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315 15y (QNE-BOND COUPLINGS OF DIASTEREOISOMERIC ADENOSINE

P-
cvcLic 3',5'-PHOSPHORAMIDATES
1 J. Tomaszl*, S. Bottkal and L. Rad1052
Institute of Biophysics, Biological Research Centre,
HungaElan Academy of Sciences, H-6701 Szeged, Hungary
and Central Research Institute of Chemistry, H-1025
Budapest, Hungary
Abstract. IJ(}l 15N) coupling constants of R, and S adeno-

sine cyclic 3',5'-phosphoramidates (1), -N-methyIphosphor-
amidates (2) and -N ,N- dlmethylphosphoramldates (3) 1increase
in the order of 1<2<3 and obey the Stec rule (J(R )<3(Sp)) .

A possible interpretation of coupling constant dlfferences

based on differences in substituent electironegativities and

variation in hybridization at nitrogen atom, is suggested.

Phosphoramidate derivatives, epimeric at phosphorus of
adenosine cyclic 3',5'-monophosphate, RP and EP adenosine
cyclic 3',5'-phosphoramidates (1), -N-methylphosphoramid-
ates (2) and N,N-dimethylphosphoramidates (3) were prepared

according to the methods developed in our 1laboratory, re-

cently.l_3 The configuration at phosphorus of compounds 1-3
R 0
r', :
P .
07\ R7\~0
() o) o)
A A
OH OH
Rp 5p
R A = adenin-9-yl

1 NH2
2 NHCH3
3 N(CH;),
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was assigned on the basis of the 31

P chemical shift cri-
terion established for 2-substituted-2-oxo-1,3,2-dioxaphos-
phorinanes.a According to this empirical rule the EP dia-
stereoisomer is expected to absorb several ppm at higher
field, since this isomer has the amino (or substituted

amino) group in the axial position, i.e. locked into gauche

conformations relative to the endocyclic ester bonds. The
31P shielding for the gauche conformation may be interpreted
as a manifestation of 1the vy-effect often observed in 138

chemical shifts either on the basis of steric interactions5
or on stereoelectironic grounds.6

The ij chemical shift criterion tacitly involves the
supposition that the dioxaphosphorinane ring of both dia-
stereoisomers exists in the same chair conformation. If this
criterion is not fulfilled, discrepancies from the rule may
occur, since the amino substituent at phaosphaorus is ogriented
axially also in the S5, diastereoisomer that has the dioxa-
phosphorinane ring in a iwist-boat conformation. To the best
of our knowledge such a discrepancy has not yet been found
for the diastereomeric 2-amine(or substituted amina)-2-oxo-
1,3,2-dioxaphosphorinanes, but has been observed for the 2-
p-nitrophenoxy ~-2-0x0-5,6-tetramethylene-1,3,2-oxazaphos-
phorinanes of similar structure.7 On the other hand, the
amino groups at phosphorus are -equatorially (or pseudo-
equatorially) oriented 1in both diasterecisomers, when the
EP isomer has a twist-boat-shaped dioxaphosphorinane ring,
as in the case of thymidine cyclic 3',5"-N,N-dimethyl-
phosphoramidate.8 Thymidine cyclic 3',5'-N,N-dimethyl-
phosphoramidate diasterecisomers, however, obey the 31P
chemical shift criterion, though the difference between the
shifts is an unusually small value (0.62 ppm).9

Another and more reliable approach for the configur-
ational assignment at phosphorus in compounds 1-3 would be
a comparison of the lJ(HPISN) spin-spin coupling constants.
Stec and his coworkers have found that of the two diastereo-
isomers of a given 2-amino(or substituted amino)-2-oxo-

1,3,2-dioxaphosphorinane, the §P diastereoisamer with
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an equatorially oriented amino group at phosphorus Hhas
13Yp°N)  value of 10-15 Hz higher than the Ry
diastereoisomer having the amino group in the axial posi-

9-13 This Stec rule for exocyclic spin 1/2 nuclei has

tion.
been explained on the basis of the shorter equatorial P-N
bond containing a nitrogen atom of more sp2 character
compared to the axial P-N 1linkage that has a nitrogen atom
13 Although the Stec rule is strictly

valid for chair-shaped dioxaphosphorinane rings, it is still

of more sp3 character.

less sensitive to conformational changes than the 31P chem-
ical shift criterion. For example, the difference of 11 Hz
existing between the lJ(HPISN) values of thymidine cyclic
3',5'-N,N-dimethylphosphoramidate diastereoisomers9, can be
found in the expected range in contrast that the EP isomer
populates predominantly a twist-boat conformation.

To test the correctness of the earlier configurational
>lp chemical shift

criterion, the 1J(}lPlsN) coupling constants of diastereo-

assignment at phosphorus based on the

isomeric phosphoramidates 1-3 were determined and compared.
15 31
N and

Results of these P NMR investigations are pre-

sented in this paper.

RESULTS AND DISCUSSION

IJ(31P15 lSN and 31

shift values as well as 15N—induced isotope effects on the
31
P

N) coupling constants, P chemical
chemical shifts for compounds 1-3 are displayed in
TABLE 1.

In accordance with the Stec rule, the one-bond coup-
lings of the §P diastereoisomers are always higher than
those of the respective R, diastereoisomers. The difference
between the coupling constants of +the two diastereoisomers
of a given phosphoramidate has the same value (13.7 Hz) for
methylated phosphoramidates 2 and 3 and an approximately
1 Hz larger value (l4.6 Hz) for the unsubstituted derivative
1. Coupling constants increase with increasing degree of
methylation (1<2<3) in the two series of diastereoisomers.,
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TABLE 1

lSN and 31P NMR data of diasterecisomeric adenosine cyclic
3',5'-phosphoramidates 1-3 in DMS0-d

N
13031p15yy  al331pl5yy 415y Slp 3lpa
Compound (Hz) (Hz) (ppm) (ppm) (ppm)
§p'5p 2-1
(3-2
Rp 32.36 -340.27  8.02 -0.007
1 14.57
Sp 46.93 -339.58  11.57 -0.011
Rp 36.40 4.06  -349.57  7.69 -
2 13.72
5, 50.12 4.19  -348.83  9.33 -
Rp 38.73° (2.33) -352.26  1.94 -0.009
3 o 1373
5 52.46 (2.34) -353.57  9.27 -0.011
a B3l o §31p(15y) - 631p(léyylt

® L30%1p1oN)  vajues.of 45.0 Hz (R,) and 55.0 Hz (S
CHC1, for N°,N°,0° -tribenzoyl-adenosine cyc}%c 3!

P
3
dime%hylphosphoramidates have been reported.

) in
5t-N,N-

Differences of 4.0-4.2 and 2.3 Hz were found between the
individual diastereoisomers of 2 and 1 and of 3 and 2,
respectively. These differences may be interpreted as being
a result of methyl substitution and variatien in hybridiza-
tion at nitrogen atom.

The magnitude of one-band couplings increases with

16 As a re-

increasing elecironegativity of the substituent.
sult of the greater electronegativity of carbon compared to
hydrogen, in the two series of diastereoisomers, an increase
or La(?lpl
Exactly the same differences (2.3 Hz) were found between
the coupling constants of BP-Z and Rp-3 and of gp-g and

gp—g. This may be ascribed to substitution of H by CH}’ and

N) values 1in the order of 1<2<3 1is anticipated.

may suggest similar hybridization at nitrogen atom for dia-
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stereoisomers of the same configuration of 2 and 3. The
larger coupling constant differences between the diastereo-
isomers of 1 and 2 (4.0 Hz for Rp and 4.2 Hz for $,) may,
however, only partly be attributed to substitution of H by
CH3. Variations in hybridization at nitrogen atom may also
be considered for the interpretation of these differences.

In compounds 1 and 2, the 1>

N nuclei in the Rp dia-
stereoisomers are more shielded than in the Sp diastereo-
isomers. A reverse correlation can be found for Rp-3 and
§P—2. In the case of 2-phenylamino-2-oxo(-thio or -seleno)-
4-methyl-1,3,2-dioxaphosphorinane diastereoisomers a similar

13 Adenaosine

relationship found here for 1 and 2, exists.
cyclic 3',5'-phosphoranilidate diastereoisomers show, haow-
ever, the reverse correlation as to that observed for
Rp-3 and Sp-3.%°
result of the deshielding influence of the adenine ring
15N 135 In the light of our

results this interpretation seems to be very unlikely.
15

This reverse correlation was considered a

on the axially oriented nucleus.

The sign and magnitude of one-bond N-induced isotope
effects of the 31P chemical shifts, are in good agreement
with the literature data on analogous compounds.

Amide nitrogen atom of pyramidal geometry has recently
P—l and §P—l'17 The above NMR results do
not exclude the correctness of this assumption.

been assumed for R

EXPERIMENTAL

Compounds 1 and 3 labelled with 15

were synthesized according to literature procedures. For
15 15 o

( NH4)2[303 and (CH3)2 NH (30%
VEB Berlin-Chemie, Berlin-Ad-

N and wunlabelled 2
2,3

the preparation of 1 and 3,
agueous solution, 94.8% 15N,
lershof, G.D.R.) were used.

A Varian Associates model XL-400 instrument was used tao
obtain the 2IP (161.9 MHz) and *°N (40.5 MHz) NMR spectra.
The measurements were made at ambient +temperature, under

broad-band 1H decoupling on §.05-0.3 M solutions of the com-
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pounds in DMSD-d6. Chemical shifts are referenced to exter-
nal H3PD4 and NH415N03. Digital resolution of +the trans-
formed spectra was 0.1 Hz (31P) and 0.25 Hz (ISN) which set

the estimated accuracy of frequency determinations at + 0.2

Hz and + 0.5 Hz, respectively. L3¢ e1°N) values were ob-
tained from the splittings of the lSN and 31P resonances,
or, for 2, from the lSN—satellite frequencies of the 31P
signal. Results are summarized in TABLE 1. The 13(C°1pl°N)

values in TABLE 1 are taken from the more accurate frequency
lists of the phosphorus spectra.
Preparation of (lSNHa)ZCO3

(ISNHA)2504 (2.0 g, 94.5% L°N, VEB Berlin-Chenmie,
Berlin-Adlershof, G.D.R.) was dissolved in a solution of KOH
(5.0 g) in deionized H,0 (30 mL) in a 100 mL two-necked,
round-bottomed flask. The solution was boiled, and a slow

15

stream of dry nitrogen gas was passed in. The departing gas
was transferred through a reflux condenser and a drying tube
filled with KOH pellets and finaly through a gas washing
bottle containing dry DMF (270 mL) that had been cooled to
(-)40 - (-)50°C with the exclusion of atmospheric moisture.
After 3 h, dry C02 gas was bubbled gently into the DMF sol-
ution for 30 min. The suspension thus obtained was mixed
with anhydrous pyridine (30 mbL) at room temperature and used

directly for the synthesis of 1.
REFERENCES AND NOTES

1. Bentrude, W. G.; Tomasz, J. Synthesis 1984, 27.
Bottka, S.; Tomasz, J. Tetrahedron Lett. 1985, 26, 2909
3. Bottka, S.; Tomasz, J. Nucleosides & Nucleotides
1988,7, 307.

4. Selected references for 2-amino(or substituted amino)-

2-0x0-1,3,2-dioxaphosphorinanes are: a) Mosbo, J. A.;
Verkade, J. G.; J. Am. Chem. Soc. 1973, 95, 4659. b)
Bentrude, W. G.; Tan, H.-W. ibid. 1973, 95, 4666. «c)
Stec, W. J.; Mikolajczyk, M, Tetrahedron 1973, 29,

539. d) Stec, W. J.; Lopusinski, A, ibid. 1973, 29,



08:27 27 January 2011

Downl oaded At:

31P

10.

11.

12.

13,

14,
15.

l6.

17.

15

-""N COUPLINGS OF CYCLIC 3',5'-PHOSPHORAMIDATES

1303

547. e) Lopusinski, A.; Michalski, J.; Stec, W. J.
Bull. Acad. Polon. Sci. Ser. Sci. Chim. 1975, 23, 235.
f) Mosbo, J. A.; Verkade, J. G. J. Org. Chem. 1977, 42,
1549.

Grant, B. M.; Cheney, B. V. J. Am. Chem. Soc. 1967, 89,
5315.

Gorenstein, 0. G. J. Am. Chem. Soc. 1977, 99, 2
Gorenstein, D. G.; Rowell, R. J. Am. Chem. Soc
101, 4925.

Saopchik, A, E.; Bentrude, W. G. Tetrahedron Lett.
1980, 21, 4679.

Stec, W. J.; Zielinski, W. S. Tetrahedron Lett. 1980,
21, 1361.

Baraniak, J.; Kinas, R.W.; Lesiak, K.; Stec. W.J. J. C.
S. Chem. Comm. 1979, 940.

Lesnikowski, Z. J.; Stec, W. J.; Zielinski, W. S.;
Adamiak, D.; Saenger, W. J. Am. Chem. Soc. 1981, 103,
2862.

Stec, W.J. Acc. Chem. Res. 1983, 16, 411.

Gombler, W.; Kinas, R. W.; Stec, W. J. Z. Naturforsch.
1983, 38b, B15.

Gombler, W. J. J. Am. Chem. Soc. 1982, 104, 6616.
Baraniak, J.; Stec, W. J. J. Chem. Soc. Perkin Trans.
I. 1987, 1645. '

Jameson, C. J. Phosphorus-31 NMR Spectroscopy i

254,
c. 1979,

Stereochemical Analysis (Verkade, J. 6. Quin, L. D.
eds.), VCH Publishers Inc., Deerfield Beach, Florida,
1987, pp. 205-230.

Tomasz, J.; Bottka, S. Nucleosides & Nucleotides 1988,
7, 295.

Received May 20, 1988.



