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Abstract: The relaxation times of the carbon centers of virescenoside A and B, glycoside metabolites of the mushroom Oospora
virescens (Link) Wallr., have been determined for different deuteriochloroform-methanol solvent mixtures. In the absence
of methanol the '3C NMR spectra show broad lines, corresponding to long correlation times and the presence of hydrogen-
bonded intermolecular complexes. The methyl groups show a relationship between relaxation time and steric constraint, and
the vinyl side chain reveals a connection of the T values of its two carbons with its unique geometry.

The metabolites of the mushroom Oospora virescens
(Link) Wallr. are isopimaradienic altrosides, the '*C NMR
spectral analysis of some aglycones of which have been re-
ported.? Even though thus the carbon shifts of the aglycones
virescenol A and B are on record,? their glycosides viresce-
noside A (1a) and B (1b) had to be ignored heretofore in view
of their unusual spectral behavior. As Figure | indicates, the
proton-decoupled 3C NMR spectrum of a deuteriochloroform
solution of virescenoside A is characterized by many broad,
diffuse signals which sharpen into the customary singlets of
narrow line width upon the addition of ca. 20 molar equiv of
methanol. In order to gain insight into this phenomenon, it was
decided to carry out a systematic study of the solvent depen-
dence of the '3C NMR spectral characteristics. Since the
carbon relaxation times appeared to be a good NMR param-
eter for the assessment of the mechanism of the unusual effect,
their measurement was initiated.

Experimental Section

The spectra of solutions of 500 mg of each virescenoside in 3 mL
of deuteriochloroform-methanol mixtures, the deuteriochloroform
having been filtered through basic alumina to avoid the presence of
acid impurities, were recorded on a Varian XL-100-15 NMR spec-
trometer operating at 25.2 MHz in the Fourier transform mode. The
methanol was added to the deuteriochloroform solutions in multiples
of 1 molar equiv. The spectrometer probe temperature of 25, 35, or
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50 °C was kept constant throughout any experiment, The T, values
were obtained by the inversion-recovery method? and the pulse width
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Table I. Experimental 6 and T, Values and Computed 7, Values of Virescenoside A (1a)¢

molar equiv of methanol

5 0 i 3 3 3 7 g X
() 45.6 0.043 0.043 0.044 0.040 0.049 0.058 0.068  0.080
C(2) 68.0 0.060 0.057 0.075 0.081 0.088 0.11 0.13
C3) 83.8 0.11 0.071 0.064 0.068 0.085 0.096 0.11 0.13
C(4) 426 0.40 0.45 0.52 0.43 0.45 0.43 0.72
C(s) 519 0.075 0.073 0.078 0.074 0.10 0.12 0.14
C(6) 23.4 0.044 0.046 0.046 0.053 0.06! 0.070  0.080
(1) 1207 0.13 0.072 0.070 0.078 0.088 0.10 0.12 0.14
C(8) 135.2 0.22 0.38 0.39 051 0.60 095 13 095
C(9) SLI 0.094 0.077 0.072 0.070 0.068 0.10 0.12 0.14
C(10) 36.6 0.45 0.54 0.34 0.57 0.26 10 0.64 0.40
(i) 203 0.043 0.043 0.050 0.053 0.062 0070  0.079
¢(12) 339 0.36 0.20 0.36 0.21 0.24 0.19 0.20
C(13) 359 ' ' ' ' ' ' '
C(14) 45.6 0.043 0.043 0.044 0.040 0.049 0.058 0068  0.080
c(1s) 149.7 0.30 0.32 0.45 0.46 0.41 0.51 0.65 0.79
C(16) 109.0 0.072 0.082 0.066 0078 0.089 0.098 0.12 0.12
c17) 213 0.19 0.20 0.22 0.22 021 0.27 0.29 0.30
C(18) 246 0.17 0.19 0.19 0.1 0.20 0.25 0.26 0.29
C(19) 71.0 0.048 0.045 0.050 0.054 0.067 0072 0089
C(20) 15.9 0.30 0.27 0.29 031 0.25 0.33 0.33 0.53
c) 99.1 0.075 0.077 0.064 0.064 0.080 0.092 0.12 0.14
2) 70.2 0.11 0.12
e e 0.073 0.067 0.060 0.064 0.080 0.093 o o2
C(@) 64.7 0.059 0.063 0.058 0.074 0.079 0.096 0.11 0.13
(s 75.0 0.095 0.068 0.067 0.070 0.091 0.10 0.12 0.14
C(e) 61.8 0.040 0.039 0.046 0.047 0.063 0074  0.087
. 0.83 1.4 1 1.4 L 0.85 0.63 0.53
' 18.0 12.0 12.0 13.0

“ § values in parts per million downfield from MesSi; 6(MesSi) = 6(CDCl3) + 76.9 ppm. T\ values are in seconds, 7, values in nanoseconds.
7, values are given when the extreme narrowing condition does not apply.

3 I L s .

103 30 (1} L1 20

Figure 1, Proton-decoupled '3C NMR spectra of virescenoside A (1a) in
deuteriochloroform sotution (bottom picture) and in solution of deuter-
iochtoroform and 50 molar equiv of methanol (top picture) at 25 °C, re-
corded in parts per million downfield from Me,Si.

was calibrated occasionally to check the stability of the instrument.
In view of the large differences in the 7 values measurements with
two different sets of 7 values were performed for each concentration
of the solutions. The use of the short acquisition time of 0.1 s gave good
signal-to-noise ratios of the broad lines, i.e., those corresponding to
carbons with short 7', values. In order to obtain fully relaxed spectra,
the 7, measurements always included one made Wwith a delay time of
five times the largest T value.* The peak heights were measured by
hand and fitted to an exponential curve @ + be~"*, via a three-pa-
rameter minimization, The standard deviation for most lines was ca.
5%, reaching up to 13% in some instances. Approximate 7> values
were obtained for solutions of low methanol concentration by the
measurement of the line width of some signals.

Discussion

The spectrum of a deuteriochloroform solution of viresce-
noside A (1a) at 25 °C, presented in the bottom part of Figure
1, reveals sharp peaks for only methyl groups and quaternary
carbon centers. A temperature increase causes broad peaks of
ca. 50-Hz line width to emerge from the noisy background. The
addition of methanol to the solution leads to the appearance
of all signals (cf. upper part of Figure 1). Since virescenoside
A (1a) is more soluble in deuteriochloroform than viresce-
noside B (1b), the former could be studied at lower temperature
(35 °C) than the latter (50 °C). Tables I and 11 present the
carbon longitudinal relaxation times of the two substances and
computed’ overall reorientation correlation times.

The 26-carbon systems can be divided into four groups of
carbons with related relaxation-time characteristics. The al-
trose carbons and the nuclear methines and methylenes of the
diterpene unit exhibit the following behavior. The T, values
decrease or remain constant for solutions containing 0-3 molar
equiv of methanol and then increase steadily with increasing
concentration of methanol, remaining constant or increasing
slowly from 22 equiv upward. These effects are visualized
easily in Figure 2, wherein the T and T values for some of
the signals are plotted against the methanol concentration. The
T- values of 1a correspond to line widths of 50, 25, 26, and 10
Hz for 0, 1, 2, and 3 methanol equiv, respectively, and those
of 1b 15, 8, 6, and 4 Hz for 0, 2, 4, and 6 methanol equiv, re-
spectively.

A NOE measurement on a solution containing 20 methanol
equiv showed the relaxation mode to be only dipolar. If a de-
crease in correlation time is assumed to be related to an in-
crease in methanol concentration, the T variations of some
carbons in solutions of low methanol concentration show the
relaxation times to follow the theoretically predicted U-shaped
curve,’ at the bottom of which the correlation time is ca. 107%
s. In the absence of methanol natural products containing five
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Table II. Experimental 6 and T, Values and Computed 7, Values of Virescenoside B (1b)¢

molar equiv of methanol

o 0 2 4 6 8 10 12 14 18 22 26
C() 37.8 0.039 0.043 0.055 0.064 0.076 0.090 0.10 0.11 0.13 0.14 0.14
C(2) 27.6 0.037 0.039 0.052 0.062 0.075 0.085 0.095 0.10 0.12 0.13 0.13
C(3) 79.8 0.063 0.068 0.085 0.10 0.12 0.14 0.15 0.16 0.20 0.22 0.22
C(4) 41.5 0.38 0.35 0.37 0.39 0.41 0.46 0.45 0.48 0.67 0.77 0.72
C(5) 517 0.03t 0.078 0.10 0.12 0.14 0.16 0.18 0.18 0.23 0.25 0.25
C(6) 231 0.058 0.066 0.083 0.094 0.11 0.12 0.12 0.15 0.17 0.17
C(7) 120.7 0.062 0.072 0.096 0.11 0.13 0.15 0.16 0.17 0.21 0.22 0.22
C(8) 135.2 0.28 0.38 0.41 0.39 0.38 0.40 0.38 0.29 0.60 0.52 0.57
C(9) 51.2 0.068 0.075 0.092 0.11 0.13 0.15 0.16 0.17 0.22 0.23 0.23
C(10) 34.8 0.32 0.40 0.32 0.37 0.37 0.40 0.42 0.40 0.62 0.69 0.65
C(t1) 20.1 0.045 0.045 0.057 0.072 0.086 0.096 0.11 0.12 0.14 0.15 0.15
C(12) 35.8 0.045 0.050 0.063 0.073 0.088 0.098 0.1 0.12 0.13 0.15 0.15
C(13) 36.5 0.28 0.37 0.53 0.36 0.37 0.31 0.42 0.45 0.67 0.58 0.54
C(14) 45.6 0.039 0.046 0.058 0.07t 0.085 0.095 0.11 0.12 0.14 0.15 0.16
C(1%5) 149.7 0.27 0.40 0.38 0.30 0.31 0.32 0.36 0.36 0.47 0.49 0.42
C(16) 108.9 0.070 0.072 0.090 0.096 0.12 0.14 0.13 0.14 0.16 0.17 0.17
C(17) 212 0.16 0.19 0.20 0.22 023 0.24 0.25 0.25 0.33 0.33 0.34
C(18) 233 0.10 0.16 0.16 0.18 0.21 0.22 0.23 0.24 0.32 0.32 0.32
C(19) 71.3 0.039 0.040 0.055 0.065 0.079 0.090 0.10 0.11 0.13 0.14 0.14
C(20) 15.5 0.23 0.25 0.25 0.27 0.29 0.31 0.31 0.33 0.45 0.47 0.47
C(1") 99.2 0.058 0.061 0.080 0.095 0.12 0.13 0.15 0.16 0.21 0.22 0.22
C(2) 69.7 0.054 0.059 0.074 0.090 0.11 0.13 0.15 0.15 0.19 0.21 0.21
C(3) 69.8 0.15 0.20 0.21 0.22
C(4") 65.1 0.054 0.061 0.077 0.095 0.11 0.13 0.15 0.16 0.19 0.23 0.23
C(5%) 75.2 0.056 0.067 0.080 0.096 0.12 0.13 0.15 0.16 0.21 0.23 0.23
C(6') 62.0 0.052 0.038 0.053 0.066 0.080 0.092 0.11 0.11 0.13 0.14 0.15
7 5.5 1.5 0.93 0.70 0.56 0.47 0.43 0.39 0.33 0.29 0.29

.6

« § values in parts per million downfield from Me4Si; 6(MesSi) = 6(CDCl3) + 76.9 ppm. T, values are in seconds, 7, values in nanoseconds.
7, values are given when the extreme narrowing condition does not apply.

to six hydroxy groups can be assumed to be associated through
hydrogen bonds, which are broken by the added methanol
thereby increasing the mobility of the monomeric structures
and leading to longer relaxation times. The difference in
temperature of the experiments with the two virescenosides
results in slight differences of relaxation-time behavior.

The methyl groups display a T’ variation different from that
of the aforementioned carbons. This effect, due to the internal
motion whose rate may be assumed to be independent of the
methanol concentration, reveals itself in the form of the T
values being nearly constant at low methanol concentrations
and increasing steadily after the overall reorientation corre-
lation time becomes shorter than the internal rotation corre-
lation time.® In the case of long correlation times the differ-
ences in the T, values are related to rotation rate differences,
which, in turn, have qualitatively an inverse relationship with
the rotation barriers. Thus the decreasing order of T values
for C(20), C(17), and C(18) reflects an increasing order of
rotation barriers for these methyl groups. By the use of pub-
lished equations® the correlation time for internal rotation, 7,
can be computed for each of the methyl groups at each meth-
anol concentration. The 7, value ranges were 0.2-0.4 X 107°,
0.5-0.7 X 107°, and 0.6-0.9 X 107? s for C(20), C(17), and
C(18), respectively, in quantitative support of the above dis-
cussion. These observations are in agreement with the view of
the barrier of rotation of a methyl group within a rigid mo-
lecular framework depending on the number of its 1,3-diaxial
interactions with hydrogens.” The angular methyl group at
C(10) interacts in this manner with H(28), H(68), and
H(11p3), the 13-methyl group with H(118) and and H(16) (in
one of the side-chain conformations), and the 4a-methyl
function with H(6«).

The T values of the methine and methylene centers of the
vinyl side chain do not show the expected 2:1 relationship.
Whereas anisotropic rotation, noticeable from the relaxation

MOLAR BOUTVALINTS 7F YETHANCL

Figure 2, The longitudinal relaxation times (7 values) of C(1) and C(9)
of the virescenosides A (1a) (A) and B (1b) (V) as a function of the
methanol concentration and the transverse relaxation times (75 values)
of C(7) of 1a (O) and 1b (00) as a function of the methanol concentra-
tion.

times of the protonated, skeletal garbons, can be invoked as an
explanation for this anomaly, the latter can be interpreted more
readily by the difference of orientation of the individual car-
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Figure 3. The ratio of 7,7 (longitudinal relaxation time of a methine
reorienting in the stochastic diffusion model with a correlation time 7, 0n
an isotropically reorienting substance with a correlation time 7. = 5 X
10~'%s) to T, (longitudinal relaxation time of a methine on the isotropi-
cally reorienting substance) as a function of # (angle between the car-
bon-hydrogen internuclear vector and the axis of rotation) for six 74/7,
values.

bon-hydrogen bonds with respect to the C(13)-C(15) bond
axis. In order to assess the importance of the orientation dif-
ference, the relationship of the ratio of 7! (the spin-lattice
relaxation time of a methine undergoing internal rotation in
an jsotropically reorienting substance) to 7'y (the relaxation
time of a methine in the substance) with # (the angle of the
carbon-hydrogen internuclear vector with the axis of rotation)
requires analysis. As Figure 3% indicates, 7,-7, ratios (ratios
of the internal rotation to the overall reorientation correlation
times) smaller than 0.1 lead to large 7'~ T, ratios for angles
close to 60°, Since the geometry of C(15) satisfies this condi-

tion, the carbon center possesses an anomalously long relaxa-
tion time. Whereas the C(16)-H(16b) orientation also satisfies
the above criterion, yielding a minimal contribution to the
C(16) T, value, the C(16)-H(16a) vector is collinear with the
C(13)-C(15) rotation axis, giving a T"'-T ratio of 1. Hence
the C(16) T, value is close to that of a nuclear methine.

H(1s)

H(16,)

H{18,)

c(13)

2

In view of the long relaxation times of the nonprotonated
carbons the accuracy of their measured 7| values is low.
Nevertheless, a trend can be perceived, indicating an increase
of the relaxation times with increasing methanol concentra-
tion.

As the above discussion has indicated, the unusual line
broadening observed in the '3C NMR spectra of deuter-
iochloroform solutions of the virescenosides is due to the long
correlation times of certain carbons caused by intermolecular
association through hydrogen bonds. On the other hand, the
few signals with narrow line width correspond to methyl
groups, i.e., rapidly rotating functions, and to nonprotonated
carbon sites. The rotation barriers of the methyl groups are
linked inversely to the methyl relaxation times. The unusual
relationship of the T values for the carbons of the vinyl side
chain is a consequence of its unique geometry.
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