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STUDIES ON THE FORMATION OF THE INTERNUCLEOTIDIC BOND IN RNA SYNTHESIS USING
DIALKYLAMINO PHOSPHOROAMIDITES.

D. Gasparutto, D. Molko* & R. Téoule.

Laboratoires de Chimie.
Département de Recherche Fondamentale.
Centre d’Etudes Nucléaires de Grencble.
85 X - 38041 Grenoble Cédex. FRANCE.

SUMMARY : Several N,N-dialkylamino-cyanoethyl-phosphoroamidites were
tested for use in solid-phase synthesis of homo-uridine RNA fragments. N-ethyl-N-me-
thylamino protection gave the best resuits. The comesponding monomer is stable for se-
veral months and an average coupling yield of 97 % was obtained after 4 minutes of
condensation using this agent.

INTRODUCTION

One of the most important achievements in oligodeoxynucleotide synthesis was
the infroduction of phosphoroamidite chemistry for the formation of the interucleotidic
bond !. When they are stored under an inert atmosphere, these molecules are stable for
several months and then, activated by tetfrazole, they become very reactive reagents.
Using them, the formation of the intemucleotidic bond takes place in a few minutes,
reducing the time necessary for the production of a 20 base oligonucleotide to less
than 4 hours. For reasons of stability, methoxydimethylamino-phosphoroamidites, ori-
ginally proposed by Caruthers 2, have been successively replaced by methoxymorpho-
lino- and methoxydisopropylamino-phosphoroamidites. Kdster and coworkers 34
proposed the use of the cyanoethyl group in place of the methyl group for the protec-
tion of the internucleotidic phosphates, which reduces and considerably simplifies the
final deprotection step, avoiding the use of noxious thiophenol.

* Author to whom correspondance should be addressed
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Oligoribonucleotide synthesis has not been improved as much. Mainly, this is due
to the presence of the hydroxyl function on the 2’ position of ribose moiety. This function
must be protected and, whatever the protecting group 5-8 jt inevitably causes steric
hindrance which inhibits the formation of the intemucleotidic bond. In RNA synthesis, the
average coupling yields currently observed are in the range of 95 %, obtained in 5 - 15
minute coupling times. These insufficient yields eliminate the possibility of the routine
preparation of long RNA fragments with acceptable yields in reasonable times. We show
here the improvement of condensation conditions in RNA synthesis via phosphoroamite
methodology.

RESULTS AND DISCUSSION

FIGURE 1 shows the reaction mechanism proposed %!C for the formation of the
intemucleotidic bond in DNA synthesis. The limiting step is the nucleophilic attack of the
P-protonated phosphoroamidite (2) by tetrazole, to give a tetrazolide (3). This inter-
mediate is then displaced by the 5 -OH function of the growing chain. The parameters
effecting this coupling have been extensively studied. Schematically, the following
observations can be made :

- The use of the cyanoethyl group in place of the methyl group for the pro-
tection of the intemucleotidic phosphate leads to slower reactions 9. This
phenomenon, which is difficult to show in DNA is well known in RNA synthe-
sis 391112 iy which steric hindrance due to the 2' protecting group oceurs.

- The choice of the amino group used for the temporary protection of the
phosphoroamidite is crucial. Dimethylaminophosphoroamidites are not stable
enough fo safely ensure stability during storage 2491318 They were succes-
sively replaced by morpholino- and diisopropylamino-phosphoroamidites 23,
the latter being the most popular reagents for solid phase synthesis of DNA
and RNA fragments. Dahl and coworkers 9 clearly showed for various phos-
phoroamidites that the reaction rate decreases through the series NEt, >
NiPr2 > morpholino_ The choice of diakylamine for the formation of the
phosphoroamidite is a compromise between the stability of the monomer
and its effciency during the coupling step.

- The nature of the activation agent was also studied. Amine hydrochlorides ',
which are possible activation agents, are not useful because they are hy-
groscopic. Among the various weak acids potentially useful as condensation
activators, tetrazole is the most widely used. Substituted tetrazoles were tried
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FIGURE 1 : Reaction scheme proposed for the formation of the intemucleotidic bond .
(CNEt = 2-cyanoeth-1-yD)

in DNA synthesis and demonstrated to be more efficient catalysts %17, For

this reason they are more widely employed in RNA synthesis -8,

- Excessive prolongation of the coupling time should be avoided ? because
accumulation of tetrazolide ion deactivates intermediate 3. This is corobo-
rated by the lower efficiency of the in sifu activation methodology '8 over

the use of purfied amidites and tetrazole.

The improvement of condensation yield and shortening of condensation time in
RNA synthesis can be approached using any of these ways. Nevertheless, the second
one - the nature of the amino protection of the phosphoroamidite - seemed to be the
most promising since :

- The substitution of the cyanoethyl group for the methyl group looks unjudi-
cious because it has been shown  that the lower coupling efficiency due to
the cyanoethyl group Is compensated by Its better final deprotection yield.

- Substituted tetrazoles have a low solubility in acetonitile and their use in
combination with dimethylaminopyridine reduces their solubility . There is a
risk that they will precipitate if they are used with automated nucleic acid
synthesizers. If they are excessively diluted (0.1 M), they give results compa-
rable with those obtained with 0.5 M tetrazole.

Our approach was to prepare a series of cyanoethyl-diaikylamino-chloro-
phosphines, to condense them with § -O-dimethoxytrityl-2’-O-tertiobutyl-dimethyisilyl -
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uridine and to test the efficiency of the comesponding uridine phosphoroamidites for the
synthesis of U, ,T on a solid support.

Five dialkylomine dervatives (N,N-dimethylamine, N-ethyl-N-methylamine, N,N-
diethylamine, N,N-diisopropylamine and trimethylsityl-morpholine) were condensed with
cyanoethyl dichlorophosphine using published procedures 14 4 prepare the cor-
responding cyanoethyl dialkylamino chlorophosphines.(4 a-e) depicted in FIGURE 2.
These phosphitylating agents were distiled under reduced pressure to give coloress fi-
Qquids. Yields were from 50 to 85 %, reached for the preparation of compound 4b. in our
hands, distillation of compound 4e was unsuccessfull . These compounds were analysed
by proton and phosphorus NMR. They are stable under strictly inert storage conditions,
FIGURE 3 shows NMR spectra of compound 4b before and after 7 months at -20°C
under inert atmosphere.

5'-O-dimethoxytityl-2' -O-tertiobutyldimethylsilyl-uridine  was condensed  with
phosphitylating agents 4 a-e to produce uridine phosphoroamidites § a-e (FIGURE 4), in
the presence of N-ethyl-N,N-diisopropylamine (4 eq.) and N,N-dimethylaminopyridine
(0.2 eq.) in anhydrous tetrahydrofuran, according to a published procedure 5, com-
pounds § a-e were purfied on silica gel using dichloromethane - triethylamine as the
eluent. Compounds § b-e were stable under these purification conditions. Dimethyla-
mino-phosphoroamidites 5a decomposed on the column and could not be obtained in
satisfactory purity. For this reason, compound 5a.was not used in further experiments.
Monomers were then precipitated in hexane (-78° C) and stored in sealed bottles,
under argon at - 18° C.

The purty of amidites § b-e was checked by H, 3P nuclear magnetic reso-
nance and Fast Atom Bombardment mass spectrometry. Physical data conceming these
products are listed in TABLE 1.

Although these products have been observed as uncontaminated pairs of
diastereoisomers by NMR, the absence of 3'-Q-tbdms-2’'-phosphoroamidites as conta-
minents was carefully checked using high performance liquid chromatography. 3'-Q-
tbdms-2’ -O-ethyl-methylphosphoroamidite was synthesized and used to check for its
presence in nomal phosphoroamidite &b. FIGURE 5 shows the analysis of purified
nuclectide §b onto a Superspher RP 18-e reversed phase column. Within the detection
limits of this method, no migration of the tbdms group durng the phosphitylation
reaction could be detected.
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Preparation of phosphitylating ggents
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FIGURE 2 : Reaction scheme for the preporoﬂon of cycnoe’rhyl diolkylcmine chlorophos-
phine. a : R—R =CHy -: bR, =CH, - - CIR, =CHg-:d:R =R
= 50CH, - | @i B R, = 3N-momphblinyl- R 2y orSnR/I
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FIGURE 3: 3'P NMR spectra of compound 4b in CDCI, A: Freshly distiled : B : Affer 7
months under argon atmosphere at -20°C.
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Preparation of uridine -phosphoroamidites for solid phase synthesis.

o U

dmt-0 —Q

HO O~ thdms

+ da-¢ —

[¢] O-- thdms

!

CNEt- O - P -N (R} Ry)

2a-¢

FIGURE 4 : Reaction scheme used for the phosphitylation of fully protected uridine dmt =

dimethoxy frityl- ; tbdms = ferfoutyldimethylsilyl-.

The time necessary to obtain a
quantitative  3’-O-phosphitylation  of
protected uridine gave a good idea
about the relative reactivity of the
studied derivatives. Compounds 5a-c¢
were obtained in 30 minutes and
phosphoroamidites 5d and Se
necessited 2 hours for condensation. The
evolution of the reaction mixtures was
difficult to monitor by T.L.C. so reversed
phase HP.LC. was used. The starting
product was well separated from the
diastereoisomers of the phosphoroami-
dite and the phosphonates generated
as minor by-products.

These monomers are quite stable.
Compound §b was stored for 3 months
at -20°C, diluted in acetonitile and kept
in solution for 4 days at room
temperature, A 3P NMR spectrum regis-
fred affer this freatment showed no
modification (data not shown).

Solid phase condensation fests

0.05 -
A B

0.04 -

0.03 -

0.02 J

0.01 4

0 4 8 minn 0O 4 8 min.

FIGURE § : A ; Reversed phase column
analysis of compound 5b (2’'-Q-tbdms-
3’ -phosphoroamidite), after silica ge! pu-
rification and precipitation in hexane. B ;
Control injection of the 3'-O-tbdms-2'-
phosphoroamidite in mixture with the
desired product. Column : Merck Super-
spher 100 RP-18e 4 pm, 125 X 4 mm
eluted with CH,CN / H,O0 76 / 25 v/v at 1
ml/min.

To evaluate the relative efficiency of uridine nucleotides in oligoribonucleotide

synthesis, the preparation of a standard homopolymer was undertaken in analogous

conditions, Commercially available carfidges from a single batch, loaded with Control-
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Compound Yield % 3'p NMR FAB MS
5a 60 149.4 - 148.7 803.2
5b 75 149.8 - 149.0 817.5
5¢ 79 151.6 - 150.5 832
5d 72 151.6 - 150.8 840
56 52 1465 - 1449 845.5

TABLE 1 : Physical constants of phosphoroamidites § a-e. Chemical shifts are from
85 % phosphoric acid as external standard in deuterated chloroform. FAB mass
measures are in negative mode in a N.B.A. matrix.

REAGENTS TIME

0.5 M Tetrazole

0.1 M 8b-e / 0.5 M Tetrazole (1/1)
0.5 M Tetrazole

0.1 M 8b-e / 0.5 M Tetrazole (1/1)
0.5 M Tetrazole

WAIT 30 - 960

0.1 M 5b-e / 0.5 M Tetrazole (1/1)
0.5 M Tetrazole

0.1 M 5b-e / 0.5 M Tetrazole (1/1)
0.5 M Tetrazole

WAIT 30 - 960

W Wwwn

wWwww

TABLE 2 : Condensation steps used for the coupling of RNA monomers. Various
condensation times were obtained by modification of the WAIT steps.

led Pore Glass linked with thymidine were used as initiators of all synthesis. 8-14
condensation cycles with the synthetic ribo-monomers were then executed using com-
mercial DNA synthesis reagents (Trichloracetic acid, tetrazole, oxidation and capping
solutions). Chain iengths of 9-15 nucieosides were chosen to avoid calculations bases
on the first few condensations which are frequently of variable yield. Coupling yields on
larger chains are generally quite reproducible '? allowing precised calculation of the
yields.

The coupling cycles used in these experiments were those defined by the
manufacturer of the machine (Applied Biosystems- 381A) for DNA synthesis, except in
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the coupling step which was modified as indicated in TABLE 2. This pumping sequence
comesponds to an average use of 45 equivalents of monomer per cycle.

Coupling yields were calculated by specirophotometric determination at 500 nm
of the amount of dimethoxytrityl cation released during each defritylation step. Average
values were plotted versus condensation time, the comesponding curves are given in
FIGURE 6.

These curves show that a significant improvement of the coupling yield and time
can be obtained by the choice of an appropriate alkylamine for the protection of the
phosphoroamidite. They confirm the observation made by Dahl ef ol that an excessive
prolongation of the condensation time does not necessaiily lead to quantitative
couplings. Low yields obtained with morpholino-phosphoramidite are certainly due to
the presence of impurities in the monomer, due to the use of undistiled material for the
phosphitylating step. Dimethylamino-phosphoroamidite could not be obtained with
acceptable yields, and thus were rejected from our tests. N-ethyl-N-methylamino-.and
N,N-diethylamino-phosphoroamidite appear to be promising monomers in oligoribonu-

cleotide synthesis since they aliow 96 - 97 % coupling vields in 4 minutes condensation
times. Tests for extension of these systems to the four common RNA nucleosides are in
progress.

EXPERIMENTAL SECTION :

Moaterial and reagents :

3-hydroxyproplonitrile (Fluka - puriss), phosghorus trichloride (Fluka - Pract.), N,N-
diisopropylamine  (Fluka - puriss), morpholine  (Janssen  Chimica) and
diisopropylethylamine (Fluka - puriss) were distiled before use. N.N-dimethylamine
(Prolabo Rectapur), N-ethyi-N-methylamine (Aldrich) and N,N-diethylomine (Aldrich)
were used without further purification.

5’ -Q-dimethoxytrityl-2’ - O-tertiobutyldimethylsilyl-uridine was prepared according
to reported procedure 5 The nucleoside was carefully purified and its purity (absence of
3'-Q-tbdms isomer) was checked by reversed phase H.P.L.C.

T.L.C were deveiopped on silica-gel Merck &0 F 2564 using CH,‘,C:I2 ] AcOEt / TEA,
50 / 50 / 5 (v/v/v) as the eluent.

31p NMR spectra were recorded on a Bruker WM 250 working at 101.25 MHz.
Chemical shifts are given in ppm from 85 % H,PO, as an extemal standard. Proton NMR
spectra were recorded on a Bruker AC 200 spectrometer. Chemical shifts are given in
ppm from TMS as an infemal standard.
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b
[}
+—t + + + It - t (min)
1 2 4 8 16 32

FIGURE 6 : Average coupling yields plotted versus condensation times for various dialky-
laminophosphoroamidites tested in this paper. —%— 5b, —0— &¢ —<&— &d,
—{+ 5Se.

Analytical HP.LC were performed with a Waters 600 pump equipped with a
Waters 484 tunable absorbance detector and a Rheodyne 7125 injection vaive. Co-
lumns (Merck) were LiChrospher RP 18 e, 10 ym particle diameter (250 X 4 mm) or Su-
persher RP 18 e 4, ym particle diameter (125 X 4 mm),

Preparative H.P.L.C. were performed on a Jobin-Yvon axial compression 40 mm
diometer column system, equiped with a SM 25 variable wavelength UV detector (Delsi
Instruments) and a LKB 2152 H.P.L.C. gradient controller. Silica gel was Kieselgel PF 254
From Merck.

Solid phase synthesis were performed on an Applied Biosystems 381 A DNA
synthesizer. Standard cycle and reagents were used (Applied Biosystems) except for the
condensation time which was modified according to TABLE 2,
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Preparation of phosphitylating agents (4a-6)

General procedure : In a round bottom fiask fitted addition funnel, magnetic stirer and
argon delivery system was placed B-cyanoethyldichlorophosphine (34.4 g, 200 mmol.) in
dry ether (200 ml). N,N-dialkylamine (2 eq. 400 mmol.) or N-timethylsilyl-morpholine (1
eq., 200 mmol.) in solution in ether (100 mi) was added dropwise at -20° C over 1.5 hour.
Amine hydrochloride precipited and the suspension was stived for 20 hours at room
temperature. Amine hydrochloride was filtered off and the fillrate and washings were
concentrated under reduced pressure at room temperature. Distillation gave the desired
compounds.

@- Cycnoefhoxy) -N,N- d/mefhy/am/no chlorophosphine 4a : Bp 90-93° C / 10°2 mbar. 3'p
NMR (CDCl,) 175.8 ppm. 'H NMR CDCl, 400 ppm (dt, 2H, POCH,), 2.66 ppm (t, 2H,
CH,CN). 2.6) ppm (d, 6H, N-CH,)
@ “Eyanosthoxy) -N-ethyl-N- mer%y/omlno -chiorophosphine 4b : Bp 83-84° C / 10°2 mbar.
P NMR CDCl, 1749 ppm. TH NMR CDCl, 3.95 ppm (dt. 2H, POCH,), 3.00 (m, 2H, N-
H.) 2.62 ppm (t, 2H, CH_CN), 2.57 ppm (d, 3H, N-CH ). 1.03 ppm (t, fH CH from efhgll)
(2 %ycnoefhoxy) NN- d/e hylamino -chlorophosphine 4c Bp 94-96 ° C / 10 mbar.
NMR CDCI, 1765 ppm. 'H NMR CDCI, 4.03 ppm (dt, 2H, POCH,). 3.14 (m, 4H, N- CH2)
2.70 ppm (? 2H, CH,CN), 1.12 ppm (1, 61-1 CH from ethyh
g2 Cyanoethoxy) - N%I dnsopropylom/no chlorophosph/ne 4d : Bp 86-90° C / 6 1072 mbar.
'P NMR CDCI, 1749 ppm. 'H NMR CDCI, 4.06 ppm (dt, 2H, POCH2) 3.61 (m, 2H, N-CH)
2.75 ppm (, 2?-? CH,CN). 1.28 ppm (d, 12I3 CH, from isopropyh
- Cycnoefhoxy) -N- morpho/lno ch/orophosph/ne do : Not distiled. 3'P NMR CDCI
168.2 ppm. '"H NMR CDCI, 4.06 ppm (dt, 2H, POCH ) 3.66 (t, 4H, O- CH2) 3.18 ppm (m,
4H, N-CH,, 2.72 ppm.(t, 2H, CH,CN).

Prepgration of monomers 5a-e

General procedurs : 5 -O-dimethoxytityl-2° -O-ferfoutyldimethyisilyl-uridine (198 g - 3
mmol.) was dried by 2 evaporations of anhydrous pyridine (5 mb) and dry THF (6 ml). The
residue was dissolved in dry THF (15 ml) under argon atmosphere. Dimethylaminopyridine
(0.2 eq. - 73 m@), N,N,N-ethyldiisopropylamine (4 eq. - 2.05 ml) and dialkylaminochloro-
phosphine (1.4 eq.) were added through a rubber septum. The reaction mixture was
stired at room temperature and monitored by R.P.L.C. (30 - 120 min. condensation time
were determined). The solution was then poured in a separation funnel loaded with
ethyl acetate (1560 ml) and saturated sodium bicarbonate. The organic phase was wa-
shed with water (2 X 150 mi), the combined aqueous phase was extracted with ethyl
acetate (150 m) and the organic extracts were combined, dried over sodium sulfate
and evaporated to dryness. Purification was made by silica gel HP.L.C using dichloro-
methane/ tiethylamine 98 / 2 (v/v) as the eluent. After evaporation of the solvent, mo-
nonucleotides were dissolved in toluene (10 miy and precipited in cold (-78° C) hexane.
They were collected as white powders and stored under argon atmosphere at - 20° C.
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5’-Q-dimethoxytrityl-2'-O- ferhobufyld/mefhyls/ I-uridine  (3'-Q-(cyanosthoxy-(N.N-dime-
thylamino)-phosphoroamidite)) 5a : Rf 0.64. 3'P NMR in CD COCD, 1487 & 149.4 ppm.
Proton NMR in CD,COCD, 8.04 & 8.03 ppm (d. TH, H), 605 & 6.00'ppm (d, 1H, H, ), 5.38
& 5.36 ppm (d, 1I-? Hy). lfba ppm (m, 1H, H,.), 454 ppm (m, 1H, H,). 4.32 ppm (m 1H,
Hy). 401 ppm (m, 2H, CH -OP), 3.92 ppm (dzéH CH, trity, 3.61 ppm (m, 2H, H,, 5 2.87

& 2.76 ppm (t, 2H, CH2CN) 2.74 & 2.64 ppm (d, 6H, N CHa) 1.05 ppm (s, 9H. fen‘ butyl),
0.29 ppm (s, 6H, SICH,)

5'- O -dimethoxytrityl - 5 O -tertiobutyidimethyisil I uridine (3'-Q -(cyanoethoxy -(N-methyl-N-
ethylamino) -phosphoroamidite)) 5b : Rf 0.60. P NMR in CD,COCD, 1489 & 149.8 ppm.
Proton NMR in CD COCD 8.06 & 8.04 ppm (d, 1H, H)), 605 & 300 ppm (d, TH, H,).
538&536ppm(ci 1H, H) 4.64 ppm (m, TH, H,.), Aéf?ppm(m TH, Hy). 439ppm(m
TH, H,), 398 ppm (m, 2H, CH,-OP), 3.92 ppm (&, 6H, CH, fityD, 3.63 ppm (m, 2H, Hq
311 ppm (m, 2, CH, N-ethyl, 267 & 2.73 ppm (t, 2, CH,CN), 2.72 & 2.61 ppm (0, 3H
N-CH,). 1.20 & 1.12 ppm (1, 3H, CH N-ethyl), 1.04 ppm zs 9H, tert-butyl), 0.30 & 0.29
pem (s, 6H, SIiCH )

5-0- d/mefhoxyfr/fyl -2'-0- ferf/obuiyldimefhg/sily/ -uridine (3'-O-(cyanoethoxy-(N,N-diethy -
lamino) -phosphoroamidite)) 5¢ : Rf 0.72. 'P NMR in CD,COCD, 1504 & 151.5 ppm.
Proton NMR in CD,COCD, 8.06 & 805 ppm (d, 1H, H ) 605 & 6.00 ppm (d, 1H, H,.),
5.38 ppm (d, T1H, H,.), Aééppm(m 1H, H D), 4.62 ppm(m 1H, Ha) 4.38 ppm (M, 1H, H )
3.99 ppm (M, 2H, CSH -OP), 3.92 ppm (d, 6H CH,, trityl), 3.64 ppm (m, 2H, H_._..), 315ppm
(m, 4H, CH, N- efhyl) 2.88 & 2.74 ppm (t, 2H, 8H ,CN), 1.22 & 1.11 ppm ?f 3H, CH,; N-
ethyl), 1.04 ppm (s, 9H, tfert-butyl), 0.29 & 0.28 ppm (s 6H, SiCH

5'- O -dimethoxytrityl-2'-Q - femobufyldlmefhylslly/ -uridine (3 (3 -(cyanoethoxy -(N,N-diiso -
propylamino) -phosphoroamidite)) 5d : Rf 0.82. 3'P NMR in CD COCD3 150.8 & 151.7 ppm.
Proton NMR in CD,COCD, 804 & 7.99 ppm (d, TH, Hy), 6.11 & 606 ppm (d, TH, H,.).
5.42 & 5.40 ppm (é 1H, H s 461 ppm (m, 1H, H,), Asgppm (m, TH, H,.), 4.44 ppm (m
1H, H,.). 402 ppm (m, 2H, CH -OP), 3.92 ppm (é 6H, CH, tityl), 292 & 2.73 ppm (1, 2H,
CHZC?\I) 1.26 ppm (d, 12H, C?H N-isopropy!), 1.05 ppm (s 9H, tert-buty), 0.29 & 0.28
ppm (s, 6H, SlCHa)

5'-O-dimethoxytrityl -2’ -O - femobufyldtmefhy/slly/ -uridine  (3'-Q-(cyanoethoxy -N-morpho-
lino-phosphoroamidite) 5e : Rf 0.85. 3'P NMR in CD3C0003 T44.9 & 146.47 ppm. Proton
NMR in CD COCD 8.08 & 8.07 ppm (d, 1H, H ) 606 & 6.00 ppm (d, TH, Hl) 541 &
5.40 ppm (é 1H, H 4.67 ppm (m, TH, H,.), 464ppm (m, 1H, H_), 438 ppm (m, 1H, H,.)
404 ppm (m, 2H, & -OP), 392 ppm (d 6H, CH tity) 3.67 & .57 ppm (m, 4H, O- o
morpholine), 3.20 & k¥v ppm (M, 4H, N-CH, mompholine), 290 & 277 ppm ( 2H
CH,CN), 1.05 ppm (s, 9H, fert-buty, 0.29 ppm (s 6H, SICH,).

Solid phase syntheses :

Commercially available cartridges (Applied Biosystems) loaded with 0.2 pmole 5'-
O-dimethoxytrityl-thymidine grafted on C.P.G. 500, were used as initiator of the chain
syntheses. 8 to 14 synthesis cycles were performed. Detritylation solution were collected
and diluted to 25 ml with 70 % perchloric acid / ethanol 1/1 v/v. Yields were determined
by the ratio of A500 consecutive defritylation crops.

REFERENCES

1 - S. L. Beaucage & M. H. Caruthers. Tet. Lett. 1981,22,1859-1862.
2 - L J. McBride & M. H. Caruthers. Tet. Lett. 1983,24,245-248,
3 - N.D. Sinha, J. Biemat & H. K&ster. Tet. Lett. 1983,24,5843-5846.
4 - N. D. Sinhq, J. Biemat, J. McNamus & H. Kdster.

Nucleic Acids Res. 1984,12,4539-4557.



08: 02 27 January 2011

Downl oaded At:

1098 GASPARUTTO, MOLKQ, AND TEOULE

5 - N. Usman, K. K. Ogilvie, M.-Y. Jiang & R. J. Cedergren.
J. Am. Chem. Soc. 1987,109,7845-7854.
6 - T. Tanaka, S. Tamatsukur & M. lkehara,
Nucleic Acids Res.1986,14,6265-6279.
7 - T. 8. Rao, C. B. Reese, H. T. Serafinowska, H. Takaku & G. Zappla.
Tet. Lett. 1987,28,4897-4900.
8 - C. Lehman, Y.-Z Xu, C. Christodoulou, Z.-K. Tan & M. J. Gait.
Nucleic Acids Res. 1989,17,2379-2390.
9 - B. H. Dahl, J. Nielsen & O. Dahl. Nucleic Acids Res.1987,15,1729-1743,
10 - S. Bemer, K. MUhlegger & H. Seliger.
Nucleosides & Nucleotides. 1988,7,763-767.
11 -R. T. Pon. Tet. Lett. 1987,28,3643-3646.
12 - R. Kierzek, M. H. Caruthers, C. E. Longfellow, D. Swinton, D. H. Tumer &
S. M. Freler. Biochemistry. 1986,267840,7846.
13 - S. P. Adams, K. S. Kavka, E. J. Wykes, S. B, Holder & G. R. Galluppi.
J. Am. Chem. Soc. 1983,108,661-663.
14 - M. W, Schwarz & W, Pfleiderer. Tet. Lett. 1984,25,5513-5516.
15 - H. K&ster, J. Biemat, J. McNamus, A. Wolter, A. Stumpe, C. K. Narang & N. D. Sinha.
Tetrahedron. 1984,40,103-112,
16 - B. C. Froehler & M. D. Matteuccl. Tet. Left. 1983,24,3171-3174.
17 - K. Yamana, Y. Nishijima, A. Oka, H. Nakano, O. Sangen: H. Ozaki & T. Shimidzu.
Tetrahedron. 1989,48,4135-4140.
18 - A, D. Barone, J. Y. Tang & M. D. Caruthers. Nucleic Acids Res. 1984,12,4051-4041;
19 - N.D. Sinhq, J. Biemat & H. K&ster. Nucleosides & Nucleotides 1984,3,157-171.

Received May 29, 1990.



