This article was downloaded by:

On: 27 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Nucleosides, Nucleotides and Nucleic Acids

MICIEOS.idES} Publication details, including instructions for authors and subscription information:
Niucleotides http://www.informaworld.com/smpp/title~content=t713597286

A Convergent Regiospecific Synthesis of the Lariat-Trinucleotides and A??
*¢and AP°¢ from A O*-2-Nitrophenyl) -Uridine Building Block

J-M. Vial*;, N. Balgobin®; G. Remaud?; A. Nyilas®; J. Chattopadhyaya®

2 Department of Bioorganic Chemistry, Biomedical Center, Box 581, University of Uppsala, Uppsala,
Sweden

s Ecbiow
JOHN A STYETI

WOLLUME 24 MNUMBER 4 i)

To cite this Article Vial, J-M. , Balgobin, N. , Remaud, G., Nyilas, A. and Chattopadhyaya, J.(1987) 'A Convergent
Regiospecific Synthesis of the Lariat-Trinucleotides and A***© and A*?*¢__ _from A O‘-2-Nitrophenyl) -Uridine
Building Block’, Nucleosides, Nucleotides and Nucleic Acids, 6: 1, 209 — 256

To link to this Article: DOI: 10.1080/07328318708056193
URL: http://dx.doi.org/10.1080/07328318708056193

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformworld.conlterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597286
http://dx.doi.org/10.1080/07328318708056193
http://www.informaworld.com/terms-and-conditions-of-access.pdf

09: 31 27 January 2011

Downl oaded At:
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A CONVERGENT REGIOSPECIFIC SYNTHESIS OF THE LARIAT-TRINUCLEOTIDES Ag:gg:
AND Ag.gg.g FROM A 0%-(2-NITROPHENYL) -URIDINE BUILDING BLOCK.

o

J-M. Vial , N. Balgobin, G. Remaud, A. Nyilas and J. Chattopadhyaya*

Department of Bioorganic Chemistry, Biomedical Center, Box 581, University of
Uppsala, S-751 23 Uppsala, Sweden.

Abstract: Total synthesis of title compounds 1 and 2 from a common intermediate 7
is reported using the phosphotriester-phosphiteamidite approach. Appropriate NMR
evidence has been presented in support of the regiospecific synthesis of target
molecules in addition to enzymatic analysis. Present work clearly shows that the
NMR evidence is mandatory to establish the isomeric purity of branched RNA mol-
ecules; enzymatic or/and electrophoretic analysis alone as tools for confirmation
of branched RNA structures can be misleading.

Recent studies!=4 have elegantly demonstrated that a significant aspect of
pre-mRNA processing (splicing) in eucaryotic cell is mediated by either of the
two branched trinucleotides, 1 and 2, - the intron "lariats". It is apparent from
the literature that the availability of specific pure lariats in large quantity
will significantly aid in the biological studies to elucidate its role in the
order of intron excision from pre-mRNA, its role in duplex formation during
splicing and also in understanding of the energetics during splicing. Two
efforts®+6 nave been already reported in the literature. Herein we report

our studies on the regiospecific synthesis of the trinucleotides 1 and 2 using
first a phosphotriester approach to build the dimer 3 and then selectively phos-
phorylate the 2'-hydroxyl function of the partially protected dinucleotide 4 with
5'-phosphoramidite of guanosine block 6 to give the partially protected trimer 7
which then gives either lariat 1 or 2 selectively, depending upon a precise
deprotection condition.

It has been clearly shown’»8 that any attempt to remove the 2'-acid labile
group from the fully protected trimer, as in 3, caused a considerable break-down

*To whom correspondence should be addressed
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to mononucleotides and nucleosides and isomerization of the 3'-»5' internucleo-
tide linkage to 2'-»5' and vice versa. This was found to be due to the partici-
pation of the 2'-hydroxyl group in a transesterification reaction with the neigh-
bouring phosphotriester. On the other hand, it is also clearly demonstrated?

that one may safely remove the 2'-acid labile group from a 3'—+5' phosphodiester
as in 5 with help of 80% aq. acetic acid at 20 °C. We thus prepared the fully
protected dinucleotide 3 in 90% yield by the condensation of the 5'-protected
phosphodiester block 9, prepared from 8, and the 5'-hydroxy block 10 in the pres-
ence of 1—mesity1enesu1fony1-3-nitro—1,2,4—triazo1e10 using standard pro-

cedures developed in the phosphotriester chemistryll'ls. The pyrimidine

block 10 was protected with the 2-nitrophenyl group at the gﬂ positionls.

This was considered essentiall’»18 pecause such an intermediate, at the end

of the synthesis of the target molecule, could be converted either to cytosine
residue or to uracil moiety, depending upon the order of use of either a oxygen
or nitrogen nucleophile in the final deprotection stage. The 2-chlorophenyl group
from the internucleotide phosphate of 3 was smoothly removed to give the 3'— 5'
phosphodiester 5 with tetrabutylammonium fluoride (2 eq.) in THF- pyridine-water
mixture (8:1:1, v/v/v, 4 h, 20 °C)19, followed by the removal of the vol-

atile matters in vacuo and coevaporation with ethanol. Subsequently, the 2'-acid
labile group24 from 5 was removed by the treatment with 80% aqueous acetic

acidd at 20 °C for 20 min followed by the removal of volatile matters by
coevaporation with dioxane to give partially protected dinucleotide 4. A 1y-

and 31p NMR examination of crude 4 clearly revealed that (i) the 2-nitrophenyl
group at 0% was intact, (ii) the internucleotide 2-chlorophenyl and 2'-0-(9-
pheny]xanthen—Q—y])24 groups were removed selectively and (iii) the specific
3'—5' phosphodiester 1inkage is unaltered. The partially protected dinucleotide
4 was dried carefully over P05 in vacuo. A mixture of 4 (0.22 mmol) and the
5'-phosphoramidite 6 (5 eq.) was then reacted in dry acetonitrile (10 ml1/mmol),
in presence of freshly sublimed tetrazole (50 eq.)20
argon for 1 h at 20 °C, followed by a work-up and oxidation with iodine-water

, under an atmosphere of

mixture?0>21 o give the protected trimer 7 which was purified on a short
silica gel column (eluent: 20% methanol in chloroform). The trimer 7 was sub-
sequently deprotected in two different ways”’18 to give either 1 or 2
depending upon the exact deprotection condition: (1) syn 4-nitrobenzaldoximate
ionl0 in dioxane-water mixture for 24 h at 20 °C followed by aqueous ammonia
treatment for 5 days at 20 °C and separation of the crude mixture on a DEAE
Sephadex A25 column gave 1 (36%); (2) liquid ammonia treatment for 48 h followed
by aqueous ammonia for 5 days at 20 °C gave the lariat 2 after a standard work up
and purification through a DEAE Sephadex A25 column {52%). The elution profiles
are shown in Fig. 1 and 2 respectively. The HPLC purity of products 1 and 2 are
shown in panels A and B respectively in Fig. 3, while panel C in Fig. 3 shows the
separation of a ca. 7:3 artificial mixture of 1 and 2. The fully deprotected

lariats 1 and 2 were completely stable for 48 h in 0.1 M ag. NaOH and to the
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FIGURE 3 :

HPLC PURITIES OF COMPOUNDS 1 & 2 (panels: A & B) AND A
SEPARATION OF THEIR ARTIFICIAL MIXTURE (panel: C)
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treatment of spleen phosphodiesterase. Lariat 1 was degraded to 5'-UMP, 5'-GMP
and adenosine and 2 to 5'-CMP,5'-GMP and adenosine, in equimolar ratios, upon
treatment with snake venom phosphodiesterase. The 1D 270 MHz lH-NMR spectrum of
L and 2 are shown in Figs. 4 and 5 respectively establishing their isomeric
purities. The 2D COSY spectra and Hartmann-Hahn NMR spectra26 of 1 and 2 are
shown in Figs. 6 and 8 and 7 and 9 respectively which assigned the proton reson-
ances of target molecules as detailed in Table 1. The UV and 31P-NMR spectra

of 1 and 2 are also shown in Figs. 11, 12 and 13 respectively.

While this work was in progress Caruthers et a1.22 reported a similar strat-
egy with the t-butyldimethylsilyl group for the protection of 2'-hydroxyl func-
tion which is known to isomerize to the 3'-hydroxyl function under mild basic

25

condition®”. It should be noted that none of the three procedures reported

so far in the Hter‘atures’s’z2

gives any spectroscopic evidence on the iso-
meric purity of the lariat structures despite the fact that these workers9»22
have employed either a 2' or 3' protecting group which have potential to iso-
merize to the vicinal hydroxyl function. It is clear that the evidence of regio-
selective synthesis of any lariat molecules, either 1 or 2, by simple enzymatic
digestion and electrophoretic mobility can not be considered as conclusive since

any isomeric molecule formed during the synthesiss’22

will also be expected

to give similar results. We believe that a IH-NMR analysis of the fully depro-
tected lariats can definitely indicate the extent of isomerization as exemplified
in Fig. 10 which shows a mixture of A%:gg:g and Ag:gg:g that were formed

due to the partial isomerization of 3'—>5' phosphodiester of 4 to the corres-

ponding 2'— 5' isomer at the initial stages of the present work.

Experimental

LH-NMR spectra were recorded, in & scale, at 90 MHz and 270 MHz with Jeol

FX 90Q and Jeol JNM-GX 270 spectrometers, TMS or acetonitrile (set at 2 ppm)
being used as an internal standard. 31P-NMR spectra were recorded at 36 MHz in
the same solvent as for lH-NMR using phosphoric acid as an external standard

(6 scale). Details regarding the NMR spectroscopic measurements will be reported
elsewhere. UV spectra were measured using a Cary/Varian 2200 spectrometer. TLC
was carried out using pre-coated silica gel F254 plates in the following

solvent systems: {A) ethanol-dichloromethane 9.5:0.5, v/v. (B) ethanol-dichloro-
methane 9:1, v/v. The short column chromatographic separations were carried out
using Merck G60 silica gel. HPLC was performed23 using sepherisord (10 y)

0DS column (20 cm x 4 mm) using solvent A: 5 x 10-4 M tetrapentylammonium-
phosphate (TPAP). Solvent B: 5 x 10-4 M TPAP in 20% acetonitrile-water at

oH 7 at 20 °C.
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2'p5'G
3'p5'U

FIG. 6: 2D COSY SPECTRUM OF A
'

(1)

Synthesis of 04-{2-nitrophenyl1)-2',3'-di-0-acetyluridine (10). To a solution of
5'-dimethoxytrity1-2',3'-di-0-acetyluridine (1 mmol, 0.64 g) in dichloromethane
(10 m}) was added l-mesitylenesulphonyl chloride (0.61 g, 3 mmol), triethylamine
{2.3 ml, 15 mmol), N,N-dimethylaminopyridine {12 mg, 0.1 mmol)} and the reaction
stirred for 1 h. DABCO (0.1l g, 1 mmol), 2-nitrophenol (2.3 ml1, 5 mmol) was then
added and the reaction stirred for 30 min at 20 °C. The reaction mixture was then
poured into 0.5 M citric acid solution (200 m1) and extracted with dichlorometh-
ane (3 x 60 ml). The combined extracts were washed with water (2 x 100 ml) and
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evaporated (R¢ 0.79, solvent: B). The resultant residue was dissolved in 10%
methanol-dichlormethane mixture (10 ml) and 4-toluenesulphonic acid monohydrate
(0.95 g, 5 mmol) in 10% methanol-dichloromethane mixture (10 m1) was added and
the reaction stirred for 5 min. The reaction mixture was then poured into satu-
rated sodium hydrogen carbonate (100 ml) and extracted with dichloromethane

(2 x 100 ml). The combined extracts were evaporated, and purified by silica gel
chromatography. The desired compound was eluted with 2% ethanol-dichloromethane
mixture. Appropriate fractions were evaporated and finally precipitated and driec
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(a) Regular spectrum;
(b-d) Selective excitation subspectra of

.
Us'-p, Ag,_g and G5'-p.

(0.44 g, 98%). Rf: 0.64 (solvent: B). LH-NMR (CDC13 + CD30D): 8.27 (d,

7.3 Hz, 1H) H-6 of pyrimidone; 8.14 (d, 9.1 Hz, 1lH) H-2 of 0_4-(2-n1tropheny1);
7.77-7.27 (m, 3H) 2-nitrophenyl; 6.29 (d, 7.3 Hz, lH) H-5; 6.13 (d, 4.9 Hz, 1H)
H-1'; 5.48 (m, 2H) H-2' and -3'; 4.24 (m, 1H) H-4'; 3.85 (m, 2H) H-5'; 2.12 (s,
3H) acetate; 2.08 (s, 3H) acetate.

N6-Benzoy1-2'-0-(9-phenyixanthen-9-y1){pixy1)-5'-0-toluoyladenosine (8).
NG-benzoy]—Z‘-p1xy1adenosine24 {1 mmol) was dissolved in dry pyridine
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FIG. 9 : 270 MHz SPECTRA OF THE RIBOSE
OF 2

(a) Regular spectrum;
(b-d) Selective excitation subspectra of
2'-p
| . .
C5'-p, A3,_p and G5'-p.

(15 m1) and evaporated to dryness to remove any moisture. The residue was dis-
solved in dry pyridine (10 m1), and toluoyl chloride (1.1 mmol) was slowly added
via a syringe under dry conditions. After 45 min, the reaction was found to be
complete by tic (R¢: 0.33, solvent: A). Methanol (1 ml) was now added and the
reaction mixture stirred for 30 min and then evaporated. The residue was dis-
solved in dichloromethane (100 m1) and poured into saturated sodium hydrogen car-
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Table 1: lH-NMR chemical shifts recorded at 270 MHz in D20 (CH3CN as
internal standard set at 2.0 ppm; accuracy of chemical shifts $0.01 ppm)
of compounds 1 and 2.

Compound 1 Hg H2 Hg Hg Hy! Hp! H3! Hg! Hs! Hgvy

8.17 7.85 - - 6.13 5.26 4.85 4.45 3.81 3.73
- - 7.8 5.80 5.86 4.30 4.20 4.12
7.67 - - - 5.87 4.40 4.19 3.94 3.87 3.58
Compound 2
A 8.16 7.84 - - 6.11 5.25 4.85 4.45 3.81 373
c - - 7.79 5.92 5.86 4.27 4.21 4.13
G 7.66 - - - 5.58 4.39 4,19 3.95 3.88 3.60

bonate solution (100 ml) and extracted. The dichloromethane layer was run off,
and the aqueous layer washed with dichloromethane (3 x 100 ml). The combined
extracts were coevaporated with toluene and the residue purified by silica gel
chromatography. The desired product was eluted with 1% methanol-dichloromethane
mixture containig 1% pyridine, was evaporated and precipitated from hexane and
dried (731 mg, 98%). LH-NMR (CDC13 + Dabco): 8.3 (s, 1H) H-8; 8.0-6.8 (m,

23H) arom; 5.95 (d, 7.3 Hz, LH) H-1'; 4.90 (dd, 7.3 and 5.2 Hz, 1H) H-2'; 4.55-
4.19 (m, 34) H-4' and 5'; 3.39 (d, 5.2 Hz, 1H) H-3'; 2.85 {s, 3H) methyl of
toluoyl.

3'-0-(2-chlorophenyl)phosphoro-N6-benzoy1-2'-0-pixyladenosine (9). Compound 8

{1 mmol) was dissolved in dry pyridine (8 ml} and a solution of o-chlorophenyl-
phosphoro-bis-(1,2,4-triazolide) 1n acetonitrile (8 ml, 2 mmol) was added and the
reaction stirred for 20 min and a tic examination showed the disappearence of
starting amterial (R¢ 0.58, solvent: B) and a new product (R¢ 0.13, sol-

vent: B) had been formed. The reaction mixture was then poured into 0.2 M tri-
ethylammonium bicarbonate solution (pH 7.2) solution (100 ml) and extracted with
dichloromethane (4 x 100 ml). The combined dichloromethane extracts was washed
with water (100 ml), and coevaporated with toluene. The residue was then dis-
solved in dichloromethane (5 ml1) and precipitated from hexane (50 ml), centri-
fuged and dried (0.95 g, 95%). lH-NMR (CDC13 + Dabco): 8.3 (s, lH) H-8;

8.1-6.8 (m, 27H) arom; 6.14 (d, 8 Hz, 1K) H-1'; 5.19 (m, 1H) H-2'; 4.80 (m, 1H)
H-3'; 4.43 (m, 3H) H-4' and 5'; 2.84 (s, 3H) methyl of toluoyl. 31p-NMR

{(CDC13 + Dabco): -5.9 {sole signal in 31P-NMR).

Dimer block (3). The phosphodiester (9) (1.1 g, 1.1 mmol) and gﬁ—(z-nitro-
phenyl)-2',3'-di-0-acetyluridine (0.44 g, 1 mmol) were dissolved in dry pyridine
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(5 m1), and evaporated to dryness. The residue was dissolved in dry pyridine

(10 m1) and l-mesitylenesulfonyl-3-nitro~ (1,2,4-triazole) added and the reaction
stirred for 30 min and examined by tlc. A1l of the uridine block had been con-
sumed and a new product (R¢ 0.76, solvent: A) had been formed. The reaction
mixture was then poured into saturated sodium hydrogen carbonate solution

(100 m1) and extracted with dichloromethane (3 x 100 mi). The combined extracts
were evaporated and coevaporated with toluene, and purified by silica gel chro-
matography, using 1% pyridine-dichioromethane mixture. The product was collected,
evaporated and precipitated from hexane, centrifuged and dried. (1.24 g, 93%).
31p-NMR (CDC13): -7.68 and -8.30 (only signals from a pair of diastereo-

isomers of 3).

Deprotection of Dimer block 3 to give 4. The fully protected dimer 3 (1.3 g,

1 mmol) was dissolved in tetrahydrofuran:pyridine:water (38 ml, 8:1:1 v/v/v) and
tetrabutylammonium fluoride in THF (2 m1, 1 M solution) was added and the
reaction stirred for 4 h at 20 °C. The volatile matters were then removed and the
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residue was purified by silica gel chromatography. The column was washed with 1%
pyridine-dichloromethane mixture and the product was eluted with 8% ethanol in
the same solvent mixture. The desired fractions were pooled and evaporated then
coevaporated with toluene. The pyridine free residue of 5, thus obtained, was
dissolved in 80% acetic acid (15 m1) and stirred for 20 min at 20 °C. The vol-
atile matters were removed, and the residue dissolved in dioxane and evaporated.
This step was repeated twice more to ensure that all of the acetic acid was
removed. The residue was dissolved in dichloromethane (5 ml) and precipitated
from diethyl ether, centrifuged and dried to give 4 (1.0 g, 88%, based on 3}.
LH-NMR (CDCi3): 8.7 (s, 1H) H-8; 8.67 (d, 5.4 Hz, 1H) H-3 of Qﬁ-(z-n1tro-
phenyl); 8.21 (s, IH) H-2; 8.14-7.1 (m, 13H) arom; 6.45 (d, 7.6 Hz, 1H) H-5; 6.35
(d, 5.1 Hz, 1H) H-1'; 6.24 (d, 5.4 Hz, 1H) H-5 of pyrimidone; 5.49 (m, 2H) H-2''
and -3''; 5.07 (m, 2H) H-2' and 3'; 4.65 {m, 3H) H-4'' and 5''; 4.33 (m, 3H) H-4'
and H-5'; 3.25 {m, 6H) -CHz of triethyl ammonium; 2.38 (s, 3H) methyl of

toluoyl; 2.08 (s, 3H) acetate; 2.0 (s, 3H) acetate; 1.4 (m, 9H) methy) of tri-
ethylammonium. 31P-NMR (CDC13): +1.07 (sole signal in 3lp-NMR).

Synthesis of 5'-phosphoramidite of guanosine 6. To a solution of NZ-(4-E;buty1)-
benzoyl-2',3'-di-0-acetylguanosine (1.56 g, 3 mmol} in dichloromethane (20 mi)
was added N,N-diisopropylmethylphosphonamidic chloride (1.2 ml, 6 mmol) followed
by N,N-diisopropylethylamine (2 ml, 12 mmol) and the reaction stirred for 60 min.
The reaction mixture was then diluted with ethylacetate (60 ml) and poured into
saturated sodium chloride solution (40 ml1) and extracted. The ethylacetate layer
was washed with saturated sodium chloride solution (3 x 40 ml), dried over mag-
nesium sulfate, filtered and evaporated with dry toluene. The residue was dis-
solved in dry toluene (20 ml) and precipitated from chilled hexane (200 ml) fil-
tered and dried to give 6 (1.85 g, 90%). 1H-NMR (CDC13): 8.0 {s, 1H) H-8;

7.94 (d, 2H) arom; 7.49 (d, 2H) arom; 6.04 (m, 2H) H-1' and H-2'; 5.85 (m, 1H)
H-3'; 4.34 (m, 1H) H-4'; 3.73 (m, 2H) H-5'; 2.16 (s, 3H) acetate; 2.07 {s, 3H)
acetate; 1.1 (s, 9H) t-butyl. 31P-NMR (CDC13): +150.5 and +149.3.

Synthesis of partially protected lariat (7) and its deprotections to give either
lariat (1) or {2). To a solution of (4) (250 mg, 0.2 mmol) and (6) (690 mg,

1 mmol) in dry acetonitrile (10 m1) was added tetrazole (690 mg, 10 mmol) and the
reaction stirred for 1 h at 20 °C. The reaction mixture was then oxidized with
iodine in tetrahydrofuran:pyridine:water (8:1:1 v/v/v) and stirred 10 min at

20 °C. The reaction mixture was then poured into 5% sodium bisulphite (100 ml)
and extracted with dichloromethane (4 x 100 m1). The combined extracts were evap-
orated, and the residue was partially purified by silica gel chromatography. The
column was washed with 4% ethanol-dichloromethane mixture (100 m1) and then the
product was washed off with 20% methanol-dichloromethane mixture. The solvent was
removed and then the residue was identified as to be 7. 3lp-NMR (CDC13):

-0.8, -1.34, -1.44 and -1.88 (sole signals in 31p-NMR spectra from 3'=» 5'
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phosphodiester and 2'—» 5' phosphotriester of 7). It was divided into two halves
and deprotected as follows:

{a) The first half of the partially protected trimer 7 was dissolved in dioxane
(6 m) and syn-4-nitrobenzaldoxime (0.16 g, 1 mmol) and tetramethylguanidine
(0.12 g, 1 mmol) were added then water (6 ml). The reaction was stirred for 48 h
and then aqueous ammonia (d=0.88) was added and the reaction stirred for 4 days.
The volatile matters were then removed, and the residue dissolved in water

(20 m1) and washed with dichloromethane (6 x 40 ml). The aqueous layer was evap-
orated, the dissolved in water and purified by DEAE Sephadex chromatography

(15 cm x 1 cm) in 1.200 od260 batches using the following linear gradients:

(1) 0.001 M TEAB (400 m1, pH 7.2) to 0.15 M TEAB (400 m1, pH 7.2}; (2) 0.15 M
TEAB {500 m1, pH 7.2) to 0.25 M TEAB (500 ml, pH 7.2). The elution profile is
shown in Fig. 1. The product 1 was eluted at 0.21 M TEAB. The desired fractions
were collected, evaporated and checked by Hplc (Ry=21.7 min) (panel A in

Fig. 3) and 1H NMR (Figs. 4, 6 and B). Yield: 36.5% (730 0.d.,¢)). 31p

-NMR (D0, 8.5% aq. H3PO4 as ext. standard at 30 °C): -2.0 (3'-»5'

phsphate) and -2.8 (2'>5' phosphate) (Fig. 12).

{b) The second half of the trimer 7 was dissolved in a small volume of dry
tetrahydrofuran and then treated with 1iquid ammonia for 48 h at 20 °C. The
liquid ammonia was then allowed to evaporate and the residue was dissolved in
aqueous ammonia (d=0.88) and stirred for 4 days at 20 °C. The volatile matters
were then removed, and the residue dissoived in water (20 ml) and washed with
dichloromethane (6 x 40 ml). The aqueous layer was then evaporated, and dissolved
in water and purified by DEAE Sephadex A25 chromatography (15 c¢cm x 1 cm) in
batches of 1.200 o.d.260. The following linear gradients were used:

{1) 0.001 M triethylammonium bicarbonate (TEAB) (400 ml, pH 7.2) to 0.1 M TEAB
{400 mi, pH 7.2); (2) 0.1 M TEAB (500 ml, pH 7.2) to 0.17 M TEAB (500 ml,

pH 7.2). The elution profile is shown in Fig. 2. The product 2 was eluted at
0.15-0.16 M TEAB. The desired fractions were collected, evaporated and checked by
Hplc (R¢=20.1 min) (panel B in Fig. 3) and lH NMR (Figs. 5, 7 and 9).

Yield: 52% (1.080 o.d.,q0). 3lp-NMR (D20, 8.5% aq. H3P04 as ext.

standard at 30 °C): -1.9 (3'-»5' phosphate) and -2.6 (2'—5' phosphate) (Fig. 13).
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