
Potential antiinfective agents from Eriodictyon
angustifolium Nutt. and Salvia apiana Jeps.

Item Type text; Dissertation-Reproduction (electronic)

Authors Dentali, Steven John.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:49:54

Link to Item http://hdl.handle.net/10150/185511

http://hdl.handle.net/10150/185511


INFORMATION TO USERS 

This manuscript has been reproduced from the microfilm master. UMI 

films the text directly from the original or copy submitted. Thus, some 

thesis and dissertation copies are in typewriter face, while others may 

be from any type of computer printer. 

The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality 
illustrations and photographs, print bleedthrough, substandard margins, 

and improper alignment can adversely affect reproduction. 

In the unlikely event that the author did not send UMI a complete 

manuscript and there are missing pages, these will be noted. Also, if 

unauthorized copyright material had to be removed, a note will indicate 

the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand corner and 

. continuing from left to right in equal sections with small overlaps. Each 

original is also photographed in one exposure and is included in 

reduced form at the back of the book. 

Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6" x 9" black and white 
photographic prints are available for any photographs or illustrations 

appearing in this copy for an additional charge. Contact UMI directly 
to order. 

U·M·I 
University Microfilms International 

A Bell & Howell Information Company 
300 North Zeeb Road. Ann Arbor. M148106-1346 USA 

313/761-4700 800/521-0600 





Order Number 9136843 

Potential antiinfective agents from Eriodictyon angustifolium Nutt. 
and Salvia apiana Jeps. 

Dentali, Steven John, Ph.D. 

The University of Arizona, 1991 

Copyright ©1991 by Dentali, Steven .John. All rights reserved. 

U·M·I 
300 N. Zecb Rd. 
Ann Arbor, MI48106 





POTENTIAL ANTI INFECTIVE AGENTS FROM 

ERIODICTYON ANGUSTIFOLIUM NUTT. AND SALVIA APIANA JEPS. 

by 

Steven John Dentali 

Copyright © Steven John Dentali 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF PHARMACEUTICAL SCIENCES 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 9 9 1 



THE UNIVERSITY OF ARIZONA 
GRADUATE COLLEGE 

As members of the Final Examination Committee, we certify that we have read 

the dissertation prepared by Steven John Dentali 

entitled __________________________ __ 

POTENTIAL ANTI INFECTIVE AGENTS FROM ERIODICTYON ANGUSTIFOLIUM 

NUTT. AND SALVIA APIANA JEPS. 

and recommend that it be accepted as fulfilling the dissertation requirement 

for the Degree of 
,7 

/ \.'('/" 
7 ./ 

1/ 

Doctor of Philosophy 

, J I ,'" /\/ . - , (J IX L)( ,,' ,c. ""-'~ , , "") 

,,/ ---
:),.(_~,(·,'i(IlJ (/l/.L 

{ . ). 7 - [/ / 
Date 

Date 

Date 

Dfiz 7'I--/r~/ ____ _ 

Date 

Final approval and acceptance of this dissertation is contingent upon the 
candidate's submission of the final copy of the dissertation to the Graduate 
College. 

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that it be accepted as fulfilling the dissertation 
requirement. 

Date 

2 



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: 

3 



ACKNOWLEDGMENTS 

The author extends a sincere thanks to Dr. Joseph J. Hoffmann for 

his valuable guidance, encouragement, and generosity throughout the 

period of this endeavor. 

4 

Special thanks is extended to the faculty and staff members of the 

College of Pharmacy, the Department of Pharmaceutical Sciences, and the 

Bioresources Resources Research Facility of the Office of Arid Lands. A 

special note of thanks is extended to Dr. S. Jolad for showing me the 

basic tools needed for this work. 

As an "Edwin Leigh Newcomb Memorial Fellow" of the AFPE, I express 

grateful acknowledgement for the financial support provided by the 

American Foundation for Pharmaceutical Education. 

Special appreciation is extended to my friends and family for 

seeing through this project with their love and support. I also wish to 

acknowledge my parents, Rose Marie and Denio Albert Dentali, to whom 

this work is dedicated. 



TABLE OF CONTENTS 

LIST OF ILLUSTRATIONS 

LIST OF TABLES 

ABSTRACT 

CHAPTER 

1. INTRODUCTION 

Higher Plants as a Source of Antiinfective Agents 

Plants Chosen for the Initial Screen 

Eriodictyon angustifolium 

Salvia apiana 

2. RESULTS ... 

Preliminary Screen 

Isolation and Identification of Compounds from 

Eriodictyon angustifo1ium . . . 

Isolation and identification of compounds 1 4 5 

Isolation of naringenin (1) 

Identification of 1 . . 

Infrared spectroscopy 

lH-Nuc1ear magnetic resonance spectroscopy 

Mass spectroscopy . . . . . 

Isolation of sakuranetin (2) 

Identification of 2 . . 

Infrared spectroscopy 

lH-Nuc1ear magnetic resonance spectroscopy 

Mass spectroscopy . 

Isolation of homoeriodictyo1 (3) 

Identification of 3 . . 

Infrared spectroscopy 

lH-Nuc1ear magnetic resonance spectroscopy 

page 

10 

13 

14 

16 

17 

17 

18 

20 

22 

22 

22 

24 

24 

31 

31 

31 

31 

35 

35 

35 

35 

37 

37 

37 

37 

37 

5 



Mass spectroscopy . . . . . . . . . . . . . . . . . . . 39 

Isolation of 4' ,5-dihydroxy-3',7-dimethoxy-f1avanone (4) 39 

Identification of 4 . . 39 

Infrared spectroscopy 39 

IH-Nuc1ear magnetic resonance spectroscopy 41 

Mass spectroscopy . . . . . . . . . . . . . 41 

Isolation of 5,7-dihydroxy-3' ,4'-dimethoxy-f1avanone (5) 41 

Identification of 5 . 

IH-Nuc1ear magnetic resonance spectroscopy 

Mass spectroscopy . . . . . . 

Isolation of benzy1-trans-4-coumarate (6) 

Work up of SC-1; active fraction A-2 

Work up of SC-5; isolation of 6 

Identification of 6 . . . . 

Ultraviolet spectroscopy 

Infrared spectroscopy . . 

IH-Nuc1ear magnetic resonance spectroscopy 

13C-Nuc1ear magnetic resonance spectroscopy 

Mass spectroscopy . 

Comparison with synthetic product 

Isolation and Identification of Compounds from 

Salvia apiana 

Isolation of carnosic acid (7) and 

16-hydroxycarnosic acid (8) 

Identification of 7 and 8 

Optical rotation 

Infrared spectroscopy 

IH-Nuc1ear magnetic resonance spectroscopy 

13C-Nuc1ear magnetic resonance spectroscopy 

Mass spectroscopy 

Isolation of 11-16 

44 

44 

44 

46 

46 

46 

49 

49 

49 

49 

52 

52 

52 

....... 55 

55 

55 

58 

58 

59 

61 

61 

67 

6 



Identification of ll-methoxy-methylcarnosate (11) 

Optical rotation 

Infrared spectroscopy 

IH-Nuclear magnetic resonance spectroscopy 

13C-Nuclear magnetic resonance spectroscopy 

Mass spectroscopy . . . . . . . . . . . . . 

Identification of l2-methoxy-methylcarnosate (12) 

Optical rotation 

Infrared spectroscopy 

IH-Nuclear magnetic resonance spectroscopy 

13C-Nuclear magnetic resonance spectroscopy 

Mass spectroscopy 

Identification of 

l2-methoxy-l6-hydroxy-methylcarnosate (15) 

Optical rotation 

Infrared spectroscopy 

IH-Nuclear magnetic resonance spectroscopy 

13C-Nuclear magnetic resonance spectroscopy 

Mass spectroscopy 

Identification of 

ll,l2-dimethoxy-l6-hydroxy-methylcarnosate (16) 

Optical rotation 

Infrared spectroscopy 

IH-Nuclear magnetic resonance spectroscopy 

13C-Nuclear magnetic resonance spectroscopy 

Mass spectroscopy 

Identification of 

ll-methoxy-l2,l6-diacetyl-methylcarnosate (17) 

Optical rotation 

Infrared spectroscopy 

IH-Nuclear magnetic resonance spectroscopy 

67 

67 

67 

70 

72 

72 

72 

72 

72 

74 

74 

74 

78 

78 

78 

78 

78 

80 

80 

80 

80 

80 

80 

83 

83 

83 

86 

86 

7 



13C-Nuclear magnetic resonance spectroscopy 

Mass spectroscopy . 

Isolation of 1,8-cineole (18) 

Identification of 18 

Infrared spectroscopy 

lH-Nuclear magnetic resonance spectroscopy 

Mass spectroscopy 

3. EXPERIMENTAL 

Antiinfective Assay 

Sample preparation 

Microorganism preparation 

Inoculation 

Reading the results 

Grinding 

Extraction 

Herbal remedies 

Eriodictyon angustifolium 

Salvia apiana 

Fractionation 

Eriodictyon angustifo1ium 

Salvia apiana 

Chromatography 

Thin layer chromatography (TLC) 

Preparative thick layer chromatography (PTLC) 

Gravity flow column chromatography 

Eriodictyon angustifo1ium 

Salvia apiana . . . 

Flash chromatography 

Eriodictyon angustifo1ium 

High performance liquid chromatography (HPLC) 

Separations using system 1 

86 

86 

89 

89 

89 

90 

90 

93 

93 

93 

94 

94 

95 

95 

95 

95 

95 

96 

97 

98 

98 

100 

100 

101 

102 

103 

106 

106 

106 

106 

107 

8 



HPLC I 

HPLC II 

HPLC III 

HPLC IV 

HPLC V 

HPLC VI 

HPLC VII 

HPLC VIII 

HPLC IX 

HPLC X 

Compounds 7 and 8 

Separations using system 2 

Analytical HPLC . 

Gas chromatography (GC) 

Instrumentation . . . . . 

Ultraviolet spectroscopy (UV) 

Optical rotatory dispersion (ORD) 

Infrared spectroscopy (IR) 

Nuclear magnetic resonance spectroscopy (NMR) 

Mass spectroscopy (MS) 

Synthesis . . 

Acetylation 

Methylation 

Synthesis of benzyl-trans-4-coumarate (6) 

4. SUMMARY AND CONCLUSION 

Eriodictyon angustifolium 

Salvia apiana . . . . 

APPENDIX A: Bioassay results for Eriodictyon angustifolium 

APPENDIX B: Bioassay results for Salvia apiana . . . . . 

APPENDIX C: Molecular structures of compounds mentioned 

REFERENCES CITED 

107 

107 

108 

108 

108 

108 

108 

109 

109 

109 

109 

110 

111 

112 

112 

112 

112 

112 

113 

113 

113 

113 

114 

115 

117 

117 

118 

120 

126 

128 

131 

9 



10 

LIST OF ILLUSTRATIONS 

Schemes page 

1. Isolation of compounds 1-5 from Eriodictyon angustifolium 25 

2. Fractionation of the bulk Eriodictyon angustifolium 

dichloromethane (DCM) extract . . . . . . . 26 

3. Work up of Eriodictyon angustifolium fraction SC-l 27 

4. Formation of Eriodictyon angustifolium fraction SC-5 28 

5. Isolation of benzyl-trans-4-coumarate (6) from 

fraction SC-5 of Eriodictyon angustifolium ...... 29 

6. Fractionation of the Salvia apiana 

dichloromethane (DCM) extract . . . . . . . . . . . . 56 

7. Isolation of compounds from the 

Salvia apiana methyl ester fraction . 68 

Figures page 

1. Structures of compounds isolated from ~ angustifolium 30 

2. Infrared spectrum of compound 1 

3. PMR spectrum of compound 1 . 

4. Mass spectrum of compound 1 

5. Mass fragmentation for compound 1 

6. Infrared spectrum of compound 2 

7. PMR spectrum of compound 2 . 

8. Mass spectrum of compound 2. 

9. Infrared spectrum of compound 3. 

10. PMR spectrum of compound 3. 

11. Mass spectrum of compound 3 

12. Infrared spectrum of compound 4 

13. PMR spectrum of compound 4 . 

14. Mass spectrum of compound 4 

15. PMR spectrum of compound 5 . 

16. Mass spectrum of compound 5 

32 

32 

33 

34 

36 

36 

38 

38 

40 

40 

42 

42 

43 

45 

45 



11 

17. Chromatogram of LC(C) fr 7-10 neutrals, 

reverse phase separation 48 

18. UV spectrum of compound 6 50 

19. Infrared spectrum of compound 6 51 

20. PMR spectrum of compound 6 51 

21. CMR spectrum of compound 6 53 

22. Mass spectrum of compound 6 53 

23. IR spectrum of synthetic compound 6 54 

24. PMR spectrum of synthetic compound 6 54 

25. Carnosic acid derivatives from Salvia apiana 57 

26. Infrared spectrum of compound 9 60 

27. Infrared spectrum of compound 10 60 

28. PMR spectrum of compound 9 63 

29. PMR s~ectrum of compound 10 63 

30. CMR spectrum of compound 9 64 

31. CMR spectrum of compound 10 64 

32. Mass spectrum of compound 9 65 

33. Mass spectral fragments for compounds 9 and 10 66 

34. Mass spectrum of compound 10 69 

35. Infrared spectrum of compound 11 71 

36. PMR spectrum of compound 11 71 

37. CMR spectrum of compound 11 73 

38. Mass spectrum of compound 11 73 

39. Infrared spectrum of compound 12 75 

40. PMR spectrum of compound 12 75 

41. CMR spectrum of compound 12 76 

42. Mass spectrum of compound 12 76 

43. Base peak formation in the mass spectrum of compound 12 77 

44. Infrared spectrum of compound 15 79 

45. PMR spectrum of compound 15 79 

46. CMR spectrum of compound 15 81 



47. Mass spectrum of compound 15 

48. Infrared spectrum of compound 16 

49. PMR spectrum of compound 16 

50. CMR spectrum of compound 16 

51. Mass spectrum of compound 16 

52. Formation of the m/z 235 ion from 

the base peak of compound 16 

53. Infrared spectrum of compound 17 

54. PMR spectrum of compound 17 

55. CMR spectrum of compound 17 

56. Mass spectrum of compound 17 

57. Infrared spectrum of compound 18 

58. PMR spectrum of compound 18 

59. Mass spectrum of compound 18 

12 

81 

82 

82 

84 

84 

85 

87 

87 

88 

88 

91 

91 

92 



13 

LIST OF TABLES 

Tables page 

1. Antimicrobial activites of dichloromethane extracts of 

Southwestern U.S. traditional remedies. 23 

2. PMR data of compounds 9 and 10 59 

3. CMR data of compounds 9, 10, 11, 12, 15, 16, and 17 62 

4. PMR data of compounds 11, 12, 15 and 16 70 



14 

ABSTRACT 

The dichloromethane extracts of twelve US Southwestern herbal 

remedies were tested against Staphylococcus aureus (9-29.UA), Bacillus 

subtilis (2-27 UA), Klebsiella pneumoniae (3-9 UA), and Candida 

brassicae (IFO 1664) in an agar dilution-streak bioassay at 1000 ~g/ml. 

All twelve plants inhibited the growth of ~ subtilis. Anemopsis 

californica, Berberis fendleri, Cacalia decomposita, aDd Eriodictyon 

angustifolium inhibited the growth of at least two organisms. Salvia 

apiana was the only plant in this study to completely inhibit the growth 

of all four test organisms. After a literature search led to the 

elimination of ~ californica, ~ fendleri, and ~ decomposita from 

further study due to reports of their bioactive compounds, Eriodictyon 

angustifolium Nutt. and Salvia apiana Jeps. were subjected to a detailed 

bioassay directed chemical investigation. 

Compounds were isolated by solvent extraction, fractionation and 

standard chromatographic techniques. They were identified by infrared, 

mass, and nuclear magnetic resonance spectral analyses, comparison with 

published spectra and comparison with authentic samples when available. 

Benzyl-trans-4-coumarate was isolated from ~ angustifolium 

following high performance reverse phase liquid chromatography and 

stilisequently synthesized through the condensation of p-coumaric acid and 

benzyl alcohol. Estimated at 2.9% of the dichloromethane extract, 

benzylcoumarate was active against ~ aureus (100 ~g/ml), ~ subtilis 

(50 ~g/ml), and ~ albicans (25 ~g/ml). Also isolated from ~ 

angustifolium were five flavanones: 4' ,5,7-trihydroxy-flavanone 

(naringenin), 4' ,5-dihydroxy-7-methoxy-flavanone (sakuranetin), 3'

methoxy-4' ,5' ,7-trihydroxy-flavanone (homoeriodictyol), 4' ,5-dihydroxy-

3' , 7-dimethoxy-flavanone , and 5,7-dihydroxy-3' ,4'-dimethoxy-flavanone. 

The dichloromethane extract of ~ apiana gave an acid fraction 

from which the abietane diterpenes carnosic acid and its l6-hydroxy 



derivative were isolated as their methyl ester acetates. Unstable as 

free carboxylic acids, these compounds retained activity after 

methylation but lost activity upon acetylation. Methylation without 

prior acetylation lead to the formation of ll-methoxy-methylcarnosate, 

l2-methoxy-methylcarnosate, l6-hydroxy-methylcarnosate, 16-hydroxy-l1-

methoxy-methy1carnosate, 16-hydroxy-12-methoxy-methy1carnosate, and 

11,12-dimethoxy-16-hydroxy-methylcarnosate. 

At 500 ~g/m1 12-methoxy-methy1carnosate was inactive while 16-

hydroxy-12-methoxy-methy1carnosate was active against ~ aureus, ~ 

subti1is, and ~ a1bicans at 250 ~g/m1. From this result it was 

inferred that the introduction of a 16-hydroxy group increased the 

bioactivity of carnosic acid. 

15 



16 

INTRODUCTION 

Humankind has made use of the plant kingdom for food, medicine, 

clothing, shelter, and raw materials throughout the ages. There is 

currently a renewed interest for finding new medicines from higher 

plants. This interest is reflected in the present NCI funding for the 

collection, extraction, and testing of plants for antitumor activity, 

the establishment of new journals such as Phytotherapy Research (London, 

1987), the establishment of new centers for natural products research 

(Oxford, Mississippi) and the convening of international meetings; the 

First International Congress of Ethnobiology (July 19-24, 1988, Belem, 

Brazil) and the Symposium on Bioactive Compounds from Plants (February 

20-22, 1990, Bangkok, Thailand) for example. In his address to the 

latter meeting on the role of ethnopharmacology in drug development, 

Farnsworth (1990) stated that "Only a fool would neglect to investigate 

further the abundant flora of the world for the presence of new drugs 

that will benefit not only the world, but also the fool". Similarly 

others have argued that higher plants may be a good source for new 

antiinfective drugs (Mitscher et a1., 1987). 

New antiinfective drugs are needed due to the limited spectrum and 

serious side effects of current antiinfectives, the clinical resistance 

of microbes due to their genetic versatility coupled with antibiotic 

overuse, and by the emergence of previously uncommon infections such as 

those caused by anaerobes, amoebae, fungi, toxigenic staphylococci, and 

the AIDS virus (Mitscher and Rao 1984, p. 195). New antiinfectives are 

also needed for veterinary use due to the acquisition by people of 

resistant strains of organisms from products of the meat and poultry 

industry. This problem could be minimized by separating the 

antiinfective agents used for humans from those used for other animals. 



Higher Plants as a Source of Antiinfective Agents 

As a source of new anti infective agents plants are relatively 

neglected and surprisingly rich (Ieven et al., 1979). Compared to 

fermentation broths, higher plants may yield new chemical types with 

novel modes of action with less cross resistance to traditional 

antibiotics. Antibiotic compounds discovered from plants are usually 

distinct from those obtained from fermentation of soil micro-organisms 

(Mitscher and Rao, 1984). Mitscher (1987, p. 1025) states that: 

17 

The use of modern microbiolo~ical techniques demonstrates that 
higher plants frequently exh~bit significant potency against human 
bacterial and fungal pathogens, that many genera are involved, 
that many folkloric uses can be rationalized on this basis, that 
the active constituents are readily isolated by bioassay-directed 
techniques, that their chemical structures are types uncommon 
amongst fermentation-based agents but are familiar to natural 
product chemists, that their antimicrobial spectra are 
comparatively narrow but that their potency is often reasonable, 
that they are comparatively easy to synthesize and·the unnatural 
analogues so produced can possess enhanced therapeutic potential 
and, thus, it is concluded that such work generates a gratifying 
number of novel lead structures and that the possibility of 
finding additional agents for human or agricultural use based upon 
higher plant agents is realistic. 

The folkloric use of plants containing such compounds is 

undoubtedly important to the approximately 3.2 billion people that use 

plants as drugs throughout the developing countries of the world 

(Farnsworth et al., 1985). There is no guarantee, however, that a crude 

extract capable of delivering a therapeutic dose of an antiinfective 

compound would not also provide a toxic dose of other substances. 

Plants Chosen for the Initial Screen 

The aid of an herbalist was used in an approach to discover 

antiinfective compounds from Southwestern US plants. The antiinfective 

assay used is described in the experimental section. The twelve plants 

investigated were selected and provided by Michael Moore, Director of 

the Southwest School of Botanical Medicine, Silver City, New Mexico. 

The plants he chose are listed below by Latin binomial name followed by 



authority, common name, and family. They are Anemopsis ca1ifornica 

(Nutt.) Hook & Arn., "yerba mansa", Saururaceae; Aralia humi1is Cav., 

"Arizona spikenard", Ara1iaceae; Berberis fend1eri Gray, "Colorado 

barberry", Berberidaceae; Bricke11ia grandif10ra (Hook.) Nutt., 

"prodigiosa", Asteraceae; Caca1ia decomposita Gray, "Indian plantain", 

Asteraceae; Caste1a emoryi Gray, "crucifixion thorn", Simaroubaceae; 

Chi10psis 1inearis (Cav.) Sweet., "desert willow", Bignoniaceae; 

Eriodictyon angustifo1ium Nutt., "yerba santa", Hydrophy11aceae; 

He1enium hoopesii Gray., "sneeze weed", Asteraceae; Larrea tridentata 

(DC.), "cresote bush", Zygophy11aceae; Ligusticum porteri Cou1t & Rose, 

"Osha", Apiaceae; and Salvia apiana Jeps., "white sage", Lamiaceae. 

Traditional uses for most of these plants are described by Moore (1979 

and 1989). 
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Based on the results of the initial screen, Eriodictyon 

angustifo1ium and Salvia apiana were chosed for further study. Reports 

of previous chemical investigations for these plants, their traditional 

uses, botanical description, and source of the material used in this 

study is given below. 

Eriodictyon angustifolium 

Although an activated charcoal treated ethyl alcohol extract of 

Eriodictyon californicum (used interchangeably with ~ angustifo1ium) 

has shown activity against gram positive organisms, the active principle 

was not isolated (Salle et a1., 1951). Phytochemical studies on the 

constituents of Eriodictyon are scarce (Arriaga-Giner et a1., 1988) as 

are reports on the chemistry of the Hydrophy11aceae family itself (Bacon 

et a1., 1986). ~ glutinosum was listed in the 1890 Organic Materia 

Medica of Parke, Davis and Co. (p. 230) as a tonic expectorant 

especially indicated in chronic subacute inflammation of the bronchial 

mucous membrane. Also listed were preparations and forlllula for three 

extracts, two glyceroles, an inhalant, a lozenge, a malt extract, a pill 



As the species are used somewhat interchangeably it was not 

surprising to find the dried leaf of ~ californicum (also called 

"mountain balm", "holy herb", "bear's weed", "gum bush", and "yerba 
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santa") listed in the National Formulary XIV (1975, p. 794-795) as a 

pharmaceutical aid (a flavor said to be capable of masking the 

bitterness of quinine) along with instructions for the preparation of 

Eriodictyon Fluidextract and Aromatic Eriodictyon Syrup, a status it 

holds today. According to Salle (1951) the 23rd edition of the 

Dispensatory of the United States of America (1943, p. 420) stated that: 

Eriodictyon has long been used in California as a bitter tonic, 
and also as a stimulant balsamic expectorant. There is 
considerable testimony to its usefulness in asthma and chronic 
bronchitis; also in chronic inflammation of the genitourinary 
tract. In cases of asthma, Eriodictyon is sometimes used by 
smoking. The early California monks are said to have used the 
leaves in the treatment of tuberculosis. 

Moore (1979), for the purposes of medicinal application, lumps the 

species together stating that they have "mild but useful decongestant 

functions" . 

Previous chemical investigations of Eriodictyon spp. have focused 

on the flavonoid content of ~ californicum, particularly the external 

leaf resin which is composed primarily of flavonoid ag1ycones (Johnson, 

1983; Johnson and Brain, 1985). Geissman (1940) reported a procedure 

for the isolation of homoeriodictyol (the major product) and eriodictyol 

from ~ californicum. These compounds were determined not to be 

responsible for the antiinfective activity of this plant (Salle et al., 

1951). The first reported phytochemical investigation of ~ 

angustifolium (Hadley and Gisvold, 1944) succeeded in isolating 

homoeriodictyol and a "very small amount" of volatile oil, salicylic 

acid and 3-hydroxyorthotoluic acid from 17.2 Kg of plant material. A 

more recent report (Bacon et al., 1986) examined the .f1avonoid content 

of ~ angustifolium and reported the presence of the flavones apigenin, 

hispidulin, chrysoeriol, nepetin, jaceosidin as well as the flavanone 

homoeriodictyol. No other reports describing the chemical content of ~ 
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angustifolium were found. The historical and remaining traditional uses 

of ~ angustifolium coupled with the scarcity of information on its 

chemistry made it an attractive candidate for this study. 

Eriodictyon is one of 18 genera included in the Hydrophyllaceae 

family, 14 of which are found in the Western United States (Bacon et 

al., 1986). ~ angustifolium is an aromatic evergreen shrub growing up 

to 2 m high with shiny alternate lance (sometimes toothed) shaped 

leaves. The leaves, which are mostly clustered at the ends of the 

branches, are 4-10 cm long, with a central vein and curled margins 

extending along their length. The plant has white terminal flowers. 

The leaves (and stems) are shiny, often resinous except for the 

undersides which have a wooly appearance. The genus name refers to this 

characteristic from the latin erion (wool) and diktuon (net). 

~ angustifolium is found in the lower central mountains of 

Arizona on dry slopes, often in pinion and juniper communities (Moore, 

1979; Munz, 1973). The material for this study was obtained in a single 

collection on October 4, 1987 along Magma Mine Road, south off of US Hwy 

60, four miles east of Superior, Pinal County, Arizona, on the turn off 

to Oak Flats Campground at approx. 4000 ft elevation. 

Salvia apiana 

The genus Salvia (from the Latin salveo, to save, referring to 

medicinal use) is the largest genus in the family Lamiaceae. Members of 

this genus are often referred to as "Sage" with li... apiana commonly 

called "White Sage". The use of the common name "Sage" for Salvia spp. 

should not be confused with some common names ("Sagebrush", "Silver 

Sage", "Prairie Sage" and others) that describe some members of the 

genus Artemisia in the Asteraceae family (Moerman, 1981; Moore, 1989). 

Moore (1989) writes that the Southwestern and Californian Salvia 

spp. have clear antimicrobial effects and are strong topical 

disinfectants, being both astringent and bacteriostatic. He also states 
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that ~ apiana was widely used as a soapless shampoo and conditioning 

rinse by Southern California Indians. Presently, it is burned as an 

aromatic smudge and can be purchased by the bundle for this purpose in 

some Tucson stores today. 

The only chemical investigation of this plant, aside from the 

volatile oil analysis by Neisess (1983), established the presence of the 

triterpenes alpha-amyrin, oleanolic acid, ursolic acid (Pettit et al., 

1966). The presence of oleanolic and ursolic acids was noted during the 

course of this study. Because authentic samples of these acids were 

inactive at 1000 pg/ml they were not isolated and purified in this 

work. ~ apiana is a member of the Audibertia section of Salvia, 

belonging to the subsection Jepsonia (Epling, 1938). Neisess (1983) has 

written on the evolution, systematics, and terpene (volatile oil) 

relationships of this section which is native to the Southwestern United 

States and Baja California. 

A large shrubby plant, 1-3 m high, ~ apiana has leaves that are 

3-9 cm long, lance to oblong shaped, with a velvety texture and grayish 

color. The flowers are white, often with lavender flecks. ~ apiana 

occurs mostly below 5000 ft in the dry sage scrub of the coastal ranges 

and valleys of Southern California (Munz, 1973). 

The plant material used in this bioassay directed investigation of 

~ apiana was obtained from Abundant Herb and Spice Co. of Chula Vista, 

California in October 1987. It was authenticated by S. P. McLaughlin 

(Bioresources Research Facility, College of Agriculture, University of 

Arizona). 
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RESULTS 

Preliminary Screen 

The dichloromethane (DCM) extracts of all twelve traditional 

remedies completely inhibited the growth of Bacillus subtilis at a 1000 

~g/ml concentration (table 1). Four plants, ~ fendleri, ~ 

decomposita, ~ angustifolium, and ~ apiana, completely inhibited the 

growth of Staphylococcus aureus, ~ subtilis, and Candida albicans at 

this dose with ~ apiana completely inhibiting the growth of all four 

test organisms. 

~ fendleri was eliminated from further study due to the presence 

of the yellow alkaloid berberine (Kearney and Peebles 1960, p 320). 

Berberine sulfate has been shown to be bactericidal against many strains 

of Staphylococcus with no cross resistance to antibiotics used in 

therapy except streptomycin (Kowalewski et al., 1972). Berberine 

hydrochloride was active against ~ aureus and ~ subtilis and slowed 

the growth of ~ albicans at 200 ug/ml in our screen. ~ decomposita 

was likewise eliminated since it contains known bioactive sesquiterpene 

quinones (Kakisawa et al., 1969; Brown and Thomson, 1969). ~ 

angustifolium and ~ apiana remained as the two candidates for an 

antiinfective bioassay directed study. 

Isolation and Identification of Compounds from Eriodictyon angustifolium 

In an attempt to discover the source of the antiinfective activity 

of a crude extract of ~ angustifolium, this bioassay directed study 

followed activity that initially was defined as 100% inhibition of ~ 

aureus and ~ albicans at 1000 ~g/m1. The results of the antiinfective 

testing of the fractions generated and the compounds isolated in this 

study are listed in appendix A. 

The investigation began with the extraction and fractionation, by 

column chromatography, of 1251 g of material as described in the 
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Table 1. Antimicrobial activities of dichloromethane extracts of 

Southwestern U.S. traditional remedies in the agar dilution-streak assay 

at 1000 J,'g/ml. 

:gIant extract 
1 

Anemo:gsis californica + 

Aralia humilis + 

Berberis fendleri ++ 

Brickellia grandiflora + 

Cacalia decom:gosita ++ 

Castela emoryi -

Chilo:gsis linearis + 

Eriodictyon angustifolium ++ 

Helenium hoo:gesii 

Larrea tridentata 

Ligusticum :gorteri 

Salvia a:giana 

Key: microorganism 1: 
2: 
3: 
4: 

-

-

-

++ 

Sta:ghylococcus aureus 
Bacillus subtilis 
Klebsiella :gneumoniae 
Candida brassicae 

activity at 48 hrs: inactive 

microorganism 

2 3 

++ -

++ -

++ -

++ -

++ -

++ -

++ -

++ -

++ -

++ -

++ -

++ ++ 

+ partial inhibition of growth 
++ complete inhibition of growth 

4 

++ 

+ 

++ 

+ 

++ 

+ 

-

++ 

+ 

+ 

+ 

++ 
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experimental section and shown in the flow charts presented in schemes 1 

and 2. This led to the isolation of five f1avanones including 

homoeriodictyo1. 

This study continued with an extraction of the remaining 10 Kg of 

plant material. The initial fractionation of this extract is diagrammed 

in scheme 2 and recorded in the experimental section. The search for 

active constituents then examined the DCM soluble material by working up 

fraction SC-1 (scheme 3) followed by the formation of fraction SC-5 

(scheme 4) and the subsequent isolation of compound 6 (scheme 5). A 

more detailed discussion of the isolation of compounds 1-6 (figure 1), 

along with their identification, is presented below. 

Isolation and identification of compounds 1-5 

The isolation of compounds 1-5 began with the investigation of 

active fractions obtained from the column chromatography of 142 g of 

mother liquor (scheme 1 and experimental section). Although most of the 

fractions from 131 to 524 tested active, active fraction 308-354 was 

chosen for further investigation because it presented the clearest TLC 

picture of the four spots (compounds 1-4) that dominated the column 

fractions. During the course of their isolation it was discovered that 

activity resided with material associated with compound 2. This lead to 

the isolation of compound 5 as it was located in the same vicinity as 2. 

Compounds 1-5 have all been previously identified and are reported 

to have the normal configuration (2S) of f1avanones (Markham 1982, 

p. 9-10). 

Isolation of naringenin (1) 

Naringenin (4' ,5,7-trihydroxy-f1avanone) was isolated from column 

fractions 308-354 (3.3 g) by repeated PTLC. The first PTLC run 

chromatographed 1 g of fr 308-354 on 8 plates (chloroform/methanol/water 

350:10:1, 2 x) to give cuts PTLC I A-D. Cut D (40 mg) was 

rechromatographed (same system, 200:10:1, 3 x) to yield 1 (26 mg). 
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Scheme 1. Isolation of compounds 1-5 from Eriodictyon angllstifolillm. 

I\J 
V1 



;L;L;L;L 
insol 1 sol insol 2 sol 2 insol 3 sol 3 insol 4 sol 4 
(93 g) I (73 g) I (90 g) . I (88 g) I 

s 0 v e n t ext r act 0 nco u m n c h rom a tog rap h y 

J,,) sclm J", 
~ I I ~ 

OCM OCM/MeOH OCM interface OCM/MeOH OCM OCM/MeOH 
(170 g) 1:1 (110 g) (24 g) 1:1 (511 g) 1:1 I (168 g) I I (244 g) I (156 g) 

SC-1 SC-2 SC-4 SC-3 
(scheme 3) (scheme 4) (scheme 4) 

Scheme 2. Fractionation of the bulk Eriodictyon angustifolium dichloromethane (OeM) extract. 
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Scheme 3. Work up of Eriodictyon angustifolium fraction SC-l. 
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Scheme 4. Formation of Eriodictyon angustifolium fraction SC-S. 
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OR t 

OH 0 

Compound Rl R2 R3 

1 H H H 

2 H H CH3 

3 H OCH3 H 

4 H OCH3 CH3 

5 CH3 OCH3 H 

- I II --oH 0 

HO ~ ~ C=~-C-O-C~~ 
benzy1-trans-4-coumarate 

6 

Figure 1. Structures of compounds isolated from E. angustifolium. 
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Identification of 1 

Compound 1 was identified as naringenin (4' ,5,7-trihydroxy-flavanone) by 

comparison of its spectral data and cochromatography with an authentic 

sample (Aldrich Chern. Co., Milwaukee). 

Compound 1 was obtained as a tan colored powder that displayed a 

single yellow spot by TLC (chloroform/methanol/water 350:10:1, Rr 0.14) 

after spraying with eerie sulfate solution and heating. 

Infrared spectroscopy (IR) 

The IR spectrum of 1 (figure 2) displayed a characteristic OH 

group absorption band at 3220 cm- 1 (broad). Also present was a carbonyl 

absorption band at 1620 cm- 1 • This shift to a lower wavenumber was due 

to hydrogen bonding between the carbonyl group and the 5-hydroxy group 

(Hergert and Kurth, 1953). The band at 820 cm-1 was indicative of CH 

out-of-plane bending for a 4' substituted flavanone B ring (Briggs and 

Colebrook, 1962). The IR spectra of 1 was superimposable with the 

published spectra for naringenin (Ionescu 1974, p.10). 

lH-Nuclear magnetic resonance spectroscopy (PMR) 

The PMR spectrum of 1 (figure 3) displayed a four peak pattern 

characteristic of a para-substituted B-ring (Mabry 1970, p. 265). The 

signal for H-2'and H-6' appeared as a doublet centered at 7.4 ppm (2H, 

J=9 Hz) while the signal for the C-3' and C-5' protons was present as a 

doublet at 6.9 ppm (2H, J-9 Hz). The singlet at 5.9 ppm (2H) was due to 

the C-8 and C-6 protons while the quartet at 5.4 ppm (lH, J=6 and J=12 

Hz) was caused by the C-2 proton being split by the C-3 protons, 

indicating a flavanone ring system (Mabry 1970, p. 267). The strong 

peak at 2.0 ppm was due to acetone in the commercially available NMR 

solvent. 

Mass spectroscopy (MS) 

The mass spectrum of 1 (figure 4) displayed a molecular ion at m/z 

272 as the base peak. The fragmentation pattern for 1 is shown in 

figure 5. The peak at m/z 179 corresponded to the loss of the Bring 
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while the peak at m/z 166 was due to the loss of the B ring with C-2 

(Dolejs, 1977). The peaks at m/z 153 and 120 were due to ring A (with a 

proton transfer) and B fragments resulting from the commonly described 

retro Diels Alder (RDA) C ring fission characteristic of flavanoids. 

The peak at m/z 124 was due to the loss of CO by the m/z 152 peak. The 

spectrum was in good agreement with that of the published standard 

compound (Dolejs, 1977). 

Isolation of sakuranetin (2) 

Compound 2 (4' ,5-dihydroxy-7-methoxy-flavanone) was isolated in an 

impure form from PTLC I cut B (160 mg). When rechromatography (PTLC, 

chloroform/methanol/water 500:10:1, 2 plates, 3 x) failed to purify this 

material, column fractions 134-176 were subjected to semipreparative 

HPLC as described in the experimental section to yield pure 2 (95 mg) 

from semiprep fraction 14. While 2 itself was inactive PTLC I cut Band 

fractions 5-10 in the semiprep HPLC just mentioned were important in 

locating and eventually isolating the active material. 

Identification of 2 

Based on spectral similarities to 1 and the comparison of spectral 

(PMR) data (Mabry 1970, p. 330), 2 was identified as sakuranetin (4' ,5-

dihydroxy-7-methoxy-flavanone). Compound 2 appeared as a white powder 

that displayed a single spot by TLC (chloroform/methanol/water 350:10:1, 

Rf 0.55) after spraying with eerie sulfate solution and heating. 

Infrared spectroscopy (IR) 

The IR spectrum of 2 (figure 6) displayed the same general bands 

as 1 (figure 2) that indicated OH absorption (3360 cm-1 broad), a 

carbonyl group hydrogen bonded to the 5-hydroxy group (1620 cm -1) and a 

4' substituted Bring (820 cm-1). 

1H-Nuc1ear magnetic resonance spectroscopy (PMR) 

The PMR spectrum of 2 (figure 7) was nearly identical to that of 

1. The upfield doublets for H-2' and H-6' (7.4 ppm, 2H, J-8.4 Hz) and 

H-3' and H-5' (6.9 ppm, 2H, J-8.4 Hz) were present, indicating C-4' 
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Figure 6. Infrared spectrum of compound 2. 

r·.....,- I '1'" I I" 1""1' "I "'1""1""1 'I' 1""1 "'I' I "'I "'I 
ppm 9 8 7 6 5 4 3 2 1 0 

Figure 7. PMR spectrum of compound 2. 
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substitution, as was the H-6 and H-8 singlet (6.0 ppm, 2H) and the 

quartet from the C-2 proton (5.5 ppm, 1H, J=6, 12 Hz). The difference 

in the spectrum of 1 compared to 2 was a singlet at 3.8 ppm (3H) in the 

spectrum of 2 due to presence of the 7-methoxy group. 

Mass spectroscopy (MS) 

The mass spectrum of 2 (figure 8) displayed a molecular ion at m/z 

286 as the base peak, 14 mass units higher than 1. A comparison of the 

spectrum with that of 1 indicated ring A methoxy1ation. The peaks at 

m/z 193, 180, 167, 166, and 138 in the spectrum of 2 correlate with the 

ri.ng A fragments (-14 mass units) shown for 1 (figure 5). The peak at 

m/z 123 is due to the loss of a methyl radical from m/z 138. The ring B 

fragment (m/z 120) was the same as seen for 1 (figure 5). 

Isolation of homoeriodictyol (3) 

Compound 3 (3'-methoxy-4' ,5,7-trihydroxy-f1avanone) was obtained 

pure by PTLC (4 plates, chloroform/methanol/water 350:10:1 1 x, 250:10:1 

1 x, 200:10:1 1 x) of PTLC I cut C (640 mg). 

Identification of 3 

By comparison with reported PMR data (Mabry 1970, p. 332) and 

cochromatography with an authentic sample, 3 was identified as 

homoeriodictyol (3'-methoxy-4' ,5,7-trihydroxy-f1avanone). 

Compound 3 was obtained as an orange powder that displayed a 

single distinctive orange spot by TLC (chloroform/methanol/water 

350:10:1, Rf 0.32) after spraying and heating. 

Infrared spectroscopy (IR) 

The IR spectrum of 3 (figure 9) was similar in appearance to the 

spectra obtained for 1 and 2 (figures 2 and 6). The low wavenumber 

absorption of the C~O stretch (1620 cm-1 ) indicated a 5-0H group. The 

OH absorption was centered at 3350 cm-1 (broad). 

lH-Nuclear magnetic resonance spectroscopy (PMR) 

The PMR spectrum of 3 (figure 10) was similar to that of 2 in that 

the absorptions for a methoxy group (3.-9 ppm, s, 3H), the protons at C-6 
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and C-S (5.9 ppm, s, 2H), and the C-2 proton (5.5 ppm, dd, J~6, 12 Hz, 

1H) of a flavanone structure were present. The complex signal at 7.0 

ppm indicated a B ring substitution unlike 4' but consistent with a 

3' ,4' substitution which produces a complex overlapping pattern. The 

spectrum of 3 compared favorably with that of the published standard 

compound (Mabry 1970, p. 332). 

Mass spectroscopy (MS) 

The mass spectrum of 3 (figure 11) produced a molecular ion at m/z 

302 that was also the base peak. The peaks at m/z 179, 166, 153, and 

124 are consistent with a dihydroxy substituted A ring (figure 5). The 

formation of the m/z 166 peak is not seen with 4' OMe substitution, a 4' 

OH is required to lose a neutral fragment as in the loss of C6H70 in 1 

(Do1ejs, 1977). The peaks at m/z 150 and 135 resulted from the Bring 

after RDA cleavage and the subsequent loss of a methyl radical. The 

peak at m/z 137 was due to the methoxy containing B ring retaining the 

charge, as has been reported for similar compounds (Pe1ter et a1., 

1965), in the same fragmentation that produced the m/z 166 peak. 

Isolation of 4'.5-dihydroxy-3'.7-dimethoxy-flavanone (4) 

Compound 4 was isolated from PTLC I cut A (160 mg) by PTLC 

. (chloroform/methanol/water 500:10:1, 2 x). 

Identification of 4 

Compound 4 was identified as 4' ,5-dihydroxy-3';7-dimethoxy

flavanone by spectral comparison with other compounds in this series. 

Compound 4 was obtained as an orangish powder that produced a single 

spot by TLC (chloroform/methanol/water 350:10:1 Rf 0.S3) after spraying 

with ceric sulfate solution and heating. 

Infrared spectroscopy (IR) 

The IR of 4 (figure 12) closely resembled that of the previous 

compounds. The OH group absorption present at 3500 cm- 1 was sharper 

than the corresponding band in the previous compounds. This was due to 

the 7-0Me group reducing the stability of the resonance ion formed with 
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the carbonyl group, in effect reducing intermolecular bonding (Briggs 

and Colebrook 1962, p. 940-942). Intramolecular hydrogen bonding was 

evident in the c=o stretch at 1620 cm-1 as explained for the previous 

compounds. 

lH-Nuclear magnetic resonance spectroscopy (PMR) 
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The PMR of 4 (figure 13) displayed the one proton quartet at 5.5 

ppm (J=6, 12 Hz), indicative of a flavanone structure, and the singlet 

at 6.1 ppm (2H) from the C-6 and C-8 protons. Signals for two methoxy 

groups (3.8 and 3.9 ppm, both s, 3H each) were found. The complex 

signal centered at 7.1 ppm matched that produced by 3 indicating 3', 4' 

substitution. A comparison of this signal with that from the isomeric 

hesperetin (Mabry 1970, p. 332) indicated that 4 was not hesperetin 

which has a 3'-hydroxy-4'-methoxy substituted Bring. 

Mass spectroscopy (MS) 

The MS of 4 (figure 14) gave peaks corresponding to ring A 

methoxylation (m/z 193, 180, and 167) as seen for compound 2 (figure 8) 

and ring B methoxylation (m/z 150, 137, and 135) as seen for compound 3 

(figure 11). The molecular peak (m/z 316) was the base peak. 

Isolation of 5,7-dihydroxy-3'4'-dimethoxy-flavanone (5) 

After determining that activity did not reside with compounds 1-4 

the active column fractions were recombined into two large fractions, fr 

123-517 and fr 518-578. Fr 123-517 was subjected to DCM fractionation 

and the DCM soluble material worked up by preparative HPLC (see 

experimental section). 

A previously unidentified spot was observed just below compound 2 

(DCM/methanol/water 350:10:1). This spot was present in fractions 

consisting primarily of 2 that were active at 500 ~g/ml. Since the DCM 

insoluble material was a good source of this compound, 5 was isolated 

from it after repeated PTLC from it as described below. 

The first run chroma to graphed 700 mg of DCM insoluble material on 

11 plates using the solvent system above with two developments to yield 
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32 mg of material that was rechromatographed on a single plate using the 

identical solvent system with 5 developments to generate 5 (20 mg). 

Antiinfective testing of preparative HPLC fractions from the OCM 

soluble material from fr 123-517 showed that activity was present in the 

vicinity of 2 and 5 but was not due to either compound. 

Identification of 5 

Compound 5 was identified as 5,7-dihydroxy-3' ,4'-dimethoxy

flavanone based on comparison of spectral data with that of the already 

identified compounds, and comparison of MS data with a published report 

(Ghosa1, 1978). 

Compound 5 was obtained as a tan powder that produced a single 

spot by TLC (chloroform/methanol/water 350:10:1, Rf 0.46) 

lH-Nuclear magnetic resonance spectroscopy (PMR) 

The PMR spectrum of 5 (figure 15) displayed a singlet at 3.9 ppm 

(3' and 4' methoxy absorptions, 6H), a doublet at 7.1 ppm (3H, J-9 Hz, 

H-2' ,5', and 6') and the usual singlet (2H) for the C-6 and C-8 protons 

at 6.0 ppm. This data, combined with the quartet at 5.5 ppm (J = 6, 12 

Hz), established a flavanone structure as in the previous compounds. 

The spectrum was in agreement with that of the published standard 

compound (Mabry 1970, p. 334). 

Mass spectroscopy (MS) 

The MS molecular ion at m/z 316 for 5 (figure 16) indicated that 5 

was isomeric with 4. The Bring ROA fragment was found at m/z 164 with 

m/z 149 and m/z 121 arising from loss of a methyl radical followed by 

loss of CO. The m/z 179 peak indicated a dihydroxy A ring substitution 

(figure 5) while the peaks expected at m/z 193 and 153 from this 

substitution were found instead at m/z 191 and 151. Although this 

appears irregular, it was in agreement with the published values for 

this compound (Ghosa1, 1978). 
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Isolation of benzyl-trans-4-cournarate (6) 

The fractionation of the extract obtained from the remaining 10 Kg 

of dried plant material to obtain SC-l is presented in scheme 2. 

Work up of SC-l: active fraction A-2 

Following compound 2 as a marker by TLC and anti infective test 

results to confirm the presence of activity fraction A-2 (active at 100 

~g/ml) was isolated as follows (diagrammed in scheme 3). First the 

ether soluble portion of SC-l was chromatographed over silica to give 17 

LC(A) fractions (1-2 1 each). Combined LC(A) fr 5-7 (22.8 g), active at 

500 ~g/ml, remained active after removal of diethyl ether and methanol 

insoluble material (2.3 g of each). This bioactive material (17.1 g) 

was subjected to repeated flash chromatography [FC(A) and FC(B)] 

subjected to PTLC (12 plates, n-hexane/DCM/methanol 50:50:3, 2 x) to 

produce fraction A-2 (700 mg). The details of these column 

chromatography procedures are presented in the experimental section. 

A PTLC separation and antiinfective testing of a portion (200 mg) 

of fraction A-2 confirmed that material just above compound 2 was 

responsible for the activity of this fraction. Acetylation of this 

active material revealed a complex mixture of at least four major spots. 

The remainder of fraction A-2 (470 mg) was acetylated in an attempt to 

isolate the active material. Although acetylation destroyed activity a 

20 mg portion of A-2 regained full activity upon deacetylation, though 

some decomposition was noted. 

The acetylated A-2 material was separated by medium pressure HPLC 

(n-hexane/DCM/2-propanol 35:15:1) using HPLC system 2 (described in the 

experimental section) to give 15 fractions of 50 to 175 ml each. PTLC 

separation (n-hexane/DCM/2-propanol 35:15:2) of the targeted material 

failed to produce active material upon deacetylation. 

Work up of (SC-5). isolation of 6 

Fraction SC-5 was formed by combining the DCM soluble SC-2 and SC-

3 fractions with SC-4, a fraction obtained from the consolidation of 
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active materials created during the SC-l work up, as shown in scheme 4. 

The work up of SC-5 that lead to the isolation of active compound 6 is 

diagrammed in scheme 5 and discussed below. Activity for scheme 5 was 

defined as 100% inhibition of the gram positive and fungal organisms at 

500 ~g/ml up to the LC(C) column when the cut off level for activity was 

lowered to 200 ~g/ml. 

The chromatographic columns used to fractionate SC-5 [LC(B) and 

LC(C)] are discussed in the experimental section. The active fractions 

obtained from the first column [LC(B) fr 2-9] were rechromatographed on 

the second column [LC(C)]. The subsequent sodium bicarbonate extraction 

of LC(C) fr 7-10 (17.5 g) produced 15.1 g of active neutrals. This 

material was fractionated by reverse phase HPLC in a series of runs 

which are described in the experimental section. A UV detector set at 

254 nm was employed to help direct the process of fraction collection. 

The chromatogram from one of these runs is shown in figure 17. The 

mixtures obtained were analyzed by analytical HPLC. 

Antiinfective testing revealed that the material eluting just 

after compound 2, which was the first large peak, was responsible for 

the activity of this fraction. Material corresponding to the active 

region from several runs was combined (160 mg) and worked up by repeated 

PTLC (4 plates, DCM/acetone 39:1, 4 x, 29 mg, 1 plate, DCM/acetone 39:1 

2 x, 35:1 1 x) to yield compound 6 (22 mg). 

An HPLC analysis of the amount of 6 in the crude extract was 

performed (see experimental) because, considering its level of activity, 

the amount of 6 isolated in this study was insufficient to account for 

the activity of the crude extract. The antioxidative capacity of 

flavanones, as shown by Ratty and Das (1987) for naringenin, probably 

helped stabilize 6 in the crude extract as it appears to decompose when 

isolated. 
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Identification of compound 6 

Compound 6 was identified as benzyl-trans-4-coumarate by. spectral 

(PMR and mass) analysis and by comparison with synthetic material 

obtained from the condensation of p-coumaric acid with benzyl alcohol. 

Compound 6 appeared as a colorless oil. An impurity that eluted 

about 4 minutes before 6 by analytical HPLC and appeared as a rose 

colored spot just below 6 by TLC (after spraying and heating) increased 

with time. 

Ultraviolet spectroscopy (UV) 
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The UV spectrum of 6 (figure 18) displayed a maximum absorption at 

315 nm, a minimum absorption at 248 nm, and a secondary absorption at 

238 nm. This is in good agreement with the published (Nakamura, 1976) 

values (314 nm max, 249 nm min). 

Infrared spectroscopy (IR) 

The IR spectrum of 6 (figure 19) displayed a broad OH group 

absorption at 3360 cm- 1 • The lowering of the carbonyl group absorption 

to 1675 cm- 1 was due to electron delocalization of the carbonyl group by 

the aromatic ring and double bond system (Silverstein et al., 1981, p. 

117). The C=C absorption at 1600 cm-1 was also due to this effect. The 

bands at 1260 cm-1 and 1160 cm-1 were caused by c-o ester stretching 

(Silverstein et al., 1981, p. 123). The absorptions located at 680, 730 

and 820 cm- 1 are consistent with mono- and di-substituted benzene rings 

(Silverstein et al., 1981, p. 166). 

IH-Nuclear magnetic resonance spectroscopy (PMR) 

The PMR spectrum of 6 (figure 20) displayed a singlet at 5.24 ppm 

(2H) for the methylene group adjacent to one phenyl group and doublets 

at 6.33 and 7.67 ppm (IH each), trans coupled to one another (J ~ 16 

Hz), for the olefinic protons adjacent to the carbonyl group and the 

other phenyl group respectively. The two aromatic protons ortho to the 

phenolic group were seen as a doublet (J - 9 Hz) at 6.84 ppm. The meta 

two proton doublet was buried in the complex signal at 7.4 ppm obtained 
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from the remaining five aromatic protons. The upfield signals did not 

were due to impurities in the sample. The spectrum was in agreement 

with published values for this compound (Nakamura, 1976). 

13C-Nuclear magnetic resonance spectroscopy (CMR) 

52 

The APT CMR spectrum of 6 (figure 21) displayed peaks at 66.4, 

114.5, 115.8, 126.5, 128.1, 128.5, 130.0, 135.8, 145.4, 158.3, and 167.8 

ppm that were consistent with the assigned structure. The assignments 

for these signals were arrived at using CMR calculations for aromatic 

compounds and by comparison with other CMR spectra (Silverstein et a1., 

1981, p. 264-265, and spectra in chapter five, appendix d). 

Mass spectroscopy (MS) 

The mass spectrum of 6 (figure 22) displayed a molecular ion at 

m/z 254. The loss of C7H70 through alpha cleavage of the ester produced 

the base peak at m/z 147. The peak at m/z 120 arose by the loss of 

CsHsOz composed of the neutral fragment above plus the c=o group, after 

a proton transfer. The benzyl group gave rise to the peak at m/z 91 and 

the loss of water from the parent molecule created the peak at m/z 236. 

Rearrangement necessary for the loss of COzH from the parent molecule to 

produce the peak at m/z 209 would be aided by the ability of the 

aromatic rings to lower bond dissociation energies and stabilize ion and 

radical sites (McLafferty 1980, p. 206). The mass spectrum of 6 is in 

complete agreement with the published values (Nakamura and Higuchi, 

1976). High resolution MS established C1sH1403 as the molecular formula 

(calc. 254.0943, found 254.0933) 

Comparison with synthetic product 

The IR spectrum of synthetic benzy1coumarate (figure 23) was 

superimposab1e with the spectrum of the natural product (figure 19). 

The PMR spectrum of the synthetic product (figure 24) was 

comparable with that of the natural material (figure 20). Impurities in 

the sample (seen by TLC) are responsible for the upfield absorptions and 

the extraneous peaks at 3.8 and 7.2 ppm. 
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Isolation and Identification of Compounds from Salvia apiana 

The antiinfective bioassay directed solvent extraction and 

fractionation procedures that were performed on ~ apiana are described 

in the experimental section and summarized in scheme 6. This work 

produced 166 g of bioactive hexane insoluble material. A portion of 

this material (70 g) was worked up to yield the active acid fraction (31 

g) which was derivatized and subjected to column chromatography. The 

structures of the diterpenes isolated from Salvia apiana are shown in 

figure 25. The activities of these compounds and of the gravity flow 

column chromatography fractions generated in their isolation are given 

in appendix B. 

Isolation of carnosic acid (7) and l6-hydroxycarnosic acid (8) 

Compound 7 (carnosic acid, Chemical Abstracts Registry Number 

3650-09-7) and compound 8 (l6-hydroxycarnosic acid) could not be 

separated on silica or C-18 reverse phase adsorbents without 

decomposition. A portion of the acid fraction (950 mg) was acetylated 

and then methylated in order to stabilize these compounds and to improve 

their chromatographic behavior. After semiprep HPLC (see experimental 

section) compound 7 was obtained as its diacetyl methyl ester 9 (29 mg) 

while compound 8 (654 mg) was obtained as its triacetyl methyl ester 10. 

Identification of 7 and 8 

Compounds 7 and 8 were identified as their acetate methyl esters 

9 and 10 respectively. Compound 9 was identified as 11,12-diacetyl

methylcarnosate by comparison with spectral data and by comparison with 

an authentic sample (IR's superimposable) provided by Dr. Maurizo Bruno 

of the University of Palermo, Palermo, Italy. Compound 10 was 

identified as l6-acetoxy-ll,12-diacetyl-methylcarnosate by comparison of 

spectral data with 9. 
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Figure 25. Carnosie acid derivatives from Salvia apiana 



Compound 9 appeared as colorless crystals and displayed a single 

black spot by TLC (silica, n-hexane/acetone 10:1, Rf 0.53) after 

spraying and heating. A melting point of l47-l53°C was obtained (lit. 

l57-l58°C, Savona, 1983) which was unchanged when mixed with authentic 

sample. 
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Compound 10 appeared as colorless crystals and gave a single black 

spot by TLC (n-hexane/acetone 3:1, Rf 0.39), after spraying with ceric 

sulfate solution and heating, and a single peak by packed column GC. 

The melting point of 10 was 130°C. 

Optical rotation 

Compound 9 has a reported optical rotation value of [olD +143.7 

(Linde, 1964) and displayed the following optical rotatory dispersion 

(ORO) values. 

[alA ~5~8~9~ __ ~5~7~8=-__ ~5~4~6~ __ ~4~3~6~ 
+141.5 +148.2 +171.6 +116.4 

(CHC13 ; c 2.45) 

The ORO values obtained for 10 were as follows. 

[alA ~5~8~9~ __ ~5~7~8~ __ ~5~4=6~ __ ~4~3~6~ __ ~3675~ 
+144.6 +150.8 +174.8 +325.0 +555.4 

(CHC13 ; c 9.31) 

The similar ORO values for 10 compared to 9 coupled with 

biogenetic considerations determined that absolute configuration at the 

AlB ring fusion for 10 was trans (Oentali and Hoffmann, 1990). Abietane 

16-hydroxy compounds have been reported as R and ~ epimeric mixtures 

within seven other species (Ruedi et al., 1982). The comparable ORO 

values obtained for 9 and 10 coupled with a capillary GC analysis that 

showed two peaks of equal intensity indicated that 10 was a racemic 

mixture of R and ~ epimers. Surprisingly, 500 MHz analysis did not 

differentiate this mixture (Dentali and Hoffmann, 1990). 

Infrared spectroscopy (IR) 

The infrared spectrum of 9 (figure 26) displayed C-H stretching 

bands from 2820 to 3010 cm- l , phenyl acetate absorptions at 1765 cm- l , 

and ester carbonyl stretching at 1710 cm- l (Silverstein et al., 1981, p. 

122). The spectrum was superimposable with that obtained from an 
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authentic sample. The absorption for the symmetrical bending vibration 

of the acetate CH3 groups (Silverstein et a1., 1981, p. 123) was clearly 

seen as a sharp peak at 1360 cm-I . 

The infrared spectrum of 10 (figure 27) was almost identical to 

that of 9. The acetate CC(=O)-O stretching band at 1230 cm_I was 

broader than the corresponding band in the spectrum of 9 and the C-H 

stretching band absorption did not extend above 3000 cm-I . 

IH-Nuclear magnetic resonance spectroscopy (PMR) 

The major PMR absorptions for 9 and 10 are shown in table 2. The 

500 MHz PMR spectrum of 9 (figure 28) matched the data reported for this 

compound (Linde, 1964). 

Table 2. PMR data of compounds 9 and 10 (CDC13 , TMS) 

H 9 10 

14 6.95 s 6.95 s 

16 1.14 d (6.9)* 3.96 dd (8.1, 10.7) 

4.07 dd (6.3, 10.8) 

17 1.22 d (6.9) 1.26 d (6.9) 

18 0.74 s 0.74 s 

19 0.96 s 0.97 s 

OMe 3.51 s 3.51 s 

2.25 s 2.01 5 

OAc 2.26 s 2.25 s 

2.26 s 

* figures in parenthesis are coupling constants in Hz 
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The 250 MHz PMR spectrum of 10 (figure 29) was almost identical to 

that of 9. The dissimilarities indicated that the only difference 

between compounds 7 and 8 was the oxidation of C-16 to an alcohol. This 

was demonstrated in the PMR spectrum of 10 by the presentation of only 

one doublet arising from MeCH (3H, 1.26, J ~ 6.9 Hz) and two doublets 

of doublets integrating for one proton each at 3.9 and 4.1 ppm 

(CHCHzOC). In addition a third acetate peak (2.0 ppm) was present in 

the spectrum of 10. 

13C-Nuclear magnetic resonance spectroscopy (CMR) 

The CMR spectrum of 9 (figure 30) displayed 25 signals (table 3). 

The values were assigned based on APT data (quaternary carbons and 

methylene groups absorb down while absorbencies for methine and methyl 

groups are up) and comparison with published values for the free acid of 

compound 12 (Al-Hazimi, 1987). 

The CMR spectrum of 10 (figure 31) was nearly identical to that of 

9 with significant differences which revealed the oxidation at C-16. 

These differences were the shifting of signals for C-15, C-16 and C-17 

in 9 from 27.3, 23.0 and 22.6 ppm to 31.8, 68.5 and 16.9 ppm for 10 

(table 3). 

Mass spectroscopy (MS) 

The low resolution electron impact (70 eV) mass spectrum (ElMS) of 

9 (figure 32) did not give a molecular ion peak (m/~ 430). The major 

peaks were due to the loss of acetate groups as ketene (figure 33). The 

base peak at (m/~ 286) was due to the loss of 42 mass units twice (two 

acetate groups as ketene) and 60 mass units (the C-lO methyl ester plus 

a proton) as reported by Enzell and Wahlberg (1969). Loss of 59 as the 

methyl ester, reported to be a common fragment loss by Enzell and 

Wahlberg (1969), from the m/z 370 peak accounted for the peak at m/z 

311. A retro Diels Alder fragmentation of the A ring from the m/z 286 

ion lead to the loss of 56 mass units and is proposed for the peak at 

m/z 230 (figure 33). 
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Table 3. CMR data of compounds 9, 10, 11, 12, 15, 16, and 17. 

9 10 11 12 15 16 17 

C-1 31. 9 31.7 31.2 31.9 31.9 31.9 32.2 

C-2 18.3' 18.2 18.3 18.5 18.4 18.3 18.1 

C-3 41.1 41.0 41.2 41.4 41.4 40.8 40.7 

C-4 34.6 34.4 35.0 34.1 34.0 35.0 34.5 

C-5 53.6 53.4 53.8 54.1 54.0 5'3.9 53.4 

C-6 19.9 19.8 20.1 20.0 19.9 19.9 19.7 

C-7 33.9 33.8 33.8 33.9 33.9 33.6 33.5 

C-B 136.B 134.3 132.2 134.3 134.4 134.6 134.8 

C-9 131. 7 132.7 129.3 125.4 126.4 133.5 134.3 

C-10 47.7 47.7 47.7 47.8 47.9 47.9 47.8 

C-11 141.2 141.5 146.0 147.7 148.0 152.3 151.0 

C-12 139.6 139.2 144.6 142.5 143.6 149.1 140.0 

C-13 138.6 136.8 134.3 139.2 134.7 135.7 136.2 

C-14 125.1 125.7 122.6 118.0 118.4 122.5 122.7 

C-15 27.3 31.8 27.1 26.4 34.7 35.3 32.2 

C-16 23.0 68.5 22.5 23.7 68.1 67.9 68.5 

C-17 22.6 16.9 22.2 23.4 17.4 17.2 17.0 

C-18 32.5 32.3 32.6 32.6 32.6 32.5 32.4 

C-19 19.7 19.6 19.5 20.0 20.0 19.6 19.5 

C-20 175.2 174.9 176.3 176.3 176.3 176.4 176.1 

COOMe 51.8 51.7 51.5 51.5 51.5 51.4 51.4 

OMe 60.2 61.6 61. 7 60.1,59.1 60.0 

Ac 20.7,20.4 20.3,20.6,20.8 20.8,20.5 

168.7,168.3 168.1,168.4,170.9 170.8,168.5 
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Figure 30. CMR spectrum of compound 9. 

II. .I. .... .1 • ...IIJ .. u 
'1 '~I 

If II 
,~. T 

1 ....••.•• 1 .....•••• 1 •••••••• .1 ........... 1. __ 1 ........... , ..... ---'_ ..... L...-1..-_....L.--..1...-...---1....--..-..I ... --.....-L....._I ___ .L __ I._..!--1 1. ....... _.1-_ 
ppm 150 100 50 

Figure 31. CMR spectrum of compound 10. 



4 128 

I 215 

115 141 165 

I I 
I 

199 

286 

2313 

I 

287 

243 271 
I I 

311 

I 

328 

I 346 
I 

353 
I 

Figure 32. Mass spectrum of compound 9. 

3713 
I 

388 
I 

e 

0'1 
U1 



-H2C20 
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The mass spectrum of 10 (figure 34) showed that 9 and 10 were 

structurally related. The base peak (m/z 344) and high mass ions of 10 

(m/z 369, 386, 404, 428, 446) matched those of 9 except for an upward 

shift of 58 mass units (figure 33). The molecular ion was present at 

488 mass units. High resolution MS established the molecular formula of 

10 as C27H360a (calc. 488.2410, found 488.2387). 

Isolation of 11-16 

Methylation of the acid fraction without prior acetylation 

resulted in the formation of compounds 11-16. This mixture (25 g) was 

chromatographed over silica in a gravity flow mode as discussed in the 

experimental section. The fractions so generated were combined based on 

their TLC profiles. Prep 500A HPLC runs (silica cartridges) followed by 

PTLC allowed the isolation and purification of 11, 12, 15, and 16. 

Compounds 13 and 14 were isolated as a mixture and separated as their 

acetates 10 (identified above) and 17, respectively. The flow chart for 

the isolation of these compounds is shown in scheme 7 and detailed in 

the experimental section. 

Identification of 11-methoxy-methy1carnosate (11) 

Compound 11, appearing as a yellowish oil, was identified as 11-

methoxy-methy1carnosate by comparison of spectral data with 9. 

Compound 11 gave a single black spot by TLC (n-hexane/diethy1 

ether 5:1, Rf 0.31) after visualization by spray reagent and heat. 

Optical rotation 

The ORO values for 11 are given below. 

[Q]~ 589 
+136.9 

578 
+142.9 

546 
+164.3 

436 
+158.6 

365 
+20.2 

Infrared spectroscopy (IR) 

(CHC13. c 6.42) . 

The IR spectrum of 11 (figure 35) gave a sharp absorption at 3550 

cm-1 for the phenolic hydroxy group and, like 9, produced an ester 

carbonyl absorption at 1710 cm-1 • 
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lH-Nuclear magnetic resonance spectroscopy (PMR) 

The PMR of compound 11 (figure 36, table 4) was similar to the 

spectrum of 9. The tertiary methyl groups were present at 0.77 and 0.95 

ppm (each 3H, s) as were the two doublets for the methyls of the 

isopropyl group (1.20 and 1.22 ppm, each 3H, J - 7.1 Hz). The OMe 

groups were seen at 3.55 and 3.64 ppm (3H each, s) while the phenolic 

and aromatic protons were noted as singlets at 5.3 and 6.7 ppm (lH each) 

respectively. A downfie1d shift (0.1 ppm) for the methyl groups of the 

isopropyl side chain was seen in a comparison of the PMR spectrum of 11 

taken in CDC13 and pyridine-d5 • This shift helped establish the 

position of the phenolic hydroxy group at C-12. Although less than the 

0.4 ppm predicted (Demarco et a1., 1968) for a hydroxy group at C-12, it 

was significant in view of the fact that no shift for the same groups in 

the same solvents was seen in the PMR spectrum for compound 12 (A1-

Hazimi et al., 1987). 

Table 4. PMR data of compounds 11, 12, 15 and 16 (CDC13 , TMS) 

H 11 12 15 16 

14 6.70 6.52 6.50 6.65 

16 1. 20 d (7.1)* 1.19 d (6.9) 3.66 d (6.9) (buried) 

17 1.22 d (7.2) 1. 22 d (6.9) 1.23 d (7.0) 1.22 d (7.0) 

18 0.77 s 0.78 s 0.78 s 0.77 s 

19 0.95 s 0.77 s 0.98 s 0.96 s 

3.55 3.62 3.63 3.64 

OMe 3.64 3.72 3.73 3.66 

3.75 

* figures in parenthesis are coupling constants in Hz 
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13C-Nuclear magnetic resonance spectroscopy (CMR) 

The CMR spectrum of 11 (figure 37, table 3) was comparable to that 

of 9. The differences were due to shifting for the aromatic carbon 

absorptions, the addition of a methoxy absorption at 60.2 ppm and the 

absence of acetate groups for 11. 

Mass spectroscopy eMS) 

The MS spectrum of 11 (figure 38) produced a base peak at (m/z 

301), 59 mass units below a molecular ion of almost equal intensity 

(99.7%). This peak corresponded to the most important intermediate in 

the fragmentation of the II-hydroxy abietane derivative, ferruginol 

(Enzell and Wahlberg, 1969). The peaks at m/z 245, 231, 219, and 205 

(see figure 38 for structures) were 30 mass units higher than the 

corresponding peaks worked out for ferruginol (Enzell and Wahlberg 

1969). The matching of those peaks with peaks from 11 indicated that 11 

had a ferruginol type structure with an additional 30 mass units added 

to the aromatic ring. High resolution MS established a molecular 

formula of C22H3204 (calc. m/z 360.2301, found m/z 360.2301). 

Identification of 12-methoxy-methylcarnosate (12) 

Compound 12 appeared as a yellowish oil and produced a single 

black spot by TLC (n-hexane/diethyl ether 5:1, R( 0.29) after spraying 

and heating. It was identified as l2-methoxy-methylcarnosate by 

spectral comparison with compound 11 and by comparison with published 

values for its free acid. 

Optical rotation 

The ORn values for compound 12 are given below. 

[Q]~ 589 
+159.5 

578 
+166.7 

546 
+192.0 

436 
+290.2 

365 
+31.0 

Infrared spectroscopy (IR) 

(CHC13 ; c 3.69) 

The IR spectrum of 12 (figure 39) was nearly identical to that for 

11 indicating a similar structure. It matched the peaks reported for 

its free acid (Al-Hazimi et al., 1987) except for the loss of the broad 



73 

·" .0. 

I If 1 I 
1._ • .-..-J_.-1 __ '----';_-l._-.l._...l.._-'-_ ....... _ ....... _..L...........J'----1_...l.._-'-_ ..... _..J-_..L......_ ...... .....J_-.l.~ 

ppm 150 100 50 

Figure 37. CMR spectrum of compound 11. 

OR 

".~" 
301 369 

ItlO 

205 
I 

aa 

011 

192 ~' 60 

! .~ 
40 219 231""'-

I r on 

~ "', . "" 
20 69 2-15-- 2B5 , 

I 257 269 
I 

55 In 
I 

, , , 

50 100 159 200 259 300 3~9 

Figure 38. Mass spectrum of compound 11. 



carboxylic acid OH band and a shift of the C-20 carbonyl c=o stretch 

from 1690 to 1720 cm-1 . 

IH-Nuclear magnetic resonance spectroscopy (PMR) 
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The PMR spectrum of 12 (figure 40, table 4) was very similar to 

that of 11. The tertiary methyls were found at 0.78 and 0.97 ppm (each 

3H, s) while the isopropyl methyls were located at 1.19 and 1.22 ppm (3H 

each, d, J ~ 6.9 Hz). The only significant differences of 12 vs 11 was 

a shift in the positions of the methoxy (3.62 to 3.72 ppm, each 3H) and 

phenolic OH groups (shifted from 5.35 to 6.12 ppm, lH, s). The aromatic 

proton of 12 at C-14 was located at 6.52 (lH, s). 

13C-Nuclear magnetic resonance spectroscopy (CMR) 

The CMR spectrum of 12 (figure 41, table 3) showed some shifting 

of the positions of the aromatic carbon (C-8, 9, 11, 12, 13, and 14) 

absorptions but otherwise was comparable to the spectrum of 11. The 

aromatic absorption obtained for 12 matched those reported for the free 

acid (Al-Hazimi et al., 1987). 

Mass spectroscopy (MS) 

The MS of compound 12 (figure 42) displayed a molecular ion at m/z 

360 and a loss of 60 mass units to give the base peak. This was 

structurally significant in differentiating this compound from the 11-

OMe derivative. The ll-hydroxy-12-methoxy compound was able to lose a 

proton and stabilize the m/z 300 ion (C2oH2602 by high resolution MS) as 

shown in figure 43. The ll-methoxy-12-hydroxy compound was unable to do 

this and therefore displayed a base peak at m/z 301. The MS values 

obtained for 12 were in good agreement with the mass spectrum reported 

for the free acid (Al-Hazimi et al., 1987). High resolution MS 

established the molecular formula as C22H3204 (calc. m/z 360.2301, found 

m/z 360.2296). 
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Identification of 12-methoxy-16-hydroxy-methy1carnosate (15) 

Compound 15 appeared as a yellowish oil that gave a single black 

spot by TLC (n-hexane/diethy1 ether/methanol 65:32:3, 2 x, Rf 0.23) 

after spraying and heating. It was identified as the 12-methoxy-16-

hydroxy-methy1carnosate by comparing its spectral data (MS, PMR and CMR) 

with that of compound 12. 

Optical rotation 

The ORD values for compound 15 are given below. 

[Q]~ 589 
+170.4 

578 
+178.6 

546 
+204.9 

436 
+298.3 

365 
+51.3 

Infrared spectroscopy (IR) 

(CHC13 ; c 3.82) 

The IR spectrum for 15 (figure 44) was comparable to that of the 

preceding two compounds. The appearance of the strong band at 1025 

cm- 1
, not seen in the other two spectra, was due to the C-16 alcohol 

stretch (Silverstein et a1., 1981, p. 113-114). 

lH-Nuclear magnetic resonance spectroscopy (PMR) 

The PMR spectrum of 15 (figure 45, table 4), like the spectrum of 

10 (figure 29), reflected the presence of 16-hydroxy1ation with one 

doublet (1.23 ppm, 3H, J = 7.0 Hz) instead of two for the isopropyl 

methyl function and by the appearance of a doublet at 3.66 ppm (2H, J 

6.9 Hz) for the C-16 methylene group (the doublet of doublets for the C-

16 protons was not resolved in this spectrum). The two methoxy groups 

were seen at 3.63 and 3.73 ppm (3H each, s) and the C-14 proton was 

located at 6.50 ppm while the broad peak at 6.24 (lH) was assigned to 

the 16-0H proton. 

13C-Nuclear magnetic resonance spectroscopy (CMR) 

The CMR spectrum of 15 (figure 46, table 3) was closely related to 

that of 12. The only differences were those attributable to the 

addition of a 16-0H group. The C-15, C-16, and C-17 absorbencies were 

found at 34.7, 68.1, and 17.4 ppm, respectively, in the spectrum of 15 

as a result of this change. 
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Mass spectroscopy (MS) 

The mass spectrum of 15 (figure 47) was remarkably similar to that 

of 12 except for an upward shift of 16 mass units. This supported a 

structure almost identical to 12 with an added oxygen atom High 

resolution MS data established the molecular formula of 15 as C22H320S 

(calc. m/z 376.2249, found m/z 376.2235). 

Identification of 11.12-dimethoxy-16-hydroxy-methy1carnosate (16) 

Compound 16 was obtained as a greenish oil that gave a single 

black spot by TLC (n-hexane/acetone 3:1, Rf 0.39). It was identified as 

11,12-dimethoxy-16-hydroxy-methylcarnosate by spectral comparison with 

other compounds in this series. 

Optical rotation 

The ORD values for 16 are given below. 

[Q]~ 589 578 546 436 
-+~9~4~.~2----+~1~0~0-.~2---+~1~1~5-.~6---+~1~0~.3 

(CHC13; c 2.94) 

Infrared spectroscopy (IR) 

The IR spectrum of 16 (figure 48) was similar in appearance to the 

spectra of the other compounds in this series. 

lH-Nuclear magnetic resonance spectroscopy (PMR) 

The PMR spectrum of 16 (figure 49, table 4) gave only one doublet 

at 1.22 ppm (J - 7.0 Hz) for three protons indicating that one of the 

isopropyl methyl groups was substituted. The presence of three OMe 

groups was seen by absorptions at 3.64, 3.66, and 3.75 ppm (3H each s). 

The aromatic C-14 proton was visible at 6.65 ppm (lH, s). 

13C-Nuclear magnetic resonance spectroscopy (CMR) 

The CMR spectrum of 16 (figure 50, table 3) had an extra peak at 

59.1 ppm due to the addition of an aromatic methoxy group. This 

assignment was not in agreement with the published value (54.13 ppm) 

from l2-methoxycarnosic acid (Al-Hazimi et al., 1987). These apparent 

discrepancies (C-5 for the acid was reported at 61.5 ppm) were settled 

by noting that the signal at 51 ppm was present in all methyl ester 
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derivatives isolated from ~ apiana (table 3) but was not reported for 

the free acid of 12 (A1-Hazimi, 1987). This absorption was therefore 

assigned to the methyl ester group. The fact that 9 and 10 did not 

produce aromatic methoxy group signals (60 or 61 ppm when present) 

allowed the assignment of the signal at 54 ppm to C-5. The shift of the 

C-15, 16, and 17 absorptions to 35.3, 67.9, and 17.2 ppm in compound 16 

was due to the introduction of the C-16 OH group (table 3). 

Mass spectroscopy (MS) 

The mass spectrum of 16 (figure 51) produced a molecular ion at 

m/z 390 and the expected base peak (M-59) at m/z 331. The peak at m/z 

359 was accounted for by the loss of one of the aromatic methoxy groups. 

The peak at m/z 235 (base peak-96 mass units) can be accounted for by 

the rearrangement and fragmentation established by Enze11 and Wahlberg 

(1969) as shown in figure 52. A loss of C7H12 from the base peak to 

form the m/z 235 peak was verified by high resolution MS data for 16 

which also established a molecular formula of C23H3405 for this compound 

(calc. m/z 390.2406, found 390.2407). 

Identification of 11-methoxy-12.16-diacety1-methy1carnosate (17) 

Compound 14 (11-methoxy-16-hydroxy-methy1-carnosate) was 

identified as its diacetate derivative 17. Compound 17 appeared as a 

colorless oil and gave a single spot by TLC (n-hexane/acetone 3:1, Rf 

0.47) after spraying and heating. It was identified as 16-acetoxy-12-

acety1-11-methoxy1-methy1carnosate by spectral comparison to compounds 

15 and 16. The reverse assignment (12-methoxy) would have identified 14 

as 15 but this was not the case as these materials were distinct by TLC. 

Optical rotation 

The ORD values for compound 17 are given below. 

[alA 589 
+120.9 

578 
+126.4 

546 
+146.2 

436 
+264.4 

365 
+100.4 

(CHC13; c 11.99) 
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Infrared spectroscopy (IR) 

The IR spectrum of 17 (figure 53) was similar to that of 15 and 16 

but with the addition of a band at 1760 cm-1 for the phenyl acetate 

absorptions. 

IH-Nuc1ear magnetic resonance spectroscopy (PMR) 

The PMR spectrum of 17 (figure 54) was similar to the other C-16 

substituted compounds in this series, and consistent with the assigned 

structure. The presence of C-16 substitution was revealed by the 

appearance of one three proton doublet (1.24 ppm, J = 7.0 Hz) for an 

isopropyl methyl group, instead of two. Two acetate peaks at 2.02 and 

2.33 ppm (s, 3H each, C-16 and C-ll substitution, respectively) and two 

singlets for the two methoxy groups at 3.56 and 3.63 ppm (3H each) were 

noted. The C-14 aromatic proton was located at 6.76 ppm (lH, s). 

13C-Nuc1ear magnetic resonance spectroscopy (CMR) 

The CMR spectrum of 17 (figure 55, table 3) was comparable to that 

of 15. The dissimilarities were caused by the additional two acetate 

groups (20.8, 20.5, 170.8, and 168.5 ppm) and a shift in the position of 

the aromatic methoxy group from C-12 to C-ll. A comparison of the 

spectra of 17 and 11 showed many of the similarities found in the 

comparison of the spectra of 15 and 12 (aromatic methoxy group 

absorption shifts of 60.0 and 60.2 for 17 and 11, respectively, vs 61.6 

and 61.7 for 12 and 15, respectively, for example) and supported the 

assignment of 17 as a ll-methoxy derivative of carnosic acid. 

Mass spectroscopy (MS) 

The MS of 17 (figure 56) gave a molecular ion at m/z 460. The 

base peak at m/z 418 arose from the loss of an acetate group as ketene 

while loss of the second acetate group as HOCOCH3 from the molecular ion 

(and the m/z 418) peak produced the peak at m/z 400 (and 358). The loss 

of the methyl ester group as 60 mass units' does not occur as easily with 

a 11-0Me substituent as with a 11-0H group (see figure 43) and therefore 

it was not the major contributor to the' formation of these ions. Loss 
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of the methyl ester as 59 mass units from the m/z 358 peak produced the 

m/z 299 peak. The minor peak at m/z 376 was due to the loss of both 

acetates as ketene. The loss of 96 mass units from m/z 299 to give 203 

was explained by the same mechanism that produced the m/z 235 peak in 

the spectrum of 16 (figure 52). High resolution data established the 

molecular formula C26H3607 (calc. m/z 460.2461, found 460.2490) for 17. 

Isolation 1.B-cineo1e (18) 

A portion (100 g) of the air dried ground ~ apiana material was 

steam distilled (see experimental section) to obtain the essential oil 

fraction (3.8 g). An aliquot of this oil was subjected to PTLC (2 

plates, petroleum ether/ethyl acetate 15:1, 1 x) to obtain 18. 

Approximately 50% of the material loaded onto the PTLC plate was lost 

due to evaporation. 

Identification of 18 

Compound 18 was identified as l,8-cineole by comparison with 

published data. It appeared as a colorless oil with its characteristic 

eucalyptus smell and produced a single black spot by TLC (same system as 

above, Rf 0.50) after spraying and heating. A capillary GC analysis 

indicated that the sample was 96% pure (uncorrected for detector 

response). The 4% impurity correlated with the second most abundant 

compound in the whole oil fraction. Neisses (1983, p. 29-30) identified 

l,8-cineole as the major compound and camphor as the second most 

abundant compound in the volatile oil fraction of ten ~ apiana 

individuals. [Some material (14 mg) that travelled with the solvent 

front in the separation above was not spectrally identified but was 

found to have the characteristic smell of camphor.] 

Infrared spectroscopy (IR) 

The IR spectrum of 18 (figure 57) displayed peaks for methyl C-H 

asymmetrical (2960 cm- 1 ) and symmetrical C-H (2880 cm-1 ) stretching. The 

respective peaks for the methylene stretching vibrations were seen at 



90 

2920 (or 2930) and 2850 cm-1 . The doublet peaks at 1350 and 1370 cm-1 

indicated a gem-dimethyl group (Silverstein et al., 1981, p. 107). The 

small peak at 1740 cm-1 is probably due to contamination from camphor. 

lH-Nuclear magnetic resonance spectroscopy (PMR) 

The singlet at 1.3 ppm (6H) in the PMR spectrum of 18 (figure 58) 

was due to the gem-dimethyl group while the other singlet at 1.1 ppm 

(lH) arose from the remaining methyl group of 1,S-cineole. The 

spectrum for 18 was identical to the published spectrum of 1,S-cineole 

(Sadtler NMR 10005M). 

Mass spectroscopy (MS) 

The mass spectrum of 18 (figure 59) gave a molecular ion at m/z 

154. Loss of a methyl group was responsible for the peak at m/z 139. 

Loss of the isopropyl group, the oxygen atom and a methyl group 

accounted for the base peak at m/z Sl. 



Figure 57. Infrared spectrum of compound 18. 

Figure 58. PMR spectrum of compound 18. 
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EXPERIMENTAL 

This chapter describes the techniques and procedures used to 

perform the experimental particulars of this work. It covers the 

grinding of the plants, the extraction of the ground plants, the 

fractionation of the crude extracts, the chromatographic methods and 

equipment used, the instrumentation employed, the details of some of the 

isolations, the synthesis of derivatives and the anti~nfective assay 

used in directing the process of fractionation. 

Antiinfective Assay 

The agar dilution-streak test as described by Mitscher (1972) was 

used as a general screen for bioactivity and as a guide to direct 

fractionation. Test organisms used were Staphylococcus aureus (9-29 

UA), Bacillus subtilis (2-27 UA), Klebsiella pneumoniae (3-9 UA), and 

Candida brassicae (IFO 1664). After the initial screen Candida albicans 

(EMC 80) replaced ~ brassicae as the fungal test organism since 

activity against a human pathogen was considered more desirable. 

Fractionated extracts and pure compounds were tested in the 10-1000 

~g/m1 range. Antibacterial and antifungal standards were 

Chloramphenicol (32 ~g/m1) and Arnphotericin-B sulphate (5 ~g/ml) 

respectively. 

Sample preparation 

The samples to be tested were weighed out (10 mg for a 1000 ~g/ml 

test) into 2 dram vials. The samples were sonicated to aid their 

dissolution after adding 0.4 ml dimethylsulfoxide (DMSO). 

The agar was prepared by adding 40 g of trypticase-soy agar (TSA 

from Difco) per liter of cold water while stirring. This solution was 

heated on a hot plate until the agar dissolved, then sterilized in an 

autoclave at 120 0 C for 15 minutes. In order to prevent the agar from 

congealing it was kept warm in a heating mantle. Before adding sample 
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or agar, the bottom of the Petri dishes were marked with the appropriate 

sample number and a reference point so that the organisms could be 

applied to exactly defined areas using a template. 

The sonicated dissolved samples were poured into the Petri dishes 

before adding 10 ml of agar under aseptic conditions. The dishes were 

gently swirled to distribute each sample evenly in the agar. The sample 

plates were prepared in batches of six, covered, allowed to cool, 

inverted and placed in the refrigerator (5° C) until inoculation. Two 

blank plates containing only DMSO were prepared as controls as was one 

containing 320 ug Chloramphenicol (antibacterial control) and 50 ug 

Amphotericin-B sulfate (antifungal control). 

Microorganism preparation 

The microorganisms were maintained on TSA agar. They were usually 

prepared for testing on the same day that the samples were prepared. 

The broth (10 ml trypticase-soy) to be inoculated was placed in test 

tubes which were then plugged with cotton and autoclaved. One tube of 

broth and one of sterile saline solution (9 ml 0.85% soln) was prepared 

for each microorganism. A sterile loop and aseptic conditions were used 

to inoculate the cooled, sterile broth and two fresh slants. After 

vortexing the inoculated broth it was incubated for 24 hours at 37° C 

(room temperature for the fungal organisms). 

Inoculation 

The next day the Petri dishes and tubes of sterile saline were 

removed from the refrigerator and allowed to warm to room temperature. 

The tubes of broth, now cloudy, were used to make inoculating solutions 

by aseptically transferring I ml (3 ml for the fungus) of the inoculated 

broth to the appropriate labeled tube of sterile saline solution and 

vortexing. Using a sterile pipet one drop of diluted culture was placed 

on the surface of the agar in the quadrant marked by the template for 

that organism. The drop was streaked within its quadrant using a 



sterile loop. All plates were inoculated with the first microorganism 

then a new pipet was chosen and the loop carefully flamed before 

repeating the procedure with the remaining cultures. When inoculation 

of the plates was completed they were inverted and placed in an 

incubator at 37 0 C. 

Reading the results 
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The results were read at 24 and 48 hours. Complete inhibition of 

growth of a test organism was recorded as ++, partial inhibition as +, 

and no inhibition as - The test was considered valid when the blank 

TSA plates showed no inhibition of growth, the Chloramphenicol treated 

plate inhibited bacterial but not the fungal organisms, and the plate 

treated with Arnphotericin-B completely inhibited fungal growth only. 

Grinding 

The air-dried plant parts were ground separately using a Wiley 

Mill (Arthur H. Thomas; Philadelphia, Pennsylvania) to 3 rnm particle 

size and stored at _100 C until solvent extracted. 

Extraction 

Herbal remedies 

The ground herbal remedies were percolated with dichloromethane 

(DCM) followed by methanol (MeOH). The marc was discarded. After 

solvent removal, 10 mg of each plant extract was submitted for 

antiinfective testing (1000 pg/ml). 

Eriodictyon angustifolium 

The initial follow up extract was obtained by placing ground plant 

material (1251 g) into two large (2.2 1) Soxhlets and covering it with 

DCM. After one hour the DCM was drained. Fresh solvent was added and 

allowed to soak at room temperature for three days before draining. Two 

more solvent soaks of two hours each were performed. All four extracts 
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were combined, placed in stainless steel pans and allowed to dry in the 

hood. A residue that formed on the bottom and sides of the pans during 

drying was removed, placed in a one liter beaker, covered with DCM, 

stirred for 10 minutes, and placed in the freezer overnight. The next 

day the contents of the beaker were filtered through a sintered glass 

funnel under vacuum. The residue, a yellowish precipitate, was washed 

three times with solvent. The filtrates were combined and yielded a 

second crop of precipitate. The original DCM extract (mother liquor) 

also produced a second crop of precipitate. The combined DCM extracts 

(305 g) gave 248 g of mother liquor and 57 g of precipitate. 

A Lloyd batch extractor (85 1 percolator manufactured by Brighton 

of Cincinnati, Ohio) was used in a percolation mode to extract the 

remainder of the ground plant (10 Kg) as described below. The plant 

material was placed in the extractor basket (filling it half way), which 

was hoisted into the extractor body. Enough DCM (50 L) was added to 

cover the material before placing the lid on the extractor which was 

then allowed to sit for 4 hours before draining the solvent through the 

lower valve. The drained liquid was collected in 20 L metal cans and 

carried to the Yamato model RE-7l rotary evaporator. This DCM extract 

gave 1985 g of crude material. 

Salvia apiana 

Ground aerial plant parts (2237 g) were placed into four large 

(2.2 1) Soxhlets, covered with DCM (6.4 1 total) and allowed to soak for 

four hours before draining the solvent into stainless steel pans. Fresh 

solvent (2.2 1) was added and allowed to soak for three days before 

draining and replacing with fresh DCM (2.9 1). After two hours, the 

third DCM fraction was drained and fresh DCM (2.9 1) was once again 

added and allowed to soak for two hours before draining. All four DCM 

fractions were combined to yield 349 g of extract and 0.8 g of 

precipitate after solvent removal. 
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A 100 g portion of the dried ground plant was submitted for steam 

distillation. For this procedure (performed by Louis K. Hutter of the 

Bioresources Research Facility, University of Arizona, Tucson, Arizona) 

a perforated, coiled copper tube introduced steam into the bottom of a 

glass container filled with plant material. Steam leaving the container 

passed through a condenser and was collected drop by drop in a graduated 

cylinder. The distillation procedure continued until 100 ml of liquid 

was collected in the cylinder. The essential oil fraction was recovered 

directly by pipetting it off the top of the water in the cylinder. The 

yield from the 100 g ~ apiana sample was 3.8 g (or 3.8%) of volatile 

oil and 90.7 g of bagasse. 

Fractionation 

Fractionation procedures often follow extractions in order to 

simplify the complexity of the extract mixture. The ideal fractionation 

procedure will create fractions chemically distinct from one another. 

The solubility differences of the components of a mixture in various 

solvents are what enable distinct fractions to be created. Simple 

solvent extractions, such as those described below on a ~ apiana DeM 

extract, are analogous to the original extraction from the plant matrix 

in that the extract is obtained with a solvent that will dissolve some 

but not all of its components. Other procedures, such as those 

described below for combined column fractions from ~ angustifo1ium, 

take advantage of the limited solubility of some materials in a 

particular solvent. Fractionations based upon differences in the 

ionizability of the components in a mixture are also described for 

extracts from both plants. After being taken up in diethy1 ether and 

partioned with an aqueous base in a separatory funnel, the neutrals of 

an extract can be recovered directly from the ether layer. The acids 

can be retrieved following acidification of the aqueous base and 

extraction with diethy1 ether. This procedure was reminiscent of a 



common technique of fractionation not used in this work, i.e. the 

partitioning of a mixture between two immiscible liquids. 

Eriodictyon angustifolium 
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The fractionation procedure of combined chromatography fractions 

123-517, referred to in the section on the isolation of 5, was carried 

out as follows. The combined material from column fractions 123-517 (26 

g) was suspended in DCM (500 m1) and filtered. The residue was washed 

with fresh DCM before drying to yield 9 g of DCM insoluble material. 

The filtrate was placed in the freezer for two hours after which time a 

precipitate (6 g) was filtered off. After drying, the filtrate (9 g) 

was redissolved in DCM (90 m1) and concentrated to one half volume by 

rotary evaporation before filtering off a cream colored precipitate (1.2 

g). The mother liquor (DCM solubilized material) was placed in the 

freezer for three days after which time a second precipitate crop (2.5 

g) was obtained. The remaining DCM solubilized material (5 g) was 

subjected to prep HPLC. 

A neutral/acid fractionation of chromatographically separated 

material follows. After dissolution into 300 m1 diethy1 ether, fraction 

SC-5 LC(C) 7-10 (17.5 g, scheme 5) was extracted with 5% NaHC03 (100 m1. 

4 x), washed with deionized water (150 m1, 2 x), filtered through 

anhydrous magnesium sulfate (MgS04) and rotovaped dry to yield 15.1 g of 

neutral material. The basic aqueous extracts were combined, neutralized 

with 80 m1 of 25% (3M) HC1 and extracted with diethy1 ether (150 m1, 3 

X). The ether extracts were combined, washed with deionized water (150 

ml, 2 x), filtered through MgS04 and evaporated under reduced pressure 

to recover the acid fraction. 

Salvia apiana 

A portion of the DCM extract (339 g) was placed into a stainless 

steel bucket, covered with approximately 2 1 of n-hexane, triturated 

with spatula and gloved hand, stirred with a magnetic stirrer for one 
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and one quarter hours, and allowed to settle overnight. The next 

morning the filtrate was decanted through a 2 1 sintered glass funnel 

fitted onto a 4 1 flask under vacuum. The solids remaining in the 

bucket were then transferred into the funnel and washed with 500 m1 

fresh n-hexane. The residue was returned to the bucket, covered with 1 

1 n-hexane, stirred for two hours, allowed to settle for an hour and one 

half and refiltered through the sintered glass funnel. The residue was 

then twice washed with about 300 m1 fresh n-hexane and dried in the 

funnel to yield 166 g of hexane insoluble yellow powder. The combined 

filtrates gave 173 g of hexane soluble materials after solvent removal. 

A portion (70 g) of the hexane insoluble material was weighed out 

into a stainless steel bucket and enough diethy1 ether was added to make 

a paste. This paste was triturated to remove lumps and more ether added 

to make a 700 m1 suspension. The suspension was stirred for an hour 

with a magnetic stir bar, allowed to settle, and placed in the freezer 

overnight after which time the contents were filtered through fluted 

filter paper to yield 20 g of insoluble material. The filtrate was 

transferred to a 2 1 separatory funnel and extracted with 5% aqueous 

Na2C03 (500 m1 2x, 300 m1 lx, 200 m1 1x). The combined ether fractions 

were washed with distilled (500 ml 1x) and NaC1 saturated water (300-500 

m1 2x) before being dried over anhydrous sodium sulfate and removing the 

solvent in vacuo to yield 13 g of neutrals. 

The aqueous base fractions were combined then separated into two 

separatory funnels (750 m1 in each), chilled with the addition of 

crushed ice, acidified with 25% HCl and extracted with 500 m1 ether. 

The aqueous fractions were then placed in a single separatory funnel and 

extracted with ether twice more (250 ml each time). The ether fractions 

were combined, rinsed with water and dried over sodium sulfate before 

removing the solvent in vacuo to yield 31 g of acids. 
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Chromatography 

Thin layer chromatography (TLC) 

TLC is a relatively simple tool used to generate two dimensional 

images corresponding to the compounds present in a mixture being 

chromatographed. TLC was used as an analytical tool to review the 

results of fractionation, to investigate solvent systems for possible 

use in column chromatography, to analyze fractions from column 

chromatography, to check the purity or identity of isolated materials, 

to isolate and purify small amounts of material, and to follow the 

course of derivatizations. A short explanation of the materials and 

techniques used in TLC is described below. 

One eighth inch thick glass plates (6.6, 10, and 20 x 20 cm) were 

coated with silica 60 (give specifics) designed for thin layers and 

containing fluorescent indicators from Macherey Nagel (cat. no. 81632 

dist. by Brinkmann Instruments, Westbury, NY). Each plate was coated 

with a layer of slurry (60 g silica in 130 m1 deionized water) 0.3 mm 

thick using an automatic plate maker (Camag). The plates were allowed 

to air dry before heating at 110 0 C for at least one hour to activate 

them. After being allowed to cool they were stored in a desiccated 

container. 

A few milligrams of the sample to be chromatographed was 

completely dissolved (approx 1% soln) in a suitable solvent. A 

capillary pipet was used to deposit enough material on an activated TLC 

plate to produce a concentrated spot no larger than 5 mm in diameter 

located at least 15 mm from the bottom of the plate. This end of the 

plate was placed into the 10 mm or so of solvent in a covered glass 

tank. When running more than one sample per plate parallel lines of 

silica were removed creating separate channels for each sample to travel 

in as the plate developed. When the solvent reached to within 10 mm of 

the top of the plate development was complete and the plate was removed 
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from the tank and allowed to air dry. Information about the sample in 

that particular TLC solvent system was then obtained by viewing under UV 

(254 and 356 nm) light and by spraying with ceric sulphate solution 

(20 g Ce(HS04 )4' 56 m1 conc H2S04 , 1 1 water) prior to heating in an oven 

at 110 0 C thereby charring the organic material on the plate. 

Preparative thick layer chromatography (PTLC) 

PTLC was used to isolate and purify compounds, usually from 

relatively simple mixtures. It was often employed as a follow up to 

fractionation by column chromatography when the fractions of interest 

contained material easily separated by TLC and/or were less than one 

gram in quantity. 

One eighth inch thick glass plates (20 x 20 cm) were coated with 

silica 60 (give specifics) designed for thick layers and containing 

fluorescent indicators from Macherey Nagel (cat. no. 81638 dist. by 

Brinkmann Instruments, Westbury, NY). Each plate was coated with a 

layer of silica slurry (200 g silica in 480 m1 deionized water, shaken 

and allowed to stand for one hour) 1.5 mm thick using an automatic plate 

maker (Camag). The plates were allowed to air dry overnight. They were 

then heated at 110 0 C overnight to activate them. They were allowed to 

cool before storing in a desiccated container. 

Samples from 5 to 150 mg were applied in a line about 3 cm from 

the lower edge of each PTLC plate using a capillary pipet. This was 

accomplished by dissolving the sample in a minimum of solvent to form a 

concentrated solution. The solvent was allowed to evaporate in between 

sample additions and again before placing the plate in a tank with the 

developing solvent. 

The solvent system for development was chosen so as to aid the 

isolation of the compound(s) of interest. A system often used in PTLC 

(and almost exclusively used in column chromatography) was one that 

would move the material to be isolated or purified about 20% the way up 
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the plate relative to the solvent front (Rf 0.2). The amount of solvent 

(1-2 cm deep) in the covered tank was sufficient to develop the plate(s) 

fully while remaining below the line of sample when commencing 

development. Up to six plates were developed simultaneously using a 

rack to hold four plates and placing the two other plates between the 

rack and the side of the tank. Care was taken to insure that sufficient 

solvent was present when multiple plates were developed. 

After development the plates were removed from the tank and 

allowed to air dry in the hood. They could be returned to the tank, 

which was replenished with fresh solvent, for multiple developments as a 

means to help effect the desired separation or purification. 

Visualization was accomplished by viewing the plate under UV (254 and 

356 nm) light and also by spraying (ceric sulfate solution) and charring 

(using a heat gun) the edge of the plate. During this procedure the 

rest of the plate was protected from the spray by placing a clean blank 

plate over it. The bands of material identified were selectively 

removed from the plate by outlining them with a dissecting needle and 

carefully scraping them off the plate with a razor blade. 

The isolated material was recovered from the silica by placing it 

in a small flask, adding enough of a strongly eluting solvent (DCM/MeOH 

1:1 for example) to form a suspension, stirring with a magnetic stir bar 

for a few minutes, filtering through a sintered glass or buchner funnel 

under vacuum, and then finally by removing the solvent by evaporation. 

Gravity flow column chromatography 

Gravity flow column chromatography was performed in the following 

manner. A glass column open at one end and fitted with a stopcock at 

the other was clamped and supported in a vertical position. The 

junction between the stopcock and the lower end of the column was filled 

with a loose fitting cotton plug in order to prevent the adsorbent from 

exiting the column. The adsorbent used was silica gel 60 (70-230 mesh) 



manufactured by E. Merck (Darmstadt, Germany, cat. no. 7734) that had 

been recovered from previous columns by heating overnight at 850 D C. 
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A volume of solvent sufficient to produce a level of 10 cm was 

poured into the column before introducing a slurry of silica suspended 

in the same solvent. Any silica adhering to the inside of the column 

was washed down with additional solvent and the silica was allowed to 

settle, producing a bed inside the column. The solvent level was 

adjusted before sample addition by opening the stopcock and letting the 

solvent elute until the fluid level was about 10 cm above the column 

bed. 

The sample was prepared by dissolving it in a minimum of solvent 

and adding enough recovered silica (approx 2.5 x the sample by weight) 

to completely adsorb the sample mixture. The solvent was then allowed 

to completely evaporate in the hood. The silica/sample mixture was 

crushed with a mortar and pestle and sifted to a uniform particle size 

before adding it to the column. The level of solvent was then lowered 

to the height of the adsorbed extract. A small amount of additional 

solvent was carefully added and the solvent height again lowered to the 

level of the sample. This procedure was repeated until the solvent 

above the sample was colorless at which time more silica was introduced 

into the column in order to form a protective cap about 5 cm thick over 

the adsorbed sample. 

This general procedure was used in all column chromatography that 

relied only on gravity for the movement of solvent through the silica 

bed. The packing ratio of silica to sample (w/w) was on the order of 

40:1 to 100:1. Fractions obtained from gravity flow were analyzed and 

combined based on their thin layer chromatographic profiles. 

Eriodictyon angustifolium 

There were four sets of gravity flow columns done on the DCM 

extract of ~ angustifolium. The first one was done on the initial DCM 

percolation. The second one (SC-l,2,3) was a solvent extraction 
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chromatographic procedure done on the DCM extract obtained from the 

batch extractor (scheme 2). The third [LC(A), LC(A)', and LC(A)"] was 

a chromatographic fractionation of the products from the just mentioned 

procedure (schemes 3 and 4). The last set was preformed on combined 

fraction se-5 (schemes 4 and 5). These column procedures are described 

below. 

A portion (142 g) of the mother liquor obtained from a DCM 

percolation (scheme 1) of ~ angustifolium was chromatographed on a 

silica gel (70-230 mesh, 4.25 Kg) column (10 x 80 cm) eluted with n

hexane/diethyl ether 9:1 (175 1), 3:1 (2 1), and 3:2 to give 602 

fractions (200-500 ml each) which were combined on the basis of their 

TLC (chloroform/methanol/water 350:10:1, silica) profiles. 

A portion (1913 g) of the material from the DCM batch extraction 

of the remainder of the ~ angustifolium biomass was fractionated using 

a gravity flow solvent extraction chromatographic procedure as follows 

(see scheme 2). The extract was divided into four approximately equal 

portions. Each was suspended in DCM (5 1), allowed to settle overnight, 

and filtered of insoluble material to give DCM sol fractions 1-4. These 

residues were washed with fresh solvent (3 x), dried, and combined to 

yield 343 g of DCM insoluble material (DCM insol fractions 1-4). 

A column bed (90 cm high in a 9.5 x 150 cm column) was prepared 

from a 4 Kg slurry of silica gel 60 (70-230 mesh). DCM soIl the first 

of the four 5 1 DCM portions, was poured over the column and eluted with 

fresh DCM (30 1) until the marker (a dark green band) had passed the 

stopcock to give fraction SC-l (170 g). The column was then washed with 

DCM/MeOH 1:1 (4 1) before recharging with two void volumes (8 1) of DCM. 

This procedure was repeated with DCM sol 2 using only 10 1 of DCM to 

elute the marker band and create fraction SC-2 (110 g). An interface 

containing about 2 1 of solvent was collected (24 g) before the DCM/MeOH 

mixture eluted. The last two 5 1 DCM soluble portions, DCM sol 3 and 4, 

were combined, concentrated to 7 1, and poured over the solvent column. 



The column was then washed with DCM (10 1, fraction SC-3, 511 g) 

followed by DCM/MeOH 1:1 (6 1). 
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The portion of fraction SC-l that was soluble in diethyl ether 

(159 g) was adsorbed onto silica gel 60 and eluted over a 1.7 Kg silica 

column (8 x 48 cm) in a stepwise solvent extraction mode using n-hexane 

(1 1), n-hexane/DCM 1:1 (4 1), DCM (until dark green "marker" eluted, 25 

1), and DCM/MeOH 1:1 (2 1) to give 17 LC(A) fractions of 1-2 1 each 

(scheme 3). 

Fractions SC-2 and SC-3 were treated somewhat differently. 

The methanol soluble portion (76 g) of SC-2 was adsorbed over 150 g of 

silica and chromatographed over 1.5 Kg of silica in a 6.5 cm id column 

using DCM/acetone 39:1 to elute the "marker band" creating 5 LC(A)' 

fractions of about 500 ml each. The methanol soluble portion of SC-3 

(430 g) was dissolved in warm DCM (1 1) in a 4 1 beaker and allowed to 

cool to room temperature overnight. The precipitate (35 g) was filtered 

off, washed 3 x with DCM and allowed to dry. The combined filtrates 

(395 g) were adsorbed over 800 g of silica and eluted over 4.5 Kg 

recovered silica gel 60 in a 9.5 cm id column using DCM (2 1) and 

DCM/acetone 39:1 before washing with DCM/MeOH 1:1 to give 10 LC(A)" 

fractions of 1-2 1 each. LC(A)' fr 2-3 and LC(A)" fr 3-5 were 

eventually combined to create the bulk of fraction SC-5 (scheme 4). 

The final two gravity flow columns on ~ angustifolium fractions 

were performed on SC-5 (scheme 5). In the first of these columns (4.5 

Kg silica, 9.5 x 90 cm) the above material (168 g) was adsorbed over 350 

g of silica and with DCM/acetone 39:1 as the eluent to give 15 LC(B) 

fractions (500-600 ml each) followed by a DCM/MeOH wash (2 fractions 3-4 

1 each). LC(B) fractions 2-9 (115 g) were chroma to graphed over silica 

(5.7 Kg) using DCM/acetone 100:1 to give 31 LC(C) fractions (500-1500 

ml) in the second column (9.5 x 113 cm). 
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Salvia apiana 

A portion (25 g) of the methylated acid fraction was adsorbed onto 

40 g of recovered silica 60 (70-230 mesh) and chromatographed over the 

same (1.25 Kg, 6.5 x 53 cm column) using hexane/ether/methanol 65:33:2 

in a gravity flow mode to obtain 45 CC fractions (75 ml each) followed 

by a 2 1 fraction (fraction 46) and a DCM/methanol 1:1 2 1 wash 

(fraction 47). 

Flash chromatography 

This technique, developed by Still et a1., (1978), differed from 

the gravity flow columns because the solvent movement through the silica 

bed was aided by pressure supplied to the top of the column through an 

air hose (flow rate of 20-50 ml/min). Elution times were shortened and 

the packing ratio was often dropped to 20:1 or 10:1. The silica used 

had an average 40 um particle size (Baker no. 7024, location). Two 

sizes of columns were used, 2 x 45 cm and 5 x 40 cm (manufactured by 

Ace Glass Co., Vineland, N.J.). 

Eriodictyon angustifolium 

Two flash chromatography columns were used on SC-l fractions 

(scheme 3). In the first column the SC-l LC(A) fr 5-7 ether soluble, 

methanol soluble material (17.1 g) was adsorbed onto 17 g of 40 urn 

silica and flashed over 300 g of 40 um silica (5 x 40 cm column) using 

n-hexane/DCM/MeOH 25:25:1 at 33 ml/min to yield 27 FC(A) fractions (100 

ml each). The second run chromatographed FC(A) fr 21-23 (3.6 g) over 

200 g of 40 um silica in the same column using the same solvents in a 

50:50:3 ratio at 20 ml/min to yield 15 FC(B) fractions (50 m1 each). 

High performance liquid chromatography (HPLC) 

Medium pressure preparative chromatography, was performed with two 

systems. The first, a Waters Prep LC System/500A, utilized radially 

compressed cartridges (5 x 30 cm) containing silica (55-105 urn) or 

semipreparative steel columns (2.5 x 30 cm) packed with 40 um silica and 



was equipped with a refractive index detector. The second system will 

be presented after a description of the separations involving both ~ 

angustifolium and ~ apiana with this first system using silica 

cartridges and a semiprep steel column. 

Separations using system 1 
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Preparative HPLC was performed on ~ angustifolium DCM soluble 

material from recombined chromatography fractions 123-517 (scheme 1). A 

new silica cartridge was installed, flushed with n-hexane/DCM/MeOH 

50:50:10 (2 1), 50:50:1 (1 I), and conditioned with 50:50:1 for 10 min 

(4 1 reservoir). Recombined fr 123-517 (5.1 g) was dissolved in a 

minimum of solvent, injected and eluted at 500 ml/min to give 32 HPLC P 

77 fractions of 100 ml each plus all DCM/MeOH 1:1 wash. 

Semipreparative HPLC was used to purify compound 2 as follows. 

Column chromatography fraction 134-176 (1 g) was rechromatographed over 

40 um silica with the semiprep column using 100% chloroform as the 

eluent to give 15 HPLC P 66 fractions (40 ml each). 

A series of preparative HPLC columns were run on ~ apiana column 

fractions in order to isolate compounds 11-16 (scheme 7). The 

conditions for each of these ten HPLC runs (and the PTLC separations 

utilized to purify the compounds) are detailed below. 

HPLC I 

CC fraction 3 (0.5 g) was chromatographed with hexane/diethyl 

ether (6:1) using the recycle mode to give 22 fractions (100-160 ml 

each). HPLC I fr 3, 4, and 8-10 were combined (112 mg) and subjected to 

PTLC (1 plate, hexane/ether 5:1,4 x) to yield 11 (82 mg), a single spot 

by TLC. HPLC I fractions 5-7 and 12 were combined (73 mg) to yield 12 

(47 mg), a single spot by TLC, after identical PTLC treatment. 

HPLC II 

CC combined fraction 7-10 (2.1 g) was chromatographed with 

hexane/ether/methanol 65:32:3 to give 19 HPLC II fractions averaging 

about 140 m1 each. 



HPLC III 

CC combined fraction 11-15 (3.9 g) was chromatographed with 

hexane/ether/methanol 65:32:3 to give 26 HPLC III fractions averaging 

about 150 m1 each. 

HPLC IV 

CC combined fraction 16-19 (2.1 g) was chromatographed with 

hexane/ether/methanol 65:32:3 to give 24 HPLC IV fractions averaging 

about 130 m1 each. 

HPLC V 
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CC combined fraction 20-23 (1.5 g) was chromatographed with 

hexane/ether/methanol 65:32:3 to give 24 fractions (130 m1 each). The 

major component of HPLC V fractions 13-16 (0.5 g) was obtained pure from 

fraction 15 (153 mg) as compound 15 (125 mg) after PTLC treatment (2 

plates, chloroform/methanol/water 300:10:1, 2 x). 

HPLC VI 

CC fractions 7-19 were primarily a mixture of 13 and 14 by GC 

(OV-101 column, temperature program 250-290° C @ 2 /min). A spot just 

above this mixture was apparent in CC fractions 7-15. In order to 

isolate this material HPLC II fractions 6-15 (1.0 g) and HPLC III 

fractions 8-10 (1.2 g) were combined and chromatographed using 

hexane/acetone 4:1. This produced 5 HPLC VI fractions after combination 

of fractions with similar TLC profiles. Only the first of these 

contained a significant amount of the material of interest. This 

fraction was combined with HPLC III fractions in order to isolate 16 as 

described in HPLC VII below. 

HPLC VIr 

HPLC III frs 6 and 7 (140 mg) were combined with HPLC VI fr 1 (141 

mg) and chromatographed using hexane/acetone 5:1 on a one inch semiprep 

silica column (55-105 um cartridge silica) to give 14 HPLC VII fractions 

of 50 m1 each. HPLC VII fraction 5 (101 mg) was subjected to PTLC (1 

plate, hexane/acetone 5:1 2 x, 4:1 1 x) to yield compound 16 (66 mg). 
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HPLC VIII 

HPLC VIII failed to purify a mixture present as the bulk of the 

material in CC fractions 7-19. ,HPLC IV fractions 15-16 (0.6 g), a 

semipure fraction of this mixture, was chromatographed on a fresh silica 

cartridge using the recycle mode with hexane/acetone 4:1 as the eluent 

to produce 15 fractions of 140 ml each. 

HPLC IX 

HPLC IX combined HPLC VIII fractions 2-3 (0.3 g) with HPLC III 

fractions 11-13 (1.0 g) and chromatographed them using hexane/acetone 

4:1 (7 fractions, 100-900 ml each) in order to purify a mixture of 13 

and 14 before again attempting to separate them. 

HPLC X 

HPLC IX fraction 5 (0.9 g) was chromatographed with two silica 

cartridges in series using a solvent system (hexane/ether/methanol 

65:32:3) that had, on occasion, shown some separation of this mixture by 

TLC. A recycle mode was used to shave the front and back of the eluting 

peak. The mixture was recycled through both columns four times without 

advantage. Fractions similar by TLC were combined to produce 7 HPLC X 

fractions. In order to effect the separation of compounds 13 and 14 

fractions 4 and 5 were combined (0.6 g), a portion (0.3 g) was 

acetylated and was subjected to PTLC (4 plates, hexane/acetone 4:1, 4 x) 

to yield PTLC A (173 mg) and B (139 mg). Each of these cuts was 

rechromatographed by PTLC (same procedure) to yield 14 and 13 as their 

acetates 17 (145 mg) and 10 (108 mg) respectively. 

Compounds 7 and 8 

Semipreparative HPLC was employed in order to isolate compounds 7 

and 8 as follows. A portion (950 mg) of the acid fraction was 

acetylated then methylated as described in the synthesis section. The 

resulting mixture (1.14 g) was chromatographed on the semiprep column (2 

x 30 cm) packed with 40 um silica using n-hexane/acetone 10:1 to give 18 

fractions (40 ml each). Fraction 7 gave 7 as its diacetyl methyl ester 
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9 (29 mg), a single spot by TLC. The major compound (8), concentrated 

in fractions 11-17 (835 mg), was obtained pure from fractions 12-15 (654 

mg) as its triacetyl methyl ester 10. 

Estimations of the percentages of 7 and 8 in the acid fraction 

based on TLC analysis of this column and TLC and GC analysis of a flash 

column on the acety1ated acid mixture (2.3 g eluted over 48 g of 40um 

silica with n-hexane/2-propano1 95:5 as the eluent to yield 16 fractions 

of 50 m1 each) gave 5-6% of the acid fraction for compound 7 and 74-75% 

for compound 8. This translates into 1.3% and 16.6% of the DCM extract 

and 0.2% and 2.5% of the dried plant material for 7 and 8 respectively. 

Separations using system 2 

The second high performance liquid chromatographic system employed 

a Buchi Model 681 pump at 20% stroke height for a 2.6 x 46 cm column and 

100% stroke height for a 4.9 x 46 cm column, a Buchi 683 UV (254 nm) 

detector, and a Varian Model 9176 recorder. This system was used with 

40 um reverse phase material from Baker (Flash C-18 cat. no. 7025 Lot A 

34100). This system was used in a series of runs that separated ~ 

angustifolium SC-5 LC(C) fr 7-10 neutral material (15.1 g) into simpler 

mixtures. Run MP(B) chromatographed 1.0 g of this material using 

solvent mixtures of MeOH/water/acetic acid from 50:50:1 to 80:20:1 to 

obtain 13 fractions of 100-250 m1 each. The timing of fraction 

collection was aided by the detector trace (figure 17). Run MP(D) was 

performed isocraticly using the eluting solvent mixture 

ratio of 65:35:1 to collect 21 fractions chosen on the basis of the 

chart recording. Run MP(E) also used the small column but ran 2.0 g of 

material with a 80:20:1 solvent ratio to obtain twenty four fractions. 

Run MP(F) employed the larger column to chromatograph 9.1 g of material 

using solvent ratios of 50:50:1, 65:35:1, and 80:20:1 to obtain 13 

fractions. Run MP(G) chromatographed MP(F) fr 2-5 (1.75 g) to give 22 

fractions. 
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Analytical HPLC 

Analytical HPLC was performed with a Varian Micropak MCH-10 

analytical C-1S column (4 x 300 mm) on a Varian Model 5000 liquid 

chromatograph equipped with a Varian Model 9176 recorder. The detector 

was a VariChrom UV variable wavelength detector set at 254 nm. A 10 ul 

sample loop was used for injections. This system was used to determine 

the complexity of HPLC MP fractions. A solvent gradient was generated 

using two reservoirs: A, 100% methanol and B, MeOH/water/acetic acid 

(30:70:1). The program used for the analysis of HPLC MP fractions 

follows: 0-10 min, 25% A, 75% B; 30-35 min 50% A, 50% B; 35-55 min, 

100% A as a wash between runs. 

The program used for a semiquantitative determination of the 

amount of benzylcoumarate present in the crude extract of ~ 

angustifolium follows: 0-19 min, 25% A, 75% B; 20-40 min, 100% A as a 

wash. The column was conditioned between runs with the initial solvent 

mixture until a stable baseline was obtained. The analytical HPLC 

system above was equipped with a Spectra-Physics model 4290 integrator 

(San Jose, CA) and used the LABNET Interface Program with an Epson 

computer and Epson EX-SOO printer (Torrance, CA). This system revealed 

an improperly integrated shoulder (14.5 min) corresponding to 

benzylcoumarate in the methanol soluble portion of the DCM extract (30 

mg/ml) of ~ angustifolium. The identity of this shoulder was verified 

by spiking this extract with synthetic standard (1 mg/ml) producing a 

peak that integrated for l423S area counts. The synthetic standard, 

injected alone, gave a benzylcoumarate peak at 14.4 minutes (6805 area 

counts), a peak at 3.3 minutes (2033 area counts), and a peak at 2.8 

minutes (129 area counts) for a total of 8967 area counts. The 

difference in area counts between the benzylcoumarate peaks of the 

spiked sample and the synthetic standard (7433) produced a figure of 

2.76% for the amount of benzylcoumarate in the methanol soluble DCM 

extract, assuming equal detector responses for benzylcoumarate and the 
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impurities in the synthetic standard. Since only 95% of the DCM extract 

was soluble in methanol this figure represents 2.9% of the DCM extract, 

enough to account for its antifungal activity. A check of area count 

retention gave an acceptable difference (256) between the spiked sample 

(177650) and the sum of the unspiked sample (168839) plus the standard 

(8967). 

Gas chromatography (GC) 

GC analysis employed a glass column (2 mm x 1 m) packed with OV-

101 (temperature program 250°C, 2°C/min to 290°C, hold for 10 min) or a 

9.9 m capillary column with bonded phase BP-1 (temperature program 

175°C, 15 min, 3°C/min to 208°C, 1°C/min to 250°C) run on a Varian 3700 

GC equipped with a flame ionization detector to check the purity of 

compounds. Lou Hutter of the Bioresources Research Facility, 250 E. 

Valencia, Tucson, Arizona performed the capillary GC analysis. 

Instrumentation 

Ultraviolet spectroscopy (UV) 

The UV spectrum was obtained from a Beckman DU-8 spectrophotometer 

(Fullerton, California) with methanol as the solvent. 

Optical rotatory dispersion (ORD) 

Optical rotations were measured using a Perkin Elmer 241 MC 

polarimeter (Norwalk, Connecticut). One, two, or three sets of ten 

measurements were recorded and averaged in order to calculate optical 

rotation at a particular wavelength. 

Infrared spectroscopy (IR) 

IR spectra were obtained from a Beckman IR-33 spectrophotometer 

(Fullerton, California) during fifteen minute runs. The sample to be 

run was prepared by making a pellet with potassium bromide (KBr) or by 

dissolving it in chloroform (5-10% soln w/v) and placing the solution in 
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a liquid cell (0.1 mm path length). It was sometimes possible to simply 

spot such a solution (or spread it, if an oil) directly onto an IR KBr 

cell with a capillary tube and allow the solvent to evaporate leaving 

behind a thin sample film. IR spectral absorption bands were recorded 

by wavenumber (cm-1). 

Nuclear magnetic resonance spectroscopy (NMR) 

Proton (PMR) and carbon 13 (CMR) spectra were run with deuterated 

solvents in 5 mm tubes (solvents and tubes obtained from Wi1mad Glass 

Co., NJ) on an EM-360 (60 MHz), or Jeo1 FX 90 Q (90 MHz), or Bruker WM 

250 (250 MHz) or HX 500 (500 MHz) instrument with tetramethy1si1ane 

(TMS) as an internal standard. Acetone-ds was the solvent used for 

compounds 1-5. Unless otherwise noted ch10roform-d was used for the 

other compounds. Chemical shifts were reported in parts per million 

(ppm) downfie1d from TMS. Coupling constants (J values) were expressed 

in Hertz (Hz). 

Mass spectrometry (MS) 

Low and high resolution electron impact (70 eV) mass spectra were 

obtained from a Varian MAT 311 A double focusing spectrometer equipped 

with a Varian SS 200 data system using a direct inlet probe. 

Synthesis 

Acetylation 

The formation of acetylated derivatives was a simple procedure 

that improved the stability of compounds containing hydroxyl groups and 

often aided their chromatographic separation. These derivatives were 

made by dissolving the sample in dry pyridine, adding acetic anhydride, 

stoppering, and stirring overnight at room temperature. Routinely the 

acetylation mixture used was a 1:10 ratio of sample to solution (w/v) 

with an acetic anhydride/pyridine ratio of 2:1. After a check by TLC 

showed that the reaction had gone to completion it was quenched by 



pouring over crushed ice. When the product did not precipitate it was 

extracted from the aqueous solution with diethyl ether. Residual 

pyridine was removed from the product by partitioning a diethyl ether 

solution of it with dilute (1%) hydrochloric acid. The ether was then 

partioned with deionized water and dried over anhydrous sodium or 

magnesium sulfate before solvent removal. 
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In the case of ~ angustifolium acetylations were carried out on 

small amounts of mixtures. No purified materials were isolated as a 

result. Some ~ apiana mixtures required acetylation in order to effect 

chromatographic separation or protect phenolic groups from methylation. 

A portion (950 mg) of the acid fraction was dissolved in 4 ml of 

pyridine to which was added 8 ml of acetic anhydride. After stirring 

overnight a TLC plate was run (n-hexane/acetone 10:1) on the reaction 

mixture confirming that a reaction had taken place. The reaction was 

quenched and worked up as described above. Another acetylation was 

carried out on a portion of the methyl ester mixture (300 mg) that could 

not be separated chromatographically (HPLC X fr 4-5). This material was 

dissolved in 2 ml pyridine to which 4 ml of acetic anhydride was added 

and allowed to sit at room temperature overnight before being worked up. 

This derivatization allowed the separation of 17 from 10. 

Methylation 

The formation of methyl esters from carboxylic acids was a 

relatively simple task that often improved the stability of the acids 

and always improved their chromatographic performance on silica. These 

esters were formed under anhydrous conditions by dissolving the material 

(previously dried in a vacuum dessicator) to be methylated in dry 

acetone (1 part sample to 10 parts acetone, w/v), adding anhydrous 

potassium carbonate (1 part sample to 1 part potassium carbonate, w/w) , 

iodomethane (1 part sample to 1 part iodomethane, w/v), and a few 

boiling chips. The reaction vessel was then fitted with a condenser and 
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heated to produce a gentle reflux for 6 hours. If TLC showed the 

reaction to be complete the solution was cooled, filtered, dried, taken 

up in ether and washed with deionized water. The ether solution was 

dried over anhydrous sodium or magnesium sulfate before solvent removal. 

This procedure was performed on 30 g of ~ apiana acids to yield 

30.5 g of methyl esters by dissolving the acid material in 300 m1 dry 

acetone, adding 30 g of potassium carbonate, 30 m1 iodomethane, a few 

boiling chips and ref1uxing for 6 hours. After TLC (n-hexane/acetone 

4:1) showed the reaction to be complete it was worked up as described 

above. 

Synthesis of benzyl-trans-4-coumarate (6) 

Compound 6 was synthesized by the condensation of p-coumaric acid 

with benzyl alcohol using 1,3-dicyc1ohexy1carbodiimide (DCC) as 

described below. DCC has been used to synthesize lichen depsides 

without the use of acid chlorides and the protection of hydroxyl groups 

(Nee1akantan et a1., 1965). 

p-Coumaric acid (200 mg, trans form, Sigma Chern. Co., St. Louis, 

MO) and benzyl alcohol (125 u1) were dissolved in 25 m1 of acetonitrile 

and chilled in an ice bath. DCC (250 mg) was dissolved in 5 m1 of 

acetonitrile and added dropwise to the chilled mixture. The reaction 

mixture was stirred for two hours and allowed to warm to room 

temperature during this time. A fluffy white precipitate 

(dicyc1ohexy1urea, 276 mg) was filtered off and the solvent removed from 

the reaction mixture by rotary evaporation. The reaction residue was 

partitioned between DCM and water to remove any unreacted coumaric acid. 

The DCM soluble material was dried and extracted with diethy1 ether in 

order to remove more of the precipitate. In order to remove benzyl 

alcohol from the product the ether soluble material was subjected to 

PTLC (4 plates, n-hexane/acetone 3:1, 2 x) to yield 43 mg of material. 

This material was extracted with ether and a small amount of precipitate 



116 

was filtered off. The ether soluble material (33 mg) was 

rechromatographed (n-hexane/acetone 2:1, 3 x) to yield 22 mg of benzyl

trans-4-coumarate. Some impurity was noted by TLC (n-hexane/acetone 

4:1) and analytical HPLC. 
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SUMMARY AND CONCLUSION 

A set of twelve plants were tested against Staphylococcus aureus, 

Bacillus subtilis, Klebsiella pneurnoniae, and Candida albicans for 

antiinfective activity. They were selected and provided by the 

Southwestern US herbalist Michael Moore. 

A dichloromethane (DCM) extract of each of the twelve plants 

completely inhibited the growth of Bacillus subtilis ~t a concentration 

of 1000 pg/ml. Five of the plants were active against ~ subtilis and 

~ aureus or ~ subtilis and ~ albicans (table 1). Berberis fendleri, 

Cacalia decomposita and Eriodictyon angustifolium were active against 

all three of these microorganisms. The DCM extract of Salvia apiana was 

the only sample that completely inhibited all four test organisms. 

After the elimination of ~ fendleri and ~ decomposita as 

appropriate candidates for further study, ~ angustifolium and ~ apiana 

remained for a detailed bioassay directed chemical investigation. 

Eriodictyon angustifolium 

Five flavanones [naringenin (4' ,5,7-trihydroxyflavanone), 

sakuranetin (4' ,5-dihydroxy-7-methoxyflavanone), homoeriodictyol (3'

methoxy-4' ,5,7-trihydroxyflavanone), 4'S,-dihydroxy-3' ,7-

dimethoxyflavanone, and 5,7-dihydroxy-3' ,4'-dimethoxyflavanone] and 

benzyl-trans-4-cournarate were isolated from ~ angustifolium. Two of 

the flavanones (naringenin and homoeriodictyol) were active against 

Bacillus subtilis at 1000 pg/ml. Benzyl-trans-4-cournarate was active 

against Staphylococcus aureus (100 pg/ml), ~ subtilis (50 pg/ml), and 

Candida albicans (25 pg/ml). Although only a small amount of this 

substance was isolated by procedures used for this study, an HPLC 

analysis of the original DCM extract indicated sufficient material 

(2.9%) to account for the antifungal activity. The only previous 

reports of the natural occurrence of benzylcournarate identified it as an 
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antibiotic component of propolis (Schneidewind et al., 1975) that is 

also present in the poplar bud exudate from which propolis is made 

(Greenaway et al., 1989). A mixture of caffeic acid esters (including 

the benzyl ester) have also been found to contribute to the antibiotic 

activity of propolis. From a biogenetic point of view it is reasonable 

to suppose that these compounds may occur in ~ angustifoliurn augmenting 

its antimicrobial activity. 

Salvia apiana 

The medicinal effects of Salvia are often ascribed to the volatile 

oil component (Neisess 1983, p. 1). However this study like a previous 

one on ~ carnosa (White and Jenkins, 1942), now called ~ dorrii 

(Neisess 1983, p. 9), showed that the oil did not possess antiinfective 

activity. Ursolic acid, also previously isolated from ~ apiana, was 

found to be inactive inspite of the recent report of its activity in the 

brine shrimp bioassay (Fang and McLaughlin, 1990). 

In this study two compounds, carnosic acid (7) and 16-hydroxy

carnosic acid (8), representing 1.3 % and 16.6 % of the acid fraction 

respectively (see experimental section) were identified as the 

antiinfective agents in Salvia apiana. Due to instability they were not 

isolated or tested as their free acids but were converted to methyl 

ester acetates 9 and 10. Unfortunately acetylation destroyed activity 

and attempts to deacetylate 9 and 10 for antimicrobial testing failed 

even when using mild (1% KHC03 ) conditions. Methylation without 

acetylation preserved activity and lead to the isolation and 

identification of derivative compounds 11 (ll-methoxy-methylcarnosate), 

12 (12-methoxy-methy1carnosate), 15 (16-hydroxy-12-methoxy

methy1carnosate), and 16 (11,12-dimethoxy-methy1carnosate). Compound 14 

(16-hydroxy-11-methoxy-methy1carnosate) could not be separated from 13 

(16-hydroxy-methylcarnosate, the Inethy1 ester of 8) without prior 

acetylation to form compounds 17 (12,16-diacetoxy-ll-methoxy-



methy1carnosate) and 10 (11,12,16-triacetoxy-methy1carnosate) 

respectively. 
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Inhibition of ~ aureus (200 ~g/m1), ~ subti1is (300 ~g/m1), and 

K1ebsie11ia pneumoniae (400 ~g/m1) was achieved by an impure fraction 

(obtained by PTLe, n-hexane/acetone/acetic acid 300:10:1) consisting 

mostly of compound 8. A mixture of 13 and 14 (500 ~g/m1) inhibited the 

growth of all test organisms except ~ a1bicans which was inhibited at 

1000 ~g/m1. Inhibition of ~ aureus growth has been reported for 

carnosic acid (7) (Dobrynin et a1., 1976; Vasi1'ev et a1., 1986; Smirnov 

et a1., 1990). 

Although structure activity experiments were hindered by the 

instability of the free acids and the loss of activity upon acetylation, 

the relative activities of 7 and 8 were inferred by comparing the 

antiinfective activities of 12 and 15 (see appendix B). At 500 pg/m1 12 

was inactive while 15 was active against ~ aureus, ~ subti1is, and ~ 

albicans at 250 ~g/m1. This increased activity is apparently due to the 

introduction of a 16-0H group. The loss of gram negative activity by 15 

may be associated with its mono-methylation as reported for some 0-

catechol sesquiterpene derivatives isolated from Guardiola p1atyphy1la 

(Wahyuono et al., 1991). 
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APPENDIX A 

Bioassay results for Eriodictvon angustifo1ium 

organism 
via1(s) fraction dose 

JLg/m1 1 2 

624 scheme 1 DCM precipitate 1000 ++ -
625 scheme 1 DCM precipitate 100 - -
847 scheme 1 mother liquor 1000 ++ ++ 

927 scheme 1 mother liquor 1000 ++ vp 

626, 1290 scheme 1 mother liquor 1000 ++ -
1289 scheme 1 mother liquor 500 - -

848-861 scheme 1 column fractions 1-122 1000 - -
862 928 scheme 1 column fractions 123-130 1000 - ++ 

929 scheme 1 column fractions 131-133 1000 ++ ++ 

930 scheme 1 column fractions 134-176 1000 ++ ++ 

1373 scheme 1 column fractions 134-176 500 - -
931 scheme 1 column fractions 177-226 1000 - ++ 

932 scheme 1 column fractions 227-259 1000 ++ ++ 

961-964 scheme 1 column fractions 260-307 1000 ++ ++ 

965 1369 scheme 1 column fractions 308-354 1000 ++ ++ 

1368 scheme 1 column fractions 308-354 500 - -
966 scheme 1 column fractions 355-379 1000 ++ ++ 

1041 scheme 1 column fractions 355-395 1000 ++ -
1275 scheme 1 column fractions 355-416 1000 ++ vp 

1276 scheme 1 column fractions 417-497 1000 ++ ++ 

1277 scheme 1 column fractions 498-512 1000 ++ vp 

1278 scheme 1 column fractions 513-517 1000 ++ ++ 

1279 scheme 1 column fractions 518-524 1000 ++ ++ 

1280 scheme 1 column fractions 525-552 1000 ++ -
1281-1282 scheme 1 column fractions 553-602 1000 - -
1283-1284 scheme 1 column wash 1000 - -

967 scheme 1 PTLe I cut A 1000 - vp 

968 scheme 1 PTLC I cut B 1000 ++ ++ 
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Bioassay results for Eriodict~on angustifo1ium 

organism 
via1(s) fraction dose 

J.Lg/m1 1 2 

969 scheme 1 PTLC I cut C 1000 - ++ 

970 scheme 1 PTLC I cut D 900 ++ ++ 

1306 compound 1 500 - -
1382 naringenin, authentic sample 1000 - -
1378 impure 2 from PTLC of PTLC I cut B 500 ++ ++ 

1376 impure 2 from PTLC of PTLC I cut B 300 ++ vp 

1375 impure 2 from PTLC of PTLC I cut B 200 - -
1228-1231 scheme 1 HPLC p66 fractions 1-4 1000 - cf 

1232 scheme 1 HPLC p66 fractions 5-8 1000 ++ cf 

1371 scheme 1 HPLC p66 fractions 5-8 500 ++ ++ 

1233 scheme 1 HPLC p66 fractions 9-10 1000 - cf 

1372 scheme 1 HPLC 1'_66 fractions 9-10 500 ++ ++ 

1234 scheme 1 HPLC ~66 fractions 11-13 1000 ++ cf 

1370 scheme 1 HPLC p66 fractions 11-13 500 - -
1312 HPLC p66 fraction 14 (compound 2) 1000 - -
1238 scheme 1 HPLC p66 fraction 15 1000 - -
1302 compound 3 1000 - -
1296 compound 4 1000 - -
1432-1443 HPLC p77 fractions 1-6 500 - -
1444 HPLC p77 fractions 7-11 500 ++ ++ 

1445 HPLC p77 fractions 7-11 200 - ++ 

1446 HPLC p77 fractions 12-15 500 - ++ 

1447 HPLC_p77 fractions 12-15 200 - ++ 

HPLC p77 fr 16-17 PTLC A 
1450 (scheme 1 col fr 123-517, DCM sol) 500 - -

predominately compound 2 

1448 
HPLC p77 fr 16-17 PTLC B 
(scheme 1 col fr 123-517, DCM sol) 500 - -
predominately compound 5 

1452 HPLC p77 fractions 18-20 500 ++ ++ 

1453 HPLC p77 fractions 18-20 200 - -
1454-1462 HPLC p77 fractions 21-33 500 - -
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Bioassay results for Eriodictvon angustifo1ium 

organism 
via1(s) fraction dose 

J.£g/m1 1 2 

1509, 1578 scheme 2 bulk OCM extract 1000 ++ ++ 

1510, 1577 scheme 2 bulk OCM extract 500 - -
1579 scheme 2 OCM inso1 1 500 ++ ++ 

1582 scheme 2 OCM inso1 2 1000 ++ ++ 

1581 scheme 2 OCM insol 2 500 vp ++ 

1584 scheme 2 OCM inso1 3 1000 ++ ++ 

1583 scheme 2 OCM inso1 3 500 vp ++ 

1585 scheme 2 OCM inso1 4 500 ++ ++ 

1622 scheme 2 combined OCM inso1 1-4 500 ++ ++ 

1621 scheme 2 combined OCM inso1 1-4 200 - -
1588 scheme 2 OCM sol 1 1000 - ++ 

1587 scheme 2 OCM sol 1 500 - -
1590 scheme 2 SC(l) OCM 1000 - ++ 

1589 scheme 2 SC(l) OCM 500 - -
1610 scheme 2 SC(l) OCM/MeOH 1000 - -
1612 scheme 2 SC(2) OCM 1000 ++ ++ 

1611 scheme 2 SC(2) OCM 500 - ++ 

1614 scheme 2 SC(2) interface 1000 ++ ++ 

1613 scheme 2 SC(2) interface 500 - ++ 

1616 scheme 2 SC(2) OCM/MeOH 1000 - -
1618 scheme 2 SC(3) OCM 1000 ++ ++ 

1617 scheme 2 SC(3) OCM 500 - ++ 

1620 scheme 2 SC(3) OCM/MeOH 1000 - -
1592-1594 scheme 3 LC(A) fractions 2-3 1000 - -
1595 scheme 3 LC(A) fraction 4 500 - ++ 

1597 scheme 3 LC(A) fractions 5-7 500 ++ ++ 

1641 scheme 3 LC(A) fr 5-7 ether precip 500 - -
1643 scheme 3 LC(A) fr 5-7, MeOH inso1 500 - -
1645 scheme 3 LC(A) fr 5-7, MeOH soluble 500 ++ ++ 

1644 scheme 3 LC(A) fr 5-7, MeOH soluble 200 - ++ 
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Bioassay results for Eriodictvon anQ:ustifo1ium 

organism 
via1(s) fraction dose 

JLg/m1 1 2 

1599 scheme 3 LC(A) fraction 8 500 ++ ++ 

1602 scheme 3 LC(A) fractions 9-10A 1000 ++ ++ 

1601 scheme 3 LC(A) fractions 9-10A 500 - ++ 

1604 scheme 3 LC(A) fractions 10B-12 1000 ++ ++ 

1603 scheme 3 LC(A) fractions 10B-12 500 - ++ 

1651 scheme 3 LC(A) fr 10B-12, DCM inso1 500 - -
1653 scheme 3 LC(A) fr 10B-12, DCM sol 500 - vp 

1606 scheme 3 LC(A) fractions 13-16 1000 - ++ 

1605 scheme 3 LC(A) fractions 13-16 500 - -
1608 scheme 3 LC(A) fraction 17 1000 - -
1670-1677 scheme 3 FC(A) fractions 1-16 500 - -
1679 scheme 3 FC(A) fractions 17-19 500 ++ ++ 

1678 scheme 3 FC(A) fractions 17-19 200 - -
1681 scheme 3 FC(A) fraction 20 500 ++ ++ 

1680 scheme 3 FC(A) fraction 20 200 - -
1682-1684 scheme 3 FC(A) fractions 21-23 200 ++ ++ 

1686 scheme 3 FC(A) fractions 24-25 200 vp vp 

1689-1691 scheme 3 FC(A) fractions 26-27 500 - -
scheme 3 FC(B) fractions not tested 

(active region previously identified b TLC) 

1740 scheme 3 PTLC (A) fraction A-2 100 ++ ++ 

1741 scheme 3 PTLC (A) fraction A-2 50 - -
1745 PTLC (A) fraction A-2 acety1ated 500 - -
1748 PTLC (A) fr A-2 acety1ated/deacety1 200 ++ ++ 

1660 scheme 4 SC-2 MeOH inso1 1000 - -
1662 scheme 4 SC-2 MeOH sol 500 ++ ++ 

1661 scheme 4 SC-2 MeOH sol 200 - -
1666 scheme 4 SC-3 MeOH inso1 1000 - -
1669 scheme 4 SC-3 MeOH sol 1000 ++ ++ 

1668 scheme 4 SC-3 MeOH sol 500 - vp 
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Bioassay results for Eriodictvon angustifo1ium 

organism 
via1(s) fraction dose 

,ug/m1 1 2 

1761 scheme 4 LC(A) , fr 1 + LCJA)" fr 2 1000 ++ ++ 

1762 scheme 4 LC(A)' fr 1 + LC(A)' , fr 2 500 - -
1764 schme 4 LC(A) , fr 4 + LC(A)" fr 6-8 1000 ++ ++ 

1765 schme 4 LC(A)' fr 4 + LC(A)" fr 6-8 500 - -
1767 scheme 4 LC(A)' fr 5 1000 - -
1770 scheme 4 LC(A) , , fr 9 1000 ++ ++ 

1771 scheme 4 LC(A)' , fr 9 500 - -
1773 scheme 4 LC(A) , , fr 10 1000 - -
1776 LC(A)' fr 2-3 + LC(A) , , fr 3-5 + 1000 ++ ++ 

SC-4, DCM inso1 

1777 LC(A) , fr 2-3 + LC(A) , , fr 3-5 + 500 - -
SC-4, DCM inso1 

1780 scheme 4+5 SC-5 500 ++ ++ 

1781 scheme 4+5 SC-5 200 - -
1783 scheme 5 LC(B) fractions 2-9 500 ++ ++ 

1784 scheme 5 LC(B) fractions 2-9 200 - -
1785 scheme 5 LC(B) fractions 1 10-13 1000 ++ ++ 

1786 scheme 5 LC(B) fractions 1 10-13 500 - -
1788 scheme 5 LC(B) fraction 14 1000 ++ ++ 

1789 scheme 5 LC(B) fraction 14 500 - -
1791 scheme 5 LC(B) fraction 15 1000 - -
1797 scheme 5 LC(C) fraction 1 1000 - -
1800 scheme 5 LC_(C) fraction 2 1000 - ++ 

1801 scheme 5 LC(C) fraction 2 500 - -
1804 scheme 5 LC(C) fraction 3 500 ++ ++ 

1805 scheme 5 LC(C) fraction 3 200 - -
1807 scheme 5 LC(C) fractions 4-6 500 ++ ++ 

1808 scheme 5 LC(C) fractions 4-6 200 - ++ 

1811 scheme 5 LC(C) fractions 7-10 200 ++ ++ 

1857 scheme 5 LC(C) fr 7-10 acids 500 - cf 

1858 scheme 5 LC(C) fr 7-10 neutrals 200 ++ cf 



Bioassay results for Eriodictvon anzustifolium 

vial(s) fraction 
organism 

1813 scheme 5 LC(C) fractions 11-13 

1814 scheme 5 LC(C) fractions 11-13 

1815 scheme 5 LC(C) fractions 14-19 

1816 scheme 5 LC(C) fractions 14-19 

1817 scheme 5 LC(C) fractions 14-19 

1818 scheme 5 LC(C) fractions 20-29 

1819 scheme 5 LC(C) fractions 20-29 

1821 scheme 5 LC(C) fraction 30 

1822 scheme 5 LC(C) fraction 30 

1937 scheme 5 MP(D) fractions 5-6 
(predominately compound 2) 

1938 scheme 5 MP(D) fraction 9 

1939 scheme 5 MP(D) fraction 15 

1940 scheme 5 MP(D) fraction 19 

1941 scheme 5 MP(D) fraction 21 

1954, 1974 compound 6 

1953, 1975 compound 6 

1976 compound 6 

1952 compound 6 

Key: organism 1: Staphylococcus aureus 

organism 2: Candida albicans 

activity at 48 hrs: - inactive 

dose 
Jlg/ml 

500 

200 

1000 

500 

200 

1000 

500 

1000 

500 

200 

200 

200 

200 

200 

100 

50 

25 

20 

++ complete inhibition of growth 

vp very poor growth 

1 

++ 

-
++ 

-
-

++ 

-
++ 

-
++ 

++ 

-
-
-

++ 

-
-
-

cf control failure on blank TSA plate 

Vial numbers separated by a comma are duplicate tests of the same 

material. 

2 

++ 

-
++ 

++ 

-
++ 

-
-
-

++ 

++ 

-
-
-

++ 

++ 

++ 

-

Vial numbers connected by a dash represent individual tests of different 

materials which gave identical results. 
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APPENDIX B 

Bioassay results for Salvia aoiana 

organism 
vial(s) fraction dose 

J..I)?;/ml 1 2 3 

802 oleanolic acid, authentic sample 960 - - -* 
804 ursolic acid, authentic sample 1000 - - -* 
761 steam distilled oil 1000 - - -
674 scheme 6 DCM precipitate 1000 - - -
609 scheme 6 hexane soluble 1000 ++ vp -
610 scheme 6 hexane insoluble 1000 ++ ++ -
790 scheme 6 ether insoluble 1000 - - -* 
792 scheme 6 neutrals 1000 - - -* 
791 scheme 6 acids 1000 ++ ++ -.. '( 

1401 acid fraction PTLC fraction 400 ++ ++ -
(predominately compound 8) 

1399 acid fraction PTLC fraction 200 ++ - -
(predominately compound 8) 

1391 compound 9 500 - - -
1036, 1393 compound 10 500 - - -
864, 892, scheme 7 methyl esters 1000 ++ ++ -
979 (OMe acids) 

863 scheme 7 OMe acids 100 - - -
865-867 OMe acid column fractions 1-3 1000 - - -
868 OMe acid column fractions 4-5 1000 ++ - -
869 OMe acid column fraction 6 1000 - - -
870 OMe acid column fraction 7 1000 - - -
871 OMe acid column fractions 8-10 1000 ++ ++ -
872 OMe acid column fractions 11-15 1000 ++ ++ -
873 OMe acid column fraction 16 1000 ++ ++ -
876 OMe acid column fractions 17-18 1000 ++ - -
875 OMe acid column fractions 17-18 500 - - -
879 OMe acid column fraction 19 1000 - - -
881 OMe acid column fractions 20-23 500 ++ ++ ++ 

880 OMe acid column fractions 20-23 100 - - -



vial(s) 

883-884 

885 

886-887 

888 

1388 

1389 

976, 1032 

941 

1033 

1034 

1036 

1038 

938 

937 

936, 975, 
1031 

974 1030 

973 

1029 

972 

971 

935, 1027 

1040 

Key: 

Bioassav results for Salvia 

fraction 

OMe acid column fractions 24-32 

OMe acid column fractions 33-34 

OMe acid column fractions 35-46 

OMe acid column fraction 47 

compound 11 

compound 12 

HPLC IX fraction 4-5 
(mixture of 13 and 14) 

HPLC IV fraction 14 PTLC C 
(mixture of 13 and 14) 

HPLC VI fraction 2 
(mixture of 13 and 14) 

HPLC IX fraction 4-5 acety1ated 
(mixture of 10 and 17) 

HPLC IX fraction 4-5 acety1ated 
PTLC A (compound 10) 

HPLC IX fraction 4-5 acety1ated 
PTLC B (compound 17) 

HPLC V fraction 15 
(impure compound 15) 

HPLC V fraction 15 
PTLC C (compound 15) 

HPLC V fraction 15 
PTLC C (compound 15) 

compound 15 

compound 15 

compound 15 

compound 15 

compound 15 

compound 15 

compound 16 

Staphylococcus aureus 
Klebsiella pneumoniae 

aoiana 

dose 
J.Lg/ml 

1000 

1000 

1000 

1000 

500 

500 

1000 

1000 

500 

1000 

500 

500 

1000 

1000 

500 

400 

300 

300 

250 

100 

100 

500 

organism 1: 
organism 2: 
organism 3: Candida a1bicans (* Candida brassicae) 

Activities as per appendix A 
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organism 

1 2 3 

++ ++ ++ 

++ ++ ++ 

- - -
- - -
- - -
- - -

++ ++ ++ 

++ ++ -

++ ++ -

- - -

- - -

- - -

++ ++ ++ 

++ - ++ 

++ - ++ 

++ - ++ 

++ - ++ 

- - ++ 

++ - ++ 

- - ++ 

- - -
- - -



APPENDIX C 

Molecular structures of compounds mentioned in the text 

berberine 

salicylic acid 

HO 

OH 0 

eriodictyol 

hesperetin 

OH 

OH 

OH 

OMe 

HO--Q
C0

2

H 

CH3 

3-hydroxyorthotoluic acid 
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OH 

OH 

Rl R2 

apigenin H H 

hispidulin OMe H 

chrysoeriol 
H OMe 

nepetin 
OMe OH 

jaceosidin 
OMe OMe 

alpha-amyrin 
oleanolic acid 

ursolic acid C02H 
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ferruginol 

',8-cineole camphor 
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