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Aseries of novel adenosine 3',5’-cyclic monophosphate (cAMP) analogues, as well as their 6-deamino
and 6-nitro derivatives, were synthesized where the purine ring was replaced by indazole,
benzotriazole, and benzimidazole. The 3’,5’-cyclic monophosphates of indazole and benzotriazole
ribofuranosides, where the sugar-phosphate moiety is attached to the N-2 nitrogen atoms of the
heterocycles, were also prepared. The biological efficiency of the analogues was tested by their
ability to activate purified cAMP-dependent protein kinase I (PK-I) from rabbit skeletal muscle
and cAMP-dependent protein kinase II (PK-II) from bovine heart. Each cyclic nucleotide is
capable of activating both PK isozymes in half-maximum concentrations (K,) ranging from 2.0-10-8
t04.8:108 M. The cyclic phosphate of N-1-8-D-ribofuranosylindazole (13) proved to be a very poor
activator for both PK-I and PK-II, but when indazole binds by N-2 to ribose or when the hydrogen
atom at C-4issubstituted by a nitro or amino group, activities of the analogues increase considerably.
The activating potencies of benzotriazole derivatives are similar to that of cAMP, irrespective of
the C-4 substituents. The K’ values of cyclic nucleotides containing benzimidazole were found
to be higher for PK-II than for PK-I; e.g. the activity of 4-nitro-1-8-D-ribofuranosylbenzimidazole

3’,5’-cyclic monophosphate (32) is nearly 20 times as high for PK-II than for PK-I.

Introduction

Cyclic AMP analogues capable of specific binding to
one of the cAMP-dependent protein kinase isozymes, type
I (PK-I) or type II (PK-II), and differentiating between
site 1 and site 2 of the regulatory subunits are of great
importance in the analysis of cAMP-mediated effects.
These analogues are not only useful in mapping the
structural requirements of cAMP binding sites, but they
can selectively activate PK isozymes under in vivo
conditions, as well.12 A great number of cAMP analogues
have been prepared so far by systematically changing the
sugar and phosphate moieties and the purine ring,
moreover by attaching different substituents to C-2, C-6,
or C-8.

The binding affinity of these analogues to PK-I and
PK-II as well as their isozyme specificity was thoroughly
studied during the last 2 decades.® Inaddition, more than
10 years ago it was recognized that the regulatory subunits
of the two isozymes (R; and Ryy) contained two different
intrachain binding sites, namely, site 1 and site 2. The
results indicated that for each isozyme the two distinct
binding sites had different cAMP (or cAMP analogue)
dissociation rates and different analogue specificity.4
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It was found that C-2- or C-8-substituted analogues
bound preferentially to site 1, while C-6-modified deriv-
atives preferred site 2 of both R; and Ry Further in vitro
studies demonstrated that binding of an analogue selective
for either site stimulated binding of an analogue selective
for the other site.’® This synergism was utilized in the
growth arrest of different human tumor cell lines when
certain site 1 and site 2 selective analogues were added
together at micromolar concentrations.>? At the same
time, these experiments also revealed the involvement of
the cellular type II protein kinase in the growth inhibition
of these tumors,>” as well as in the lipolysis in intact
adipocytes.f Inaddition,single or,even more so, combined
application of certain site 1 and site 2 selective analogues
could also induce differentiation and modulation of protein
kinase gene expression in human leukemic cells.??

Of the analogues tested, 8-Cl-cAMP, N8-benzyl-cAMP,
and Neé-phenyl-8-[(p-chlorophenyl)thio]-cAMP were found
to be the most potent inhibitors of tumor proliferation.2®

On the basis of enzymatic studies® the site 2 selective
Net.benzyl analogue is somewhat better activator of PK-I
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than of PK-II, but it is less potent for both isozymes than
cAMP. Thesite 1selective 8-Cl-cAMP as well as the other
C-8-thio or -halogen analogues preferentially bind to site
1 of type II rather than of type I protein kinase.2® Both
8-Cl-cAMP and the N®-phenyl-8-[(p-chlorophenyl)thio]
derivative are better activators of PK-II than cAMP itself.10

Hereupon it seemed to be reasonable to prepare some
novel cAMP analogues, in the hope of gaining potent and
specificactivatorsof PK-II. It is knownthat modifications
insugar-phosphate moiety are not tolerated by either PK-I
or PK-I1,31! whereas the formerly mentioned base deriv-
atives, substituted and modified in the purine ring system,
are generally fairly good activators of both isozymes. Our
attention turned to the less thoroughly studied 1,3-dideaza
analogues since according to earlier systematic studies!2
neither the 6-amino group nor the N-1 and N-3 endocyclic
nitrogens play significant role in binding to R;;. However,
introduction of electron-withdrawing substituents to the
C-2,C-6, or C-8 position in nearly all cases provides potent
and specific activators for one of the two isozymes;® e.g.
2-chloro and 2-(trifluoromethyl)-cAMP are much more
potent as activators of PK-I,1® while 6-chloro-cAMP
somewhat prefers PK-II1.3

Starting from these results we synthesized some 1,3-
dideaza analogues of cAMP varying the imidazole ring of
the purine skeleton and the location of the sugar-
phosphate moiety. In addition, we wished to investigate
the enzymatic properties of the analogues bearing a nitro
group in place of the cAMP 6-amino group in comparison
with those of the corresponding unsubstituted and amino-
substituted derivatives.

Results and Discussion

Chemistry. The starting nucleosides bearing no sub-
stituent at C-4 of the heterocycles (5-8) have been prepared
earlier by an acid-catalyzed fusion method using 1,2,3,5-
tetra-O-acetyl-8-D-ribofuranose (3) as glycosylating
agent.1415 In our coupling reactions standard conditions
were applied, but 1-O-acetyl-2,3,5-tris-O-(p-chloroben-
zoyl)-8-D-ribofuranose (4) was used instead of 3. Starting
from D-ribose, 4 can be prepared readily in high overall
yield as white crystals in contrast to the preparation of
3.18 Nucleosides with p-chlorobenzoyl protecting groups
are also known as easily crystallizable derivatives.
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Application of 4 in the fusion couplings with indazole
(1) and benzotriazole (2), respectively, under usual con-
ditions!? enhanced the ratio of N-2 isomers in both cases
compared to similar couplingswith 3. Although the overall
yields were lower (40% versus 90% !4 and 50% vs 94%,15
respectively), these reactions revealed that besides the
catalyst proportion!’ the nature of the acyl protecting
groups could also strongly influence the regioselectivity
of fusion couplings. The difference was extremely sur-
prising in the case of the fusion of 4 with 1, which afforded
the thermodynamically less stable N-2-8-ribofuranoside
as the main product while the other isomers formed only
in negligible amount.

Condensation of 2 with 4 under the same conditions
resulted in somewhat better overall yield (50% vs 40%)
and—in contrast to the former reaction—gave the N-1-8
isomer as themain product. The proportionof N-2isomers
(>6%) was only a bit higher compared to the isomer
distribution obtained in the fusion of 2 with 3.15 The site
of ribosylations and anomeric configurations were deter-
mined after deacylations by comparison of the physical
data of deprotected nucleosides with those reported in
the literaturel415 (Scheme I).

The ribofuranosides of 4-nitroindazole, 4-nitrobenzo-
triazole, and 4-nitrobenzimidazole (24-26) were prepared
by condensation of mercury salts of the corresponding
heterobases with 2,3,5-tris-O-(p-chlorobenzoyl)-D-ribofu
ranosyl chloride (20) in boiling xylene. The application
of 20 (a new crystalline ribofuranosyl halide) proved to be
agood choice, giving relatively high yields for the requisite
N-1-8-ribofuranosides. Coupling of 20 with the Hg(II)
salt of 17 was complete in 1.5 h and provided the unknown
21in77% yield and a minor amount (1.5 %) of its « anomer.
Earlier Revankar et al.!® synthesized the 4-nitro-2-8-D-
ribofuranosylindazole by combination of the silyl method
with fusion techniques, but they did not isolate any of the
N-1 isomers. Reaction of 20 with the mercury salts of 18
and 19, respectively furnished the required N-1-8 nucle-
osides in higher yields (35% vs 156%!® and 34 % vs 22% %)
than similar condensations with different ribosylating
agents.1920 In addition, the novel N-2-8-ribofuranoside
of 4-nitrobenzotriazole (22a) was alsoisolated. Structures
of the unknown B-ribofuranosides (24 and 25a) were
identified by UV and 'H NMR spectroscopy. The sites
of ribosylations were determined by comparison of their
UV spectra with those of the corresponding N-methyl
derivatives.18:21

Since we managed to isolate all N-1-a isomers as well,
it made possible the unambiguous determination of
anomeric configuration of the N-1-substituted products
by comparison of chemical shifts of H-1’ protons of the
anomeric pairs.22 The §-anomeric configuration of 25a
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¢ (a) p-TsOH, 160 °C, 20 mmHg; (b) NaOMe-MeOH; (¢) (i) POCl5-
(Et0)sPO, 0 °C, (ii) ion-exchange chromatography; (d) (i) DCC-
pyridine, (ii) ion-exchange chromatography. 5 was prepared by the
reaction of 1 with 3, while 7, 8, and 8 were obtained by the fusion of
4 with 1 and 2, respectively.

was supported by high negative optical rotation value,
besides the apparently favored formation of 8-nucleosides
in ribosylations with 2-O-acylribofuranoeyl halides (Scheme
II). The 5-monophosphates of nucleosides prepared (9~
12 and 27-29) were synthesized with minor modification
of the Yoshikawa method.2¢ We found that reaction time
of these phosphorylations was highly influenced by the
structure and substituents of the base moiety. The nature
of heterocycles was found to be the primary factof.
Benzotriazole ribofuranosides can be phosphorylated much
more slowly than benzimidazole or indazole analogues.

(23) Revankar, G.R.; Townsend, L. B. The Synthesis and PMR Study
of Certain 3-Substituted 2-(3-D-Ribofuranosyl)indazoles. J. Heterocyel.
Chem. 1970, 7, 1320-1332.

(24) Yoshikawa, M.; Kato, T.; Takenishi, T. A Novel Method for
Phosphorylation of Nucleosides to §-Nucleotides. Tetrahedron Lett.
1967, 5085-5068.

g © OH
33:X=CH,Y=N
M:x:Y:N
35:X=N,Y=CH

¢ (a) () NaOH-EtOH-H,0; (i) HgCly; (b) (i) xylene, 1.0-4.5 h
reflux, (i) silica gel chromatography; (¢) (i) NaOMe-MeOH; (d) (i)
POC1;-(Et0)sPO, 0 °C, (ii) ion-exchange chromatography; (e) (i)
DCC-pyridine, (ii) ion-exchange chromatography; (f) Hx-10% Pd/
C, EtOH-H,0.

This finding proved to be consequent both in the series
of unsubstituted and 4-nitro-substituted derivatives.
Phosphorylation of nitro nucleosides required longer time
as compared to that of the unsubstituted ribofuranosides.
In addition, N-2-substituted analogues reacted somewhat
less readily with POCI; than N-1 ribosides with the same
heterobase. Owing to the chemical instability of parent
nucleoside, we failed to prepare the 5’-monophosphate of
25a. TLC monitoring of the reaction showed only a weak
spot in the usual region of nucleotides even after 2 days.
Higher temperature, however, led to discoloration and
gradual decomposition of 26a. The structures of the 5-
monophogphates were identified by 3C NMR spectroscopy
(Table I). Carbon chemical shift and 3Jpcy and 2Jp oy
coupling constant values characterizing the sugar-phos-
phate moiety are in agreement with the reported literary
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Table I. Proton-Decoupled *C NMR Data for 9-12 and 27-29 in D;O

Ségi et al.

heterocycle ribose

compd C2 C3 Cda C4 C5 Cé (o4 C7a cr Cc2 C3 Cq# C5 SJpor Wpcw
9 138.06 125.44 129.50 123.56 123.03 110.84 141.82 90.74 7198 74.17 8445 66.30 84 48
10 132.03 119.00 12790 124.29 111.82 14559 9096 70.72 72.79 8460 6448 73 4.0
11 121,16 12591 121.16 123.03 117.18 121.16 14799 94.76 70.54 75.39 83.77 64.37 6.0 3.0
12 14443 11834 128.67 12867 11834 14443 9692 7140 7530 8495 6538 8.0 4.8
27 123.33 11498 151.00 127.69 127.28 126.63 141.28 9621 70.72 76.85 85.82 66.35 84 44
28 138.71 147.79 129.26 129.26 128.58 13827 9922 72.80 7694 86.61 66.86 7.9 49
29 139.10 137.52 147.25 125.04 122.20 120.83 136.68 9097 7229 76.13 86.38 6590 8.6 43

Table II. Proton-Decoupled 13C NMR Data for 13-16 and 30-32 in D,0

heterocycle ribose

compd C2 C3 Cda C4 C5 Cé (o7} C7a Cl! C2 C¥ C& C5 3Jpo Wpcy ¥Jeow ¥poy
13 136.76 124.65 128.17 122.51 122.03 110.12 140.73 93.98 73.16 7841 72.56 67.34 6.8 3.6 2.2 43
14 132.63 119.28 128.18 12445 110.36 145.07 92,55 72.80 77.55 72.60 66.15 7.8 4.7 2.4 6.2
15 120.87 121.13 121.556 126.30 123.49 117.45 14891 97.29 7342 77.54 7250 66.62 7.3 3.8 2.0 5.8
16 144.68 11857 129.04 129.04 11857 144.68 99.44 73.69 7838 7343 6840 8.7 4.1 43 6.7
30 123.28 114.68 151.19 127.74 127.30 126.60 141.10 98.85 74.74 79.12 74.00 69.11 7.9 3.7 3.6 6.6
31 138.27 147.47 128.77 12848 128.34 137.88 100.81 74.82 79.08 74.66 69.26 8.0 4.2 4.2 7.2
32 139.07 137.16 146.41 12523 122.27 119.79 136.17 94.73 74.27 79.34 73.79 96.26 8.0 4.2 43 6.8

data?® for other nucleoside 5-monophosphates. The 100r

cyclization of the 5-nucleotides was accomplished in
refluxing dry pyridine containing DCC as the condensing
agent according to the method of Drummond et al.2¢ The
¥,5’-cyclic monophosphates thus obtained were purified
by ion-exchange chromatography, giving the corresponding
ammonium salts. Ring closures were also confirmed by
13C NMR spectroscopy (Table II). Our sugar carbon
chemical shift assignment follows the revised order
reported by Kainosho.?” Overlapping of the corresponding
carbon signals (C-4 with C-7 and C-5 with C-6) in the 13C
NMR spectra of 12 and 16 provided an additional proof
for the N-2 attachment of the sugar moiety in these
compounds.

Catalytic hydrogenation of the nitro derivatives (30—
32) resulted in the corresponding cAMP analogues (33—
35) which were identified by UV, IR, and 'H NMR
spectroscopy. The signal of H-1’ proton appeared as a
singlet in all three '\H NMR spectra, which is characteristic
of the 3’,6’-cyclic monophosphates of 8-ribofuranosides.2?

Activation of Protein Kinase Isozymes by cAMP
Analogues. A generally used method for testing the
biological efficiency of cAMP analogues is the determi-
nation of their half-maximum activating concentration
(K,) and its comparison with that of cAMP. Figure 1
shows the percent activation of PK-1 and PK-II as a
function of the concentration of ;AAMP and someanalogues,
plotted against a logarythmic scale.

A summary of K, values is shown in Table IIL
Considering that, except 33, all of our cyclic phosphates
are better activators of type Il than of type I kinase, we
gave a reciprocal specificity (the ratio of K,’ for PK-II to
K, for PK-I) in each case. It can be seen that PK-II is
more sensitive to the electron distribution of heterocycle

(25) Stothers, J. B. Carbon-13 NMR Spectroscopy; Academic Press:
New York, 1972; pp 468—478.

(26) Drummond, G. IL; Gilgan, M. W.; Reiner, E. J.; Smith, M.
Deoxynbonucleoude-a’ 5. Cyclic Phospbatu Synthem and Acid-
ngslmd and Enzymic Hydrolysis. J. Am. Chem. Soc. 1964, 86, 1626~
1

(27) Kainosho, M. On the Assignments of Carbon-13 NMR Spectra of
Cyclic Nucleotides. Org. Magn. Reson. 1979, 12, 548-550.

(28) Robins, M. J.; Maccoss, M. A “Geometry-Only” 1H NMR Method
for Determination of the Anomeric Configuration of Ribofuranosyl
Compounds. In Chemutry and Biology of Nucleosides and Nucleotides;
Harmon, R. E., Robins, R. K., Townsend, L. B., Eds.; Academic Press:
New York, 1978, pp 311-328.
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Figure 1. Activation of PK-I and PK-II by some cAMP-
analogues. The concentrations of cAMP and cAMP analogues
are plotted against a logarythmic scale. Protein kinase activities
were determined by the amount of 3?P transferred from [y-32P]-
ATP into histone IIA as described in Methods. Symbols: O,
cAMP; A, 13; @, 30; ®, 32; A, 35.

than PK-I, although compound 32 and especially com-
pound 13 proved to be very poor activators of PK-I, too.

The latter derivative is unique among the adenine ring
system analogues, being very weak activator of both
isozymes. In the case of PK-II we can find similarly poor
activators (e.g. 3-deaza- or 2-aza-cAMP), but they activate
PK-I fairly well.3 At the same time, it is striking that a
change in the position of indazole, relative to the fixed
sugar-phosphate moiety, can significantly improve the
activating potency of the analogue (compound 15) toward
both isozymes, especially for PK-II. The same trend can
be observed in the case of the corresponding benzotriazole
derivatives, where the nonisosteric N-2 analogue (com-
pound 16) is also a better activator of both isozymes than
the isosteric N-1 nucleotide (compound 14). The N-2
analogues are particularly well-tolerated by PK-II; e.g.
compound 16 is the most potent activator of this isozyme
of all purine ring system analogues, whereas 15 is 10 times
more potent as an activator of PK-II than of PK-1. Earlier
studies®!? indicated that the adenine moiety bond to Ry
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Table III. Activation of cAMP-Dependent Protein Kinase Isozymes by cAMP Analogues

K specificity:
compd heterocycle attachment of ribose C-4 substit PK-1 PK-1I K'y(PK-1II)/K'(PK-I)
cAMP purine N-9 NH; 1.0 1.0 1.00
13 E—l H 0.014 0.048 3.45
30 . -1 NO; 117 2.50 2.14
33 indazole N-1 NH; 0.65 0.54 0.83
15 N-2 H 0.14 1.40 10.00
14 N-1 H 0.64 0.88 1.38
31 . N-1 NO, 0.88 1.00 1.14
34 benzotriazole N-1 NH, 0.88 0.93 1.06
16 N-2 H 0.82 3.50 4.27
Yagura et al.!2 N-1 H 0.25 0.70 2.80
32 benzimidazole N-1 NO, 0.08 1.56 19.50
35 N-1 NH. 0.20 0.67 3.35

¢ K, values represent the ratio of the apparent K, for cAMP to the apparent K, for the derivative, where K, is the concentration of cAMP
oranaloguerequired for half-maximum activation of the protein kinase isozymes. K, values were determined by the activation curvesdemonstrated
in Figure 1. In the case of cAMP it was found to be 70 nM for both isozymes. Details of measurements are described in Methods.

exhibited significant freedom of motion; therefore steric
factors (i.e. different location of the heterocycle) are not
likely to play a determining role in the improvement of
activating potencies of the N-2 analogues related to those
of the corresponding N-1 derivatives.

At the same time, due to the quinoidal structures of
heterocycles, the benzene rings of 15 and 16 are electron
deficient compared to those of 13 and 14, respectively. It
shows that reduction of electron density in the plane of
the benzene ring results in highly increased activating
potency toward PK-II. This recognition is further con-
firmed by the activating properties of nitro derivatives
(compounds 30-32), which—surely owing to the electron-
withdrawing effect of the nitro groups—are also potent
activators of the type Il isozyme. Of them, compound 32
was found to be the far most specific purine ring system
analogue, being nearly 20 times more potent an activator
of PK-II than of PK-I.

Type I protein kinase is generally known to have stricter
steric requirements,1? but is less sensitive for changes in
the electron distribution of the heterocycle.? The presence
of electron-withdrawing substituents in the C-2 position
appeared to be unambiguously beneficial for the activation
of PK-1.13 According to our results the activating potencies
of our C-4-nitro-substituted derivatives for PK-I essentially
depend on the nature of the heterocycle.

Thus, the C-4-nitro substituent may exert a beneficial
(see compound 30) or detrimental (see compound 32) effect
on the activation of PK-I, but it may be indifferent (see
compound 31), as well. The differences found in the
abilities of the three nitro compounds to activate PK-I
show that the overall electron distribution of the hetero-
cycle plays an important role in the activation of PK-I,
too. On the basis of their enzymatic activity and isozyme
specificity, the probably site 2 selective nitro derivatives
as well as the N-2 analogues appear to be promising
candidates for further biological studies.

Experimental Section

Materials. Indazole and benzotriazole were purchased from
Fluka AG, cAMP and histone IIA were from Sigma Chemical
Co., and [v-2PJATP was from Izinta (Budapest, Hungary).
Triethyl phosphate and xylene were vacuum distilled. Phos-
phoryl chloride and pyridine were freshly distilled from P;0;
prior to use. All reagents were of analytical grade.

Methods. Cyclic AMP dependent protein kinase I was purified
from rabbit skeletal muscle and cAMP dependent protein kinase

II from bovine heart.23° Protein kinases were assayed according
to the filter-paper method of Corbin and Reimann.! Thereaction
mixture (50 uL) contained 40 mM MES buffer (pH 6.8), 0.2 mM
EDTA, 0.8 mg/mL bovine serum albumin, 12 mM magnesium
acetate, 120 uM [y-32P]ATP adjusted to a specific radioactivity
of 5.5 Bq/pmol, and a constant enzyme amount resulting in a
linear 3P incorporation during the 5 min reaction time. Activity
measurements were performed at 30 °C in the absence and
presence of 108-10% M cAMP or its analogues. Reaction was
stopped by pipetting a 40-uL aliquot onto a 1.5 X 1.5 cm?
Whatman 31 ET filter paper and placing it into cold 20% TCA
solution. After three washes the incorporated radioactivity was
determined by measuring the Cerenkov radiation. It was found
that 2 X 10€ M cAMP caused the maximum activity of both
PK-I and PK-II. PK preparations without cAMP or with 103
M 5-AMP gave a basal phosphate incorporation yielding—in
accordance with literary data32—10 and 20 % of the total activity
of PK-1 and PK-II, respectively. The differences between basal
activity and the activities measured in the presence of various
concentrations of cyclic nucleotides tested gave the activating
effects, which were expressed as the percent maximum activation
elicited by 2 X 108 M cAMP.

Chromatography. Precoated silica gel (Kieselgel 60 Fas4, 0.2
mm X 20 cm X 20 em Merck, Darmstadt, Germany) TLC sheets
were used to follow the reactions and check the purity of the
products. Solvent systems (v/v) for silica gel TLC were (A)
CHCly/ether = 4:1, (B) EtOAc/MeOH = 19:1, (C) benzene/EtOAc
= 4:1, (D) CHC);, (E) nPrOH/25% ammonium hydroxide/water
= 7:2:1. DEAE Sephadex A-25 was purchased from Pharmacia
Fine Chemicals. Ion-exchange column chromatographic sepa-
rations were monitored with the help of a Spectromom 195
spectrophotometer (MOM) equipped with a flow-through cell
(Starna Ltd.) and a potentiometric recorder (Type OM814/1,
Radelkis). .

Spectroscopy. 'H NMR spectra wererecorded with a Varian
XL-100/15 FT NMR system operating at 100.1 MHz using
dioxane (8 3.70) for internal reference. Carbon-13 NMR spectra
were acquired on a Varian XL-100/15 disk-augmented FT NMR
system operating at 25.1 MHz. Dioxane (67.71 ppm downfield
from Me,Si) was used as the internal standard. Infrared spectra
were recorded in potassium bromide on a Nicolet 7199 FT IR
spectrophotometer. UV spectra were recorded with a Zeiss
Specord UV-vis spectrophotometer. Spectroscopic-grade MeOH
and distilled water were used to dissolve the samples in the case
of nucleosides and nucleotides, respectively. Maxima arereported

(29) Rannels, S. R.; Beasly, A.; Corbin, J. D. Regulatory Subunits of
Bovine Heart and Rabbit Skeletal Muscle cAMP-Dependent Protein
Kinase Isoenzymes. Methods Enzymol. 1983, 99, 55-62.

(30) Traugh, J. A.; Ashby, C. D.; Walsh, D. A. Criteria for the
glassification of Protein Kinases. Methods Enzymol. 1974, 38C, 290~

99,

(31) Corbin, J. D.; Reimann, E. M. Assay of Cyclic AMP-Dependent
Protein Kinases. Methods Enzymol. 1974, 38C, 287-290.

(32) Mayer, S. E.; Stull, J. T.; Wastila, W. B.; Thompson, B. Assay of
Cyglic AMP by Protein Kinase Activation. Methods Enzymol. 1974,
38C, 66-73.
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in nanometers (e X 10-3). Optical rotation measurements were
taken by a Polamat A (Zeiss) polarimeter. Melting points were
determined by a Koefler apparatus and are uncorrected.

1-0-Acetyl-2,3,5-tris- O-(p-chlorobenzoyl)-8-p-ribofura-
nose (4). Methyl 2,3,5-tris-O-(p-chlorobenzoyl)-D-ribofuranos
ide® (96.00 g, 0.166 mol) was dissolved in the mixture of AcOH
(300 mL) and Ac;O (180 mL) by stirring at 70 °C for 20 min.
After cooling to 50 °C, concentrated HySO, was added dropwise
in 1h. The clear brown solution obtained was stirred at ambient
temperature for 2 h further and then was kept in a refrigerator
overnight. The white crystals precipitated were filtered off and
washed with cold water (3 X 200 mL). The crude product was
dissolved in CH,Cl, (600 mL), extracted with warm saturated
aqueous NaHCOQ; solution (3 X 200 mL), and dried over CaCl,.
The CH,Cl; solution was concentrated to a smaller volume (100
mL) and then MeOH was added to induce crystallization. The
white precipitate was recrystallized from MeOH, giving chro-
matographically pure 4. Yield 82.17 g (1.135 mol, 81.3%). Mp:
142 °C. R;(A): 0.67. Anal. (CyHz0¢Cly): C, H, Cl

2,3,5-Tris- O-(p-chlorobenzoyl)-D-ribofuranosyl Chloride
(20). Compound 4 (37.45 g, 0.061 mol) was dissolved in dry CH,-
Cl; (150 mL) and cooled to 0 °C, and then dry HC] was introduced
with intensive stirring. After 1h the solution became opalescent
and a fine white precipitate appeared in the mixture. Gas
introduction was continued for 2 h further. The white crystalline
product was filtered off, washed with dry ether (3 X 30 mL), and
dried over KOH to give 30.74 (0.052 mol) of 20 as an anomeric
mixture. Yield: 85.4%. Ry (A): 0.45, 0.38 (8 and a anomer,
respectively). Anal. (CyH50,Cly): C, H, Cl

Coupling of 2 with 4 by the Acid-Catalyzed Fusion
Method. Benzotriazole (2) (1.78 g,15.0 mmol) and 4 (9.11g, 15.0
mmol) was melted together at 160 °C, and then p-toluenesulfonic
acid (228 mg, 1.2 mol) was added and the melted mixture was
stirred for 10 min, at 160 °C in 20 mmHg vacuum. The dark
brown mixture obtained was cooled to ambient temperature and
dissolved in CHCl; (100 mL). The chloroformic solution was
treated with a small amount of active carbon, filtered, extracted
with saturated NaHCO; solution (2 X 60 mL), and dried over
MgSO,. Afterfiltration and evaporation the residue was purified
by silica gel chromatography (60 g of Kieselgel 60; CHCl;; flow
rate, 2 mL/min). Evaporation of fractions 6081 afforded a pale
yellow syrup, which gave white crystals on treatment with cold
ether. Yield: 0.30 g (0.45 mmol), 3.0%. Mp: 152 °C. R; (D):
0.73. [a]?p =-109.6° (c = 1.0, CHC);). Anal. (C3H2,07N3Cls):
C,H N, ClL

By identification of the deacylated nucleoside on the basis of
literary data,'s this product proved to be 2-(2,3,5-tris-O-(p-
chlorobenzoyl)-8-D-ribofuranosyl)benzotriazole.

Fractions 152-230 contained the main product, which was also
crystallized with ether, after evaporation of the combined
fractions. Yield: 4.45 g (6.67 mmol), 44.5%. Mp: 156 °C. R;
(D) 0.43. [a]”n =-77.6° (c= 1.0, CHCls) Anal. (032H2207N3-
Cly): C,H, N, ClL

By subsequent identification of the deprotected nucleoside,
this product was found to be the protected N-1-8 isomer.

Fusion of 1 with 4. Coupling of 1 (2.36 g, 20 mmol) with 4
(9.11 g, 15 mmol) in the presence of p-TsOH (228 mg, 1.2 mmol)
was effected as described above. The only product isolated after
chromatography was found to be 2-(2,3,5-tris-O-(p-chloroben-
zoyl)-8-D-ribofuranosyl)indazole on the basis of identification of
the deprotected nucleoside. Yield: 3.63 g (5.46 mmol), 36.4%.
Mp: 179 °C. R; (D): 0.65. [a]%p = —66.4° (¢ = 1.0, CHCly).
Anal. (C33sH2:07N:Cls): C, H, N, Cl

Reaction of 1 with 3. Compound 1 (10.93 g, 93.10 mmol), 316
(22.17 g, 69.72 mmol), and p-TsOH (928 mg, 4.88 mmol) were
fused for 20 min under the usual conditions. Chroma-
tography—using CHCly/Et;0 = 4:1 as eluent—afforded the
acetylated 1-8-D-ribofuranosylindazole as the main product.
Yield: 15.90 g (42.30 mmol), 60.7%. R; (A): 0.51. 'H NMR
(CDCly): 66.50 (1 H, d, 3Jy2 = 3.1 Hz, H1"). In addition, the
corresponding N-1-« isomer was alsoisolated. Yield: 2.88¢g (7.67
mmol), 11.0%. R;(A): 0.32. 'HNMR (CDCly): 46.68 (1 H, d,
sJy_zr =5.0 HZ, Hl')

(33) Szekeres, G. L.; Bardos, T. J. Synthesis of 5-Mercaptouridine. /.
Med. Chem. 1970, 13, 708-712.
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General Method for the Synthesis of Mercury Salts of
4-Nitro Heterobases. Compound 17,%18,%or 19,% (30.65 mmol)
was dissolved in a hot mixture of EtOH (450 mL) and H,0 (50
mL) containing an equimolar molar amount (1.23 g) of NaOH.
After the nitro compound had gone into solution, 8.45 g (31.1
mmol) of HgCl; in 35 mL of hot EtOH was added in one portion.
Althoughthe majority of mercury salts precipitated immediately,
the mixture was stirred for 30 min further, at 100 °C to drive the
reaction to completion. Then the mixture was cooled to ambient
temperature and concentrated to ~ 250 mL in volume. Theyellow
heavy-metal salts were filtered off, washed with cold water until
no more chloride ion could be detected in the filtrate, and dried
under an infrared lamp. Yield: 91-96%. On the basis of the N
and Cl elemental analyses, the products prepared are mixtures
of chloromercury and mercury salts of the corresponding nitro
bases.

General Procedure for the Coupling of Heavy-Metal Salts
of Nitro Bases with 20. A mercury salt (10.0 mmol) and an
equimolar amount of 20 was refluxed in dry xylene, with stirring
for 2-5 h. The mixture was then cooled to room temperature
and the xylene was removed in vacuo. The solid residue was
taken up with CHCI; (70 mL), the insoluble inorganic salts were
removed by filtration, and the filtrate was extracted with 30%
aqueous KI solution (2 X 40 mL) and water (50 mL). After
separation, the organic phase was dried over CaCly, filtered, and
evaporated to dryness togive a yellow syrup. The crude products
were purified on a silica gel column containing 80 g of Kieselgel
60, using CHC]; as eluent. The ribofuranosides, obtained after
evaporation of the appropriate fractions, can be readily crys-
tallized with cold ether when allowed to stand for a short time.

4-Nitro-1-[2,3,5-tris- O-(p-chlorobenzoyl)-8-D-ribofurano-
syllindazole (21). Reaction time: 1.5 h. Yield: 77.2%. mp:
158 °C. Ry (A): 0.70. [a]®p = -53.50° (¢ = 1.0, CHCly). Anal.
(033H2209N3013): C, H, N, Cl

4-Nitro-1-[2,3,5-tris- O-(p-chlorobenzoyl)-8-D-ribofurano-
syl]benzotriazole (22). Reaction time: 2.5 h. Yield 34.8%.
mp: 161 °C. R; (A): 0.68. [«a]%p = -89.10° (¢ = 1.0, CHCl,).
Anal. (C3H10gN(Cls): C,H, N, Cl. Asignificant amount of the
N-2-8 isomer (22a) was also isolated. Yield: 22.8%. mp: 171
°C. Ry (A): 0.64. [a]?p = -142.7° (¢ = 1.0, CHCl;). Anal.: C,
H, N, ClL

4-Nitro-1-[2,3,5-tris-O-( p-chlorobenzoyl)-8-D-ribofurano-
syllbenzimidazole (23). Reaction time: 5 h. Yield: 33.6%.
mp: 188 °C. R, (C): 0.17. [a]®p = -130.3° (¢ = 1.0, CHCly).
Anal. (CaaszOgNsCls): C, H, N, Cl

General Procedure for Deacylation of Protected Nucle-
osides. Protected nucleoside (1.0 mmol) was suspended in dry
MeOH (15 mL) and then 0.3 M NaOMe/MeOH solution was
added dropwise with stirring. On addition of NaOMe solution,
the mixture gradually cleared up, indicating the progress of the
reaction. Theclearsolution wasleft tostand at room temperature
overnight, and then H;0 (2.0 mL) was added and pH was adjusted
to 7.0 with DOWEX 50 (H*) resin. After filtration and removal
of the MeOH in vacuo, the evaporation was repeated with 3 X
20 mL of water to remove the majority of the methyl p-chlo-
robenzoate. The solid residue was thoroughly washed with cold
ether and dried on air. All the products can be recrystallized
from EtOH, if necessary.

Physical constants (mp, {«]?°p, UV, and 'H NMR data) of the
nucleosides 5-8 were in good correlation with the reported literary
data,!415 except the melting point of 8, which was 123 °C, while
in the literature!® it was described as an oil.

4-Nitro-1-8-p-ribofuranosylindazole (24). Yield: 84.5%.
mp: 178 °C. R;(B): 0.46 [a]%p = -102.0° (¢ = 1.0, MeOH). UV
Amar: DM 230 (10.1) 307 (6.5), 357 (7.9). IR vme cm? 1337 »,-
(NOy), 1534 v,,(NO,). 'H NMR (DMSO-dg): §6.16 (1 H,d,3J,.»
= 3.1 Hz, H1"), 8.96 (1 H, 5, H3), 8.10, 8.08 (2 H, m, H5, H7), 7.41
(1 H, m, H6). Anal. (C;sH13N3Og: C, H, N.

(34) Noelting, E. Synthesis of Indazole Derivativesfrom Nitrated Ortho-
methylated Amines. Ber. Dtsch. Ges. Chem. 1904, 2556—2597.

(35) Miller, N. L.; Wagner, E. C. Restriction of Tautomerism in the
Triazole System by Hydrogen Bonding. The Case of 4(7)-Nitrobenzo-
triazole. J. Am. Chem. Soc. 1954, 76, 1847-1852,

(36) van der Want, G. M. Studies on 4/7/-Aminobenzimidazole and
Other Deazapurine Derivatives. Recl. Trav. Chim. 1948, 67, 45-52.
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4-Nitro-1-8-p-ribofuranosylbenzotriazole (25). Yield:
81.2%. mp: 159 °C. R; (B): 0.43. [a]%p = -83.2° (¢ = 1.0,
MeOH). UV Ape: nm 205 (13.2), 306 (11.7). IR vy cm™ 1354
1(NOy), 1531 v(NOs). 'H NMR (DMSO-dg): 5 6.46 (1 H, d,
3Jy,2 = 2.5 Hz, H1"), 7.64 (1 H, m, H6), 8.34-8.37 (2 H, m, H5,
H7) Anal. (C[[H12N40s)l C, H, N.

4-Nitro-2-8-D-ribofuranosylbenzotriazole (25a). Yield:
73.1%. mp: 153 °C. R; (B): 0.42. [a]%p = -288.1° (¢ = 1.0,
MeOH). UV Apay: nm 212 (11.2), 234 (7.3), 312 (7.1). IR vmax:
cm! 1852, 1532. 'H NMR (DMSO-dg): 66.74 (1 H, d, 3%y o =
2.8 Hz, H1%), 7.53 (1 H, m, H6), 8.30, 8.41 (2 H, m, H5, H7). Anal.
(CiiH;2N,Og): C, H, N.

4-Nitro-1-8-D-ribofuranosylbenzimidazole (26). Yield:
87.6%. mp: 195 °C. R; (B): 0.18. [a]%p = —28.4° (c = 1.0,
MeOH). UV Aps: nm 210 (10.0), 220 (9.1), 309 (8.1). IR vmar
cm! 1337, 1525. 'H NMR (DMSO-dg): 66.06 (1 H, d, 3Jy o =
5.9 Hz, H1"), 8.78 (1 H, s, H2), 7.52 (1 H, m, H86), 8.18, 8.22 (2
H, m, H5, H7) Anal. (C|2H13N306)Z C, H, N.

General Procedure for the Synthesis of Nucleoside 5'-
Monophosphate Diammonium Salts (9-12 and 27-29). Nu-
cleoside (5-8 and 24-26) (1.0 mmol) was dissolved in dry triethyl
phosphate (4.0 mL) and cooled to 0 °C, and 2.0 mmol (0.18 mL)
of POC]; was added in one portion. The mixture was stirred for
several hours at 0 °C and the reaction was followed by TLC.
When most of the starting material had reacted, but the formation
of 3’,5’-diphosphate had not been considerable yet, the mixture
was worked up in the following way. It was poured into ice water
(10 mL), the pH was adjusted to 3.0 with concentrated ammonia
solution. The water was evaporated in vacuo, inorganic ammo-
nium salts were filtered off and washed with (EtO);PO (4 mL),
and the pH value of the filtrate was made slightly basic by aqueous
concentrated ammoniasolution. Thesolution thus obtained was
applied to a DEAE Sephadex A-25 (HCO;") column (350 mL).
The column was washed with water (300 mL), and then the
corresponding monophosphates were eluted with a linear gradient
of water (1.5 L) and 1 M NH,HCO; (1.5 L) (flow rate, 2 mL/min).
The appropriate fractions were combined and evaporated to
dryness. Evaporation was repeated with dry EtOH (2 X 25 mL)
and the products were precipitated by addition of dry acetone.
After filtration the white hygroscopic diammonium salts were
dried in vacuo, over P;Os.

1-8-D-Ribofuranosylindazole 5-Monophosphate Diam-
monium Salt (8). Reactiontime: 15min. Yield: 90.0%. [«]%p
=-61.90° (¢ = 1.0, H;0). R;(E): 0.25. UV Ana: nm 251 (3.4),
258 (3.5), 287 (3.19), 292 (3.8), 297 (3.3). IR v cm! 761 v;-
(P-0-C), 1078 v, (P-0-C), 1120-1240 »,(P=0). Anal.
(C[2H2107N4P)Z C, H, N.P.

1-8-D-Ribofuranosylbenzotriazole 5-Monophosphate Di-
ammonium Salt (10). Reactiontime: 4h. Yield: 83.3%.{a]%p
= -70.3° (¢ = 1.0, Hy0). R;(E): 0.21. UV Apy: nm 254 (6.3),
281 (3.6). IR vma: c¢m™! 750, 1060, 1150, 1240. Anal.
(C11HyO:NsP): C, H, N, P.

2-8-D-Ribofuranosylindazole 5-Monophosphate Diam-
monium Salt (11). Reactiontime: 30 min. Yield: 71.5%. {a]?%p
=-50.5° (¢ = 1.0, H;0). R;(E): 0.24. UV Ay nm 276 (5.9),
292 (5.4). IR vma: cm™! 760, 1060, 1120-1240. Anal.
(C[2H2107N4P)Z C, H, N, P.

2-8-D-Ribofuranosylbenzotriazole 5-Monophosphate Di-
ammonium Salt (12). Reaction time: 4.5 h. Yield: 85.2%.
[a]®p = -81.3° (¢ = 1.0, Hy0). R;(E): 0.31. UV Ay, nm 278
(14.5), 281 (15.9), 287 (12.6). IR vmar: cm™ 745, 1067, 1100-1250.
Anal. (C,;H2-0:NsP): C,H, N, P.

4-Nitro-1-8-D-ribofuranosylindazole 5-Monophosphate
Diammonium Salt (27). Reaction time: 1 h. Yield 86.0%.
[a]?®p = -83.90° (¢ = 1.0, H;0). R;(E): 0.19. UV Apyy: nm 233
(7.6), 316 (5.9), 362 (7.7). IR v cm™! 740 v, (P-0-C), 1065
1 (P-0-C), 1110-1240 »,(P=0), 1349 »,(NO), 1523 »,,(NO,). Anal.
(CI2H2009N5P): C, H, N, P.

4-Nitro-1-8-D-ribofuranosylbenzotriazole 5'-Monophos-
phate Diammonium Salt (28). Reaction time: 6 h. Yield:
72.0%. [«)%p =-24.3° (¢ = 1.0, Hy0). R;(E): 0.13. UV Apex:
nm 205 (11.4), 230 (4.1), 315 (6.4). IR vmar: cm™1738, 1068,1110-
1250, 1350, 1527. Anal. (C;;H19OsNeP): C, H, N, P.

4-Nitro-1-8-D-ribofuranosylbenzimidazole 5’-Monophos-
phate Diammonium Salt (29). Reaction time: 1.5 h. Yield:
80.1%. [«)?p =-42.1° (¢ = 1.0, Hy0). R;(E): 0.11. UV Agax:
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nm 222 (7.5), 318 (8.1). IR vpay: cm-1735,1085,1110-1240,1341,
1522. Anal. (C2H20O3NsP): C, H, N, P.

The °C NMR data of all nucleoside 5’-monophosphates are
listed in Table 1.

General Method for the Synthesis of Nucleoside 3',5'-
Cyclic Monophosphate Ammonium Salts (13-16 and 30—
32). Compounds 9-12 and 27-29 (1.0 mmol) were dissolved in
water (2.0 mL) and to this solution was added N,N'-dicyclohexyl-
4-morpholinecarboxamidine (1.0 mmol) in pyridine (30 mL). The
solution was evaporated to dryness and evaporation was repeated
with 3 X 15 mL of dry pyridine. The solid residue was dried
overnight in vacuo over P20;. The dry organic salt thus obtained
was dissolved in dry pyridine (100 mL). Thissolution wasadded
dropwise slowly to the refluxing solution of DDC (2.0 mmol) in
dry pyridine (100 mL) with vigorous stirring. After addition,the
stirred reaction mixture was kept boiling for 2 h further and then
was cooled to ambient temperature and evaporated to dryness.
Evaporation was repeated with toluene (2 X 40 mL) and the
residue was taken up with water (20 mL) and ether (20 mL). The
insoluble N,N'-dicyclohexylurea was filtered off, the filtrate was
separated, and the aqueous phase was reextracted with ether (20
mL) followed by concentration to a smaller volume. This aqueous
solution was applied to a column (350 mL) made of DEAE
Sephadex A-25 (HCO;"). Preparation of 3',5-cyclic monophos-
phates was carried out on the same way as it was described for
the 5-monophosphates.

1’-8-D-Ribofuranosylindazole 3',5’-Cyclic Monophosphate
Ammonium Salt (13). Yield: 74.4%. [a]%p=-119.8° (¢ =1.0,
H;0). R;(E): 0.34. UV Apy: nm 252 (5.4), 259 (5.6), 288 (6.0),
293 (5.9), 297 (5.3). IR vmar: cm™ 749 y,(P-0-C), 1084 v, (P-
0-C), 1237 »(P=0). Anal. (C,sH;s0¢NsP): C, H, N, P.

1-8-D-Ribofuranosylbenzotriazole 3',5'-Cyclic Monophos-
phate Ammonium Salt (14). Yield: 74.4%. {a]%p = -135.2°
(¢ = 1.0, H;0). R;(E): 0.45. UV Apsy: nm 254 (7.2), 281 (3.9).
IR Vmax+ cm™! 758, 1085, 1234. Anal. (C[[H1506N4P): C, H, N,
P

2-8-D-Ribofuranosylindazole 3’,5’-Cyclic Monophosphate
Ammonium Salt (15). Yield: 59.4%. [a]?p =-82.3° (c = 1.0,
H;0). R; (E): 0.41. UV Ay nm 276 (6.4), 292 (5.5). IR ey
cm™! 749, 1087, 1240. Anal. (012H1303N3P)Z C, H, N, P.

2-3-D-Ribofuranosylbenzotriazole 3’,5’-Cyclic Monophos-
phate Ammonium Salt (16). Yield: 86.7%. [«]%p = -95.6°
(¢ =1.0, H;0). R;(E): 0.38. UV Apqe: nm 278 (21.8), 281 (22.7),
287 (19.8). IR vmax: cm™747,1085,1230. Anal. (C;;H;506NP):
C,H,N,P.

4-Nitro-1-8-D-ribofuranosylindazole 3',5'-Cyclic Mono-
phosphate Ammonium Salt (30). Yield: 87.3% [a]®p =
-102.5° (¢ = 1.0, H,0). R;(E): 0.39. UV Ayay: nm 233 (9.8), 317
(9.3), 362 (10.7). IR vpmey: cm=1739 4, (P-0-C), 1084 1,,(P-0-C),
1238 »,(P=0), 1341 v,(NO3), 1527 »,(NO3). Anal.
(CI2H1508N4P): C, H, N, P.

4-Nitro-1-8-p-ribofuranosylbenzotriazole 3',5-Cyclic
Monophosphate Ammonium Salt (31). Yield: 66.3%. [«]®p
=-71.1° (¢ = 1.0, Hy0). R;(E): 0.34. UV Aye: nm 205 (13.0),
231 (7.1), 314 (9.8). IR vmar: cm™! 738, 1087, 1249, 1351, 1529.
Anal. (CuHMOstP)Z C, H, N, P.

4-Nitro-1-8-pD-ribofuranosylbenzimidazole 3’,5’-Cyclic
Monophosphate Ammonium Salt (32). Yield: 78.2%. {«]%p
=-36.1° (¢ = 1.0, Hy0). R;(E): 0.29. UV Aps: nm 221 (9.3),
317 (9.8). IR vpe: cm™! 738, 1087, 1256, 1343, 1525. Anal.
(CyoH150sNP): C, H, N, P.

The 3C NMR data of all nucleoside 3’,5’-cyclic monophos-
phates are listed in Table II.

General Method for the Preparation of cAMP Analogues
(33-35). A nitro compound (30-32) (0.2 mmol) was dissolved in
water (2.0 mL) and ethanol (16 mL). This solution was shaken
in a H;atmosphere in the presence of 10% Pd-C catalyst (20 mg)
until H, consumption was observed. After approximately the
theoretical volume of H; had been consumed the catalyst was
filtered off through an asbestos pad and washed with EtOH (10
mL), and the filtrate was evaporated to dryness. This was
repeated with several portions of EtOH. The pale yellow
hygroscopic solid thus obtained was dried in vacuo over P;0;.

4-Amino-1-8-D-ribofuranosylindazole 3’,5’-Cyclic Mono-
phosphate Ammonium Salt (33) (1,3,7-Trideaza-8-aza-
cAMP-NH;). Reaction time: 75 min. Yield: 92.7%. R; (E):
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0.35. 'H NMR (DMSO-dg): 66.20 (1 H, s,3Jy2 < 0.7 Hz, H1"),
6.90-7.50 (3 H, m, H5, H6, H7), 8.44 (1 H, 5, H3). UV Apaxt nm
224 (12.7), 268 (4.9), 316 (3.7). IR vmax: cm1750 »,(P-0-C), 1087
V.,(P"O“C), 1246 V.(P=O) Anal (012H1703N4P)Z C, H, N, P.

4-Amino-1-8-D-ribofuranosylbenzotriazole 3',5-Cyclic
Monophosphate Ammonium Salt (34) (1,3-Dideaza-8-aza-
cAMP-NHj;). Reaction time: 45 min. Yield 94.1%. R; (E):
0.35. 'H NMR (DMSO-dg): 66.46 (1 H, s,3Jy,» <0.7 Hz, H1"),
7.10-7.70 (3 H, m, H5, H6, H7). UV Apa: nm 230 (18.3), 271
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(6.0), 315 (3.9). IR vma:: cm-! 748, 1082, 1244. Anal.
(CIIHIBOGN5P): C) H) N! P-

4-Amino-1-8-p-ribofuranosylbenzimidazole 3',5’-Cyclic
Monophosphate Ammonium Salt (35) (1,3-Dideaza-
¢AMP-NH,). Reaction time: 120 min. Yield: 91.7%. R, (E):
0.23. 'H NMR (DMSO-dg): 66.18 (1 H, s, 3Jy o < 0.7 Hz, H1"),
6.80-7.50 (3 H, m, H5, H6, H7), 8.45 (1 H, s, H2). UV Apay: nm
216 (15.7), 266 (5.8), 288 (5.1). Anal. (CsH,;OsN,P): C, H, N,
P.



