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NMR studies employing oligonucleotides specifically labeled
with I’N may provide valuable information regarding nucleic acid
structure, drug binding, and nucleic acid—protein interactions.!:?
However, although appropriate spectrometers are widely available,
as are adequate methods for synthesis and purification of oligo-
nucleotides, the specifically labeled monomers required are largely
unavailable. Recently we reported the first syntheses of *N-la-
beled purine deoxynucleosides, [6-'*N]- and [l-}*N]deoxy-
adenosines,® and showed that these 1SN labels could be used to
monitor the helix-to-coil transition of d{CGTACG] by using either
chemical shift or 7.4 Shortly thereafter an alternate synthesis
of [6-1’N]deoxyadenosine and some N NMR experiments were
reported.> We chose the N! and NS positions for labeling because
these are the nitrogens involved in Watson—Crick hydrogen
bonding in the adenine:thymine base pairing present in DNA.
Other positions, however, are also of interest. The N7, for example,
is potentially important in various ligand interactions and, in
particular, in the Hoogsteen pairing thought to be present in triple
and quadruple DNA helices.5'* We now report syntheses of the
four [7-!*N]-labeled purine deoxynucleosides: [7-1N]-2’-
deoxyadenosine (7a); [7-'*N]-2’-deoxyinosine (9a); [7-1*N]-2/-
deoxyguanosine (9b); and [7-'*N]-2,6-diamino-9-(2-deoxy-{3-D-
erythro-pentofuranosyl)purine (7b).

The route we developed is a combination of chemical and
enzymatic syntheses that emphasizes simple, high-yield procedures.
In the first, chemical part (Scheme I), [7-!N]adenine (5a) or
[7-15N]-2,6-diaminopurine (5b) is prepared in three steps in good
to excellent overall yield. The synthesis of [7-!N]adenine has
been reported by two groups via nitrosation of 4,6-diamino-
pyrimidine followed by reduction to the [4,6-4N,5-I5N]tri-
aminopyrimidine using either sodium dithionite!® or Raney nickel'¢
and ring closure. We have explored introduction of the 1N via
an azo coupling reaction under the assumption that the coupling
would proceed in high yield and that isolation of the azo derivative
would be straightforward. In addition, we reasoned that the azo
linkage might be cleavable under exceptionally mild conditions,
thereby allowing high-yield formation of either the [4,6-14N,5-
5N]triaminopyrimidine (4a) or the [2,4,6-14N,5-15N]tetra-
aminopyrimidine (4b).
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Diazotization of aniline (or other arylamines) using [**N]-
NaNO, gives the 8-1*N diazonium ion.!” Rearrangement of the
I5N to the « position generally occurs to the extent of only a few
percent, at the most,'® unless conditions specifically designed to
promote rearrangement are employed.!® Thus reaction of 4,6-
diaminopyrimidine (1a) or 2,4,6-triaminopyrimidine (1b) with
the 8-1°N diazonium ion 2a or 2b, respectively, gives the azo
derivative 3a or 3b. Hydrogenolysis of 3a/b using 5% Pd/C or
Raney nickel at 8—10 psi for 24 h cleaves the azo linkage cleanly.
After filtration of the reaction mixture, the aniline also produced
is removed by extraction into ethyl ether, leaving a remarkably
homogeneous solution of 4a/b. These aminopyrimidines degrade
rapidly on handling in the air, as evidenced by pronounced yel-
lowing of their solutions. Thus it is best if they are immediately
converted to the more stable purines 5a/b. We have found that
this conversion can be effected rapidly and under quite mild
conditions by treating a dimethylformamide solution of 4a/b with
diethoxymethyl acetate.?® The cyclization is complete in 1-7 h
at room temperature to give a mixture of, presumably, ethoxy-
ethylidene derivatives of 5a/b. These are hydrolyzed with dilute
methanolic HCI to give 5a/b quantitatively.

Conversion of 5a/b to the deoxynucleosides 7a/b is carried out
in high yield by an enzymatic transglycosylation reaction (Scheme
II) using thymidine as the glycosyl donor. Thymidine phospho-
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rylase generates 2-deoxy-a-D-ribose 1-phosphate (dRib-1-P) from
the thymidine, and bacterial purine nucleoside phosphorylase then
couples the dRib-1-P with the purine derivative 8a/b.242 Using
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as little as a 5-10-fold excess of thymidine, we are able to get
>95% conversion to 7a/b. Since the product [7-1*N]-labeled
deoxynucleosides do not have protons with pK’s below 10, they
are readily isolated from the enzymatic reaction mixture by using
hydroxide form anion-exchange resin. All of the other components
of the mixtures have sufficiently acidic protons that they are
retained by the resin, while the product 7a/b is eluted by using
a simple water/methanol gradient.* This is therefore a highly
efficient glycosylation procedure with regard to the [7-N]-labeled
material. Moreover, as both deoxyadenosine and 2-amino-
deoxyadenosine are excellent substrates for deamination by
adenosine deaminase,?* conversion of 7a/b to 9a/b proceeds in
quantitative yield.

The purine syntheses reported above emphasize efficient use
of 15N, employ a minimal number of synthetic steps, and do not
require complex isolation or purification procedures. The de-
oxynucleoside syntheses make use of high-yield transformations
involving inexpensive and readily available enzymes. There are
no protection or deprotection steps, and the only chromatography
is a rapid, low-resolution ion-exchange column after the trans-
glycosylation reaction step. These procedures, moreover, are
applicable to the ribo series as well, simply by substituting uridine
as a ribosyl donor along with uridine phosphorylase for the
transglycosylation step.2'?? This represents, therefore, a general
route to synthesis of [7-1°N]-labeled nucleosides of the adenine
and guanine families.
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Stereostructure of Pimaricin [J. Am. Chem. Soc. 1990, 112,
4060-4061]. JEAN-MARC LANCELIN and JEAN-MARIE BEAU*
Page 4060: In Figure | R = Me for structure 2 should read

R = Ac.

Page 4061, left column, line 3: The 7R and 9 configurations
should be the 78 and 9R configurations.

Page 4061, right column, line 5: The 45 configuration should
be the 4R configuration. This change does not affect structure
10 (Figure 2) for which the correct chiral centers have been drawn.



