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Wicha and Caspi!® to predict the formation of the 19R con-
figuration by stereochemical considerations. Nevertheless,
one could predict a diminished stereoselectivity relative to
that for A%-3-one system. We have observed that the stereo-
selectivity of sodium borohydride reduction decreased from
9% to %. Then, Wicha and Caspi’s report' that the methylli-
thium reaction on 2a gave a 90% yield of a single compound
seems to be unpredictably stereoselective. In addition, the
19R assignment for the major methylated product now
clearly contradicts our 195 assignment based on the confor-
mational studies described above. For these reasons we un-
dertook a methyllithium reaction of 2a according to Wicha
and Caspi.'®

Methyllithium reaction with 2a gave over 90% yield of
19-methyl-5-androstene-33,178,19-triol (11) which showed
one spot in TLC (ethyl acetate-ethanol, 9:1) exactly as de-
scribed in the previous reports. This product, however, was
separated into two distinct compounds in another TLC sys-
tem (developed twice in chloroform-acetone, 8:2; 11-major,
Ry = 0.50, and 11-minor, Ry = 0.44) and isolated in crys-
talline form in 63 and 24% yield, respectively. The 11-
major was recrystallized from acetone (mp 189-192°; ir,
1066, 1050, 1026 cm™'; 'H NMR (CD;0D), é 0.80 (18-
CH3, 3 H, s), 1.30 (19a-CH3, 3 H, d, J = 7.0 Hz), 5.81
(5-H, 1 H, m); MS, m/e 302(M — 18), 276(M — 44),
258(276 — 18), 240(258 — 18), and 225(240 — 15)) and
the 11-minor recrystallized from aqueous methanol (mp
188-190°; ir, 1077, 1050, 1029 cm™'; '"H NMR (CD;0OD),
5 0.80(18-CH3, 3 H, s), 1.29 (19a-CH3,3 H,d, J = 7.0 Hz)
5.81 (5-H, 1 H, m); MS, m/e 302(M — 18), 276(M — 44),
258, 240, and 225. Each showed no change in characteris-
tics even after heating over its melting point. The 11-minor
was grown in single crystals from acetone and the crystal
and molecular structure was solved.!” The absolute configu-
ration at the C-19 of 11-minor was determined to be R and
the conformation around the C;9-C o bond showed that the
19-methyl function is at the over-B-ring and the oxygen at
the out-of-ring position as shown in Figure 3. Thus the dia-
stereomeric 11-major to which 19R was previously as-
signed should be reassigned as 19S. The stereoselectivity of
the nucleophilic attacks at the steroidal 19-aldehyde by the
two reagents was thus found to be the same. The 19proR
hydrogen removal’ in estrogen biosynthesis was confirmed.

Addendum, The absolute configuration of 11-major was
determined to be 195 by X-ray crystallography, after the
submission of the manuscript. The conformation around the
C0-C 9 bond showed that the methyl function is again at
the over-B-ring and the oxygen at the over-A-ring position
as shown below. The fact that both diastereomers have the
methyl group at the over-B-ring position suggests that this
is the least energy conformation. This offers an explanation
for the cause of the reversal of the original assignment
which relied on Wicha and Caspi’s rationalization that the
bulkiest of the three substituents on C-19, the methyl
group, must be at the out-of-ring position for 383,19-oxide
formation.
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Comment on the Carbon-13 Nuclear Relaxation
Measurements in Adenosine Monophosphate
Sir:

Recently Hamill, Pugmire, and Grant! reported in this
journal the concentration dependence of carbon-13 nuclear
relaxation data of 5-AMP. The observed strong decrease of
T with concentration was explained by an increase of the
stacking process with concentration. If this explanation is
correct, one would expect a significant deviation from the
simple Stokes-Einstein relation, namely, a deviation from
slope 1 in a double log plot of T vs. n~!. In Figure 2 this
plot is presented. The viscosity data for different concentra-
tions were obtained by us (Figure 1) and combined with the
13C relaxation data of Hamill et al.! Within the accuracy of
the experimental results, the '3C longitudinal relaxation
times of the base carbons C-2 and C-8 can be explained by
the simple Stokes-Einstein relation without invoking a
change of particle size with concentration. This relation-
ship, however, leaves undecided whether the stacking is al-
ready complete at the lowest concentration investigated.
The following consideration excludes this possibility.

In molecules of the size of a nucleotide the relaxation of a
carbon-13 bound directly to a hydrogen atom is completely
described by dipole-dipole interaction between the carbon-
13 and the proton spin.? Assuming isotropic motion of the
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Figure 1, Viscosity of aqueous 5-AMP solutions as a function of con-
centration (Py: 7.0 £ 0.4).
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Figure 2, Double log plot of the average longitudinal !3C relaxation
rates of 5-AMP!2 vs. the reciprocal viscosity of the solutions: points,
average of C-1’ to C-4’; crosses, average of C-2, C-8.

nucleotide one calculates the rotational correlation time 7,
in the extreme narrowing case from?

1/T\ = Nh2yc2yu*ren™b7c (0

with N the number of protons bound to the carbon and yc
and yy the magnetogyric ratios of the two nuclear spins in-
volved. Taking the isotropic rotating sphere as a valid ap-
proximation for the motion of 5-AMP in water, 7. is de-
scribed by

7c = dmna’ /3kT (2)

Inserting 0.105 % 0.005 nm for rcy one obtains at all con-
centrations a value of @, commonly taken as the diameter of
the diffusing particle, of 0.45 £ 0.05 nm, which certainly is
less than the actual dimensions of the single nucleotide. The
relaxation times of the base carbons at the different concen-
trations are therefore determined by the macroscopic vis-
cosity, and it is unnecessary to invoke any specific micro-
scopic model to explain the experimental results. On the
other hand, the relaxation rates of the sugar carbon, which
possess several possibilities of internal motion, depend on
two correlation times: the correlation time for overall mo-
lecular reorientation which increases with increasing viscos-
ity and a correlation time for the internal motions which to
a first approximation should not depend on the viscosity.43
It is then clear that the effect of the internal motions can
only be observed in the more concentrated solutions, that is
when the overall reorientation is slowed down.

Rhodes and Schimmel® measured the energy of activa-
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tion for the rotation around the glycosidic bond (syn = anti
equilibrium) in some purine (B)ribosides to be 6.2 kcal
mol~!. Therefore the segmental motion may not come from
rotation around the glycosidic bond. Réder et al.” have de-
termined the activation energy for the conformational mo-
bility of the furanoside ring of the ribose moiety, as for ex-
ample described by the N = S model of Altona and
Sundaralingam® by variable temperature '3C relaxation
measurements and comparison with the 2/,3’-isopropylidene
nucleosides to be 4.7 & 0.5 kcal mol~!, Assuming that these
results are applicable to 5-AMP one must conclude that
the deviations observed in the more concentrated solutions
for the relaxation rates of the sugar carbons from those of
the base should not be explained by a greater diffusive mo-
bility of the ribosephosphate moiety around the glycosidic
bond but rather by transitions between the different possi-
ble conformations of the ribose ring.
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Simple Criteria for Distinguishing between Inner-
and Outer-Sphere Electrode Reaction Mechanisms

Sir:

The well-known and widely applied distinction! between
inner-sphere and outer-sphere mechanistic pathways in
electron-transfer reactions involving homogeneous reactants
has been extended to a few heterogeneous reactions pro-
ceeding at electrode surfaces.>~” The clearest examples of
inner-sphere electrode reactions involve certain transition
metal isothiocyanate complexes®’ which are strongly ad-
sorbed on the surface of mercury electrodes by means of
sulfur-mercury bonds. The kinetics of the electroreduction
of these complexes in the adsorbed state have been investi-
gated, and further testimony to their proceeding by inner-
sphere pathways appeared in the form of unusual apparent
reaction orders and potential dependences.®’ Strong, al-
though less direct evidence for inner-sphere electrochemical
pathways has also been obtained for a second class of reac-
tions involving the oxidation of Cr(OH,)¢2* at mercury
electrodes in the presence of anions which are adsorbed on
the electrode and appear in the inner coordination sphere of
the Cr(III) complexes resulting from the oxidation.2- This
result is analogous to the classical and unequivocal demon-
stration of a ligand-bridging mechanism by means of ligand
transfer between homogeneous reactants.® However, ana-
tion of both Cr(OH,)s?* and mercury electrode surfaces
proceeds rapidly and reversibly so that it is not always pos-
sible to distinguish between prior complexation and ligand
bridging by adsorbed anions as the mechanism leading to
anated chromium(III) complexes during the electrooxida-
tion of Cr(OH,)42*.5
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