not yet 
been able to achieve as high yields in synthesizing 
oligomers with the tribromoethyl protecting group as 
with trichlorodimethylethyl. 

Synthesis of oligonucleotides. Investigation of vari- 
ables in the coupling reactions involving nucleoside 
dimethyltrichloroethyl phosphorochloridites led to a 
protocol which gave good coupling yields on silica 
supports for derivatives of all four common nucleo- 

sides. Several experiments were carried out in a small 
column equipped with a pump to cycle solvents. The 
operations for addition of one nucleotide unit were: 
(I) Detritylate with 3% trichloroacetic acid in nitro- 
methane, 2.5 mitt, (2) wash with pyridine, 2 min, (3) 
react with the nucleoside chloridite reagent, which is 
injected as a. solution in dichloromethane (0.4mL) 
with N-methylimidazole (0.1 mL) and recycled for 
I5 min. (4) wash with pyridine, 2 min, (5) oxidize with 
0.1 M iodine in THF-pyridine-H,O or with 0.2 M 
m-chloroperbenzoic acid in dichloromethane- 
pyridine (0.5 mL, (9:l, v/v) 2 min, (6) wash with 
pyridine, 2 min, (7) wash with nitromethane, 2 min. 
Coupling yields (trityl cation test) averaged better 
than 95% per cycle for the preparation of d-CCCCT, 
d-AAAAT, d-GGGGT, d-T-I-KIT, d-T,, and d- 
GCAAATATCA’ITIT (for the separation profile of 
the reaction mixture see Fig. 1). The longer two 
oligomers were characterized by labeling with ‘lP by 
polynucleotide kinase and sizing by polyacrylamide 
gel electrophoresis. d-GCAAATATCATITI was 
also hydrolyzed to the component nucleotides by 
snake venom phosphodiesterase. 

A simple and equally effective method for manipu- 
lating the silica support utilizes a syringe as the 
reaction vessel. In this case the same protocol was 
used but the washing steps involved three or four 
transfers of solvents into and out of the syringe. With 
reagents prepared from the protected nucleosides and 
dimethyltrichloroethyl phosphorodichloridite, d- 
AGGGACCT was prepared on a silica support in 
yields averaging 94% per cycle.” The oligonucleotide 
was obtained by treating the silica loaded sample 
successively with trichloroacetic acid, tribu- 
tylphosphine and ammonium hydroxide in the stan- 
dard manner. The HPLC profile for the product 
obtained directly from the silica is shown in Fig. I. 
Rechromatography of the major peak yielded high 
quality octamer (shown by “P labeling and gel elec- 
trophoresis). 

For construction of extended oligonucleotide 

32 64 
Min 

Fig. I. HPLC analysis of crude reaction mixtures from preparation of (A) d-AGGGACCT and (g) 
d-GCAAATATGATTIT. 
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Fig. 2. HPLC analysis of crude reaction mixture from preparation of d-T, by dimer block synthesis on 
a silica support. 

chains (e.g. in the 2550 nucleotide range) on in- 
soluble supports, synthesis with dimer blocks would 
be advantageous. Block synthesis has been employed 
in the conventional triester approach, but has not 
been exploited with phosphite chemistry. Use of the 
bulky, relatively stable dimethyltrichloroethyl group 
for protecting phosphorus enables one to prepare 
dimer blocks conveniently in solution and to convert 
them to active phosphite derivatives for syntheses on 
solid supports. An important question, however, 
concerns the efficiency of coupling dimer blocks to 
oligonucleotide fragments on an insoluble support. 
As a preliminary test we have prepared d-T5 by two 
cycles of reaction of dimer 8 with d-T bound to a 
silica support. Yields by the cation test were 97 and 
940/,, in the range of those observed in monomer 
couplings (a longer coupling time, 20 min, was used 
to compensate for the use of a sterically larger 
reagent). In addition, HPLC of the crude mixture 
obtained from the silica without purification of the 
nucleotides indicated high conversion to the pen- 
tamer with very little side product from the synthesis 
or deprotection steps (Fig. 2). In view of this excellent 
result the studies are being extended to use of other 
dimer blocks and the synthesis of longer chains. 

CONCLUSIONS 

Use of dimethyltrichloroethyl phosphorodi- 
chlorodite facilitates the preparation of active nucleo- 
side reagents for use in synthesis of oligonucleotides, 
and the tributylphosphine reaction provides a con- 
venient means for converting trihalophosphotriesters 
to phosphodiesters, both in solution and in solid 
phase work. Good yields and the relative simplicity 
of operation make the phosphite approach utilizing 
these reagents an attractive alternative to other syn- 
thetic procedures. The nucleoside reagents are easier 
to prepare than those derived from methyl phos- 
phorodichloridite. Because of moisture sensitivity 
they are more difficult to handle than nucleoside 
phosphoramidites, but at prevailing prices they are 
cheaper to make than phosphoramidites. The chem- 
istry is applicable to syntheses on polystyrene’8 as 
well as silica supports; however, silica offers some 
advantage in ease of changing solvents and reagents. 

In addition, these studies indicate that the hindered 
monochloridite reagents have high potential for use 
in block syntheses conducted on solid supports as 
well as in solution. The relatively good stability of 
dimethyltrichloroethyl phosphotriester derivatives of 
nucleosides toward ammonium hydroxide also per- 
mits one to cleave synthetic oligomers from a solid 
-support with the phosphotriester function intact. 

EXPERIMENTAL 

The preparation of solvents, reagents and silica supports 
followed previously described procedures.” Acetonitrile was 
dried by standing over CaHr. Davison 62 silica (146-200 
mesh, I4 nm average pore diam, I.1 mL/g pore volume, 
306m*/g surface area) was employed as the solid phase. 
Syringe reactions were carried out in Glenco 2.5 mL syringes 
equipped with a Teflon plunger and a polyethylene filter at 
the base as previously described.“~‘9 The pumping system 
for semiautomated syntheses was similar to that of 
Matteucci and CaruthersJ “P NMR spectra were obtained 
with a JEOL FX9OQ instrument. Chemical shifts are 
reported relative to triphenyl phosphate. HPLC was carried 
out with a Whatman PartisilPXS ODS-3 column (Fig. I) 
or an IBM-Cl8 column (Fin. 2) with aaueous 0.1 M 
Et,NH + OAc - and CH,CN‘(in&&d at rate’of 0. I%/min) 
starting at loo/, CH,CN (II% for B in Fig. 2). 

I,l-Dimethyl-2,2,2-trichloroethyl S-O-mono-gmethoxy- 
tritylthymidyl-3 thymidyl-5 phosphite (3, R = MTr, 
R’ = CI,CC(CH,),-, R” H, B = B’ = thymine). S’G-Mono- 
p-methoxytritylthymidine (d-(MMTr)T) (145 mg. 
0.28 mmol) in THF-pyridine (0.9 mL, 2:l, v/v) was added 
dropwise (IO mm) to a stirred soln of Cl,CC(CH,),OPCl,” 
(80pL. 0.44 mmol) at -78”. The empty flask was rinsed 
with THF-pyridine (0.6 mL), and the rinsings added to the 
mixture. After IS min, thy&dine (174 mg, 6.72 mmol)m in 
THF-uvridine (2.9 mL. 5: 3. v/v)” was added. The mixture . - I II, 

was stirred I5 nhn at - 78” and warmed to 0” over a I5 min 
period. Dilution with CH,CI, (IOOmL), extraction with 
NH,OH (56mL). concentration of the CH,C& layer and 
chromatography (silica plate CHCl,-CH,OH (IO: I) gave 3, 
isolated by elution with CHCI, and precipitated by dropwise 
addition of the CHCI, soln (2 mL) into pentane (25 mL); 
189mg (70%) “PNMR (THF)- 151.3, ISI.Oppm. R, 
(CHCIJCHrOH 1O:l) 0.48. (Found: C, 54.92; H, 4.82; N. 
5.72. Calc for C,,H,Cl,N,O,,P: C, 54.92; H, 5.04; N. 
5.82”/,.) 

Oxidation of 3 (2 mg, R, 0.23 on reverse phase TLC, 
acetone-H,O, 7:3) with I,-THF-HrO’, showed complete 
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conversion to the phosphate (7), R, 0.43 on reverse phase 
TLC, acetone-H,O. 7: 3. 

Phosphotriester &. The preparation of 3 was repeated. At 
the stage the mixture had warmed to 0”, the phosphite was 
oxidized by addition of excess I, in THF-H,O (3 mL, 2:l). 
After 40 min, exas I, was reduced with N&O,; then the 
product was worked up as in the case of the phosphite to 
give 149mg of 7 (54%); “PNMR fITiF) -.10.36, 
- 10.23 ppm. R, silica (CHCl,/CH,OH, IO(l) 0.42; R & 
verse phase (acetone-H-0. 7: 310.43. (Found: C. 53.64 H. 
5.06; N, 5.62. cdc for C~H,CI,N,~,;P. C, 54.O2; H. 4.95; 
N, 5.73x.) 

Detritylation of 7; [ 1, I-Dimethyl-2,2,2-trichloroethyl 
tkymidyf-3’ thymidyf-5’ phosphute]. On standing in 800/, aq. 
Ac0H for 12 hr. 40 (52mg) was converted to the 5’-OH 
derivative, which was recovered by ccevaporation with 
pyridine and precipitation by dropping the pyridine soln 
(I mL) into ether: yield, 31.4 mg (85%); 3iP NMR 
(THF-pyridine, 8:2) - 103Oppm; R, reverse phase 
(acetone-H,O, 7: 3) 0.85. (Found: C, 39.85; H, 4.85; N, 8.11. 
Calc. for C,H,,Cl,N,O,,P.H,O: C, 39.81; H, 4.85; N, 
7.78%) 

Deprotection with Zn and acetylacetone~ filtration, and 
precipitation of residual Zn ion by H$ afforded d-TT, 
which hydrolyxed to dpT and dT (1 .O: 1.04) on digestion 
with snake venom phosphodiesterase. 

Block syntheses in solution. Data on yields and properties 
are summarized in Table 2. Dimer units d@MTr)TpT (7; 
70”/,) and d-(DMTr)bxApbxA (13; 45%) were prepared by 
the procedure used for 48, except that the ratio of d-(DMTr) 
nucleosideC1,CC(CH,)rOPClz-nucleoside was 1 .O: 1.3: 2.0. 
Compound 9 was prepared by acetylation of 7 (101 mg; 
0.2 mL acetic anhydride and 0.1 gpdimethylaminopyridine 
in 1.33 mL THF, 0.36 mL pyridine, 10min) followed by 
detritylation with 80% aqueous Ac0H (1 hr, r.t.). d- 
bzApbzA(OAc), 14, was similarly prepared from 13, except 
that detritylation was effected with C,H$O,H (30mg) in 
CHCl,-CH,OH (6 mL; 7: 3) at 0” for 10 min. All products 
were purified by chromatography on silica plates. The 
product band was eluted with CH,OH, and after evapo- 
ration the residue was taken up in CT-ICI, (1 mL) and 
precipitated in pentane (20mL). 

Reagent 8, used in dimer coupling, was prepared by 
adding 7 (504 mg, 0.5 mmol) in THF-pyridine (1 mL, 1: 1) to 
Cl,CC(CHd,OPCl, (137 mL, 0.75 mmol) in THF-pyridine 
(1.5mL, 2:l) at -78”. After 20min at -78” the mixture 
was centrifuged and the supematant dropped into pentane 

(40 mL) with stirring. After settling, pentane was removed 
from the ppt by syringe. The residue was washed with 
pentane and taken up in THF (1.5mL) and pyridine 
(0.5 mL). Care was taken to keep moisture away from the 
active reagent at all times. Activity was tested by adding a 
small portion of the soln to CH,OH on one hand and H,O 
on the other. Conversion to the methyl ester ( _ 80%; R 0.8 
in EtOAc bn silica) with only a minor amount of hydro I ysis 
product (R.,0.5) indicated high conversion of 7 to the active 
phosphite reagent (8). 

The wr&ponding deoxyadenosine derivative, d- 
(DMTr)bzAobzAP(CIK)CICH,),CCI,. was similarlv DIP 

pared in _ * Wk ’ yiei &om ” 13 (164 mg)* and 
Cl,CC(CH,)xOPCl,. The R, of the methyl ester obtained on 
reaction with methanol was 0.71 (silica, EtOAc). 

Block couplings were accomplished by treating the appro- 
priate 5’-OH, !+‘-OAc derivative with 2 eq&s of- the 
5’DMTr. 3’0phosnhorochloridite reaeent in THF- 
pyridine (2:l) airoom temp for 10 min, t&n with excess I, 
in THF-H,O (2:l) for 40 min to oxtdue the phosphite. 
Products were worked up in the usual manner, and were 
isolated by chromatography on silica plates. 

Oligomen 10,12a, 15 and 16 were deprotected by reduc- 
tive cleavage with Zn,9 ammonium hydroxide and Ac0H as 
usual. Purification by chromatography on Avicel, in n- 
propyl alcohol-NH,OH-H,O, 55: 10:35, yielded the corm- 
sponding oligonucleotides (d-T,, d-T,, d-AA’lT and d- 
‘ITAA) in yields of 30-35x. Each hydrolyzed in presence of 
snake venom phosphodiesterase to the correct ratios of 
nucleotides and nucleosides. 

Solid support syntheses. Reactions in columns were car- 
ried out with 1OOmg of sihca support loaded with 
35 pmole of thymidine. For syringe reactions 30-50 mg of 
the loaded silica was used. Approximately 15 fold excess of 
active nucleoside chloridite was used in the coupling re.ac- 
tions per initial thymidine on the silica. Nucleoside phos- 
phoromonochloridite reagents were prepared by dropwise 
addition (IOmin) of a soln of nucleoside (0.2 mmol) in 
CH,Cl,-pyridine- (1 ml, 4:l) into a stirred soln’ of 
Cl,CC(CH,l,OPCI, (0.18 mmol) in CH,Cl,-nvridine 
(0.7 mL, 6:lj at --78. ARer 5 min the mixturewas’ailowed 
to warm to room temp. It is essential that the nucleoside be 
in slight molar excess relative to the dichloridite; otherwise 
low yields in the subsequent coupling steps will be enwun- 
tered. Dimer reagents were prepared in the same manner. 
For syringe syntheses we now prefer CH,CN to pyridine to 
dry the loaded silica prior to a coupling reaction. A wn- 

Table 2. Block synthesis in solution 

PPAUCC Naclcotldc Precursora I Yield Rf 8 wb 

d+mr)TpT, 1 d-(LMTr)T,T 70 .36 .54 

d-(HO)TET(OAc), 2 I 76 .31 .75 

d-K?4Ir)(Te)3T(OAc), - 10 1. 9 93 .39 .34 

d-(CMTr)(T~),T, - 108 lo 81 .20 .43 

d-(HO)(Te)3T(OAc), 2 10 89 .2b .59 - 

d-(tlMTr)(T~)5T(OAc), E L. 11 81 .31 .20 

d-(DHTr)(T&5T. - 128 - 12 a9 .20 .33 

d-(DMR)brAebzA, 2 d-(DXTr)brA 

d-brA 

62 .40 .34 

d-brAEA)(OAc), 14 12 73 .48 - 

d-(DnTr)(brA~)2TeT(OAc). g 2. 9 71 .49 .26 

diDhtTr~p)&+tu.4(DAc~, fi 1. 16 70 .40 .23 
_ _ 

aTLC, silica, CHClj/CHjOH 10/l. bm, RP (c-18). Acetone&O 7/3. 
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venient protocol is: (I) wash with CHrCl, 3 x ; (2) detritylate 
with 5X dichloroacetic acid in CH,Ch or 3% trichloroacetic 
acid in nitromethaue, (3) wash with ~H,CI&pyridine (4:l) 
3 x ; (4) dry with dry CH,CN 5 x ; (5) couple with active 
chloridite; 15 min with monomer reagent or 20 min with 
dimer reagent, (6) wash with CHQ+pyridine (4:l) 3 x , (7) 
oxidize with 0.1 M iodine in THF. pyridine, HrO (10:5:1), 
wash with CH,CN 3 x . At the end of the syntheticcycles 
oligomers are deprotected with dichloroacetic acid in 
CH,Cl, followed by treatment with (C,H&P and by coned 
NH,OH as indicated in the discussion. The aqueous ammo- 
nia sbln is lyophilized, and the oligomer is taken up in water 
or buffer and puriged by HPLC on a nverse phase column. 
As an example of recovery, a preparation of d-T, by 
monomer additions on SOmg of silica loaded with thy- 
midine (1.48 amol afforded al&r HPLC on a C-18 column 
I. 13 pmol of purified d-T,. Some losses of the oli- 
gonucleotides occur in the various manipulations in iso- 
lation. In this preparation the couplings by the trityl cation 
test were quantitative and the HPLC profile indicated 
efficient reactions (similar to that in Fig. 2). 
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