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ARSTRACT
N2.Benzovl-5-0-dimethoxytrityl-

Shromo-4-choro!

1, ¢
deprotec

tion and purification, the title compound.

2.0 -tetrahydropyranyl guanosine and l-acetyl-
indol -3-yl-3-phosphorodichloridate were synthesized and coupled to give, after

INTRODUCTION

Chromogenic suhstrates are routinely used for

. - ~ . .
EPOCITOSCONIE

.
q analysis of enzyme activity (D) The
3 hromo-2-chloroindol-3-31 group may be a particularly
useful group in identifying ribonuclease acty ity. Guanyl
specific nbonucleases should cleave the bond between
Onidation of the resulting S-bromo-chloreindol-
.01 1o a dimeric product results in an important absor-
3 » .
~rease! between 600 and 700 nm. For this rea-
rout 1o the title compound has been de-

the phosphate and the chromophore.
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son a synthetc
veloped.
Synthesis of G-3-BCIP 9 was performed by
coupling compoands § and 7.
-~
The .\"-!\-n:o_\1-5’~U-dimcth_\'m|_\l-2'-0~
rerahyvdropyranylguanosine (compound 3) was synthe-
-

Dirom N-=-benzoylguanesine 1 ) by
3 and § hydroayl groups using 1,3-
traisopropyl disiloxane') in anhy-
sroduce. after workup and silica gel
uct 2 in good yield.

Compound 2 was weated with 2,3-dihydropyran
anhydrous dioxane in the presence of

’ A) . .
scid '® vielding compound 3 that

2 s i .
erJesnmancninhonse 8
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< wsed in the next step without purification.

o=t of 3 with KF/Et 4 NBr to cleave the 3, 5%silyl
1 (7)
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protecting group as described by T.Kamimura et 2
vielded, after workup and silica gel chromatography,
compound 4 13 good yield.

wazs found to be a mixture as

diastereoisomers due to the

Compound 4

ohserved by TLC of wo

P = s el v
IVCIOp) ranyi gTObF.
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A cmall amount of this mixture was purified by
atography and the lower Ry isomer was

re for 'H-NMR spectra. Treatment of

;‘:f", :
with 4.4 -dimethoxytritylchloride (DMTCI)
T3 L, - - .y
in axhydrons pyridine! '/ gave after purification by silica
gel chromategraphy product 5 as a pair of

diastercoisomers detected by TLC. Purification of a
small amount of this mixture by column
Chromatography gave the lower Ry isomer in pure form

whose IH-NMR spectra was reported. Sclective
deacetylation of 3-Acetoxy-1- acetyl- 5- bromo-4-
chloroindole at the 3+ posi(ion‘s) with 80% H,SO, gave

compound 6 which was phosphorylated with POCIy as

described by Scheraga et al 3 yielding compound 7
(Scheme 2). Coupling of 7 with § in dry pyridine
catalyzed by 1.2,4-triazole at room temperature was
monitored by TLC and after 40 minutes quenched by
triethylammonium bicarbonate (TEAB). The crude
product obtained was subjected to silica gel
chromatography.

It was noticed that there is a partial decomposition
of the trityl group during the column chromatography, so
all the fractions containing the required product were
collected together, evaporated to dryness and treated
with 80% AcOH to affect detritylation and to cleave the
tetrahydropyranyl gmupm.

Finally, the benzoyl and the acetyl groups were

cleaved using concentrated ammonium hydroxidc(q'] 1.

All the products synthesized were characterized using
IH-NMR, mass spectra and 31p.NMR for the final
product. Compound 9 was tested against ribonuclcase
T}, the details of the enzymatic study will be published

clsewhere.
EXPERIMENTAL

TH-NMR spectra were recorded with a Bruker AC
250 spectromelter, operating at 250 MHz. with TMS as
internal standard. Chemical shift values are given in
ppm. Proton decoupling 3!P-NMR spectra were
measured with Bruker WP80 operating at 32.37 MHz.
Chemical shifts are given in ppm downfield from 85%
aqueous H3POy4 as an external standard Analytical TLC
was performed on silica gel Fps4(Merck). Detection of

spots was effected by UV light and also charring with
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1% sulfunc acid in e 31 950
os Soviod ¢ dn '—'h'-'?"‘ 95%. Preparative HPLC
arried out waing a VYDAC CI4 col
particie size 10, Pynidine was di ol pe
i distilled over Ca H; and
zr..( aver potassium hydroxide.,

Ne-Renyoyl. 3. 5-di-0

oyl 3 .5di<0- (tetra-isapropyl
divhpuanosine (2): it

1.3 -Dicl - - i Psi
g ichloro-1,1,3,3- tetraisopropyldisiloxane
;C £. | v mmol) was added to a solution of Nz
-benzoyl-guanos iz i
n'md‘n: (is’v l»n;c:b 7 ?5 m'mul) in anhydrous
pynidi 25 mL).The reaction mixture was stirred al
ru")m temperature overnight and evaporated under
reduced pressure 1o a small volume.

The residue was partitoned between chloroform
(60 mL) and satrated agueous sodium bicarbonate (60
ml.), the chloroform layer was washed with water (2x30
mL). _dncd over anhydrous sodium sulphate and finally
purified over silica gel column chromatography
(chloroform/methanol 97:3), to obtain compound 2 (3.8
g. 78%). Rj 0.54 (CHCly /ICH,0H 9.5:0.5); mlz=629.

T H-NMR (DMSO-dg/D70) 8 B.1 (s 1H; H-8), 8.06 -
7.61 (m: 6H aromatic), 5.91 (s: 1H: H-1"), 4.48 (q: 1H:
H-3), 4 33 (dd; 1H; H-2'). 4.03 (m; 3H; H-4' H-5', H-5"),
1 06 (m. 28H; TIPDS protons) Elemental analysis |
calculated for Cog H 3 NgO5 Sip : € 55.30; H. 6.88, N
11.12 : Found: C 55.45, H 6.82, N 11.23.
~N2. Benzoyl -2'-0- tc(rahydrupyrnn,\'lgunnosine (4):
To a solution of 2 (1.5 g. 2.4 mmol) in dioxane
(15mL) containing P- toluenesulphonic  acid
monohydrate (0.12 g), was added 2,3-dihydropyran
(4.05 ml.) and the reaction was stirred for 6 h at room
temperature

After neutralization with concentrated

smmonium hydroxide and filtration of ammonium
1osylate, the solution was washed with CH,Cly and the
washings and filtrate were evaporated under reduced

The residue 3 was dissolved in CH3CN (40

p.'!?‘.".'JIC
18.7 mmol), EiyNBr (3.9 g, 18.7

mlL) and KF (1.1 g
mmol) and H;0 (1 mL)were added.

was stirred for 45 minutes at 500C
ted. The successive exlractive
| chromatography (CHCl3 McOH

9.1) gave 4 (1.02 g, 91%) as a mixture of two
diasiereoisumers with Ry = 0.30 and 0.40 (CHCl3y,
MeOH 9:1); miz= 471. TH-NMR (DMS0-d¢/ D20) of
the lower Ry fraction: 58.2 (s, 1H; H-8),7.98 - 7.47 (m;

§H aromatic), 5.99 (d; IH: H-15 e = 6.65Hz), 4.81

(m. 1H, tetrahydropyrany! acetal proton) 4,46-4.20 {(m,
2H, H-3' and H-4), 3.9% (m, 11, H-2), 3.64 (mn, 2H,
1.5 and H-57), 341 (. 2H, 0-CHy of tetrahydropyranl

group). 2.12 (m; 6H; three CHy of tetrahydropyranl
group). Elemental analysis; calculated for Cyp Hys Ns
07 € 56,05, H 5.34, N 14.85. Found: C 56.25, H 5.42,

N 1473

The mixture

and then concentrd

workup and silica g¢

SR ST

N2. Benzoyl- 5'-0- dimethoxytrityl -2'-0- tetrahydro

Pyrﬂnylguunosine (5):

Compound 4 (0.3 ¢ 1.7 mmal) was L-ch.':;mmlcd
with anhydrous pyrdine (3% 10 ml) and dissolved 10
anhydrous pyridine (15 mL). To this solution 4,4°-
dimethox ytritylchroide (0.6% g, 2.03 mmol) was added and
the reaction mixture was ctirred al room temperature and
(ollowed by TLC. After disappearance of the starting
material (one hour), water (3 mL) was added and the
mixture was extracted with chloroform; the choroform iayer
was dried over anhydrous sodium sulfate and evaporated.

The residue was chromatographed on @ silica gel
column (chloroform/ methanol 9.7: 0.3) o give 5 (1.1 g
84% ) as a Mixture of two diasteroisomers with Rf 0.43 and

hanol, 9.5:0.5); m/z=773; TH.NMR
lower fraction %8.0 (s; 1H: H-8),
5.9](d; ”"; H-1% Jl"zrz

(.33 (Chloroforin/ met
(CDCla/ D20) of the
7.69-6.92 (m; 18 H aromatic),
7 19Hz). 4.79 (m; 1H; lctrahydmpyranyl acetal proton).
(4.46-4.41 (m; 2H: H-3" and H-4), 3.96 (m; 1H;H-2). 3.7)

(m: 2H; H-5' and H-5"), 3.40 (1; 2H; O-CH, groups), 3.60(s:
6H; O-CH3), 2.15 (m; 6H three CHpof tetrahydropyranyl
group). Elemental analysis; calculated for C43H43N509 C,

66.74; H, 5.60 ;N, 9.05; found C, 66.95; H, 5.43. N, 9.13.
1-Acelyl-S-hmmo-4-chloro-3-hydroxy-indo! (6):

80% H,S50, was added dropwise into 2 beaker
conlaining 3.acetoxy-1-acetyl-5- bromo-4-chloroindol
(0.5g, 1.5 mmol) while stirring at room temperature for one
hour and then poured onto ice water with stirring for 30

minutes.
The solid was filtered and washed with a so

0.1M sodium acetate until the washings were neutra
then with water and dried over PyOs giving 6 (0.4g, Y2%) as

a solid, m/z= 288, 'H-NMR (CDCI5) 5 8.38 (d, 1H).7.81(d;
1H), 4.34(s; 2H, keto-enolic protons), 2.31 (s; 3H; CH4

lation of
1, and

acetyl).
Guanosine- 3'-(5-bromo-4-chloro-3-hydroxyindolyl)-

Phosphate (G-3'- BCIP) (9):

To a solution of 5 (0.35g, 0.48 mmol) and of
1,2,4-triazole (0.164 g, 2.4 mmol) in dry pyridine (3ml),
comp'ound 7 (0.58% g, 1.43 mmol) was added and the
reaction was stirred under argon for 40 minutes and
guenched with IM TEAB (2 mL) and evaporated 10 dryness

under reduced pressure.

’ The residue was applied to silica gel colum
with (CHCI3/MeOH/Et3N 93: 4: 3). All lghc fracl:io:sa:gnf;?rtle:g
the product (even partially detritylated) were collected together
evaporated and dissolved in 80% AcOH (15 mL), stirred during lh.
al‘room temperature, t.jva'pora!ed to dryness and coevaporated with
water (3x10 mL) to eliminate all traces of A¢OH. The residue was

treated with concentrated NH4 OH (15mL) at 39C for 15 hours and

then evaporated.

i The residue was purifjed by flash column chromatography

v ng.ra.s eluent (n-butanol/water/methanol, 75:15:10) and

a,:,’:-,” l‘(.d by preparative HPLC using a linear gradient of 1M
onium acetate pH 6(A) and Cli3CN (B) (from 100% of A to
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100% of B in 22 minuies), o give 9 (30 mg; 10%. Rr 8.33min)
mousse > 'P-NMR (D20), 5 1.6 : 'H-NMR(D,0), §

7. 7.38-7.23 {m, 3H zromatc), .76 (1H, H-1,
J}.:-=3.32Hz),-‘-:6 m.1H, H-3"), 4.08 (t, 1H. H-2). 3.95 (dd.
(3d, 2H, H-5) 2nd H- §5") . The
methylzmmonium szlt of 9 (G-3-BCIP) was exchangsd by ton
exchanpe chromatography using 2 column (15 mL) of Dowex
SOW.-X4 Nzv form (200400 mesh), using water (30 mL) &s
chiemt followed by lyophylization.

HRMS (FAB) (sodium salt) m/z czlculisted 611.9337,
found 611.9529. Compound 9 was testad z2geinst ihonuclease
T1 for 3 br piving a blue pigment as expected.
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