JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Synthesis of 0-P-Modified Nucleoside Diphosphates with Ethylenediamine

Ping Li, Zhihong Xu, Hongyan Liu, Charlotta K. Wennefors,
Mikhail I. Dobrikov, Jnos Ludwig, and Barbara Ramsay Shaw
J. Am. Chem. Soc., 2005, 127 (48), 16782-16783+ DOI: 10.1021/ja055179y « Publication Date (Web): 11 November 2005
Downloaded from http://pubs.acs.org on March 25, 2009

Ha

HO Base \L ,S{‘hg\ /g\ B /g\ /g\
N N|O|O|O Base O|OO Base
Njo oy o — 1 o
R R2 o” O X o™ X
R' R? R' R?
1 5 7
X = BHj;: NDPuB
S: NDPaS
Se: NDPaSe

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 3 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja055179y

JIAIC[S

COMMUNICATIONS

Published on Web 11/11/2005

Synthesis of o-P-Modified Nucleoside Diphosphates with Ethylenediamine

Ping Li,T Zhihong Xu," Hongyan Liu," Charlotta K. Wennefors, Mikhail I. Dobrikov,
Janos Ludwig,* and Barbara Ramsay Shaw**

Department of Chemistry, Duke Usirsity, Box 90346, Durham, North Carolina 27708-0346, andé@eGen AG,
Rudolf Wissel Str. 28, 37079 @imagen, Germany

Received July 29, 2005; E-mail: brshaw@chem.duke.edu

At the forefront of antiviral therapeutics has been the design of Scheme 1. One-Pot Synthesis of NDPaB, NDPasS, and NDPaSe
new classes of nucleosides and nucleotidddost nucleoside  With Ethylenediamine®
analogues become active after a series of phosphorylation steps o
(through mono- and diphosphates) to their triphosphate férms. o (0]
Thus, nucleoside di- (NDP) and triphosphates (NTP) are ubiquitous Ho Base IID\ o
biological molecules, and their analogues could have important \?o? o" “Cl b-0 Base
diagnostic and therapeutic applications. For example, phospho- (o) 0
rothioate analogues have been well studied and employed to

determine enzymatic mechanisidRecently, boranophosphate 2 RiR2
analogues have shown promising therapeutic applications in lpzo74-

R! R? Pyridine

antiviral drug researchThe Rp-a-boranotriphosphate is the pre- Nucleophile (Nu) _

ferred isomer as a chain terminator with viral reverse transcrifita8e, Q, 8\_/ Q0

while the viral DNA repair by pyrophosphorolysis is significantly o Co Oxidati o’P\o

reduced compared with its parent nucleofiié.In addition, an ' <XdationOs, -~ & Base
increased phosphorylation activity of the human NDP kinase O_ o (o) Me,S:BH; §_ © 0
(NDPK) toward nucleosid®p-a-boranodiphosphat&-NDPoB) X L1 or Sg or Se A

is observeda ¢ Although thesax-P-modified nucleotide analogues 4 R'R 3 R'R
have wide applications, their preparation, especially NBP Y

remains a challenge. v

The successful preparation of varioasP-modified NTP ana-
logues9 by the Ludwig-Eckstein approaéprompted us to explore
its use for the synthesis ofi-P-modified NDP analogues in
conjunction with ethylenediamine, which has been shown to act as 9 R! R?
a dephosphorylating reageh©n the basis of these findings, we 2 O O O
have developed a novel method for the synthesis-Btmodified PO PP X= SB_H3: ,'\I\IIPP“SB
NDP analogueg, as outlined in Scheme 1. Since our main interest ” | 0100 o Base - Se: NTPZSe
was the borane analogues, the applicability of this procedure for o 0 X '
the synthesis of ND&#B was examined using all eight common R!' R2
deoxyribo- and ribonucleosides.

The opening of the cyclic structuré by nucleophilic attack
usually occurs at the phosphate moiety rather than at the phosphorus
atom bearing the borane grotfiTherefore, treatment of intermedi- H 0 C 6
ates4a—h with ethylenediamine resulted in NIoB 6a—h and EN\ 0 —O/T\O/T\O Base :INH4OH

N o 2 ’
H

_O’| O’| O’l (0] Base
NU= N o0 o x K©

cyclic phosphorodiamida&?!* The formation of these two products P

Id be explained by ring opening 4ffirst to 5, followed by a ©
cou exp y ring opening 4ffir , oy 1+ &, | X=BHz NDPaB
second, intramolecular nucleophilic displacement. It is worth 8 R' R =S: NDPoS
mentioning that such a two-step mechanism has suggested a new =Se: NDPaSe

concept for designing drugs targeting Ras, a major protein  aSee Supporting Information for'RR2, and the base protection.
responsible for the formation of human tumé-urthermore, the
use of diamine derivatives in the ring opening reacéibmay also
suggest novel solutions for NTP derivatives with controlled stability.

We demonstrate that the same method can also be employed t
synthesize NDBS and NDR.S€? analogues. The final products
7a—j were isolated in good yields (Table 1) along with the
H-phosphonate as the major byproduct in about 15% yield, which
might derive from intermediat.8¢

Modification at the a-phosphate group produces a pair of
P-diastereomers, which were successfully resolved by RP-HPLC

as described in Table 1. The absolute configurations of dMBP
were recently determined by cocrystallization with NDPKn
which the first and second eluting diastereomers from HPLC are
(hpandSpisomers, respectivelif:® Since the group priorities around
a-P for NDReS and NDRSe are opposite to those of NBB,
and assuming the same order of elution in HPLC, the assignment
of configuration for ADRS and ADR.Se areSpand Rp for the
first and second eluting diastereomers, respectively.

The assignment of the absolute configuration for both P-
diastereomers was further confirmed Y NMR. A difference in
* Duke University. the chemical shiﬁ A9) for H8 of ADP an.alogues is observeq
* DeveloGen AG. between the two diastereomers, as shown in Table 2. The H8 signal
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Table 1. Synthesis and HPLC Profile of a-Modified NDP

Analogues
HPLC condition® t; (min) [area %)

compound yield? MeOH % Rp isomer Spisomer

dADPaB Ta 22 9 5.58 [45.2] 11.97 [54.8]
dGDRuB 7b 32 9 10.69 [49.3] 13.29 [50.7]
dCDRuB 7c 30 6 10.41 [48.0] 17.48 [52.0]
dTDPuB 7d 31 6 6.72 [48.9] 9.02 [51.1]
ADPaB Te 28 8 8.53 [50.5] 17.24 [49.5]
GDPuB 7f 26 7 10.73 [51.5] 18.38 [48.5]
CDPoB 79 29 5 10.10 [50.4] 13.62 [49.6]
UDPoB 7h 30 8 6.57 [59.9] 10.19 [40.1]
ADPaS 7i 30 9 11.11[48.8] 7.09 [51.2]
ADPaSe 7 19 8 10.34 [51.1] 5.47 [48.9]

aYield calculated in percentage by UYWaters Delta-Pak C18, 18,
100 A, 3.9x 300 mm eluted at 1 mL/min with isocratic condition of 100
mM TEAB (pH = 8.0) and MeOH.

Table 2. Chemical Shifts of a-Modified ADP Analogues in D,O2

compound H8 H2 H1' H2' H3' H4' H5'  H5"”
7e, ADPoB
I-Rp 845 8.08 599 460 447 423 411 4.00
II-Sp 843 808 599 462 439 424 411 4.00
7i, ADPaS
I-Sp 851 8.03 594 461 447 422 415 405
II-Rp 844 803 594 461 447 422 415 405
7i, ADPaSe
I-Sp 857 810 599 466 449 426 419 4.09
II-Rp 8.48 8.09 599 464 447 427 416 411
aProton assignment based &i—!H COSY.

isomer | isomer I

Q\ lon

p X2 NH,

X = BH3: R, configuration
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X = BH3: S, configuration
=8 or Se: R, configuration

Figure 1. Conformation of P-diastereomers of ADP analogues.

of isomer Il is more shielded than that of isomer | due to the
influence of the vicinal X group (Figure 1) at theP positiont*
Calculation by Fischer indicated that the iB much further away
from H8 in isomer | than in isomer Il (Figure 1}.Thus, theAd
between H8 of isomers | and Il is attributed to a difference in the
proximity of H8 to the negative charge on X. Because the distance
between X and H8 decreases as theXPbond length increases
for P-B (1.91 A) < P—S (1.96 A)< P—Se (2.24 A5 the Ao for
H8 between two diastereomers increases accordingly Teith 7i
< 7j. Moreover, the largeAo of H3' in 7e but not in7i and7j,
may be attributed to the existence of the-B bond (1.25 A) in
addition to the P-B bond, which results in the close proximity of
the BH; group and H3in SpADPaB.

To better understand the biological effect of Bslbstitution,
we investigated the binding affinity ®p- andSpADPoB to rabbit
muscle creatine kinase (CK) and pyruvate kinase (PK), which may
be responsible for the last phosphorylation of some antiviral NDP
analogued® By using a fluorescence quenching techniglthe
results indicate that both enzymes bound two NDP molecules per
CK dimer and PK tetramer with strong negative cooperativity.

Moreover, opposite stereospecificity toward AdBPwas observed
for CK (Sp preferred) and PKRp preferred), and the preferred
isomer bound more tightly than ADP.

In summary, we have developed an efficient and convenient
protocol to synthesizen-P-modified NDP analogues that are
otherwise difficult to obtain. The absolute configurations of
P-diastereomers were confirmed by analysis of tAeirNMR.
Affinity studies revealed that the NB is potentially useful in
antiviral research. This protocol guarantees the availability of these
biologically important compounds for further study.
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