
INFORMATION TO USERS 

This was produced from a copy of a document sent to us for microfilming. While the 
most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the material 
submitted. 

The following explanation of techniques is provided to help you understand 
markings or notations which may appear on this reproduction. 

1.The sign...or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting through an image and duplicating 
adjacent pages to assure you of complete continuity. 

2. When an image on the film is obliterated with a round black mark it is an 
indication that the film inspector noticed either blurred copy because of 
movement during exposure, or duplicate copy. Unless we meant to delete 
copyrighted materials that should not have been filmed, you will find a good 
image of the page in the adjacent frame. If copyrighted materials were 
deleted you will find a target note listing the pages in the adjacent frame. 

3. When a map, drawing or chart, etc., is part of the material being photo­
graphed the photographer has followed a definite method in "sectioning" 
the material. It is customary to begin filming at the upper left hand corner of 
a large sheet and to continue from left to right in equal sections with small 
overlaps. If necessary, sectioning is continued again—beginning below the 
first row and continuing on until complete. 

4. For any illustrations that cannot be reproduced satisfactorily by xerography, 
photographic prints can be purchased at additional cost and tipped into your 
xerographic copy. Requests can be made to our Dissertations Customer 
Services Department. 

5. Some pages in any document may have indistinct print. In all cases we have 
filmed the best available copy. 

University 
Microfilms 

International 
300 N. ZEEB RD., ANN ARBOR, Ml 48106 



8207015 

Tempesta, Michael Steven 

THE STRUCTURAL ELUCIDATION OF ANTI-TUMOR AGENTS FROM 
PLANTS 

The University of Arizona PH.D. 1981 

University 
Microfilms 

International 300 N. Zeeb Road, Ann Arbor, MI 48106 

Copyright 1981 

by 

Tempesta, Michael Steven 

All Rights Reserved 



THE STRUCTURAL ELUCIDATION OF ANTI-TUMOR AGENTS 

FROM PLANTS 

by 

Michael Steven Tempesta 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF CHEMISTRY 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 9  8  1  

(£)Copyright 1981 Michael Steven Tempesta 





STATEMENT BY AUTHOR 

This dissertation has been submitted in partial 
fulfillment of requirements for an advanced degree at The 
University of Arizona and is deposited in the University 
Library to be made available to borrowers under rules of 
the Library. 

Brief quotations from this dissertation are 
allowable without special permission, provided that 
accurate acknowledgment of source is made. Requests for 
permission for extended quotation from or reproduction of 
this manuscript in whole or in part may be granted by the 
copyright holder. 

SIGNED: 



TO MY PARENTS 

iii 







vi 

TABLE OF CONTENTS—Continued 

Page 

7. A NEW COMPOUND, UVARICIN, FROM UVARIA 
ACUMINATA 65 

Experimental Section 69 
Uvaricin (30) 69 

8. HURATOXIN, AND THREE RELATED COMPOUNDS 
FROM WIKSTROEMIA MONTICOLA 70 

Experimental Section 72 
Huratoxin (31) 72 

REFERENCES 76 



LIST OF TABLES 

Table Page 

1. Additivity Increments for the Estimation 
of l^c-chemical Shifts in ppm Relative 
to TMS 3 

2. Steric Corrections S . . . 4 

3. -^H NMR Chemical Shifts (6) and Coupling 
Constants (Hz, in parentheses) for 3'-0-
Methylevomonoside (3) and Neriifolin (4) . . . 7 

4. 13C NMR Chemical Shifts (6) for 3'-0-
Methylevomonside (3)> Neriifolin (4), and 
Digitoxigenin (1) • 8 

5. NMR Shifts ( 6 )  and Coupling Constants (Hz, 
in Parentheses) for 5 and 6a-d, in CDC13 
Unless Noted Otherwise 14 

6. 13C NMR Chemical Shifts (<5) of Eremone (5), 
and Hautriwaic Acid (6b) 16 

3 7. Final Positional (x 10 ) Parameters with 
Estimated Standard Deviations in Parentheses . 20 

8. Thermal Parameters with Estimated Standard 
Deviations in Parentheses; Temperature 
Factors (x 1031 are of the Form: exp [-(B^h2 

+ $22^£^ 333JL 2Bt ?hk + 2Bi ~^hH + 
2B23M)] ~ • • - ~ 22 

9. ^"H NMR Shifts (6) and Coupling Constants (Hz, 
in Parentheses) for Hispidins A (7), B (8), 
C (9), and Hispidin A Acetate (8a) in CDCl^ • 33 

10. 13C NMR Chemical Shifts (<5) of Hispidins A 
(7) , B (8) , and C (9) 34 

11. "*"H NMR Shifts (<S) and Coupling Constants (Hz, 
in Parentheses) for Compounds 13-15, 13a 
and 14a 40 

vii 





LIST OF ILLUSTRATIONS 

Figure Page 

1. Major Fragment Ions in the Mass Spectrum of 
Eremone (5) 17 

2. Bond Lengths (A) and Angles (°) in Eremone 
(5); Estimated Standard Deviations are 
0.02 A and 1° 18 

3. Stereoview of a Unit Cell, a Axis 
Projection, b Axis Vertical, and c Axis 
Horizontal, with 50% Probability Thermal 
Ellipsoids . . 19 

4. Major Fragment Ions in the Mass Spectrum of 
Hautriwaic Acid (6b) 25 

5. Major Fragment Ions (Above m/e 250) in the 
Mass Spectra of Hispidols A (13) and B 
(14) 45 

6. Major Fragment Ions in the Mass Spectrum 
of Chrysothame (25) 53 

7. Major Fragment Ions in the Mass Spectrum 
of 6-0xogrindelic Acid (26) 54 

8. Biosynthesis of 25 and 26 from Grindelic 
Acid (27) 56 

9. Biogenesis of Uvaria Compounds from Benzyl 
Benzoate 63 

10. Uvaricin (30) ^"H NMR Chemical Shifts (in 
Parentheses,5,benzene-d6) and 
Coupling Constants (J, Hz) 66 

11. Mass Spectral Fragmentation of Uvaricin (30) . 68 

12. Mass Spectral Fragmentation of (31) and 
(32) Diacetates 71 

ix 



ABSTRACT 

The structural elucidations of nine new natural 

products from Thevetia ahouia, Eremocarpus setigerus, 

Trichilia hispida, Chrysothamus paniculatus, Uvaria 

acuminata, Wikstroemia monticola, and Uvaria zelanica are 

discussed in detail. Also included are some known compounds 

that were found in these plants. Of the new compounds 

discussed, two are diterpenes (eremone, chrysothame), two 

are relatively simple triterpenes (hispidols A, B), two 

are highly oxidized triterpenes (hispidins A, B), one is a 

fatty acid derivative (uvaricin), one is a shikimate-

derived metabolite (1-epizeylenol), and one has both 

steroidal and carbohydrate features (3'-0Me-evomonoside) . 

1 13 H and C NMR spectral data are given for all the 

new compounds. Assignments were made by analogy with model 

11 1 13 compounds, computer simulation, and H- H and H- C 

decoupling where indicated. High resolution mass spectral 

fragmentations are given for most of the new compounds, and 

individual structural assignments made for intense peaks. 

An X-ray analysis (eremone) was done with all pertinent 

information included. Most of the compounds have been 

tested for anti-tumor activity, and several exhibit strong 

cytotoxicity (hispidins A and B, 3'-0Me-evomonoside, 

huratoxin, uvaricin). 

x 



CHAPTER 1 

INSTRUMENTS AND TECHNIQUES 

Melting points were determined on a Kofler hot-

stage apparatus and are uncorrected. Carbon and hydrogen 

analyses were carried out by University Analytical Center, 

Tucson, Arizona. Optical rotations were measured using a 

Perkin-Elmer 241 MC polarimeter. Infrared (IR) spectra were 

run on a Beckman IR-33 spectrometer. 1H NMR spectra were 

run at 60 MHz on a Varian EM 360L spectrometer or at 250 MHz 

13 on a Bruker WM-250 ft NMR spectrometer and C NMR spectra 

were run at 22.63 MHz using a Bruker WH-90 spectrometer; in 

both cases shifts are given as ppm downfield from TMS(6). 

Proton and carbon shift assignments were verified by "'"H-^H 

and "^H-^^C decoupling where noted. 

Electron impact (EI) and chemical ionization (CI) 

mass spectra (MS) were recorded on a Varian MAT 311 

spectrometer with a Varian SS 200 data system and the 

intensities of the ions, given in parentheses, are expressed 

on a scale in which the largest peak in the spectrum is 

assigned an intensity of 100%. High resolution data were 

obtained at a resolution of 7000 by scanning the mass range 

from m/z 100 to m/z 500 repetitively at 25 sec/dec using PFK 

as the internal standard. Metastable ion spectra were 

1 
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recorded by either scanning the magnetic (B) and electro­

static (E) fields at constant accelerating voltage with the 

B/E ratio constant to obtain the daughters of parents or by 

scanning the accelerating voltage at constant B and E for 

determining parents of daughters. Samples were introduced 

using a direct probe. The normal ionizing voltage was 70 eV 

with a source temperature of 250°C. Tables 1 and 2 proved 

13 
useful for C NMR assignments [13. 
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13 Table 1. Additivity Increments for the Estimation of C-
Chemical Shifts in ppm Relative to TMS 

6 = -2.3 + 2 Zi + S 

Increments for substituents in 
position 

Substituent a $ Y 5 

-H 0.0 0.0 0.0 0.0 
-C- * 9.1 9.4 -2.5 0.3 
-C=C- * 21.5 6.9 -2.1 0.4 
-C=C- 4.4 5.6 -3.4 -0.6 

-c6H5 22.1 9.3 -2.6 0.3 
-F 70.1 7.8 -6.8 0.0 
-CI 31.0 10.0 -5.1 -0.5 
-Br 18.9 11.0 -3.8 -0.7 
-I -7.2 10.9 -1.5 -0.9 
-0- * 49.0 10.1 -6.2 0.0 
-o-co- 54.5 6.5 -6.0 0.0 
-0-C0- (on quat. C) 62.5 6.5 -6.0 0.0 
-N * 28. 3 11. 3 -5.1 0.0 
-N± * 30.7 5.4 -7.2 -1.4 
-NHT 26.0 7.5 -4.6 0.0 
-CN 3.1 2.4 -3.3 -0.5 
-NO2 61.6 3.1 -4.6 -0.9 
-C=N-0H syn 11.7 0.6 -1.8 0.0 
-C=N-OH anti 16.1 4.3 -1.5 0.0 
-SCN 23.0 9.7 
-S- * 10.6 11.4 -3.6 -0.4 
-so- 31.1 9.0 -3.5 0.0 
-CHO 29.9 -0.6 -2.7 0.0 
-C0- 22.5 3.0 -3.0 0.0 
-COOH 20.1 2.0 -2.8 0.0 
-C00- 22.6 2.0 -2.8 0.0 
-COO" 24.5 3.5 -2.5 0.0 
-CON 22.0 2.6 -3.2 -0.4 
-C0C1 33.1 2.3 -3.6 0.0 

If a y-substituent is in a fixed conformation, add the 
following additional increments: cis: -4.0, trans: +2.5. 
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Table 2. Steric Corrections S 

Number of non-H substituents on most 
branched a-substituent (to be applied 
only to those substituents marked with 
an asterisk * in Table 1) 

13 C-Atom observed 1 2 3 4 

Primary 0.0 0.0 -1.1 -3.4 

Secondary 0.0 0.0 -2.5 -7.5 

Tertiary 0.0 -3.7 -9.5 -15 

Quaternary -1.5 -8.4 -15 
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Table 3. ^"H NMR Chemical Shifts (5) and Coupling Constants 
(Hz, in parentheses) for 3'-O-Methylevomonoside 
(3) and Neriifolin (4) 

3 4 

3 3.97 m 3.97 m 

16 a, e 2.0-i 2.25 m 2.0-: 2.25 m 

17 2.28 dd (9.0, 5.3) 2.78 dd (8.8, 5.0) 

18 0.88 s 0.88 s 

19 0.94 s 0.97 s 

21 a, 3 4.82 dd (18.0, 1.5) 4.82 dd (18.0 , 1.5) 

4.99 dd (18.0, 1.5) 4.98 dd (18.0 , 1.5) 

22 5.88 t (1.5) 5.88 t (1.5) 

1' 4.92 d (1.7) 4.86 d (4.4) 

2' 4.02 dd (3.1, 1.7) 3.58 dd (8.9, 4.4) 

3' 3.42 dd (9.2, 3.1) 3.25 t (8.9) 

4' 3.50 t (9.1) 3.15 t (9.0) 

5' 3.73 dq (9.0, 6.3) 3.74 dq (9.0, 6.3) 

6' 1.29 d (6.3) 1.26 d (6.3) 

MeO 3.50 s 3.69 s 
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13 
Table 4. C NMR Chemical Shifts (6) for 3'-O-Methylevomon-

side (3), Neriifolin (4), and Digitoxigenin (1) 

3 4 1 

1 30.4 ta 30. 6a 30.0 
2 26.5 ta 26.5a 28.0 
3 71.7 d 73.3 66.8 
4 29.4 ta 30. 0a 33.5 
5 36.5 d 36.9 35.9a 
6 26.6 ta 26.5a 27.1 
7 21.2 tb 21. 2b 21.6b 
8 41.8 d 41.8 41.9 
9 35.7 d 35.9 35.8a 
10 35.2 s 35.3 35.8. 
11 21.4 tb 21.4b 21. 7b 
12 40.0 t 40.0 40.4 
13 50.3 s 50.3 50.3 
14 85.5 s 85.5 85.6 
15 33.1 t 33.2 33.0 
16 26.9 t 26.9 27.3 
17 50.9 d 50.9 51.5 
18 15.8 q 15.8 16.1 
19 23.8 q 23.9 23.9 
20 174.6 s 174.6 177.lc 

21 73.5 t 73.4 74.5 
22 117.7 d 117.8 117.4 
23 174.6 s 174.6 176.3C 

1' 97.3 d 97.2 
2' 67.4 d 73.0 
3* 81.4 d 84.7 
4' 71.7 d 74.7 
5' 67.7 d 67.5 
6' 17.6 q 17.5 

MeO 57.0 q 60.6 

a K q 
' ' Values in any vertical column may be reversed. 





2 to 3 roughly parallels the change of +75° in going from 

a-L-rhamnose ([M]D -14°) [8] to 3-0-methyl-a-L-rhairtnose 

([M]p 62°), and the change of +157° from 4 to 3 is similar 

to the change of +179° in going from a-L-thevetose 

(tM] -117°) [8, p. 1197] to its C-2' epimer 3-0-methyl-a-L-

rhamnose. 

Experimental Section 

For instruments and techniques, used, see Chapter 1. 

3'-O-Methylevomonoside (3) 

3'-O-Methylevomonoside was crystallized from aqueous 

25 MeOH gxven as tiny colorless needles, mp 203-204°C, [<*]D 

-20.6° (MeOH). 

The IR [(CHC13) 3600, 3460, 3005, 1788, 1742, 1620, 

1442, 1376, 1096, 1040, 975, 915, 890 and 788 cm"1] and mass 

[m/e 534 (M-", 0.2), 403 (9.8), 385 (2), 375 (10.5), 357 

(89.4), 356 (48.4), 339 (96.4), 246 (56.8), 231 (11.3), 203 

(96), 181 (22.9), 177 (22.8), 161 (30.5), 149 (16.3), 147 

(22.5), 135 (18), 129 (24), 121 (25.8), 111 (25.3), 109 

(30.4), 107 (32.5), 105 (25.4), 95 (48), 85 (52.9), 74 

(100), 67 (37) and 55 (34)] spectra were in accord with 

structure 3. 

Anal. Calcd for C^QH^gOg: C, 67.41; H, 8.61. 

Found: C, 67.45; H, 9.09. 





CHAPTER 3 

A NEW DITERPENE, EREMONE FROM EREMOCARPUS SETIGERUS 

Eremocarpus setigerus (Hook) Benth, a member of the 

spurge family, commonly known as "dove weed" and "turkey 

mullein," was used widely by the California Indians as a 

fish poison, a counter-irritant for pain, and a curative 

for typhoid and other fevers [9]. I wish to report the 

identification of two related crystalline diterpenes, 

eremone (5, from roots, stems, leaves, flowers and fruits 

collected in California in November, 1972) and hautriwaic 

acid [10, 11] (6b, from roots, stems, leaves, and flowers 

collected in Oregon in August, 1980). Neither compound is 

responsible for the anti-tumor activity we have found this 

extract to possess. 

Eremone was formulated as 5 on the basis of 

spectroscopy. The combination of its elemental analysis and 

molecular ion peak at m/z 314 led to molecular formula 

^20H26°3" IR spectrum showed bands for furan (1500, 

- 1  _ i  
1020 and 868 cm ), saturated (1715 cm ) and a,B-unsaturated 

(1672 cm "*") ketones, trisubstituted double bond (1620 and 

835 cm ^) and C-methyl (1378 cm ^) . The "*"H NMR spectrum 

(Table 5) showed the furan to be fJ-substituted, the a,$-

unsaturated ketone to possess an a-hydrogen and a B-methyl 

12 





Table 5. 1H NMR Shifts (6) and Coupling Constants (Hz, in Parentheses) for 5 and 
6a-d, in CDCI3 Unless Noted Otherwise 

5 6aa 
,.b 
6b 6c 6d 

1 2.45-2.63m 1.3-1.9m 1.1-1.9m 1.2-1.9m 1.0-1.8m 

2 - 2.1-2.7m 2.0-2.3m 2.1-2.4m 2.1-2.5m 

3 5.82~q(l. 3) 6.83t(3.5) 6.89t(3.5) 6.98bs 6.76dd(7.0,1.8) 

6a 2.51~s 2.1-2.7m 2.81~*d (12. 9) 2. 55~d(12.9) 1.94~d(12.9) 

63 2.51~s 1.3-1.9m 1.1-1.9m 1.2-1.9m 1.0-1.8m 

7 - 1.3-1.9m 1.1-1.9m 1.2-1.9m 1.0-1.8m 

8 2.72q(6.6) 1.3-1.9m 1.1-1.9m 1.2-1.9m 1.0-1.8m 

10 2.45-2.63m 1.3-1.9m 1.1-1.9m 1.2-1.9m 1.0-1.8m 

11 
,1.56ddd(17.2,10. 5,6 .6) 

1.0-1.8m 11 1.3-1.9m 1.1-1.9m 1.2-1.9m 1.0-1.8m 11 
1.74ddd(17.2,10. 5,6 . 6) 1.3-1.9m 1.1-1.9m 1.2-1.9m 

12 2.37~t(8.5) 2.1-2.7m 2.0-2.3m 2.1-2.4m 2.1-2.5m 

14 6.25dd(l.6,0.8) 6.16s 6.36s 6.25s 6.27s 

15 7. 36t(1.7) 7.25t(1.5) 7.47s 7.35t(1.7) 7.37s 

16 7.22m 7.11s 7.38s 7.20s 7.22s 

17 1.90d(l.3) - - - -

18 1.12s 1.25s 
,3.97(10.6) 
4.35(10.6) 

4.35d(11.2) a 3.93dd(8.1,1.7) 
18 1.12s 1.25s 

,3.97(10.6) 
4.35(10.6) 4.6d(11.2) 3 4.31d(8.1) 

19 1.OOd(6.6) 0.85d(6) 0. 74m 0.85d(6.6) 0.87d(6.6) 

20 0.82s 0.76s 0.76s 0.82s 0.61s 

Ac - - T" 1.99s -

aln CC14 [12]. ^In pyridine-dg 
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group, an unsplit methyl group, and CH^CH and CI^CI^ 

groupings unsplit by other groupings and with the CH and one 

of the CI^'s allylic or a to a carbonyl group. These 

combined data led us to postulate oxidized kolavane-type 

structure 5 for this substance. 

13 Table 6 gives C NMR shifts and off-resonance 

13 multiplicities for 5 and 6b. C NMR assignments for the 

related diterpenoid hispanolone [13] served as a basis for 

some of our assignments; others were made from calculated 

values [14]. The observed values for eremone are completely 

in accord with structure 5. 

The mass spectrum of eremone was strongly confirma­

tory of structure 5. All the major peaks were readily 

rationalized as shown in Figure 1 (other pathways are 

possible) and in most cases, their compositions were 

verified by high resolution exact mass measurements; eight 

major peaks were due to two species of different elemental 

composition (only major oxygenated ions are shown). Where 

indicated with "m," the proposed transformations were 

substantiated by metastable peak study. 

An'.X-ray study confirmed the constitution and 

relative configurations shown in 5, and showed the conforma­

tion. Figure 2 gives bond lengths and angles, and Figure 3 

shows the molecular shape and packing. Tables 7 and 8 give 

fractional coordinates and temperature factors. The A and 

B ring torsion angles are within a few degrees of those of 
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13 
Table 6. C NMR Chemical Shifts (S) of Eremone (5), and 

Hautriwaic Acid (6b) 

Atom 5 (CDCI3) 6b (C5D5N) 

1 35. 2t 17.2 

2 198.5s 27.lt 

3 126.Id 137.3 

4 169.2s 142.5 

5 44. 4s 42.2a 

6 51.2t 31.2 

7 210.9s 26. 8t 

8 50.2da 36.5 

9 44.4s 42. 3a 

10 45.8da 46.6 

11 38.4t 39.0 

12 19. 4t 18.4 

13 124.0s 125.6 

14 143.Id 142.9 

15 110.7d 111.2 

16 138.7d 138.6 

17 18.9qb 171.9s 

18 18.8qb 65. 3t 

19 7. 8q 15. 9q 

20 18.5qb 18. 7q 

ci Id 
' May be reversed within column. 
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3 Table 7. Final Positional (x 10 ) Parameters with Estimated 
Standard Deviations in Parentheses 

X Z £ 

01 175(2) 278(0) 397(1) 
02 1011(2) 429(1) 960(1) 
03 465(2) -189 (1) 802(1) 
CI 485(2) 270 (2) 543(1) 
C2 293(2) 320(2) 486(2) 
C3 259(2) 417(2) 546(2) 
C4 383(2) 463(2) 646(1) 
C5 588(2) 421(1) 704(1) 
C6 657(2) 447(1) 857(1) 
C7 854(3) 388(2) 918(1) 
C8 827 (2) 270 (2) 914(2) 
C9 756(2) 234(1) 762(1) 
CIO 568(2) 300(2) 692(1) 
Cll 689(2) 118 (2) 758(1) 
C12 512(3) 93(2) 821(2) 
C13 453(2) -18(2) 807(1) 
C14 573 (2) -103(2) 825(2) 
C15 257(2) -54(2) 761(2) 
C16 278 (3) -160(2) 764(2) 
CI 7 329(3) 564 (2) 703 (2) 
C18 732 (2) 473(2) 626 (2) 
C19 1018(3) 217 (2) 997 (2) 
C20 936(2) 239 (2) 691(2) 
H1C1 583 292 483 
H2C1 467 191 526 
H1C3 128 453 500 
H1C6 559 428 909 
H2C6 692 522 865 
H1C8 720 248 965 
H1C10 475 266 742 
H1C11 801 72 809 
H2C11 667 94 656 
H1C12 534 117 924 
H2C12 401 • 13'9 781 
H1C14 727 -101' 865 
H1C15 132 -4 745 
H1C16 157 -211 745 
H1C17 304 614 631 
H2C17 446 586 781 
H3C17 211 555 749 
H1C18 866 440 659 
H2C18 684 454 525 
H3C18 748 551 632 
H1C19 1063 242 1098 
H2C19 1014 137 1007 
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Table 7.—Continued 

X X £ 

H3C19 1134 232 952 
H1C20 932 276 606 
H2C20 1062 269 761 
H3C20 983 164 675 
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Table 8. Thermal Parameters with Estimated Standard 
Deviations in Parentheses; Temperature Factors 
(x 10-^1 are of the Form: exp [-(Si^h^ + 322^ 
+  $ 3 3 . ^  +  2 B i  ? h k  +  2 B i  ~ ^ h &  +  2 3 ? ) X  

*11 *22 *33 *12 *13 *23 

01 24(3) 15(1) 16(2) 1(2) -4(2) -2(1) 

02 28 (3) 7(1) 23(2) -4(1) -8(2) 1(1) 

03 33(4) 6(1) 21(2) -2(2) 2(2) -1(1) 

CI 26(4) 7(1) 9(2) -1(2) 3(2) -2(1) 

C2 18(4) 9(1) 11(2) -1(2) 0(2) -1(1) 

C3 20(4) 8(1) 12(2) -1(2) 1(2) 3(1) 

C4 20(4) 6(1) 12(2) 2(2) 6(2) 3(1) 

C5 22(4) 5(1) 10(2) 0(2) 3(2) 1(1) 

C6 29(4) 4(1) 11(2) 2(2) -1(2) 0(1) 

C7 30(5) 7(1) 9(2) -1(2) 0(3) -1(1) 

C8 30 (5) 5(1) 10(2) -1(2) -2(2) 1(1) 

C9 20(4) 5(1) 9(2) -1(2) 2(2) -1(1) 

CIO 19(4) 5(1) 6(1) 0(2) 2(2) 0(1) 

Cll 18(4) 5(1) 11(2) 2(2) 4(2) -1(1) 

C12 43(6) 5(1) 23 (3) -2(2) 17(4) -3(2) 

C13 23(4) 5(1) 12(2) -2(2) 7(2) 0(1) 

C14 21(4) 5(1) 24 (3) -3(2) 3(3) -1(2) 

C15 14(4) 10(2) 13(2) 1(2) 1(2) 2(2) 

C16 44 (8) 7(2) 17(3) -9 (3) 12(4) -3(2) 

C17 35(6) 7(1) 25(3) 7(2) 8(4) 3(2) 

C18 24(4) 5(1) 13(2) 12(2) 5(2) 2(1) 

C19 32(5) 7(1) 18(2) -1(2) -10(3) 1(1) 

C20 18(4) 8(1) 18(2) -2(2) 7(3) -2(1) 
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1,2-diplanar cyclohexene and chair cyclohexane conforma­

tions, respectively [15]. The atoms comprising the furan 

ring and the attached carbon are within experimental error 

of their least squares plane. In the side chain, *s 

within 1° of being anti to C2Q/ is 3° from being anti 

to Cg, and the cn~ci2""C13~C14 torsi°n angle is 42°. 

The absolute configuration of 5 is based on analogy 

with hautriwaic acid (6b) [10, 11], found in a later collec­

tion of the same species and is supported by their both 

possessing large negative optical rotations, as does 

hardwickiic acid (6a) [12]. 

The other diterpene was identified as hautriwaic 

acid (6b), previously isolated from Dodonaceae viscosa L. 

[10] and D. attenuata A. Cunn. var. linearis Benth [11]. 

Since our mp was 8°C higher and our rotation almost 30° 

lower than reported for 6b [10, 11], since an authentic 

sample was not available, our characterization of 6b will 

be described in some detail below. The molecular formula 

C20H28°4 Was ^e<^uced- from elemental analysis and confirmed 

by the molecular ion displayed by its acetate derivative 

(6c), which gave a much stronger molecular ion peak than 

the alcohol (6b). The IR spectrum of 6b, like that of 5, 

displayed bands for furan, trisubstituted double bond and 

methyl, but unlike 5, had only one carbonyl band, charac­

teristic of an a,3-unsaturated carboxyl group (3300-2500, 

1660 and 1262 cm ^") , and had primary hydroxy 1 bands (3400 
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and 1020 cm ^) . The 250 MHz ^"H NMR spectrum (Table 5; in 

pyridine-d5 due to very low solubility) was not as 

completely assignable as that of 5 due to numerous overlaps 

in the <5 1.1-1.9 region, but did indicate the nature of many 

of the groupings; the spectral parameters of the related 

diterpene hardwickiic acid (6a) [12] are included for 

13 
comparison. The C NMR assignments shown for hautriwaic 

acid in Table 6 are also in accord with structure 6b. 

The mass spectrum of 6b, except for the relative 

intensities of peaks, was close to that of hardwickiic 

acid (6a) [12]. A weak peak at m/z 314 followed by strong 

peaks at m/z 30-2 and 284, corresponding to the loss of 

elements of 1^0, H-CHO, and both of these from M* 

respectively, indicated that 6b, under ionizing conditions, 

suffered thermal dehydration prior to electron impact to 

generate lactone 6d. Intense peaks at m/z 81 (base) and 

m/z 95, as in 5, clearly indicated a -C^C^-furan moiety. 

High resolution MS verified major peaks rationalized in 

Figure 4 and, where indicated with "m," a metastable peak 

study substantiated the transformations. 

Acetylation of 6b (Ac20-pyridine) gave a mixture of 

monoacetate 6c and lactone 6d; both have been reported 

previously [10] without spectral data. 6c, the major 

component, displayed two carbonyl bands (1730 and 1680 cm-^") 

in the IR spectrum and a weak but significant molecular ion 

peak at m/z 374 followed by a strong peak at m/z 314 
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(M*-AcOH) in the mass spectrum. 6d showed high carbonyl 

absorption (1760 cm "*") with no hydro xyl band in the IR 

spectrum. Its mass spectrum was very close to that of 6b. 

^"H NMR parameters of 6c and 6d are given in Table 5; in the 

lactone 6d a 4-bond coupling of 1.7 Hz is observed between 

the 19a and 6(3 protons due to their being held in a "w" 

conformation, and the 6a proton, which is greatly deshielded 

in 6a-6c by the nearby carbonyl group, absorbs at a normal 

position as expected. 

Eremone (5) and hautriwaic acid (6b) certainly 

appear to be biosynthesized from a common kolavane-type 

precursor, the former by oxidations at C2 and C7, and the 

latter by oxidations at C18 and C19. Whether the seasonal 

or locational difference in the plant collections was 

responsible for the difference in the diterpene found is 

not known. 

Experimental Section 

For instruments and techniques used, see Chapter 1. 

Eremone (5) 

Eremone was crystallized from isopropyl ether, 

mp 106-107°C, [a]^^D~93.1° Cin pyridine). The IR, NMR and 

mass spectral data are described in the text. 

Anal. Calcd for C2QH2g03*%H20: C, 74.35; H, 8.35. 

Found: C, 74.97; H, 8.32. 
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Crystallographic Study of Eremone (5). A 0.4 x 0.6 

x 0.8 mm crystal was mounted on a Syntex P2^ diffractometer 

with a graphite monochromator (MoKa, A 0.71069 A). The 

cell lengths determined by least squares treatment of 15 

reflections were a = 6.890(1), b = 12.954(3), c = 9.984(2) K, 

and 3 = 102.44(1)°; the space group was P2^ with Z = 2. The 

0-20 scan technique was used with 0.8° scan range and 

background to scan time 0.5; 1,754 reflections with 20 < 50° 

were measured and 96 9 with I > 30^ were considered observed. 

All non-hydrogens were located on the first E map from 

MULTAN [16]. Isotropic refinement reduced R to 0.147; 

anisotropically, it dropped to 0.098. Hydrogen positions 

were calculated, and when included in further non-hydrogen 

refinements with the isotropic temperature factors of the 

attached atoms, R dropped to its final value of 0.070. 

Hautriwaic Acid (6b) 

Hautriwaic acid was crystallized from ether/acetone 

as colorless lustrous rectangular prisms, mp 191-192°C, 

[a] ̂D~133.5° (in pyridine; lit. mp 183-184°C, [a]^D - 105° 

[10, 11]). The IR [(KBr) 3400, 3300-2500, 1660, 1627, 1500, 
I 

1448, 1420, 1385, 1280, 1262, 1165, 1080, 1020, 868, 780, 

750 and 725 cm ^] and mass [m/z 332 (M*, 1.1), 314(3.6), 

302 (7.1), 301(5.7), 285 (11.6), 284 (54.2), 283 (11), 220 (6), 

219(8.9), 207 (14. 3), 205 (17.6), 203(33), 191(3.7), 189 (21), 

185(11), 175(4.2), 163(13.7), 161(11.7), 151(12), 149(25.2), 

147(6.2), 145(9), 137(11), 135(8.3), 133(10), 131(7.6), 
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121(10), 119(11.2), 107(12.2), 105(18), 96(40), 95 (67.7), 

94 (17), 93 (17.4), 91(31.4), 82 (34.6), 81(100), 79 (19), 

77(18.7), 69(12.8), 67(16), 55(21.4), and 53(22.6)] spectra 

were in accord with structure 6b. 

Anal. Calcd for C20H28°4: C' ̂ 2.28; H/ 8.43. Found: 

C, 71.8; H, 8.4. 

Acetylation of Hautriwaic Acid. The IR (CHClg) and 

mass [m/z 374 (M*, 1.5), 357(2.6), 356(10.3), 314(14.8), 

301(12.2), 283(26), 279(26.9), 261(31.1), 255(7), 220(22.6), 

219(89.5), 207(11.2), 203(10.4), 201(21.8), 189(22.5), 

173(20.8), 163(30.4), 161(13.7), 159(11), 151(22), . 

149(39.6), 147(11.6), 145(19), 137(17.3), 135(16.3), 133(15), 

131(12.7), 125(14.3), 123(12), 121(17), 119(16.7), 117(12.3), 

109(17.6), 107(21), 105(29.2), 97(10.2), 96(47.6), 95(82.2), 

94 (16.7), 93 (24.7), 91(43.7), 83 (15.1), 82 (48.2), 81(100), 

79(30), 77(26.5), 69(17.6), 67(25.3), 65(14), 60(15), 

55(30.7) and 53(29.6)] spectra of 6c were in accord with the 

proposed structure. 

The IR [(CHCl^) 1760 and 1660 cm and mass 

[m/z 314 (M*, 13.8), 220(22.2), 219(3.5), 191(10.6), 

189(8.5), 177 (4.7), 175(6.6), 173(4.4), 164(7.5), 163(6.8), 

162(4), 161(5.2), 150(11.8), 149(13.7), 147(7.4), 135 (5.7), 

133(7.2), 131 (4.9), 121(11.2), 119 (8), 105 (15.8), 96 (30.4), 

95(100), 94(20.2), 93(11.7), 91(27.4), 85(8.9), 83(14.7), 

81(60.4), 79(26.9), 78(14.2), 77(17.9), 69(10), 67(14.7), 
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65(11), 63(14), 55(20.4) and 53(24.4)] spectra of 6d 

supported its structure. 

- \ 



CHAPTER 4 

FOUR NEW TRITERPENOIDS FROM TRICHILIA HISPIDA 

Limonoids, a group of highly oxidized triterpenoids, 

and tirucallane triterpenes are known to occur in the 

Meliaceae family [17-22]. I wish to report the characteriza­

tion of three limonoids [23] and two tirucallane triterpenes 

[24] from the leaves of Trichilia hispida Penning, (ined) 

(Meliaceae). 

25 
Hispidin C, mp 245-246°C, [a] D-32°, was deduced 

from its nmr spectra to have structure 9, which had been 

assigned to a compound from Aphanamixis polystacha 

25 
(Meliaceae) for which mp 239-242°C and [a] D~32° had been 

reported [21]. Direct comparison established the identity 

of these substances [25]. As the IR, UV, mass, and full 

"'"H NMR spectral data of this compound have not been 

reported, they are included herein. 

Hispidin B (8) failed to crystallize, but was judged 

homogenous from its TLC behavior and spectra. It displayed 

a molecular ion peak at m/e 712, which, combined with its 

elemental analysis, led to molecular formula C38H48°13* In 

its UV spectrum, the position of its absorption maximum 

(214 nm) was essentially that of 9, but the intensity 

(e 22180) was nearly twice that of 9, indicating at least 

30 
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one extra chromophore. The IR spectrum of 8 was similar to 

that of 9 except for stronger bands at 1645 and 1260 cm""*", 

1 13 suggesting a conjugated ester. The H (Table 9) and C 

(Table 10) NMR spectra of 8 showed all the peaks of 9 

except for those due to the acetate grouping, and showed 

extra peaks characteristic of tiglate esters; the 

stereoisomeric angelate ester is ruled out by the observed 

NMR shifts of H-3" and H-4" [26]. Tiglate is also favored 

over angelate by the strength of the UV absorption (at ^217' 

8 has e 9,000 greater than 9; tiglic acid has e 10,700 and 

angelic acid has e 5,150 at this wavelength [27]). Hispidin 

B thus appeared to be 8, differing from hispidin C (9) only 

in being a 15a tiglate rather than a 15a acetate. 

This view was strongly supported by the mass spectrum 

of 8. The molecular ion peak at m/e 712 and daughter ions 

at m/e 694 (-H20), 684 (-CO), 666 (-H20, CO), 648 (-2H20, 

CO), and 635 (-C02, K^O, CH^) were all accompanied by strong 

peaks at 100 mass units less (-tiglic acid), The presence 

of tiglate was further supported by very strong peaks at 

+ + 
m/e 83 (tiglyl , base) and 55 (tiglyl -CO). Acetylation of 

8 gave 8a with a molecular ion peak at m/e 754 and strong 

peaks at m/e 83 (base) and 55. Both 8 and 8a had peaks at 

m/e 209 for grouping P (see structure). An alternative 

location of the tiglate grouping, at C-2', was ruled out by 

prominent peaks due to the acetylated C-12 side chain in the 
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Table 10. "^C NMR Chemical Shifts (<5) of Hispidins A (7) , 
B (8) , and C C9) 

Atom 7a 8b 9a 

C-l 71.6d 151.9d 152.9d 
C-2 39.9t 118.9d 120.Id 
C-3 119.5s 165.4s 166.6s 
C-4 84.6s 84. Is 84.3s 
C-5 49.2d 50.6d 50.6d 
C-6 34.Ot . obscured by solvent 29.8t 
C- l  174.9s 170.5s 172.0s 
C-8 142.5s 140.7s 140.4s 
C-9 49.5d 51.4d 51.6d 
C-10 49.2s 43. 8s 43.4s 
C-ll 73.5d 72.5d 72. 2d 
C-12 74.6d 75.5d 75. 9d 
C-13 50.3s 50.6s 50. 6s 
C-14 82.6s 79.1s 78.9s 
C-l 5 71. Id 70. 9d 70. 9d 
C-16 36.4t 36. 5t 36.4t 
C-17 39.4d 39.5d 39.2d 
C-18 13.5q 13.3q 13. lq 
C-19 16. 9q 25. 7q 23.9q 
C-20 124.5s 123.6s 123.3s 
C-21 142.7d 141.7d 142.9d 
C-22 110.9d 110.3d 110.3d 
C-23 140.3d 139.6d 140.4d 
C-2 8 14. 4q 26.9q 26. 7q 
C-29 73.5t 73.7t 74.3t 
C-30 122.3t 117.7t 119.2t 

C-l' 174.9s 172.6s 174.8s 
C-2' 74.6d 74. 5d 74.6d 
C-3' 38.3d 37.6d 37.5d 
C-4' 23. 2t 23.lt 22.8t 
C-5' 11.6q 11. lq 11. lq 
C-6' 15. lq 15.2q 15. Oq 

C-l" 167.6s 165.4s 
C-2" 128.1s 127.1s 
C-3" 138.8d 137.4d 
C-4" 28. 4q 27.4q 
C-5" 22. 8q 23.3q 

NC=0 161.. 2d 159.7d 159.6d 
MeC=0 169.9s 169.4s 
MeC=0 21.lq 20. 6q 
MeO 52.7q 

aln CDC13. bIn CD3 COCD^, due to low CDCI^ solubility. 
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spectrum of 8a at m/e 157 (CgH^303, acylium ion), 

129 (157-CO), and 69 (129-AcOH). 

Hispidin A (7) also failed to crystallize but was 

judged homogeneous by TLC and its NMR spectra. Though 

neither 7 nor its acetate 7a had a discernible molecular ion 

peak in the mass spectrum, the fragmentation peaks were 

readily interpretable in terms of molecular formulas 

<"41iI56°16 ^or 7 and C45H60°18 ^or 7a' dec^ucec^ with the aid 

of elemental analyses and carbon and hydrogen count by NMR. 

All of the spectra pointed to hispidin A (7) 

differing from B (8) only in that grouping P was con­

siderably changed; the other ring C and D substituents 

(including the tiglate at C-15) were the same. The NMR 

spectra (Tables 9 and 10) were especially helpful in showing 

this, as were strong mass spectral peaks at m/e 686 (M-

tiglic acid and water) for 7 and 770 (M-tiglic acid and 

water) for 7a, 157, 129 and 69 for 7a (acetylated C-12 side 

chain), 83 (tiglyl cation, base peak for both 7 and 7a, 

composition verified by exact mass measurement) and 55 

(tiglyl+-CO). 

Grouping Q (R=H) was deduced for 7 from the 

following evidence. The CH2CH0Ac is required by the NMR 

spectra (see the H-l, H-2, and -OAc peaks in Table 9), as 

are a -CC^Me grouping, two methyls attached to quarternary 

13 carbons (one of which, from its C NMR shift, is attached 

to oxygen), an additional CH2CH grouping with no attachments 
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to oxygen, a CH2 in a 5-membered ring (Jgem = 8.5 Hz) and 

between an oxygen and a quaternary carbon, and a hemiortho-

ester grouping ("^C NMR singlet at 5 119.5, tertiary OH in 

"'"H NMR) . The two structures containing these features with 

a biogenesis suitably close to that of grouping P are Q and 

Q', both of which fit the NMR data satisfactorily. Q and Q' 

are analogous to groupings in 10 and 11, the two structures 

proposed for a substance formed by a treatment of dregeanin 

(12, from Trichilia dregeana [20]) with methanolic KOH [28]; 

the close relationship between this substance and 7 is 

13 indicated by its C NMR peak for the carbon bearing three 

oxygens at <5 119.9, its H-29 geminal coupling constant of 

only 8 Hz, and its formation of a diacetate (10a or 11a) 

without opening of a ring in the hemiorthoester (only slight 

changes in <5 for H-29 hydrogens on acetylation, with Jgem 

remaining at 8 Hz). 

Grouping Q for 7 is preferred over Q1 on biogenetic 

grounds, in that some six Meliaceae triterpenoids have been 

found with a methyl ester grouping located as in Q but none 

as in Q1 [19, 21], Strong evidence favoring Q came from the 

mass spectra of 7 and 7a, which lack peaks expected for Q" 

(e.g., m/e 129 and loss of 129 for the bicyclic system in 7 

and m/e 171 and loss of 171 in 7a) but show the peaks 

expected for Q: m/e 301 for 7 and 343 for 7a (entire 

grouping Q+), 241 for 7 and 283 for 7a (Q-AcOH), 181 for 7 

and 223 for 7a (Q-AcOH-HCOOMe) and m/e 167 for 7 and 209 



for 7a (Q-AcOH-COOMe-Me). Because of the similarities in 

the spectra and acetylation behavior of 7 and the dregeanin 

degradation product 10 or 11, we favor structure 10 for the 

latter. 

The question remains why 7 should prefer the cyclic 

hemiorthoester structure whereas the analogous 15-ketone 

(prieurianin [19]), 14 3,153-epoxide [28], and even 15a-

acetate ("substance 2" [21]) occur naturally in the hydroxy­

s-lactone form. Possibly the larger 15a (tiglate) grouping 

in 7 tips the balance in favor of the cyclic structure, or 

the 1-acetate grouping in 7 may be 6 rather than a as in the 

other three compounds; this view is supported by 10 (.1-

oxygen 3) existing as a hemiorthoester whereas the 

corresponding a compound does not [28] . "^H NMR did not help 

here as the observed J., _ and J. C3.1 and 13.1 Hz, the 
1,2a 1,26 ' 

latter value indicating a dihedral angle close to 180°) fit 

the most stable appearing conformations of both the la and 

13 acetates. The configurations of 7 at all cniral centers 

except C-l are virtually certain from the X-ray study on 

priurianin 21-£-bromobenzenesulfonate [19]. In any case, 

the absence of broadening of NMR peaks for groupings in 

the vicinity of the 9-10 bond in 7 and 7a, in contrast to 

what is observed for prieurianin [19], 8, 9, and many other 

compounds in this series suggests that steric congestion in 

this region has been alleviated in 7 and 7a by cyclic 

hemiorthoester formation. 
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The lowest constituents (below sapelin B (16)) 

of the ethanol extract of the leaves gave hispidol A (13), 

mp 118°C, and hispidol B (14), mp 253-254°C. Both gave 

molecular ion peaks at m/e 476 in their EIMS which, with 

their elemental analyses, indicated molecular formula 

<'30H52°4' confirmed by high resolution MS. Comparison of 

this molecular formula with that of sapelins A (15) and 

B (16) suggested that 13 and 14 could be dihydro derivatives 

of 15 and 16 in which either the double bond was reduced or 

the ether linkage had not been formed. 

The 250 MHz ^"H NMR spectra of 13 and 14 (Table 11) 

showed the latter to be the case. NMR spectral comparisons 

were complicated by the very low solubility of 14 in CDCl^; 

its spectrum was run in pyridine-d^ along with those of 

13 and 15 for comparison. The pyridine-d^ spectra of 13 and 

14 differ significantly from one another only in the 

absorptions of protons in the vicinity of C3. With its 

HC3-HC2 coupling constants of 11.0 and 5.1 Hz and thus 

equatorial 3-OH, 14 is clearly the C3 epimer of 13, whose 

HC3 absorption closely matches that of sapelin A (15) in 

both solvents. The only differences in the spectra of 

hispidol A (13) and sapelin A (15) come in the side chain 

absorptions; most striking is the replacement of the C21 

methylene pattern of 3 at 6 3.3-4.1 by a methyl doublet at 

6 0.9-1.1, showing the ring in the side chain of 15 to be 

absent in 13. The locations of the three hydroxyl groups in 
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the side chains of 13 and 14, suspected by analogy with 15 

and 16 to be at C23, C24, and C25, were readily verified 

from the shifts and coupling constants of the protons in the 

side chain. 

On biogenetic grounds, the configurations at all 

centers except C24 in hispidol A (13) might be expected to 

be the same as in compounds 15-18 which occur in the same 

plant [22, 29]. Supporting evidence for all centers except 

C20, C23, and C24' is the close correspondence in shifts 

between 13 and sapelin A (15) except for the side chain 

protons. Confirmatory evidence for the side chain configura­

tions shown for 13 and 14 comes from ^"H NMR spectral com­

parisons with related tirucallanes: bourjotinolone C (19) 

[30] and sapelin F (20) and its tetraacetate (20a) [31, 32]. 

Especially striking is the zero coupling constant observed 

between HC23 and HC24 in the alcohols 13, 14, and 19 which 

increases to 1.5-1.6 Hz in the acetates 13a, 14a, and 20a. 

All of the chemical shifts reported for sapelin F 

tetraacetate (20a) [31] are virtually the same as those in 

Table 11 for hispidol A triacetate (13a) except for C21 

protons and acetate. A further close model is 3S, 24S, 

25-trihydroxytirucall-7-ene (21) [33], like hispidol B (14) 

except lacking the 23-hydroxyl group; the "*"H NMR spectra of 

the acetate of 21 and hispidol B acetate (14) are very 

similar. That the C20 configurations in 13 and 14 are as 

shown (i.e., that they belong to the tirucallane rather than 
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the euphane seriesI is supported by the downfield positions 

of their C21 methyl doublets as well as their negative 

optical rotations [34]. 

13 
The C NMR shifts of the hispidols, 13 and 14, in 

pyridine-d^ are given in Table 12 along with those of 

hispidol B acetate C14a) and sapelin A (15) in CDCl^. The 

solvent effects on the shifts are less here than for the 

proton spectra as the carbon atoms are more protected from 

the solvent, making comparisons easier. Assignments for 13, 

14 and 14a were made with the aid of off-resonance spectra 

and, in many cases, by analogy with 15 [22] . Selective 

1 13 
H- • C decoupling on hispidol A (13} also helped in assign­

ing the methyl carbon shifts, and indicated that the C28, 

C29, and C30 shifts were interchanged in reference 22 for 

compounds 15-18; the correct assignments for 15 are given 

in Table 12. This assumes that the HC28, HC29, and HC30 

shifts (Table 11) have been assigned correctly, as seems 

very likely m view of many previous H NMR studies of 

closely related compounds [30-35]. That C29 (axial) should 

absorb upfield from C28 (equatorial) in such a triterpenoid 

due to steric compression has much precedent [35]. 

13 The differences in C shifts between hispidols A 

(.13) and B (14) , all in the vicinity of C3, strongly 

support their being C3 epimers with the former possessing 

the axial hydroxyl. The changes in ppm in going from 

equatorial hydroxyl in 14 to axial hydroxyl in 13 are: 
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Table 12. 13C NMR Cheiaical Shifts CS) for Hispidols A C131 
and B (14), Sapelin A (15) and Hispidol B 
Acetate (14a) 

Atom 15a [22] 13b 14b 14aa 

C-l 31.3(t) 31.9 37.6 36.8 
C-2 25.4(t) 26.6 28.6 24.2 
C-3 76.3(d) 75.3 78.3 81.2 
C-4 37.6 (s) 38.0 39.5 37.9 
C-5 44.6(d) 44.9 51.2 50.8 
C-6 23.9(t) 24.4 24.4 23.8 
C- l  118.2(d) 118.6 118.5 117.8 
C-8 145.9(s) 146.4 146.1 145.7 
C-9 48.6(d) 49.2 49.3 48.8 
C-10 34.8(s) 35.2 35.2 34.8 
C-ll 17.9(t) 18.4 18.4 18.1 
C-12 33.1 (t) 34.4 34.3 33.2 
C-13 43.3(s) 43.8 43.8 43.6 
C-14 51.4(s) 51.6 51.4 51.1 
C-15 33.9It) 34.4 34.3 33.9 
C-16 27.3(t) 28.7 28.6 27.9 
C-17 44.8(d) 54.4 54.4 53.6 
C-18 13.0 (q) 13.5 13.5 13.2 
C-19 21.9(q) 22.0 22.1 21.9 
C-20 37.6(d) 34.4 34.3 33.9 
C-21 70. 2(t) 19.5(q) 19.6(q) 21.4(q) 
C-22 36.5(t) 42.4 42.3 38.0 
C-23 64.7(d) 69.5 69.5 70.4 
C-24 86.5(d) 76.8 76.8 76.8 
C-2 5 74.2(s) 73.8 73.8 72.5 
C-26 , C-27 23.9,28.5(q) 27.3,27.8 27.2,27.8 26.3,27.2 
C-2 8 27.8(q) 28.7 28.3 27.2° 
C-29 22.2(q) 22.2 15.5 15.9 
C-30 27.4(q) 27.6 27.4 21 .6°  
C=0 170.5,170.7 

171.0 (s) 
MeC=0 18.4,20.9, 

21.4(g) 

aIn CDCI3. bIn pyridine-dg. cMay be reversed. 
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C3, -3.0; C2, -2.0; C4, -1.5; CI, -5.7; C5, -6.3; C29, 6.7; 

and C28, 0.4. The magnitudes and signs of the CI, C5, and 

C29 changes are typical for gauche vs anti arrangements in 

such systems [35]. 

The virtually identical mass spectra of hispidols 

A (13) and B (14) strongly support their proposed constitu­

tion. The lower mass region (below m/e 300) is very similar 

to those of sapelins A (15) and B (16) but in the upper mass 

region (above m/e 300) all the major fragment ion peaks 

(base peak at m/e 371) are shifted to higher mass numbers by 

two. The proposed breakdown pattern (Figure 5) was sub­

stantiated by high resolution exact measurements and 

metastable peaks (m). High resolution measurement showed 

the m/e 257 (18%) to consist of c^gH25<*) anc^ C19H29 '*"n a 

ratio. The loss of 44 and 58 mass units, equivalent to the 

elements of acetaldehyde and acetone, respectively, is 

reminiscent of the fragmentation pattern of bourjotone (22) 

[30], which exhibited strong M-58 and M-(15 + 58) peaks. 

That the losses of 72 mass units gave isobutyraldehyde was 

supported by strong peaks at m/e 72 (87%) and m/e 71 (71%); 

these compositions were verified by exact measurements. 

Hispidols A (13) and B (14) are probably derived in 

nature by acid-catalyzed addition of water to the epoxide 

group in a side chain like that of 23, synthesized from 

bourjotinolone C (19) with base; though 23 has not been 

found in nature, it was suggested that 19 is an artifact 
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.,.... . ., .... ., .. ,, 

Figure 5. Major Fragment Ions (Above m/e 250) in the Mass 
Spectra of Hispido1s A (13) and B (14) 



formed from natural 23 during workup with HCl [30]. Epoxide 

23 can serve as a precursor to epoxide 34 [30], which can 

give the other tirucallane derivatives 15-18 found in the 

same plant, as well as many other tirucallanes found in 

different plants [30, 32, 36]. 

Experimental Section 

For instruments and techniques used, see Chapter 1. 

Hispidin A C7) had UV [^0H 213 nm (e 12,000)], LUAX 

IR [(CHC13) 3570 (OH), 3525 (OH), 3020 (C=CH), 1728 (ester), 

1650 (C=C) , 1380 (Me) , 1210 (ester) and 870 (furan) cm ^"] , 

and mass (m/e 686, 635, 627, 626, 609, 594, 566-, 527, 526, 

509, 495, 485, 467, 449, 301, 241, 226, 209, 181, 167, 135, 

83, 69, and 55) spectra in accord with structure 7. 

Anal. Calcd for C.. Hc/r0., - • 2H„0: C, 58.57; H, 7.14. 
41 DO lb Z 

Found: C, 58.40; H, 7.00. 

Hispidin A Diacetate (7a) had IR and mass (m/e 770, 

728, 710, 682, 668, 640, 626, 611, 526, 512, 508, 343, 301, 

283, 241, 226, 223, 209, 181, 167, 157, 135, 129, 83, 69, 

and 55) spectra in accord with structure 7a. 

Anal. Calcd for C45H60°18*2H20: C' 58.44; H, 6.93. 

Found: C, 58.55; H, 6.99. 

Hispidin B (8) had IR [(CHC13), 3590 (OH), 3010 

(C=CH), 1760 (a,B-unsaturated lactone), 1725 (ester), 1645 

(C=C), 1260 (ester), 1135 (tert-OH), and 870 (furan) cm ^] 

and mass spectra (see text) in accord with structure 8. 
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Anal. Calcd for C3gH48°i3: C' 64.04; h, 6.74. 

Found: C, 63.5; H, 7.1. 

Hispidin B Acetate (8a): the mass spectrum of 8a 

(amorphous) is described in the text. 

Hispidin C (9), crystallized from methanol, had UV 

UEt0H 213 nm (e 13270)], IR [(CHC1„) 3590 (OH), 3020 max J 

(C=CH), 1760 (a,$-unsaturated lactone), 1730 (ester), 1645 

(C=C), 1375 (Me), 1230 (ester), 1140 (tert-OH), 870 (furan), 

and 775 (KBr, ethyl) cm and mass (m/e 672, 644, 626, 612, 

595, 594, 586, 584, 566, 559, 548, 541, 513, 512, 481, 452, 

435, .418, 354, 278, 243, 229, 225, and 209) spectra in 

accord with structure 9. Direct comparison with a sample 

of 9 from Aphanamixis polystacha established their identity. 

Hispidols A (13) and B (14); (13) crystallized from 

MeOH-CH2Cl2 as colorless needles, itfp 118°C, [a]^D-80° 

(pyridine), NMR and mass spectral parameters given in Tables 

11 and 12 and Figure 5, IR (KBr): 3340, 1370 and 820 cm ^. 

Anal. Calcd for C3QH52°4: C' 75.6; H, 10.9. Found: 

C, 75.3; H, 11.1. 

MeOH-CH2Cl2 gave hispidol B (14) as lustrous 

25 
rectangular prisms, mp 252-253°C, [a] D-57° (pyridine), NMR 

and mass spectral parameters given in Tables 11 and 12 and 

Figure 5, IR (KBr): superimposable with hispidol A (13). 

Anal. Calcd for C^H^O.: C, 75.6; H, 10.9. Found: 
30 52 4 

C, 75.4; H, 11.2. 



Hispidol A Triacetate (13a); the IR (CHC13) : 3600, 

1735, 1380, 1240 and 820 cm and ^"H NMR CTable 11) spectra 

were in accord with structure 13a. 

Hispidol B Triacetate (14a); mp 146-148°C. The 

IR(CHC13): superimposable with 13a, NMR (Tables 11 and 12) 

and mass [m/e 602 (M*, 19.6), 587 (14.4), 569 (62.7), 542 

(4.7), 528 (34.4), 527 (91.7), 510 (12), 509 (31.6), 484 

(6.8), 467 (32.6), 449 (29.7), 425 (7.3), 409 (16.8), 407 

(16.9), 389 (33.3), 369 (39.2), 367 (10.6), 353 (25.6), 

335 (15.4) and 309 (48.4)] spectra were in accord with 

structure 14a. 

Anal. Calcd for C3gH5g07: C, 71.76; H, 9.63. 

Found: C, 71.73; H, 9.85. 



CHAPTER 5 

A NEW DITERPENE, CHRYSOTHAME, FROM 
CHRYSOTHAMUS PANICULATUS 

As a result of screening plants of the Southwest as 

sources of renewable energy [37], Chrysothamnus paniculatus 

(Gray) Hall, Family Composi tae, Tribe Aste·reae, was selected 

for additional chemical evaluation. Hall and Clements [38] 

placed it in the section Punctati. 

I wish to report the identification of a new 

diterpene acid, chrysothame (25), as well as 6-oxogrindelic 

acid (26), from this source. 
16 

1 2 14 

= 

19 1 8 y 1 7 

-
R 

25 H 
25a Me 

R R' 
26 H 0 
26aMe 0 
27 H H 
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Chrysothame, c20H32o5 by high resolut~on MS, was 

formulated as 25 on the basis of spectroscopy. The IR 

spectrum of 25 contained bands typical of carboxyl, gem­

dimethyl and aliphatic ketone groups. The 1H NMR spectrum 

showed 5 methyl singlets (o 0.93, 1.00, 1.02, 1.22, 2.23; 

the last is a to a carbonyl group) and a methylene singlet 

(o 2.68). Irradiation of a downfield methinyl proton 

(o 4.35 ddd, J = 10.7, 6.3, 5.5; next to oxygen) caused a 

methylene multiplet at o 2.73 to collapse to an AB quartet 

(J = 15.8) and a methinyl doublet at o 1.74 (J = 10.7) to 

collapse to a singlet. This, and loss of the elements of 

acetone from Mt in the MS, led to the following structural 

fragment: 

I 
-c-

t t 

-c-c 
I I 

H 

I 
0 0 
I II 
C-CH -C·-CH3 
I 2 
H 

13c NMR (Table 13) proved informative. Comparison 

50 

with the spectrum of 6-oxogrindelic acid (26), which occurs 

in the same plant, showed similarities at C-13 and differ-

ences at C-9. The C-13 singlet in 26 absorbs at o 82.5 and 



51 

Table 13. 13C NMR Chemical Shifts (<5, CDC13J for 
Chrysothame (25), Chrysothame Methyl Ester (25a), 
6-0xogrindelic Acid (26) and Methyl 6-
Oxogrindelate C26a) in CDC13 

Atom 25 25a 26 26a 

C-l 35.8 36.2 38.9 38.4 

C-2 19.3 19.4 18.1 18.1 

C-3 41.8 42.0 43.0 43.0 

C-4 32.6 32.7 32.6 32.5 

C-5 57.7 57.2 56.6 56.4 

C-6 74.1 73.5 200.1 200.2 

C-l 47.3 48.1 154.3 154.9a 

C-8 208.6 208.1 130.0 129.5a 

C-9 118.3 117.6 90.6 89.8 

C-10 46.8 46.5 45.6 45.4 

C-ll 30. 8 30.8 28.5 28.6 

C-12 31.4 31.2 32.9 32.8a 

C-13 81.8 81.4 82.5 82.6 

C-14 52.3 52.5 47.6 47.7 

C-15 171.9 171.6 174.2 171.3 

C-16 26.5 26.0 28.9 27.6 

C-17 30.4 30.4 21.7 21.6 

C-18 34.2 34.3 33.7 33.6a 

C-19 22.3 22.2 20.9 20.9 

C-20 17.9 18.1 19.8 19.8 

OMe 51.3 

aMisassigned in reference 39; they did not have an off-
resonance spectrum. 
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in 25 at § 81.8, suggesting retention of this portion. 

However, the C-9 singlet in 26 is at 6 90.6, whereas the C-9 

singlet in 25 is at <S 118.3, requiring another adjacent 

oxygen. This leads to the bicyclic ether structure 25 as 

depicted. The stereochemistry at C-5, C-10, and C-13 in 25 

is assumed to be the same as in 26. The configuration at 

C-6 is clearly as shown from the large magnitude of J,. g 

(10.7 Hz). The configuration at C-9 is presumably as shown 

since the NMR shifts of 25 and its methyl ester (25a) 

differ appreciably at C-6 and C-7, indicating these carbons 

can closely approach the COOR group. 

{^H-^H} decoupling experiments showed the remaining 

proton absorptions to consist of four strongly coupled 

protons at <5 1.7-2.3 (C-ll, C-12 methylenes) and six 

strongly coupled protons at 6 1.0-1.7 (C-l, C-2, and C-3 

methylenes). 

The mass spectrum of chrysothame (25) (Figure 6) 

provided supporting evidence for this structure. The 

fragmentations shown were verified by high resolution exact 

mass measurements and, where indicated by m, were sub­

stantiated by metastable peak study. The spectrum of 25 

differs considerably from that of 26 CFigure 7). The retro-

Diels-Alder rearrangement in 26 and grindelic acid (27) [40] 

leading to the base peaks at m/e 210 and m/e 196 respectively 

was not observed in 25. The base peak at m/e 136 in 25 

shows the A ring to be unoxidized as in 20 and 27. An 
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intense peak at m/e 294 (63%) corresponding to the loss of 

acetone from Mt via McLafferty rearrangement strongly 

supported structure 25. 

A possible biogenetic route to 25 and 26 from 

grindelic acid (27), the major constituent of this plant, 

via 6-3-hydroxygrindelic acid (28, found in a plant of the 

same family [39]) is shown in Figure 8. 

Experimental Section 

See Chapter 1 for description of analytical 

procedures used. 

Chrysothame (25) 

2 5  
This compound had mp 108-109°C, [a] D-16.57° 

(CHC13). The IR [(KBr) 3000-2500, 1710 (broad), 1425, 1375, 

1250, 1090, 1070, 1015, 910 cm , "^H NMR (described in the 

text), 13C NMR (Table 13) and mass (m/e 352 (Mt, 12.3), 337 

(2.1), 334 (2.1), 319 (1.3), 295 (14.8), 294 (63.1), 279 

(10.8), 277 (6.1), 276 (12.2), 266 (9.2), 251 (9.7), 250 

(6.6), 235 (15.9), 210 (11.5), 209 (72.8), 196 (21), 195 

(9)., .194 (54.7), 183 (62.9), 179 (24.4), 177 (11.3), 176 

(30.7), 165 (14.4), 161 (34.8), 159 (25.2), 151 (50.1), 

141 (36.4), 137 (36.5), 136 (100), 135 (13.5), 133 (18.1), 

125 (23.5), 124 (25.4), 123 (41.3), 109 (73.7), 95 (86.5), 

81 (63.8), 78 (64.1), 69 (89.1), 55 (47.5)], spectra were 

in accord with structure 25. 
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Figure 8. Biosynthesis of 25 and 26 from Grindelic Acid 
( 2 7) 



Anal. Calcd for C20H32°5: Mo1* wt'' 352*2250-

Found: Mol. wt., 352.2245 (high resolution MS). 

Chrysothame Methyl Ester (25a) 

Its IR [(CHC13) 1730, 1715, 1230 cm"1], XH NMR 

(similar to 25 except COOH absorption at <5 5.6 bs replaced 

by COOMe singlet at 6 3.64), 13C NMR (Table 13) and mass 

[m/e 366 (M"!", 10.9), 351 (2.3), 348 (1.4), 335 (6.5), 308 

(43.6), 293 (18.7), 290 (13.9), 280 (10.1), 265 (7.9), 

250 (4.8), 235 (23.9), 223 (63.7), 210 (24.8), 197 (49.9), 

194 (45.3), 179 (20), 176 (24.9), 173 (20), 165 (12.1), 

161 (23.6), 155 (32.1), 151 (33.7), 141 (8.9), 137 (22.7), 

136 (60.7), 135 (10.3), 125 (13.6), 124 (14.5), 123 (25), 

122 (14.3), 121 (20.3), 109 (41.4), 107 (16), 95 (42.5), 

81 (29.3), 69 (41), 55 (28.6), 43 (100), 41 (52.9)] spectra 

were in accord with structure 25a. 

6-Oxogrindelic Acid (26) 

This compound had mp 208-210°C Clit. [41] mp 208-

210°C), [a]25D-83.1° (CHC13). The IR [ (CHC13) 3000-2500, 

1713, 1668, 1410, 1385, 1378, 1238, 1168, 1138, 1090, 1015, 

980, 869 cm"1], 1H NMR [(CDC13) 6 5.67 (1H, m), 2.73, 2.57 

(2H, q, = 14.7 Hz), 2.69 (1H, s) , 1.9-2.3 (4H, m) , 1.98 

(3H, d, J = 1.1), 1.0-1.9 (6H, m), 1.45 (3H, s), 1.17 (3H, 

s), 1.11 (3H, s)], 13C NMR (Table 13), and mass (m/e 334 

(Mt, 6.5), 319 (2.4), 306 (3.6), 291 (1.2), 263 (2.0), 234 

(2.4), 219 (2.1), 210 (100), 201 (3.8), 192 (22.6), 183 
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(4.5), 164 (15.1), 151 (6.6), 150 (17.6), 149 (6.4), 136 

(5.4), 135 (7.3), 123 (8.6), 121 (6.2), 111 (65.5), 110 

(25), 109 (12.2), 95 (9.6), 91 (8.5), 82 (71.4), 69 (11.2), 

67 (10.4), 55 (13.4)] spectra were in accord with structure 

26. 

Anal. Calcd for C20H32°4: Mo^* wt*' 334.2144. 

Found: Mol. wt., 334.2136 (high resolution MS). 



CHAPTER 6 

A COMPARISON OF KNOWN UVARIA COMPOUNDS WITH ZEYLENOL AND 
1-EPIZEYLENOL, TWO NEW COMPOUNDS FROM 

UVARIA ZEYLANICA 

During the investigation of Uvaria zelanica L. 

(Annonaceae) for tumor inhibitory constituents, two new 

crystalline compounds, zeylenol [42] (29a) and 1-epizeylenol 

(29c) were encountered. Their characterization and 

biogenetic relationship to other Uvaria constituents are 

discussed below. 

~ 
R6o 

~ ~- ~ R4 ~ R6 

29 a OH H ~OBz OH H Bz 

b OAc H ~OBz OH Ac Bz 

c OH H OH ~OBz H Bz 

d OAc H OH ~OBz H Bz 

e Q1l.c H OH ~OBz h:. Bz 

f H OBz ~OBz OH H Bz 

g H OBz ~OBz OH h:. Bz 

h H OBz CH
2
0Bz OH Bz Bz 

i H CMe OH ~OBz h:. h:. 
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Zeylenol (29a, mp 144-145°C) analyzed for C2iH20°7 

(mol. wt. by EI and CI mass spectra 384). It exhibited 

A = 227 nm (e 16457), the high intensity suggesting the IUAX 

presence of at least two chromophores. The IR spectrum 

indicated secondary and tertiary hydroxyl groups (3590, 

3460, 1372, 1110 and 1065 cm ^), an alkene linkage (3080, 

3020 cm "*"), an ester group (1720, 1270 cm "*") , and a mono-

substituted phenyl ring (1601, 1582, 1490, 700 cm"'1") . 

1-Epizeylenol (29c, mp 206-207°C) analyzed for 

C"21H20O7 (mol. wt. 384 by CI mass spectrum) . The IR 

spectrum was virtually superimposable with that of 29a. 

The "'"H NMR spectral parameters of 29a, 29c, and 

related compounds are summarized in Table 14. The spectra 

were analyzed with the aid of homonuclear decoupling and 

computer simulation. The NMR spectra of 29a and 29c 

differed slightly in chemical shifts but had similar 

coupling constants (Table 14). This suggested 29a and 

29c differ only in configuration at C-1, since the relative 

configurations of C-2 - C-5 have to be the same [42]. This 

still leaves open the stereochemistry at C-1 in both 29a and 

29c. Nuclear Overhauser Effects (NOE) experiments were 

undertaken to establish the relative configuration at C-1, 

with inconclusive results. Then 29a was independently 

synthesized [43], confirming the structure as depicted. 

This also gives, by default, structure 29c as depicted. 

The biogenesis is outlined in Figure 9. 



Table 14, Cheniical Shifts (Sf CDC1^, pyr-dbenzene-dg) 

Atoms 29aa 29ba 29cb 29dC 29.ea 29fa 29ga 29ha 29ia 

H2 4.22 5.72 4.98 6.17 6.08 4.32 5.75 5.30 6.05 

H3 5.70 5.89 6.60 6.25 5.95 5.83 5.93 5.72 6.15 

H4 5.88 6.01 6.09 5.64 5.94 5.80 5.92 5.85 6.06 

H5 5.99 5. 96 6.02 5.56 5.95 5.98 6.07 5.725 6.18 

H6 4.32 5.52 5.32 4.35 5.54 5.85 5.94 4.10 6.08 

H7 4.75 
4.89 

4.46 
4.63 

5.27 
5.57 

4.65 
4.77 

4.97 
4.99 

4.75 
4.81 

4.78 4.55 
4.77 

4.87 
4.95 

0H1 3.18 

OH 2 2.96 

OH 6 3. 32 

OAc 
2. 09 
2.11 1.56 2.13 

1.86 1.93 
1.75 
2.03 

OMe 3.60 

Atom No. J (Hz) 

2.3 
2,7 
3.4 
3.5 
3.6 
4.5 
4.6 
5.6 
7.7 

6.1 
0 
2.6 

-1.6 
1.1 
10.1 
-0.7 
4.0 

-12.3 

7.4 
0 
2.2 

-1.5 
0.8 
10.3 
-0.3 
4.0 

-11.8 

7.5 
0 
2.2 

-1.8 
~0 
9.9 
~0 
4.2 

-12.0 

7.9 
0 
2.2 

-1.6 
~0 
10.1 
~0 
4.1 

-12.1 

8.1 
0 
a 
a 
a 
a 
a 
2.2 
a 

9.5 
0 
a 
a 
a 

11.0 
a 
a 

-11.0 

9.0 
0 
a 
a 
a 

10.5 
a 
a 
a 

8.5 
0.9 
1.9 

-2.2 
2.7 

10.5 
0 
1.9 

-12.9 

8.0 
0 
2.0 

-2.0 
2.5 

11.0 
-2.5 
2.5 

-13.5 

aSpectrura too complex for unambiguous assignment. 
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Table 15. C NMR Chemical Shifts (S, CDCl3a, d-5 
pyridine*3) of Zeylenol C29a) and Epizeylenol 
(29c) 

Atom 29aa 29cb 

CI 76.0 s 75.5 s 

C2 68.7 d 69.5 d 

C3 74.4 d 74.6 d 

C4 127.0 d 128.1 d 

C5 129.5 d 127.8 d 

C6 70.9 d 58.2 d 

C7 66.8 t 68.1 t 

CI' 128.5 s 130.1 s 

C2' 129.9 d 129.1 d 

C3' 128.5 d 127.9 d 

C4' 133.5 d 132.4 d 

C7' 165. 0 s 165.8 s 
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Experimental Section 

For analytical techniques and instruments used, 

see Chapter 1. 

1-Epizeylenol (29c) 

1 13 
The IR, H NMR, C NMR and mass spectra (described 

in text) are in accord with structure 29c. 



CHAPTER 7 

A NEW COMPOUND, UVARICIN, FROM UVARIA ACUMINATA 

Uvaria acuminata yielded uvaricin (30; see Figure 

10), as a wax. ̂ This compound proved cytotoxic in tumor 

panel testing with %T/C 170. From the "*"H (Figure 10) and 

13 C NMR (Table 16) spectra, it is clearly a long chain 

fatty acid derivative. The a,g-unsaturated -y-lactone was 

evident from the IR, UV, and ^"H NMR spectra. The IR and 

^"H NMR spectra also showed the presence of a secondary 

alcohol and an acetate in (30). 

Seven methinyl carbons next to oxygen were seen in 

1 13 the H and C NMR spectra. Since there was only one 

exchangeable (D2O) proton in the 1H NMR spectrom, the other 

six methinyls had to be either ester or ether carbons. From 

13 
the IR and C NMR spectra, it was confirmed that two 

carbonyls were present, in the acetate and lactone. This 

left four methinyls in ether groupings. homonuclear 

decouplings established the coupling constants (Figure 10), 

and high resolution mass spectral studies (Figure 11) 

indicated the groupings to be arranged as shown. The 

relative and absolute stereochemistries have not been 

1. Isolated and purified by Dr. Shivanand D. Jolad, 
College of Pharmacy, University of Arizona, in May 1980. 
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13 
Table 16. C NMR Chemical Shifts (5, benzene-dg) of 

Uvaricin (30) 

Multiplicity 

173.1 s 

170.0 s 

148.8 d 

133.7 s 

82.8 d 

81.7 d 

81.2 d 

80.2 d 

77.0 d 

74.8 d 

73.5 d 

33.1 t 

31.5 t 

29.0 t 

28.4 t 

28.0 t 

27.9 t: 

27.1 t 

25.3 t 

25.0 t 

24.8 t 

22.3 t 

20.7 q 

18.8 q 

16.7 q 

25 t in all, 
some are at least doubled 
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established yet; so far, no nicely crystalline derivatives 

of C30) have been prepared. 

Experimental Section 

For analytical techniques and instruments used, see 

Chapter 1. 

Uvaricin (30) 

Uvaricin was a wax that melted about 25°C. The UV 

207 nm (e 12730)], IR [(CC1,) 3590, 3083, 2940, 
IUaX fx 

2860, 1768, 1745, 1650, 1615, 1465, 1370, 1317, 1240, 1195, 

1115, 1065, 1023, 945, 875, 850, and 715 cm"1], 1H NMR 

13 
(see Figure 11), C NMR (Table 16), and mass [m/z 648 

(Mt, 4.5), 355 (8.8), 353 (9.6), 347 (6.6), 297 (12.8), 

296 (17.7), 295 (100), 293 (8.1), 283 (6.6), 268 (34.8), 

267 (8.6), 171 (12.4), 136 (18.4), 99 (6.4), 97 (7.8), 83 

(8.1), 81 (8.2), 71 (11.0), 69 (11.7) and 67 (8.0)] spectra 

were in accord with structure (30). 

Anal. Calc for C3gH6g07-1/2H20: C, 71.2; H, 10.5. 

Found: C, 71.3; H, 10.8. 



CHAPTER 8 

HURATOXIN, AND THREE RELATED COMPOUNDS FROM 
WIKSTROEMIA MONTICOLA 

Wikstroemia monticola yielded huratoxin (31) a known 

fish poison [451~ among other related compounds. Huratoxin 

was also an active ingredient in arrow poison used by 

American Indians [46]; its piscicidal activity is ten times 

that of rotenone [46]. Due to an inability to separate the 

other compounds cleanly, their structures have not been 

unambiguously determined. However, I postulate that these 

compounds are (32-34), mostly based. on mass spectral data 

(Figure 12) • 
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Figure 12. Mass Spectral Fragmentation of (31) and (32) 
Diacetates 
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The IR and ^"H NMR spectra of (31) and its acetate 

matched those already in the literature [46-48]. However, 

13 
no C NMR data were reported, so they are included here 

(Table 17). 

The mass spectrum and reverse phase HPLC showed four 

compounds, with (31) being the major component (80%). 

Despite repeated attempts, the minor three components could 

not be separated cleanly. In the mass spectrum were seen 

what could be the parent peaks corresponding to compounds 

(31), (32), (33), and (34), and the peaks corresponding to 
J-

their long side chains RCO (Table 18). 

This type of fragmentation is also seen in the 

related phorbol series [49]. Thus (31)-(34) are proposed 

to differ only in the number of -CH2~ units in the side 

chain. This seems unusual since presumably fatty acid 

derivatives normally have an even number of carbon atoms. 

Compounds (32)-(34), if as shown, are new, but probably have 

pharmacological activity similar to huratoxin (31). 

Experimental Section 

For analytical techniques used, see Chapter 1. 

Huratoxin (31) 

The IR, UV, 1H NMR [46-48], 13C NMR and mass (both 

described in text) spectra are in accord with structure 31. 



Compounds 32-34 

The mass spectrum is described in text. 



Table 17. "^C NMR Chemical Shifts of (31) (6, CDC^) 

1 161.2 d l1 116.5 s 

2 136.7 s 2' 122.9 de 

3 209.8 s 3' 138.8 de 

4 84.4 sa 4' 128.8 de 

5 71.9 a10 . 5' 134.7 de 

6 60.5 s 6' 32.7 t 

7 64.2 dc 7 . 29.1 t 

8 36.7 dd 8' 29.1 t 

9 72.3 sa 9' 29.3 t 

10 48.2 dc 10' 29.5 t 

11 34.9 dd 11» 2^.6 t 

12 36.5 t 12' 31.9 t 

13 79.6 sa 13* 22.7 t 

14 82.0 db 14' 14.1 q 

15 146.2 s 

16 111.2 t 

17 20.4 q 

18 9.9 q 

19 18.9 q 

20 65.0 t 

0 Shifts with the same letter may be reversed. 
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Table 18. Important MS Peaks from W. monticola Extract 

Compound Parent Peak Side Chain 

(31) 584 207 (C14H230' high res. 
MS) 

(32) 598 221 (C15H250' high res. MS) 

(33) 570 193 tC13H21° ) 

(34) 556 179 (C12H19° ) 
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