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INTRODUCTION

Cyclolignans are natural products that include compounds, such as
podophyllotoxin, with important antineoplastic and antiviral proper-
ties. In recent years they have been the subject of numerous studies,
focused on obtaining more potent and less toxic anticancer agents,
which have resulted in the clinical introduction of etoposide and teni-
poside.!

One of the research lines followed by our group in the past few
years is to perform structural modifications of cyclolignans obtained
from easily available natural sources, such as podophyllotoxin or
deoxypodophyllotoxin. During that time we have prepared a large
number of cyclolignan derivatives. Some of them were the subject of a
previous compilation of *3C NMR data,? which complemented pre-
viously published work by Agrawal and Thakur.? The analysis of the
13C NMR data for different lignans has been very useful for the
recognition of the various skeletal types of lignans, neolignans and
oxyneolignans and also for the determination of the substitution
pattern of side-chains.*

Owing to the great utility that these data could have for the scienti-
fic community working in the lignan field, we have now collected
NMR data for another group of cyclolignans, prepared in our labor-
atory, which have in common the presence of heteroatom substitut-
ions at the C-7 and C-9 positions of the cyclolignan skeleton. In order
to elucidate the influence of heteroatoms at these two positions, we
have included *3C NMR data for some compounds reported pre-
viously.5-6

In this paper, 45 semisynthetic cyclolignans have been included.
They have been classified, according to their structural characteristics,
into the following groups: (1) pyrazolignans, those having a pyrazole
or pyrazoline moiety fused to the lignan at positions 7, 8 and 9; (2)
isoxazolignans, those having an isoxazole or isoxazoline ring; and (3)
hydrazones and oximes at positions 7 or 9.
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RESULTS

Pyrazolignans

This group includes compounds 1-17 (Fig. 1) which were obtained by
condensation of podophyllotoxone with substituted hydrazines, fol-
lowed by simple chemical transformations of the resultant hydroxy
acids.* One-bond and long-range two-dimensional heteronuclear H-C
spectra were obtained for the methyl esters 2 and 14 as representative
compounds with an aryl and alkyl substituent, respectively, on the
pyrazoline ring. The correlations observed for both compounds are
summarized in Tables 1 and 2.

Isoxazolignans

In this group, compounds 18-24 are included (Fig. 2). They were pre-
pared by condensation of podophyllotoxone with hydroxylamine and
further transformations of the carboxylic group.” Compound 18 was
chosen for performing the 2D NMR experiments and the results are
summarized in Table 3.
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Figure 1. Structures of pyrazolignans.
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Figure 2. Structures of isoxazolignans.
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Table 1. 2D heteronuclear correlations for compound 2 (CDCl;, 8 ppm;

reference TMS)
Coupled H
Sc Type® Sy
40.6 CH 3.84 m
48.0 CH 460d
50.6 CH 3.23 dd
51.6 CH, 371s
55.1 CH, 3.11 dd
4381
56.3 CH, 3.75s
60.8 CH, 381s
101.5 CH, 598 s
1031 CH 754 s
1071 CH 6.19s
109.2 CH 6.52s
113.5 CH 712s
119.6 CH 6.86 t
122.5 Cc
129.1 CH 7.28t
133.56 Cc
135.7 Cc
137.9 Cc
146.0 c
146.6 Cc
149.3 Cc
1563.1 Cc
171.9 Cc

2 From DEPT experiments.

Long-range
coupled H
Sy Assignment®
8
7
8/
COOCH,
9
MeO-3',5'
MeO-4'
OCH,0
2
4.60d 2'6'
5
2",6"
7.12d 4"
3.84m 1
4.60d
6.52s
6.86 t 3".5"
4.60d 6
7.54 d
3.23 dd 1’
6.19 s
4’
7.28 t 1”
6.25 s 3
754 s
6.52 s 4,7
754 s
3.75s 3.5
3.81s
9/

b Positions marked with double primes correspond to carbons atoms of substit-

uents placed at the pyrazolic nitrogen.

Hydrazones and oximes

Compounds 25-45 are included in this group (Fig. 3). They were pre-
pared by condensation of the corresponding carbonyl derivatives at
the C-7 or C-9 position with differently substituted hydrazines or
hydroxylamines.® Results of one-bond and long-range 2D hetero-
nuclear correlations for compound 41 are shown in Table 4.

Chemical shifts

13C chemical shifts of the cyclolignans studied are listed in Table 5.
The numbering adopted (Fig. 4) is uniform for all the compounds and
is that proposed by Ayres and Loike.!

The !3C NMR data in Table 5 are divided into groups according to
the classification given above. Structures are given for all the com-
pounds. References containing published data for particular com-
pounds are included in the table.

EXPERIMENTAL

13C NMR spectra were recorded on a Bruker WP 200 SY spectro-
meter operating in the pulsed Fourier transform (FT) mode at 50.3

© 1997 John Wiley & Sons, Ltd.

MHz. All of the compounds were examined at 25°C as CDCl; solu-
tions containing a small amount of TMS as internal standard, unless
stated otherwise.

Heteronuclear H/C 2D-NMR experiments

Typical long-range H/C experiments (200/50.3 MHz) were performed
as follows: 128 FIDs of 500-900 scans each, with a 1 s recycle delay
and incrementing ¢, from 5 us to 64 ms, were acquired, using the
DEPT-COSY sequence,® on a ca. 0.6 M CDCl; solution of the lignan
derivative. The spectral width in F, was 8800 Hz (digital resolution
DR = 15.5 Hz per point) whereas the F, carrier and width (ca. 1000
Hz, DR = 4.2 Hz per point) were selected to avoid folding. The J-
focusing delay was tuned for a value of "J(CH) = 8.3 Hz. FT was
performed after sine-bell multiplication in both domains and applying
one degree of zero-filling in F .

One-bond 2D NMR experiments were performed similarly except
for SW, = 4032 Hz, number of scans = 160 and the focusing delay
selected for *J(CH) = 135 Hz.

MAGNETIC RESONANCE IN CHEMISTRY, VOL. 35, 808-815 (1997)
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Table 2. 2D heteronuclear correlations for compound 14 (CDCl;, 6 ppm;

reference TMS)
Long-range
Coupled H coupled H
Sc Type*® Sy Sy Assignment
42.2 CH 3.60 m 2.62 dd 8
317 dd
4.57d
47.9 CH 4.57 d 3.17 dd 7
6.13 s
6.53 s
50.4 CH 3.17 dd 2.62 dd 8’
4.57d
51.7 CH,4 3.65s COOCH,
56.4 CH, 3.72s MeO-3',5'
57.9 ¢ CH, 3.25m CH,CF,
(128 Hz) 420 m
60.7 CH, 3.79s MeO-4'
61.7 CH, 2,52 dd 325 m 9
4.07 t 420 m
101.4 CH, 5.96 s OCH,0
103.4 CH 7.39s 2
107.3 CH 6.13s 4.57d 2,6
109.2 CH 6.63 s 4.57d 5
121.6 c 4.57d 1
6.63 s
1240 ¢ c 3.25m CF,
(668 Hz) 420 m
134.0 c 4.57d 6
7.39s
135.4 c 3.17 dd 1
4.57d
138.1 c 3.79s 4
6.13 s
147.6 c 5.96 s 3
6.63 s
149.7 c 5.96 s 4
6.63 s
151.8 c 4.07 t 7
1563.2 C 3.72s 3.5
6.13s
171.7 C 3.17 dd 9
3.60m

® From DEPT experiments.

© 1997 John Wiley & Sons, Ltd. MAGNETIC RESONANCE IN CHEMISTRY, VOL. 35, 808-815 (1997)
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Table 3. 2D heteronuclear correlations for compound 18 (CDCl,, 6 ppm;

reference TMS)
Long-range
Coupled H coupled H
Sc Type® Sy Sy Assignment
46.0 CH 3.80m 8
49.0 CH 4.67d 6.20 s 7
53.8 CH 3.23 dd 8
56.6 CH, 3.66s MeO-3',5’
61.0 CH, 3.76 s MeO-4
76.2 CH, 3.90t 9
4841t
103.1 CH, 5.99 s OCH,0
104.2 CH 7.43s 3.80m 2
109.2 CH 6.20 s 2'6'
110.4 CH 6.56 s 5
120.2 c 6.56 s 1
138.0 Cc 3.66 s 4
3.76s
6.20 s
138.2 c 3.66 s 1
3.76 s
6.20 s
138.6 Cc 7.43s 6
148.8 c 374s 3
5.99 s
6.56 s
151.9 Cc 3.74 s 4
599 s
6.56 s
154.0 c 3.66 s 3.5
3.76 s
6.20 s
159.6 Cc 7
178.8 c 9

2 From DEPT experiments.

© 1997 John Wiley & Sons, Ltd. MAGNETIC RESONANCE IN CHEMISTRY, VOL. 35, 808-815 (1997)
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Table 4. 2D Heteronuclear correlations for compound 41

<O:(:©A <0 ' (CDCl;, 6 ppm; reference TMS)
o] o]
o) Ih,\<o e} Long-range

Ar Ar © ¢ Type® Cou?:d " CUUZ':d " Assignment
R R, 46.3 CH 4,06 d 448 d 8’
25 OH 28 OH 6.62 s
26 OAc 29 OAc 7.79 s
27| OMe 0 | OMe 46.7 CH 4.48d 4.06 d 7
6.29 s
N N OOt 52.2 CH 3.61 o0 COOCH
. 3 61s 3
<o CH,OAc <O N-OGH, 56.2 CH, 372s MeO-3',5'
o) COOCH e} 60.7 CH, 3.76 s MeO-4'
3 s T 0 61.9 CH, 3.80s N-OCH,
A n M 101.3 CH, 5.90 s OCH,0
591 s
o CHO o CHO 105.3 CH 6.29 s 448d 2,6
< O‘ 4 m 107.8 CH 6.69 s 6.65d 2
° Y~ TCOOCH, ° ¥~ YCOOCH, 109.7 CH 6.62 s 448d 5
Ar Ar 126.6 c 6.62 s 1
3 42 7.79s
1271 C 4,06 d 8
<O O‘ X\-R, <O S 448d
131.1 C 4,06 d 6
0 p Ry ¢} ~ COOCH; 448d
Ar Ar 6.65 s
6.69 s
R, Ry R 132.6 CH 6.65 s 4.06d 7
34 | COOMe  NH-Ph 4 | oH 6.69s
35 | CH,0H  NHPh 4“ OMe 7.79s
36 CH,0Ac NH-Ph 45 OCH,-CH=CH, 1375 Cc 3.76 s 4’
g; gggﬁi ggzcn CF. 6.29 s
% | coome on 1 138.2 c 4.06 d 1
40 COOMe OAc (Ar = 3,4,5-trimethoxyphenyl) 448d
41 COOMe OMe 1471 C 6.62 s 3
Figure 3. Structures of hydrazone and oxime derivatives. 148.2 ¢ gg? : 4
6.69 s
149.6 CH 7.79 s 6.65 s 9
153.2 C 3.72s 3.5
3.76 s
6.29 s
1725 C 3.61s 9
4,06 d
4,06 d

2 From DEPT experiments.

Figure 4. Numbering of cyclolignans.
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Table 5. '3C chemical shifts of cyclolignans (5 ppm, CDCIl, as solvent and TMS as internal reference)

No.

1

Pyrrazolingnans

1

HWN

oNO O

17

1224
1225
122.4
122.2

121.7
121.7
122.6
1215

1221
1225
126.4
126.4
121.7

121.6

123.0
122.8

1255

103.2
1031
103.2
103.2

103.3
103.3
1031
103.4

103.4
103.2
106.4
106.4
103.4

103.4

103.6
103.6

101.4

Isoxazolignans

18°
19
20
21

22
23
24

120.2
1191
119.0
118.9

119.2
1191
1185

104.2
104.1
103.9
1041

104.0
104.0
104.4

147.7
146.6
147.3
147.4

146.9
146.9
149.0
147.8

147.6
1475
148.6
148.6
147.7

147.6

147.4
1475

145.9

151.9
147.7
147.4
147.6

147.8
147.7
147.7

149.0
149.3
149.3
149.4

147.8
147.8
149.2
150.6

149.6
1493
150.3
148.6
149.8

149.7

148.0
148.0

148.4

1104
150.5
150.5
150.6

150.6
150.6
150.0

109.2
109.2
109.6
109.5

109.3
109.3
109.2
109.4

109.2
109.2
108.9
108.9
109.2

109.2

109.5
109.5

106.8

148.8
109.2
109.5
109.4

109.2
109.2
109.8

133.3
1335
136.2
134.7

134.0
134.2
133.3
135.0

133.9
133.6
133.3
133.2
133.9

134.0

134.4
134.0

1314

138.5
138.1
137.7
138.0

138.1
135.1
1335

1493
149.3
1511
150.2

150.8
1511
147.6
155.0

152.8
151.6
154.4
154.1
151.8

151.8

150.5
150.3

150.2

159.5
156.4
157.6
156.9

156.2
156.3
157.4

405
40.6
415
41.8

40.8
40.9
40.7
40.2

41.9
42.0
435
435
42.0

42.2

118.0
117.2

114.8

46.0
43.6
44.6
415

42.2
43.6
111.3

55.1
55.1
54.4
54.3

54.6
54.5
55.6
50.2

62.7
62.8
75.8
75.8
61.6

61.7

125.9
126.1

127.6

76.2
745
73.9
73.7

741
745
164.7

OCH,0

101.5
101.5
101.3
101.3

101.6
101.6
101.4
101.7

101.5
101.3
102.5
102.5
101.5

101.4

101.2
101.2

101.8

103.1
101.9
101.6
101.6

101.7
101.7
101.6

1

13556
135.7
136.2
135.6

1351
136.3
136.8
135.5

1356
135.8
1381
138.2
135.2

135.4

136.0
135.1

13856

138.2
135.1
136.6
136.0

135.0
134.8
1374

2'6'

107.2
1071
107.6
107.6

10756
107.2
1071
107.2

1071
107.2
107.2
107.5
107.4

107.3

106.2
106.0

108.8

109.2
107.2
107.6
107.5

106.9
106.9
105.7

3.5

15631
1631
163.2
1563.2

1563.2
163.2
1631
1563.2

153.0
1531
163.3
163.4
153.1

1563.2

1563.1
153.0

153.3

154.0
1563.2
163.2
163.4

1563.6
147.2
153.6

Carbon

&

137.7
137.9
1375
137.9

139.0
137.8
144.6

137.6
137.6
140.3
140.4
137.9

138.1

1375

140.6

138.0
134.9
135.6
134.9

134.4
130.7
137.8

7

47.8
48.0
45.2
41.9

47.8
47.9
48.0
47.8

47.9
48.1
435
43.5
47.7

47.9

39.6
36.4

128.0

49.0
48.1
44.8
44.6

46.5
48.0
43.9

50.0
50.5
47.6
47.8

50.2
50.4
50.5
50.4

50.3
50.5
53.2
53.1
50.2

50.4

48.7
48.6

129.6

53.8
50.1
47.8
48.2

56.1
52.2
48.2

178.8
171.9
63.5
65.1

176.2
171.8
172.0
171.2

178.0
171.9
174.6
174.3
176.2

1717

63.3
64.8

192.6

178.8
171.4
63.7
65.4

199.5
171.4
17156

MeO-
3.5

56.3
56.3
56.4
56.3

56.4
56.3
56.3
56.3

56.2
56.3
56.3
56.4
56.3

56.1
56.0

56.4

56.6
56.3
56.4
56.4

56.4
56.5
56.3

60.7
60.8
60.6
60.7

60.7
60.7
60.8
60.8

60.7
60.7
60.8
60.8
60.6

60.8
60.7

61.0
61.0
60.7
60.8
60.8

60.7

146.5
146.0
146.9
146.8

149.9
149.9

140.7
140.5

1471

o

1135
1135
113.6
113.6

107.8

107.5
113.6

118.9
118.0

120.6

3"

1291
1291
1291
1291

149.4

149.4
129.6

129.5
1295

129.6

4

119.7
119.6
119.6
119.7

113.6

113.6
118.9

124.4
124.0

1235

5"

1291
1291
1291
1291

129.7

129.7
129.6

129.5
1295

129.6

6"

1135
1135
113.6
113.6

118.8

1187
113.6

118.9
118.0

120.6

COOCH,

51.6

51.6
51.8
51.9

51.6

51.9

51.7

51.9

51.8
52.5

OAc  Other

170.4

20.8
205
169.3
21.3
43.7
43.8
194.3
194.2
57.8¢c
125.0c
57.9¢c
124.0c

170.0

20.9

170.3

20.7

a o g o oo o1 o
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Hydrazones and oximes

25
26

27
28
29

30
31

32

33
34
35
36

37
38
39
40

M
42
43
44
45

133.2
1334

133.7
132.7
133.4

1325
134.9

132.4

133.9
130.5
1334
130.5

132.0
130.6
1311
131.7

1311
1275
127.3
127.4
127.4

105.0
106.2

104.2
104.7
105.0

105.0
105.1

104.8

108.9
107.4
107.2
107.4

108.1
107.4
107.8
107.3

107.8
108.3
108.2
108.2
108.2

148.0
148.3

147.8
1481
148.3

148.1
1455

148.2

1475
147.0
146.7
147.0

147.2
1471
1471
1471

1471
146.6
146.6
146.5
146.6

150.1
151.6

149.8
150.2
151.6

150.1
149.8

150.2

150.5
1475
147.6
147.6

109.9
147.8
148.3
148.6

148.2
147.0
109.7
146.6
146.6

108.7
108.7

109.56
109.5
109.6

109.4
109.2

109.5

1101
109.7
1105
109.7

129.9
109.8
109.6
109.8

109.7
109.8
129.4
109.7
109.7

2 Dashes indicate signals not observed.
P Spectrum measured in MeOH-d,,.

124.7
1231

124.8
123.9
1231

1241
133.5

1245

133.3
130.5
130.0
130.5

137.0
130.0
126.8
126.8

1271
128.6
31.6

129.4
129.4

152.4
158.2

163.4
154.6
168.2

1563.2
153.8

154.9

1453
138.7
139.9
138.7

126.7
129.8
133.2
133.3

132.6
26.6
345
31.7
31.9

36.8
37.8

36.8
33.7
37.8

34.1
33.6

28.4

125.2
127.3
127.2
127.3

161.6
1271
126.4
126.4

126.6
33.0
162.2
34.4
34.6

7.4
70.3

701
71.0
70.3

711
61.3

495

191.0
1447
144.6
144.7

101.4
1413
151.4
151.5

149.6
201.9
100.8
150.7
150.9

101.8
102.0

101.7
101.7
102.0

10156
101.3

101.4

101.8
101.2
1011
1011

138.1
101.2
101.3
101.2

101.3
100.9
140.3
100.8
100.8

133.9
1355

134.8
1351
135.0

137.8
139.1

1381

137.3
138.5
140.0
1385

105.4
138.6
138.2
138.3

138.2
140.3
106.8
140.4
140.5

106.5
107.0

108.1
105.1
106.0

105.0
1071

105.1

105.4
105.2
105.4
105.5

153.3
105.4
105.3
105.1

105.3
106.6
1563.3
106.9
106.6

1631
163.4

153.1
163.7
163.4

163.7
163.4

163.6

163.4
163.2
163.1
1563.3

1375
163.2
163.3
163.5

163.2
163.4
137.4
163.3
163.3

137.4
138.2

137.9
137.7
138.2

1375
137.9

137.4

137.8
137.0
1371
137.0

46.7

13741
137.6
137.7

1375
1383
45.6

1375
1375

45.2
44.9

43.9
44.8
44.9

4438
439

44.4

46.4
47.0
45.3
471

46.6
46.7
46.5
46.6

46.7
46.4
51.0
45.9
45.8

45.2
44.9

46.8
457
44.9

4538
49.4

45.8

445
46.8
44.0
46.8

172.7
46.4
1725
46.6

46.3
48.1
172.7
51.0
51.0

176.6
175.1

173.2
176.3
1751

176.3
171.9

169.0

172.0
1734
64.6
64.2

56.3
172.9
56.3
172.4

1725
1721
56.4

172.7
172.7

56.1
56.3

56.4
56.3
56.3

56.2
56.4

56.1

56.3
56.3
56.3
56.3

60.7
56.2
60.7
56.7

56.2
56.3
60.8
56.4
56.4

60.9
60.8

60.7
60.8
60.8

60.9
60.8

60.7
60.7
60.7
60.7

60.6

60.7

60.7
60.7

60.8
60.7

140.2

112.8
112.8
112.8

129.2
1293
129.8

120.0
120.1
1201

129.2
1293
129.8

52.8

112.8
1128
112.8
52.3

52.3

51.7

52.4
52.2

52.0

52.8

52.2
52.0

51.6
51.7

167.5
19.6

167.5
19.0

171.9
20.7

173.4
20.1
51.6¢

1705
20.7

62.4

62.5

61.9
62.4

61.9

74.5
134.2
117.3

14%:]
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