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The proton and carbon-13 nuclear magnetic resonance (NMR) signals of cycloeucalenol (1a),
cycloeucalenol acetate (1b), cyclonervilol (2a), cyclonervilol acetate (2b), and cyclohomonervilol
acetate (3b), isolated from Nervilia purpurea, were assigned by means of two-dimensional NMR
Spectroscopy.
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The carbon-13 nuclear magnetic resonance (**C-NMR) spectra of cycloeucalenol (1a)
and cycloeucalenol acetate (1b) have already been investigated by Lukacs and co-workers,?
who assigned all the *C-signals of these compounds. Later, Dahmen and Leander® pointed
out that Lukacs’ assignments of the C-7 and C-16 signals of cycloeucalenone should probably
be reversed. In a previous paper,” we also reported the assignments of '*C-signals of
cycloeucalenol acetate (1b), cyclonervilol acetate (2b), and cyclohomonervilol acetate (3b),”
isolated from Nervilia purpurea (Orchidaceae), based mainly on a comparison with those of 1b
reported by Lukacs et al.®

Recently we re-examined the 'H- and *C-NMR signal assignments of cycloeucalenol
(1a), cycloeucalenol acetate (1b), cyclonervilol (2a), cyclonervilol acetate (2b), and cyclo-
homonervilol acetate (3b) by application of two-dimensional (2-D) NMR spectroscopy,®
and the results are reported in the present paper.
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Fig. 1. Contour Map of the 'H-'H Shift-Correlated Spectrum of Cycloeucalenol (1a)
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Fig. 2. Contour Map of the Highly Resolved 'H-'H Shift-Correlated Spectrum of
Cycloeucalenol (1a) in the Upfield Region

The rectangular region at the upper right is enlarged and reproduced in Fig. 3. a) Folded
cross-peaks of one of the 19-methylene protons.
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Fig. 3. Enlarged Contour Map of the Rectangular Region of the Upper Right of
Fig. 2

First, the *H-'H shift-correlated spectrum of 1a was measured in order to assign the
proton signals accurately. As shown in Fig. 1, the proton signals due to terminal methylene
(64.714 and 4.662), hydroxy-bearing methine (J 3.213), cyclopropane methylene (60.143 and
0.387), 68-H (50.585), 21-methyl (50.898), 30-methyl (60.980), and 26- and 27-methyls”
(61.026 and 1.031) are readily assigned. Figure 1 illustrates the cross-peaks corresponding to
the coupling between, inter alia, 28-H and 25-H (long-range coupling), 28-H and 23-H (long-
range coupling), 3-H and 2-H,, 3-H and 4-H, and 194-H and la-H (long-range coupling).

For more detailed analysis, a highly resolved spectrum was measured in the region of
50.48—2.33 and the result is reproduced in Fig. 2. It shows the cross-peaks corresponding to
the coupling between 25-H and 26- and 27-methyls, 23-H, and 22-H,, and 20-H and 21-
methyl. Moreover, there are cross-peaks arising from the coupling between 21-methyl and 22-
H (long-range coupling), 1-H, and 2-H,, 18-methyl and 12a-H (long-range coupling), 12-H,
and 11-H,, 6-H, and 5-H and 7-H,, 7-H, and 8-H, 32-methyl and 15-H (long-range coupling),
15-H and 16-H, and 16-H and 17-H.

In order to clarify the cross-peaks corresponding to the coupling between 22-H and 22-H,

NII-Electronic Library Service



2484 Vol. 34 (1986)
[N}
=
55—
wg-
;,_
ol
)
g
T 20 R 10 " 0.5 (ppm)
(f2)
Fig. 4. Contour Map of the Highly Resolved 'H-'H Shift-Correlated Spectrum of
Cycloeucalenol Acetate (1b) in the Upfield Region
TaBLE II. 3C-NMR Spectral Data for Cycloeucalenol-Type Triterpenes and Their
Derivatives from Nervilia purpurea
C‘ﬁné’d' 1a 1b 2a 2b 3b
C-1 30.88 (1) 30.54 () 30.86 (1) 30.48 (t) 30.50 ()
C-2 34.90 (t) 31.00 (t) 34.90 (t) 30.94 (t) 30.94 ()
C-3 76.64 (d) 78.79 (d) 76.71 (d) 78.72 (d) 78.72 (d)
C4 44.69 (d) 41.59 (d) 46.69 (d) 41.53 (d) 41.53 (d)
C-5 43.43 (d) 43.49 (d) 43.41 (d) 43.44 (d) 43.44 (d)
C-6 24.73 (t) 24.72 (t) 24.72 (1) 24.65 (t) 24.70 (1)
C-7 25.22 (£)? 25.08 (£)? 25.22 (t) 25.03 (t)* 25.04 (t)?
C-8 46.90 (d) 46.91 (d) 46.89 (d) 46.85 (d) 46.90 (d)
C-9 23.64 (s) 23.75 (s) 23.64 (s) 23.66 (s) 23.72 (s)
C-10 29.65 (s) 29.44 (s) 29.68 (s) 29.40 (s) 29.38 (s)
C-11 27.08 (t)? 27.05 (1) 27.07 (1) 26.99 (1) 26.99 (t)?
C-12 32.99 (t)? 32.91 (t)? 32.88 (t) 32.76 (1)@ 32.80 (1)?
C-13 45.45 (s) 45.43 (s) 45.30 (s) 45.20 (s) 45.29 (s)
C-14 49.00 (s) 48.95 (s) 49.17 (s) 49.07 (s) 48.85 (s)
C-15 35.42 (1)@ 35.40 (1)@ 35.52 (1) 35.46 (t)9 35.38 ()@
C-16 28.18 (H)? 28.15 (1)? 28.89 (t) 28.83 (t) 28.06 (t)
C-17 52.31 (d) 52.26 (d) 52.17 (d) 52.07 (d) 52.13 (d)
C-18 17.84 (q) 17.83 (q) 18.01 (q) 17.97 (q) 17.77 ()
C-19 27.28 (1) 27.14 (1) 27.31 (1) - 2717 (1) 27.14 (1)
C-20 36.21 (d) 36.17 (d) 40.94 (d) 40.91 (d) 36.65 (d)
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TABLE II. (continued)

C(ifg’d' 1a 1b 2a 2b 3b

c-21 18.42 (q) 18.39 (q) 20.91 (q) 20.84 (q) 18.74 (q)
c-22 35.13 (1) 35.10 () 138.63 (d) 138.58 (d) 34.51 (1)
C-23 31.41 (1) 31.38 (1) 129.39 (d) 129.34 (d) 26.79 (1)
C-24 156.89 (s) 156.95 (s) 51.32 (d) 51.25 (d) 55.54 (d)
C-25 33.90 (d) 33.88 (d) 31.93 (d) 31.87 (d) 30.94 (d)
C-26% 22.06 (q) 22.05 (q) 19.07 (q) 19.00 (q) 21.47 (q)
ca7m 21.94 (q) 21.92 (q) 21.10 (q) 21.06 (q) 20.84 (q)
C-28 106.05 (t) 106.00 (t) 25.44 (1) 25.39 (t) 147.34 (s)
c-29 — — 12.26 (q) 12.21 (q) 19.03 (q)
C-30 14.46 (q) 14.46 (q) 14.43 (q) 14.39 (q) 14.45 (q)
C-32 19.21 (q) 19.18 (q) 19.18 (q) 19.18 (q) 19.13 (q)
C-33 — — — — 111.86 (t)
OCOCH, — 170.94 (s) — 170.88 (s) 170.87 (s)
OCOCH, — 21.36 (q) — 21.31 (q) 21.33 (q)

d values in CDCl,. The multiplicities of carbon signals are indicated as (s), (d), (t), and (g). a) Previous assignments (ref. 2 and
4) are revised.  b) Signals of C-26 and C-27 are arbitrarily assigned, but they are correlated to the signals of the 26-methyl and 27-
methyl protons, respectively.
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Fig. 5. Contour Map of the 'H-'3C Shift-Correlated Spectrum of Cycloeucalenol
(1a) in the Upfield Region

The 'H shifts are given on the ordinate and the '3C shifts on the abscissa. The
multiplicities of carbon signals were determined by means of off-resonance and INEPT
methods, and are indicated as (s), (d), (t), and (q).
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and 22-H and 23-H, the rectangular region at the upper right (Fig. 2) was enlarged and is
illustrated in Fig. 3, in which the squares are connected with full lines in the cross-peaks. The
sizes of these squares indicate the splitting patterns and the coupling constants between 22-H
and 22-H, and 22-H and 23-H.

The other cross-peaks could be analyzed in similar ways except for a few protons which
gave complicated cross-peaks because of mutual overlapping. Final assignments for cyclo-
eucalenol (1a) are given in Table I.

Then, we applied the same method to 1b (Fig. 4). The '"H-'H shift-correlated spectra of
2a, 2b, and 3b were also measured and analyzed in detail, and the signal assignments for these
triterpenes are listed in Table 1.

Next, the '3C-signals of 1a were assigned through measurement of the "H-'C shift-

correlated spectrum, which enabled accurate analysis on the basis of the proton chemical
shift data of 1a, as shown in Fig. 5. The *C-signals of 1b, 2a, 2b, and 3b were analyzed
in the same manner and the results are summarized in Table II.

In our present experiment, Lukacs’ assignments of the C-7, C-11, C-12, C-15, and C-16
signals of cycloeucalenol (1a) and cycloeucalenol acetate (1b)® were corrected. Assignments of
the C-7, C-11, C-12, and C-15 signals of cyclonervilol acetate (2b) and cyclohomonervilol
acetate (3b) reported in our previous paper® were also revised.

It should be noted that combined use of 'H-'H and '"H-'3C shift-correlation spectros-
copy is a powerful tool for determination of the precise frequencies of proton and carbon
signals in complicated NMR spectra.

Experimental

NMR spectra were taken on JEOL FX-90Q and JNM-GX 400 spectrometers in CDCl; solutions with
tetramethylsilane as an internal standard.

The 'H-'H shift-correlated spectra were measured by the use of a 'H-"H shift correlation sequence with a 45°
mixing pulse, and N-type peak selection. Data processing was carried out with the standard JEOL software. An f,
spectral width of 1900 Hz (4.75 ppm) over 1024 data points gave a digital resolution of 3.7Hz. A number of 512
spectra, each of 16 transients, gave, with appropriate incrementing of the evolution delay, an f, width of 1900 Hz and
a digital resolution of 3.7 Hz (with zero filling). The sample concentration was 8—10mg in CDCl;; total acquisition
time was about 12 h, and processing time ca. 20 min. In highly resolved spectra measurements, an f, spectral width of
750—900 Hz (1.88—2.25 ppm) over 1024 data points gave a digital resolution of 1.5—1.76 Hz. A number of 512
spectra, each of 16 transients, gave, with appropriate incrementing of the evolution delay, an f; width of 750-—900 Hz
and a digital resolution of 1.5—1.76 Hz (with zero filling).

The 'H-'3C shift-correlated spectra were obtained with the usual pulse sequence. Data processing was
performed with the standard JEOL software. The spectral widths were 1900 Hz in f; and 10000 Hz in f,, giving digital
resolutions of 7.4 and 9.8 Hz with a 512 x 2048 data point matrix. The amount of sample used was 8—10mg in
CDCl,. Acquisition of 16 transients for each of the 256 FID’s required 13h, and processing took about 1h.
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