This article was downloaded by:

On: 29 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

=
| 4
K

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

i S}l!flll‘, and http://www.informaworld.com/smpp/title~content=t713618290
¢ Silicon
i and the Helated Elements
T S Novel Routes to Tri - and Tetracoordinate Phosphorus-Fluorine
i i Compounds Directed to Synthesis of P-F Modified Nucleotides
' 1 Wojciech Dabkowski?; Friedrich Cramer®; Jan Michalski?
2 Polish Academy of Sciences, Centre of Molecular and Macromolecular Studies, Lord, Poland ® Max
5: Planck Institur fir experimentelle Medizin. Abteilung Chemie, Gortingen, Germany
:E,
|

To cite this Article Dabkowski, Wojciech , Cramer, Friedrich and Michalski, Jan(1993) 'Novel Routes to Tri - and
Tetracoordinate Phosphorus-Fluorine Compounds Directed to Synthesis of P-F Modified Nucleotides', Phosphorus,
Sulfur, and Silicon and the Related Elements, 75: 1, 91 — 94

To link to this Article: DOI: 10.1080/10426509308037372
URL: http://dx.doi.org/10.1080/10426509308037372

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww informaworld.coniterns-and-conditions-of-access. pdf

This article nay 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
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iiable 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=t713618290
http://dx.doi.org/10.1080/10426509308037372
http://www.informaworld.com/terms-and-conditions-of-access.pdf

13: 50 29 January 2011

Downl oaded At:

Phosphorus, Sulfur, and Silicon, 1993, Vol. 75, pp. 91-94 © 1993 Gordon and'Breach Science Publishers S.A.
Reprints available directly from the publisher Printed in the United States of America
Photocopying permitted by license only

NOVEL ROUTES TO TRI- AND TETRACOORDINATE PHOSPHORUS-FLUORINE
COMPOUNDS DIRECTED TO SYNTHESIS OF P-F MODIFIED NUCLEOTIDES

Wojciech Dabkowski,” Friedrich Cramer® and Jan Michalski " *®

® Polish Academy of Sciences. Centre of Molecular and Macromolecular Studies, Sienkiewicza 112.
90-363 L6di, Poland

® Max-Planck-Institut fir experimentelle Medizin, Abteilung Chemie, Hermann-Rein-Str 3.
D-3400 Gottingen, Germany

Fluoroderivatives of phosphorus are important in the chemistry and
biochemistry of both elements.1 Recently, our attention has been
focused on the synthesis of non-ionic oligodeoxynucleoside-phosphoro-
fluoridates and their thio- and selenocanalogues. Existing methods
were, in our opinion, not suited for the synthesis of oligonucleoside-
phosphorofluorides. So we devised new ones.

We have found that trimethylsilylphosphites react with sulfuryl

chloride fluoride §0,C1F in a fully chemoselective manner.2

R -s0°C R, 40
_P-0-SiMe, + S0,CIF —— LB+ MesSiCl + S0,
R’ CH,Cl, R” F

Phosphorofluoridates of very high purity are formed in almost quanti-
tative yield. The side products are volatile and readily separable.
Dideoxynucleoside trimethylsilylphosphites 2 are readily available.3
They are prepared in very good yield by the classic procedure of
Letsinger and Caruthers with aid of a new phosphitylating reagent

(Pr;N)ZP-OSiMe l,a This reagent requires the tetrazole as an acti-

3
vating agent., Reaction of 1 with sulfurylchloride fluoride leading

to 3 is almost quantitative.

H°w¢_78 RO~ _0.B RO~_0.B
8 - SO.CIF
RO@ L R QOS&M% ac i K——Zo

0—P ' - g
Scheme 1 OR 2 OR' 3

Another efficient synthesis of dideoxynucleoside phosphorofluo-
ridates 3 employs the reaction of dideoxynucleoside phosphorimidazo-

lides 4 with acyl fluorides,
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This type of reaction is general for the tetracoordinate and the tri-
coordinate phosphorus-N-imidazole compounds and similar systems. An

example is the reaction of diimidazolide 5 with two equivalents of

benzoyl fluoride.

ROq_o. B Ho oB RO RO
7 e w v i w
»Im
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- he
8

Scheme 3 Im=N_| X=SSe OR 2 OR'

The difluoride 6 readily undergoes selective phosphitylation, leading
to the dideoxynucleoside-phosphorofluoridite 7 which can be easily
transformed into 8 (X=5,Se) by addition of elemental sulfur or
selenium. The overall yield is very good.

A third an alternative route to 3 and 8, involves new.phosphi-

tylating reagents containing a p-nitrophenoxy leaving group.

W_E.

r2

RO B

(Ar0)P-NPr} —— PriN-PF, — = E'a"
k] 0

n
r =O'N02 Scheme 4

+ .
The reaction of 9 with Bul‘NF allows quantitative formation of the
difluoride 10 which reacts in a highly selective way to give 11.
Surprisingly the monofluoride 11 can be transformed into 1 by

activating of the amido group without breaking the P-F bond.
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We discovered that thionoesters 12 undergo transformation into

the fluoridates 13 when allowed to react with sulfurylchloride

f]uoride.S
R S $0,C1F R, 0
N 7
Sp? 2 P74 MeCl + S0, + S
R”" oMe R OF
12 13

R,R* = Et0, MeO

The fluoridates 3 have a chiral center at the phosphorus atom. Methods
Methods shown in Schemes 1, 2, 3 and 4 lead to a mixture of diastereo-—
izomers without any noticeable preference. Pure diastereoizomers of
14 RP and SP are readily available6 and their reaction with 802C1F is
either fully stereoselective (lﬂ.Rp) or highly stereoselective (14
SP)'

3a

pure dastereoizomer

_k DUZU 3
}-—: OMe 0% pyridne

u\o o
S 16Sp 3b/30 4
mixture ot
1 (Rp, Spl OR' diasterecizomers

The fluoridates 3 are stable in aqueous media and can be depro-
" tected by standard protocols>into 3a. Surprisingly the fluoridates
3a are good substrated for specific diesterases. To our knowledge
this is the first case in which nonionic dinucleotides are readily
hydrolyzed by snake venom and spleen diesterases. Enzymatic hydroly-

sis of 3a provides an additional proof of their structure.

HOK(—)jTh HOK_O—7Th Ho_o "
O— P;F splgen —P< F snagke venom H
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Ho- o9 H
% H

OH



13: 50 29 January 2011

Downl oaded At:

94 W. DABKOWSKI, F. CRAMER and J. MICHALSKI

The mono and dideoxynucleoside phosphorofluoridates can be used as
building units for oligonucleotides of biological interest. Our
preliminary studies show that the P~F bond is able to survive depro-
tection and coupling procedures.

The ionic monofluoridates 15 and 16 are identical with compounds
prepared by Wittman method7 and recently by Sund and Chattopadhyaya.8
Phosphorofluoridate of the type 3 is presumably formed in the
reaction of a dinucleoside phosphorothiocate with 2,4-dinitrofluoro-

9
benzene.
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