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 *P NMR Study of the Reaction of Adenosine 3' 5'-Cyclic Monophosphate

with 2, 4, 6-Triisopropylbenzenesulfonyl Chloride

J. Tomasz?; S. Bottka?; I. Pelozer®

* Institute of Biophysics, Biological Research Center, Hungarian Academy of Sciences, Szeged,
Hungary " Spectroscopic Department, EGIS Pharmaceuticals, Budapest, Hungary

s Ecbiow
JOHN A STYETI

WOLLUME 24 MNUMBER 4 i)

To cite this Article Tomasz, J. , Bottka, S. and Pelozer, 1.(1987) 'A *P NMR Study of the Reaction of Adenosine 3' 5'-Cyclic
Monophosphate with 2, 4, 6-Triisopropylbenzenesulfonyl Chloride', Nucleosides, Nucleotides and Nucleic Acids, 6: 4, 785
— 792

To link to this Article: DOI: 10.1080/15257778708073424
URL: http://dx.doi.org/10.1080/15257778708073424

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/10.1080/15257778708073424
http://www.informaworld.com/terms-and-conditions-of-access.pdf

09: 24 27 January 2011

Downl oaded At:

NUCLEOSIDES & NUCLEOTIDES, 6(4), 785-792 (1987)

A 2Lp NMR STUDY OF THE REACTION OF ADENOSINE 3',5'-CYCLIC
MONOPHOSPHATE WITH 2,4,6-TRIISOPROPYLBENZENESULFONYL CHLORIDF

J. TomaszT*, 5. BottkaT and 1. PelczerX™

TInstitute of Biophysics, Biclogical Research Center,

Hung%rjan Academy of Sciences, H-6701 Szeged, Hungary

and “EGIS Pharmaceuticals, Spectroscopic Department,
H-1475 Budapest, Hungary.

Abstract. The reaction of adenosine 3',5'-cyc.iic monophos-
phate {cyclic AMP) with 0.5-2.0 molar equivaients of 2,4,6-
-triisopropylbenzenesulfonyl (p-toluenesulfonyl or mesityl-
enesulfonyl, chloride leads to the rapid formation of the
three possible phosphorus diastereoisomers (R EP’ SP§P antd
RpSn(SpRp)] 0f cyclic AMP symmetrical anhydride. The dia-
stebecisbmers were characterized by 1P NMR. The cyclic AMP
sulfonic mixed anhydride could not be detected.

Adenosine 3',5'-cyclic monophosphate (cyclic AMP) deri-
vatives substituted at phosphorus, are valuzbl2 probes for
binding sites and activation recuirements of the enzymes
involved in cyclic AMP metabalism.l A possible route to such
derivatives is the reaction of cyclic AMP with 2,4 ,6-tri-
isopropylbenzenesulfanyl chloride (TPS-Cl) and subseguant
in situ treatment of the reactive intermediate with a
nucleophile. Nagvvary and coworkers prepared cyclic AMP
alkyl esters,z Bentrude and Tomasz synthesized cyclic AMP
N,N—dimethylamide3 according to this route. Nagyvdry and
coworkers considered the cyclic AMP sulfonic mixed anhydride
(1) to be the reactive intermediate.2 Bentrude and Tomasz
supposed that the initially-formed ]l rapidly converts into
the cyclic AMP symmetrical anhydride (2), end that 2 reacts
with added nucleophlle.3 The latter supposition was based
on the well-known instability of phosphediester sulfonic

mired anhydrides in the presence cf phosphodiester anions,
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as a result of which, instead of the mixed anhydrides,a the

symmetrical pyrophosphates can be detected in. these mix~

6-12

tures. However, the phosphodiester sulfonic mixed an-

hydrides are stable enough to be detected in the absence of

phosphodiester anions, for example, in the reaction of an

activated neutral phosphodiester derivative with sulfonic
acid or sulfonic anhydride, as shown by Michalski's
group.m’12 The same group has also pointed out that 31P NMR
satisfactorily differentiates between the symmetrical and
the sulfonic mixed anhydride of a given phosphodiester --
the mixed anhydride resonances appearing slightly upfield
from those of the pyrophosphate.12 The present work was
undertaken with the objective of demonstrating by 31P NMR,
whether 1 or 2 (or both) represent reactive intermediate(s)
in the above-mentioned synthesis of P-substituted cyclic
AMP derivatives.

FIG. 1 shows the proton-decoupled 31

13

P NMR spectrum of a
reaction mixture of cyclic AMP with two molar equivalents
of TPS-Cl in anhydrous (MeD)BPO after standing 10 min at
room temperature. The spectrum corresponds to that expected
for a mixture of the three phosphorus diastereoisomers,
RpRp, SpSp and RpS,(SpRp) of symmetrical anhydride 2. The
two signals at -17.88 and -18.26 ppm may be sscrihbed to the
equivzlent phosphorus atoms of §P§P—g and EPBP"g’ respec-
tively. The four lines at -17.42, -17.61, -19.08 and -19.27
ppm with a symmetric weak : strong : strong : weak intensity
distribution show a typical AB pattern and may be assigned
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FIG. 1. 3]
The proton-decoupled P NMR spectrum
of a reaction mixture of cyclic AMP with
two molar equivalents of TPS-Cl after
standing 10 min at rocm temperature.
The peak at -18.56 ppm (1.6%) is an
impurity signal. The broad resonance
of (MeO)BPU about +3.40 ppm and an
impurity”signal at -0.44 ppm (1.0%)
are not shown.
to the two diastereotopic phosphorus atoms of Rp5,(SpRp)-2.

The upfield doublet may be atiributed to the phosphorus
atom of R configuration. On the basis of the 31? chemical
shift criterion established for 2-substituted 2-oxo0-1,3,2-

-dioxaphosphorinanes,la

atoms of 2

those diastereomeric phosphorus
should absorb at higher field which have the

"other" cyclic AMP residue in the axial position, i.e. the

phosphorus

atoms of R configuration.
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The proton-decoupled 31

P NMR spectra of structurally
similar acyclic pyrophosphates consist of three distinct
signals between -18 and -21 ppm.9’ll_12 It means that
BPgP(gPBP) diastereocisomer of these compounds appears as
one single signal at room temperature. This signal is ex-
pectedly split into two AB type doublets at low tempera-
tures but temperature studies have not been reported. The
rigid ring system of 3P§P(§P5P)—g may be responsible for
the manifestation of the AB c¢pectrum at room temperature,
The proton-coupled 3lp NMR spectrum (FIG. 2) is in
agreement with the above structural assignment. The signals
ascribed to EPBP'Z and §P§P—g show complex splitting pat-
terns as expected from the magnetic nonequivalency of the
chemically equivalent phosphorus atoms of these diastereo-
isomers. The proton-coupled subspectrum of ﬁpﬂp"g may be

considered - though it is a simplification - as the XX' part

of an AA'XX' spin system assuming that SJPH' = SJP'H v 0 and
BJHH‘ ~ 0. Approximate coupling constants calculated,15 are:
ZJPP.N 20.1 Hz, “Jpy = "Jpiyr ~ 23.0 Hz. The proton-coupled

subspectrum of R,S5(SpRp)-2 may be analyzed by first order
approximation. The upfield douhlet is split into doublets

of a doublet (23,5 = 19.9 Hz, “Jp, = 23.0 Hz), the downfield
doublet appears as doublets of doublets of a doutlet

(%app = 19.8 hz, BJPHS = 7.8 and 12.4 Hz). On the basis of
Gorenstein's work on the analogous Rp and §P—2—aryloxy~
-2-oxo-trans-5,6-tetramethylene-1,3,2-dioxaphosphor-

inanes,“h’141

these couplings may indicate highly popu-
lated chair conformation for the dioxaphosphorinane ring
of BPEP(EPEP)'Z that has phospheoius atom of R configura-
tion end mixed chair and twist-boat conformations for the
dioxaphosphorinane ring that has phosphorus atom of S
configuration. '

The proton-decoupled 31P NMR spectrum did not change
when the reaction was performed with half molar equivalent
of TPS-Cl1 for 60 min, or when p-toluenesulfonyl chloride
(TS-Cl) or mesitylenesulfonyl chloride (M5-Cl) {one eqgui-
valent) was used instead of TPS-Cl. However, as shown in
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spectrum of cyclic AMP

symmetrical anhydride

diastereoisomers: RpR,-2,

SpSp-2 and RpSp(SpRp)-2.
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TABLE 1.

Percentage distribution of diasterecisomers of

2 formed in
the reaction of cyclic AMP with different sulfonyl chlorides
in anhydrous (Me0)3PD at room temperature for 10 min.

Sulfonyl chioride %
(mclar equiv.) RpR SpSp pSp(Sp
TPS-C1 2.0 33.2 7.0 59.8
0.5b 69.9 1.1 29.0
TS-C1 2.0 42.8 5.2 52.0
MS-Cl 1.0 39.7 6.4 53.9

3From integrated 31p NMR spectra.
Reaction time 60 min.



09: 24 27 January 2011

Downl oaded At:

790 TOMASZ, BOTTKA, AND PELCZER

TABLE 1, the ratio of diastereoisomers was different, and

a part of cyclic AMP [12% (half molar eguivalent of TPS5-Cl),
14% (7S-C1) and 45% (MS-C1)] remained unreacted. The use of

DMF or pyridine (the solvents used in Refs. 2 and 3) instead

of (MeU)BPU had no noticeable effect on the 21P NMR spec-
trum.

Theoretically the two signals at -17.8R and -18.26 ppm
might be attributed to mixed anhydride diastereoisomers
§P—; and EP—;, respectively. However, on the basis of the
identity of the spectra of the reacticn mixtures with three
different sulfonic chlorides, this possibility can undoub-
tedly be excluded. Phosphoric sulfonic mixed snhydrides
containing different sulfonic residues absorb at different
fields.'®

Qur results prove that the reaction between cyclic AMP
and 0.5-2.0 molar equivalents of TPS-C1 leads to the rapid
formation of the symmetrical anhydride 2, i.e. 2 is the
reactive intermediate of the above mentioned synthesis of
P-substituted cyclic AMP derivatives. As a consequence of
the structure of the reactive intermediate, the theoretical
yield of this synthesis is only 50%. 0f course, the yield
may exceed this value when the cyclic AMP liberated in the
reaction with the nucleophile, is repeatedly activated.
This is the reason why Nagyvary and coworkers obtained
higher than 50% yield.?’

EXPERIMENTAL

}1P NMR spectra were recorded on a Bruker WM-250 F]
spectrometer operating at 101.2 MHz. Positive chemical
shifts are downfield from external B5X% H3P04. Cyclic AMP
tri-n-butylammonium salt was prepared according to Ref. 3.
TPS-Cl was recrystallized from n-hexane. Solvents were
distilled prior to use [(MeO)3P0 through a 80x2 cm insula-
ted Vigreux column at reduced pressure, DMF over P205] and
stored over 0.4 nm molecular sieves.
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Reaction of adenosine 3' 5'-cyclic monophosphate with

2,4,6~-triisopropylbenzenesulfonyl chloride, p-toluene-
sulfonyl chloride or mesitylenesulfonryl chloride. Cyclic

AMP tri-n-butylammonium salt [prepared from cyclic AMP
(34.7. mg, 0.1 mmol)] was dissolved in (MeO)3P0 (1.0 ml1).
To this solution a solution of TPS-Cl [(60.6 mg, 0.2 mmol)
in (Me0)sP0 (2.0 ml) (A), or (15.1 mg, 0.05 mmol) in
(Me0)5P0 (1.0 m1) (B)] or TS-Cl [(38.1 mg, 0.2 mmol) in
(MeU)3P0 (1.0 mL) (C)] or MS-Cl [(7.9 pL, 0.1 mmol) in
(Me0)3P0 (1.0 mL) (D)1 was added. After standing 10 min

(A, C and D) or 60 min (B) at room temperature, the 31p NMR
spectra were recorded. Reaction A was repeated by using DMF
instead of (Me0);P0 (E), and the >'P NMR Spectrum of the
reaction mixture was recorded. The 31P NMR spectrum of
mixture A is shown in FIG. 1. The spectra of mixtures

B-E were identical with the spectrum of mixture A except
that the cyclic AMP resonance between -2.00 and -2.20 ppm
also appeared in mixtures B-0. Identity of spectra was

shown by mixing mixtures B-E with mixture A and recording

the spectra of mixtures A+B8, A+(, A+0 and A+E. Cyclic AMP
was identified by observing the increase of the signal
intensity on the addition of an authentic sample to the
mixtures. The 31P NMR spectrum of a reaction mixture
prepared on exactly the same manner as described in Ref. 2
(2.0 molar equivalents of TPS-Cl in pyridine, UOC, 2 min),
was identical with the spectrum of mixture A.
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