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Sir: :

Several pmr studies (3-6) on C-nucleosides have been
published, however to date, there have been no reports
on natural abundance carbon-13 magnetic resonance (cmr)
spectra of C-nucleosides with the exception (7) of the cmr
spectrum of Formycin B. Even this report (7) was incom-
plete as only two carbon atoms of the pyrazolo[4,3-d]-
pyrimidine aglycon were assigned. We now wish to report
on a study involving the cmr spectra of C-nucleosides
related to uridine (IIa), a pyrimidine nucleoside.
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B-Pseudouridine (la, §-¥) (8), Showdomycin (Illa)
(5), and Minimycin (IVa) (6) all fall into this classification
of C-nucleosides which possess a striking structural simi-
larity with uridine (Ila, Figure 1). 'lhese C-nucleosides
differ from uridine in that they have a carbon-carbon
linkage rather than a carbon-nitrogen linkage between
the sugar moiety and heterocyclic aglycon. We have
examined the cmr spectra of two of these C-nucleosides;
-Pseudouridine (1a, 8-¢) and Showdomycin (Illa).

The chemical shifts of B-¢ are presented in Table I
along with the values (for comparison) for thymine (Ib)
(9, uracil (Ic), uridine (Ila) and B-cyanuric acid riboside
(B-CAR) (10). The 13¢C chemical shifts shown for -y
were easily identified by means of off-resonance de-
coupling and comparison of the resonance positions with
those in Ib and lc. The only chemical shift differences

worth noting in the spectrum of -y are those for the
carbons C5 and C6. The resonance positions for C5 and
C6 are shifted 3.4 ppm and 2.4 ppm, respectively, to lower
field as compared to Ib. These chemical shift changes are
probably caused by complex electronic effects in changing
from a methyl to ribose substituent.

The emr chemical shifts for maleimide (Illc), citracon-
imide (I1ib) (11), and showdomycin (IIla) are included in
Table 1. In the case of Illc, the differentiation between
C2,5 and C3,4 based on off-resonance decoupling data
isstraightforward. The C3 carbon of HIb is easily assigned
from the expected 9-10 ppm downfield shift induced by
methyl substitution (12). While C4 was predicted to move
upfield 2-3 ppm based on a previous report (12), the
actual shift was found to be somewhat larger (ca. 7 ppm).
C2 and C5 exhibit only minor chemical shift perturbations
in going from Illc to Illb and the assignments given in
Table I have been confirmed by examination of the
*JC.H coupling constant for C2. It is interesting to note
that for showdomycin (IIla) the chemical shifts for C2
and C5 are accidentally degenerate. The chemical shifts
for C3 and C4 are easily assigned by off-resonance de-
coupling and by comparing the spectra with that of IIIb.

C3 is shifted to lower field (by ca. 3 ppm) as compared
to llIb and C4 is shifted an additional 0.7 ppm down-
field. The trends noted for C3 and C4 in Ille, IIIb, and
Il1a are similar to those found at C5 and C6 in the series

Ic, Ib, and la (Figure 2).

Recently, several pmr (4,13,14) studies have attempted
to ascertain the glycosyl torsional angle (syn or anti
conformation) in pyrimidine nucleosides on the basis of
chemical shifts and coupling constants. The cmr data in
Table I provide some interesting comparisons which may
be pertinent to the question of conformational preference
in solution. The chemical shifts for the ribose carbons
in lla and B-y exhibit certain variations when compared
to those of B-CAR. While the variations at C5' may be
caused by the different exocyclic rotomeric conformations
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Figure 2. Specific chemical shifts for Ta-c and Illa-c with
respect to the TMS scale.

of the -CH,OH group (4), the shift variations at C4' do
not seem to follow a particular pattern and cannot be
explained at this time. Only a minor variation in the cmr
shifts at C3' are observed whereas a 2.7 ppm range exists
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B-CAR indicates that the most logical conformation of
the amphisbaenic aglycon would position one of the
carbonyl functions near the C2' of the ribose moiety.
This steric perturbation undoubtedly contributes Lo the
upfield shift for the resonance position of C2' (15).
Therefore, the observed downfield shift at C2' for lla
and -y as compared to the amphisbaeno-conformation of
B-CAR, reflects a decrease of steric strain due to a prefer-
ence for the anti-range. This rationale is consistent with
the conclusions reached {rom the forementioned pmnr
studies (4,14).

It has been reported (16) that showdomycin in the
crystalline state exists in the syn-conformation. However,
due to the absence of other model riboside compounds
for purposes of comparison, the cmr data (Table I) do not
permit any conclusions with regard to the conformation
of showdomyein in solution. The syntheses of nucleo-
sides related to B-¢ and showdomycin which are essential
to cmr spectral studies and the question of conformational
changes in solution will be forthcoming from these
laboratories.
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