REPUBLIC OF CAMEROON REPUBLIQUE DU CAMEROUN
Peace- Work- Fatherland Paix- Travail- Patrie

POSTGRADUATE SCHOOL OF o : CENTRE DE RECHERCHE ET DE
SCIENCE, TECHNOLOGY AND RIS FORMATION DOCTORALE EN
GEOSCIENCES -5 N SCIENCES, TECHNOLOGIE ET
gy GEOSCIENCES

RESEARCH AND DOCTORAL UNITE DE RECHERCHE ET DE
TRAINING UNIT IN CHEMISTRY FORMATION DOCTORALE EN
AND APPLICATIONS CHIMIE ET APPLICATIONS

DEPARTMENT OF ORGANIC CHEMISTRY
DEPARTEMENT DE CHIMIE ORGANIQUE

LABORATORY OF NATURAL PRODUCTS AND APPLIED ORGANIC SYNTHESIS
(LANAPOS)
LABORATOIRE DE SUBSTANCES NATURELLES ET DE
SYNTHESES ORGANIQUE APPLIQUEE

/Phytochemical studies of Diospyros gilletii De Wild\
and Diospyros fragrans Giirke (Ebenaceae),

chemical transformations and  antibacterial,
antioxidant and cytotoxic activities of extracts and

J

isolated compounds

-

Thesis submitted and publicly defended for the award of Doctorat / Ph.D in Chemistry
Option : Organic Chemistry
By :
JOUWA TAMEYE Nathalie Samantha

Matricule : 17T5845
D.E.A. in Chemistry-Biology

Under the co-Direction of:

MVOT AKAK Carine NKENGFACK Augustin Ephrem
Associate Professor Professor

University of Yaoundé I University of Yaoundé I

> Academic Year 2021-2022 <



hp
Tampon 


REPUBLIC OF CAMEROON
Peace- Work-Fatherland
THE UNIVERSITY OF YAOUNDE I
Faculty of Science

REPUBLIQUE DU CAMEROUN
Paix - Travail - Patrie
UNIVERSITE DE YAOUNDE I
Faculté des sciences

DEPARTEMENT DE CHIMIE ORGANIQUE
DEPARTMENT OF ORGANIC CHEMISTRY

ATTESTATION DE CORRECTION DU MEMOIRE DE THESE DE DOCTORAT/Ph.D
DE MADAME JOUWA TAMEYE Nathalie Samantha, matricule 1775845

Titre de la these : « Phytochemical studies of Diospyros gilletii De Wild and Diospyros
fragrans Giirke (Ebenaceae), chemical transformations and antibacterial,
antioxidant and cytotoxic activities of extracts and isolated compounds ».

Nous soussignés, enseignants ci-dessous nommés, membres du jury de soutenance
de thése de Doctorat/Ph.D de Madame JOUWA TAMEYE Nathalie Samantha,
matricule 17T5845 attestons que cette candidate a bel et bien pris en compte dans la
mouture finale de sa thése, toutes les corrections et recommandations qui lui ont été
faites au cours de sa soutenance en date du 21 Décembre 2021.

En foi de quoi, la présente attestation de correction lui est délivrée pour servir

et valoir ce que de droit.

A

NKENGFACK '‘AUGU: Ephrem, Professeur

NGADJUI TCHALEU Bonaventure, Professeur

MVOT AKAK Carine, Maitre de Conférences

Examinateur:

v” o e »
NOUNGOUE TCHAMO Diderot, %a?tre de Conférences



PROTOCOL LIST

THE UNIVERSITY OF YAOUNDE I

Faculty of Science

UNIVERSITE DE YAOUNDE I
Faculté des Sciences

Division of Programming and Follow-up Division de la Programmation et du Suivi

of Academic Affaires des Activités Academiques

LIST OF PERMANENT TEACHING STAFF LISTE DES ENSEIGNANTS PERMANENTS

OFFICIAL LIST OF LECTURERS OF THE FACULTY OF
SCIENCE

ACADEMIC YEAR 2021/2022
(by Department and by Grade)
LAST UPDATED: July 12, 2021

ADMINISTRATION

Dean: TCHOUANKEU Jean- Claude, Associate Professor

Vice Dean in Charge of Academic Affairs: ATCHADE Alex de Théodore, Associate
Professor

Vice Dean in Charge of Student Affairs: NYEGUE Maximilienne Ascension, Professor
Vice Dean in Charge of Research and Cooperation: ABOSSOLO Monique, Associate
Professor

Head of Administrative and Financial Division: NDOYE FOE Marie C. F., Associate
Professor

Head of Academic Affairs division, Keeping of Terms and Research: AJEAGAH Gideon
AGHAINDUM, Professor

1- DEPARTMENT OF BIOCHEMISTRY (BCH) (37)
N° | NAME AND SURNAME GRADE OBSERVATIONS
1 BIGOGA DIAGA Jude Professor In service
2 FEKAM BOYOM Fabrice Professor In service
3 FOKOU Elie Professor In service
4 KANSCI Germain Professor In service
5 MBACHAM FON Wilfried Professor In service

Ph. D Thesls presented by Nathalie S. Jouwn T.



6 MOUNDIPA FEWOU Paul Professor Head of Department
7 NINTCHOM PENLAP V. épse BENG | Professor In service
8 OBEN Julius ENYONG Professor In service
9 ACHU Merci BIH Associate Professor | In service
10 | ATOGHO Barbara Mma Associate Professor | In service
11 | AZANTSA KINGUE GABIN BORIS | Associate Professor | In service
12 | BELINGA née NDOYE FOE M. C. F. | Associate Professor | Chief DAF/ FS
13 | BOUDJEKO Thaddée Associate Professor | In service
14 | DJUIDJE NGOUNOUE Marcelline Associate Professor | In service
15 | EFFA NNOMO Pierre Associate Professor | In service
16 | NANA Louise épouse WAKAM Associate Professor | In service
17 | NGONDI Judith Laure Associate Professor | In service
18 | NGUEFACK Julienne Associate Professor | In service
19 | NJAYOU Fredéric Nico Associate Professor | In service
20 | MOFOR née TEUGWA Clotilde Associate Professor | Insp. Serv. MINESUP
21 | TCHANA KOUATCHOUA Angeéle Associate Professor | In service
22 | AKINDEH MBUH NJI Senior Lecturer In service
23 | BEBOY EDZENGUELE Sara N. Senior Lecturer In service
24 | DAKOLE DABOY Charles Senior Lecturer In service
25 | DJUIKWO NKONGA Ruth Viviane Senior Lecturer In service
26 | DONGMO LEKAGNE Joseph Blaise | Senior Lecturer In service
27 | FONKOUA Martin Senior Lecturer In service
28 | BEBEE Fadimatou Senior Lecturer In service
29 | KOTUE KAPTUE Charles Senior Lecturer In service
30 | LUNGA Paul KEILAH Senior Lecturer In service
31 | MANANGA Marlyse Joséphine Senior Lecturer In service
32 | MBONG ANGIE M. Mary Anne Senior Lecturer In service
33 | PECHANGOU NSANGOU Sylvain Senior Lecturer In service
34 | Palmer MASUMBE NETONGO Senior Lecturer In service
35 | MBOUCHE FANMOE Marceline J. Assist. Lecturer In service
36 | OWONA AYISSI Vincent Brice Assist. Lecturer In service
37 | WILFRIED ANGIE Abia Assist. Lecturer In service

2- DEPARTMENT OF ANIMAL BIOLOGY AND PHYSIOLOGY (A. B. P.) (48)

Ph. D Thesls presented by Nathalie S. Jouwn T.




1 AJEAGAH Gideon AGHAINDUM Professor DAASR

2 BILONG BILONG Charles-Félix Professor Head of Department

3 DIMO Théophile Professor In service

4 DJIETO LORDON Champlain Professor In service

5 ESSOMBA née NTSAMA MBALA Professor Vice dean/FMSB/UYI

6 FOMENA Abraham Professor In service

7 KAMTCHOUING Pierre Professor In service

8 NJAMEN Dieudonné Professor In service

9 NJIOKOU Flobert Professor In service

10 | NOLA Moise Professor In service

11 | TAN Paul VERNYUY Professor In service

12 | TCHUEM TCHUENTE Louis Albert | Professor Insp. Serv. Coord. Progr.
in HEALTH

13 | ZEBAZE TOGOUET Serge Hubert Professor In service

14 | BILANDA Danielle Claude Associate Professor | In service

15 | DJIOGUE Séfirin Associate Professor | In service

16 | DZEUFIET DJOMENI Paul Désiré Associate Professor | In service

17 | JATSA BOUKENG Hermine épse M. | Associate Professor | In service

18 | KEKEUNOU Sévilor Associate Professor | In service

19 | MEGNEKOU Rosette Associate Professor | In service

20 | MONY Ruth épse NTONE Associate Professor | In service

21 | NGUEGUIM TSOFACK Florence Associate Professor | In service

22 | TOMBI Jeannette Associate Professor | In service

23 | ALENE Désirée Chantal Senior Lecturer In service

26 | ATSAMO Albert Donatien Senior Lecturer In service

27 | BELLET EDIMO Oscar Roger Senior Lecturer In service

28 | DONFACK Mireille Senior Lecturer In service

29 | ETEME ENAMA Serge Senior Lecturer In service

30 | GOUNOUE KAMKUMO Raceline Senior Lecturer In service

31 | KANDEDA KAVAYE Antoine Senior Lecturer In service

32 | LEKEUFACK FOLEFACK Guy B. Senior Lecturer In service

33 | MAHOB Raymond Joseph Senior Lecturer In service

34 | MBENOUN MASSE Paul Serge Senior Lecturer In service

Ph. D Thesls presented by Nathalie S. Jouwn T.




35 | MOUNGANG LucianeMarlyse Senior Lecturer In service
36 | MVEYO NDANKEU Yves Patrick Senior Lecturer In service
37 | NGOUATEU KENFACK Omer Bébé | Senior Lecturer In service
38 | NGUEMBOK Senior Lecturer In service
39 | NJUA Clarisse Yafi Senior Lecturer Chief of Division/UBA
40 | NOAH EWOTI Olive Vivien Senior Lecturer In service
41 | TADU Zephyrin Senior Lecturer In service
42 | TAMSA ARFAO Antoine Senior Lecturer In service
43 | YEDE Senior Lecturer In service
44 | BASSOCK BAYIHA Etienne Didier Assist. Lecturer In service
45 | ESSAMA MBIDA Désirée Sandrine Assist. Lecturer In service
46 | KOGA MANG DOBARA Assist. Lecturer In service
47 | LEME BANOCK Lucie Assist. Lecturer In service
48 | YOUNOUSSA LAME Assist. Lecturer In service
3- DEPARTMENT OF PLANT BIOLOGY AND PHYSIOLOGY (P.B.P.) (33)
1 AMBANG Zachee Professor Chief of Division/UY1
2 BELL Joseph Martin Professor In service
3 DJOCGOUE Pierre Frangois Professor In service
4 MOSSEBO Dominique Claude Professor In service
5 YOUMBI Emmanuel Professor Head of Department
6 ZAPFACK Louis Professor In service
7 ANGONI Hyacinthe Associate Professor | In service
8 BIYE Elvire Hortense Associate Professor | In service
9 KENGNE NOUMSI Ives Magloire Associate Professor | In service
10 | MALA Armand William Associate Professor | In service
11 | MBARGA BINDZI Marie Alain Associate Professor | CT/ MINESUP
12 | MBOLO Marie Associate Professor | In service
13 | NDONGO BEKOLO Associate Professor | CE/MINRESI
14 | NGODO MELINGUI Jean Baptiste Associate Professor | In service
15 | NGONKEU MAGAPTCHE Eddy L. Associate Professor | In service
16 | TSOATA Esaie Associate Professor | In service
17 | TONFACK Libert Brice Associate Professor | In service
18 | DJEUANI Astride Carole Senior Lecturer In service

Ph. D Thesls presented by Nathalie S. Jouwn T.




19 | GOMANDJE Christelle Senior Lecturer In service
20 | MAFFO MAFFO Nicole Liliane Senior Lecturer In service
21 | MAHBOU SOMO TOUKAM G. Senior Lecturer In service
22 | NGALLE Hermine BILLE Senior Lecturer In service
23 | NGOUO Lucas Vincent Senior Lecturer In service
24 | NNANGA MEBENGA Ruth Laure Senior Lecturer In service
25 | NOUKEU KOUAKAM Armelle Senior Lecturer In service
26 | ONANA JEAN MICHEL Senior Lecturer In service
27 | GODSWILL NTSOMBAH N. Assist. Lecturer In service
28 | KABELONG BANAHO Louis-P.-R. Assist. Lecturer In service
29 | KONO Léon Dieudonné Assist. Lecturer In service
30 | LIBALAH Moses BAKONCK Assist. Lecturer In service
31 | LIKENG-LI-NGUE Benoit C Assist. Lecturer In service
32 | TAEDOUNG Evariste Hermann Assist. Lecturer In service
33 | TEMEGNE NONO Carine Assist. Lecturer In service
4- DEPARTMENT OF INORGANIC CHEMISTRY (I. C.) (35)
1 | AGWARA ONDOH Moise Professor Head of Department
2 | ELIMBI Antoine Professor In service
3 | Florence UFI CHINJE épouse MELO | Professor Rector Univ.
Ngaoundere
4 | GHOGOMU Paul MINGO Professor Minister in charge of
mission. P.R.
5 | NANSEU Njiki Charles Péguy Professor In service
6 | NDIFON Peter TEKE Professor C.T. MINRESI
7 | NGOMO Horace MANGA Professor Vice Chancellor/U.B.
8 | NDIKONTAR Maurice KOR Professor Vice-Dean Un. Bamenda
9 | NENWA Justin Professor In service
10 | NGAMENI Emmanuel Professor Dean F.S. U. Ds
11 | BABALE née DJAM DOUDOU Associate Professor | Mission manager P.R.
12 | DJOUFAC WOUMFO Emmanuel Associate Professor | In service
13 | KAMGANG YOUBI Georges Associate Professor | In service
14 | KEMMEGNE MBOUGUEM Jean C. | Associate Professor | In service
15 | KONG SAKEO Associate Professor | In service

Ph. D Thesls presented by Nathalie S. Jouwn T.




16 | NDI NSAMI Julius Associate Professor | In service
17 | NJIOMOU C. épse DJANGANG Associate Professor | In service
18 | NJOYA Dayirou Associate Professor | In service
19 | YOUNANG Elie Associate Professor | In service
20 | ACAYANKA Elie Senior Lecturer In service
21 | BELIBI BELIBI Placide Désiré Senior Lecturer CS/ ENS Bertoua
22 | CHEUMANI YONA Arnaud M. Senior Lecturer In service
23 | EMADACK Alphonse Senior Lecturer In service
24 | KENNE DEDZO GUSTAVE Senior Lecturer In service
25 | KOUOTOU DAOUDA Senior Lecturer In service
26 | MAKON Thomas Beauregard Senior Lecturer In service
27 | MBEY Jean Aime Senior Lecturer In service
28 | NCHIMI NONO KATIA Senior Lecturer In service
29 | NEBA nee NDOSIRI Bridget N. Senior Lecturer CT/ MINFEM
30 | NYAMEN Linda Dyorisse Senior Lecturer In service
31 | PABOUDAM GBAMBIE A. Senior Lecturer In service
32 | TCHAKOUTE KOUAMO Herveé Senior Lecturer In service
33 | NJANKWA NJABONG N. Eric Assist. Lecturer In service
34 | PATOUOSSA ISSOFA Assist. Lecturer In service
35 | SIEWE Jean Mermoz Assist. Lecturer In service
5- DEPARTMENT OF ORGANIC CHEMISTRY (O. C.) (40)
1 | DONGO Etienne Professor Vice Dean/CSA/ F. SED
2 | GHOGOMU TIH Robert Ralph Professor Director B. A. |
Foumban
3 | NGOUELA Silvére Augustin Professor Head of Department UDs
4 | NKENGFACK Augustin Ephrem Professor In service
5 | NYASSE Barthélemy Professor In service
6 | PEGNYEMB Dieudonné Emmanuel Professor Director MINESUP/
Head of Department
7 | WANDJI Jean Professor In service
8 | Alex de Théodore ATCHADE Associate Professor | Vice-Dean/PSAA
9 | EYONG Kenneth OBEN Associate Professor | In service
10 | FOLEFOC Gabriel NGOSONG Associate Professor | In service

Ph. D Thesls presented by Nathalie S. Jouwn T.




11 | FOTSO WABO Ghislain Associate Professor | In service
12 | KEUMEDJIO Félix Associate Professor | In service
13 | KEUMOGNE Marguerite Associate Professor | In service
14 | KOUAM Jacques Associate Professor | In service
15 | MBAZOA née DJAMA Céline Associate Professor | In service
16 | MKOUNGA Pierre Associate Professor | In service
17 | NOTE LOUGBOT Olivier Placide Associate Professor | Chief Service/ MINESUP
18 | NGO MBING Joséphine Associate Professor | Sous/Direct. MINERESI
19 | NGONO BIKOBO Dominique Serge Associate Professor | Study charge Ass.
n°3/MINESUP
20 | NOUNGOUE TCHAMO Diderot Associate Professor | In service
21 | TABOPDA KUATE Turibio Associate Professor | In service
22 | TCHOUANKEU Jean-Claude Associate Professor | Dean/FS/ UY1
23 | TIH née NGO BILONG E. Anastasie | Associate Professor | In service
24 | YANKEP Emmanuel Associate Professor | In service
25 | MVOT AKAK Carine Associate Professor | In service
26 | AMBASSA Pantaléon Associate Professor | In service
27 | TAGATSING FOTSING Maurice Associate Professor | In service
28 | ZONDENDEGOUMBA Ernestine Associate Professor | In service
29 | KAMTO Eutrophe Le Doux Senior Lecturer In service
30 | NGNINTEDO Dominique Senior Lecturer In service
31 | NGOMO Orléans Senior Lecturer In service
32 | OUAHOUO WACHE Blandine M. Senior Lecturer In service
33 | SIELINOU TEDJON Valérie Senior Lecturer In service
34 | MESSI Angélique Nicolas Assist. Lecturer In service
35 | TSEMEUGNE Joseph Assist. Lecturer In service
36 | TCHAMGOUE Joseph Assist. Lecturer In service
37 | TSAFACK Maurice Assist. Lecturer In service
38 | TSAMO Armelle Assist. Lecturer In service
39 | NONO Eric Carly Assist. Lecturer In service
40 | OUETE Judith Assist. Lecturer In service
6- DEPARTMENT OF COMPUTER SCIENCE (C. S.) (25)
1 ATSA ETOUNDI Roger Professor Chief Div.MINESUP

Ph. D Thesls presented by Nathalie S. Jouwn T.




2 FOUDA NDJODO Marcel Laurent Professor Head of Dpt
HTTC/Chief IGA.
MINESUP

3 NDOUNDAM Réné Associate Professor | In service

4 AMINOU Halidou Senior Lecturer Head of Department

5 DJAM Xaviera YOUH - KIMBI Senior Lecturer In service

6 EBELE Serge Alain Senior Lecturer In service

7 KOUOKAM KOUOKAM E. A. Senior Lecturer In service

8 MELATAGIA YONTA Paulin Senior Lecturer In service

9 MOTO MPONG Serge Alain Senior Lecturer In service

10 | TAPAMO Hyppolite Senior Lecturer In service

11 | ABESSOLO ALO’O Gislain Senior Lecturer In service

12 | MONTHE DJIADEU Valery M. Senior Lecturer In service

13 | OLLE OLLE Daniel Claude Delort Senior Lecturer C/D Enset. Ebolowa

14 | TINDO Gilbert Senior Lecturer In service

15 | TSOPZE Norbert Senior Lecturer In service

16 | WAKU KOUAMOU Jules Senior Lecturer In service

17 | BAYEM Jacques Narcisse Assist. Lecturer In service

18 | DOMGA KOMGUEM Rodrigue Assist. Lecturer In service

19 | EKODECK Stéphane Gaél Raymond Assist. Lecturer In service

20 | HAMZA Adamou Assist. Lecturer In service

21 | JIOMEKONG AZANZI Fidel Assist. Lecturer In service

22 | MAKEMBE. S. Oswald Assist. Lecturer In service

23 | MESSI NGUELE Thomas Assist. Lecturer In service

24 | MEYEMDOU Nadege Sylvianne Assist. Lecturer In service

25 | NKONDOCK. MI. BAHANACK.N. Assist. Lecturer In service

7- DEPARTMENT OF MATHEMATICS (MAT) (30)

1 EMVUDU WONO Yves S. Professor CD Info/Inspecteur
MINESUP

2 AYISSI Raoult Domingo Associate Professor | Head of Department

3 NKUIMI JUGNIA Célestin Associate Professor | In service

4 NOUNDJEU Pierre Associate Professor | Chief serv. certif. prog.

5 MBEHOU Mohamed Associate Professor | In service

Ph. D Thesls presented by Nathalie S. Jouwn T.




6 TCHAPNDA NJABO Sophonie B. Associate Professor | Director/AIMS Rwanda
7 AGHOUKENG JIOFACK Jean G. Senior Lecturer Chief Cell
MINPLAMAT
8 CHENDJOU Gilbert Senior Lecturer In service
9 DJIADEU NGAHA Michel Senior Lecturer In service
10 | DOUANLA YONTA Herman Senior Lecturer In service
11 | FOMEKONG Christophe Senior Lecturer In service
12 | KIANPI Maurice Senior Lecturer In service
13 | KIKI Maxime Armand Senior Lecturer In service
14 | MBAKOP Guy Merlin Senior Lecturer In service
15 | MBANG Joseph Senior Lecturer In service
16 | MBELE BIDIMA Martin Ledoux Senior Lecturer In service
17 | MENGUE MENGUE David Joe Senior Lecturer In service
18 | NGUEFACK Bernard Senior Lecturer In service
19 | NIMPA PEFOUNKEU Romain Senior Lecturer In service
20 | POLA DOUNDOU Emmanuel Senior Lecturer In service
21 | TAKAM SOH Patrice Senior Lecturer In service
22 | TCHANGANG Roger Duclos Senior Lecturer In service
23 | TCHOUNDJA Edgar Landry Senior Lecturer In service
24 | TETSADJIO TCHILEPECK M. E. Senior Lecturer In service
25 | TIAYA TSAGUE N. Anne-Marie Senior Lecturer In service
26 | MBIAKOP Hilaire George Assist. Lecturer In service
27 | BITYE MVONDO Esther Claudine Assist. Lecturer In service
28 | MBATAKOU Salomon Joseph Assist. Lecturer In service
29 | MEFENZA NOUNTU Thiery Assist. Lecturer In service
30 | TCHEUTIA Daniel Duviol Assist. Lecturer In service
8- DEPARTMENT OF MICROBIOLOGY (MIB) (18)
1 ESSIA NGANG Jean Justin Professor Head of Department
2 NYEGUE Maximilienne Ascension Professor Vice Dean/DSSE
3 BOYOMO ONANA Associate Professor | In service
4 NWAGA Dieudonné M. Associate Professor | In service
5 RIWOM Sara Honorine Associate Professor | In service
6 SADO KAMDEM Sylvain Leroy Associate Professor | In service

Ph. D Thesls presented by Nathalie S. Jouwn T.




7 ASSAM ASSAM Jean Paul Senior Lecturer In service
8 BODA Maurice Senior Lecturer In service
9 BOUGNOM Blaise Pascal Senior Lecturer In service
10 | ESSONO OBOUGOU Germain G. Senior Lecturer In service
11 | NJIKI BIKOT Jacky Senior Lecturer In service
12 | TCHIKOUA Roger Senior Lecturer In service
13 | ESSONO Damien Marie Assist. Lecturer In service
14 | LAMYE Glory MOH Assist. Lecturer In service
15 | MEYIN A EBONG Solange Assist. Lecturer In service
16 | NKOUDOU ZE Nardis Assist. Lecturer In service
17 | SAKE NGANE Carole Stéphanie Assist. Lecturer In service
18 | TOBOLBAI Richard Assist. Lecturer In service
9- DEPARTMENT OF PHYSICS (PHY) (42)
1 BEN-BOLIE Germain Hubert Professor In service
2 ESSIMBI ZOBO Bernard Professor In service
3 EKOBENA FOUDA Henri Paul Associate Professor | Chief of Division. UN
4 KOFANE Timoléon Crépin Professor In service
5 NANA ENGO Serge Guy Professor In service
6 NDJAKA Jean Marie Bienvenu Professor Head of Department
7 NOUAYOU Robert Professor In service
8 NJANDJOCK NOUCK Philippe Professor Under Director/
MINRESI
9 PEMHA Elkana Professor In service
10 | TABOD Charles TABOD Professor Dean Univ. Bda
11 | TCHAWOUA Clément Professor In service
12 | WOAFO Paul Professor In service
13 | BIYA MOTTO Frédéric Associate Professor | G. D./HYDRO Mekin
14 | BODO Bertrand Associate Professor | In service
15 | DJUIDJE KENMOE épouse A. Associate Professor | In service
16 | EYEBE FOUDA Jean sire Associate Professor | In service
17 | FEWO Serge lbraid Associate Professor | In service
18 | HONA Jacques Associate Professor | In service
19 | MBANE BIOUELE César Associate Professor | In service

Ph. D Thesls presented by Nathalie S. Jouwn T.




20 | NANA NBENDJO Blaise Associate Professor | In service
21 | NDOP Joseph Associate Professor | In service
22 | SAIDOU Associate Professor | MINRESI
23 | SIEWE SIEWE Martin Associate Professor | In service
24 | SIMO Elie Associate Professor | In service
25 | VONDOU Derbetini Appolinaire Associate Professor | In service
26 | WAKATA née BEYA Annie Associate Professor | Under Dir./ MINESUP
27 | ZEKENG Serge Sylvain Associate Professor | In service
28 | ABDOURAHIMI Senior Lecturer In service
29 | EDONGUE HERVAIS Senior Lecturer In service
30 | ENYEGUE A NYAM épse BELINGA | Senior Lecturer In service
31 | FOUEDIJIO David Senior Lecturer Chief of Cell MINADER
32 | MBINACK Clément Senior Lecturer In service
33 | MBONO SAMBA Yves Christian U. Senior Lecturer In service
34 | MELTI'I Joelle Larissa Senior Lecturer In service
35 | MVOGO ALAIN Senior Lecturer In service
38 | OBOUNOU Marcel Senior Lecturer DA/U. Int. Etat/Sangma.
39 | WOULACHE Rosalie Laure Senior Lecturer In service
40 | AYISSI EYEBE Guy Francgois V. Assist. Lecturer In service
41 | CHAMANI Roméo Assist. Lecturer In service
42 | TEYOU NGOUPOQU Atriel Assist. Lecturer In service
10- DEPARTMENT OF EARTH SCIENCES (E. S.) (43)
1 BITOM Dieudonné Professor Dean/FASA/UDs
2 FOUATEU Rose épse YONGUE Professor In service
3 KAMGANG Pierre Professor In service
4 NDJIGUI Paul Désiré Professor Head of Department
5 NDAM NGOUPAYOU Jules-Remy Professor In service
6 NGOS Il Simon Professor DAAC/Uma
7 NKOUMBOU Charles Professor In service
8 NZENTI Jean-Paul Professor In service
9 ABOSSOLO née ANGUE Monique Associate Professor | Vice-Dean/DRC
10 | GHOGOMU Richard TANWI Associate Professor | CD/Uma
11 | MOUNDI Amidou Associate Professor | CT/ MINIMDT

Ph. D Thesls presented by Nathalie S. Jouwn T.




12 | NGUEUTCHOUA Gabriel Associate Professor | CEA/MINRESI

13 | NJILAH Isaac KONFOR Associate Professor | In service

14 | ONANA Vincent Laurent Associate Professor | Chief serv. Mater. Maint.

15 | BISSO Dieudonné Associate Professor | Director/Project Barrage
Memve’ele

16 | EKOMANE Emile Associate Professor | In service

17 | GANNO Sylvestre Associate Professor | In service

18 | NYECK Bruno Associate Professor | In service

19 | TCHOUANKOUE Jean-Pierre Associate Professor | In service

20 | TEMDJIM Robert Associate Professor | In service

21 | YENE ATANGANA Joseph Q. Associate Professor | Chief Div. /MINTP

22 | ZO’0O ZAME Philémon Associate Professor | G. D./ART

23 | ANABA ONANA Achille Basile Senior Lecturer In service

24 | BEKOA Etienne Senior Lecturer In service

25 | ELISE SABABA Senior Lecturer In service

26 | ESSONO Jean Senior Lecturer In service

27 | EYONG JOHN TAKEM Senior Lecturer In service

28 | FUH Calistus Gentry Senior Lecturer Sec. D’Etat/MINMIDT

29 | LAMILEN BILLA Daniel Senior Lecturer In service

30 | MBESSE CECILE OLIVE Senior Lecturer In service

31 | MBIDA YEM Senior Lecturer In service

32 | METANG Victor Senior Lecturer In service

33 | MINYEM Dieudonné-Lucien Senior Lecturer CD/Uma

34 | NGO BELNOUN Rose Noél Senior Lecturer In service

35 | NGO BIDJECK Louise Marie Senior Lecturer In service

36 | NOMO NEGUE Emmanuel Senior Lecturer In service

37 | NTSAMA ATANGANA Jacqueline Senior Lecturer In service

38 | TCHAKOUNTE J. épse NOUMBEM | Senior Lecturer Chief of cellMINRESI

39 | TCHAPTCHET TCHATO De P. Senior Lecturer In service

40 | TEHNA Nathanaél Senior Lecturer In service

41 | TEMGA Jean Pierre Senior Lecturer In service

42 | FEUMBA Roger Assist. Lecturer In service

43 | MBANGA NYOBE Jules Assist. Lecturer In service

Ph. D Thesls presented by Nathalie S. Jouwn T.




Classification of teaching staff at the faculty of Science of the University of Yaoundé 1

NUMBER OF LECTURERS

Department | Professor | Associate Professor Senior Assist. Total
Lecturer Lecturer
BCH 9(1) 13 (09) 14 (06) 3(2) 39 (18)
A.B.P. 13 (1) 09 (06) 19 (05) 05 (2) 46 (14)
P.B.P. 06 (0) 11 (02) 9 (06) 07 (01) 33(9)
I.C. 10 (2) 09 (02) 12 (02) 03 (0) 34 (5)
O.C. 7(0) 19 (06) 09 (03) 06 (01) 40 (10)
C.S. 2 (0) 1(0) 13 (01) 09 (01) 25 (2)
MAT 1(0) 5(0) 19 (01) 05 (02) 30 (3)
MIB 1(0) 5 (02) 06 (01) 06 (02) 18 (5)
PHY 12 (0) 15 (02) 10 (03) 03 (0) 40 (5)
E.S. 8 (1) 14 (01) 19 (05) 02 (0) 43 (7)
Total 69 (4) 99 (28) 130 (33) 45 (10) 348 (78)
A total of: 348 (78) including:
Professors 69 (4)
Associate Professors
Senior Lecturers 130 (33)
Assist. Lecturers 48 (11)

() = Number of women
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ABSTRACT

The present thesis focused on the isolation, characterization and chemical
transformations of some secondary metabolites of the species Diospyros gilletii De Wild and
Diospyros fragrans Gurke, two Cameroonian medicinal plants belonging to the Ebenaceae
family, followed by a subsequent evaluation of the antioxidant, antibacterial and cytotoxic

properties of extracts and isolates.

From these two plants, thirty-four compounds were isolated using liquid phase
chromatographic methods, twenty eight of which were fully characterized and belong to
various classes of secondary metabolites. These include five (05) isocoumarins among which
two (02) new assigned as 4-O-p-hydroxybenzoylnorbergenin and 11-O-(E)-
cinnamoylnorbergenin and three known identified as norbergenin, 4-O-galloylnorbergenin
and 11-O-p-hydroxybenzoylnorbergenin; one (01) new naphthalene derivative, the 3,6-
dihydroxy-8-methyl-3,4-dihydronaphthalen-1(2H)-one  or  fragranone, Twelve (12)
pentacyclic triterpenes identified as ursolic acid, oleanolic acid, corosolic acid, rotundic acid,
myrtifolic acid, betulinic acid, vismiaefolic acid, uvaol, lupeol, betulin, hederagenin and f-
amyrin acetate; one (01) polyterpene, the a-tocopherol; one monoglyceride (01), the 1-O-(28-
hydroxyoctacosanoyl) glycerol; one carotenoid, the luteine; four sterols (04) identified
respectively as a mixture of stigmasterol + p-sitosterol and a mixture of 3-O-$-D-
glucopyranoside of stigmasterol + S-sitosterol; three (03) polyols, identified as quercitol, 5-O-
methyl-myo-inositol and methyl-4-D-glucopyranoside.

The structures of these compounds were established by means of spectroscopic
techniques including IR, UV, MS, NMR 1D and 2D, by X-ray diffraction for some and by
comparison of their spectral data with those reported in the literature.

4-0-p-hydroxybenzoylnorbergenin, ursolic acid, betulinic acid and vismiaefolic acid
underwent chemical transformation by acetylation and allylation, leading to their acetylated
and allylated derivatives, among which those of 4-O-p-hydroxybenzoylnorbergenin were new

derivatives.

Crude extracts and some of the isolated and hemisynthetic compounds were evaluated
for their antibacterial activities against five strains of microorganisms using agar disk

diffusion and microdilution method, for their cytotoxic effect on human cervix carcinoma cell
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line KB-3-1 and human colon cancer cell line HT-29 using resazurin reduction assay and for

their antioxidant activities using DPPH method.

The results from antibacterial activities showed that the most active compounds were
myrtifolic acid and acetylated betulinic acid against Bacillus subtilis with MIC values of 31.3

and 250 g/ mL respectively.

The results from cytotoxic activities showed that corosolic acid was the most active
compound on both cancer cells KB-3-1 and HT-29 with 1Cs, values of 14.6 and 16.5 pM

respectively.

The antioxidant activity showed that all the five isocoumarins exhibited good activities

with 1Csp values between 8.2-144 pg/mL.

Keywords: Diospyros; isocoumarin; naphthalene derivative; antioxidant; antibacterial; cytotoxic.
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RESUME

La présente thése porte sur I’isolement et la caractérisation des metabolites
secondaires de Diospyros gilletii De Wild et Diospyros fragrans Girke, deux plantes
médicinales Camerounaises appartenant a la famille des Ebenaceae, sur quelques
transformations chimiques sur les composés isolés ainsi que I’évaluation des activités
biologiques antioxydante, antibacterienne et cytotoxique des extraits, isolats et produits de

réaction.

De ces deux plantes ont été isolés, au moyen de méthodes chromatographiques en
phase liquide, trente-quatre (34) composeés parmis lesquels vingt-huit (28) ont été entiérement
caractérisés comme appartenant a diverses classes de métabolites secondaires. Il s’agit de cing
(05) isocoumarines parmi lesquelles deux (02) nouvelles auxquelles ont été attribuées les
noms triviaux 4-O-p-hydroxybenzoylnorbergenine et 11-O-(E)-cinnamoylnorbergenine, et
trois connues (03) identifiées a la norbergenine, la 4-O-galloylnorbergenine et la 11-O-p-
hydroxybenzoylnorbergenine ; un (01) dérivé nouveau de naphtaléne, le 3,6-dihydroxy-8-
methyl-3,4-dihydronaphthalen-1(2H)-one et auquel nous avons donné le nom trivial
fragranone, douze (12) triterpenes pentacycliques connus identifiés a I’acide ursolique, I’acide
oléanolique, 1’acide bétulinique, 1’acide corosolique, 1’acide rotundique, 1’acide
vismiaefolique, 1’acide myrtifolique, 1’uvaol, le lupéol, la bétuline, ’hédéragenine et la f-
amyrin acetate ; un (01) polyterpéne connu, le a-tocopherol ; un (01) monoglyceride connu, le
1-O-(28-hydroxyoctacosanoyl) glycerol ; un (01) caroténoide connu, la luteine; quatre (04)
stérols connus, le mélange de stigmastérol + p-sitostérol et le mélange du 3-O-B-D-
glucopyranoside de stigmastérol + f-sitostérol, et trois (03) polyols connus, le quercitol, le 5-

O-methyl-myo-inositol et le methyl-4-D-glucopyranoside.

L’¢€lucidation structurale de tous ces composés s’est faite sur la base d’une
interprétation de leurs données spectrales, en particulier, la RMN *H et **C & une et deux
dimensions en conjonction avec la spectrométrie de masse, I’'IR et I’'UV, et quelques fois par

analyse aux rayons X.

La 4-O-p-hydroxybenzoylnorbergenine, 1’acide ursolique, 1’acide betulinique et
I’acide vismiaefolique ont fait I’objet de deux transformations chimiques : les réactions
d’acétylation et d’allylation, ayant conduit a leurs dérivés acetylés et allylés correspondants.

Ces dérivés ont été a leur tour entiérement caractérisés a partir de leurs données spectrales et
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parmis eux, ceux provenant de la 4-O-p-hydroxybenzoylnorbergenine ont été identifiés

comme étant nouveaux.

Sur le plan biologique les extraits provenant des différentes parties de ces deux plantes
ainsi que les composés isolés et hemisynthetiques ont été évalués pour leurs activités
antibacterienne contre cing souches de microorganismes par les méthodes de diffusion de
disques et de microdilution, cytotoxique contre les lignées cellulaires KB-3-1 du carcinome
du col de l'utérus et les lignées cellulaires HT-29 du cancer du c6lon par la methode de

reduction de la resazurine, et enfin antioxydante en utilisant la méthode au DPPH.

S’agissant de I’activité antibactérienne, I’acide myrtifolique et le dérivé acetylé de
I’acide betulinique ont présenté une bonne activité contre Bacillus subtilis avec des CMI de

31,3 et 250 pg/ mL respectivement.

En ce qui concerne I’activité cytotoxique, I’acide corosolique s’est avéré actif sur les
deux lignées de cellules cancereuses KB-3-1 and HT-29 avec des Clsode 14,6 et 16,5 uM

respectivement.

Pour ce qui est de I’activité antioxydante, les cinq isocoumarines testées ont présenté

de bonnes activités avec des valeurs de Clsocomprises entre 8,2-144 ug/ mL.

Mots clés : Diospyros; isocoumarine; derivé du naphtaléne ; antioxydante; antibactérienne;

cytotoxique.
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GENERAL INTRODUCTION

Originally, plants were used as food by animals and people living on earth. In addition
to this nutritional function, man discovered their healing power. That healing power function,
known by our ancestors since time immemorial, especially in India, China and Africa have
been used in the manufacture of traditional remedies without knowing their composition and
origin of that healing power. It is estimated that an approximate range of the total number of
plants growing worldwide may vary between 310000 and 422000, among which 20000 to
25000 are used in human pharmacopeia (Chorghade, 2007; Newman et al., 2000). However,
because of a "relative™ knowledge of plants and their environment, man is still sometimes

victim of accidental poisoning due to them.

The commonly uses of plants in traditional medicine have led pharmacological
industries to produce plants derivate drugs. In fact, about 60 to 70% of antibacterial and anti-
cancer drugs are from natural origin and more than 61% of new drugs developed between
1981 and 2002 were based on natural product (Cragg et Newman, 2005). But due to
improper use of antibacterial drugs in the area of infectious diseases, microorganisms have
developed resistance. This, combined to the side effects observed sometimes when taking
existing drugs or the aggressiveness and non-selectivity of drugs used in
chemotherapy, creates an ongoing need for new active molecules that could potentially lead in

the development of new antibacterial or anticancerous drugs.

For few years now, our laboratory has focused part of his research work in the
discovery of molecules derived plants with antibacterial and anticancer potentials, as bacterial
infections and cancer are major health concern worldwide in general and in Cameroon in
particular. In fact, very high incidence and mortality rates have been reported concerning
these two health problems, with more than 10 million death each year for cancer worldwide
among which nearly 8000 in Cameroon (WHO, 2021) and more than 700000 death each year
worldwide due to drug-resistant diseases (WHO, 2019). Among the family of plants that make
the Cameroonian flora, our attention was dramn to the Ebenaceae family, especially genus
Diospyros, the most abundant genus on the family with a large number of species used to treat
infectious diseases such as gonorrhea, tuberculosis and leprosis (Tangmouo et al., 2005, 2006;
Dzoyem et al., 2007), cardiovascular diseases and cancer (Rauf et al., 2017). Thus the present
work on the phytochemical study of two Cameroonian medicinal plants, Diospyros gilletii and

Diospyros fragrans and evaluation of their antibacterial, antioxidant and cytotoxic activities.
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Our general objective is to identify secondary metabolites from our selected plants as
potential antibacterial, antioxidant and anticancer agents. To achieve this goal, we will
extract, isolate and purify the chemical constituents of these plants through chromatographic
methods, then elucidate their structures using spectral data, literature data or laboratory
samples, perform hemisynthesis of some isolates and finally evaluate the antioxidant,

antibacterial and cytotoxic activities of compounds, extracts and reaction products.
Our work will be divided into three chapters:

o The first chapter, devoted to a literature review, will include generalities on oxidative
stress and cancer, a botanical overview of our two plants followed by a presentation of
previous phytochemical and pharmacological work already done on plants of the
genus Diospyros.

e The second chapter will present the results of our work.

e The third chapter will be on the experimental part. Here, the equipment, the plant and
biological material, the different protocols for the extraction and isolation of
compounds, their physicochemical data and the protocols used for the evaluation of

biological activities will be presented.
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CHAPTER I: LITERATURE REVIEW
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1.1. OXIDATIVE STRESS
1.1.1. Generalities

Oxidation reactions are usual and essential reactions within our cells, as they
contribute to the proper functioning of cell metabolism. Indeed, the oxidation reactions take
place in many biological processes which aim to maintain a cellular balance or synthesize
essential molecules. Concentration of reactive oxidizing species produced during these
oxidation reactions is regulated in the cells by the balance between their production rate and
their elimination rate by antioxidant systems and a disruption in this redox homeostasis is the

cause of oxidative stress (Inoue et al., 2003).

Oxidative stress is defined as an imbalance between the production of reactive oxygen
species (ROS) and the antioxidant capacity of the cell (Figure 1). This imbalance may be due
to an increased production of reactive oxygen (ROS) and / or to a depletion of enzymes or
antioxidant molecules due to physio-pathological factors (inflammation, sports activity ...) or
environmental (tobacco, alcohol, medication, gamma or ultraviolet rays) (Inoue et al., 2003;
Sieset al., 2017).

MNormal Oxidative stress

Antioxidans Reactive Oxygen Imbalance!
Species

Figure 1: Normal and imbalance antioxidant and pro-oxidant (Inoue et al., 2003)

The term ROS refers to reactive oxygen species having in their structure one or more

unpaired electrons. This includes:

o Free radical of oxygen: that is atoms, molecules or ions with one or more unpaired

electrons such as superoxide anion (0,*"), hydroxyl radical (*OH);

e Molecules of significant toxicity such as hydrogen peroxide (H.O;) and singlet oxygen
10, (Wiseman et Halliwell, 1996).
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ROS have a very short lifespan and are very reactive. Low and moderate amounts of ROS
have beneficial effects on several physiological processes including killing of invading
pathogens, wound healing and tissue repair processes. However, their disproportionated

generation can cause oxidation of surrounding molecules (Bhattacharyya et al., 2014).

1.1.2. Origin of ROS and free radicals

ROS which are the cause of oxidative stress generation can be produced endogenously
(intracellularly) or exogenously (Klaunig, 2018).

1.1.2.1. Endogenous sources

Endogenous mechanisms that can induce ROS production are generally processes
biologically useful within cells. For instance, ROS are mainly formed during the oxidation of
lipids to produce acetyl coenzyme-A (acetyl-CoA) fuel of the Krebs cycle and in the
mitochondrial electron transport chain which aims to produce energy. Several different
enzymes have been implicated in the generation of ROS, for example xanthine oxidase,

NADPH oxidases and cytochromes P450 are capable of producing superoxide anion.

1.1.2.2. EXogenous sources

There are also exogenous sources producing ROS as photochemical pollutants,
tobacco, drugs, and ionizing radiation entering the body through respiration, food, or mucous
membranes (Kohen et Nyska, 2002). Transition metal ions (such as iron or copper) which are
key elements of various biological processes and can also be brought in exogenously, at high
levels, generate ROS by participating in Fenton's reaction (Halliwell et Gutteridge, 1990).
Indeed, these transition metals can react with hydrogen peroxide (H,O;) and generate ROS
according to the following reaction:

Fe2' + H,0, > Fe3*+HO +OH
Fe3' + H,0, » FeX'+HOO + H
2H,0, » HO + HOO + H,0

Figure 2: Fenton reaction (Halliwell et Gutteridge, 1990)

1.1.3. Diseases affected by oxidative stress

ROS and free radicals can cause severe damage to the normal cells of the body. This

damage can be to the DNA, proteins, and other macromolecules of the cell and therefore,
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forms the basis of a wide variety of diseases, most notably neurodegenerative diseases,

cardiovascular diseases, and cancers.

1.1.3.1. Neurodegenerative diseases

Oxidative stress is suspected to play an important role in neurodegenerative diseases.
Indeed, Neurodegenerative diseases comprise a condition in which nerve cells from brain and
spinal cord are lost, leading to either functional loss (ataxia) or sensory dysfunction
(dementia). Neural tissue may be particularly susceptible to oxidative damage, because the
brain receives a disproportionately large percentage of oxygen and has large amounts of
polyunsaturated fatty acids that are highly prone to oxidation. Mitochondrial dysfunctions,
excitotoxicity and finally apoptosis have been reported as pathological causes for aging on
neurodegenerative diseases such as Parkinson’s and Alzheimer’s diseases, and multiple and
amyolotrophic lateral sclerosis. Neurodegeneration has been speculated to be interplay of a
number of factors including environmental and genetic predisposition, but redox metal abuse
occupies central role as most of symptoms stems out from abnormal metal metabolism
(Mattson, 2004). Oxidative stress and free radical generation catalyzed by redox metals have
been shown to play pivotal role in regulating redox reactions in vivo contributing ROS, main

culprits in neurodegeneration (Emerit et Edeas, 2004).

1.1.3.2. Cardiovascular diseases

Heart disease risk is raised by several factors including high cholesterol levels, high
blood pressure, cigarette smoking, and diabetes which promote atherosclerosis.
Atherosclerosis refers to formation of hardened walls of the arteries that impairs blood flow to
the heart and other vital organs. It is speculated that a critical step in development of
atherosclerosis is oxidation of low-density lipoprotein (LDL) (a type of bad cholesterol in
blood) within the arterial wall, which conduct to oxidative stress. Several studies show an
association between low intakes of dietary antioxidants to an increased frequency of heart
disease (Nijs et al., 2006).

1.1.3.3. Cancers

Pro-oxidants, or those who generate free radicals, stimulate cell division and these
form the beginnings of mutagenesis and tumor formation. When a cell with a damaged DNA
strand divides, it gives rise to disturbed and deformed clusters of cells that form the cancer. In
addition, cigarette smoking and chronic inflammation lead to strong free radical generation
that seems to be the reason for many cancers. Some research has indicated that people who

Ph. D Thesls presented by Nathalie S. Jouwn T.


https://en.wikipedia.org/wiki/Neurodegenerative_disease

smoke tend to have lower antioxidant levels than non-smokers and this makes smokers more

at risk of cancers (Ruano-Ravina et al., 2006).

1.1.4. defence systems against oxidative stress: antioxidants

The body is constantly protecting itself against the formation and aggression of these
oxidants through various enzymatic and non-enzymatic defense mechanisms. Antioxidants
can be defined as substances that can neutralize the active forms of oxygen and which help to

maintain, at the level of the cell and the organism, non-cytotoxic levels of free radicals.

Antioxidants have different modes of action: they can stop free radical reaction chains
(anti-radical), inhibit specific oxidizing enzymes, or react with oxidizing substances before
they damage biological molecules (Halliwell, 1994). They can come either from endogenous

or exogenous sources of the body.

1.1.4.1. Endogenous sources of antioxidants

These are different enzymes that can metabolize free radicals. The best known are the
superoxide dismutase (SOD), glutathione peroxidase (GSH) and catalase. SOD are metallo-
proteins that catalyze dismutation of the superoxide anion (O,*") in hydrogen peroxide (H,0>)
and O, (Darley-Usmar et Halliwell, 1996). Glutathione peroxidase (GSH) catalyses reduction
of H,O, and organic peroxides, while catalase allows elimination of excess H,O, from the
body (Harris, 1991). These endogenous antioxidants therefore participate in ROS

detoxification reactions.

- SOD
20, +2H" » 0, +H,0,
Catalyse
2H,0, y » 0O, +2H,0
Peroxidase
H,0, + NADH,H+ » 2H,0 + NAD+

Figure 3: Detoxification reactions (Harris, 1991)

Under the effect of high oxidative stress, the ability of these antioxidants to eliminate

ROS is often exceeded and as a result, other exogenous sources of antioxidants are necessary.

1.1.4.2. Exogenous sources of antioxidants

Various antioxidants are supplied to the human body through diet, both vegetarian as
well as non-vegetarian. Vitamin C 1, coenzyme Q 2, p-carotene 3 and vitamin E are the most
famous antioxidants of diet, out of which, Vitamin E is present in vegetable oils and found

abundantly in wheat germ. It is a fat soluble vitamin, absorbed in the gut and carried in the
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plasma by lipoproteins. Out of the eight (8) natural state isomeric forms of vitamin E, a-
tocopherol 4 is the most common and potent isomeric form. Being lipid soluble, vitamin E
can effectively prevent lipid peroxidation of plasma membrane (Burton et Ingold, 1989).
Plants (fruits, vegetables, medicinal herbs) can contain a wide variety of free radical
scavenging molecules such as phenolic compounds (Phenolic acids, flavonoids, quinons,
coumarins, lignans, stilbenes, tannins etc.), nitrogen compounds (alkaloids, amines, betalains
etc.), vitamins, terpenoids (including carotenoids) and some other endogenous metabolites
which are rich in antioxidant activity (Cai et al., 2003; Cotelle et al., 1996). Figures 4 and 5
below are presenting the state of a normal and stressed cell membrane, as well as some natural

antioxidants.

Free Radicals

Ultra Viloet \
Rays
Atomospheric D)
Pollution U2

< W Protected by
(1 Antioxidants

< Normal Cellular
Damaged Cellular Membrane

Membrane

Figure 4: oxidative stress and antioxidant protection on cells membrane

Figure 5: Some natural antioxidant compounds
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1.2. CANCERS

1.2.1. Generalities

Cancer is the second leading cause of death worldwide, amongst the non-communicable
diseases. One in 5 men and one in 6 women worldwide develop cancer during their lifetime,
and one in 8 men and one in 11 women die from the disease (WHO, 2018) and the
number of cancer deaths is projected to increase from 7.1 million in 2002 to 11.5 million in
2030 (Mathers et Loncar, 2006). Cancers are a large family of diseases that involve abnormal
cell growth (WHO, 2018). A tumor develops when cells reproduce too quickly but not all
tumors are cancerous. There are benign ones that develop locally and can not spread; others
are premalignant (not yet cancerous but can become so) and the last are malignant which
means cancerous. Abnormal cells termed cancer cells or malignant tumour have the ability to

spread and invade other tissues.

The hallmarks of cancer comprise six biological capabilities acquired during the
multistep development of human tumors. They include sustaining proliferative signaling,
evading growth suppressors, resisting cell death, enabling replicative immortality, inducing

angiogenesis, and activating invasion and metastasis (Hanahan et Weinberg, 2000).

Frequently, cancer cells can break away from this original mass of cells, travel through
the blood and lymph systems, and lodge in other organs where they can again repeat the
uncontrolled growth cycle. This process of cancer cells leaving an area and growing in
another body area is termed metastatic spread or metastasis. As an example, if breast cancer
cells spread to a bone, it means that the individual has metastatic breast cancer to bone. This is
not the same as "bone cancer,” which would mean the cancer had started in the bone
(Hanahan et Weinberg, 2000). These metastatic tumors are ""secondary cancers" because they

arise from the primary tumor. The metastasis process is shown by Figure 6 below.
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Figure 6: Invasion of cancer cells: Metastasis process (Hanahan et Weinberg, 2000)

1.2.2. Causes of cancers

Many factors that can cause cell abnormalities have been linked to cancer development.
Most cancer causes remain unknown while other cancers have environmental or lifestyle
triggers or may develop from more than one known cause. Although it is often difficult or
impossible to determine the initiating event(s) that cause a cancer to develop in a specific

person, the following is a listing of major causes (Anand et al., 2008; Kuper et al., 2002)

o Chemical or toxic compound exposures: Benzene, asbestos, nickel, cadmium, vinyl
chloride, benzidine, N-nitrosamines, aflatoxin and tobacco or cigarette smoke which
contains at least 66 known potential carcinogenic chemicals and toxins.

e lonizing radiation: Uranium, radon, ultraviolet rays from sunlight, radiation from
alpha, beta, gamma, and X-ray-emitting sources

o Pathogens: Human papillomavirus (HPV), EBV or Epstein-Barr virus, hepatitis
viruses B and C, Kaposi's sarcoma-associated herpes virus (KSHV), Merkel cell
polyomavirus, Schistosoma spp., and Helicobacter pylori; other bacteria are being

researched as possible agents.
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o Genetics. Indeed, a number of specific cancers have been linked to human genes and

are as follows: breast, ovarian, colorectal, prostate, skin and melanoma.

Recently, other risk factors have been added to the list of items that may increase cancer
risk. Specifically, red meat, obesity, lack of exercise, chronic inflammation, Non-ionizing
radio frequency radiation from mobile phones and hormones used for replacement therapy
were placed on the carcinogenic list by the World Health Organization's International Agency
for Research on Cancer (WHO, 2011). Figure 7 below is presenting the estimated percentage

of identifiable cancer factors.

Estimated Percentage of Cancer Cases Caused by Identifiable
and/or Potentially Preventable Factors

T —— 33%
Excess weight and obesity . 20%
BB DRSO <o vnsinvvinsmesusinsae 5%
M Lack of exercise............ 5%
Occupation ........ccvuuee. 5%
| (A aRRC et et 5%
I Family history ............. 5%
BUCONON ST s e e ens or e nesas 3%
i1 UV and ionizing radiation .... 2%
Prescription drugs ......... 1%
I Reproductive factors........ 3%
Pollution.......covvvvnnnnns 2%
B UnKnown .....covvvvnnnnns 1%

imarican Association for Cancer Research (AACR) Cancer Proaress Repart 2012

Figure 7: Estimated percentage of cancer due to identifiable factors (AACR, 2012).

1.2.3. Symptoms and diagnosis

When cancer begins, it produces no symptoms. Signs and symptoms appear as the
mass grows or ulcerates and depend on the type of cancer, where it is located, and/or where
the cancer cells have spread (Kufe et al., 2003). A few patients show no signs or symptoms
until the cancer is far advanced. Cancer can be difficult to diagnose and can be considered a
"great imitator". Generally, when advanced, cancer’s symptoms can be classified in two main

groups: local symptoms and systemic symptoms

1.2.3.1. Local symptom
Local symptoms may occur due to the mass of the tumor or its ulceration. Ulceration

can cause bleeding that can lead to symptoms such as coughing up blood (lung cancer),
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anemia or rectal bleeding (colon cancer), blood in the urine (bladder cancer), or abnormal

vaginal bleeding (endometrial or cervical cancer) (Kufe et al., 2003).

1.2.3.2. Systemic symptoms

Systemic symptoms (affecting the entire body, rather than a single organ or body part)
may occur due to the body's response to the cancer. This include: unexplained loss of weight
or loss of appetite, persistent fatigue, nausea, vomiting, unexplained low-grade fevers which
may be either persistent or come and go, recurring infections which will not clear with usual
treatment (Dimitriadis et al., 2017).

Many cancers will present with some of the above general symptoms but often have
one or more symptoms that are more specific for the cancer type. People with suspected
cancer are investigated with medical tests. These commonly include blood tests, X-rays,
contrast scans and endoscopy. The tissue diagnosis from the biopsy indicates the type of cell
that is proliferating, its histological grade, genetic abnormalities, and other features. Together,
those informations are useful to evaluate the prognosis and to choose the best treatment (Kufe
et al., 2003).

1.2.4. Types of cancers

There are over 200 types of cancer classified in general categories. These types include:

e Carcinoma: Cancer that begins in the skin or in tissues that line or cover internal
organs. This group includes many of the most common cancers, among which skin,
lung, colon, breast, prostate, pancreatic, ovarian cancers.

e Sarcoma: Cancer that begins in bone, cartilage, fat, muscle, blood vessels, or other
connective or supportive tissue.

e Lymphoma and Leukemia: Cancer that starts in blood-forming tissue such as the bone
marrow and causes large numbers of abnormal blood cells to be produced and enter
the blood.

o Blastoma: Cancers derived from immature precursor cells or embryonic tissue

1.2.5. Treatments

Cancer treatment depends on the type and the stage of the cancer. In some people,
diagnosis and treatment may occur at the same time if the cancer is entirely surgically

removed when the surgeon removes the tissue for biopsy.
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Although patients may receive a unique sequenced treatment, or protocol, for their
cancer, most treatments have one or more of the following components: surgery,
chemotherapy, radiation therapy, ionotherapy, hormonotherapy immunotherapy or
combination treatments (a combination of two or three treatments). The treatment intent may

or may not be curative.

1.2.5.1. Surgery

It is the primary method of treatment for most isolated, solid, and localized cancer.
Surgery typically attempts to remove the entire tumor mass and for some types of cancer it is
sufficient to eliminate the cancer (King et Primrose, 2003; Kufe et al., 2003). But the inability
to kill microscopic disease around the edges of the tumor may leave tumor cells in the patient

after surgery.

1.2.5.2. Radiation therapy

Radiation therapy is used in about half of cases. It involves the use of ionizing
radiation in an attempt to either cure or improve symptoms (Fong et al., 2005). This treatment
works by damaging the DNA of cancerous tissue, killing it. Radiation is typically used in
addition to surgery and/or chemotherapy, but for certain types of cancers like head and neck

cancer, it may be used alone.

1.2.5.3. Chemotherapy
Chemotherapy is the treatment of cancer with one or more cytotoxic anti-neoplastic
drugs (chemotherapeutic agents) as part of a standardized regimen. This treatment works by
stopping or slowing the growth of cancer cells, which grow and divide quickly (Shu et al.,
2010). Chemotherapy can either treat cancer or ease cancer symptoms. When used with other
treatments, chemotherapy can:
«Make a tumor smaller before surgery or radiation therapy. This is called neoadjuvant
chemotherapy.
« Destroy cancer cells that may remain after treatment with surgery or radiation therapy.
This is called adjuvant chemotherapy.
« Help other treatments work better.

« Kill cancer cells that have returned or spread to other parts of your body.

There is a huge list of chemotherapy drugs which are specifically used for different
types of cancers. For example, drugs for breast cancer commonly used are cyclophosphamide
5, methotrexate 6 and drugs for lung cancer are carboplatin 7, gemcitabine 8. Structures of

these drugs are shown by figure 8 below.

Ph. D Thesls presented by Nathalie S. Jouwn T.



cl O COOH
2_/—C| NH, /©)J\”/I
O\\ /N N
o/ N™ XY S N COOH
NH )|\ |
— ~
Ho,N” N7 N ]
3 NH,
NH N
05O g
- HO PN
S v
o!
OHF
- 8

Figure 8: Structure of some drugs used in chemotherapy

These drugs can be given orally, intravenously, intrathecally or topically. But while
killing cancerous cells, they can also damage the functioning of the other rapidly growing
cells too, like white blood cells, red blood cells and platelets. Hence all the chemotherapy
drugs have side effects which vary according to the dosage, type of cancer, type of drug and
the person’s resistance power. These side effects commonly include: nausea, vomiting,
diarrhea, hair loss, loss of appetite, fatigue, fever, mouth sores, pain, constipation and easy
bruising. Even when chemotherapy does not provide a permanent cure, it may be useful to
reduce symptoms such as pain or to reduce the size of an inoperable tumor in the hope that

surgery will become possible in the future.

1.2.6. Alternative treatment of cancers: Medicinal plants

The toxicity of chemotherapeutic drugs sometimes creates a significant problem in the
treatment of cancer using allopathy or established medicine. Various therapies have been
propounded for the treatment of cancer, many of which use plant-derived products. There are
four classes of plant-derived anticancer agents in the market today, the vinca alkaloids
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(vinblastine 9, vincristine 10 and vindesine 11), the epipodophyllotoxins (etoposide 12 and
teniposide), the taxanes (paclitaxel 13 and docetaxel 14) and the camptothecin derivatives
(camptotecin 15 and irinotecan) (Taneja and Qazi, 2007).
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Figure 9: Some plant derived anticancer agents (Taneja and Qazi, 2007).

Plants still have enormous potential to provide newer drugs and as such are a reservoir

of natural chemicals that may provide chemoprotective potential against cancer.

1.3. BOTANY
1.3.1. Generalities on Ebenaceae family

1.3.1.1. Systematic classification
Ebenaceae are a family of dicotyledonous plants belonging to the Ericale order and

whose position in evolutionary classification systems is given in the scheme 1 below:

Kingdom — Plantae
Subkingdom — Tracheobionta
Superdivision — Spermatophyta

Division ——— >  Magnoliophyta

Class —> Magnoliopsida

Subclass — Dilleniidae

Order —— Ericale

Suborder — Ebenineae
Family — Ebenaceae

Genus ——» Diospyros
Euclea
Royena
Lassiocarpa

Species —» Diospyros gilletii De Wild
Diospyros fragrans Giirke
Euclea natalensis White
Euclea multiflora Hiern

Scheme 1 : Systematic classification of Ebenaceae
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1.3.1.2. Description

The Ebenaceae are a family of flowering plants consisting of about 500 to 600 species
of trees and shrubs mostly distributed across the tropical and warmer temperate regions of the
world (Wallnofer, 2001; Mallavadhani et al., 1998). They are mostly found in Africa, Asia
and South America, with the majority of species in Asia and the Indo-Pacific region, but the
greatest morphological diversity is in Africa and Madagascar (Wallnéfer, 2001; Samuel et al.,
2019). Earlier classifications of genera of this family based on the morphological and
anatomical characters have been problematic, changing from two to eight from one author to
the other (Dungjai et al., 2006). Some studies, based this time on phylogenetic analysis,
reduced the number of genera into four: Diospyros, Euclea, Royena and Lissocarpa, divided
in two subfamilies, Lissocarpoideae and Ebenoideae (Dungjai et al., 2006; Samuel et al.,
2019). The genus Lissocarpa is the smallest with 9 species (Geeraerts et al., 2009) and the
genus Diospyros the largest with more than 500 species (Dungjai et al., 2006; Wallnofer,
2001). Plants belonging to this family are characterized by alternate and evergreen leaves,
persistent calyx, absence of latex, berry-like or capsular fruits with 1 to 16 seeds, black wood
and bark, unisexual flowers with 3 to 8 petals which are joined at the bases (Dungjai et al.,
2006). In Africa, the Ebenaceae family is represented by the genera Diospyros and Euclea

while in Cameroon only the genus Diospyros is found (Letouzey et white, 1970).

1.3.2. Generalities on genus Diospyros

The genus Diospyros is numerically and economically the most important genus of
Ebenaceae family. Approximately 300 species of Diospyros are found in Asia and Pacific
area, 100 species in the Americas, 15 species in Australia, 31 species in New Caledonia, 98
species in Madagascar and the Comoros, and 94 species in mainland Africa (Dungjai et al.,
2009). They are mostly trees and shrubs up to 30 m high and 50 cm of diameter growing in
tropical area but also in some warm temperate zones (Wallndfer, 2001). The characteristic
features of the species belonging to this genus are: alternate leaves; white, green or yellow
unisexual flowers with 3-7 lobes and campanulate corolla; male flowers always a little smaller
than female flowers; large fruits, usually berries up to 10 cm of diameter with 1-10 seeds;
white and soft sap wood with black and hard heartwood (Mallavadhani et al., 1998; Letouzey
et white, 1970; Wallnofer, 2001). In Africa they occur in dry and humid areas and the

following map gives a brief overview of their distribution.
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B Diospyros species in Africa
Figure 10 : Distribution of Diospyros species in Africa

36 species belonging to this genus are reported to be present in Cameroon in dense and
evergreen or semi-deciduous forests of Center, Littoral, South, South-East, and East regions

as indicated by the table below.

Table 1: Distribution of Diospyros species in Cameroon (Letouzey et White, 1970).

Species Authors Regions Localities
D. abyssinica White East. Mont Sangembam.
D. White South. Bipindi, Mimfia.
alboflavescens
D. barteri Hiern Littoral, South. Mangombg, Bipindi, Mimfia.
Banga, Eséka, Nkoemvone, Masok, Koumou,
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D. bipindensis Gurke Center, Littoral, South. Mangombé, Yaoundé, Bipindi.
D. boala De Wild South Ongongondjé.
Bertoua, Yaoundé, Ntam, Yokadouma,
Ndikiniméki.
D. canaliculata De Wild Center, East.
Banga, Douala, Bipindi, Mimfia, Nkuambe.
D. cinnabarina Gurke Littoral, South.
Bityé, Kumba, Banga, Nkolebunde, Essong,
Mekassi, Nkane, Lolodorf, Ejagham lake,
D. conocarpa Giirke and Center, South, South- Bipindi, Yaounde.
Schumann west.
Yaoundé, Bityé, Mbet, Pouté, Essaoulo,
Mbalmayo, Abong Mbang, Batouri, Mamfé.
D. crassiflora Hiern Center, East, South-
west and South.
Kumba, Kribi, Likomba, Bakumbo, Mamfé,
D. dendo Welwitsh South-west, South. Bipindi.
D. ferrea Bakhuizen South-west. Bambuko, Kumba
Kribi, Grand Batanga, Ejagham lake, Mimfia
D. fragrans Giirke South, Center, South- hills, Abang.
west.
D. gabunensis Girke Center, South, South- Eséka, Bambuko, Kumba, Mimfia Mimiaca,
west Bipindi.
Edge of Sanaga, edge of Nyong, Mbalmayo,
D. gilletii De Wild Littoral, East, South. Ebolowa, Abong Mbang, Yaounde.
Eséka, Colline Nkolakaye, Badjob, Mangombé.
D. gracilescens Girke Center, Littoral.
Bakundu, Eséka, Douala, Ongongondjé hills,
D. hoyleana White Littoral, Center, South, Kembong, Ejagham.
South-west
Edge of Nyong, Eséka, Douala, Edéa,
D. iturensis Letouzey Center, Littoral, East, Ongongondjé hills, Ebolowa, Ejagham lake.
and White South, South-west
D. Gurke South, Center. Kribi, Bipindi, Mimfia, Eséka.
kamerunensis
D. longiflora Letouzey and Center Edge of Nyong.
White
Center, East, Littoral, | Yaoundé, Ambam, Mélong, Edea, Kribi, Eséka,
D. mannii Hiern west, South. Mimfia, Deng-Deng, Yokadouma.
Littoral, South, South- Mamfé, Douala, Kolakaye hills.
D. melocarpa White west.
Maroua, Moutouroua hills, Hoyo hills,
D. mespiliformis Hochst Extreme North, Ngaoundére, Garoua, Mogodé.
Adamaoua, North.
Center, Adamaoua, Mendougué, Mont Fébé, Gounté, Bambui,
D. monbuttensis Giirke East, west, North- Dimako, Baleng lake, Meiganga, Ngaoundéré.
west.
D. obliquifolia White South-west, South, Ndifo, Banga, Fenda, Batanga.
Littoral.
D. Gurke South. Yokadouma, Campo, Bipindi, Mbiave.
physocalycina
Bidjoka, Douala, Muyuka, Bambuko, Bipindi,
D. piscatoria Girke Littoral, South, South- Kumba.
west.
D. platanoides Letouzey and South-west. Lac Ejagham.
White
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Kuke Boua, Masok, Makak, Valley of

D. polystemon Giirke South. Lokundjé, Nkuambe, Bipindi.
Bakundu, Grand Batanga, Kribi, Njabilobg,
D. preussii Giirke South. Bipindi.
D Mildbraed Center, South. Yaoundé, Grand Batanga

pseudomespilus

Douala, Mangombé forest, Badjob, Bonépoupa,
Bipindi, Nsambi, Manoka

D. sanza-minika Chevalier Littoral, South.
D. simulans White South. Banga, Nkolomeyan, Bipindi
D. soyauxii Girke et K. South. Zingui
Schumann
Yaoundé, Eseka, Bipindi, Ejagham lake,
D. suaveolens Giirke Center, South, South- Lolodorf, Ndengué, Mbalmayo, Limbé,
west. Bambuko, Mangombé
D. viridicans Hiern South-west. Bambuko, Limbé
Eséka, Douala, Bambuko, Masok, Nkolebunde,
D. zenkeri White Center, Littoral, South. Edea, Kumba, Bipindi

1.3.3. Generalities on the species Diospyros gilletii De Wild

Synonym: Diospyros potamophyla Mildbraed (Letouzey et White, 1970).

1.3.3.1. Botanical description

Diospyros gilletii is a shrub that can reach about 6 to 8 m high with a bark measuring
up to 30 cm in diameter (Letouzey et White, 1970). Its 20 x 9 cm long leaves have 10-12 mm
long petioles, sharply channeled above the upper part and with an elliptical-lanceolate blade,
often somewhat falcate. The young leaves, red in colour, have scattered hairs at the base. The
bark is very thin, with an oblique section, brownish-black outside, and egg-yellow inside
(Letouzey et White, 1970). Its male axillary influorescence of about 2 cm in diameter can
group up to 50 fragrant flowers, not exceeding 1 mm in length, hinged at the top and also
pubescent, while its female one has only 5-8 flowers. The fruits exceed the lobes of the calyx,
globular, of 10-15 mm in diameter, glabrous, smooth, green, then yellow, then dark red,

glossy, with 4 seeds maximum of 8 x 5 x 4 mm size (Letouzey et White, 1970). Some parts of

Diospyros gilletii De Wild are presented in Figure 11 below.




1: leaves; 2: bark; 3: fruits; 4: stem bark

Figure 11: Diospyros gilletii De Wild (Harris et al., 2011).

1.3.3.2. Geographical repartition

Diospyros gilletii De Wild is found in Cameroon, Central African Republic, Congo
and Gabon. In Cameroon this plant is reported mainly along rivers and is found in the high
valleys of Sanaga, Nyong, Dja and at the East longitude of yaounde (Letouzey et White,

1970). The following map is presenting the distribution of this species in Cameroon.

B Regions where the species
can be found

Figure 12 : Distribution of Diospyros gilletii De Wild in Cameroon (Letouzey et White,
1970).

1.3.4. Generalities on the species Diospyros fragrans Gurke

Synonym: Maba fragrans Hiern; Diospyros mucronata Pierre (Letouzey et White, 1970).
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1.3.4.1. Botanical description

Diospyros fragrans is a small tree of height about 15 m, sometimes consists of several
vertical twigs. Its sapwood is yellowish cream-coloured with slices black on the outside and
dark ochre on the inside. The leaves are briefly petiolate (Figure 13), with an oblong-
lanceolate blade of 7-11.5 x 3-4 cm obtuse or broadly rounded at the base. The male
influorescences consist of 6-15 flowers born on the old wood, almost down to the ground,
lined with bracts and lanceolate bracteoles of 2-3 mm long and pubescent on the outside while
the female influorescence have 5-8 flowers. The Globular ovoid fruit is about 3-4 cm in
diameter, scattered with silky hairs, surrounded at the base by a calyx up to 1.5 cm in

diameter and have approximately 10 seeds of 30 x 13 x 8 mm size.

1: leaves; 2: leaf fragment; 3: male influorescence; 4: male flower; 5 and 6: corolla; 7: female influorescence; 8:

female flower; 9: calice; 10: fruit

Figure 13 : Diospyros fragrans Girke (Letouzey et White, 1970; Jouwa, 2018)

1.3.4.2. Geographical repartition

Diospyros fragrans is found in Cameroon, Equatorial Guinea, Gabon and Congo
Brazzaville in the wettest areas of dense forest. In Cameroon this species is present at Kribi,
Kumba, Manoka, Bipindi, Oveng and Mamfe (Letouzey et White, 1970), as shown by the

map below.
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B Regions where the species
can be found

Figure 14 : Distribution of Diospyros fragrans Gurke in Cameroon

1.4. USES OF GENUS DIOSPYROS

1.4.1. Uses in traditional medicine

Diospyros species are widely used in many traditional medicinal systems of the world
such as Ayurveda, the African folklore and Chinese medicine for the treatment of various
diseases including leprosy, fungal infections, dysentery, whooping cough, hemorrhages,
incontinence, rheumatoid arthritis, cardiovascular disorder and various cancer types (Maroyi,
2018; Rauf et al., 2017; Ravikumar et al., 2014). Naoxinging, a standardized extract of the
leaves of D. kaki is a patented neural drug of traditional Chinese medicine (TCM) (Rauf et al.,
2017). A decoction of the dried fruits and leaves of this same specie is traditionally used as a
folk medicine in Korea for hiccups, reduction of internal bleeding, blood clotting, and
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dispelling of pathogenic heat, while its traditionally fermented fruits vinegar is used against
hangovers caused by excessive alcohol consumption (Titto et al., 2009). The dried flowers of
D. melanoxylon are recorded in Yunani medicine for urinary discharges, inflammation of the
spleen and enrichment of blood, while its bark extract is used in Ayurveda medicine as an
astringent lotion for eyes (Mallavadhani et al., 1998). In Nigeria the dried leaves of D.
melanoxylon are used for the treatment of malaria, sleeping sickness and headache (Adzu et
al., 2002). D. mespiliformis leaves decoction is used in central Africa for the treatment of
fever, whooping cough, wounds and a decoction of its barks and roots are used for infections
such as malaria, pneumonia, syphilis, leprosy, and dermatomycoses (Mohamed et al., 2009).
The juice of the fresh leaves of D. hoyleana is sucked up or the powder of the dried leaves
snuff in case of severe or persistent cephalgy (Bouquet, 1969). In Cameroon, the baka
pygmies used the infusion of the stem barks of D. bipindesis to treat the diseases “that attacks
both sides and makes difficult the breathing” (Brisson, 1999). The roots decoction of D.
fischeri is taken in Tanzania against stomach aches, chest complaints, gonorrhea, and dry
cough, whereas the one of D. usambarensis is used for the treatment of stomach pain,
constipation, rashes, cervical prolapse, epilepsy, malaria, measles, psychiatric disorders,
sterility, and joint pain (Chhabra et al., 1989). In Céte d’Ivoire the leaves of D. soubreana are
used as wound healing (Bouquet et Debray, 1974). The thin twigs of D. lycioides are used in
Namibia as chewing sticks to clean the teeth (Cai et al., 2000). In West Africa boiled leaves
of D. barteri are applied as poultices to treat vaginal discharges (Oluremi et al., 2010). Unripe
fruits of D. peregrina are used in India for the treatment of diarrhoea, dysentery, cholera,
ulcer of mouth and wounds (Saikat et al., 2009). In pharmacopeia and medical books, these

plants are cited as indigenous therapies (Rauf et al., 2017).

1.4.2. Nutritional uses

The name Diospyros comes from an old Greek denomination consisting of “Dios”
which means divine and “pyros” referring to wheat, hence the name “divine food” given to
Diospyros species. Indeed, plants belonging to this genus among which D. virginiana, D.
ebenaster, D. lotus, D. mespiliformis and D. melanoxylon have edible fruits that are very
appreciated for their taste (Mallavadhani et al., 1998). The thin yellow fruit-pulp of D. barteri
is edible and is a minor item of diet (Oluremi et al., 2010). Soft sweet fruit-pulp of D.
mespiliformis is used in some parts of Sudan to make a fermented drink (Adzu et al., 2002).
Mature fruits of D. peregrina are highly nutritious and contribute to household food security
of rural populations in India (Saikat et al., 2009). The most consumed fruit is the kaki or
Japanese persimmon, a large orange-red berry from D. kaki cultivated in Japan for several
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centuries and which produces sweet and palatable juice when fully ripe (Mallavadhani et al.,
1998).

1.4.3. Economical and socio-cultural uses

The genus Diospyros is of great economic importance with many species yielding
edible fruits, ebony, valuable timbers, and ornamental trees. Japanese persimmon is the most
cultivated fruit of this genus with a global production totaling 2,429,840 t in 2003 and
3,300,000 t in 2007 (Rauf et al., 2017). Indeed, this fruit is mainly grown in China, Korea,
Japan, Brazil, Italy, Israel, and New Zealand and exported all over the world (Yamagishi et
al., 2005). In China, the leaves of D. kaki are used to manufacture a variety of functional
health food and cosmetics, such as health protection tea, milky tea, other beverages granules
and freckle cream (Huang et al., 2016). In India the leaves of D. melanoxylon are greatly
valued in wrapping cigarettes because of their flavour, flexibility and resistance to decay
(Mallavadhani et al., 1998). Many species yield useful and valuable wood. So are D. dendo,
D. mespiliformis, D. crassiflora, D. ebenum, D. melanoxylon and D. celebica which produced
ebony used in ornamental works and musical instruments. In Japan, the wood of D. kaki is of
decorative class with an exceptionally smooth surface and a marble like coldness to the touch.
This wood is also used for ornamental to make boxes, desks and mosaics (Mallavadhani et al.,
1998). The wood of D. barteri is used in Nigeria to make clubs, spear shafts, walking sticks

and as house building materials (Oluremi et al., 2010).

1.5. PREVIOUS PHARMACOLOGICAL WORKS ON GENUS DIOSPYROS

Many Diospyros species have been reported to exhibit interesting biological and
pharmacological activities. Indeed, the activities such as antioxidant, antiinflammatory,
analgesic, antipyretic, anti-diabetic, antibacterial, anthelmintic, antihypertensive,
cosmeceutical, anti-protozoal, fungicidal, anthelmintic, insecticidal, molluscicidal,
cytotoxicity, anti-tumor, multidrug resistance reversal, sedative and enzyme-inhibitory of
these plants have been validated by means of an in vitro, in vivo, and clinical tests (Rauf et al.,
2017). As a rich reserve of pharmacologically important constituents, this genus can quicken

the pace of drug discovery.

1.5.1. Antioxidant activities

A methanolic extract of D. lotus exhibited antioxidant activity. Indeed, Treatment of

cisplatin-injected rats with D. lotus extract led to a significant increase in superoxide
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dismutase and glutathione levels (Sagar et al., 2016). The reducing power of an extract of
total flavonoids from persimmon leaves (TFPL) on total antioxidant activity, 1,1-diphenyl-2-
picrylhydrazyl (DPPH®) radical scavenging, superoxide anion (O,*) radical scavenging,
hydroxyl (*OH) radical scavenging and metal chelating activities was examined by Sun et al.
Results showed that the effect of this extract in total antioxidant activity, scavenging activity
of superoxide anion and hydroxyl radical was significantly better than that of rutin (Sun et al.,
2011). Furthermore, it was reported that tannin isolated from D. kaki at a dose of 200 mg/mL
exerts radioprotective effect on 8 Gy gamma-radiation-exposed HEK 293T cells. The anti-
radiation effect is achieved by preventing formation of oxygen reactive species (Zhou et al.,
2016).

1.5.2. Antimicrobial activities

Several extracts of D. ebenum, including ether, ethyl acetate, methanol, and aqueous
extracts were tested to assess their antibacterial potential against various Gram-positive and
Gram-negative bacteria. All the tested extracts, except the aqueous one, displayed significant
activity against Staphylococcus aureus. Furthermore, the methanol extract was more active
against Pseudomonas aeruginosa and Salmonella Typhimurium than amikacin, an antibiotic
used to treat different bacterial infections (Baravalia et al., 2009). The methanol extract of D.
lycioides was found to inhibit growth of selected oral pathogens (Streptococcus mutans,
Streptococcus sanguis, Porphyromonas gingivalis, and Prevotella intermedia) (Cai et al.,
2000). The ethanol extracts of stems and leaves of D. gracilipes Hiern exhibited moderate
antimicrobial activity against Staphylococcus aureus, and Klebsiella pneumonia (Rasamison
et al., 2016). Furthermore, the methanol extract of D. sylvatica was reported to be active
against P. falciparum strains (Kantamreddi et Wright, 2008). Similarly, stem bark methanol/
dichloromethane (1:1) extract of D. crassiflora were tested against several strains of fungi and
were found to inhibit the growth of strains such as Candida albicans, Candida tropicalis,
Cryptococcus neoformans, Aspergillus niger, Aspergillus flavus, Fusarium sp., and
Penicillium sp.(Dzoyem et al., 2007).

1.5.3. Cytotoxic activities

The acetone fraction from D. kaki peel extract showed cytotoxic activity against
human oral squamous cell carcinoma HSC-2 and human submandibular gland tumor HSG
cells (Kawase et al., 2003). The effect of acetone extract of D. lycioides leaves on MCF-7 cell

viability reduction was studied and the cytotoxicity was demonstrated to be due to apoptosis
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(Pilane et al., 2015). The cytotoxic effect of crude methanolic extract of seeds (CMES) and
peels (CMEP) and crude ethyl acetate extract of seeds (CEAES) and peels (CEAEP) of
Diospyros blancoi was evaluated by brine shrimp (Artemia salina) lethality bioassay
procedures. The EDs values of the CMES, CEAES, CMEP, CEAEP were 40, 20, 20 and 10
mg/mL respectively, compared with the standard vincristine sulphate with an EDs, value of
1.04 mg/mL (Setu et al., 2017).

1.5.4. Antidiabetic activities

The methanolic extracts of the stem and leaves of D. buxifolia were evaluated for their
antidiabetic activities by measuring in vitro a-amylase and amyloglucosidase inhibitory
activities at four different extract concentrations (0.125, 0.250, 0.500 and 1.000 mg/mL) and
the results showed a significant a-amylase inhibitory activity for the stem (Pasupuleti et al.,
2016). Rathore et al. discovered that the ethanol extract of D. melanoxylon could serve as a
good adjuvant to other oral hypoglycemic agents and seems to be promising for the
development of phytomedicines for diabetes mellitus. In addition, D. melanoxylon leaves
petroleum ether extract was found to exhibit antiadipogenic, antidiabetic, and hypolipidemic
activity both in vitro 3T3-L1 cell line and in rats. These blood glucose controlling effects

might be promising for diabetes treatment (Rathore et al., 2014).

1.6. PREVIOUS PHYTOCHEMICAL WORK ON GENUS DIOSPYROS

The extraordinary uses in traditional pharmacopoeia of Diospyros species have
attracted the attention of researchers who wanted to know their chemical composition and
identify the compounds responsible for their many virtues. Thus, more than 130 species were
investigated chemically, which led to the isolation and the characterization of a wide range of
secondary metabolites among which triterpenes, naphtoquinones, coumarins and

isocoumarins (Mallavadhani et al., 1998).

1.6.1. Triterpenes

1.6.1.1. Generalities

Triterpenes are a class of secondary metabolites widely distributed in Diospyros
species. In fact, more than 90% of these species screened so far were found to contain this
class of secondary metabolites in almost all parts of the plants (Mallavadhani et al., 1998).
Approximately 4000 structures of triterpenes are known in the free, esterified or heterosidic

state, represented by nearly 40 different skeletons (Bruneton, 1999). They are hydrocarbons or
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their derivatives formed by the condensation of six isoprene units (equivalent to three terpene
units) and containing, thus, 30 carbon atoms. These compounds rarely derive from squalene
‘and more often from 2,3-epoxysqualene and are therefore almost always hydroxylated in
position C-3 due to the opening of this epoxide. Triterpenes exist in several forms, including
acyclic, monocyclic, bicyclic, tricyclic, tetracyclic, pentacyclic and hexacyclic, but most of
the triterpenes isolated from Diospyros species have a basic pentacyclic skeleton and belongs
to the classes of lupane, ursane, oleanane, friedelane and taraxerane. Amongst the pentacyclic
triterpenes isolated from Diospyros species, lupane, ursane and oleanane are more prevalent
(Mallavadhani et al., 1998).

1.6.1.2. Common triterpenes isolated from Diospyros species

> Lupane

It is the most common triterpene skeleton found in Diospyros species, evident from
the fact that out of 54 publications of Diospyros terpenoids, more than 24 papers reported the
exclusive isolation of the lupane group 16. They are characterized by the presence in the
pentacyclic skeleton of an E ring with five vertices substituted by an isopropyl group and six
angular methyl. The major metabolites of this class encountered in Diospyros species are
lupeol 17, betulin 18 and betulinic acid 19, mostly accumulate in bark and heartwood
(Mallavadhani et al., 1998).

> Ursane

Pentacyclic triterpenes type ursanes 20 are the second common skeleton found in
Diospyros species. Contrary to lupanes 16, the five cycles present in their structures have six
vertices and seven methyl including one gem dimethyl at C-4. In Diospyros species, both urs-

12-ene and urs-7ene skeletons have so far been isolated, with few urs-7-ene representatives.
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Ursolic acid 21, a-amyrin 22 and bauerenol 23 are the three major metabolites of this class
isolated in several Diospyros plants, with ursolic acid 21 accumulating in significant

quantities and mostly co-existing with a-amyrin 22 (Mallavadhani et al., 1998).

> Oleanane

Oleananes 24 have their pentacycles like ursanes 20, with six verticles each. The only
difference is that in contrast to ursanes, they have a second gem-dimethyl on the cycle E, at C-
20. Oleanolic acid 25, p-amyrin 26 and olean-12-ene-3-one 27 are the major metabolites of
this class isolated from Diospyros species. Most of the triterpene glycosides isolated from

Diospyros species have an oleanane skeleton, with oleanolic acid 25 as aglycone.

The table 2 below is presenting the structures of some isolated triterpenes from the genus
Diospyros.
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Table 2 : Some triterpenes isolated from Diospyros species

Sources Names and structures References
Lupeol 17:R;=CH3; R, =H
Leaves of Betulin 18 : R; = CH,0OH ; R, =H

D. mespiliformis

Betulinic acid 19 : R; = COOH ; R, = H

Mohamed et al., 2009

Roots of

D. melanoxylon

Ursolic acid 21 ; R = COOH
a-amyrin 22 ; R=H

Mallavadhani et al.,1998

Leaves and fruits
of
D. kaki

Mallavadhani et al.,1998
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Stem of Oleanolic acid 25 : R = COOH
D. glandulosa p-Amyrin26 :R=H Thnakijcharoenpath et
Theanphong., 2007

(3p)-17-Carboxy-28-norolean-12-en-3-yl-3-O-(6-
deoxy-a-L-mannopyranosyl)-5-D-
glucopyranosiduronic acid 28: R;=R,=H

Leaves of _
Putranoside C: 29 : R, =Glu; R, = H

D. peregrina Mallavadhani et al.,1998

OHOH

Leaves, stem and
roots of

D. morrisiana

Olean-12-en-3-one 27

Mallavadhani et al.,1998

1.6.1.3. Biological and pharmacological properties of triterpenes

Triterpenes are characterized by remarkable structural diversity. This chemical

diversity results in varied biological and pharmacological properties and therapeutic potential

Ph. D Thesls presented by Nathalie S. Jouwn T.




in the most diverse fields: cytostatic, antiviral, anti-inflammatory, anti-oedematous,

cytoprotective, immunomodulatory, analgesic, and antifungal (Zanatta et al., 2021).

Activity against fungi is well established in vitro, both against phytophatogenic
species and various dermatophytes. It is probably a consequence of the reaction of triterpenes
with membrane sterols of microorganisms. In the plant kingdom, they are secondary
metabolites, whose ecological role has been proven, particularly in the communication and

defence process (Bruneton, 1999).

Apart from their pharmacological potential, it appears that pentacyclic triterpenes, in
the same way as other molecules (gibberellins, auxins, etc.), are involved in the control of
plant growth and morphogenesis, as well as in wound healing (Boiteau et al., 1964).

1.6.2. Naphtoquinones

1.6.2.1. Generalities

They are naphthalene derivatives characterized by two carbonyl groups in position 1
and 4 for 1,4-naphthoquinones and position 1 and 2 for 1,2-naphthoquinones (Kumagai et al.,
2012). Naphthoquinones are highly reactive organic compounds that can vary in colour from
yellow to red. Being carbonyl compounds «,f-unsaturated, the conjugation between double
bonds and carbonyls makes 1,4 derivatives the majority in nature, especially in many large
plant families such as Plumbaginaceae, Ebenaceae, Boraginaceae, Iridaceae (Kumagai et al.,
2012).

1.6.2.2. Naphtoquinones isolated from genus Diospyros

About 75% of phytochemical investigations carried out on plants of the genus
Diospyros resulted in the isolation of monomers, dimers and even trimers of 1,4-
naphthoquinones. Indeed, these plants are known to produce an incredible amount of these
compounds, which could be considered as a chemical marker for a taxonomic study
(Mallavadhani et al., 1998). Plumbagin 30 and 7-methyljuglone 31, obtained by substitution
of juglone 32, are the most widespread monomers in Diospyros species. The majority of
isolated naphthoquinones from this genus are dimers formed by coupling either two
plumbagin 30 or two 7-methyljuglone 31 groups, or more rarely plumbagin 30 and 7-
methyljuglone 31. Plumbagin 30 is most abundant in leaves while 7-methyljuglone 31 is
found in bark and wood (Mallavadhani et al., 1998).
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The table 3 below gives some naphtoquinones isolated from Diospyros species.

Table 3: Naphtoquinones isolated from some Diospyros species

Sources Names and structures References
3-bromoplumbagin 33 Ri=CH; R,=BrR;=H
3-chloroplumbagin 34 R;=CH; R,=Cl Rz=H
Droserone 35 R1=CH;, R, =0OH, R;=H

Stem bark of 3-Methylplumbagin 36 Ri=CH; R,=CH3R;=H Higa et al.,

. 2017

D. maritima

o}
T
R,
OH O
Diospyrin 37
OH O
S0P Y
H5;C
Leaves of 0 Ganapaty et
H,C

D. sylvatica : 0 al., 2004

Isodiospyrin 38
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Leaves and roots Mallavadhani
of etal.,1998
D. montana 8-hydroxydiospyrin 40

OH O

LIS
HsC
0]

OH O

1.6.2.3. Biological and pharmacological properties of naphtoquinones

Several naphthoquinones are antibacterial and fungicidal: their presence in tropical
woods helps to understand their resistance to fungi, insects and, more generally, wood-eating
organisms (Bruneton, 1999). They also serve as important links in electron transport chains,
participate in multiple oxidative processes, and may act as defensive compounds in
interspecies chemical warfare (Pinho et al., 2012). Thus, the biological and toxicological
activities of naphthoquinones have been explored by the scientific community in an attempt to
discover and develop new drugs. Diospyrin 37, a bis-naphthoquinone and its derivatives, were
reported to have inhibitory activity against protozoan parasites including Leishmania (Rauf et
al., 2017). Atovaquone which was first developed for the treatment of pneumonia and
toxoplasmosis is a naphthoquinone with important antimalarial activity. Plumbagin 30 was
found to be active against the fungi Candida albicans, Aspergillus niger, and Colletotrichum

gloeosporioides. Conocurvone, a natural compound with several naphthoquinones’s moieties,
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inhibits HIV integrase and HIV mediated cell fusion. g-alkannin, a monomer of juglone 32
exerts strong antioxidant activity against various types of ROS, having a high anti-lipid
peroxidative ability. Lapachol and S-lapachone, two naphtoquinones revealed activity against
a wide range of tumour cell lines, including breast, leukaemia and prostate, as well as several

multridrug resistance cell lines (Pinho et al., 2012).

1.6.3. Naphthalene-based aromatics

Naphthalene-based aromatics are compounds derived from naphthalene and assumed
to be the precursors of naphthoquinones. Due to their tendency to transform further, they were
isolated from a limited number of Diospyros plants as mono, dimeric and glycoside
naphtalenes. Mostly, these metabolites were isolated with aldehydic, carboxylic and phenolic
functionalities (Mallavadhani et al., 1998). Diospyrol 43, a dimeric naphthalene isolated from
Diospyros mollis showed anthelmintic activity in hamsters infected with human hookworm,
Necator americanus. It was also active against Hymenolepis nana and Nematospiroides
dubius parasites in mice (Mallavadhani et al., 1998). Many other activities were observed for
naphthalene derivatives, as antimicrobial, anti-inflammatory, and cytotoxic activities (Rokade
et Sayyed, 2009; Huang et al., 2003). Table 4 below gives some examples of structure
belonging to this class and isolated from species belonging to Diospyros genus.

Table 4: naphthalene derivatives isolated from some Diospyros species

| Sources | Names and structures | Ref.
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3-methylnaphthalene-1,8-diol 41

OH OH

4-hydroxy-5,8-dimethoxy-2-naphthaldehyde 42
OH OCH;

Leaves, trunk
and roots of
OHC
D. mollis OCHjs

diospyrol 43 Jintasirikul et

Thebtaranonth,

OH 1996

OH OH OH

_ 3,4-dihydro-4p,6-dihydroxy-5-methoxy-2a-methyl-1(2H)-
Fruits of naphthalenone 44

9 Auamcharoen et
- al., 2009
HO

OCH; OH

D. cauliflora

R=H, 5-hydroxy-4,6-dimethoxy-2-naphthoic acid 45
Stem bark of R=-OCHg, 4,5,6-trimethoxy-2-naphthoic acid

&

Mohamed et al.,

COOH
e
H,CO

OR OCH,

D. paniculata

1.6.4. Isocoumarins

1.6.4.1. Generalities
Isocoumarin 47, also known as 1H-2-benzopyran or 3,4-benzopyrone, is an isomer of

coumarin in which the orientation of lactone is reversed. Thus isocoumarin is an unsaturated,
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non conjugated oxygen heterocycle constituted by fusion of the benzene ring with the 3,4-
position of the 2-pyrone ring 48 (Pal et Pal, 2018). It is neither a true aromatic nor a true
aliphatic compound because it shows the properties of aliphatic and aromatic compounds.

When the molecule is hydrogenated in positions 3 and 4 it is called dihydroisocoumarin 49.

5
5 4 4

s NGB 3 4| X 6 6 & 3

o] 3 @) @)

7 : 8a ! 2 5 1 7 : 8a ! 2
9] 0] 0]
47 48 49

Many naturally occurring isocoumarins have been discovered and isolated from
various natural sources. Thus, isocoumarins and 3,4-dihydroisocoumarins were found to be
present in fungi, lichens, liverworts, bacte-ria, molds, and some higher plant families as
piaceae, Leguminoseae, Ebenaceae, Compositae, Bignoniaceae, Saxifragaceae, Asteraceae,

Caesalpiniaceae, Hydrangeaceae, and Myricaceae (Pal et Pal, 2018; Tangmouo et al., 2009).

1.6.4.2. Biosynthesis

In their biosynthesis, isocoumarins are derived either from shikimic acid or the
acetate-malonate pathway, with a further cyclization leading to compounds with one or more
phenolic rings. All the isocoumarin biogenetically derived from the acetate-malonate
pathway are C-8 oxygenated and many of them have a C-3 alkyl substitution (Magid et al.,
2007). Condensation of acetyl-SCoA units results in the formation of tetraketides and
pentaketides (Pal et Pal, 2018). The latter cyclise to give the aromatic nucleus and then the
lactone cycle. During this biosynthesis several types of reactions take place (enolisation,
claisen condensation, hemiketal formation, methylation) and lead to a variety of isocoumarins
(Noor et al., 2020). The following scheme 2 present the acetate-malonate biosynthesis
pathway.
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Claisen
ndensation

0
0
SCoA
SCoA 3 MeCOSCoA o o
S
o~ O 0 Me

Tetraketide

0 Me 1,3,5,7-Tetraone
o derivative

(0] 0]
SCoA o
4 MeCOSCoA © — P
0] 0] _— HO Me
a) Enolization
o Me b) Hemiketal

6,8-Dihydroxy-4-methyl

Pentaketide isocoumarin formation

Ketal
formation
methylation
-
Me SAM o)

Ketal .
Similanpyrone C Hemiketal

Scheme 2 : Biosynthesis of isocoumarins following the acetate-malonate pathways (Noor

et al., 2020; Pal et Pal, 2018)

The biosynthesis of one of the 3,4-dihydro isocoumarins, mullein, involved the
condensation of four units of malonate with acetate, following a polymalonate pathway as

shown by the scheme 3 below.
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Q Q HO HO
HO,C Me
C02H MeCOzH W HOZCWMB
—— —_—
< o} o} o o

CO,H

3,5,7,9-Tetraoxodecanoic acid 5,9-Dihydroxy-3,7-
dioxodecanoic acid

Me Me
— =
(0] OH _— 0]
CO,H
o oH ©
(2)-9-Hydroxy-3,7-dioxodec-4-enoic acid Mullein

Scheme 3 : Biosynthesis of mullein (Pal et Pal, 2018; Magid et al., 2007)

Isocoumarin glycosides are relatively uncommon and few have been isolated as
natural products (Saeed, 2005). Bergenin 51 biosynthesis involved C-glucosylation of gallic

acid 50 followed by subsequent lactone formation (Pal et Pal, 2018).

OH

OH
HO OH ©

Glucose /O

HO COOH —  » OH

HO
30 51 ©

Scheme 4 : Bergenin biosynthesis (Pal et Pal, 2018)

1.6.4.3. Structural elucidation of isocoumarins

Structure determination of isocoumarins is carried out by means of several techniques,
each of them providing crucial information in the building of the molecule. These techniques
are infrared, ultraviolet, *H and **C NMR spectroscopy one- and two-dimensional, mass

spectrometry.
e 'Hand *C NMR spectroscopy

Most of naturally occurring isolates of this class of compounds are substituted at their
C-3 position and then showed a singlet around Jy 6.2-7.0 depending on the substituents in the
benzene and pyrone ring (Abraham et al., 1997). The 'H NMR spectra of 34-

dihydroisocoumarins are relatively more complex than those of isocoumarins because of the
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vicinal coupling between the protons at C-3 and C-4 and/or germinal coupling between
diastereotopic protons at C-4 (Pal et Pal, 2018). In their **C NMR spectra characteristic signal
of a lactone group appears around dc 160-168.

e Infra Red spectroscopy

The characteristic absorption bands found on an IR spectrum of isocoumarin
are: carbonyl of lactone at 1670-1755 cm™, the double bond in 3,4 position at 1615-1660 cm’
! for isocoumarin 47 and bands of aromatic ring at 1590-1625 and 1550-1590 cm™. Three
bands are found in region 1500-1720 cm™ with maxima of carbonyl group at 1670-1720 cm™,
and aromatic ring at 1620 and 1580 cm™ for dihydroisocoumarins 49 (Mallabaev et Sidyakin,
1972).

e Ultra violet spectroscopy

UV spectrum of isocoumarin showed characteristic maxima absorption bands in the

range of 228-320 nm with a broad band characteristic at Amax 320 nm (Hay et Haynes, 1958).

1.6.4.4. Isocoumarins isolated from Diospyros species

The literature reported the isolation of isocoumarins, mainly derived from bergenin
and norbergenin, in several species of the genus Diospyros. The table 5 below shows some
isocoumarins isolated from Diospyros species.

Table 5 : Isocoumarin isolated from genus Diospyros

Sources Names and Structures References
OR,
OH
OH O
R;0
OR;
o)
HO
0

norbergenin 52
R]_: R2= R3=H

11-O-p-hydroxybenzoylnorbergenin 53

R1: H, R2: O:S ( ) ,R3=H
OH
~.
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D. Sanza-minika Tangmouo et al.,

4-0-galloylnorbergenin 54 2009

OH

Ri= °>_Q0H R2= H, Rs=H
~

OH

4-0-(3’-methylgalloyl)-norbergenin 55

OCH,

R1: Q Rzz H, R3:H
OH
“‘m: :<<
OH
4-syringoylnorbergenin 56
Ri= o °™  Ry=H, Rs=H
OH
~
OCHjy
Longiflorol 57 Dongmo et al.
o}
- - — 2018
Ri=H, Ro= Rs=H
D. longiflora ' ’ OHOHOH ’

1.6.4.5. Biological activities of isocoumarins

Several authors have evaluated the biological activities of some isocoumarins isolated
from natural sources or synthesized. These include antioxidant, antibacterial, antifungal,
cytotoxic, anti-inflammatory, antiplasmodial and antituberculous activities (Magid et al.,
2007). Although it is not easy to generalize which parts/moieties/substituents of isocoumarin
derivatives (and their 3,4-dihydro analogs) are responsible for their various pharmacological
activities, it is clear that groups such as OH, OMe, OAc, COOH, and sugar attached to the
core structure can directly interfere in the biological activities of the corresponding derivatives
(Pal et Pal, 2018). A structure activity relationship (SAR) has been proposed to draw some
conclusions on the pharmacological activities of isocoumarins. It appeared that the presence
of OH group at C-8 position, a linear alkyl side chain at C-3 position, an aryl group at C-3
position or one unsaturation in the C-3 alkyl chain are beneficial for displaying promising
pharmacological activities by isocoumarins (Pal et Pal, 2018). Overall, all these preceding
examples and the related reports suggest that isocoumarin is an attractive template for the

design, discovery, and development of new and potential drugs in various therapeutic areas.
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1.6.4.6. Some routes of synthesis of isocoumarin and dihydroisocoumarin derivatives
Once the biological activities of isocoumarins were recognized, several pathways
leading to their synthesis were proposed. One of the most well-known syntheses started from

orcinol 58, as shown in the following scheme 5.

HO Me 1)poci, oM O Me ch.y  Meo Me
. _bhsl
2) NaOH, 10 % CHO  K,COj;, Acetone CHO
OH OH OMe
Orcinol 58
NaClOz, NaH2P04,
DMSO, H,0O
MeO
ooor 1) LDA in situ, THF, 0°C MeO Me
COOH ) in situ, ,
OMe 2) CO(OMe)2, -78°C COOH
Homophtalic acid (carboxylation ortho- OMe

toluique)

1) AC,0, Pyr, Et,0, t°a
2) NaOH 10 %, H,0, 60°C

MeO CH,
(@]
COOH MeO CH,
OMe HC|O4, ACzO, EtOAc AN

0]

C-acetylorsellinic acid
OMe O

H, (P=3.9 Bar)
Pd/C (10 %), AcOEt

EtOH, H,SO,
reflux, 180°C

MeO CH3
(0]
Q
mﬂ
OMe OMe O

6,8-dimethoxy-3-methyldihydroisocoumarin

CHj;

Scheme 5 : Total synthesis of isocoumarin and dihydroisocoumarin (Mustapha, 2005)

Bergenin 51 has gained much attention from the beginning of 21st century, as its
pharmacological properties were gradually explored. A short five-step synthesis of 8,10-di-O-

methylbergenin was reported by Herzner et al. (Herzner et al., 2002).
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/
OMe _/OBn ;
MeO o~ s0Bn  TMSOT, CH,Cl, OMe O OBn 1,0, lutidine, DMAP
+ -_— Meo W ‘v
MeO OH -20°C to rt OBn 82%
X OBn OBn
OBn MeO OH
X =-O(NH)CCl3
2,3,4,6-tetra-O-benzyl glucopyranosyl
trichloroacetimidate
X = -OP(0)(OPh),
perbenzylated glucosyl diphenyl phosphate
OBn OBn
CO, Pd(OAc), 7
KOAc, DMSO - (1) Hy, Pd(OH),, MeOH,;
B 2 2 3
OMe O 75°C OMe O OBn quant
'/ > Meo A '//OB
68% n (2) MeOH, SOCl,; 90%
OB
MeO MeO coH"

MeO

MeO

8,10-di-O-methylbergenin

Scheme 6 : Synthesis of bergenin derivative

From all the above, it appears that plants of the genus Diospyros are widely used in
traditional medicine because of their therapeutic virtues. The secondary metabolites they
contain are mostly triterpen and phenolic compounds with great structural diversity, varied
and interesting biological activities. All this shows that there is still interest in exploring other

plants of the genus Diospyros, hence our work on the species D. gilletii and D. fragrans.
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CHAPTER II:

RESULTS AND DISCUSSION
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11.1. STUDIES ON CHEMICAL CONSTITUENTS OF DIOSPYROS GILLETII
AND DIOSPYROS FRAGRANS

11.1.1. Plants material

The leaves, twigs and stem bark of D. gilletii De Wild were collected in March 2018 at
Mbalmayo, Centre region-Cameroon, while its roots were collected at the same place in
November 2018. The same parts of D. fragrans Glrke were collected in December 2018 at
Abang, Centre region-Cameroon. M. Nana victor, a botanist at the Cameroon National
Herbarium did the identification of both species, and voucher specimens are deposited under
the numbers N° 15418 HNC and N° 60166 HNC for D. gilletii and D. fragrans respectively.

11.1.2. Extraction and isolation of compounds

The different parts of these two plants were cut, dried and grounded separately and the
powders obtained were extracted one after the other by maceration with 10 L of MeOH at
room temperature for 72 hours. The methanolic filtrates were further evaporated to dryness
under reduced pressure to give methanolic residues. The amount of powders and methanolic

residues obtained from each part are given in the table 6 below.

Table 6: Powders and crude extracts amount obtained from the different parts of D.

gilletii and D. fragrans.

Species Powders amount Methanolic residue
(Kg) amount (g)
D. gilletii Leaves 0.95 122.1
Stem bark 0.8 158.0
Twigs 15 99.1
D. fragrans Leaves 3.2 101.7
Roots 2.8 78.9

The leaves, stem bark and twigs extracts of Diospyros gilletii as well as the leaves and
roots extracts of Diospyros fragrans were processed using standard chromatographic

methods.
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Thus, from Diospyros gilletii were isolated thirteen compounds from the leaves
labelled DGF; to DGF;; (Scheme 7), eight compounds from the stem bark labelled DGETH;
to DGET5 (Scheme 8) and twelve compounds from the twigs labelled DGTFI; to DGTFIV,
(Scheme 9).

From Diospyros fragrans were isolated seventeen compounds from the leaves labelled
DFFFI3 to DFFFII17D (Scheme 10) and twelve compounds from the roots labelled DFR1 to
DFR6 (Scheme 11).
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D. gilletii leaves

-Dried
-Grinded

0.95Kg of powder

MeOH extraction

(2x3L) during 72h at room temperature

Filtration J{
Residue DGFL 122.1g of MeOH 2.10g for biological tests
159.12mg extract
-Dissolution in distilled H,O
-Partition with PE, DCM, AcOEt and
n-butanol
PE DCM AcOEt n-butanol
Fl Fll i FlIl CcC FIV Residue
CCSsio
2.31g 9.25¢ 2 43.18g | SiO, 21.379 34.57 g
DGF2
178.19ma DGF8
—>
51.21mg
DGF2B
41.10mg
S DGF10
DGF3 1.13g
24.20mg
—>| DGF4C DGF10B
71.14mg 1.97g
DGF5
DGE6 2.68mg
7.81mg
DGF7
13.32mg

Scheme 7 : Extraction and isolation procedure of compounds from the leaves of D. gilletii
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D. gilletii stem bark

Cut, Dried
and Grinded

0.8Kg of powder

MeOH extraction
(2x3L) during 72h at room temperature

Residue 158.00g of MeOH - -
extract 8.00g for biological tests
Dissolution in distilled H,O
Filtration
DGET1 aqueous extract
2.02g
Partition with PE, DCM, AcOEt
and n-hiitannl
PE DCM \L AcOEt n-butanol
Fl Fll CcC =1 cC FIV Residue
2.20g 17.30g | Si0: 58.40g | S0: 34.30g 27.86 g
DGETHL1
179.12mg DGET3
41.27mg
DGETH1B
1 1438mg DGETA
197.10mg
DGETH2
32.10mg DGET5B
129.13mg
DGETHS3
123.26mg

Scheme 8 : Extraction and isolation procedure of compounds from the stem bark of D.
gilletii
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D. gilletii twigs

Cut, Dried
and Grinded

1.50Kg of powder

MeOH extraction
(2x5L) during 72h at room temperature

l

Residue 99.10g of
0.7 Kg MeOH extract

4.10g for biological tests

Flash chromatography

PE/ACOEt (3:1) DCM PE/ACOEt (1 :1) \LACOEt MeOH
FI cc Fll Fll | cc v | cc FV
15.10g | Si0: 4.30g 8.20g | SiO: 4318y | Sio: 10.70g
DGTFI1
9.20mg DGTFIV1E
DGTFIIIL 6.21mg
DGTFI2 4.30mg
38.10mg DGTFIV2
12.00mg
DGTFI3 D?EEIOI;I]IIZ
4.12mg el
DGTFIV3
DGTFI4 DGTFIII3 1139
22.14mg 7.25mg
DGTFIV4
DGTFI5 1.97g
117.20mg
Scheme 9 : Extraction and isolation procedure of compounds from the twigs of D. gilletii
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D. fragrans leaves

Dried and
Grinded

3.20Kg of powder

MeOH extraction
(2x7.5L) during 72h at room temperature

l

Residue 101.70g of —
MeOH extract 1.70g for biological tests

Flash chromatography

AcOEY/
. MeQH
PE/ACOEL (7:3) PE/ACOE (1 :1) ACOE @3
FI CC SiO, FlI Flll FIV
23.50g Sephadex 14.20g CC sio, 16.28g 27.70g
LH-20 Sephadex
> LH-M
DFFFI3 \
42.20mg
DFFFII5 DFFFII6
DEFEI4 4.20mg 7.21mg
36.10mg
DFFFI7 DFFFII8
9.12mg
DFFFII9 DFFFII10
DFFFISB 18.25mg 9-13mg
12.14mg
DFFF1113I DFFFI114
DFEFIO 55.25mg 76.97mg
123.20mg
DFFFII15 ] DFFFH17D
DFEFFI10 6.25mg 1 3.15mg
174.25mg
DFFFI11
4.25mg

Scheme 10 : Extraction and isolation procedure of compounds from the leaves of D.
fragrans
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D. fragrans roots

Cut, Dried
and Grinded

2.80Kg of powder

MeOH extraction
(2x5L) during 72h at room temperature

l

Residue 78.90g of .
21 Kq MeOH extract 1.90g for biological tests
CC (PE/EtOAC ; EtOAC /MeOH)
\l/ \\/
DFR1 DFR2F DFR3 DFR4 DFR4B DFR5 DFR5B DFR6 DFR7B
4.80 5.10 75.20 3.30 62.26 143.18 28.10 4.12 2.14
mg mg mg mg mg mg mg mg mg
DFR10 DFR9 DFR8
63.10 113.20 10.70
mg mg mg

Scheme 11 : Extraction and isolation procedure of compounds from the roots of D. fragrans

fragrans. Since among those compounds some were identical on the basis of comparative

TLC, the total number of distinct secondary metabolites isolated was reduced to 34. The table

7 below gives us a summary of the similar compounds obtained from the different parts of

these plants.
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Table 7: balance of the compounds isolated from the different parts of the two plants.

D. gilletii D. fragrans

Leaves Twigs Stem bark Leaves Roots

/ / / / DFR1

/ / / / DFR2F

/ / / / DFR4

/ / / DFFFII17D /

DGF1 / / / /

DGF2 =DGTFI2 | DGTFI2 = DGETH1 DGETH1 = DFFFI3 DFFFI3 =DFR3 | DFR3 =DGF2

DGF2B= DGTFI4 | DGTFI4 = DGETH1B | DGETH1B = DFFFI4 | DFFFI4 = | DFR4B =
DFR4B DGF2B

DGF3 =DGETH2 |/ DGETH2 =DGF3 / /

DGF4C = | DGTFI5 = DGETH3 DGETH3 = DFFFI9 DFFFI9 = DFR5 | DFR5 = DGF4C

DGTFI5

DGF5 = DFFFI10 |/ / DFFFI10 = | DFR5B = DGF5
DFR5B

DGF6 =/ / DFFFIIS =/

DFFFII15 DGF6

DGF7 = | DGTFIlIL1 = DFFFII6 |/ DFFFI116 =/

DGTFIIIL DGF7

/ DGTFIIIZ2 / / /

DGF8 / / / /

DGF9 = | DGTFIII3 = DGET3 DGET3 = DFFFII8 DFFFII8 = DFR9 | DFR9 = DGF9

DGTFIII3

DGF10 = | DGTFIV2 = DGET4 DGET4 = DGF10 / /

DGTFIV2

DGF10B = | DGTFIV3 =DGET1 DGET1 = DGF10B / /

DGTFIV3

DGF11 = | DGTFIV4 =DGET5B | DGETSB = DGFI1 / /

DGTFIV4

/ DGTFIV1E / /

/ / / DFFFI11 /

/ / / DFFFI8 /

/ / / DFFFI8B /

/ / / DFFFII15 /

/ / / DFFFII13I = | DFR8 =
DFRS8 DFFFII13I

/ / / DFFFII7 /

/ / / DFFFII9 /

/ / / DFFFII10 /

/ / / DFFFII14 = | DFR10 =
DFR10 DFFFII14

/ DGTFI3 / / /

/ DGTFI1 / / /

/ / / / DFR6

/ / / / DFR7B
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From these compounds, 28 were entirely characterized as belonging to different classes of

natural substances:

e Twelve pentacyclic triterpenes distributed in three lupanes (DGF2, DGF3, DFR5), six
ursanes (DGF5, DGF7, DFFFI8, DFFFI8B, DFFFII13l, DGTFII2) and three
oleananes (DGF6, DFFFI11, DFFFII15).

e Four sterols (DGTFI4, DGTFII3)

e Five isocoumarins (DGET1, DGET4, DGET5B, DGF8, DGTFIV1E)

e One polyterpene (DFR4)

e One carotenoid (DFFFII17D)

e Three polyols (DGF1, DFFFI19, DFFFII14)

e One naphthalene derivative: DFR7B

e One monoglyceride: DFR6

Structural determination of these compounds was achieved by analysis of their
spectral data, and for the known compounds, by comparison of their spectroscopic and

physical data with those described in the literature.

11.1.3. Structural elucidation of isolated compounds

11.1.3.1. Isocoumarins

11.1.3.1.1. Elucidation of DGET5B

Compound DGET5B was isolated as a white amorphous powder in the solvent system
EtOAc/MeOH (19:1). Its purple coloration with ferric chloride (FeCls) reagent indicated the
presence of phenolic hydroxyl group in its structure. The ESIMS of this compound (figure
15) showed in negative mode the pseudo-molecular ion peak [M-H] at m/z 312.9, which was

in accordance with the molecular formula C13H1409 implying 7 degrees of unsaturation.
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Figure 15: ESI mass spectrum of compound DGET5B

On its *H- NMR spectrum (Figure 18) coupled to its HMQC spectrum (Figure 22)
we observed signals of Five oxymethines at oy 4.94/ oc 72.1, o 3.93 / ¢ 79.6, oy 3.63 / oc
73.6, 0y 3.56 / oc 81.5, oy 3.18 / oc 71.0 and one oxymethylene at Jy 3.84 and 3.56 / ¢ 61.0.
The *H-'H COSY (Figure 16) correlations observed between these protons indicated the
presence of a glucopyranose ring in the structure of this compound. In addition to these
signals, we could also observe signals of one aryl proton at 6y 6.95 / oc 109.2 and six
hydroxyl protons at oy 9.52, 9.35, 8.27, 5.61, 5.42 and 4.90.

Figure 16 : 'H-'H COSY correlations of compound DGET5B

Its *C-NMR spectrum (Figure 19) coupled to its DEPT 135 spectrum (Figure 20)
showed thirteen signals associated with: Six aromatic carbons including one methine at dc
109.2, two quaternary carbons at dc 112.4 and 115.8 and three oxygenated quaternary carbons
at oc 145.8, 142.4 and 139.5 corresponding to a benzene ring, one carbonyl of lactone at J¢c
163.8 and six signals of the glucopyranose ring at oc 72.1, oc 73.6, oc 71.0, oc 79.6, oc 81.5
and oc 61.0.
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The HMBC correlations (Figure 17) observed between the aryl proton at oy 6.95/ dc
109.2 and the aromatic carbons at dc 112.4 and 145.8 on one hand and between this same
proton and the carbonyl of lactone at Jc 163.8 on the other hand indicated that the benzene

ring was connected to the lactone ring to give a isocoumarin moiety.

It remained to establish the link between this isocoumarin moiety and the
glucopyranose ring. This was made possible by the correlations observed on the HMBC
spectrum between the oxymethine proton at oy 4.94/ 6c 72.1 and the aromatic carbons at dc
142.4, 115.8, 112.4 and also between proton at oy 3.93 / d¢c 79.6 and carbons at Jc 163.8 and
oc 115.8, indicating the fusion of these two moieties through carbons at oc 72.1 and dc 79.6.

OH
OH
OH (o]
HO
'D 7> on
(o]
HO/
(@]

Figure 17: HMBC correlations of compound DGET5B
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Figure 18: *H- NMR (500MHz) spectrum of compound DGET5B in DMSO-ds
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Figure 19 : *C NMR (125 MHz) spectrum of compound DGET5B in DMSO-dg
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Figure 20: DEPT 135 NMR (125 MHz) spectrum of compound DGET5B in DMSO-ds
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Figure 22: HMQC spectrum of compound DGET5B
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Figure 23 : HMBC spectrum of compound DGET5B

Based on the above evidence and the literature data, the structure of compound
DGET5B was determined to be norbergenin 52, a known compound isolated for the first time

from Woodforlia fruticosa by Khalidhar et al in 1981.
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Table 8: 'H (500 MHz) and *C (125 MHz) NMR data of compound DGET5B and
norbergenin in DMSO-ds

DGET5B Norbergenin literature data®

Position ¢y mult (Jin Hz) dc, mult. oy mult (Jin Hz) dc, mult.
2 3.56 m 81.5 CH - 81.5 CH
3 3.18 m 71.0 CH - 70.9 CH
4 3.63 m 73.6 CH - 73.7 CH
4a 3.93 t(9.7) 79.6 CH - 79.8 CH
6 - 163.8C - 163.7 C
6a - 1124 C - 1127 C
7 6.95s 109.2 CH 713 s 109.3 CH
8 - 1458 C - 1459 C
9 - 1395 C - 139.6 C
10 - 1424 C - 1424 C
10a - 1158 C - 116.1 C
10b 4.94 d (10.8) 72.1 CH 4.96d (10.3) 72.2 CH
11 3.84m; 356 m 61.0 CH, - 61.2 CH,
OH 9.52m - - -

OH 9.35m - - -

OH 8.27m - - -

OH 5.61m - - -

OH 5.42m - - -

OH 4.90 m - - -

% (Taneyama et al., 1983)

11.1.3.1.2. Elucidation of DGET4

Compound DGET4 was obtained as a white powder in the solvent system PE/EtOAc
(1:3). It gave a purple coloration with ferric chloride reagent on TLC indicative of phenolic

Ph. D Thesls presented by Nathalie S. Jouwn T.



hydroxyl groups. Its molecular formula, C,0H15011, implying twelve double bond equivalents,
was determined from its HR-TOF-ESIMS spectrum (figure 24) which showed in positive
mode the pseudo-molecular ion pic [M+Na]" at m/z 457.0738 (calculated for CyoH1301:Na:
m/z 457.0741).

Ma. Jouwa, OC3, DGET4, MeOH UGABD3 0B-May-2019
14:03:086
OC3_JOUWANA_OS0T_DGETA_01 3 (0.067) AM2 (Ar,20000.0,556.28,0.00); Cm (2:58) TOF MS ES+
100 45T 0738 1.13e7
+
[M+Na]
. =
458.0765
458,070
L} T iz
A58 457 458 459 460 51

Figure 24: HR-TOF-ESIMS of compound DGET4

Its UV spectrum (figure 26) exhibited absorption bands at Amax 218 and 262 nm
while its IR spectrum (figure 25) indicated vibration bands characteristic of hydroxyl group (-
OH) at 3392 cm™; carbonyl esters (C=0) at 1714, 1699 cm™ and aromatic at 1608, 1470 cm™
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Figure 25: IR Spectrum of compound DGET4
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Figure 26: UV spectrum of compound DGET4

The H, *C, HMQC and DEPT 135 NMR spectra of compound DGET4 (figures 27,
29, 31 and 30 respectively) displayed a very close resemblance to those of norbergenin 52
previously described. In fact, all the signals observed in the spectra of norbergenin 52, except
the signals of the hydroxyl protons were also found in the spectra of compound DGETA4.
These signals were constituted of one aromatic proton singlet at oy 7.08 (1H, s) / oc 111.1,
five oxymethines at oy 5.60 (1H, dd, J = 8.4, 9.8 Hz) / 6¢ 76.2, 64 5.14 (1H, d, J = 10.4 Hz) /
Sc74.4, 6y 4.42 (1H, t, J = 10.4 Hz) / 6c 79.1, 6 3.82 (1H, m) / Jc 83.1 and 6y 3.80 (1H, m) /
oc 70.2, two diastereotopic oxymethylenes at oy 4.04 (1H, dd, J = 11.6; 1.6 Hz) / 6c 62.5 and
on 3.75 (1H, m) / oc 62.5, one carbonyl ester at oc 166.0, and aromatic carbons at oc 114.1,

Ph. D Thesls presented by Nathalie S. Jouwn T.



oc 117.0, oc 147.4, oc 141.5 and oc 143.7 attributed to norbergenin moiety. This was
supported, on one hand, by the COSY spectrum (figure 28) in which correlations were
observed between aliphatic oxymethine H-4a (o 4.42) and protons H-10b (dy 5.14) and H-4
(0n 5.60); oxymethine H-3 (o4 3.80) and protons H-4 (dy 5.60) and H-2 (64 3.82) which also
correlated with the diastereotopic oxymethylene protons H-11 (oy 4.04 / &4 3.75). On the
other hand the norbergenin moiety was also supported by HMBC correlations (figure 34)
observed between the oxymethine proton H-10b (o4 5.14) and carbons C-2 (oc 83.1), C-10a
(6c 117.0), C-6a (dc 114.1); proton H-4a (dy 4.42) and carbons C-6 (¢ 166.0) and C-10a (J¢c
117.0); aromatic methine H-7 (dc 7.08) and carbons C-6 (dc 166.0), C-6a (oc 114.1), C-10a
(oc 117.0), C-8 (oc 147.4), C-9 (Jc 141.5). The relative configuration of the oxymethine
asymmetric carbons was deduced from the NOESY spectrum (figure 33) which showed
correlations between protons H-10b, H-4 and H-2, and between protons H-4a, H-3 and H-11.
After removing the signals of the norbergenin moiety, those remaining were
constituted of two doublets of two protons each at oy 7.97 (2H, d, J = 8.8 Hz) / 6¢ 133.2 and
oy 6.84 (2H, d, J = 8.8 Hz) / oc 116.1, one carbonyl ester at Jc 167.5 and one oxygenated

aromatic carbon at oc 163.7 corresponding to a para-hydroxybenzoyl group.
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Figure 27 : *H NMR spectrum (500 MHz) of compound DGET4 in Methanol-d
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Figure 28 : COSY spectrum of compound DGET4
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Figure 29: *C NMR spectrum (125 MHz) of compound DGET4 in Methanol-d,

OC3_JouwaNa_0920_DGET4.10.8d 2
Na. Jouwa, OC3, DGET4 B &l
C13DEPT135 MeOD {C:\Bruker\TppSpin3.0} Service 9‘

C2, ce’

— 110.86
— 8281

90

69.89

62.19

C11

30.38

155 150 145 140 135 130 125 120 115 110 105 100 95 90 85
1 (ppm)

Figure 30: DEPT 135 NMR spectrum (125 MHz) of compound DGET4 in Methanol-d,
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Figure 31: HMQC spectrum of compound DGET4
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Figure 32: HMBC spectrum of compound DGET4
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Figure 33: NOESY spectrum of compound DGET4

It remained to establish the position of the para-hydroxybenzoyl group on the
norbergenin skeleton. The significant downfield shift of the signal at oy 5.60 (1H, dd, J = 8.4,
9.8 Hz, H-4) suggested that in compound DGET4 the oxygen of C-4 was esterified. This
position was confirmed by the correlation observed in the HMBC spectrum between H-4 (oy

5.60) and C-7’ (oc 167.5), showing that the para-hydroxybenzoyl group was fixed at C-4.

Figure 34: HMBC and COSY correlations of compound DGET4
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From the above evidence, compound DGET4 was

hydroxybenzoylnorbergenin, a new natural product.

Figure 35: ORTEP-like view of compound DGET4
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Table 9: 'H (500 MHz) and *C (125 MHz) NMR data of compound DGET4 in
Methanol-d,

DGET4
Position Jn, mult (J in Hz) dc, mult
2 3.82,m 83.1, CH
3 3.80,m 70.2,CH
4 5.60, dd (8.4, 9.8) 76.2,CH
4a 4.42,t(10.4) 79.1,CH
6 - 166.0, C
6a - 114.1,C
7 7.08,s 111.1,CH
8 ; 147.4,C
9 - 141.5,C
10 - 143.7,C
10a - 117.0,C
10b 5.14,d (10.4) 74.4, CH
11 4.04,dd (11.6, 1.6) 62.5, CH,
3.75,m
1 - 122.0,C
2°/6° 7.97,d (8.8) 133.2,CH
3'/5 6.84,d (8.8) 116.1, CH
& - 163.7,C
7 - 167.5,C
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11.1.3.1.3. Elucidation of DGTFIV1E

Compound DGTFIV1E was obtained as a white powder in the solvent system
PE/EtOACc (1:3). It gave a purple coloration with ferric chloride reagent on TLC indicative of
phenolic hydroxyl groups. Its ESIMS (figure 36) showed in positive mode a pseudo
molecular ion peak [M+Na]" at m/z 457.1 compatible with the molecular formula C»oH;5011

and implying twelve degrees of unsaturation.
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Figure 36: ESI mass spectrum of compound DGTFIV1E

Its ESIMS, UV, IR, *H and **C-NMR spectral data were identical to those of 4-O-p-
hydroxybenzoylnorbergenin 59, indicating that compound DGTFIV1E also possess
norbergenin and para-hydroxybenzoyl group moieties, what makes these two compounds
isomers. The presence of those two units in compound DGTFIV1E was further confirmed by
the *H (figure 37) and *C NMR (figure 38) spectral data coupled to HMQC spectrum (figure
39) on which peaks characteristic of norbergenin were observed at oy 3.97 (H-2)/ 6c 80.7, oy
3.53 (H-3)/ 6¢ 72.0, oy 3.85 (H-4)/ 6c 75.5, 6y 4.07 (H-4a)/ 6c 81.3, oy 7.09 (H-7)/ 6c 110.9, oy
5.03 (H-10b)/ dc 74.6, 54 4.37, 4.89 (H-11)/ 5c 64.8, dc 113.4, 5c 117.0, Jc 142.4, dc 143.6,
oc 147.5, and oc 166.5. Those attributable to para-hydroxybenzoyl moiety appeared at oy
7.93 (2H, d, H-2°, H-6")/ 6c 133.0, ¢y 6.84 (2H, d, H-3’, H-5")/ dc 116.4, ¢ 164.0 and Jc
168.0.
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Figure 37: *H NMR spectrum (500 MHz) of compound DGTFIV1E in Methanol-d,
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Figure 38: **C NMR spectrum (125 MHz) of compound DGTFIV1E in Methanol-d,
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The difference between 4-O-p-hydroxybenzoylnorbergenin 59 and compound

DGTFIV1E was the position of para-hydroxybenzoyl moiety on the norbergenin skeleton.

While in compound 4-O-p-hydroxybenzoylnorbergenin 59 this para-hydroxybenzoyl moiety

was located in carbon C-4 of the norbergenin skeleton, in compound DGTFIV1E, the site of

esterification was located in carbon C-11. In fact, the significant downfield shift of the signals
at oy 4.37, 4.89 (H-11)/ oc 64.8 as well as the correlation observed in the HMBC spectrum

between methylene protons H-11 and carbonyl carbon C-7’ (dc 168.0) permitted to confirm

this position.
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Therefore, compound DGTFIV1E was identified as 11-O-p-hydroxybenzoylnorbergin,

a known compound isolated for the first time from Diospyros sanza-minika by Tangmouo et

al in 2009.

HO.4

Ph. D Thesis presented by Nathalie s. Jouwn T.

72



Table 10: 'H (500MHz) and *C (125MHz) NMR assignments of compound DGTFIV1E
and 11-O-p-hydroxybenzoylnorbergenin in Methanol-d4

Position DGTFIV1E 11-O-p-hydroxybenzoylnorbergenin literature data®
on, mult (J in Hz) dc, mult on, Mult (J in Hz) dc, mult
2 3.97, m 80.7, CH 4.11, m 81.2, CH
3.53, m 72.0, CH 3.68,1(9.9) 72.1,CH
4 3.85, m 75.5, CH 3.94,1(9.0) 75.8, CH
4a 4.07, m 81.3,CH 4.13, m 80.6, CH
6 - 166.5, C - 164.5, C
6a - 1134,C - 115.4,C
7 7.09, s 110.9, CH 7.12,s 111.1,CH
8 - 1475, C - 147.2,C
9 - 142.4,C - 140.3, C
10 - 143.6, C - 143.6, C
10a - 117.0,C - 117.1,C
10b 5.03, d (10.4) 74.6, CH 5.14, d (10.5) 74.6, CH
11 4.89, m 64.8, CH, 4.97,dd (2.2 ,12.2) 64.9, CH,
4.39,dd (7.0, 12.2) 4.45,dd (6.9 ,12.2)
1 - 122.0,C - 122.6,C
2°/6’ 7.93,d (8.8) 133.0, CH 7.97,d (8.8) 133.1,CH
3/5 6.84, d (8.8) 116.4, CH 6.96, d (8.8) 116.6, CH
ry - 164.0, C - 163.3,C
ok - 168.0, C - 167.1,C

& (Tangmouo et al., 2009)
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11.1.3.1.4. Elucidation of DGF8

Compound DGF8 was isolated as a white amorphous powder in the solvent system

PE/EtOAc (1:3). It gave a blue dark coloration with ferric chloride reagent indicative of the

presence of phenolic hydroxyl groups. Its molecular formula, Cy,H20010 was assigned from its
HR-TOF-ESIMS (figure 41) which exhibited in positive mode, the sodium adduct ion peak

[M+Na]" at m/z 467.0949 (calculated for Cx,H»0010Na: m/z 467.09487).

Ma. Jouwa, OHC3, DGEGFE, MeOH UGASDS

OC3_JOUnARNA_D225_DGFE_01 11 (0.202) AM2 (Ar,20000.0.555.28.0.00); Cm (2:42)

100 AET 0845 a
[M+Na]

4580877

4559 08998
458 4399 AED AIE3

470

4701019

AET 458 459 471

05-Apr-2019
14:19:13
TOF MS ES+
4 487

'z

Figure 41: HR-TOF-ESIMS of compound DGF8

The UV spectrum (figure 42) of this compound showed maxima absorption bands at

Amax 217 and 279 nm while in its IR spectrum (figure 43), the vibration bands due to hydroxyl

group (3354 cm™) and carbonyl function (1698 and 1635 cm™) were observed.

—— DGF8
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S
|

T T 1
300 350 400

Wavelength

T
250

Figure 42: UV spectrum of compound DGF8
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Figure 43: IR spectrum of compound DGF8

The comparison of *H, *C, HMQC and DEPT NMR spectra of compound DGF8
(figures 44, 46, 48 and 47 respectively) showed close similarities to those of compound 4-O-
p-hydroxybenzoylnorbergenin 59. These data indicated the presence of a norbergenin skeleton
through the aromatic singlet at oy 7.09 (1H, s, H-7) / 6c 111.1, the five norbergenin types
oxymethines at oy 5.01 (1H, d, J= 10.5 Hz, H-10b) / ¢ 74.5, o4 4.08 (1H, t, J= 9.4, 10.5 Hz,
H-4a) / oc 81.3, 6y 3.93 (1H, ddd, J= 2.2, 7.0, 9.9 Hz, H-2) / 6¢ 80.5, 6y 3.84 (1H, brt, J=9.0
Hz, H-4) / 6c 75.5, oy 3.52 (1H, t, J= 8.7, 9.9 Hz, H-3) / dc 71.9, the oxymethylene at Jy 4.80
(1H, dd, J= 2.2, 12.2 Hz, H-11), Jy 4.36 (1H, dd, J= 7.0, 12.2 Hz, H-11) / Jc 64.8, the
carbonyl ester at oc 166.3 (C-6) and the aromatic carbons at Jc 147.4 (C-8), oc 143.5(C-10),
oc 141.2 (C-9), oc 117.0 (C-10a) and oc 114.2 (C-6a). The differences between the two
compounds were the nature of the substituent and its position on the norbergenin skeleton.
The signals of this substituent were constituted of two olefinic methines which appeared as
an AB spin system with a trans coupling at oy 6.59 (1H, d, J= 16 Hz, H-8*) / 6¢c 118.2 (C-8°)
and oy 7.76 (1H, d, J= 16 Hz, H-7") / oc 147.0 (C-7), five aromatic protons at oy 7.63 (2H,
m, H-2’, H-6") / 6c 129.4 (C-2’/C-6’) and 6y 7.41 (2H, m, H-3’, H-5",) / ¢ 130.0 (C-3°/ C-5"),
on 7.41 (1H, m, H-4") / 6c 131.7 (C-4’), oc 135.6 (C-1") and signal of one carbonyl ester at doc
168.4 (C-9’) corresponding to a cinnamoyl group.
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Figure 44: *H NMR spectrum (500 MHz) of compound DGF8 in Methanol-d,
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Figure 45: COSY spectrum of compound DGF8
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Figure 47: DEPT 135 NMR spectrum (125 MHz) of compound DGF8 in Methanol-d,
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Figure 48: HMQC spectrum of compound DGF8

The position of this subtituent on the norbergenin backbone was established to be at
carbon C-11 by evidence of deshielding of the diastereotopic oxymethylene protons (H-11) of
norbergenin appearing at oy 4.80 and oy 4.36 in compound DGF8 compared to their values in
compound DGET4. This was confirmed by the HMBC correlations (figure 49) observed

between diastereotopic protons H-11 and carbonyl of the cinnamoyl group C-9’ at dc 168.4.

AP0

OH O OH
/\/\

HO () <M
39
HO
(0]

Figure 49: COSY (blue) and HMBC (red) correlations of compound DGF8
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Figure 50: HMBC spectrum of compound DGF8

The relative stereochemistry of the oxymethine protons in compound DGF8 was
established to be trans diaxial from the value of the coupling constant (8-10) and the NOESY

experiment (Figure 51).
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Figure 51: NOESY spectrum of compound DGF8
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From the above spectroscopic data, compound DGF8 was identified as 11-O-(E)-

cinnamoylnorbergenin described from natural source for the first time.

Table 11: *H (500MHz) and *C (125MHz) NMR assignments of compound DGF8 (11-O-
(E)-cinnamoylnorbergenin) in Methanol-d,

Position DGF8

on, mult (J in Hz) oc, mult
2 3.93, ddd (2.2, 7.0, 9.9) 80.5, CH
3 3.52,t(8.7,9.9) 71.9, CH
4 3.84, brt (9.0) 75.5, CH
4a 4.08,t (9.4, 10.5) 81.3, CH
6 - 166.3, C
6a - 114.2,C
7 7.09, s 111.1, CH
8 - 147.4,C
9 - 141.2, C
10 - 1435, C
10a - 117.0, C
10b 5.01, d (10.5) 745, CH
11 4.80,dd (2.2 ,12.2) 64.8, CH,

4.36,dd (7.0 ,12.2)
K - 135.6,C
2°/6° 7.63, m 129.4, CH
3°/5° 741, m 130.0, CH
4 741, m 131.7, CH
7’ 7.76, d (16.0) 147.0, CH
8 6.59, d (16.0) 118.2, CH
9’ . 168.4, C
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11.1.3.1.5. Elucidation of compound DGET1

Compound DGET1 was isolated as white amorphous powder in the solvent system. It
gave a blue coloration with ferric chloride reagent on TLC indicative of phenolic hydroxyl
groups. Its HR-ESIMS (Figure 52) showed in positive mode a pseudo molecular ion peak
[M+Na]* at m/z 489.0696 due to the molecular formula CyHigO13 and implying twelve

double bond equivalent.

Intens. 4 +MS, 0.4min #21
x10%

[M+Na]*

489.0696

425.2197 a55, 1497

7191013
0.59

291.5462
153.0210
U. 365.1096 J TG 1421,2270
0.0 | I .|ﬂ In |||l|l L Ilul. fm L N 1T n 1 1
200

400 600 800 IDIDU 1200 1400 mfz

Figure 52: HRESI spectrum of compound DGET1

The comparison of *H- and **C- NMR spectral data of this compound (Figures 53 and
54 respectively) with those of 11-O-(E)-cinnamoylnorbergenin 60 revealed close similarities.
In fact, all the signals attributed to the norbergenin moity found in the spectra of 11-O-(E)-
cinnamoylnorbergenin 60 were also present in the spectra of compound DGET1. These
included a signal of one singlet proton at oy 7.08 / dc 111.1, signals of five oxymethines at Jy
3.78 (1H, m, H-3)/ 6¢ 70.0, oy 3.80 (1H, m, H-2)/ ¢ 83.0, 64 4.38 (1H, t, J = 10.1 Hz, H-4a)
/ 6c 79.0, 6y 5.12 (1H, d, J = 10.4 Hz, H-10b) / 6c 74.4 , 64 5.56 (1H, t, J = 9.9 Hz, H-4)/ 6c
76.2, signals of one oxymethylene at 6y 3.77 (1H, m, H-11) and 4.05 (1H, dd, J = 11.9, 1.8
Hz, H-11) / oc 62.4, signal of one carbonyl of lactone at dc 166.0 and signals of aromatic
carbons at ¢ 114.0, oc 117.0, oc 147.7, oc 141.5, oc 143.6. The main difference between the
spectra of these two compounds was the presence in the spectra of compound DGET1 of

additional signals including a singlet of two protons at Jy 7.14 / 6c 110.4, a carbonyl of

Ph. D Thesls presented by Nathalie S. Jouwn T.



lactone at Jc 167.7, oxygenated aromatic carbons at dc 146.4 and Jc 139.9 and aromatic

quaternary carbon at dc 121.2 corresponding to a galloyl moiety.
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Figure 53: *H NMR spectrum (500 MHz) of compound DGET1 in Methanol-d,
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Figure 54: *C NMR spectrum (125 MHz) of compound DGET1 in Methanol-d,
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Figure 55: HSQC spectrum of compound DGET1.

It remained to establish the position of this galloyl substituent on the norbergenin
squeleton. This position was established based on one hand on the significant downfield shift
of the signal at oy 5.56 (1H, t, J = 9.9 Hz, H-4) which suggested that the oxygen of C-4 was
esterified and on the other hand by the correlation observed in the HMBC spectrum (Figure
56) between H-4 (oy 5.56) and C-7’ (dc 167.7), showing that the galloyl group was fixed at C-
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Figure 56: HMBC spectrum of compound DGET1.
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Based on the above evidence, compound DGET1 was identified as 4-O-
galloylnorbergenin, a known compound isolated for the first time from Mallotus japonicus by
Saijo et al in 1990.

Table 12: 'H (500MHz) and **C (125MHz) NMR assignments of compound DGET1 and
4-O-galloylnorbergenin in Methanol-d4

Position DGET1 4-0-galloylnorbergenin literature data®
on, mult (Jin Hz) dc, mult on, Mmult (Jin Hz) oc, mult
2 3.80, m 83.0, CH 3.83, m 81.9, CH
3 3.78, m 70.0, CH 3.81, m 69.0, CH
4 5.56, t (9.9) 76.2,CH 5.57,t(9.8) 75.1,CH
4a 4.38,1(10.1) 79.0, CH 4.39, 1 (10.5) 78.0, CH
6 - 166.0, C - 164.8, C
6a - 114.0,C - 115.9, C
7 7.08, s 111.1,CH 7.10, s 110.0, CH
8 - 147.7,C - 146.2, C
9 - 1415,C - 140.2, C
10 - 143.6,C - 1425, C
10a - 117.0,C - 113.0,C
10b 5.12,d (10.4) 74.4, CH 5.14, d (10.5) 73.3, CH
11 3.77, m 62.4, CH, 3.80, m 61.3, CH,
4.05,dd (1.8, 11.9) 4.06, dd (1.6 ,12.0)
r - 121.2,C - 120.1,C
2°/6° 7.14,s 110.4, CH 7.14,s 109.3, CH
3/5° - 146.4,C - 145.3, CH
4 - 139.9,C - 138.8,C
7 - 167.7, C - 166.6, C

& (Tangmouo et al., 2009)
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11.1.3.2. Naphthalene derivative: Elucidation of DFR7B

Compound DFR7B was obtained as a brown oil in the solvent system PE/EtOAc (1:1).

It gave a purple coloration with ferric chloride reagent on TLC indicative of phenolic

hydroxyl groups. Its molecular formula, C11H1,03 was assigned from its HR-ESIMS (figure
57) which exhibited in positive mode, the proton adduct ion peak [M+H]" at m/z 193.0860
(calced for C11H1,03H: m/z 193.0859).
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Figure 57: HR-ESI mass spectrum of compound DFR7B

In its UV spectrum, two maxima absorptions were observed at Anax 231 and 279 nm, while its

IR spectrum showed vibration bands characteristic of hydroxyl group (-OH) at 3270 cm™,

conjugated carbonyl of ketone (C=0) at 1646 cm™ and aromatic double bond C=C at 1577,
1465 cm'™.
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Figure 59: IR spectrum of compound DFR7B

On its *H and HMQC NMR spectrum (Figures 62 and 66 respectively), signals of four
diastereotopic protons corresponding to two methylene groups as well as a signal of one
hydroxymethine proton were observed at oy 2.58 (dd, J = 16.5; 8.5 Hz) / d¢c 49.8; oy 2.83
(ddd, J = 16.5; 4.0; 1.4 Hz) / ¢ 49.8; 61 2.90 (dd, J = 15.9; 7.9 Hz) / 6c 40.5; 61 3.15 (dd, J =
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15.9; 4.0 Hz) / dc 40.5; and 6y 4.22 (m) / dc 67.0. The *H-'H COSY correlations (figure 60)
observed between these protons permitted to build the first part of the molecule.

Figure 60: COSY correlations of compound DFR7B

In addition to the signals observed, These spectra also exhibited signals of two
aromatic protons at oy 6.54 (d, J = 2.5 Hz) / ¢ 118.8 and 6y 6.56 (d, J = 2.5 Hz) / ¢ 114.8
and a signal of one deshielded methyl at oy 2.54 () / oc 23.8 corresponding to a benzene
substituted ring and the value of the coupling constant (2.5 Hz) among the two aromatic
methines indicated that they were at position meta of each other. This position was confirmed
by the HMBC correlations (Figure 61) observed between the proton at Jy 6.54 and the carbon
at oc 114.8 and between the proton at Jy 6.56 and the carbon at Jc 118.8. The presence of the
benzene ring was further confirmed by the *C NMR spectrum of this compound which
displayed eleven signals corresponding to the eleven carbon atoms presents in the molecule
among which downfield signals of a carbonyl of ketone at dc 199.5, sp? carbons bearing
oxygen atom at Jc 163.0, aromatic quaternary carbons at oc 145.6, 146.9 and 124.3 and
aromatic methines at Jc 118.8 and 114.8. The HMBC correlations observed between the
aromatic protons at Jy 6.54 and 6.56 and the aromatic oxygenated carbon at Jc 163.0 and
between the methyl protons at Jy 2.54 and the aromatic quaternary carbons at Jc 145.6 and
124.3 permitted to build the second part of the molecule.

o P

HsC

H

Figure 61: HMBC correlations of compound DFR7B

It remained to establish the link between the two parts of the molecule and the
carbonyl of ketone. This was made possible by the HMBC correlations observed on one hand

between the methylene protons at 4 2.58 and Jy 2.83 and the carbonyl of ketone at dc 199.5
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and on the other hand between the methylene protons at oy 2.90 and 3.15 and the aromatic

quaternary carbons at dc 124.3 and 146.9, indicating that it was a naphtalenone squeletton.
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Figure 62: *H NMR spectrum (600 MHz) of compound DFR7B in Methanol-d,
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Figure 63: COSY spectrum of compound DFR7B.
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Figure 65: DEPT 135 NMR spectrum (150 MHz) of compound DFR7B in Methanol-d,
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Figure 67: HMBC spectrum of compound DFR7B.

On the basis of the above evidence, compound DFR7B was elucidated as the new
derivative 3,6-dihydroxy-8-methyl-3,4-dihydronaphthalen-1(2H)-one, also named fragranone

and to which the following structure was assigned:

Ph. D Thesis presented by Nathalie s. Jouwn T.



The stereochemistry of this compound was established from the observed axial-axial coupling
constant of both methylene protons H-2 and H-4 with the hydroxymethine proton H-3.

CH3 O H

HO H

Table 13: 'H (600MHz) and *C (150MHz) NMR assignments of compound DFR7B

(fragranone) in Methanol-d,

DFR7B
Position ===t @ in Hz) Sc, mult
1 - 1995, C
2 2.58, dd (16.5, 8.5) 49.8, CH,
2.83, ddd (16.5, 4.0, 1.4)
3 422, m 67.0, CH
4 2.90, dd (15.9, 7.9) 40.5, CH,
3.15, dd (15.9, 4.0)
4a - 146.9, C
5 6.56, d (2.5) 114.8, CH
6 - 163.0, C
7 6.54,d (2.5) 118.8, CH
8 ] 1456, C
8a - 124.3, C
9 2.54,s 23.8, CH;
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11.1.3.3. Pentacyclic triterpenes

11.1.3.3.1. Ursans

11.1.3.3.1.1. Elucidation of DGF5

Compound DGF5 was isolated as white amorphous powder in the solvent system
PE/EtOAc (3:1). It gave a brick red colour with the Liebermann Burchard reagent
characteristic of pentacyclic triterpene. Its ESIMS (figure 68) showed in positive mode a
pseudo molecular ion peak [M+Na]" at m/z 479.4 in agreement with the molecular formula

C30H4s03 corresponding to seven double bond equivalent.
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54
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563.4
301.2 |
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Figure 68: ESI mass spectrum of compound DGF5

Its *H and **C NMR spectrum (Figures 69 and 70) showed signals of two sec-methyls
at o4 0.89 (d, J=7.0 Hz) / 6c 17.7 and oy 0.97 (d, J = 7.0 Hz) / Jc 21.6, five signals of ter-
methyls at oy 0.78/ ¢ 16.4, 6y 0.85/ dc 17.8, oy 0.96/ 5¢ 16.0, 6 0.98/ dc 28.7 and oy 1.12/ oc
24.1, one signal of an olefinic proton at 6y 5.23 (t, J = 3.7 Hz) / Jc 126.8, one signal of an
allylic proton at oy 2.20 (d, J = 11.4Hz)/ ¢ 54.4, and one signal of an oxymethine at oy 3.15
(dd, J = 10.4, 5.5 Hz) / 5c 79.7. These signals in addition to those observed in the *C NMR
spectrum of this compound at dc 126.8 and 139.5 are characteristic of a pentacyclic triterpene
belonging to the urs-12-ene series. A signal of one carboxylic group at oc 181.4 was also

observed.
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Figure 70: *C NMR spectrum (125MHz) of compound DGF5 in Methanol-d, + CDCl;

Therefore, compound DGF5 was identified as ursolic acid, a known compound

previously isolated from Scyphiphora hydrophyllacea by Sameera et al in 2018.
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Table 14: 'H (500MHz) and *C (125MHz) NMR assignments of compound DGF5 in
Methanol-d; + CDClz; and ursolic acid in CDCl;

DGF5 Ursolic acid literature data®

Position % mult (J in Hz) oc, mult. oy mult (Jin Hz) oc

1 38.5 CH, 38.6
2 27.4 CH, 28.2
3 3.15 dd (5.5,10.4) 79.7 CH 3.22.dd (4.9, 10.8) 78.7
4 - 389 C 38.5
5 1.27m 55.3 CH 1.34m 55.2
6 18.7 CH, 18.3
7 32.8 CH, 32.9
8 40.1 C 39.5
9 47.4 CH 47.3
10 37.2C 37.0
11 23.6 CH, 23.7
12 5.23t(3.7) 126.8 CH 5.27 dd (3.5, 3.6) 125.9
13 139.5 C 137.9
14 421 C 42.0
15 26.1 CH, 28.1
16 23.5 CH, 25.0
17 46.7 C 48.1
18 2.20d (11.4) 54.4 CH 2.20m 53.8
19 39.4 CH 38.5
20 39.3 CH 38.5
21 30.7 CH, 30.3
22 36.7 CH, 37.4
23 0.98 s 28.7 CHj; 1.02 s 28.9
24 0.78 s 16.4 CH, 0.84 s 15.6
25 0.96 s 16.0 CHs 0.74 s 15.4

Ph. D Thesls presented by Nathalie S. Jouwn T.



26 0.85s 17.8 CH; 0.95 s 17.1

27 112 s 24.1 CH, 0.97 s 235
28 181.4C 179.6
29 0.89 d (7.0) 17.7 CH; 0.77 d (6.3) 17.0
30 0.97 d (7.0) 21.6 CH, 0.81d (6.4) 21.4

% (Sameera et al., 2018)

11.1.3.3.1.2. Elucidation of DGF7

Compound DGF7 was isolated as white amorphous powder in the solvent system PE-
EtOAc (7:3). It responded positively to the Liebermann-Burchard test with a red coloration
characteristic of triterpenes. The ESIMS of this compound (figure 71) showed in positive
mode a pseudo molecular ion peak [M+Na]® at m/z 495.3 compatible with the molecular

formula C3oH430,4 and implying thirteen degrees of unsaturation.
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Figure 71: ESI mass spectrum of compound DGF7

The *H and *C NMR spectra of this compound (Figures 72 and 74) were close similar
to those of ursolic acid 22 and displayed characteristic signals of a pentacyclic triterpene type
urs-12-ene at 6y 0.84 (d, J =7.0 Hz) / 6c 17.5, 64 0.93 (d, J = 7.0 Hz) / ¢ 21.5, 6n 0.78/ oc
17.5, oy 0.81/ 6¢c 17.6, oy 0.98/ oc 17.2, oy 0.99/ oc 29.2 and oy 1.08/ oc 24.1 corresponding
respectively to two secondary and five angular methyls. Signals of the oxymethine H-3, the
allylic H-18 and the olefinic H-12 protons were also observed at oy 2.91 (d, J = 9.7 Hz) / J¢c
84.2, oy 2.18 (d, J = 12.0 Hz)/ 6¢c 53.9 and oy 5.22 (t, J = 3.7 Hz) / oc 126.2 respectively. As
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in ursolic acid 22, a signal of one carboxylic acid was also observed at dc 181.4. The main
difference between these two compounds was the appearance of another oxymethine as
multiplet at oy 3.62 / dc 69.3 and the correlation observed in COSY spectrum (Figure 73)
between this proton and proton H-3 allowed us to fix this oxymethine at position 2.
Furthermore the coupling constant of 9.7 Hz observed between proton H-2 and H-3 showed

that these protons were trans of each other.
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Figure 74: *C NMR spectrum (125MHz) of compound DGF7 in Methanol-d, + CDCl;

The above spectroscopic data coupled to reported literature identified compound
DGF7 as corosolic acid, previously isolated from Eriobotrta japonica by Wei et Guangyuan
in 2007.
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Table 15: 'H (500MHz) and **C (125MHz) NMR assignments of compound DGF?7 in
Methanol-d; + CDCl3zand corosolic acid in CsDsN

DGF7 Corosolic acid literature data®
Position
oy mult (Jin Hz) dc, mult. oy mult (JinHz) oc

1 43.0 CH, 48.1
2 3.62m 69.3 CH 4.08 td (4.5, 11.0) 68.7
3 2.91d (9.7) 84.2 CH 3.38d(9.5) 83.9
4 38.7 C 40.1
5 55.3 CH 55.8
6 19.1 CH, 18.9
7 32.6 CH, 33.7
8 40.1 C 40.2
9 47.6 CH 47.8
10 37.7C 37.3
11 23.8 CH, 24.1
12 5.22t(3.7) 126.2 CH 5.46 t-like (3.5) 128.2
13 1395 C 140.1
14 404 C 42.4
15 29.1 CH, 29.5
16 25.0 CH, 26.3
17 48.0 C 48.3
18 2.18d (12.0) 53.9 CH 2.61d (11.0) 54.4
19 39.9 CH 41.3
20 40.0 CH 42.2
21 30.6 CH, 27.1
22 38.8 CH, 38.5
23 0.98 s 28.8 CH; 125 s 29.6
24 0.78 s 21.4 CHs 1.20 s 22.2
25 0.96 s 17.5 CH;, 1.06 s 16.8
26 0.85s 17.3 CH; 0.94 s 17.5
27 112 s 24.1 CH, 1.03s 24.6
28 181.4C 180.7
29 0.89 d (7.0) 17.5 CH; 1.01d (6.5) 27.3
30 0.97 d (7.0) 17.1 CHj, 0.97d (6.5) 16.6

% (Wei et Guangyuan, 2007)

11.1.3.3.1.3. Elucidation of DFFFI8B

Compound DFFFI8B was obtained as a white powder in the solvent system PE/EtOAc
(17:3). It gave a positive red coloration to the Liebermann-Burchard test indicative its
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triterpenic nature. Its ESIMS shows in positive mode a pseudomolecular ion pic [M+Na]" at
m/z 465.3 corresponding to the molecular formula CgzHs,0, with seven double bond

equivalent.

The *H and *C NMR spectra of compound DFFFI8B (Figure 75 and 76 respectively)
and ursolic acid 22 showed close similarities including the olefinic proton at oy 5.15 (t, J =
3.7 Hz) / ¢ 126.3, the oxymethine proton H-3 of triterpene at oy 3.16 (dd, J = 11.7, 4.6 Hz) /
oc 79.7, the seven methyls at oy 0.84 (d, J = 6.3 Hz) / 6¢c 17.7, 64 0.94 (d, J = 6.4 Hz) / 6c
21.5, 014 0.79/ 6¢c 16.1, 0y 1.04/ 6c 17.1, oy 0.99/ o¢ 16.1, 6 0.99/ oc 28.4 and oy 1.13/ ¢ 23.7.
These similarities indicated that compound DFFFI8B, as ursolic acid 22 was a pentacyclic
triterpene of the urs-12-ene series. The main difference between those two compounds was
the disappearance of the signal of carbonyl of carboxylic acid observed in the *C NMR
spectra of ursolic acid 22 at dc 181.4 and the appearance in the *H and **C NMR spectra of
compound DFFFI8B of two signals of diastereotopic protons of an oxymethylene at Jy 3.03
(d, J=11.0Hz) / 6¢c 70.2 and oy 3.56 (d, J = 11.0Hz) / 6¢c 70.2.
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Figure 75: *H NMR spectrum (500 MHz) of compound DFFFI8B in Methanol-d,
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Figure 76: **C NMR spectrum (125MHz) of compound DFFFI8B in Methanol-d,

These informations combined with the literature data allowed us to identify compound
DFFFI8B as uvaol, a known compound previously isolated from Ochrosia elliptica by Riham
etal. in 2017.
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Table 16: *H (500MHz) and **C (125MHz) NMR spectral data of compound DFFFI8B in
Methanol-d; and Uvaol in CDCl3

DFFFI8B Uvaol literature data®
Position
on mult (Jin Hz) oc, mult. oy mult (JinHz) oc
1 39.5 CH, 39.3
2 27.4 CH, 27.3
3 3.44 t (8.0) 79.7 CH 323 m 79.0
4 - 389 C 38.8
5 0.77m 56.4 CH 55.2
6 18.7 CH, 18.3
7 32.8 CH, 32.8
8 40.1 C 40.0
9 47.7 CH 47.6
10 37.2C 36.9
11 23.6 CH, 23.4
12 5.15t(3.7) 126.3 CH 5.16 t (3.6) 125.0
13 140.2 C 138.7
14 422 C 42.0
15 26.1 CH, 26.0
16 23.5 CH, 23.4
17 36.9 C 36.9
18 1.37m 55.6 CH 54.0
19 39.4 CH 39.4
20 39.3 CH 39.4
21 30.7 CH, 30.6
22 36.7 CH, 36.4
23 0.99 s 28.4 CHs 1.02 s 28.1
24 0.99 s 16.1 CH, 0.84 s 15.7
25 0.79 s 16.1 CH, 0.74 s 15.6
26 1.04 s 17.1 CH, 0.95 s 16.8
27 113 s 23.7 CH; 0.97 s 23.3
28 3.56 d (11.0); 70.2 CH, 3.54d (11.2); 70.0
3.03d (11.0) 3.20d (11.2)

29 0.84 d (6.3) 17.7 CH, 0.77d (3.4) 17.3
30 0.94 d(6.4) 21.5 CH; 0.81d (3.3) 21.3

% (Riham et al., 2017)
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11.1.3.3.1.4. Elucidation of DFFFI8

Compound DFFFI8 was isolated as a white powder in the solvent system PE/EtOAc
(17:3). Its positive reaction to the Liebermann-Burchard test with a red colour observed is
indicative of its triterpenic nature. The ESIMS (Figure 77) of this compound showed in
positive mode a pseudo molecular ion peak [M+Na]® at m/z 479.3 compatible with the

molecular formula C3oH4303 and implying seven degrees of unsaturation.
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Figure 77: ESI mass spectrum of compound DFFFI8

The *H NMR spectrum (figure 78) of compound DFFFI8, combined with its 3C NMR
spectrum (Figure 79) showed, in upfield region, seven methyls among which five angulars at
on 0.83/ 6c 15.2, 64 0.93/ d¢ 27.8, 6y 0.75/ 6c 13.4, o 1.10/ oc 23.6, oy 0.92/ ¢ 23.6 and two
secondary at oy 0.80 (d, J = 6.5 Hz) / 6c 21.9 and oy 0.89 (d, J = 6.4 Hz) / oc 23.2. These
spectrums also displayed signals of one olefinic methine proton at oy 5.46 (brs,) / oc 118.3,
one oxymethine proton attributable to H-3 of triterpene at oy 3.17 / oc 79.5, one allylic proton
attributable to H-18 at oy 2.51 (brs) / dc 52.5 and one olefinic tertiary carbon at Jc 145.2
characteristics of pentacyclic triterpenes of the D:C-friedours-7-ene series. In addition to
these signals observed, the **C NMR spectrum of compound DFFFIS8 also displayed a signal

of a carbonyl of carboxylic acid at Jc 183.3.
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Figure 78: '"H NMR spectrum (500 MHz) of compound DFFFI8 in Methanol-d, + CDCl;
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Figure 79: *C NMR spectrum (125 MHz) of compound DFFFI8 in Methanol-d, + CDCl;

On the basis of the above spectroscopic data, compound DFFFI8 was identified as
myrtifolic acid, a known compound first isolated from Mesua myrtifolia (Gunasekera et
Sultanbawa, 1977).
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Table 17: *H (500MHz) and **C (125MHz) NMR spectral data of compound DFFFIS8 in
Methanol-ds + CDCl3;and Myrtifolic acid in CDCl3

DFFFI8 Myrtifolic acid literature data®

Position Jn mult (Jin Hz) dc, mult. on mult (JinHz) dc

1 38.5 CH;, 38.9
2 27.4 CH, 28.2
3 317 m 79.5 CH 3.24dd (3.9, 9.3) 78.7
4 - 389 C 38.5
5 1.27m 55.3 CH 1.34m 55.2
6 18.7 CH, 18.3
7 5.46 brs 118.3 CH 5.42'm 118.6
8 1452 C 145.4
9 47.4 CH 47.3
10 37.2C 37.0
11 23.6 CH, 23.7
12 32.8 CH, 335
13 40.1 C 41.2
14 421 C 42.0
15 26.1 CH, 28.1
16 235 CH, 25.0
17 369 C 38.1
18 2.51 brs 52,5 CH 2.49 m 53.8
19 39.4 CH 385
20 39.3 CH 38.5
21 30.7 CH, 30.3
22 36.7 CH, 37.4
23 0.93 s 27.8 CH; 1.04 s 28.9
24 0.75 s 13.4 CH; 0.76 s 14.6
25 0.83 s 15.2 CH; 0.98 s 15.4
26 1.10 s 23.6 CH, 0.87 s 22.1
27 0.92 s 23.6 CH, 1.08 s 235
28 183.3C 182.5
29 0.89 d (6.4) 23.2 CH; 0.87 brs 22.8
30 0.80 d (6.5) 21.9 CH;, 1.08 brs 21.4

# (Mahato et Kundu, 1994; Meksuriyen et al., 1986)

11.1.3.3.1.5. Elucidation of DGTFII112

Compound DGTFIII2 was isolated as a white amorpheous powder in the solvent

system PE/EtOAc (7:3). Its positive reaction to the Liebermann-Burchard test with a red

Ph. D Thesls presented by Nathalie S. Jouwn T.



coloration observed was indicative of its triterpenic nature. The pseudo molecular ion peak
[M-H]" at m/z 487.2 observed in negative mode on ESIMS spectrum (Figure 80) of this
compound was in agreement with the molecular formula C3H130s corresponding to seven

double bond equivalent.
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Figure 80: ESI mass spectrum of compound DGTFII12

The *H and *C NMR spectral data of this compound (Figures 81 and 82 respectively)
displayed signals of six methyl groups among which five angular at 6y 0.71 / oc 12.9, 0.98 /
oc 16.0, 6y 0.80 / 6¢c 17.3, oy 1.34 | ¢ 24.8, oy 1.19/ 6c 27.0 and one secondary at oy 0.92 (d,
J =6.7 Hz) / 6c 16.3. These NMR spectra also showed one signal of an olefinic proton at Jy
5.29 (t, J = 3.7 Hz) / 6c 129.4, one signal of an oxymethine proton at oy 3.61 (dd, J =11.7, 4.6
Hz) / oc 74.0, one signal of an allylic proton at dy 2.50 (S) / dc 55.0, and two signals of
olefinic carbons at dc 129.4 and Jdc 140.0 characteristic of a pentacyclic triterpene belonging
to the urs-12-ene series. In addition, signals of two diastereotopic protons of an oxymethylene
at oy 3.30 (in the solvent) / oc 67.5 and dy 3.53 (d, J = 10.9Hz) / 6c 67.5 together with a signal
of one quaternary sp3 carbon bearing an oxygene atom at Jc 73.6 and a signal of a carbonyl of
carboxylic acid at oc 182.7 were also observed. It remained to establish the position of these
groups on the urs-12-ene skeleton. The HMBC correlations (Figure 83) observed between the
proton H-18 at oy 2.50 and the carbonyl carbon at oc 182.7 on one hand, and between this
same proton and the quaternary carbon at é¢c 73.6 on the other hand allowed us to locate these
groups at position C-28 for the carboxylic acid and position C-19 for the tertiary oxygenated
carbon. The HMBC correlation observed between the proton H-3 at Jy 3.61 and the
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oxymethylene carbon at dc 67.5 on one hand, and between protons H-24 and that same

oxymethylene carbon on the other hand showed that methyl C-23 was oxydated in alcohol.
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Figure 82: *C NMR spectrum (125 MHz) of compound DGTFI112 in Methanol-d.
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Figure 83: HMBC spectrum of compound DGTFI112

The above spectroscopic data coupled to reported literature data identified compound
DGTFIII2 as rotundic acid, a known compound first isolated from Ilex rotunda (Oyama et al.,
1968).

30
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Table 18: *H (500MHz) and *C (125MHz) NMR spectral data of compound DGTFI112
in Methanol-d, and rotundic acid in CsDsN

DGTFIII2 rotundic acid literature data®

Position on mult (Jin Hz) oc, mult. oy mult (JinHz) oc

1 38.5 CH, 39.2
2 27.4 CH, 28.2
3 3.61 dd (4.6,11.7) 74.0 CH 4.24 dd (4.5, 10.0) 735
4 - 389 C 38.5
5 1.15m 52.3 CH 51.7
6 18.7 CH, 19.1
7 33.6 CH, 33.6
8 41.0 C 39.5
9 48.7 CH 48.2
10 37.2C 37.6
11 23.6 CH, 24.5
12 5.29t(3.7) 129.4 CH 5.64 brs 128.4
13 140.0 C 140.5
14 429 C 40.8
15 29.6 CH, 29.8
16 42.8 CH, 425
17 497 C 43.4
18 2.50's 55.0 CH 3.08s 55.0
19 73.6C 73.0
20 43.5 CH 42.8
21 27.3 CH, 27.4
22 36.7 CH, 39.0
23 3.53d (10.9) 67.5 CH, 3.75 d (10.0) 67.7

3.30 brs 4.21d (10.0)

24 0.71 s 12.9 CH; 1.08 s 13.7
25 0.80 s 17.3 CH; 1.01 s 16.5
26 0.98 s 16.0 CH; 1.16 s 17.7
27 1.34 s 24.8 CH, 1.71 s 25.1
28 182.7C 181.3
29 1.19 s 27.0 CHs 1.46 s 275
30 0.92 d (7.0) 16.3 CHs 1.13d (6.5) 17.3

% (Lee et al., 2005)
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11.1.3.3.1.6. Elucidation of DFFFI1113I

Compound DFFFII13I was isolated as a white amorphous powder in the solvent
system PE/EtOAc (1:1). The red coloration observed after reaction between this compound
and the Lieberman-burchard reagent testify of its triterpenic nature. The ESIMS (Figure 84)
of this compound showed in positive mode a pseudo molecular ion peak [M+Na]" at m/z
541.4 compatible with the molecular formula Cs3H4O; and implying eight degrees of

unsaturation.
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Figure 84: ESI mass spectrum of compound DFFFI113I

The *H and **C NMR data (Figures 85 and 86 respectively) of compound DFFFI113I
and corosolic acid 62 previously described showed some similarities, including six methyls at
on 1.29/ 6c 24.8, 0.85/ oc 15.0, dn 0.70/ oc 17.0, on 1.29/ ¢ 24.4, 6y 1.08/ J¢c 26.9 and oy 0.84
(d, J=6.7 Hz) / 6c 16.8, two oxymethines at oy 3.93 (m) / oc 67.3 and Jy 2.75 (d, J = 9.5 Hz)
/ oc 83.0, two olefinic sp2 carbons at dc 127.2 and dc 139.0 and one carbonyl of carboxylic
acid at oc 179.5. These similarities indicated that compound DFFFII13l, as corosolic acid 62
was a pentacyclic triterpene of the urs-12-ene series with a hydroxyl group at C-2 and a
carboxylic function at C-28 positions. The main difference between the two compounds was
the appearance in the NMR spectra of compound DFFFI113I of a signal of one quaternary sp*
carbon bearing a hydroxyl group at oc 72.2 and a signal of one another carbonyl of carboxylic
acid at oc 178.3. The HMBC correlations observed between proton H-3 at Jy 2.75 and the

carbonyl carbon at oc 178.3 allowed the fixation of this carboxylic function at position C-24.
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To locate the position of the quaternary oxygenated carbon at C-19, we also used the HMBC

spectrum (Figure 87) which showed correlations between proton H-18 at 4 2.38 and carbon

C-19at oc 72.2
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Figure 85: "H NMR spectrum (500 MHz) of compound DFFFI11131 in DMSO-dg
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Figure 86: **C NMR Spectrum (125 MHz) of compound DFFFI11131 in DMSO-ds
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Figure 87: HMBC spectrum of compound DFFFI113I

Therefore compound DFFFII13l was identified as vismiaefolic acid, a known

compound first isolated from Vochysia vismiaefolia (Aradjo et Souza, 1990).
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Table 19: 'H (500MHz) and *C (125MHz) NMR spectral data of compound DFFFI113I
in DMSO-dg and vismiaefolic acid in CDCl3

DFFFII131 vismiaefolic acid literature data®

Position oy mult (Jin Hz) dc, mult. on mult (Jin Hz) oc

1 47.9 CH, 47.9
2 3.93m 67.3 CH 4.69m 68.2
3 2.75d (9.7) 83.0 CH 3.34d(9.0) 83.7
4 493 C 49.7
5 0.94m 55.9 CH 1.18 m 56.5
6 19.1 CH, 20.6
7 32.6 CH, 334
8 40.1 C 39.9
9 46.7 CH 1.87m 46.8
10 38.3C 38.6
11 24.2 CH, 23.9
12 5.18t(3.7) 127.3CH 5.51 brs 127.6
13 139.0 C 139.5
14 404 C 41.9
15 29.1 CH, 28.9
16 25.0 CH, 26.0
17 476 C 47.9
18 2.38s 53.7 CH 2.96 s 54.3
19 722 C 72.3
20 41.7 CH 42.0
21 26.6 CH, 26.5
22 38.8 CH, 38.1
23 1.29 s 24.8 CHjs 1.68 s 24.7
24 1783 C 180.3
25 0.85 s 15.0 CH, 1.11 s 14.9
26 0.70s 17.0 CH; 1.05 s 16.8
27 1.29 s 24.4 CHj, 1.65s 24.2
28 1795C 180.5
29 1.08 s 26.9 CHj; 1.39.d (6.5) 26.7
30 0.84 d (6.7) 16.8 CHj 1.06d (6.0) 16.4

%(Zhang et al., 1999)
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11.1.3.3.2. Lupans

11.1.3.3.2.1. Elucidation of DGF2

Compound DGF2 was obtained as a white amorphous powder in the solvent system
PE/EtOACc (19:1). It responded positively to the Liebermann Burchard test for pentacyclic
triterpen. Its ESIMS (Figure 88) in positive mode displayed the sodium adduct fragment ion
[M+Na]* at m/z 449.4 which is compatible with the molecular formula C3Hs0O with six

double bond equivalent.
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Figure 88: ESI mass spectrum of compound DGF2

Its *H and **C NMR spectrum (figures 89 and 90 respectively) showed seven tertiary
methyls singlet among which six appeared between Jy 0.76-1.03 and one more deshielded at
on 1.68 corresponding to a vinylic methyl, one oxymethine attributable to H-3 proton of
triterpene at oy 3.18 (dd, J = 11.4, 4.9 Hz) / 6¢c 79.0, two olefinic methylene protons singlet at
on 4.69 and oy 4.57/ o¢c 109.3 and one olefinic tertiary carbon at Jc 151.2.
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Figure 89: *H NMR spectrum (500 MHz) of compound DGF2 in CDCl;
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Figure 90: *C NMR spectrum (125 MHz) of compound DGF2 in CDCl;

These spectroscopic data were in concordance with the literature data of lupeol, a
pentacyclic triterpene from the lup-20(29)-ene series first isolated from Lupinus luteus
(Mahato et Kundu, 1994; Thnakijcharoenpath et Theanphong., 2007).
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Table 20: *H (500MHz) and **C (125MHz) NMR spectral data of compound DGF2 and
lupeol in CDCl3

DGF2 Lupeol literature data®
Position o mult (JinHz)  Jc, mult. on mult (JinHz) Jc, mult.
1 38.8 CH, 38.7
2 27.4 CH, 27.4
3 3.18 dd (11.4,4.9) 79.0 CH 3.17 dd (10.2,5.1) 79.0
4 - 388 C - 38.9
5 0.68 d (8.8) 55.3 CH 0.66 d (8.7) 55.3
6 18.3 CH, 18.3
7 34.3 CH, 34.3
8 - 40.8 C 40.7
9 50.4 CH 50.0
10 371 C 37.2
11 20.9 CH, 20.8
12 25.1 CH, 25.1
13 38.0 CH 38.1
14 428 C 42.8
15 27.4 CH, 27.2
16 35.6 CH, 34.9
17 43.0 C 42.8
18 48.3 CH 48.3
19 238 m 48.0 CH 2.36 m 48.0
20 - 151.2 - 151.0
21 29.8 CH, 30.0
22 40.0 CH, 40.0
23 094 s 28.1 CH; 094 s 28.0
24 0.76 s 15.4 CH; 0.74 s 15.9
25 0.83 s 16.1 CH, 0.81 s 15.8
26 103 s 16.0 CH3 1.01 s 16.4
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27 0.97 s 14.5 CH; 0.92 s 14.5

28 0.79 s 18.0 CHj; 18.0

29 4.69 brs 109.3 CH, 4.67 brs 109.3
4.57 brs 4.55 brs

30 1.68 s 19.2 CH; 1.66 s 19.1

& (Thnakijcharoenpath et Theanphong., 2007)

11.1.3.3.2.2. Elucidation of DGF3

Compound DGF3 was isolated as a white amorphous powder in the solvent system
PE/EtOAC (17:3). It reacted positively to the Liebermann-Burchard test with a red coloration
observed characteristic of pentacyclic triterpenes. Its HR-ESIMS (Figure 91) showed in
positive mode the pseudo-molecular ion peak [M+H]" at m/z 443.3881 corresponding to the

molecular formula C3oHs00, and implying six degree of unsaturations.
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Figure 91: HR-ESI mass spectrum of compound DGF3

The *H and *C NMR spectra of compound DGF3 (Figures 92 and 93 respectively)
showed close similarities to those of lupeol 19 including five tertiary methyls between oy
0.76-1.02 and a vinylic one at dy 1.68, two olefinic protons at dy 4.58, 4.68/ 5c 109.8, one
vinylic methine at oy 2.38/ dc 50.5 one oxymethine at oy 3.18 (dd, J =11.4, 48 Hz ) / 6c 79.1
and one olefinic quaternary carbon at ¢ 150.6, indicating that compound DGF3, as lupeol 19,
was also a pentacyclic triterpene of the lup-20(29)-ene series. The main difference between
these two compounds was the disappearance in the NMR spectra of compound DGF3 of the
tertiary methyl C-28 and the appearance of one oxymethylene at Jy 3.33 (d, J = 10.8 Hz), 3.80
(d, J=10.8 Hz) / ¢ 60.7, showing that carbon C-28 was oxydated in alcohol.
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Figure 93: *C NMR (125 MHz) spectrum of compound DGF3 in CDCls

All those NMR data were in accordance with the literature data of betulin, a known
compound previously isolated from Phaulopsis imbricate by Kengne et al. in 2016.
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Table 21: *H (500MHz) and **C (125MHz) NMR spectral data of compound DGF3 and
betulin in CDCl3

DGF3 betulin literature data®
Position &, mult JinHz) ¢, mult. Sy mult (Jin Hz) d¢, mult.
1 38.8 CH, 38.7
2 27.4 CH, 27.4
3 3.18dd (11.4,4.8) 79.1 CH 3.18, dd (15.0, 5.0) 79.0
4 - 38.8 C - 38.9
5 0.68 d (8.9) 55.4 CH 0.67 m 55.3
6 18.3 CH, 18.3
7 34.3 CH, 34.3
8 - 40.8 C 40.8
9 50.4 CH 50.4
10 371 C 37.2
11 20.9 CH, 21.2
12 25.1 CH, 25.1
13 38.0 CH 38.2
14 428 C 43.1
15 27.4 CH, 27.7
16 35.6 CH, 35.9
17 430 C 42.7
18 48.3 CH 48.3
19 2.38 m 50.5 CH 2.38 m 48.0
20 - 150.6 - 151.0
21 29.8 CH, 30.0
22 40.0 CH, 40.0
23 0.97 s 28.1 CHj 0.93 s 27.4
24 0.76 s 15.4 CH, 0.76 s 15.9
25 0.82 s 16.1 CH;, 0.82 s 16.3
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26 1.02 s 16.0 CH3 0.98 s 16.1

27 0.98 s 14.5 CH, 0.90 s 15.4

28 3.33d(10.8) 60.7 CH; 3.33d(10.0) 60.6
3.80d (10.8) 3.80d (10.0)

29 4.68 brs 109.8 CH, 4.66 brs 109.7
4.56 brs 4.58 brs

30 1.68 s 19.3 CH; 1.68 s 19.1

% (Kengne et al., 2016)

11.1.3.3.2.3. Elucidation of DFR5

Compound DFR5 was obtained as a white amorphous powder in the solvent system
PE/EtOAc (4:1). It gave a red coloration to the Liebermann-Burchard test indicative its
triterpenic nature. The ESIMS (Figure 94) of this compound showed in positive mode the
pseudo molecular ion peak [M+Na]* at m/z 479.3 which correspond to the molecular formula
C30H4s03 implying seven double bond equivalent.
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Figure 94: ESI mass spectrum of compound DFR5

Its *H and *C NMR spectra (Figures 95 and 96) were quite similar to those of lupeol
19 indicating that compound DFR5 as lupeol 19 was also a pentacyclic triterpene of the lup-
20(29)-ene series. The main difference between the two compounds was the loss in compound
DFR5 of the signal of one of the tertiary methyl, which was replaced by the signal of a
carboxylic function appearing at 8¢ 179.5 in the **C NMR spectrum. It was deduced from the
comparison of these data with those published in literature that it is the position C-28 of the
lup-20(29)-ene skeleton which was oxydated in carboxylic acid.
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Figure 95: "H NMR (500 MHz) spectrum of compound DFR5 in Methanol-d, + CDCl;
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Figure 96: °C NMR (125 MHz) spectrum of compound DFR5 in Methanol-ds + CDCls

All those NMR data were in accordance with the literature data of betulinic acid, a
known compound previously isolated from Platanus acerifolia (Cichewicz et Kouzi, 2004).
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Table 22: 'H (500MHz) and *C (125MHz) NMR assignments of compound DFRS5 in
Methanol-d, + CDCl3 and betulinic acid in CsDsN.

DFR5 Betulinic acid literature data®
Position 5 Tinh) o, mult 5 mult (3 in Hz) o
1 38.8 CH, 39.3
2 27.4 CH, 28.3
3 3.12dd (10.9,54)  79.1 CH 345 t (7.2) 78.1
4 - 388 C 39.5
5 0.67m 55.4 CH 0.82 m 56.0
6 18.3 CH, 18.8
7 34.3 CH, 34.9
8 40.8 C 41.1
9 50.4 CH 51.0
10 371 C 37.6
11 20.9 CH, 21.2
12 25.1 CH, 26.2
13 38.0 CH 38.7
14 428 C 42.9
15 27.4 CH, 30.3
16 35.6 CH, 32.9
17 56.5 C 56.6
18 48.3 CH 49.8
19 3.02 m 47.3 CH 352 m 47.8
20 151.6 151.3
21 29.8 CH, 31.2
22 37.1 CH, 37.6
23 0.99 s 28.1 CH, 1.22 s 28.7
24 0.83 s 15.4 CH, 1.00 s 16.3
25 0.74 s 16.1 CHs 0.83 s 16.4
26 0.95 s 16.0 CHs 1.06 s 16.4
27 0.95 s 145 CH, 1.07 s 14.9
28 - 179.5C - 178.8
29 4.71 brs 109.8 CH, 495 s 109.9

4.58 brs 477 s

30 1.68 s 19.3 CH, 1.79 s 19.5

% (Cichewicz et Kouzi, 2004)
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11.1.3.3.3. Oleananes

11.1.3.3.3.1. Elucidation of DGF6

Compound DGF6 was obtained as a white amorphous powder in the solvent system
PE/EtOAc (3:1). It gave a brick red colour with the Liebermann Burchard reagent
characteristic of pentacyclic triterpene. The ESIMS of this compound showed in positive
mode the pseudo-molecular ion peak [M+Na]" at m/z 479.4 in agreement with the molecular

formula C3oH4303 corresponding to seven double bond equivalent.

Its 'H and *C NMR spectrum (Figures 97 and 98) showed seven signals of ter-
methyls at oy 0.88 / d¢c 17.9, oy 0.99 / 8¢ 30.1, 6y 0.91 / 6¢ 17.5, o 0.78 / 6¢c 19.1, oy 0.94/ oc
25.5, 0y 0.84 / 6¢ 35.2 and oy 1.13/ J¢ 29.7, one signal of an olefinic proton at oy 5.51 (brs) /
oc 124.3, one signal of an allylic proton at Jy 3.31 (m) / Jc 43.6, and one signal of an
oxymethine at oy 3.47 (t, J = 8.0 Hz) / oc 79.7. These signals in addition to those observed in
the *C NMR spectrum of this compound at dc 124.3 and 146.2 are characteristic of a
pentacyclic triterpene belonging to the olean-12-ene series. A signal of one carboxylic group

at oc 181.6 was also observed.
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Figure 97: *H NMR spectrum (500MHz) of compound DGF6 in CsDsN
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Figure 98: *C NMR (125MHz) spectrum of compound DGF6 in CsDsN

From the above evidence, compound DGF6 was identified as oleanolic acid, a known

compound previously isolated from Lantana camara by Verma et al. in 2013.
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Table 23: 'H (500MHz) and **C (125MHz) NMR assignments of compound DGF6 and
oleanolic acid in CsDsN.

DGF6 Oleanolic acid literature data®

Position oy mult (Jin Hz) dc, mult. on mult (Jin Hz) oc

1 39.5 CH, 40.7
2 27.4 CH, 29.6
3 3.47 t (8.0) 79.7 CH 3.37 t(8.2) 80.0
4 - 38.9 C 39.0
5 57.5 CH 57.6
6 20.1 CH, 20.4
7 32.8 CH, 32.6
8 409 C 41.0
9 49.7 CH 49.9
10 39.2C 39.0
11 25.2 CH, 25.5
12 5.51 brs 124.3 CH 5.43 brs 124.2
13 146.2 C 146.4
14 412 C 41.4
15 27.6 CH, 27.8
16 25.4 CH, 25.4
17 48.3 C 48.3
18 331m 43.6 CH 3.20 dd (3.6, 10.0) 43.7
19 48.1 CH, 48.3
20 31.7 C 31.6
21 34.8 CH, 34.9
22 32.5 CH, 32,5
23 0.99 s 30.1 CH, 1.10 s 30.4
24 0.88 s 17.9 CH; 0.87 s 18.1
25 091 s 17.5 CHjs 0.94 s 17.8
26 0.78 s 19.1 CHjs 0.81 s 19.1
27 113 s 29.7 CHjs 1.15 s 30.0
28 - 181.6 C - 181.7
29 0.84 s 35.2 CHjs 0.84s 35.0
30 0.94 s 25.5 CHj, 0.93 s 25.4

#(Vermaet al., 2013)
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11.1.3.3.3.2. Elucidation of DFFFI1115

Compound DFFFII15 was isolated as a white powder in the solvent system PE/EtOAc
(2:3). It gave a brick red colour with the Liebermann Burchard reagent characteristic of
pentacyclic triterpene. Its ESIMS (figure 99) showed in positive mode a pseudo molecular
ion peak [M+Na]® at m/z 495.3 in agreement with the molecular formula CgzoHsg04

corresponding to seven double bond equivalent.
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Figure 99: ESI mass spectrum of compound DFFFI115

The H and *C NMR spectra of this compound (Figures 100 and 101 respectively)
were similar to those of oleanolic acid 25 and displayed characteristic signals of a pentacyclic
triterpene type olean-12-ene at 6y 0.77 / 6¢c 16.7, 6y 0.78 / 6¢c 11.5, 6 0.87 / 6¢c 32.7, 61 0.90 /
oc 23.1, 64 0.93 / o¢c 15.4, oy 1.12 / J¢c 25.6 corresponding to six angular methyls, at dy 2.80
(dd, J =13.9, 4.5 Hz) / 6¢c 41.2 corresponding to allylic H-18 proton, at 6y 3.59 (m) / oc 75.7
corresponding to oxymethine proton H-3, and at oy 5.23 (t, J = 3.7 Hz) / 6c 122.4 and 143.7
corresponding to olefinic proton and carbons. In addition, a signal of a carbonyl of carboxylic
acid was also observed at oc 180.8. The main difference between those two compounds was
the disappearance in the NMR spectra of compound DFFFII15 of signal of angular methyl C-
23 and the appearance of two signals of diastereotopic protons at oy 3.35 (m) / oc 69.3 and oy
3.59 (m) / o¢c 69.3, showing that carbon C-23 was oxydated in alcohol.
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Figure 100: *H NMR spectrum (500 MHz) of compound DFFF1115 in Methanol-d, +
CDCl;
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Figure 101: **C NMR spectrum (125 MHz) of compound DFFFII15 in Methanol-d, +
CDCl;

All those NMR data were in accordance with the literature data of hederagenin, a
known compound previously isolated from Nigella sativa by Joshi et al. in 1999.
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Table 24: *H (500MHz) and *C (125MHz) NMR spectral data of compound DFFF1115
in Methanol-d, + CDCI; and hederagenin in CsDsN

DFFFI115 hederagenin literature data®

Position on mult (JinHz) Jc, mult. on mult (JinHz) oc

1 38.4 CH, 38.9
2 27.4 CH, 27.6
3 3.59 m 75.7 CH 4.23 735
4 - 409 C 43.0
5 46.9 CH 153 48.7
6 20.1 CH, 18.7
7 32.8 CH, 33.1
8 40.6 C 39.9
9 48.7 CH 48.3
10 38.2C 37.4
11 24.8 CH, 24.0
12 5.23t(3.7) 122.4 CH 5.51 122.7
13 143.7C 145.0
14 419 C 42.3
15 27.9 CH, 28.5
16 23.4 CH, 23.8
17 475 C 46.9
18 2.80 dd (13.9, 4.5) 41.2 CH 331 42.1
19 48.1 CH, 46.6
20 317 C 31.1
21 33.7 CH, 34.3
22 32.5 CH, 33.4
23 3.35d (12.1) 69.3 CH, 4.18 67.8

3.58m 3.73

24 0.88 s 11.5 CHs 1.05 s 13.3
25 091 s 15.4 CH 0.97 s 16.1
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26 0.78 s 16.6 CH3 1.04 s 17.7

27 112 s 25.6 CHj 1.26 s 26.3
28 - 180.8 C - 180.2
29 0.84 s 33.3 CH; 0.95s 334
30 0.94 s 23.4 CH; 1.02 s 23.8

% (Joshi et al., 1999)

11.1.3.3.3.3. Elucidation of DFFFI11

Compound DFFFI11 was obtained as a white powder in the solvent system PE/EtOAc
(19:1). Its positive reaction to the Liebermann-Burchard test with a red coloration observed
was indicative of its triterpenic nature. The ESIMS (Figure 102) in positive mode of this
compound displayed the sodium adduct fragment ion [M+Na]® at m/z 491.4 which is
compatible with the molecular formula Cs,Hs,0, corresponding to seven double bond

equivalent.
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Figure 102: ESI mass spectrum of compound DFFFI11

The 'H and *3C NMR spectra (Figures 103 and 104 respectively) of this compound
displayed characteristic signals of triterpenes belonging to olean-12-ene serie including
signals of eight angular methyls at 6y 0.80 / d¢c 16.8, 4 0.80 / o¢c 28.1, oy 0.89 / ¢ 15.6, oy
0.89/ ¢ 16.8, oy 1.05/ ¢ 26.1, oy 0.75 / ¢ 28.6, 0.80 / d¢c 23.7 and dy 0.80 / d¢ 33.4, signal
of an oxymethine proton at oy 4.43 (m) / oc 81.1 and signal of olefinic proton and carbons at
on 5.11 (t, J = 3.7 Hz) / 6c 122.1 and Jc 145.5. In addition, these spectra also displayed
signals of an acetate group including one deshielded methyl at 6y 1.97 / 6c 21.3 and one
carbonyl of ester at dc 171.8. The location of this acetate groupement was found to be at C-3
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position regarding the deshielding of the oxymethine proton H-3 and carbon C-3 appearing at

on 4.43 and Jc 81.1 respectively.
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Figure 103: *H NMR spectrum (500MHz) of compound DFFFI11 in CDCl;
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Figure 104: *C NMR spectrum (125MHz) of compound DFFFI11 in CDCl;

Therefore, the above spectroscopic data coupled to those reported in the literature
identified compound DFFFI11 as p-amyrin acetate, a known compound previously isolated
from Wrightia tomentosa by Maurya et al. in 2012.
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Table 25: 'H (500MHz) and *C (125MHz) NMR spectral data of compound DFFFI11

and p-amyrin acetate in CDCl3

DFFFI11 B-amyrin acetate literature data®

Position =5 "mult (3in Hz) Sc, mult, 5 mult (Jin Hz) 5

1 39.0 CH, 38.8
2 27.4 CH, 26.8
3 443 m 81.1 CH 4.48 dd (4.4, 11.5) 81.2
4 - 389 C 38.9
5 55.5 CH 0.71 55.3
6 19.1 CH, 1.53 18.6
7 32.8 CH, 32.9
8 409 C 40.2
9 47.7 CH 47.4
10 372¢C 37.1
11 232 CH, 1.84 23.8
12 5.11t(3.7) 122.1 CH 5.16 t(3.5) 121.9
13 1455 C 145.4
14 418 C 41.9
15 26.6 CH, 26.3
16 27.1 CH, 27.1
17 326 C 32.7
18 1.90 m 47.7 CH 1.89 47.8
19 472 CH, 46.7
20 314 C 31.0
21 37.3 CH, 37.3
22 35.0 CH, 34.9
23 0.80 s 16.8 CHs 0.77 s 15.7
24 0.80 s 28.1 CH;, 0.98 s 28.8
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25 0.89 s 15.6 CH; 0.92 s
26 0.89 s 16.8 CH; 0.94 s
27 1.05 s 26.1 CH3 111 s
28 0.75 28.6 CH3 0.81s
29 0.80 s 33.4 CH; 0.85s
30 0.80 s 23.7 CH; 0.85 s
r - 171.8

2’ 1.97 21.3 2.02

14.8
17.0
26.7

28.6

33.8
23.9

171.5

21.5

% ( Okoye et al., 2014)
11.1.3.4. Polyols

11.1.3.4.1. Elucidation of DGF1

Compound DGF1 was isolated as beige crystals during the maceration of the leaves of

D. gilletii. It gave a red coloration with molish test characteristic of sugars. Its ESIMS showed

in negative mode the pseudo molecular ion peak [M-H]™ at m/z 163.4 which is in agreement

with the molecular formula C¢H1,0s implying one degree of unsaturation. On its *H and **C

NMR spectra (Figures 105 and 106 respectively) were observed signals of five oxymethines
at oy 3.29 (td, J = 8.9, 3.8 Hz)/ dc 75.3, oy 3.40 (M) / o¢c 71.7, on 3.47 (m) / d¢c 69.2, dn 3.59
(0, J=35Hz)/6c 73.1, 6y 3.67 (t, J = 3.4 Hz) / oc 68.7, a signal of one methylene group at
on 1.61 (M) / oc 35.0 and signals of five hydroxyl groups at oy 4.38 (d, J = 5.9 Hz), Jy4 4.55
(d, J=4.3 Hz), 64 4.58 (d, J =4.8 Hz), 61 4.65 (d, J =3.6 Hz) and 0, 4.88 (d, J =3.4 Hz).
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Figure 105: *H NMR spectrum (500 MHz) of compound DGF1 in DMSO-dg
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Figure 106: *C NMR spectrum (125 MHz) of compound DGF1 in DMSO-ds

The Comparison of these spectroscopic data with those existing in the literature
established compound DGF1 as D-Quercitol, a known compound previously isolated from

Mimusops elengi by Venkateswara et al. in 2014.

Moreover, the X ray diffraction of this compound permitted to establish its relative

configuration.

Figure 107: ORTEP-like view of compound DGF1
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Table 26: *H (500MHz) and *C (125MHz) NMR assignments of compound DGF1 in
DMSO-ds and Quercitol in D,0.

DGF1 Quercitol literature data®

Position ~5, ‘mult (3 in Hz) dc, mult S, mult (3 in Hz) dc, mult
1 3.47, m 69.2, CH 3.82, m 68.8, CH
2 3.29, td (3.8, 8.9) 75.3, CH 3.55, m 73.7, CH
3 3.40, m 71.7,CH 3.57, brs 71.4, CH
4 3.59, q (3.5) 73.1, CH 3.52,brs 70.8, CH
5 3.671(3.4) 68.7, CH 4.05, m 66.8, CH
6 1.61, m 35.0, CH, 1.78,dd (3.2, 10.0) 33.2, CH,
OH 458, d (4.8) - - _

OH 455, d (4.3) - - _

OH 4.38,d (5.9) - - -

OH 4,65, d (3.6) - - -

OH 4.88,d (3.4) - - _

@ (Shih et al., 2005)
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11.1.3.4.2. Elucidation of DFFFI114

Compound DFFFII14 was isolated as white crystals in the solvent system EtOAc
100%. It responded positively to the Molish test for sugar. The pseudo molecular ion peak
[M+Na]* at m/z 217.2 in ESIMS spectrum in positive mode was in agreement with the
molecular formula C;H:40s corresponding to one double bond equivalent. Its *H and *3C
NMR spectral data (Figures 108 and 109 respectively) displayed signals of five oxymethines
at oy 3.18 (dd, J =9.2, 7.8 Hz) / ¢ 75.1, 6y 3.29 (M) / 6¢c 71.6, 6y 3.30 (m) / oc 78.1, Jy 3.37
(m) / o¢c 78.0, 614 4.19 (d, J = 7.8 Hz) / 6c 105.5, signals of one oxymethylene group at oy 3.69
(dd, J=4.4,9.5Hz), o4 3.89 (M) / 6c 62.9 and a signal of one methoxy group at oy 3.55 (s) /
oc 57.4.
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Figure 108: *H NMR spectrum (500 MHz) of compound DFFFI114 in Methanol-d,
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The above spectroscopic data compared to those of the literature established
compound DFFF1114 to be methyl-8-D-glucopyranoside, which *C NMR spectroscopic data
are reported here for the first time.

HsC/

Figure 110: ORTEP-like view of compound DFFFI1114.

Table 27: 'H (500MHz) and *C (125MHz) NMR assignments of compound DFFFI114 in
Methanol-d,.

Position DFFFI114 methyl-g-D-glucopyranoside literature data®
on, mult (J in Hz) Jc, mult on, mult (J in Hz)

1 4.19,d (7.8) 105.5, CH 3.82, m

2 3.18,dd (7.8,9.2) 75.1, CH 3.55, m

3 3.37, m 78.0, CH 3.57, brs

4 3.30, m 78.1, CH 3.52,brs

5 329, m 71.6, CH 4.05, m

6 3.69, dd (4.4, 9.5) 62.9, CH, 3.78,dd (3.2, 10.0)
3.89, m

7 3.55, s 57.4, CHs
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11.1.3.4.3. Elucidation of DFFFII9

Compound DFFFII9 was isolated as a beige powder in the solvent system PE/EtOAc (1:3). It
gave a positive reaction to the molish test characteristic of sugar. On its *H and **C NMR
spectra (Figures 111 and 112 respectively), signals of six oxymethines at oy 2.68 (1H, t, J =
9.2 Hz) / 6c 86.0, oy 3.13 (2H, m) / oc 72.3, oy 3.43 (2H, dd, J = 9.5, 4.9 Hz) / ¢ 72.6, oy
3.69 (1H, m) / oc 72.9, a signal of one methoxy group at oy 3.45 (S) / Jc 62.2 and three
doublets corresponding to hydroxyl groups at oy 4.63 (2H, d, J = 4.8 Hz,), 64 4.51 (1H, d, J =
3.5 Hz) and oy 4.43 (2H, d, J = 5.6 Hz) were observed.

ocC! louwaNa_0604_D|
aaaaaaaaaaaaaaaaaaaa
4.5E+0
| e
r [ | /
// r— ~ } f / > o7
/ [
J J J / / 7
E+0O
F2.5E+07
H>2 H1 H3 H4 H6
i 2.0E+07
-OH L1.5e407
h - 5.0E+06
|- 0.0E+00
= T &3 T e
4.8 4‘.7 4‘.6 4‘.5 4‘.4 4‘.3 4‘.2 4‘.1 4‘.0 3‘.9 3‘.8 3‘.7 3‘.6 3‘.5 3‘.4 3‘.3 3‘.2 3‘.1 3‘.0 2‘.9 2‘.8 2‘.7 2‘.6 2‘.5 2‘.4 2‘3
f1 (|

pPpm)

Figure 111: *H NMR spectrum (500 MHz) of compound DFFFI19 in DMSO-ds
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Figure 112: *C NMR spectrum (125 MHz) of compound DFFF119 in DMSO-ds
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A comparison between these spectral data with those in the literature permitted
unambiguously to attribute to compound DFFFII9 the structure of 5-O-methyl-myo-inositol,
isolated from Podocarpus sellowii by Mukherjee et De Medeiros in 1988.

OH

Table 28: *H (500MHz) and *C (125MHz) NMR assignments of compound DFFFI19
and 5-O-methyl-myo-inositol in DMSO-ds.

Position DFFFI19 5-O-methyl-myo-inositol literature data®
S, mult (J in Hz) S¢, mult Sy, mult (J in Hz) S¢, mult

1/3 3.43, dd (4.9, 9.5) 72.6, CH 3.82, m 68.8, CH

2 3.69, m 72.9, CH 3.55, m 73.7, CH

4/6 3.13, m 72.3,CH 3.57, brs 71.4, CH

5 2.68,1(9.2) 86.0, CH 3.52, brs 70.8, CH

CHs, 3.45,s 62.2, CH, 4.05, m 66.8, CH

OH 4.63,d (4.8)

OH 4.43,d (5.6)

OH 451,d (3.5)

4(Mukherjee and De Medeiros, 1988)
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11.1.3.5. Polyterpene: elucidation of DFR4

Compound DFR4 was obtained as an incolor oil in the solvent system PE/EtOAc
(19:1). Its ESI mass spectrum showed in positive mode the pseudo molecular ion peak
[M+Na]* at m/z 429.2 compatible with the molecular formula CygHs0O, and implying five
degrees of unsaturations. The *H and **C NMR spectra of this compound displayed signals of
aromatic quaternary carbons at dc 121.0, oc 122.6, dc 118.4, oc 117.1 and two other bearing
oxygen atoms at dc 144.5, oc 145.5. These spectra also displayed signals of five methyl
groups at oy 0.88 (m) / ¢ 22.6, 64 0.85 (M) / oc 22.7, 64 0.83 (M) / 6¢c 19.6, oy 0.84/ oc 19.7,
on 1.16 (S) / oc 23.8 attached to an aliphatic chain and three other at 6y 2.04/ ¢ 11.3, oy 2.04/
oc 11.8 and oy 2.10/ o¢c 12.2 fixed to the benzene ring characteristics of tocopherols.
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Figure 113: *H NMR spectrum (500 MHz) of compound DFR4 in CDCl;
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Figure 114: 3C NMR spectrum (125 MHz) of compound DFR4 in CDCl;
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The above spectroscopic data coupled to those reported in the literature identified
compound DFR4 as a-tocopherol, a known compound previously isolated from Euryale ferox
by Han et al. in 2012.
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Table 29: *H (500MHz) and *C (125MHz) NMR assignments of compound DFR4 and a-
tocopherol in CDCl;

DFR4 a-tocopherol literature data®

Position oy mult (Jin Hz) dc, mult. on mult (Jin Hz) dc

2 747 C 745
3 315 CH;, 315
4 2.53 20.7 CH, 2.60 20.8
5 1184C 118.5
6 1445C 144.9
7 121.6 C 121.0
8 1226 C 122.5
9 1455C 145.6
10 117.1C 117.3
1¢ 39.3 CH, 39.8
2¢ 20.7 CH, 1.13 21.0
3¢ 37.4 CH, 37.4
4¢ 32.7 CH 329
5¢ 37.4 CH, 37.4
6’ 24.1 CH, 24,5
7 37.3 CH, 37.2
8 32.8 CH 32.7
9 374 CH 37.4
10° 24.8 CH, 24.5
1 39.4 CH, 39.6
12° 27.8 CH 28.0
13 0.85 m 22.7 CH; 0.85 22.6
C2-CH; 116s 23.8 CH,3 1.17 23.8
C5-CH; 204 s 11.3 CH;, 2.054 11.3
C7-CH;  210s 12.2 CH;, 2.11 12.2
C8-CH; 204 s 11.8 CH;, 2.04 11.9
C4-CH; 0.84m 19.7 CH;s 0.86 19.7
C8’-CHj; 0.83 m 19.6 CH; 0.83 195
C12’-CH; 0.88 m 22.9 CH;, 0.87 226

? (Baker et Myers, 1991)

Ph. D Thesls presented by Nathalie S. Jouwn T.



11.1.3.6. Carotenoid: elucidation of DFFFII117D

Compound DFFFII17D was obtained as a red powder in the solvent system PE/EtOAc
(4:1). Its ESI mass spectrum showed in positive mode the pseudo molecular ion peak [M+H]"
at m/z 569.4 compatible with the molecular formula C4Hss0, and implying thirteen degrees
of unsaturations. Analysis of its *H and *C NMR data identified DFFFII17D as lutein, a

known compound previously isolated from Oxyanthus speciosus by Aro et al. in 2019.
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Figure 115: 'H NMR spectrum of compound DFFFI1117D (500MHz) in Methanol-d, +
CDCl;
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Figure 116: 3C NMR spectrum (125 MHz) of compound DFFFI1117D in Methanol-d; +
CDCl;
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Table 30: *H (500MHz) and *C (125MHz) NMR assignments of compound DFFFI1117D

in Methanol-d; + CDClI; and lutein in Acetone-dg

DFFFI117D lutein literature data®
Position &, mult (JinHz) 8¢, mult. 3y mult (Jin Hz) 3¢
ur 37.3/347 C 37.1/34.1
2/2° 48.8/43.9 CH, 1.50/1.37 m 48.4/44.7
3/3’ 65.6/65.5 CH 4.03/4.26 m 65.1/65.9
414 42.7/125.0 CH, 2.05/2.42 m 42.5/125.6
5/5° 126.3/138.1 C 126.2/137.8
6/6° 136.9/54.7 C 137.6/55.0
77 6.14/5.50 m 126.2.128.1 CH 6.12/5.46 125.6/128.6
8/8’ 6.69/6.70 m 138.1/137.3 CH 6.67/6.67 138.5/137.8
9/9¢ 135.9/135.4 C 135.6/135.0
10/10¢ 131.3/130.5 CH 131.3/130.8
11/11¢ 6.73/6.73 m 125.6 CH 6.73/6.74 dd 124.9
12/12¢ 6.32/6.33 m 137.1 CH 6.30/6.30 d 137.6
13/13° 136.8 C 136.5
14/14° 6.22/6.23 m 132.0 CH 6.25/6.25 132.6
15/15° 6.64/6.64 m 130.6 CH, 6.63/6.63 m 130.0
16/16’ 1.06/1.04 29.6 CH; 1.08/1.01 28.7
17n7r 1.07/0.88 30.8 CH; 1.08/0.86 30.2
18/18’ 1.78/1.62 22.4/22.7 CH;, 1.74/1.63 21.7/21.6
19/19° 1.97/1.90 13.7/13.4  CH, 1.97/1.92 12.8/12.7
20/20° 1.96/1.31 13.6/13.5 CH, 1.97/1.26 12.8/12.7

% (Moss, 1976; Kull et Pfander, 1997)

11.1.3.7. Monoglyceride: elucidation of compound DFR6
Compound DFR6 was obtained as a brown oil in the solvent system PE/EtOAc (3:2).
The molecular formula C3;Hg,Os of this compound was established by its HR-ESI mass
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spectrum which showed the pseudo molecular ion peak [M+Na]® at m/z 537.4487 and

corresponding to one unsaturation.

100+ 53?.]448? 1.12e7
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Figure 117: HR-ESI mass spectrum of compound DFR6

Its *H and **C NMR spectra exhibited signals of alkoxy protons and carbons at Jy 4.71
(ddd, J =11.1, 4.6, 2.4 Hz)/ 6 66.6, oy 4.64 (ddd, J = 11.1, 6.4, 2.4 Hz)/ 6¢ 66.6, oy 4.44 (m)/
oc 70.8, oy 4.12 (dd, J = 5.5, 2.4 Hz), signals of four alkyl deshielded methylenes at oy 2.34
(m)/ oc 34.2, oy 1.74(m)/ o¢c 33.5, oy 1.62(m)/ oc 26.3 and Jy 1.49(m)/ oc 25.0 signal of one
carbonyl of ester at dc 173.3 and signals of the alkyl chain. The *H COSY correlations
observed between proton at oy 4.44 and the other four alkoxy protons were indicative of the
presence of a glycerol moiety (Chang et al., 2008). Additional signal was observed at dy 3.87

(td, J = 6.6, 2.3 Hz) / 6c 61.9 corresponding to one oxymethylene and the absence of terminal

methyl in the spectra of this compound suggested that this oxymethylene was terminal.
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Figure 118: *H NMR spectrum (500 MHz) of compound DFR6 in CsDsN
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Figure 119: 3C NMR spectrum (125 MHz) of compound DFR6 in CsDsN
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Based on the above spectroscopic data, compound DFR6 was identified as 1-O-(28-

hydroxyoctacosanoyl) glycerol, a known compound isolated for the first time from

cinnamomum camphora by Mukherjee et al. in 1994.

HO

28' 26'

27" 3 1

Table 31: *H (500MHz) and **C (125MHz) NMR assignments of compound DFR6 in
CsDsN and 1-(28-hydroxyoctacosanoyl)glycerol in CsDsN

DFR6 1-(28-hydroxyoctacosanoyl)glycerol
Position literature data®

oy mult (JinHz) dc, mult. oy mult (JinHz) Jc
1 4.12dd (5.5, 2.4) 64.3 (CH,) 4.64 dd (11.8, 6.5) 66.7

472 dd (11.8, 4.3)

2 4.44m 70.8 4.44m 70.9
3a 4.64ddd (11.1,6.4,2.4)  66.6 (CH,) 4.12d (5.9) 64.1
3b 4.71ddd (11.1, 4.6, 2.4)
K 173.3(C) 173.5
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2 2.34m 34.2 (CHy) 2.321(7.9) 344

3 162 m 26.6 (CH,) 1.65m 26.5
4 150 m 29.5 (CH,) 150 m 30.1-29.3
5°-25° 1.25 brs 30.1-29.6 (CHy) 1.28 brs 30.1-29.3
26’ 1.49 m 25.0 (CH,) 152m 253
27’ 1.74m 33.5 (CHy) 176 m 337
28’ 3.87td (6.6,2.3) 61.9 (CH,) 3.841(6.6) 62.1

4 Mukherijee et al., 1994)

11.1.3.8. Sterols

11.1.3.8.1. Elucidation of compound DGTFI4

Compound DGTFI4 was isolated as white needles in the solvent system PE/EtOAc (19:1). It
gave a positive green coloration to the Liebermann-Burchard test indicative its steroidic
nature. On its ESIMS, a sodiated pseudo molecular ion peak [M+Na]* at m/z 435.4 which is in
accordance with the molecular formula C,9H430 implying six double bonds is observed.

Inters. [ = +W5, 0.2-0.3rmin #(10-16), Bax

381.3

[M+Na]"

5132

4633

Lo (%P2 sesa 58145915

550 miz

Figure 121: ESI mass spectrum of compound DGTFI14

The *H NMR spectrum of this compound displayed signals of one olefinic proton at d
5.37 (H-6, brs) and one oxymethine proton at dy 4.61 (H-3, m) characteristic of S-sitosterol
and signals of three olefinic protons at oy 5.37 (H-6, brs) oy 5.15 (H-22, dd, J = 14.6, 8.4 Hz)
and oy 5.02 (H-23, dd, J = 15.6, 8.4 Hz) corresponding to signals of stigmsterol.
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Figure 122: *H NMR spectrum (500 MHz) of compound DGTFI4 in CDCls;

OC3_ DongmoWi_0919_FrsBAL17 F3E+08
OC3_ DongmoWi_0919_FrsBA17_C13CPD
2E+08
F2E+08
F2E+08
2E+08
F2ZE+08
1E+08
H1E+08
+BE+07
GE+07

FaE+07

L | A 1| TN 11

t-2E+07

80
f1 (ppm)

Figure 123: *C NMR spectrum (125 MHz) of compound DGTFI4 in CsDsN

Therefore compound DGTFI4 was identified as a mixture of stigmasterol and g-sitosterol,

previously isolated from Rubus suavissimus by Chaturvedula et Prakashin in 2012.
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Table 32: *H (500MHz) and *C (125MHz) NMR assignments of compound DGTFI4 in
CDCl;

DGTFI4
75 a 75b

Position s, mult (JinHz)  Jc, mult. Sy mult JinHz) ¢, mult,
1 37.0 CH, 37.0 CH,
2 28.2 CH, 28.2 CH,
3 461 m 73.6 CH 4.61 m 73.6 CH
4 39.7 CH, 39.7 CH,
5 139.7 C 139.7 C
6 5.37 brs 1225 C 5.37 brs 1225 C
7 31.9 CH, 31.9 CH,
8 31.8 C 31.8 C

9 50.0 CH 51.2 CH
10 36.6 C 36.6 C

11 21.0 CH, 21.0 CH,
12 38.1 CH, 38.1 CH,
13 42.3 CH 42.3 CH
14 56.7 CH 56.7 CH
15 24.3 CH, 24.3 CH,
16 26.1 CH, 26.1 CH,
17 56.0 CH 56.0 CH
18 0.68 s 11.8 CH; 0.68 s 11.8 CHj;
19 1.02 s 19.0 CH; 1.02 s 19.0 CHj;
20 36.1 CH 36.1 CH
21 0.92 d (6.6) 188 CH,  0.92 d (6.6) 18.8 CH;,
22 33.9 CH, 5.15 dd (14.6,8.4) 138.3CH
23 29.7 CH, 5.02 dd (15.6,8.4) 129.3CH
24 458 CH 51.2 CH
25 29.1 CH 28.1 CH
26 0.83 m 19.8 CH; 0.83 m 19.8 CHj;
27 0.81 m 19.3 CH; 0.81 m 19.3 CHj;
28 23.0 CH, 23.0 CH,
29 0.87 m 12.0 CH; 0.87 m 12.0 CHj;
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11.1.3.8.2. Elucidation of DGTFIII3

Compound DGTFIII3 was isolated as a beige powder in the solvent system PE/EtOAc
(2:3). It responded positively to the Liebermann Burchard reagent with a green coloration
characteristic of steroids. Its ESIMS in negative mode showed the pseudo molecular ion peak
[M-H] at m/z 575.4 which correspond to the molecular formula CssHgoOs implying seven
degrees of insaturation. Analysis of its *H and *C NMR data identified DGTFIII3 as a
mixture of stigmasterol-3-O-f-D-glucoside 76 b and pg-sitosterol-3-O-$-D-glucopyranoside 76

a, previously isolated from Viola odorata by Peshin et Kar in 2017.

rens, - 5, 9,5:0 2min #(3-14), Backgrond Subtracted
X0
G185
15 [M H]'
w32
o 1871
053
051
57
6AT 4 |
4314 1 |
I 2131 631 ‘WEE l \ 3 s s 8335 |
¥ 7318
ba lul].l T .].IL].II .L ' J.,“_ LAl o el |l I.hl et By AILI. el . _|J
100 200 300 a0 500 800 700 600 iz

Figure 124: ESI mass spectrum of compound DGTFIII13
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Figure 125: 'H NMR spectrum (500 MHz) of compound DGTFIII3 in Methanol-d, +
CDCls
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Figure 126: *C NMR spectrum (125 MHz) of compound DGTFI113 in Methanol-d, +
CDCl;

3
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Table 33: *H (500MHz) and **C (125MHz) NMR assignments of compound DGTFI1113 in
Methanol-d, + CDCl3

DGTFIII3
76 a 76 b

Position s, mult JinHz)  Jc, mult. S mult (Jin Hz) e, mult,
1 38.3 CH, 38.3 CH,
2 33.3 CH, 33.3 CH,
3 347 m 76.9 CH 347 m 76.9 CH
4 41.8 CH, 41.8 CH,
5 140.4 C 140.4 C
6 5.32 brs 1211 C 5.32 brs 1211 C
7 31.4 CH, 31.4 CH,
8 313 C 313 C
9 50.6 CH 50.6 CH
10 36.8 C 36.8 C
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11.2. CHEMICAL TRANSFORMATIONS

The second part of our work consisted on the undertaking of chemical transformations
on some compounds, in order to confirm their structure and/or increase their biological

activities.

11.2.1. Acetylation

11.2.1.1. Acetylation of DGET4

Compound DGET4 underwent an acetylation reaction of all the hydroxyl functions
present in its structure to yield the acetylated derivative DGET4Ac with a yield of 67.2 %.
This transformation has been performed by stirring at room temperature this compound in the

presence of acetic anhydride and pyridine 90%.

(0]
HO o OH \’//O
° O
HO Pyridin/ Ac,0 o
OH O OHO Room temperature / 12 h o
OH

” A

Scheme 12 : Acetylation reaction progress of compound DGET4

HRESIMS of compound DGET4Ac showed in positive mode (Figure 127) the sodium
adduct ion peak [M+Na]" at m/z 709.1378.
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Figure 127: ESI mass spectrum of compound DGET4Ac

The formation of the acetylated derivative DGET4Ac was further confirmed by the

appearance on 'H and **C NMR spectra of this compound of six signals of acetoxy group
including six methyls at oy 1.96 (3H, s), on 2.08 (3H, s), oy 2.30 (9H, s), on 2.33 (3H, s) and
six carbonyl of esters at 6¢c 170.9, ¢ 169.8, dc 169.2, dc 167.8, ¢ 166.7 and ¢ 167.2.
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Figure 128: *H NMR spectrum (500 MHz) of compound DGET4Ac in Methanol-d,
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Figure 129: *C NMR spectrum (125 MHz, Methanol-ds) of compound DGET4Ac.

Therefore compound DGET4Ac was identified as the new per-acetylated derivative of

4-0-p-hydroxybenzoylnorbergenin.
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Table 34: 'H (500MHz) and **C (125MHz) NMR assignments of compounds DGET4 (4-
O-p-hydroxybenzoylnorbergenin) in Methanol-d, and DGET4Ac (per-acetylated 4-O-p-
hydroxybenzoylnorbergenin) in Methanol-d, + CDCls.

Position DGET4 DGET4Ac
on, mult (J in Hz) dc, mult dn, mult (J in Hz) dc, mult
2 3.82,m 83.1, CH 3.92,m 76.5, CH
3.80,m 70.2, CH 5.29,m 67.9, CH
4 5.60, dd (8.4, 9.8) 76.2, CH 5.75, t (9.5) 72.6,CH
4a 4.42,1(10.4) 79.1,CH 4,56, t (10.6) 76.9, CH
6 - 166.0, C - 161.7, C
6a - 114.1,C - 129.4,C
7 7.08,s 111.1, CH 7.84,s 121.6, CH
8 - 147.4,C - 143.7,C
9 - 1415, C - 1405, C
10 - 143.7,C - 1408, C
10a - 117.0,C - 123.4,C
10b 5.14, d (10.4) 74.4,CH 4.98, d (10.6) 72.7,CH
11 4.04,dd (11.6, 1.6) 62.5, CH, 432,dd (2.2,12.8) 61.8, CH,
3.75,m 4.15, dd (3.6 ,12.8)
r - 122.0,C - 129.4,C
2°/6’ 7.97,d (8.8) 133.2, CH 8.08,d (8.9 121.8, CH
3'/5° 6.84,d (8.8) 116.1, CH 7.18,d (8.9) 131.4, CH
4 - 163.7, C - 154.8, C
ok - 167.5, C - 164.9, C
OAc
3 - - 1.96, s 19.7, CHy
8 - - 2.30,s" 20.0, CH;"
9 - - 2.08,s" 20.3, CH;"
10 - - 2.30,s" 20.1, CH;"
11 - - 2.33, s 20.7, CH;"
4 - - 2.30, s 20.1, CH;"
co - - 166.7
co - - 167.2
co - - 170.9
co - - 169.8
co - - 167.8
co - - 169.2

“value are exchangeable
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11.2.1.2. Acetylation of DFR5

Acetylation of compound DFR5 was achieved with acetic anhydride in pyridine by
following the same conditions reaction used for compound DGET4 to yield the acetylated
derivative DFR5AC (72.1%).

OH
Pyridin/ Ac,0

O Room temperature / 12 h

X,

Scheme 13 : Acetylation reaction process of compound DFR5

ESI mass spectrum of compound DFR5Ac showed in negative mode a pseudo
molecular ion peak [M-H]" at m/z 497.2 corresponding to the mass of betulinic acid on which

one acetoxy group was added.
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Figure 130: ESI mass spectrum of compound DFR5Ac

The Formation of the acetylated derivative was further confirmed on one hand by
the appearence on the *H NMR spectrum of compound DFR5Ac, in addition to signals
observed for betulinic acid, of one additional singlet of methyl at 6y 1.97 and on the other
hand by the change on chemical shift of signal of proton H-3 which appeared downfield at oy
4.40 (1H, m).
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Figure 131: *H NMR spectrum of compound DFR5Ac (500 MHz, CDCls).

On the basis of the above spectroscopic data, compound DFR5Ac was identified as

betulinic acid acetate.
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Table 35: 'H (500MHz) NMR assignment of compounds DFR5 (betulinic acid) in
Methanol-d, + CDCl3z and DFR5ACc (betulinic acid acetate) in CDCls.

DFR5 DFR5AC

Position on mult (Jin Hz) dc, mult. oy mult (JinHz) oc

1 39.3 CH, 39.5
2 28.3 CH, 28.7
3 3.12dd (10.9,5.4) 78.1 CH 4.40m 78.1
4 - 395 C 395
5 0.67m 55.9 CH 0.82 m 56.0
6 18.8 CH, 18.8
7 34.8 CH, 34.9
8 411 C 41.1
9 50.9 CH 51.0
10 376 C 37.6
11 21.2 CH, 21.2
12 26.1 CH, 26.2
13 38.6 CH 38.7
14 428 C 42.9
15 31.2 CH, 30.3
16 32.9 CH;, 32.9
17 56.6 C 56.9
18 49.7 CH 49.8
19 3.00 m 47.8 CH 352 m 47.8
20 1513 C 151.3
21 30.3 CH, 31.2
22 37.5 CH, 37.6
23 121 s 28.6 CHj 122 s 28.7
24 0.99 s 16.3 CH; 1.00 s 16.3
25 0.81 s 16.4 CH; 0.83 s 16.4
26 1.04 s 16.4 CHj 1.06 s 16.4
27 1.06 s 15.0 CH; 1.07 s 14.9
28 - 1788 C - 178.8
29 4.93 brs 109.9 CH, 495 s 109.9

4.76 brs 4.77 s

30 1.78 s 19.5 CH; 1.79 s 19.5
1 - - - 171.6
2’ - - 1.97 21.3
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11.2.1.3. Acetylation of DFFFI113I

Acetylation of compound DFFFII13I followed the same condition reactions than
those of compounds DGET4 and DFRS5. This reaction yielded compound DFFFII13IA with
an efficiency of 61.4 %.

HO

OH
Pyridin/ Ac,O

HO,,
‘ O Room temperature / 12 h

Scheme 14 : Acetylation reaction process of compound DFFFI1131

ESI mass spectrum of compound DFFFII131A showed in negative mode the pseudo
molecular ion peak [M-H] at m/z 601.2 corresponding to the mass of vismiaefolic acid plus

two acetoxy groups.

e, —

ans.z

400 [M_H]-

ITET

200 2121

Figure 132: ESI mass spectrum of compound DFFFII13I1A

The *H NMR spectrum of compound DFFFII13IA showed, in addition to signals
observed for vismiaefolic acid, two singlets of methyl at o4 1.97 and Jy 2.07. This spectrum
also showed the signals of methine protons H-2 and H-3 downfield at oy 5.73 (m) and oy 4.79
(d, J = 10.4 Hz) respectively, which confirmed the fact that acetoxy groups were fixed at
positions C-2 and C-3.
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Figure 133: 'H NMR spectra of compound DFFFII131A (500 MHz) in Methanol-d,.

The above spectroscopic data established compound DFFFII13IA as per acetylated

derivative of vismiaefolic acid.

Table 36: 'H (500MHz) NMR assignment of compounds DFFF11131 (vismiaefolic acid)
in DMSO-dg and DFFFII131A (per-acetylated vismiaefolic acid) in Methanol-d,.

DFFFI113I DFFFII13IA

Position on mult (Jin Hz) dc, mult. on mult (Jin Hz) Jc

1 47.9 CH, 48.1
2 3.93m 67.3 CH 573 m 68.2
3 2.75d (9.7) 83.0 CH 4.79d (10.4) 83.7
4 493 C 49.7
5 0.94m 55.9 CH 1.18 m 56.5
6 19.1 CH, 20.6

Ph. D Thesls presented by Nathalie S. Jouwn T.



7 32.6 CH, 33.4

8 40.1 C 39.9
9 46.7 CH 1.87m 46.8
10 38.3C 38.6
11 24.2 CH, 23.9
12 5.18t(3.7) 127.3 CH 5.51 brs 127.6
13 139.0 C 139.5
14 40.4 C 41.9
15 29.1 CH, 28.9
16 25.0 CH, 26.0
17 476 C 47.9
18 2.38s 53.7 CH 2.96s 54.3
19 722 C 72.3
20 41.7 CH 42.0
21 26.6 CH, 26.5
22 38.8 CH, 38.1
23 1.29 s 24.8 CHjs 1.68 s 24.7
24 1783 C 180.3
25 0.85 s 15.0 CH; 1.11 s 14.9
26 0.70 s 17.0 CH, 1.05 s 16.8
27 1.29 s 24.4 CH, 1.65s 24.2
28 179.5C 180.5
29 1.08 s 26.9 CHj 1.39.d (6.5) 26.7
30 0.84 d (6.7) 16.8 CH, 1.06d (6.0) 16.4
1 - - - 172.3
2’ - - 2.02 21.5
3 - - - 171.7
¥ - - 1.98 22.6
11.2.2. Allylation

11.2.2.1. Allylation of DGET4

Compound DGET4 was subjected to an allylation reaction using allyl bromide and
calcium carbonate in anhydrous acetone. This reaction was performed at 70°C during 4 Hours
and all the phenolic hydroxide present in the structure of this compound reacted to yield a per
allylated derivative named DGET4AI (58.6 %).
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Scheme 15 : Allylation reaction process of compound DGET4

HRESIMS of this compound showed in positive mode the pseudo molecular ion peak
[M+Na]®* at m/z 617.1998, which corresponded to the mass of 4-O-p-

hydroxybenzoylnorbergenin added to four allyl groups.

—

0C3_IOUWANA_1211_DGET4ALS_01 42 (0.727) A2 (Ar 20000.0,556.28,0.00) Cm (14:1) TO;,E:;‘ 2:28

1004 617.1998 ; 1&%

[M+Na]*
e
618.2029
619.2051 621417
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Figure 134: HRESI mass spectrum of compound DGET4AI

This information was supported by the *H and **C NMR spectra of compound
DGET4AIl which showed, in addition to the signal of 4-O-p-hydroxybenzoylnorbergenin,
signals of four allyl groups including four oxymethylenes at oy 4.54 (2H, m) / 6¢c 68.9, oy 4.56
(2H, m) / 6c 69.9, oy 4.58 (2H, m) / 6c 74.4, 6y 4.58 (2H, m) / oc 74.5, olefinic protons and
carbons at 64 5.21 (2H, m) / dc 117.6, 54 5.24 (2H, m) / 5¢ 118.2, 6y 5.26 (2H, m) / oc 118.3,
S 5.28 (2H, m) / dc 118.4, 54 6.01 (1H, m) / dc 132.2, 5 6.01 (1H, m) / dc 132.3, 6y 6.01
(1H, m) / 6c 133.5 and dy 6.01 (1H, m) / 6¢c 133.6.
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Figure 135: *H NMR spectrum of compound DGET4AI
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Figure 136: *C NMR spectrum of compound DGET4AI
Based on those spectroscopic data, compound DGET4AI was identified as the new per

allylated derivative of 4-O-p-hydroxybenzoylnorbergenin.
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Table 37: *H (500 MHz) and **C (125MHz) NMR assignment of compounds DGET4 in
Methanol-d, and DGET4AIl in CDCls.

Position DGET4 DGET4AI
on, mult (J in Hz) Jc, mult Jn, mult (J in Hz) dc, mult
2 3.82,m 83.1, CH 3.92, m 81.2, CH
3.80,m 70.2, CH 5.29, m 70.9, CH
4 5.60, dd (8.4, 9.8) 76.2, CH 5.75, 1 (9.5) 76.7,CH
4a 4.42,1(10.4) 79.1, CH 4,56, t (10.6) 79.2, CH
6 - 166.0, C - 163.0,C
6a - 114.1,C - 114.4,C
7 7.08,s 111.1, CH 7.84,s 111.3, CH
- 147.4,C - 147.0,C
- 141.5,C - 140.5,C
10 - 143.7,C - 141.9,C
10a - 117.0,C - 117.7,C
10b 5.14, d (10.4) 74.4, CH 4.98,d (10.6) 74.1, CH
11 4.04,dd (11.6,1.6)  62.5, CH, 432,dd (2.2,12.8)  61.8, CH,
3.75, m 4.15, dd (3.6 ,12.8)
1 - 122.0,C - 122.6,C
2°/6° 7.97,d (8.8) 133.2, CH 8.08,d (8.9 133.7, CH
3/5° 6.84, d (8.8) 116.1, CH 7.18,d (8.9) 117.6, CH
4 - 163.7,C - 163.3,C
7 - 167.5, C - 167.7,C
OCH,
8 - - 1.96,s 19.7, CHy"
9 - - 2.30,s 20.0, CH;
10 - - 2.08,s 20.3, CH;
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11.2.2.2. Allylation of DFR5
This reaction was performed at 70°C by using sodium hydroxide and allyl bromide in
anhydrous acetone and the allylated derivative DFR5AI (64.9 %) was obtained after 4 Hours

of agitation.

Br
OH NaOH, - , Acetone

70°C, 4 H

HO

Scheme 16 : Allylation reaction process of compound DFR5AI

ESI mass spectrum of this compound showed in positive mode the pseudo molecular
ion peak [M+Na]" at m/z 519.4 corresponding to the mass of betulinic acid on which one allyl

group was added.
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Figure 137: ESI mass spectrum of compound DFR5AI

Its 'H NMR spectrum was in accordance with its mass spectrum by showing in
addition to signals of betulinic acid another signals corresponding to an allyl groupement
including one oxymethylene at oy 4.49 (2H, m) and three olefinic protons at oy 5.17 (m), Ju
5.29 (m) and dy 5.85 (m).

Ph. D Thesls presented by Nathalie S. Jouwn T.



OC3_JouwaNa_1125_DGFACAL10.fid
Na. Jouwa, OC3, DGFACAL [ 80000
PROTON128 CDCI3 {C:\Bruker\TopSpin3.0} Service 2
. L 75000
‘ |- 7ooo00
| ‘ [ [ (~ pesooo
ala A Feaoao
r ] / / ‘ I
r
v /J JJ Vavs J J ]
|- 55000
|- soooo
45000
|- 40000
- 35000
000000
L 25000
|- 20000
L 15000
I 10000
M o
W JUA N U [,
£ Py 2'd gz < PR whdy 5000
; : : : : : : : : : : :
7.5 7.0 6.5 6.0 5.5 5.0 as 4.0 35 3.0 s 2.0 1.5 o 0.5
f1 (ppm)

Figure 138: *H NMR spectrum (500 MHz) of compound DFR5AI in CDCl;

The above spetroscopic data attributed to DFR5AI the structure of betulinic acid 28-
allyle

11.2.2.3. Allylation of DGF5
Allylation of compound DGF5 followed the same condition reaction than that of

compound DFR5. This reaction yielded compound DGF5AI with an efficiency of 53.1 %.
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Scheme 17 : Allylation reaction process of compound DGF5

The ESI spectrum of this compound showed in positive mode a pseudo molecular ion
peak [M+Na]* at m/z 519.3 which is attributable to the mass of ursolic acid plus an allyl
group.

[M+Na]"

Z57 .1

pi=Fighed

2191

0.25

2T
EETR | |

G,D:J:- iLuf —Jﬁ-uu-l-‘-"-"

Z00

sas 7TO0BS  gaq 0
U ' mrk 4
i

Figure 139: ESI mass spectrum of compound DGF5AI

The allyl group was further confirmed to be a part of this molecule by means of *H
NMR spectrum of compound DGF5AI which showed signals of an oxymethylene at oy 4.43
(2H, m) and three olefinic protons at dy 5.13 (M), 4 5.24 (M) and oy 5.82 (m).
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Figure 140: *H NMR spectrum of compound DGF5AI

Therefore compound DGF5AI was identified as ursolic acid 28-allyle
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11.3. BIOLOGICAL ACTIVITIES OF EXTRACTS AND SOME ISOLATED
COMPOUNDS

In order to valorise the compounds isolated in our two selected plant extracts and to
justify the uses of these plants in traditional medicine, we were interested in the evaluation of

three biological activities: antibacterial, antioxidant and cytotoxic activities.

11.3.1. Cytotoxic activity

The cytotoxicity of some extracts and compounds was evaluated on two cancers cell
lines: The human cervix carcinoma cell line KB-3-1 and the human colon cancer cell line HT-
29. Methanolic extracts of the leaves, twigs and stem bark of Diospyros gilletii as well as
methanolic extracts of the leaves and roots of Diospyros fragans were evaluated together with
twenty-one compounds (ursolic acid, corosolic acid, vismiaefolic acid, lupeol, myrtifolic acid,
uvaol, betulinic acid, betulinic acid acetate, betulinic acid 28-allyle, per acetylated
vismiaefolic acid, per allylated vismiaefolic acid, norbergenin, 4-O-galloylnorbergenin, 4-O-
p-hydroxybenzoylnorbergenin,11-O-E-cinnamoylnorbergenin,11-O-p-
hydroxybenzoylnorbergenin, per acetylated 4-O-p-hydroxybenzoylnorbergenin, per allylated
4-0-p-hydroxybenzoylnorbergenin, luteine, 1-O-(28-Hydroxyoctacosanoyl) glycerol) at the
concentration of 0.00025 mol/L for compounds and 0.1 mg/mL for extracts. The results are

reported in the Table 38 below.

Table 38: Cytotoxicity of some compounds and extracts from D. gilletii and D. fragrans

Compounds ICso (UM)
KB-3-1 HT-29

DGF2

DGF5 50.9 344

DGF5AI

DGF7 14.7 16.5

DFR5

DFR5Ac

DFR5AI

DFR6

DFFFI8

DFFFI8B

DFFFII13I

DFFFII13IA

DFFFII14

DFFFII17D

DGET4

DGET4Ac 24.0
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DGET4AI - -

DGET5B - -

DGF8 - -

DGET1 - -

DGTFIV1E - -

Extracts I1Csq (UM)

Diospyros gilletii leaves - -

Diospyros gilletii twigs - -

Diospyros gilletii stem - -

Diospyros fragrans leaves - -

Diospyros fragrans roots - -

Reference (Griseofulvin) 17 uM 21 uM

(-) not active

It appeared from this table that ursolic acid and corosolic acid, two triterpenes
belonging to the urs-12-ene serie and having carboxylic acid and alcohol functions, exhibited
some level of activity on the both cancer cells tested. Corosolic acid which possess one more
alcohol function in position 2 than ursolic acid was found to be more active than the reference
used. This could mean that the cytotoxic activity of the urs-12-ene triterpenes on cancer cells
KB-3-1 and HT-29 increases with the number of hydroxyl functions and their position. But in
that case vismiaefolic acid, which is also a triterpene from urs-12-ene serie with three alcohol
functions should be more active than corosolic acid, which is not the case. More
investigations should be done on these triterpenes in order to find the groupement responsible

for the activity observed and their position in the triterpenic skeleton.

Per acetylated derivative of 4-O-p-hydroxybenzoylnorbergenin from the acetylation
reaction of compound 4-O-p-hydroxybenzoylnorbergenin showed a moderate activity on
cancer cells KB-3-1 while compound 4-O-p-hydroxybenzoylnorbergenin didn’t show any
activity. This activity observed for the acetylated derivative can be directly linked to the
number of ester groups present in the structure of this compound. In fact, most of the
compounds presents in the literature and containing either ester or lactone groupements are
found to exhibit moderate to good cytotoxic activities against cancers cell line (Kikuchi et al.,

2011). More investigations should be done to confirm this hypothesis.

None of the extracts showed activity on the cancer cells tested, which would mean
that the activity observed in the case of ursolic and corosolic acid was masked within the

extracts by the presence of other compounds having antagonistic effects.
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Figure 141: 1Cs values of compounds DGF5, DGF7 and DGET4Ac
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11.3.2. Antioxidant activity

The antioxidant activity of some compounds was evaluated using DPPH method based
on the hydrogen donating capabilities of antioxidants to a stable free radical such as 2, 2-
diphenyl-1-picrylhydrazyl (DPPH). The DPPH radical has a deep violet color in solution, and
it becomes colorless or pale yellow when neutralized. Norbergenin, 4-O-galloylnorbergenin,
4-O-p-hydroxybenzoylnorbergenin, 11-O-(E)-cinnamoylnorbergenin, 11-O-p-
hydroxybenzoylnorbergenin and per acetylated 4-O-p-hydroxybenzoylnorbergenin were
evaluated for their antioxidant capacities over the range of 500 - 0,5 pg/mL concentration.

Trolox was used as positive control and the results are shown in the table 39 below.

Table 39: Antioxidant activities of some isolated compounds

Compound 1Cs0 (ng/mL)

DGET1 41.6
DGET4 8.2

DGET5S 22.0
DGF8 23.8
DGTFIV1E 144.0
DGET4Ac >250
Trolox 37.0

All the compounds have the same basic skeleton with different substituents and they
all  exhibited good antioxidant activity, except per acetylated 4-O-p-
hydroxybenzoylnorbergenin which showed 1Cso beyond 250 pg/mL. That can be explained by
the loss of its hydrogen donating which were replaced by acetoxy groups during the
acetylation reaction. It appeared from this table that the different substituents and their
position on the basic skeleton influence the antioxidant activity, and a great variation is
observed when the substitution occurs at C-4 of the norbergenin nucleus. In fact, 4-O-p-
hydroxybenzoylnorbergenin exhibited the best activity with an 1Csy value of 8.2 pg/mL, but
its C-11 isomer 11-O-p-hydroxybenzoylnorbergenin exhibited less activity with an ICs, value
of 144.0 pg/mL. 4-O-galloylnorbergenin, which substituent is also at position C-4 showed
less activity than 4-O-p-hydroxybenzoylnorbergenin, meaning that the 4-O substitution in the
norbergenin nucleus with a para-hydroxybenzoyl moiety exhibited the better DPPH free

radical scavenging activity.
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Figure 142: 1Cs, values of antioxidant activities of some isolated compounds

11.3.3. Antibacterial activity

Methanolic extracts of the leaves, twigs, stem bark of Diospyros gilletii as well as
methanolic extracts of the leaves and roots of Diospyros fragans and some compounds were
evaluated for their antibacterial activities using the disk diffusion method on three gram
positive and two gram negative bacteria: Escherichia coli DSMZ 1058, Bacillus subtilis
DSMZ 704, Micrococcus luteus DSMZ 1605, Pseudomonas agarici DSMZ 11810 and
Staphylococcus warneri DSMZ 20036. The compounds tested were ursolic acid, corosolic

acid, vismiaefolic acid, lupeol, myrtifolic acid, uvaol, betulinic acid, betulinic acid acetate, per
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acetylated vismiaefolic acid, norbergenin, betulinic acid 28-allyle, ursolic acid 28-allyle, 4-O-
galloylnorbergenin, 4-O-p-hydroxybenzoylnorbergenin, 11-O-E-cinnamoylnorbergenin, 11-
O-p-hydroxybenzoylnorbergenin, per acetylated 4-O-p-hydroxybenzoylnorbergenin, luteine,
1-O-(28-Hydroxyoctacosanoyl) glycerol, quercitol and 5-O-methyl-5-D-glucopyranoside.
DMSO was used as negative control and Gentamycin as positive one. The concentrations
used were 0.5 pg/mL for compounds and 20 pg/mL for extracts and the results are given in
the table 40 below.

Table 40: Antibacterial activities of some isolated and chemical transformed compounds

and extracts

Compounds Escherichia Bacillus Pseudomonas  Micrococcus  Staphylococcus
coli DSMZ subtilis agarici DSMZ  luteus DSMZ  warneri DSMZ

1058 DSMZ 704 11810 1605 20036
Inhibition diameter in mm
DGET1 - - - - -

DGET4 - - - - -
DGET5 - - - - -

DGF8 - - - - -
DGTFIV1E - - - - -
DGET4Ac - - - - -
DGET4AI - - - - -

DFR5AC - 10 7 - -
DFR5AI

DFFFI1113I - - - - -
DFFFII13IA - - 7 - -
DFFFI1I14 - - - - -
DFFFII17D - -
DFFFI8 - 9 - - -
DFFFI8B - 7

DGF1 - - - - -
DGF5 - - - - -
DGF5AI - - - - -
DGF7 - - - - -
DGF2 - - - - -
DGF3 - - - - -
DFR5 - - - - -
DFR6 - - - - -
Extracts

DGET - - - - -
DGT - 7 - - -
DFF - - - - -
DGF 8 - 7 - -

DFR 8 7 - - -
Gentamycin 16/20 22 19 19 19
e  (-) not active
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Per acetylated derivatives of betulinic acid and vismiaefolic acid showed low activities
against Pseudomonas agarici 11810 (7 mm of diameter) while betulinic acid and vismiaefolic
acid didn’t show any activity. Per acetylated derivative of betulinic acid also showed a good
activity against Bacillus subtilis DSMZ 704 with a diameter of inhibition of 10 mm. These
results suggested that the presence of acetoxy group in the urs-12-ene series may play a role
in inhibitory activity. From this table it also appeared that uvaol and myrtifolic acid exhibited
respectively low and moderate activities against Bacillus subtilis DSMZ 704 with diameter of
inhibition of 7 and 9 mm while ursolic acid didn’t show any activity. From these results we
could suggested that position of double bond which is at 12 in ursolic acid and 7 in myrtifolic
acid played a role in inhibitory activity. Minimale inhibitory concentration (MIC) were
calculated for myrtifolic acid and per acetylated derivative of betulinic acid regarding their
activities observed against Bacillus subtilis DSMZ 704 and the results are given in the table
41 below.

Table 41: Minimale inhibitory concentration (MIC) of myrtifolic acid and per acetylated

derivative of betulinic acid against Bacillus subtilis DSMZ 704

Compounds MIC against Bacillus subtilis DSMZ
704 (ug/mL)

DFR5Ac >250

DFFFI8 31.3

Reference (Gentamycin) 1.6

Regarding these results, the most active compound was found to be myrtifolic acid with a
significant MIC of 31.3 pg/mL (Kuete, 2010).
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CONCLUSION AND OUTLOOK

During our work on the phytochemical study and evaluation of antibacterial,
antioxidant and cytotoxic activities of the chemical constituents of two Cameroonian
medicinal plants belonging to the Ebenaceae family, Diospyros gilletii and Diospyros
fragrans, twenty-eight compounds were isolated and fully characterized. These compounds
belong to several classes of natural substances, among which are five isocoumarins, twelve
triterpenes, a naphthalene derivative, a monoglyceride, a polyterpene, a carotenoid, four

sterols and three polyols.

From the five isocoumarins obtained, two were identified as new derivatives to which
we have assigned the names 4-O-p-hydroxybenzoylnorbergenin and 11-O-(E)-
cinnamoylnorbergenin. The other three one were identified as norbergenin, 4-O-
galloylnorbergenin and 11-O-p-hydroxybenzoylnorbergenin.

The naphthalene derivative was designed as 3,6-dihydroxy-8-methyl-3,4-
dihydronaphthalen-1(2H)-one, a new derivative to which we have given the trivial name

fragranone.

The twelve triterpenes obtained, all known, were identified as belonging to various
classes of pentacyclic triterpenes. These are three lupans named lupeol, betulin, betulinic acid,
six ursans named ursolic acid, corosolic acid, uvaol, myrtifolic acid, vismiaefolic acid,

rotundic acid and three oleans named oleanolic acid, hederagenin and f-amyrin acetate.

The polyterpene was identified as a-tocopherol, the monoglyceride as 1-O-(28-
Hydroxyoctacosanoyl) glycerol, the carotenoid as luteine, the four sterols as mixture of
Stigmasterol + p-Sitosterol and mixture of 3-O-pB-D-glucopyranoside of Stigmasterol + f-
Sitosterol, and finally the three polyols as quercitol, 5-O-methyl-myo-inositol and methyl-4-

D-glucopyranoside.

Structural elucidation of all these compounds was based on intensive interpretation of
their spectral data, in particular, *H and **C NMR in one and two dimensions in conjunction
with mass spectrometry, IR and UV. The structures of some compounds were further confirmed by

their X-ray data.

Acetylation and  allylation  reactions  were  performed on  4-O-p-

hydroxybenzoylnorbergenin, ursolic acid, betulinic acid and vismiaefolic acid, leading to their
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acetylated and allylated derivatives among which those of 4-O-p-hydroxybenzoylnorbergenin

were identified as new ones.

On the biological level, the crude extracts from the different parts of the two plants, as
well as the isolated and hemisynthetic compounds were evaluated for their antibacterial
activities against three Gram-positive (Bacillus subtilis, Micrococcus luteus, Staphylococcus
warneri) and two Gram-negative (Escherichia coli and Pseudomonas agarici) bacteria using
microdillution method, for their cytotoxic activities against human cervix carcinoma cell line
KB-3-1 and human colon cancer cell line HT-29 and for their antioxidant activities using
DPPH.

The antibacterial test revealed a moderate activity against Escherichia coli, Bacillus
subtilis and Pseudomonas agarici concerning crude extracts from the leaves and twigs of
Diospyros gilletii, as well as that from the roots of Diospyros fragrans. Myrtifolic acid and
the acetylated derivative of betulinic acid showed good activity against Bacillus subtilis with
MIC values of 31.3 and 250 pg/ mL respectively.

Concerning the cytotoxic test, corosolic acid was active on both cancer cells KB-3-1
and HT-29 with 1Csy values of 14.6 and 16.5 uM respectively. The other compound showed

very low activities.

The antioxidant test showed that all the isocoumarins exhibited good activities and
were more active over the range of 500 - 0,5 pg/mL concentration than the standard

antioxidant trolox, with 1Csq values ranging from 8.2 pg/ml to 41.6 pg/mL.

Considering all these results, the use of plants of the Diospyros genus in traditional
medicine in the treatment of cancer and infectious diseases, among others, would be due to
the presence within them of molecules presenting biological activities that we have just
described above.

For the continuation of our work, we are considering:
e To continue structural elucidation of the remaining compounds.
e To isolate compounds from the remaining extracts (roots extract of D. gilletii, stem
bark and twigs extracts of D. fragrans) and other parts of the plants (fruit, seed, bark).

e To perform chemical transformations on the isocoumarins and the other compounds in view of

studying their relation structure—activity.
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CHAPTER III:

MATERIAL AND METHODS
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111.1. EQUIPMENTS

Melting point was determined on a BUCHI Melting point B-540 (BUCHI,
Switzerland). Optical rotations were measured on a JASCO DIP-3600 digital polarimeter
(JASCO, Tokyo, Japan) using a 10 cm cell. UV spectra were recorded on a Hitachi UV 3200
spectrophotometer and IR spectra were determined on a JASCO Fourier transform IR-420
spectrometer (Thermo Scientific, Waltham, MA, USA). 1D and 2D NMR spectra were
recorded on a Bruker DRX 500 NMR spectrometers (Bruker, Rheinstetten, Germany) with
TMS as an internal standard and chemical shifts shown as 5-values (ppm), while coupling
constants (J) were measured in Hz. Homonuclear *H connectivities were determined by using
the COSY experiment. One-bond ‘H-*C connectivities were determined with HMQC
gradient pulse factor selection, and two- and three-bond *H-"3C connectivities by HMBC
experiments. EI-MS spectra were recorded on a Finnigan MAT 95 spectrometer (70 eV)
(Thermo Fisher Scientific, Darmstadt, Germany) and ESI-MS on Agilent 6220 TOF LCMS
mass spectrometer with perfluorokerosene as reference substance for ESI-HR-MS (Agilent
Technologies, Santa Clara, CA, USA). Column chromatography was carried out on silica gel
230-400 mesh, silica gel 70-230 mesh (Merck, Darmstadt, Germany) and Sephadex LH-20
gel (Sigma-Aldrich, Munich, Germany). Thin layer chromatography (TLC) were performed
on Merck precoated silica gel 60 F,s4 aluminum foil (Merck, Darmstadt, Germany) and were
revealed using UV lamp (254-365 nm) and 10% H,SO, reagent followed by heating. All

reagents used were of analytical grade.

I11.2. PLANTS MATERIAL

The leaves, twigs and stem bark of Diospyros gilletii De Wild were collected in March
2018 at Mbalmayo, Centre region-Cameroon. The leaves and roots of Diospyros fragrans
Gurke were collected in December 2018 at Abang, Centre region-Cameroon. M. Nana victor,

a botanist at the Cameroon National Herbarium did the identification of the both species.

111.2.1. Extraction and isolation of the compounds

111.2.1.1 From the leaves of D. gilletii

The dried and powdered leaves of D. gilletii (0.95 kg) were extracted by maceration
using methanol (2x3 L) at room temperature for 3 days. After filtration, white crystals
precipitated in the resulting methanolic solution. This crystal was filtered and washed with
methanol to afford DGF1 (Quercitol). The methanolic filtrate was further evaporated to

dryness under reduced pressure to give 122.10 g of MeOH extract. 120 g of this extract was
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dissolved in water and submitted to liquid — liquid fractioning using petroleum ether (PE),
dichloromethane (CH,CI,), ethyl acetate (EtOAc) and n-butanol to yield respectively 2.31 g,
9.25 g, 43.18 g and 21.37 g of organic extracts. These differents extracts were subjected to

column chromatography to afford pure samples. Below, is summarized the extraction and

isolation process.

D. gilletii leaves

-Dried
-Grinded

0.95Kg of powder

MeOH extraction
(2x3L) during 72h at room temperature

Pl

Filtration \L
Residue DGF1 122.1g of MeOH 2.10g for biological tests
159.12mg extract
-Dissolution in distilled H,O
-Partition with PE, DCM, AcOEt and
n-butanol
PE DCM AcOEt n-butanol
Fl Fll . Flll CC FIV Residue
CCsSio
2319 9.250 2 43.18g | sio, 21.37g 3457
DGF2
178.19mq DGF8
—>
51.21mg
DGF2B
41.10mg
> DGF10
DGF3 1.13g
24.20mg
—>| DGF4C DGF10B
71.14mg 1.97g
DGF5
96.20mg DGE11
DGF6 2.68mg
7.81mg
DGF7
13.32mg

Scheme 7 : Extraction and isolation procedure of compounds from the leaves of D. gilletii.



111.2.1.1.1. Purification of the ethyl acetate extract (FII1)

The ethyl acetate extract (40.00 g) was subjected to column chromatography in silica
gel eluted sequentially with mixture of PE/EtOAc and EtOAc/MeOH of increasing polarities
to yield 153 fractions of 100 mL each. These fractions were combined based on TLC analysis

to give 17 subfractions labelled Ai.

Table 42 : Chromatogram of fraction FIl1

Column eluent Fractions Subfractions Observation
PE/EtOACc 40% 1-20 1-11; Ag Complex mixture
12-20; A, Complex mixture + drag
PE/EtOAc 50% 21-35 21-28 ; A3 Mixture of five
compounds + drag
29-35; A4 Mixture of seven compounds +
drag
PE/EtOAc 60% 36-58 36-43 ; As Complex mixture
44-52 ; Ag Mixture of eight compounds
53-58 ; A; Mixture of six compounds
PE/EtOAcC 75% 59-90 59-60 ; Ag Mixture of three compounds +
drag
61-68 ; Ag DGF8 + one spot
69-70 ; Ao DGF9 + Mixture of four
compounds
71-87 ; A;p DGF10 + four spots
88-90 ; A1, Complex mixture + drag
EtOAc 100% 91-118 91; As3 Mixture of five compounds
92-115; A4 DGF10B + two spots
116-118 ; A5 Mixture of four compounds
EtOAc/MeOH 5%  119-130 119-121 ; Ase Mixture of three compounds
EtOAc/MeOH 131-142 122-153 ; As7 DGF11 +drag
10%
EtOAc/MeOH 143-153
15%
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MeOH 100% Washing / Drag

Subfractions Ag and Aj; eluted from the column chromatography with a mixture of
PE/EtOAc (1:3) precipitated and the precipitates were washed with a mixture of PE/EtOAc
(1:1) to yield respectively DGF8 (11-O-(E)-cinnamoylnorbergenin) and DGF10 (4-O-p-

hydroxybenzoylnorbergenin).

Subfraction Ay, eluted from the column chromatography with the solvent EtOAc
100% precipitated and was washed after filtration with a mixture of PE/EtOAc (1:3) to yield
DGF10B (4-O-galloylnorbergenin).

Subfraction A7 eluted with a mixture of EtOAc/MeOH (19:1) to EtOAc/MeOH (17:3)
afforded after filtration and washing with EtOAc 100% DGF11 (norbergenin).

111.2.1.1.2. Purification of the dichloromethane extract (FII)

The dichloromethane extract (9,00 g) was chromatographed on silica gel and eluted
with a gradient of a mixture of PE-EtOAC to yield 299 fractions of 100 mL each. On the basis

of TLC analysis, these fractions were combined in 22 subfractions labelled Bi.

Table 43: Chromatogram of fraction FlI

Column eluent Fractions Subfractions Observation
PE 100% 1-14 1-14; B, Oily mixtures
PE/EtOAC 2,5% 15-32 15-26 ; B; Oily mixtures
27-32 . Bs
PE/Ac 5% 33-57 33-41; By DGF2 + three spots
42-57 ; Bs Mixture of three
compounds
PE/ EtOAc 7,5% 58-71 58-67 ; Bg Complex mixtures
68-71 ; B;
PE/ EtOAc 10% 72-88 72-77 ; Bg Mixture of four
compounds
78-88 ; By DGF2B + two spots
PE/EtOAC 12,5%  89-100 89-93 ; By Mixture of five
compounds
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PE/ EtOAc 15% 101-122 101-110; By DGF3 + two spots
PE/ EtOAc 17,5% 123-136 111-136 ; By Complex mixture
PE/ EtOAc 20% 137-154 137-154 ; By DGFAC + three spots
PE/ EtOAc 25% 155-178 155-159 ; By DGF5 + three spots
160-178 ; Bys DGF6 + four spots
PE/ EtOAc 30% 179-194 179-194 ; Bys DGF7 + two spots
PE/ EtOAc 35% 195-219 195-219 ; Byy Mixture of five
compounds
PE/ EtOAc 40% 220-242 220-242 ; By Mixture of three
compounds
PE/ EtOAc 50% 243-259 243-259 ; By Mixture of four
compounds
PE/ EtOAc 60% 260-275 260-275 ; By Two spots + drag
PE/ EtOAc 75% 276-299 276-287 ; By Complex mixtures +
288-299 ; By, drag
MeOH 100% washing / Drag

Compounds DGF2 (lupeol), DGF2B (mixture of stigmasterol+ f sitosterol), DGF3
(betulin) and DGF4C (betulinic acid) were obtained respectively from subfractions B, B,
B11, B13 and after washing with MeOH.

Compounds DGF5 (ursolic acid) and DGF7 (corosolic acid) were obtained after

washing with PE/EtOAc (4:1) subfractions B4 and By respectively.

Compound DGF®6 (oleanolic acid) was obtained after purification of subfraction B;s in

silica gel column chromatography eluted with an isochratic solvent system of PE/EtOAc (9:1)

111.2.1.2 From the stem bark of D. gilletii

The air dried and powdered stem bark of Diospyros gilletii (0.8 kg) were macerated
twice with 3L of MeOH at room temperature for 3 days. The result filtered extract was
evaporated under reduce pressure to give 158.00 g of brown crude extract. From 150.00 g of
that crude extract suspended in distillated water, was filtered a beige powder named DGET1.
After filtration of this compound, the water suspension was partitioned successively with PE,
DCM, AcOEt and n-butanol to yield respectively 2.20, 17.30, 58.40 and 34.30 g of crude
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extract. From these crude extracts were isolated seven pure compounds labelled DGETH1 to

DGETH3 and DGET3 to DGETSB. The protocol used is illustrated by the scheme below.

D. gilletii stem bark

Cut, Dried
and Grinded

0.8Kg of powder

MeOH extraction
(2x3L) during 72h at room temperature

Residue 158.00g of MeOH —
extract 8.00g for biological tests

Dissolution in distilled H,O

Filtration
DGET1 agueous extract
2.02g
Partition with PE, DCM, AcOEt
and n-hiitannl
PE DCM J/ AcOEt n-butanol
Fl Fll cC FI CcC FIV Residue
2.20g 17.30g | Si0: 58.40g | S10: 34.30g 27.86 g
DGETH1
179.12mg DGET3
41.27mg
DGETH1B
1 14.34mg DGETA4
197.10mg
DGETH2
32.10mg DGET5B
129.13mg
DGETH3
123.26mg

Scheme 8 : Extraction and isolation procedure of compounds from the stem bark of D.
gilletii.
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111.2.1.2.1. Purification of the ethyl acetate extract (FII1)

EtOAc extract of the stem bark of D. gilletii (58.40 g) was subjected to silica gel
column chromatography using gradient systems PE/EtOAc and EtOAc/MeOH as eluent to
afford 132 fractions of 200 mL combined after TLC into twelve subfractions labelled Ci.

Table 44 : Chromatogram of fraction FIlI

Column eluent Fractions Subfractions Observation
PE/EtOACc 50% 1-22 1-9;Cy Mixture of five
compounds + drag
10-17; C, Mixture of seven compounds
+ drag
18-22 ; C3 Complex mixture
PE/EtOAc 60% 23-35 23-25; C4 Complex mixture
26-35; Cs DGETS3 + two compounds+
drag
PE/EtOAC 75% 36-54 36-48 ; Cs Mixture of three compounds
+ drag
49-54 ; C; DGET4 + one compounds
EtOAc 100% 55-78 55-62 ; Cg Mixture of five compounds
63-73; Cy + two spots
74-78 : Cqo Mixture of four compounds
EtOAc/MeOH 5%  79-90 79-86; C11 Mixture of five compounds
EtOAc/MeOH 91-115 87-132; Cy DGETH5B + drag
10%
EtOAc/MeOH 116-132
15%
MeOH 100% washing / Drag

Subfraction Cs afforded DGET3 (mixture of 3-O-g-glucoside of stigmasterol and f-

sitosterol) after washing with MeOH.
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Subfractions C; and C;, afforded respectively DGET4  (4-O-p-
hydroxybenzoylnorbergenin) and DGETSB (norbergenin) after washing with PE/EtOAc (1:3).

111.2.1.2.2. Purification of the dichloromethane extract (FII)

Dichloromethane extract (17.30 g) was eluted over silica gel using a gradient system
PE/EtOAc to yield 118 fractions of 100 mL. after TLC analysis these fractions were

combined into ten subfractions labelled Di.

Table 45: Chromatogram of fraction FlI

Column eluent Fractions Subfractions Observation
PE/EtOAC 5% 1-17 1-9; D Mixture of four compounds
10-17 ; D, DGETH1 +Mixture of two
compounds
PE/EtOAc 10% 18-31 18-23 ; D3 Complex mixture
24-31 ; Dy DGETH1B + two compounds+
drag
PE/EtOAc 15% 32-44 32-35; Ds Mixture of three compounds +
drag
36-44 ; Dg DGETH2+ one compound
PE/EtOACc 20% 45-57 45-48 ; D; Mixture of five compounds
49-55 ; Dg + two spots
PE/EtOAC 25% 58-71 DGETH3 + mixture of six
56-90 ; Dg compounds
PE/EtOAc 30% 72-90
PE/EtOAc 40% 91-118 91-118 ; Dy Three compounds + drag
AcOEt 100% washing / Drag

From subfractions D, and Dg were filtered and washed with MeOH respectively
compounds DGETH1 (lupeol) and DGETH3 (betulinic acid). From subfractions D4 and Dg
were obtained Compounds DGETH1B (mixture of stigmasterol and p-sitosterol) and
DGETH2 (betulin) respectively.
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111.2.1.3 From the twigs of D. gilletii

The dried and powdered twigs of D. gilletii (1.5 Kg) were extracted twice with 5L of
MeOH at room temperature for 3 days. The filtered extract was concentrated to dryness under
reduced pressure to give a brown MeOH extract (99.10g). 95 g of this extract were flash
chromatographed over silica gel CC in five fractions: FI (PE/EtOAc (3:1)), FIlI (CH.CL,), FlII
(PE/EtOAc (1:1)), FIV (EtOAc) and FV (EtOAc/MeOH (3:1)). Based on TLC analysis,
fractions FIl and FIIl were grouped together. These fractions were further subjected to
column chromatography to yield pure samples. The protocol used for the isolement of the

samples is given in the scheme below.
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D. gilletii twigs

Cut, Dried
and Grinded

1.50Kg of powder

Residue
0.7 Kg

l

MeOH extraction
(2x5L) during 72h at room temperature

99.10g of
MeOH extract

4.10g for biological tests

Flash chromatography

Fl
15.10g

PE/AcOEt (3:1)

cC
SiO;

DGTFI1
9.20mg

DGTFI2
38.10mg

DGTFI3
4.12mg

DGTFI4
22.14mg

DCM

Fll FlI
4.30g 8.20g

)

DGTFI5
117.20mg

PE/AcOEt (1 :1)

CcC
SiO,

DGTFIII1
4.30mg

DGTFIII2
3.10mg

DGTFII3
7.25mg
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FIV
43.18g

MeOH

CcC
SiO,

FV

10.70g

DGTFIV1E
6.21mg

DGTFIV2
12.00mg

DGTFIV3
1.13g

DGTFIV4
1.979

Scheme 9 : Extraction and isolation procedure of compounds from the twigs of D. gilletii.




Table 46: Chromatogram of the flash chromatography of the twigs of D. gilletii.

Fractions Column eluent

FI PE/EtOAC 3:1
FII DCM

FIII PE/EtOAC 1:1
FIV EtOAcC

FV MeOH

111.2.1.3.1 Purification of fraction FI

Fraction FI (15.10g) chromatographed over silica gel with the gradient solvent system
PE/EtOAC afforded 115 fractions of 100 mL combined after TLC into twelve subfractions
labelled Ei.

Table 47: Chromatogram of fraction FI

Column eluent Fractions Subfractions Observation

PE 100% 1-8 1-8; E; DGTFI1+ three compounds
PE/EtOAC 5% 9-20 9-14; E, Oily mixture
15-20; E3 DGTFI2+ three compounds
PE/EtOAc 10% 21-35 21-23 ; E4 DGTFI3 + five compounds
24-35; E5 DGTFI4 + two compounds+
drag
PE/EtOAc 15% 36-55 36-45 ; Eg Mixture of three compounds +
drag
46-55 ; E; Mixture of four compound
PE/EtOAc 20% 56-79 56-68 ; Eg Mixture of five compounds
69-79 ; Eg DGTFI5 + two spots
PE/EtOAC 25% 80-92 Mixture of seven compounds
80-92 ; Ejo
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PE/EtOAc 30% 93-103 93-103 ; E11 Mixture of three compounds
PE/EtOACc 40% 104-115 104-115; Ey, Three compounds + drag
AcOEt 100% washing / Drag

Compounds DGTFI1 and DGTFI3 were obtained respectively from subfractions E;

and E4. Their spectra analysis is still in progress.

Compounds DGTFI2 (lupeol), DGTFI4 (betulin) and DGTFI5 (betulinic acid) were

obtained respectively from subfractions Es, Es and Eq.

111.2.1.3.2 Purification of fractions FIl and FIl1

Fractions FIlI (4.30 g) and FIIl (8.20 g) were grouped together on the basis of
comparative TLC and eluted over silica gel using a gradient system PE/EtOAc from (1:3) to
(3:1) to yield 110 fractions of 100 mL. After TLC analysis these fractions were combined into

twelve subfractions labelled Fi.

Table 48: Chromatogram of fraction FIII

Column eluent Fractions Subfractions Observation

PE/EtOAC 25% 1-14 1-8; F; Complex mixture
PE/EtOAc 30% 15-27 15-22 ; F; Mixture of five compounds
23-27: F3 Mixture of six compounds
PE/EtOACc 35% 28-39 28-39 ; F4 DGTFII11+ three compounds
PE/EtOAc 40% 40-55 40-46 ; Fs Mixture of three compounds +
drag
47-55 ; Fg Mixture of four compound
PE/EtOAc 50% 56-78 56-65 ; F7 Mixture of five compounds
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66-78 ; Fg Mixture of six compounds
PE/EtOACc 60% 79-101 DGTFI112 +Mixture of three
79-88 ; Fq compounds
89-93 ; Fio
94-101; F11 DGTFIII3
PE/EtOAC 75% 102-110 102-110 ; Fy Drag
MeOH100% washing / Drag

Compounds DGTFIII2 was obtained from the subfraction Fy after washing with

MeOH. Its analysis is still on going.

Compounds DGTFIII1 (corosolic acid) and DGTFI3 (mixture of 3-O-f-glucoside of

stigmasterol and f-sitosterol) were obtained from subfractions F, and F1; respectively.

111.2.1.3.3 Purification of fraction FIV

Fraction FIV (43.18g) was chromatographed over silica gel using gradient solvent
system PE/EtOAc and EtOAc/MeOH and 129 fractions of 200mL were obtained. These
fractions were grouped together into thirteen subfractions labelled Gi on the basis of TLC

analysis.

Table 49: Chromatogram of fraction FIV

Column eluent Fractions Subfractions Observation

PE/EtOAc 50% 1-16 1-5; G, Mixture of seven compounds +
drag
6-12; G, Mixture of five compounds +
drag
13-16 ; G3 Mixture of three compounds
PE/EtOAc 60% 17-35 17-28 ; G4 Mixture of five compounds
29-35; Gs Mixture of six compounds+
drag
PE/EtOAC 75% 36-64 36-40 ; Gg DGTFIV1E + three
compounds+ drag
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41-48 ; Gy Mixture of three compounds

49-64 ; Gg DGTFIV2 + one compound
EtOAc 100% 65-88 65-69 ; Gg Mixture of five compounds
70-82 ; Gio DGTFIV3 + two compounds
83-88; Gy1 Mixture of four compounds
EtOAc/MeOH 5%  89-99 89-96 ; G1» Mixture of five compounds
EtOAc/MeOH 100-112 97-129 ; Gi3 DGTFIV4 + drag
10%
EtOAc/MeOH 113-129
15%
MeOH 100% washing / Drag

Compound DGTFIV1E was obtained from the Sephadex LH-20 column chromatography
elution of fraction Gg with MeOH.

Compounds DGTFIV2, DGTFIV3 and DGTFIV4 were obtained after filtration of fractions

Gs, Gipand Gi3 respectively.

111.2.1.4 From the leaves of D. fragrans

The dried and powdered leaves of D. fragrans (3.20 kg) were extracted by maceration
in methanol (2x7.5L) at room temperature for 3 days. After filtration and evaporation under
reduce pressure, a visqueous green methanolic extract (101.70g) was obtained and
fractionated using flash chromatography over silica gel cc into four fractions: FI (PE/EtOAc
3:1), Fll (PE/EtOAc 1:1), Flll (EtOAc ) and FIV (EtOAc/MeOH). On the basis of TLC
analysis, fractions FIl and FIII were grouped together. The column chromatography of these

fractions yielded pure samples. The protocol used is illustrated by the scheme below.
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D. fragrans leaves

Dried and
Grinded

3.20Kg of powder

MeOH extraction
(2x7.5L) during 72h at room temperature

l

Residue 101.70g of
MeOH extract

1.70g for biological tests

Flash chromatography AcOEt/
PE/ACOEL (7:3) PE/ACOEL (1 :1) ACOEL ?ge-iH
FI CC SiO, FlI Il FIvV
23.50g Sephadex 14.20g CC SiO, 16.289 27.70g
LH-20 Sephadex
DFFFI3 NM
42.20mg
DFFFII5 DFFFII6
DFFFI4 4.20mg r2img
36.10mg
DFFFI7 DFFFI18
DFEFIS 42.10mg 13.00mg
9.12mg
DEEFI19 DFFFII10
DFFFISB 18.25mg 5.23mg
12.14mg
DFFFII13I DFFFI114
DFFFI9 55.25mg 76.97mg
123.20mg
DFFFII15 J DFFFIIL7D
DFFFI10 6.25mg 1_315mg
174.25mg
DFFFI11
4.25mg

Scheme 10 : Extraction and isolation procedure of compounds from the leaves of D.

fragrans.
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Table 50: Fractions obtained from the leaves

Fractions Column eluent

FI PE/EtOAC 7:3
FII PE/EtOAC 1:1
FIIT EtOAc
FIV MeOH

111.2.1.4.1 Purification of fraction FI

Fraction FI (23.50g) chromatographed over silica gel with the gradient solvent system
PE/EtOAC afforded182 fractions of 100 mL. These fractions were combined after TLC

analysis into 18 subfractions labelled Hi.

Table 51: Chromatogram of fraction FlI

Column eluent Fractions Subfractions Observation
PE 100% 1-12 1-12; H; Oily mixture
PE/EtOAC 5% 13-29 13-16 ; H; DFFFI11 + Oily mixture
17-22; H3 Mixture of four compounds
23-29 ; Hy DFFFI3 + three compounds
PE/EtOAc 10% 30-44 30-37; Hs Mixture of five compounds
38-44 ; Hg DFFFI14 + two compounds
PE/EtOAc 15% 45-84 45-51; Hy Mixture of six compounds
52-59 ; Hg DFFFI8 +Mixture of three
compounds + drag
60-63 ; Hg Mixture of three compounds
64-70 ; Hio DFFFI8B+Mixture of four
compound
71-74 ; Hyy Mixture of three compounds
75-84 ; Hy DFFFI9 + Mixture of two
compounds
PE/EtOAC 20% 85-99 85-89 ; His Mixture of five compounds
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90-99 ; Hyy Mixture of seven compounds
PE/EtOAc 25% 100-135 DFFFI10 + Mixture of seven
100-135; Hys compounds
PE/EtOAc 30% 136-152 136-152 ; Hig Mixture of five compounds
PE/EtOAc 40% 153-165 153-165 ; Hi; Mixture of three compounds +
drag
PE/EtOAc 50% 166-182 166-182 ; Hig Drag
AcOEt 100% washing / Drag

Compounds DFFFI3 (lupeol), DFFFI4 (betulin), DFFFI8 (Myrtifolic acid), DFFFI9
(betulinic acid) and DFFFI10 (ursolic acid) were obtained respectively from subfractions Hy,
Hs, Hs, Hi2 and Hjs. Compounds DFFFI8B (uvaol) and DFFFI11 (S-amyrin acetate) were

obtained from the Sephadex LH-20 column chromatography elution of fractions H, and Hjg
respectively with the mixture CH,Cl,/MeOH (3:1).

111.2.1.4.2 Purification of fraction FIl and FI111

These fractions grouped together (30.48g) were chromatographed over silica gel and
eluted with PE/EtOAc and EtOAc/MeOH at increasing polarities to yield 229 fractions of 100

ml. based on TLC analysis, these fractions were combined into 24 subfractions labelled li.

Table 52: Chromatogram of fraction FIl and FIII

PE/EtOAc 20% 1-17 1-10; Iy Complex mixture

11-17; 1, DFFFII17D + Three
compounds

PE/EtOAC 25% 18-33 18-24 ; 13 DFFFII15 + two compounds
25-33; 14 Mixture of four compounds

PE/EtOAc 30% 34-49 34-39; I DFFFI116 + one compound
40-49 ; Ig Complex mixture + drag

PE/EtOAc 35% 50-76 50-62; I Mixture of five compounds +

drag
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63-76 ; Ig Mixture of seven compounds +
drag
PE/EtOACc 40% 77-92 77-92 ; lg DFFFII15 + Mixture of two
compounds
PE/EtOAc 50% 93-117 93-102; Iy DFFFI117 + Mixture of five
compounds
103-117 ; 133 Mixture of four compounds
PE/EtOAc 60% 118-137 118-124; 14, DFFFI1131 + Mixture of three
compounds
125-131; 13 Mixture of eight compounds
132-137 ; 114 DFFFI18 + Mixture of six
compounds
PE/EtOAcC 75% 138-171 138-143 ; 115 Mixture of three compounds +
drag
144-152 ; 146 DFFFI119 + two compounds
153-160 ; 117 Mixture of four compounds
161-166 ; 145 DFFFI1110 + four spots
167-171; lqg Complex mixture + drag
EtOAc 100% 172-190 172-177 ; 1y Mixture of five compounds
178-183; I Mixture of five
DFFFI114 +Mixture of four
EtOAc/MeOH 5%  191-205 184-205 ; Iy, compounds
Mixture of three compounds
EtOAc/MeOH 206-217 206-217 ; I3 drag
10%
EtOAc/MeOH 218-229 218-229 ; 4 drag
15%
MeOH 100% washing / Drag

Compounds DFFFII5 (oleanolic acid), DFFFI1I6 (corosolic acid), DFFFII8 (mixture of
3-O-p-glucoside of stigmasterol and pg-sitosterol), DFFFII9 (5-O-methylinositol) and

DFFFI1114 (methyl- p-D-glucopyranoside) were obtained from subfractions I3, Is, 114, 116 and

I, respectively.
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Silica gel column chromatography of subfraction I, with isochratic mixture of
PE/EtOAC 35% yielded compound DFFFI113I (vismiaefolic acid).

Subfraction lg was eluted over silica gel with isochratic system PE/EtOAc 25 % to
yield compound DFFFI1115 (caulosapogenin).

Compound DFFFII17D (luteine) was obtained after silica gel column chromatography
with isochratic system PE/EtOAc 10% and Sephadex LH-20 column chromatography with
CH,CI,/MeOH 50% of subfraction I.

Compounds DFFFII7 and DFFFII10 were obtained from subfractions lio and lig

respectively. Their structure elucidations are still on going.

111.2.1.5 From the roots of D. fragrans

The air dried and powdered roots of Diospyros fragrans (2.8 kg) were macerated twice
with 5L of MeOH at room temperature during 3 days. The resulting methanolic filtrate was
concentrated to dryness under reduced pressure to give 78.9 g of a brown methanolic extract.
77 g of this extract was subjected to column chromatography in silica gel eluted sequentially
with mixture of PE/EtOAc and EtOAc/MeOH of increasing polarities to afford pure samples.
Below, are summarized extraction and isolation procedures for this part of the plant studied.
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D. fragrans roots

Cut, Dried

and Grinded

2.80Kg of powder

MeOH extraction
(2x5L) during 72h at room temperature

l

Residue 78.90g of —
21 Kqg MeOH extract 1.90g for biological tests
CC (PE/EtOAC ; EtOAC /MeOH)
\l/ \l/ \‘/
DFR1 DFR2F DFR3 DFR4 DFR4B DFR5 DFR5B DFR6 DFR7B
4.80 5.10 75.20 3.30 62.26 143.18 28.10 412 2.14
mg mg mg mg mg mg mg mg mg
DFR10 DFR9 DFR8
63.10 113.20 10.70
mg mg mg
Scheme 11: Extraction and isolation procedure of compounds from the roots of D. fragrans.

429 fractions of 200 mL were obtained and combined in 26 subfractions labelled Ji on the

basis of TLC analysis.
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Table 53: Chromatogram of the roots extract of Diospyros fragrans

PE 100% 1-12 1-14; J; Oily mixtures + DFR1
PE/EtOAC 2,5% 13-39 13-26 ; J Oily mixtures
27-39 . J; Oily mixtures + DFR2F
PE/Ac 5% 40-67 40-49 ; J4 Mixture of five
compounds
50-57 ; Js DFR3 + three spots
58-67 ; Js DFR4 + Mixture of six
compounds
PE/ EtOAc 7,5% 68-82 68-77 ; J7 Complex mixtures
78-82 : Jg DFR4B + Mixture of
two compounds
PE/ EtOAc 10% 83-95 83-89; Jg Mixture of five
compounds
90-95; Jio Mixture of four
compounds
PE/ EtOAc 12,5% 96-119 96-119; I Mixture of seven
compounds
PE/ EtOAc 15% 120-138 120-138; Ji12 Mixture of four
compounds
PE/ EtOAc 17,5% 139-171 139-151 ; Ji3 Mixture of six
compounds
152-171 ; Jia DFR5 + five compounds
PE/ EtOAc 20% 172-193 DFR5B + Mixture of six
PE/ EtOACc 25% 194-221 compounds
172-221 ; 15
PE/ EtOAc 30% 222-253 222-253 ; Ji6 Complex mixture
PE/ EtOACc 35% 254-271 254-271 ; J17 Mixture of five
compounds
PE/ EtOAC 40% 272-294 272-278 ; Jig DFRG6 + Mixture of three
compounds
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279-290 ; J1g Mixture of six
compounds
291-294 ; Jy DFR7B + Mixture of
two compounds
PE/ EtOAc 50% 295-315 295-315; I DFR8 + Mixture of four
compounds
PE/ EtOAc 60% 316-338 DFR9 + drag +
PE/ EtOAc 75% 339-357 316-357 ; Jap Complex mixtures
EtOAc 100% 358-377 358-369 ; Jo3 Mixture of seven
compounds + drag
370-393 ; Jos DFR10 + two
EtOAc/MeOH 5%  378-393 compounds
EtOAc/MeOH 10%  394-409 394-409 ; Jys Mixture of four
compounds + drag
EtOAc/MeOH 15% 410-429 410-429 ; Jye drag
MeOH 100% washing / Drag

Compounds DFR3 (lupeol), DFR4B (mixture of stigmasterol and pg-sitosterol), DFR5
(betulinic acid), DFR5B (ursolic acid), DFR8 (vismiaefolic acid), DFR9 (mixture of 3-O-4-
glucoside of stigmasterol and g-sitosterol) and DFR10 (methyl- p-D-glucopyranoside) were

obtained from subfractions Js, Jg, J14, J15, J21, J22 and Jo4 respectively.

Subfractions Jig and J,o were subjected each to sephadex LH-20 eluted with MeOH

and yielded compounds DFR6 (1-O-(28-Hydroxyoctacosanoyl) glycerol) and DFR7B

(fragranone) respectively.

Subfraction Js was subjected successively to sephadex LH-20 eluted with

CH,Cl,/MeOH (1:1) to yield compound DFR4 (a-tocopherol).

Structure elucidations of compounds DFR1 and DFR2F are still on going.
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111.2.2. Physical and spectral data of compounds isolated from Diospyros gilletii and
Diospyros fragrans

» DGET4, DGF10; DGTFIV2

_/OH

H
OH O OO
HO

HO OH
O

Name: 4-O-p-hydroxybenzoylnorbergenin; White powder; [«] Zl;’: -53 (¢ 0.68, MeOH); m.p.
286-287°C; IR vmax 3730, 3392, 1714, 1699, 1607, 1470 cm™; HRESIMS: m/z 457.0738
(calculated for C,oH18011Na: m/z 457.0741); FeCl; test: Positive; 'H and *C NMR : see
Table. 9

» DGF8
AN O\
O _OH
OH O
HO ‘1
‘OH
O
HO
O

Name: 11-O-(E)-cinnamoylnorbergenin; White powder; [«] Zl;’: 58,3 (c 1, MeOH); IR Dmax
3354, 1698, 1635, 1314, 1087 cm™: MF: C,H20010; HRESIMS: m/z 467.0949 (calculated for
CaoH20010Na: m/z 467.09487); FeCls test: Positive; *H and *C NMR : see Table. 11

» DGET1; DGF10B; DGTFIV3

OH

OH

OH

OH
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Name: 4-O-galloylnorbergenin; White powder; MF: CyH15013; mp: 219-220°C; HRESIMS:
m/z 489.0696 (calculated for CoH15013Na: m/z 489.06396); FeCls test: Positive; *H and *C
NMR: see Table. 12

» DGTFIV1E

HO

Name: 11-O-p-hydroxybenzoylnorbergenin; White powder; MF: Cy0H15011; ESIMS: m/z
457.1 [M+Na]"; FeCl; test: Positive; *H and *C NMR: see Table. 10

»> DGETS5B; DGTFIV4; DGF11

Name: norbergenin; White powder; MF: C13H1409; mp: 178-180°C; ESIMS: m/z 312.9 [M-
H]; FeCls test: Positive; *H and *C NMR: see Table. 8
» DFR7B

HO OH

O

Name: Fragranone; Brown oil; [«] Zl;’: -8.1 (¢ 0.166, MeOH); IR vmax 3270, 2955, 2925,

1732, 1646, 1601 cm™: MF: C1;H1,03; HRESIMS: m/z 193.08605 (calculated for
C11H1,03H: m/z 193.08592); FeCls test: Positive; *H and *C NMR : see Table. 13

Ph. D Thesls presented by Nathalie S. Jouwn T.



» DGF5; DFFFI10; DFR5B

Name: Ursolic acid; White powder; MF: C3oH303; mp: 285-288°C; ESIMS: m/z 479.4
[M+Na]*; Liebermann Burchard test: positive; *H and *C NMR : see Table. 14

> DGF7; DGTFIII1; DFFFII6

Name: Corosolic acid; White powder; MF: C3oHysO4; mp: 243-245°C; ESIMS: m/z 495.3
[M+Na]*; Liebermann Burchard test: positive; ‘*H and *C NMR : see Table. 15.

> DFFFI8B

Name: Uvaol; White powder; MF: C3oHs00,; mp: 223-225°C; ESIMS: m/z 465.3 [M+Na]";
Liebermann Burchard test: positive; ‘*H and *C NMR : see Table. 16
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» DFFFI8

Name: Myrtifolic acid; White powder; MF: C3oH4303; mp: 305-308°C; ESIMS: m/z 479.3
[M+Na]*; Liebermann Burchard test: positive; ‘*H and *C NMR : see Table. 17

» DGTFIII2

Name: Rotundic acid; White powder; MF: C3yH30s; mp: 272-274°C; ESIMS: m/z 487 [M-
H]'; Liebermann Burchard test: positive; *H and **C NMR: see Table. 18

» DFFFI1113l; DFR8

Name: Vismolaefolic acid; Corosin; Capsularone; Trachelosperogenin A; White powder; MF:
CaoH4s07; mp: > 300°C; ESIMS: m/z 541.4 [M+Na]"; Liebermann Burchard test: positive;
'H and *C NMR : see Table. 19
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» DGF2; DGTFI2; DGETH1; DFFFI3; DFR3

Name: Lupeol; White powder; MF: C3oHsoO; mp: 208-210°C; ESIMS: m/z 449.4 [M+Na]";
Liebermann Burchard test: positive; *H and *C NMR : see Table. 20

> DGF3; DGETH2

Name: Betulin; White powder; MF: C3Hs00; mp: 256-258°C; HRESIMS: m/z 443.3881
(calculated for C3qHsoOH: m/z 443.38836); Liebermann Burchard test: positive; *H and *C
NMR: see Table. 21

> DFR5; DGF4C; DGTFI5; DGETHS3; DFFFI9

Name: Betulinic acid; White powder; MF: C3oHz303; mp: 316-318°C; ESIMS: m/z 479.3
[M+Na]"; Liebermann Burchard test: positive; *H and *C NMR : see Table. 22
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» DGFG6; DFFFII5

Name: Oleanolic acid; White powder; MF: C30Hs03; mp: 300-310°C; ESIMS: m/z 479.4
[M+Na]*; Liebermann Burchard test: positive; ‘*H and *C NMR : see Table. 23

» DFFFI11

Name: S-amyrin acetate; White powder; MF: C3,Hs,0,; mp: 238-245°C; ESIMS: m/z 491.4
[M+Na]"; Liebermann Burchard test: positive; *H and **C NMR : see Table. 25

» DFFFII15

Name: Hederagenin; caulosapogenin; White powder; MF: C3yH4504; mp: 332-334°C,;
ESIMS: m/z 495.3 [M+Na]"; Liebermann Burchard test: positive; *H and **C NMR : see
Table. 24
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> DGF1

Name: D-Quercitol; 5-Deoxyinositol; beige crytals; MF: CgH1,0s; mp: 233 - 235 °C;
ESIMS: m/z 163.4 [M-H]’; *H and *C NMR: see Table. 26

» DFFFII14; DFR10

HsC.
HOW
o)
[ OH
HO' v
OH

Name: methyl-s-D-glucopyranoside; White crystals; MF: C;H1406; mp: 103-105°C; *H and
3C NMR: see Table. 27

> DFFFII9
OH
HOL ~_ LO.
CH,
HO “OH
OH

Name: 5-O-methyl-myo-inositol; Sequoyitol; brown powder; MF: C;H1406 - mp: 241-244°C;
'H and *C NMR: see Table. 28
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> DGTFI4; DGF2B; DGETH1B; DFFFI4; DFR4B

X
+
HO HO

Name: Stigmasterol + p-sitosterol; White needles; MF: Cy9HsgO and Cy9HsoO; mp: 165-
167°C; ESIMS: m/z 435.4 [M+Na]"; Salkowski test: positive; *H and *C NMR : see Table.

31

» DGTFIII3; DGET3; DFFFII8; DFR9

@

H':)O 0 + HO

0 ST 0
OH HO

H
OH

Name: 3-O-4-D-glucopyranoside of stigmasterol + S-sitosterol. Beige powder; MF:
CssHs00s; mp: 270 — 272 °C; ESIMS: m/z 575.4 [M-H]’; Salkowski test: positive; Molish
test: Positive; *H and **C NMR: see Table. 32

> DFR4

Name: a-tocopherol; incolor oil; MF: CgHs002; mp: 76-77°C; ESIMS: m/z 429.2 [M+Na]™;
'H and *C NMR : see Table. 29
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> DFFFI17D

Name: Lutein; Red powder; MF: C4Hs502; mp: 190-191°C; ESIMS: m/z 569.4 [M+H]"; *H
and °C NMR : see Table. 30

> DFR6

O

OMOH
—on

OH
Name: 1-O-(28-hydroxyoctacosanoyl) glycerol; Brown oil; MF: C31Hg,Os; mp: 190-191°C;

HRESIMS: m/z 537.4487 [M+Na]*; *H and *C NMR : see Table. 31

> DGET4Ac

Name: per-acetylated derivative of 4-O-p-hydroxybenzoylnorbergenin; White powder; MF:
CaoH30017; HRESIMS: m/z 709.1378 (calculated for CsH30017Na: m/z 709.1380); *H and

13C NMR: see Table. 34
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»> DGET4AI

0"\ =

Name: per-allylated derivative of 4-O-p-hydroxybenzoylnorbergenin; colorless oil; MF:
C3H34011; HRESIMS: m/z 617.1998 (calculated for C3;H34011Na: m/z 617.1999); 'H and
3C NMR: see Table. 37

» DFFFII13IA

Name: per acetylated derivative of vismiaefolic acid; white powder; MF: C34Hs5009; ESIMS:
m/z 601.2 [M-H]"; *H and *C NMR: see Table. 36
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» DFR5AC

Name: Betulinic acid acetate; white powder; MF: Cs,Hs004; ESIMS: m/z 497.2 [M-H]’; *H
and *C NMR: see Table. 36

» DFR5AI

Name: Betulinic acid 28-allyle; colorless oil; MF: C33Hs,03; ESIMS: m/z 497.2 [M-H]".

> DGF5AI

SO
N

Name: Ursolic acid 28-allyle; colorless oil; MF: C33Hs,03; ESIMS: m/z 519.3 [M+Na]".
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111.3. CHEMICAL TRANSFORMATIONS

111.3.1. Acetylation

111.3.1.1. Acetylation of DGET4

Compound DGET4 (20 mg) was dissolved in pyridine (2 mL) and 2 mL of acetic
anhydride was added to the mixture and leave under agitation at room temperature during 12
hours. After stopping agitation, the reaction mixture was dissolved in distilled water and
partitioned with dichloromethane and this dichloromethane concentrate further gave
DGET4Ac (per-acetylated derivative of 4-O-p-hydroxybenzoylnorbergenin) as a white
powder (12 mg).

111.3.1.2. Acetylation of DFFFI1131

10 mg of compound DFFFI1131 was introduced into a conical flask together with 1 mL
of pyridine and 1 mL of acetic anhydride. The mixture obtained was agitated at room
temperature during 12 Hours. After that, 20 mL of distilled water was added to the reaction
mixture and the organic part was extracted with dichloromethane to give after evaporation on
an rotatif evaporator compound DFFFII131Ac (per-acetylated derivative of vismiaefolic acid)

as a white powder (7 mg).

111.3.1.3. Acetylation of DFR5

The acetylation scheme of DFR5 (20 mg) followed the same conditions than that of
DGET4. We obtained compound DFR5Ac at the end of the process as a white powder (11

mg).
111.3.2. Allylation

111.3.2.1. Allylation of DGET4

Compound DGET4 (25 mg) was dissolved in anhydrous acetone (12 mL) and 500 mg
of calcium carbonate was added to the medium. After complete dissolution, 4.0 mL of allyl
bromide was introduced in the reaction mixture and submitted to agitation at 70°C during 4
hours. Then, the solvent was removed by evaporation on an rotatif evaporator under reduce
pressure and 20 ml of distilled water was added to the reaction mixture. The organic part was

extracted with dichloromethane and the oily medium obtained was chromatographed over
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silica gel eluted with an isochratic solvent system PE/EtOAc 9:1 to afford DGET4AI (per-
allylated derivative of 4-O-p-hydroxybenzoylnorbergenin) as an incolor oil (9 mg).

111.3.2.2. Allylation of DFR5

20 mL of DFR5 was dissolved in 10 mL of anhydrous acetone and 500 mg of sodium
hydroxide was added to the mixture. Then 4 ml of allyl bromide was introduced to the
medium and the reaction mixture was agitated during 4 hours at 70°C. 20 ml of distilled water
was added after stopping the reaction and the mixture was extracted with dichloromethane.
After evaporation on a rotatif evaporator, the obtained dry sample was adsorbed onto silica
gel and separated using gravity CC on a column packed with silica gel using PE/EtOAc 17:3
as eluent to afford DFR5AI (betulinic acid-28-allyle) as incolor oil (7 mg).

111.3.2.3. Allylation of DGF5

The allylation scheme of DGF5 (20 mg) was achieved following the same conditions
than that of the above compound DFR5. The organic part afforded DGF5AI (ursolic acid-28-
allyle) as incolor oil (8 mg).

I11.4. BIOLOGICAL TESTS

111.4.1. Cytotoxic activity

The test is based on the irreversible reduction of the colour indicator resazurin to
strongly fluorescent resorufin in the presence of viable cells. Indeed, non-viable cells rapidly
lose their metabolic capacity to reduce resazurin and thus no longer produce fluorescent
signals. In the presence of NADPH dehydrogenase or NADH dehydrogenase, NADH and
NADPH convert resorufin to resofurin in the mitochondria in a manner proportional to

aerobic respiration according to the following scheme 23.

©
NADH/H+ NAD+, H20

0
® IL\ \ J N\
'
Ho o o HO 0 0

Scheme 23: Reduction of resazurin into resorufin

Operationally, the cytotoxic tests on human cervix carcinoma cell line KB-3-1 and
human colon cancer cell line HT-29 were conducted with griseofulvin as reference and with

dimethylsulfoxide as the solvent for solubility of the samples. Aliquots of 1.10* cells per well
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were seeded in 96 well dishes in a total volume of 100 pL. The compounds to be studied were
added immediately in varying concentrations in an additional 100 pL of culture medium to
give a total volume of 200 pL/well. After 72 hours, 30 pL of a 175 pM resazurin solution
diluted in distilled water was added to each well and the plates were incubated at 37°C for 6
hours. Fluorescence was measured in an Infinite M2000 ProTM plate reader (Tecan,
Crailsheim, Germany) using excitation and emission wavelengths of 530 nm and 588 nm
respectively. Each test was performed at least six times. Cell viability was assessed by
comparison to untreated cells. I1Csp values represent the concentrations of compounds required
to inhibit 50% of cell proliferation and are calculated from the dose-response calibration curve
on GRAPHPAD PRIWM 4.03 software.

111.4.2. Antioxidant activity

The radical scavenging activities of pure compounds were evaluated
spectrophotometrically using the 2,2-diphenyl-1- picrylhydrazyl (DPPH) free radical. When
DPPH reacts with an antioxidant compound, which can donate hydrogen, it is reduced and its

purple color fades rapidly, as shown in the following scheme 24.

NO2 Q NO2
)

02N N—N 02 NH—N + ArO

ArOH
NO, NO,

DPPH DPPHH
Couleur violette Couleur jaune

Scheme 24: Reduction of free radical DPPH

The changes in colour were measured at 517 nm under UV/Visible light
spectrophotometer. Pure compounds were dissolved and diluted in MeOH at different
concentrations (500, 250, 125, 60.25 and 30.125 pg/mL). Then, Fifty-five microliters of each
diluted compound was mixed with fifty-five pL of 0.2 mg/mL solution of DPPH radical in
MeOH. The mixture was incubated for 30 min in the dark at room temperature. The
scavenging capacity was determined spectrophotometrically by monitoring the decrease in
absorbance at 517 nm against a blank. Trolox was used as reference. Each assay was done in
triplicate and the results, recorded as the mean + standard deviation (SD) of the three findings,
were presented in tabular form. The radical scavenging activity (RSA, in %) was calculated as

follows:
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%RSA= [(Absorbance of DPPH — Absorbance of sample) / Absorbance of DPPH] x 100

The radical scavenging percentages were plotted against the logarithmic values of
concentration of test samples and a linear regression curve was established in order to
calculate the RSAsy or 1Csg, which is the concentration of sample necessary to decrease by
50% the total free DPPH radical.

111.4.3. Antibacterial activity

The antibacterial activity of extracts and pure compounds were evaluated on three
gram positive and two gram negative bacteria which were stored at 4°C on nutrient agar:
Bacillus subtilis (Bs), Micrococcus luteus (M), Staphylococcus warneri (Stw), Escherichia
coli (Ecoli) and Pseudomonas agarici (Psa). In a petri dish with Nutrient Broth agar (or
trypticase soy broth in the case of Staphylococcus warneri), 0,2 mL of a bacterial solution
were plated, then Whatmann filter paper disks of 6 mm in diameter previously impregnated
with 25 pL of crude extract at 20 mg/mL or isolated compounds at 0.5 mg/mL (in DMSO)
were placed on the bacteria plate and incubated at 37°C in a 5% enriched atmosphere of CO,
for 24 hours. After that, inhibition zones around the paper disk were measured in millimeters
three times. 25uL of Genatamycin at 0.5 mg/mL was taken as reference. For inhibitory zones
more than 9 mm, MIC was measured following the microdilution method (Zgoda et Porter,
2001).

I11.5. QUALITATIVE TESTS OF THE ISOLATED COMPOUNDS

111.5.1. Liebermann Burchard test

This test is characteristic of triterpenes and sterols. Liebermann Burchard's reagent is
constituted of acetic anhydride [(CH3CO),0], sulfuric acid (H,SO,) and chloroform (CHCIy).
Protocol: Dissolve a small amount of the compound to test in 50 mL of CHCI; and then add

20 mL of acetic anhydride and few drops of concentrated sulfuric acid.

Interpretation: The presence of triterpenes is manifested by the appearance of a purplish red
color and that of sterols by the appearance of a greenish blue color.

111.5.2. Ferric chloride test

The aim of this test is to identify phenolic hydroxyl groups. The ferric chloride’s

reagents are ferric chloride (FeCls) and methanol (MeOH).
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Protocol: dissolve a small amount of the compound to test in methanol and add few drops of
FeC|3.

Interpretation: depending on the structure of the compound, a blue, red or green complex
type [Fe(OAr)g]* is formed.

111.5.3. Molish test

This test consists on the characterization of sugars. The reagents used are ethanol, a-
naphtol and sulfuric acid.
Protocol: Prepare a mixture of 1% a-naphtol in ethanol and use this mixture to dissolve a
small amount of the compound to test. Then add few drops of H,SO,.

Interpretation: in the presence of sugar, a purplish red ring is formed at the interphase.
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ARTICLE INFO ABSTRACT
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X-ray crystal structure

Two new norbergenin derivatives, 4-O-p-hydroxybenzoylnorbergenin (1) and 11-O-(E)-cinnamoylnorbergenin
(2), were isolated from the leaves of Diospyros gilletii De Wild along with nine known compounds, including
norbergenin (3), 4-0-galloylnorbergenin (4), betulin (5), betulinic acid (6), lupeol (7), ursolic acid (8), corosolic
acid (9), B-sitosterol (10) and quercitol (11). Their structures were elucidated from the analysis of their 1D and
2D 'H and '*C NMR spectral data in conjunction with mass spectrometry. Single-crystal X-ray diffraction
technique unambiguously established the structure of compound (1). The antimicrobial properties of the eleven

compounds isolated were investigated as well as the antioxidant activity of the norbergenin derivatives (1-4).
The results obtained showed that none of those compounds displayed antimicrobial activity at 0.5 pg/ml
whereas norbergenin derivatives exhibited noteworthy antioxidant property with ICs, values ranging from 8.2

pg/ml to 41.6 pg/ml.

1. Introduction

Plants of the genus Diospyros (Ebenaceae), which include several
species that produce ebony, consist of trees and shrubs found in Africa,
Asia-Pacific region, Ncotropics, Australia, New Caledonia, Madagascar
and Comoros (Geeraerts et al., 2009; Duangja et al., 2009). From the
500 species belonging to this genus distributed over the world, about 36
species are found in Cameroon (Letouzey and White, 1970). Diospyros
species are widely used in African folk medicine for the treatment of
various diseases including leprosy, fungal infections, dysentery,
whooping cough, hemorrhages, incontinence, rheumatoid arthritis,
cardiovascular disorder and various cancer types (Maroyi, 2018; Rauf
et al., 2017; Ravikumar et al., 2014). Previous phytochemical studies
carried out on some Cameroonian Diospyros species led to the isolation
and the characterization of a wide range of secondary metabolites in-
cluding triterpenes (Feusso et al, 2016, 2017), naphthoquinones
(Tangmouo et al., 2005, 2006; Lenta et al., 2015), coumarins (Akak
et al.,, 2010), bergenin and norbergenin derivatives (Dongmo et al.,
2018; Akak et al., 2013; Tangmouo et al., 2009); some of which

* Corresponding author.
E-mail address: mvotcarine@yahoo.fr (C. Mvot Akak).

https://doi.org/10.1016/j.phytol.2020.01.012

exhibited diverse biological activities such as antimycobacterial and
antigonorrhoeal (Kuete et al., 2009), antioxidant (Tangmouo et al.,
2009), and antitrypanosomal (Fouokeng et al., 2019). As part of our
ongoing search for secondary metabolites of biological importance from
Camecroonian medicinal plants, the methanolic extract of the lcaves of
Diospyros gilletii was investigated. In this paper, we report the isolation,
structural elucidation, as well as the biological activity; especially, the
antimicrobial and antioxidant activities of the isolates.

2. Results and discussion

The dried aerial parts of Diospyros gilletii were extracted by ma-
ceration in methanol. The crude extract obtained was suspended in
distilled water and further extracted with various solvents. The frac-
tionation of the ethyl acetate and dichloromethane soluble fractions
using various chromatographic techniques afforded two new norber-
genin derivatives (1-2) with nine known compounds. (Fig. 1). The
known compounds were identified, by comparison of their spectro-
scopic data with those reported in the literature, as norbergenin (3), 4-

Received 6 November 2019; Received in revised form 16 January 2020; Accepted 16 January 2020
1874-3900/ © 2020 Published by Elsevier Ltd on behalf of Phytochemical Society of Europe.
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Fig. 1. Chemical structures of new norbergenin 1 and 2.

0-galloylnorbergenin (4) (Saijo et al., 1990), betulin (5) (Joshi et al.,
2013), betulinic acid (6) (Haque et al., 2013), lupeol (7) (Jamal et al.,
2008), ursolic acid (8) (Seebacher et al., 2003), corosolic acid (9) (Hou
et al., 2009), B-sitosterol (10) (Chaturvedula and Prakash, 2012) and

quercitol (11) (Shih et al., 2005).

2.1. Structure elucidation of 4-O-p-hydroxybenzoylnorbergenin (1)

Compound 1 was obtained as a white powder. Its molecular for-
mula, CyoH15041, implying twelve double bond equivalents, was de-
termined from its HR-TOF-ESIMS spectrum which showed in positive
mode the sodiated molecular ion peak [M+Nal™ at m/z 457.0738
(caled for CyoH,50,,Na: m/z 457.0741). The UV spectrum of compound
1 exhibited absorption bands at A, 218 and 262 nm while the IR
spectrum indicated vibration bands characteristic of hydroxyl group
(—OH) at 3392 cm ™ ’; carbonyl esters (C=0) at 1714, 1699 ecm ™! and
aromatic at 1608, 1470 cm ™~ '. The analysis of the 'H NMR and HSQC
spectra of this compound (Table 1) showed a set of signals constituted
of one aromatic proton singlet at 8y 7.08 (1H, s) / 8¢ 111.1; five oxy-
methines signals at 8y 5.60 (1H, dd, J = 8.4, 9.8 Hz) / 8. 76.2, 8 5.14

Table 1

(1H,d,J = 10.4 Hz) / 8¢ 74.4, 6;; 4.42 (1H, dd, J = 10.0, 10.4 Hz) / 8¢
79.1, 8,3 3.82 (1H, m) / 8¢ 83.1 and &y 3.80 (1H, m) / 8¢ 70.2; and two
diastereotopic oxymethylene signals at 8 4.04 (1H, dd, J = 1.6; 11.6
Hz) / 8¢ 62.5 and 8y 3.75 (1H, m) / 8¢ 62.5 characteristic of a nor-
bergenin skeleton (Saijo et al., 1990). This was supported, on one hand,
by COSY spectrum in which correlations were observed between ali-
phatic oxymethine H-4a (8 4.42) and protons H-10b (8 5.14) and H-4
(8y 5.60); oxymethine H-3 (8 3.80) and protons H-4 (8 5.60) and H-2
(8y 3.82) which also correlated with the diastereotopic oxymethylene
protons H-11 (8y 4.04 / 8y 3.75) and on the other hand by HMBC
correlations observed between the oxymethine proton H-10b (8 5.14)
and carbons GC-2 (8¢ 83.1), C-10a (8¢ 117.0), C-6a (8¢ 114.1); proton H-
4a (81 4.42) and carbons C-6 (8¢ 166.0) and C-10a (8¢ 117.0); aromatic
methine H-7 (8¢ 7.08) and carbons C-6 (§; 166.0), C-6a (§¢ 114.1), C-
10a (8 117.0), C-8 (8¢ 147.4), -9 (8¢ 141.5) (Fig. 2). Further analysis
of the '"H NMR spectrum of compound 1 indicated an AA’BB’ spin
system at 8y 7.97 (2H, d, J = 8.8 Hz) / 8¢ 133.2 and § 6.84 (2H, d, J
= 8.8 Hz) / 8¢ 116.1 characteristic of a para-disubstituted benzene
ring. The correlations observed in the HMBC spectrum of this com-
pound between the aromatic proton at 8y 7.97 with downfield carbons
at 8¢ 167.5 (C=0 ester) and 8. 163.7, on one hand, and between the
other aromatic proton at 8y 6.84 and carbons at §; 122.0 and at §:
163.7, on the other hand, indicated that the para-aromatic moiety

NMR troscopic data® of cc ds 1 and 2. .
e IO O 0 9 an correspond to a para-hydroxybenzoyl group. It remained to us to es-
Position 1 2 tablish the linkage between the para-hydroxybenzoyl moiety and the
MR LAl Sy et St norbergenin fragment. To this end, the HMBC correlation observed
: S s = between the aliphatic oxymethine proton H-4 at 8y 5.60 and the car-
2 382, m 83.1,CH  3.93,ddd (2.2, 7.0, 80.5, CH bony! of the benzoyl group at §; 167.5 led to the conclusion that the
9.9) para-hydroxybenzoyl moiety was linked to the norbergenin fragment at
3 3.80, m 70.2,CH  3.52, t (8.7, 9.9) 71.9, CH C-4 position through an oxygen atom.

4 5.60, dd (8.4, 9.8) 76.2, CH 3.84, brt (9.0) 75.5, CH =
4a 4.42, dd (10.0, 79.1,CH  4.08, dd (9.4, 10.5) 81.3, CH In order to confirm the proposed structure and to establish un-
10.4) ambiguously the relative stereochemistry at C-2, C-3, C-4, C-4a and C-
6 - 166.0,C - 166.3, C 10a along the tetrahydropyran ring of the norbergenin core, a single-
Sa = 1141,C¢ - 114.2,C crystal X-ray diffraction analysis was performed. Recrystallization of 1
7 7.08, s 111L1,CH  7.09,s 111.1, CH b sl % i frotitathanpl 1l s wieskiv it
‘ i 1474.C — 1474, y slow evaporation from methanol gave a very small and weakly dif-
9 = 1415C - 141.2,C fracting crystals. Two molecules of 1 crystalized together with two
10 - 1437,C - 1435, C solvent water molecules in the unit cell of the space group P1 resulting
10a = 117.0,C - 117.0,C in a three-dimensional network bonded by hydrogen bonds and s—n
:‘1“’ i'(‘]‘:-' :d("l)':) e Z;“;’ (c:ﬁ i‘g:]* fm(l(g'g) - Z:'g* gﬁ interactions (See SI for further information). The X-ray structure, in-
375 m Gy ek S 436, dd (7'0’ 1 2'2) S dicated a trans diaxial relationship between the aliphatic methines in
1 e ' 1220,¢ - ’ ’ 1356, C the tetrahydropyran ring of the norbergenin core as shown in Fig. 3.
2/6 7.97,d (8.8) 133.2,CH  7.63, m 129.4, CH The assigned relative stereochemistry was in full agreement with the
3/5 6.84,d (8.8) 116.1,CH 7.4, m 130.0, CH value of the coupling constant J (8 — 10 Hz) of the oxymethines protons
;, B :gg;g ;';é’ :‘“60) }Z;; Eg and the NOESY spectrum which showed correlations (Fig. 2) between
8 _ = 6.50. d (16.0) 1182 CH protons H-10b, H-4 and H-2, and between protons H-4a, H-3 and H-11.
9 - . & 168.4, C Accordingly, compound 1 was characterized as 4-O-p-hydro-

xybenzoylnorbergenin, a new norbergenin derivative with the structure

2 Chemical shift measured in CD;0D, at 500 MHz for 'H and 125 MHz for as shown.

13¢ using TMS as internal standard (8 in ppm, J in Hz).
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Fig. 2. Key HMBC (Purple) and COSY (Green) correlations of compounds 1 and 2.

Fig. 3. ORTEP-like view of compound 1 at 50 % probability level. The second
molecule and water solvent molecules are omitted.

2.2. Structure elucidation of 11-O-(E)-cinnamoylnorbergenin (2)

Compound 2 was obtained as a white powder. Its molecular for-
mula, C35H20010, was assigned from its HR-TOF-ESIMS which exhibited
in positive mode, the sodium adduct ion peak [M+Na]* at m/z
467.0949 (caled for C,Hz0040Na: m/z 467.09487). The UV spectrum
of this compound showed maxima absorption bands at 217 and 279 nm
while in its IR spectrum, the vibration bands due to hydroxyl group
(3354 cm ™) and carbonyl function (1698 and 1635 cm ~!) were ob-
served. The comparison of 'H and '3C NMR spectra of compound 2
(Table 1) showed close similarities with those of compound 1. These
data indicated the presence in compound 2 of a norbergenin core
through the aromatic singlet at 8 7.09 (1H, s, H-7) / 8¢ 111.1, the five
norbergenin types oxymethines at 8;; 5.01 (1H, d, J = 10.5 Hz, H-10b)
/ 8¢ 74.5, 8y 4.08 (1H, dd, J = 9.4, 10.5 Hz, H-4a) / &¢ 81.3, 8y 3.93
(1H, ddd, J = 2.2, 7.0, 9.9 Hz, H-2) / 8 80.5, 8y 3.84 (1H, brt, J = 9.0
Hz, H-4) / 8¢ 75.5, 84 3.52 (1H, t, J = 8.7, 9.9 Hz, H-3) / §¢ 71.9, the
diastereotopic oxymethylene protons at 8§y 4.80 (1H, dd, J = 2.2, 12.2
Hz, H-11) / 8¢ 64.8 and 8y 4.36 (1H, dd, J = 7.0, 12.2 Hz, H-11) / §¢
64.8, the carbonyl ester at 8¢ 166.3 (C-6) and the aromatic carbons at
8¢ 147.4 (C-8), 3¢ 143.5 (C-10), 8¢ 141.2 (C-9), 8 117.0 (C-10a) and §¢
114.2 (C-6a). The differences between the two compounds were the
nature of the substituent and its position on the norbergenin skeleton.
Indeed, whereas in compound 1, the substituent was a para-hydro-
xybenzoyl moiety, in compound 2, this substituent was a cinnamoyl
group which was characterized from the set of signals observed in the
'H and '*C NMR spectra, constituted by two olefinic methines which
appeared as an AB spin system with a trans coupling at 8y 6.59 (1H, d, J
= 16 Hz, H-8') / 8 118.2 (C-8") and 83 7.76 (1H, d, J = 16 Hz, H-7") /
3¢ 147.0 (C-7"), five aromatic protons at §;; 7.63 (2H, m, H-2’, H-6") / &,
129.4 (C-2’/C-6") and §;; 7.41 (2H, m, H-3’, H-5") / §: 130.0 (C-3’/ C-
5), 81 7.41 (1H, m, H-4) / 8¢ 131.7 (C-4’), 8¢ 135.6 (C-1°) and signal of
one carbonyl ester at 8¢ 168.4 (C-9°). The deshielding of the diaster-
eotopic oxymethylene protons (H-11) of norbergenin appearing at 8y
4.80 and 8y; 4.36 in compound 2 compared to their values in compound
1 indicated that the cinnamoyl moiety was located at C-11 position of
the norbergenin backbone. This was confirmed by the HMBC

Ph. D Thesis presented by Nathalie s. Jouwn T.

correlations observed between diastereotopic protons H-11 and car-
bonyl of the cinnamoyl group C-9’ at 8; 168.4. As in compound 1, the
relative stereochemistry of the oxymethine protons in compound 2 was
established as trans diaxial from the value of the coupling constant J
(8—10 Hz) and the NOESY experiment. From the above spectroscopic
data, compound 2 was identified as 11-O-(E)-cinnamoylnorbergenin
isolated from natural source and described for the first time (Deng and
Huang, 2006).

2.3. Antimicrobial and antioxidant activities of extract and isolated
compounds

Extract and isolated compounds from Diospyros gilletii, were eval-
uated for their antimicrobial and antioxidant properties.

The crude methanol extract of the leaves of D. gilletii and compounds
(1-11) were tested against three Gram-positive (Bacillus subtilis DSMZ
704, Micrococcus luteus DSMZ 1605, Staphylococcus warneri DSMZ
20036) and two Gram-negative (Escherichia coli DSMZ 1058 and
Pseudomonas agarici DSMZ 11810) bacteria using agar disk diffusion
method with gentamicin taken as reference. The results obtained in-
dicated that the crude extract exhibited some level of activity at con-
centration 20 pg/ml against the Gram-negative bacteria with inhibition
zone values of, respectively, 8 mm for Escherichia coli and 7 mm for
Pseudomonas agarici, while none of the tested bacterial strains were
sensitive to compounds (1-11) at concentration 0.5 pg/ml.

Furthermore, the antioxidant activity of compounds (1-4) was
evaluated throughout their ability to scavenge the DPPH radical.
Ascorbic acid was used as positive control. The four compounds have
the same basic skeleton and were more effective as antioxidant over the
range of 500-0,5 pg/ml concentration than the standard antioxidant
ascorbic acid, with ICgq values ranging from 8.2 pg/ml to 41.6 pg/ml
(Table 2). The different substituents and their position on the basic
skeleton influence the antioxidant activity, and a great variation is
observed when the substitution occurs at C-4 of the norbergenin nu-
cleus. Thus, the 4-O substitution in the norbergenin nucleus with a para-
hydroxybenzoyl moiety (compound 1) exhibited the better DPPH free
radical scavenging activity.

Table 2
Free Radical Scavenging Activity of compounds (1-4)
determined by the DPPH Assay.

Compounds ICsq [ug/ml]

1 8.2

2 23.8
3 22.0
4 41.6
Ascorbic acid 50.5
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3. Experimental
3.1. General experimental procedures

Melting point was determined on a BUCHI Melting point B-540.
Optical rotations were measured on a JASCO DIP-3600 digital polari-
meter uOsing a 10 cm-cell. UV spectra were recorded on a Hitachi UV
3200 spectrophotometer. IR spectra were determined on a JASCO
Fourier transform IR-420 spectrometer.1D and 2D NMR spectra were
recorded on a Bruker DRX 500 NMR spectrometers with TMS as an
internal standard and chemical shifts shown as 8-values (ppm), while
coupling constants (J) were measured in Hz. Homonuclear 'H con-
nectivities were determined by using the COSY experiment. One-bond
'H-'3C connectivities were determined with HMQC gradient pulse
factor selection, and two- and three-bond 'H-'C connectivities by
HMBC experiments. ESI-MS spectra were recorded on Agilent 6220 TOF
LCMS mass spectrometer with perfluorokerosene as reference substance
for ESI-HR-MS. Column chromatography was carried out on silica gel
230-400 mesh and silica gel 70-230 mesh, Merck. Thin layer chro-
matography (TLC) were performed on Merck precoated silica gel 60
Fa54 aluminum foil and were revealed using UV lamp (254-365 nm)
and 10 % H,SO, reagent followed by heating.

3.2. Plant material

The leaves of D. gilletii De Wild were collected at Mbalmayo, Centre
region-Cameroon, in March 2018 and identified at the National
Herbarium of Cameroon where a voucher specimen of the species is
deposited under number N° 15418 HNC.

3.3. Extraction and isolation

The dried and powdered leaves of D. gilletii (0.95 kg) were extracted
by maceration in methamnol (2 x 3L) at room temperature for 3 days.
After filtration, white crystals precipitated in the resulting methanolic
solution. This crystal was filtered and washed with methanol to afford
Quercitol [(11), 159.12 mg]. The methanolic filtrate was further eva-
porated to dryness under reduced pressure to give 122.10 g of a me-
thanolic residue. This residue was suspended in distilled water, and the
suspension obtained was successively fractionated with petroleum ether
(PE), dichloromethane (CH,Cl,), ethyl acetate (EtOAc) and n-butanol
(n-BuOH) to yield respectively 2.31 g, 9.25 g, 43.18 g and 21.37 g of
organic extracts. The ethyl acetate extract (40.00 g) was subjected to
column chromatography in silica gel 60 C (0.04-0.063 mm) eluted
sequentially with mixture of PE - EtOAc and EtOAc - MeOH of in-
creasing polarities. 153 fractions of 100 ml each were collected and
concentrated under reduced pressure on a rotary evaporator. These
fractions were combined based on TLC analysis to give 17 subfractions
labelled A1-A17. From subfractions A9 and All eluted from the
column with a mixture of PE - EtOAc 1:3, were obtained, respectively,
11-0-(E)-cinnamoylnorbergenin [(2), 51.21 mg] and 4-O-p-hydro-
xybenzoylnorbergenin [(1), 1.13 g]. From subfraction A14 eluted from
the column with EtOAc, was obtained 4-O-galloylnorbergenin [(4),
1.97 g] while subfraction A17 eluted with a mixture of EtOAc-MeOH
19:1 to EtOAc-MeOH 17:3 afforded norbergenin [(3), 2.68 g]. The di-
chloromethane extract (9.00 g) was equally chromatographed on silica
gel 60 C (0.04—0.063 mm) eluted with a gradient of a mixture of PE-
EtOAc to yield lupeol [(7), 178.14 mg] at PE-EtOAc 19:1, B-sitosterol
[(10), 41.10 mg] at PE-EtOAc 9:1, betulin [(5), 24.20 mg] at PE-EtOAc
17:3, betulinic acid [(6), 71.14 mg] at PE-EtOAc 4:1, ursolic acid [(8),
96.21 mg] at PE-EtOAc 3:1 and corosolic acid [(9), 13.32 mg] at PE-
EtOAc 7:3.
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3.4. Spectroscopic data

3.4.1. 4-O-p-hydroxybenzoylnorbergenin (1)

White powder; [a]: —53 (c 0.68, MeOH); m.p. 286~ 287 °C; IR
Vmax 3730, 3392, 1714, 1699, 1608, 1470 cm ~; UV Amax nM (log €)
218 (3.41), 262 (3.19); 'H NMR (500 MHz) and *°C NMR (125 MHz)
data in CD30D, see Table 1; HRESIMS: m/z 457.0738 (caled for
CaoH,;50;:Na: m/z 457.0741).

3.4.2. 11-0-(E)-cinnamoylnorbergenin (2)

White powder; [a] 2'?: 58,3 (c 1, MeOH); IR v,,., 3354, 1698, 1635,
1314, 1087 cm ™% UV Apae nm (log &) 217 (3.82), 279 (3.54); 'H NMR
(500 MHz) and '*C NMR (125 MHz) data in CD,OD, see Table 2;
HRESIMS: m/z 467.0949 (caled for CyoH,001oNa: m/z 467.09487).

3.5. X-ray diffraction of 4-O-p-hydroxybenzoylnorbergenin (1)

A single crystal of compound 1 x Hy0 (C30H300;) was examined on
a Rigaku Supernova diffractometer using Cu Ka (A = 1.54184 A) ra-
diation. The crystal was kept at 100.0(1) K during data collection. Using
Olex2, the structure was solved with the ShelXT structure solution
program using Intrinsic Phasing and refined with the ShelXL refinement
package using Least Squares minimisation. The very poor-diffracting
crystal was refined as non-merohedral two-component twin, ratio
(76:24), hydrogen atoms were taken into account using a riding model.
Details of the X-ray investigation are given in the SI. CCDC 1958054
contains the supplementary crystallographic data for this paper. These
data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccde.cam.ac.uk/conts/
retrieving.html.
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A new naphtalenone derivative named fragranone, alongside seventeen known compounds: ten triterpenoids,
one monoglycerol, one polyterpenoid, one carotenoid, two steroids and two polyols were isolated from the leaves
and roots of Diospyros fragrans. Four semi-synthetic derivatives obtained from the acetylation and allylation of
betulinic acid, allylation of ursolic acid and acetylation of vismiaefolic acid are also reported. The structures of
the compounds were established using their MS and NMR spectral data. The chemotaxonomic relevance of the
compounds is also discussed in this paper. The extracts, as well as the isolates and the semi-synthetic compounds

were evaluated for their antibacterial and cytotoxic activities. The obtained results showed a moderate anti-
bacterial activity for myrtifolic acid and the semi-synthetic compound betulinic acid acetate against Bacillus
subtilis DSMZ 704 with a diameter zone of inhibition of 9 and 10 mm, respectively. Ursolic acid and corosolic acid
exhibited a moderate cytotoxicity against human colorectal adenocarcinoma cells HT-29 and the cervix carci-
noma cells KB-3-1 with inhibitory concentration 50 values of 34.4 and 50.9 M for ursolic acid, and 16.5 and
14.6 uM for corosolic acid, respectively.

1. Subject and source

Diospyros fragrans is a small tree reaching a height of 15 m. This
species is one of the 36 species of Diospyros found in the wettest areas of
dense forests (I.clouzey and White, 1970). The Diospyros genus belongs
to the Ebenaceae famdy, consisting of approximately 500 species of trees
and shrubs, distributed in tropical and subtropical regions of the world
(Dusz ot al., 2006). Plants of this genus have various ethnomedicinal
applications, including treatment of dysentery, whooping cough, hem-
orrhages, leprosy, fungal infections, incontinence, rheumatoid arthritis,
cardiovascular disorders, and various types of cancers (Maroyi, 2018;
Rauf et 2017). They are a rich source of bioactive compounds
belonging to triterpenoids, naphthoquinones, —benzopyrones,
naphthalene-based aromat:lcs, polyphenols, and carotenoids (Jouwa
Rauf et al., 2017; Mallavadhani et al., 1998). In continua-
tion of our search for bloacuve substances from Diospyros, the leaves and

roots of D. fragrans were collected for analysis in December 2018 at
Abang, Centre region of Cameroon. It was identified at the Cameroon
National Herbarium where a voucher specimen was conserved with
reference number 60166 HNC.

2. Previous work

Pentacyclic triterpenoids, specifically the lupane, ursane, and ole-
anane types, as well as 1,4- naphthoquinones have long served as Lhe
chemotaxonomic markers of the Diospyros genus (\Viallavad 1
1998). However, a few 1,4-naphtoquinone denvanves have been iso-
lated from Cameroonian Diospyros species (1.cnta et al., 20157
ot al.. 2006), while several pentacyclic triterpenoids (
201 ¢t al., 2017) and norbergenin and bergenm de_nvauves
were also obtained (Alal et al., 20135 Jouy 2020; 1
et al., 2009). Extracts and secondary metabolites 1solated from Dzospyros

mouc
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species have shown remarkable antimicrobial and cytotoxic activities

(Cai et al
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2( Juinta 1 201 al., 3
The great diversity of the chemistry and pharmacology of Di 08

st al.. 2020)
I OSpYT
species has tilted our attention towards D. fragrans, which has not yet
been subjected to chemical and pharmacological investigations. The
present work thus reports the isolation and structural elucidation of one
unreported naphtalenone derivative, fragranone 1, together with
seventeen known compounds, and four semi-synthetic derivatives ob-
tained from the acetylation and allylation of betulinic acid, as well as the
antibacterial and cytotoxic activities.

3. Present study
3.1. General experimental procedures

Optical rotations were measured on a JASCO DIP-3600 digital
polarimeter (JASCO, Tokyo, Japan) using a 10 cm cell. IR spectra were
recorded using a JASCO Fourier transform IR-420 spectrometer. UV
spectra were recorded using a Hitachi UV 3200 spectrophotometer
(Thermo Scientific, Waltham, MA, USA). NMR spectra were recorded on
a Bruker DRX-500, 600 MHz spectrometer (Bruker, Rheinstetten, Ger-
many). Chemical shifts are reported in § (ppm) using tetramethylsilane
(TMS) (Sigma-Aldrich, Munich, Germany) as internal standard, while
coupling constants (J) were measured in Hz. ESI-MS spectra were
recorded on an Agilent 6220 TOF LCMS mass spectrometer with per-
fluorokerosene as reference substance for ESI-HR-MS. Column chroma-
tography was carried out on silica gel of 70-230 mesh (Merck,
Darmstadt, Germany) and sephadex LH-20 (Sigma-Aldrich, Munich,
Germany). Thin layer chromatography (TLC) was performed on Merck
precoated silica gel 60 Fps4 aluminium foil and were revealed under UV
light at 254 or 365 nm, followed by spraying with 10% H,SO4 and
heating.

3.2. Extraction and isolation

The shade-dried and powdered leaves (3.2 kg) and roots (2.8 kg) of
D. fragrans were macerated separately twice with 7.5 and 5.0 L. of MeOH,
respectively, at room temperature for 3 days. The resulting methanolic
filtrates were concentrated to dryness under reduced pressure to give
101.7 g and 78.9 g of methanolic residues for the leaves and roots,
respectively.

The root extract (77.0 g) was chromatographed over silica gel using
open column eluted with a gradient of petroleum ether — ethyl acetate
and ethyl acetate-methanol. 429 fractions of 200 mL were collected and
concentrated under reduced pressure on a rotary evaporator and then
combined based on thin layer chromatography (TLC) into 26 sub-
fractions labelled J;—Ja6. Fraction Jo (PE-EtOAc 3:2) was chromato-
graphed over sephadex LH-20 and eluted with MeOH to afford a mixture
of three compounds. Preparative TLC eluting with PE-EtOAc 1:1 was
then further used to obtain fragranone [(1), 2.1 mg] as a light brown oil.
Fraction Js (PE-EtOAc 19:1) was further chromatographed over sepha-
dex LH-20 with an isocratic solvent system of CH»Cl,-MeOH 1:1 to
afford a-tocopherol [(14), 3.3 mg] as a colourless oil. Using MeOH as
eluent, 1-0-(28-hydroxyoctacosanoyl)-glycerol [(12), 4.1 mg] was ob-
tained in like manner as a-tocopherol (14) from fraction J;g (PE-EtOAc
3:2). Lupeol [(2), 75.2 mg], the mixture of fi-sitosterol and stigmasterol
[(17), 62.2 mg], betulinic acid [(3), 143.1 mg], ursolic acid [(4), 28.1
mg], vismiaefolic acid [(5), 12.7 mg], and the mixture of $-sitosterol-3-
O-p-D-glucopyranoside and  stigmasterol-3-O-f-D-glucopyranoside
[(18), 113.2 mg] precipitated as white powders from fractions Js (PE-
EtOAc 19:1), Jg (PE-EtOAc 37:3), J14 (PE-EtOAc 33:7), J;5 (PE-EtOAc
4:1), J»; (PE-EtOAc 1:1) and Jz; (PE-EtOAc 2:3) respectively. Finally,
methyl-p-D-glucopyranoside [(15), 63.1 mg] was obtained as clear
crystals from fraction Jo4 (EtOAc-MeOH 9:1).

A portion of the leaf extract (100.0 g) was fractionated using open
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silica gel column to yield fractions F; (PE-EtOAc 3:1, 23.5 g), F» (PE-
EtOAc 1:1, 14.2 g), F5 (EtOAc, 16.2 g) and Fy (EtOAc-MeOH 3:1, 27.7 g).
Fraction Fy was dissolved in methanol, adsorbed onto silica gel (70-230
mesh) and subjected to purification using open column chromatog-
raphy, eluting with petroleum ether and ethyl acetate in increasing
polarity. A total of 182 fractions of 100 mL each were collected, moni-
tored by thin layer chromatography (TLC), and then pooled into 18
subfractions labelled H;-Hjg. Subfraction Hy was eluted from the col-
umn with a mixture of PE-EtOAc 19:1 to yield lupeol [(2), 42.2 mg].
Subfraction Hys was eluted with a mixture of PE-EtOAc 3:1 to afford
ursolic acid [(4), 174.3 mg]. Subfractions Hg and H;, were eluted with
PE-EtOAc 17:3 to yield myrtifolic acid [(7), 9.1 mg] and betulinic acid
[(3), 123.2 mg] respectively. Subfraction Hg eluting with PE-EtOAc 9:1,
afforded a mixture of fp-sitosterol and stigmasterol [(17), 36.1 mg].
Subfraction H, was subjected to column chromatography over silica gel
with an isocratic solvent system of PE-EtOAc 19:1 to give p-amyrin ac-
etate [(11), 4.1 mg]. Uvaol [(8), 12.3 mg] was obtained by purification
of subfraction H;q over silica gel column with PE-EtOAc 9:1.

Fractions F; and F3 (30.4 g) were combined on the basis of their TLC
profiles and further subjected to silica gel open CC, eluting with a
gradient of PE-EtOAc, followed by EtOAc-MeOH to afford 229 fractions
of 100 mL each. On the basis of their TLC profiles, these fractions were
combined into 24 subfractions (I1_p4). Subfractions Is (PE-EtOAc 7:3),
T4 (PE-EtOAc 2:3), I;6 (PE-EtOAc 1:3), and I, (EtOAc-MeOH 19:1)
directly precipitated to afford corosolic acid [(6), 7.2 mg], a mixture of
stigmasterol-3-0-p-D-glucopyranoside, and p-sitosterol-3-O-p-D-gluco-
pyranoside [(18), 13.0 mg], 5-O-methylinositol [(16), 18.1 mg], and
methyl- f-D-glucopyranoside [(15), 76.8 mg], respectively. Subfraction
I, (PE-EtOAc 4:1) was chromatographed over silica gel with an isocratic
solvent system of PE-EtOAc 9:1 to afford a mixture of two compounds,
which were subsequently eluted with methanol over sephadex LH-20 to
yield a red powder identified as lutein [(13), 3.1 mg]. Oleanolic acid
[(9), 2.3 mg] was obtained after purification of subfraction I3 (PE-EtOAc
3:1) over silica gel with PE-EtOAc 9:1. Similarly, subfractions Io and Iy
were purified with PE-EtOAc 3:1 to yield hederagenin [(10), 6.2 mg],
and vismiaefolic acid [(5), 55.4 mg], respectively.

3.3. Identification of compounds

Compound 1 was isolated as a brown oil. Its positive mode HR-ESIMS
showed the pseudo-molecular ion peak [M+H] ™ at m/z 193.0860 (calcd.
for C11H1303" m/z 193.0859), which is in agreement with the molecular
formula C;;H;20s3, implying six double bond equivalents. The UV
spectrum of 1 exhibited two absorption maxima at 231 and 279 nm,
typical of naphthalene derivatives (Ganapat 2006). Its IR spec-
trum showed vibration bands due to hydroxy group (3270 cm™),
benzylic ketone (1646 cm™1) and benzene ring (1577, 1465 cm ). The
H NMR and HSQC spectra of compound 1 displayed an AX type
spin-system ascribable to two meta coupled aromatic protons at 5y 6.56
(d, J = 2.5 Hz)/5¢ 114.8 and 4y 6.54 (d, J = 2.5 Hz)/5¢c 118.9, and a low
field aromatic methyl signal at &3 2.54 (s)/5¢ 23.9. The spectra also
displayed a hydroxymethine proton and carbon resonance at #y 4.22
(m)/é¢ 67.0, and four diastereotopic protons of two methylene groups at
oy 2.58 (dd, J = 16.5 and 8.4 Hz); 2.83 (ddd, J = 16.5, 4.0 and 1.4
Hz)/6c49.9 and 6y 2.91 (dd, J = 15.9 and 7.9 Hz); 3.15 (dd, J = 15.9 and
4.0 Hz)/5¢ 40.5. In addition, three other aromatic quaternary carbons at
4 145.6, 146.9, and 124.3, alongside a hydroxylated aromatic carbon at
5¢ 163.1 and a benzylic ketone at 5c 199.5 were present on the 13C NMR
spectrum of 1. All the spin systems mentioned herein, especially those of
the hydroxymethine with the two methylene groups have been high-
lighted on the "H-"H COSY spectrum (I'ig. 2) of 1. Indeed, homonuclear
correlations of the hydroxymethine proton at dy 4.22 with both meth-
ylene groups at 8y 2.91/3.15 and &y 2.58/2.83 were suggestive of a 1,
3-disubstituted propan-2-ol moiety. Their vicinities were unambigu-
ously established using HMBC cross peaks (7ig. 2) of the methylene
protons at 5y 2.91 and 3.15 with the aromatic quaternary carbons at é¢
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2 R'=Me ;R?=H
3:R'=CO,H ;R?=H
3a:R'=CO,H ;R?=COMe

3b:R' =-CO,CH,CHCH, ;R%?=H

4: R"=R%=R%=H ;R2=0H ;R*=COH

4a:R'=R*=R%=H ;R2=0H ;R*=CO,CH,CHCH,
o R* 5: R'= R2=R3=0H; R*=R%=CO,H
& 5a:R'=R?=0COMe ;R®=OH ;R*=R5=COH
6: R'=R3=R%=H ;R?2=0H ;R*=CH,0OH

8: R'=R2=0H

16 R'O

iR3=R°=H ;R*=CO,H

;RZ=0H ;R%=H
:R2=0H ;R%=CH,OH

9: R'=CO,H
10: R = CO,H
11: R'=R%=H ;R%?=0OCOMe

R0 17: R'=R?=H
18: R'=R2=Glc

Fig. 1. Structures of compounds 1-18.

124.3 and 146.9, and also of the other methylene protons at 5y 2.58 and
2.83 with the ketone at d¢c 199.5, supporting a ring fusion of both the
aromatic and the aliphatic chain leading to a naphtalenone skeleton. A
methyl and a hydroxy group were located respectively at C-8 and C-6
positions on the naphtalenone ring based on the HMBC cross peaks
observed between the aromatic proton at dy 6.54 and the carbons at §¢
124.3, 114.8 and 23.9; the aromatic proton at §y; 6.56 and the carbons at
6c 124.3, 118.9, 163.1 and 40.5, and the methyl proton at 5y 2.54 and
the carbons at &¢ 124.3, 145.6 and 118.9. The equatorial orientation of
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the hydroxyl group on the chiral carbon C-3in 1 (I'iz. 5) was established
from the observed axial-axial coupling constants of both methylene
protons H-2 (6 2.58) and H-4 (6 2.91) with the hydroxymethine proton
H-3 (8y 4.22) (Table 1, Fiz. 3). From the above spectroscopic data,
compound 1 was identified as the new derivative 3,6-dihydrox-
y-8-methyl-3,4-dihydro-1(2H)-naphthalenone, trivially named
fragranone.

By comparison of their spectroscopic data with those reported in the
literature (“ig. 1), the seventeen known compounds were identified as
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9

Fig. 2. Key HMBC (Fuchsia) and COSY (Green) correlations of compound 1.
(For interpretation of the references to colour in this figure legend, the
reader is referred to the Web version of this article.)

CH3 O H
OH
H H
0 H
H

Fig. 3. Spatial conformation of fragranone (1).

Table 1
NMR spectroscopic data” of fragranone (1).
Position Sy, mult (J in Hz) J¢, mult
1 - 199.5, C
2 2.58, dd (16.5, 8.4) 49.9, CHy
2.83, ddd (16.5, 4.0, 1.4)
3 4.22, m 67.0, CH
4 2.91, dd (15.9, 7.9) 40.5, CH,
3.15, dd (15.9, 4.0)
4a - 146.9,C
5 6.56, d (2.5) 114.8,CH
6 = 163.1,C
7 6.54, d (2.5) 118.9, CH
8 - 145.6,C
8a - 1243,C
9 254,s 23.9, CHs

* Chemical shift measured in CD;0D, at 600 MHz for 'H and 150 MHz for '*C
using TMS as internal standard(s in ppm, J in Hz).

lupeol (2) (Jama 3K betuh.mc acid (3) (Haque et al
ursohc acid (4) ( 03), vxsmxaefohc acid (5) ( )
e 90), corosohc acid (6) (l lou e myrtlfohc acid (7)
al, 19 ), oleanolic
1 et al., 201 \), hederagenin (10) (Joshi et al., 1999),
f-amyrin acetate (11) (M : 1 , 1-O- (28-hydrox—
yoctacosanoyl)glycerol a2 ( v 1), lutein (13) (A
), o- tocopherol (14) (Har 12), 5- O-met.hyl--
myo-inositol (16) (M1 je d De }), mixture of
[fi-sitosterol and sugmasterol (17) (Sadikun et al., 1996), mixture of
f-sitosterol-3- O - D-glucopyranos:de and stigmasterol-3-0-p-D-gluco-
side (18) (Sadikun 16), and methyl--D-glucopyranoside (15)
(Aubert et al 4). In, addition, the '*C NMR data of
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methyl-f-D-glucopyranoside (15) are reported here for the first time
(Table 2).

3.4. Fragranone (1)

Brownish oil; [a] 2 : ~8.1 (¢ 0.166, MeOH); IR Gnux 3270, 2955,

2925, 1732, 1646, 1601 cm™'; UV Apna nm (log €) 231 (4.06), 279
(4.10); 'H NMR (600 MHz) and '*C NMR (150 MHz) data in CD30D, see
Table 1; HRESIMS: m/z 193.08605 (caled. for C;;H3303 m/z
193.08647).

3.5. Acetylation of betulinic acid and vismiaefolic acid

20.0 mg (0.044 mmol) of betulinic acid (3) were dissolved in 2 mL
(24.9 mmol) of pyridine and introduced into a conical flask together
with 2 mL (21.2 mmol) of acetic anhydride. The mixture obtained was
subjected to stirring at room temperature for 12 h. After that, 20.0 mL of
distilled water was added to the reaction mixture and the organic part
was extracted using dichloromethane. Evaporation of the organic
portion on a rotative evaporator yielded an oily mixture. This mixture
was further separated by column chromatography using silica gel and an
isocratic solvent system of PE-EtOAc 9:1 to afford betulinic acid acetate
(3a) as a white powder (10.9 mg, 0.0218 mmol). Using the same pro-
cedure and an isocratic solvent system of PE-EtOAc 3:1, 3.3 mg (0.0054
mmol) of vismiaefolic acid diacetate (5a) was obtained from 10 mg
(0.0193 mmol) of vismiaefolic acid (5).

3.6. Allylation of betulinic acid and ursolic acid

Betulinic acid [(3), 20.0 mg, 0.0438 mmol] and 500 mg (12.5 mmol)
of sodium hydroxide were dissolved in 10.0 mL of anhydrous acetone.
Then 4.0 mL (46.7 mmol) of allyl bromide was introduced to the me-
dium and the reaction mixture was agitated for 4 h at 70 °C. 20.0 mL of
distilled water were added and the mixture was extracted with
dichloromethane. After evaporation on a rotative evaporator, the dry
sample obtained was adsorbed onto silica gel and separated using silica
gel CC with PE-EtOAc 17:3 as eluent to afford 28-allyl betulinic acid
[(3b), 7.1 mg, 0.0143 mmol] as a colourless oil. The same procedure was
used to obtain 28-allyl ursolic acid [(4a), 4.1 mg, 0.00825 mmol] from
10.0 mg (0.0219 mmol) of ursolic acid (4).

3.7. Antibacterial assay

The leaves and root extracts of D. fragrans as well as compounds 1-8,
12-13, 15 and the semi-synthetic compounds 3a, 3b, 4a, and 5a were
evaluated for their antibacterial activity against three Gram-positive
bacteria (Bacillus subtilis DSMZ 704, Micrococcus luteus DSMZ 1605,
and Staphylococcus warneri DSMZ 20036) and two Gram-negative bac-
teria (Escherichia coli DSMZ 1058 and Pseudomonas agarici DSMZ 11810)
using agar disk diffusion method with gentamicin as reference. A certain
level of activity was observed for the root extract at a concentration of

Table 2
NMR spectroscopic data’ of methyl-4-D-glucopyranoside (15).

Position Sy, mult (J in Hz) B¢, mult
1 4.19,d (7.8) 105.5, CH
2 3.18,dd (7.8,9.2) 75.1,CH
3 337, m 78.0, CH
4 3.30, m 78.1, CH
Y 3.29, m 71.6, CH
6 3.69, d (4.4, 9.5) 62.9, CH>
3.89,m
7 3.55,s 57.4, CHz

2 Chemical shift measured in CD;OD, at 500 MHz for 'H and 125 MHz for 1°C
using TMS as internal standard(s in ppm, J in Hz).
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20 pg/mL against Escherichia coli DSMZ 1058 and Bacillus subtilis DSMZ
704 with inhibition zone values of 8 mm and 7 mm, respectively, while
the leaf extract did not exhibit any activity. The most active compounds
at a concentration of 0.5 yg/mL were found to be myrtifolic acid (7) and
the semi-synthetic derivative betulinic acid acetate (3a) against Bacillus
subtilis DSMZ 704, with inhibition zone values of 9 mm and 10 mm,
respectively. Uvaol (8) also exhibited a certain level of activity against
Bacillus subtilis DSMZ 704 with inhibition zone values of 7 mm. In
addition, the acetylated derivative of vismiaefolic acid (5a) as well as
the acetylated derivative of betulinic acid (3a) also exhibited some level
of activity at a concentration of 0.5 xg/mL against Pseudomonas agarici
DSMZ 11810, with inhibition zone values of 7 mm each (see ': D). A
comparison of the antibacterial activity of the semi-synthetic com-
pounds 3a and 5a with their respective precursors 3 and 5 suggested
that acetylation at C-3 of betulinic acid and C-2 of vismiaefolic acid was
favorable for the antibacterial activity. In contrast, allylation at C-28 of
betulinic acid and ursolic acid did not improve the activity.

3.8. Cytotoxic assay

The same samples were subjected to cytotoxic activity assay against
cervix carcinoma cells KB-3-1 and human colorectal adenocarcinoma
cells HT-29 using griseofulvin as positive control. Only ursolic acid and
corosolic acid exhibited moderate activities (Kucic ¢ 2017) on both
cells over the range of 1-2000 yM concentration, with ICsy values of
34.4 yM and 50.9 uM for ursolic acid, and 16.5 yM and 14.6 M for
corosolic acid, respectively, against HT-29 and KB-3-1. Furthermore,
corosolic acid was more active than the positive control griseofulvin,
These results provide evidence that ursane-type triterpene acid can be
used as lead compounds in the production of anti-cancerous compounds.
Both acetylation and allylation reactions performed on compounds 3, 4,
and 5 did not improve the cytotoxicity. A loss of activity was observed
for compound 4a, suggesting that allylation at C-28 was not favorable
for the cytotoxicity (see Table 4).

4. Chemotaxonomic significance

In this paper, we report the isolation and structure elucidation of a
new naturally occurring naphtalenone derivative (1), together with
seventeen known compounds including two lupane (2-3), five ursane
(4-8), and three oleanane (9-11) type triterpenoids, one polyterpene
(14), one monoglyceride (12), one carotenoid (13), two polyols (15-16)
and two steroids (17-18) from Diospyros fragrans. All the isolates (1-18)

Table 3
Diameter zone of inhibition in mm of extracts and some isolated compounds
from D. fragrans against bacteria.

Samples Conc. (mg/mL) Ec Bs Pa Ml St
Leaves crude extract 20 - - - = -
Roots crude extract 20 8 7 - o -
1 0.5 - - - - =
0.5 - - - = =
3 0.5 - - - = 5
4 0.5 - - - = =
5 0.5 - - - = s
6 0.5 - - - - s
7 0.5 - 9 - = =
8 0.5 - 7 - = -
12 0.5 - - - = -
13 0.5 - - - = =
15 0.5 - - - = -
3a 0.5 - 10 7 - -
3b 0.5 - - = =5 &
4a 0.5 - - - = =
Sa 0.5 - - 7 5 =
Gentamycin 0.5 20 23 17 19 19

Ec: E. coli, Bs: B. subtillis, Pa: P. agarici, MI: M. luteus, St: S. warneri, -: not active.
€ Positive control.
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Table 4
Cytotoxic activities of ursolic acid and carosolic acid against KB-3-1 and HT-29
cell lines.

Compounds 1Cso (uM)

KB-3-1 HT-29
4 50.9 344
6 14.7 16.5
Griseofulvin 17.0 21.0

¢ Positive control.

are newly isolated from this species while myrtifolic acid (7) as well as 1-
0-(28-hydroxyoctacosanoyl)glycerol (12), f-amyrin acetate (11), 5-O-
methyl-myo-inositol (16) and methyl--D-glucopyranoside (15) are
herein reported for the first time from the Ebenaceae family. Consid-
ering previous studies, some compounds isolated from this species have
already been isolated from other Ebenaceae speues Lupeol (2) was
previously 1solated from D. canaltculata(l A 1., 2011), D. gilletii
1), D. maritima (¢ ), D conocarpa
), D. glandulosa (1! and The
D. cuneata (Qu -1 t . 2013),
D. mespzhfarmu( lohamed 09), D. Ianglﬂora( Yongmo et al.,
2018), and D crassiflora (1: > 20( )h) Betuhmc acid (3) was
found to be present in D. longlﬂora ¢ >t al.. 2018), D. maritima
: 009), D, gilletii (Jou 20 'u),D canaIlcuIata(1 A
2018 ‘),D mannii (e D. conocarpa (Feusso e
, D. mesplleonms ™M D. cra.s.ﬂjﬂora ('w'
et al., 2010; T T rw\)) and
D. ﬁlipendula (
reported in D. gracilipes (R
2010), D. gd]em @]

, 2016),

7). Vlsmlaefohc acid (5) was pre-
2006). Corosolic

v10usly 1solated from D. decandra (Nar
ac1d (6) was previously reported from D. graallpes (

boon et al

016), D. gilletii (Jc 020). Uvaol (8) was prevmusly reported
fmm D. iturensis ( 20), D. melanoxylon (\Vallavadhar
et al., 2001), and D. kaki (Gua t al., 2000). Oleanohc acld (9) was

t al., 2001),
)7), and Dio-
Hederdgenm (10) was previously re-
¢ 2017), while lutein (13) was
obtained from D. digyna (¥ ). a-tocopherol (14) was re-
ported from D. maritima (¢ 2009). Previous phytochemical
studies revealed that lupane, ursane, and oleanane-type mterpenonds
are the major pentacychc t:nterpenes fou.nd in the Dlospyms genus (O
et al )09; Feusso et al., 2017; M . 1998). Thus, t_he
1so]atlon of ten pentacychc tnterpe.nes from D. _fragrans confirms the fact
that these metabolites are chemotaxonomic markers of the genus Dio-
spyros. Furthermore, from these ten pentacyclic triterpenes, seven were
found to be acid triterpenes. Regarding these results and those previ-
ously reported in the literature, evidence appears that Diospyros species
synthetize and accumulate in large amount acid triterpenes, and led us
to suggest that acid triterpenes are chemical markers of the genus Dio-
spyros. Moreover, it is noteworthy that ursane-type triterpenoids iso-
lated from Diospyros species were mostly urs-12-ene type scaffolds,
except for bauerenol, an urs-7-ene acid triterpene previously isolated
from D. ebenum, D. krrku, D. melanoxylon, D. mespiliformis, and
D. sylvatica (Viall ieral.. 1998), closely related to myrtifolic acid
(7) isolated from D. fragra.ns In addition, myrtifolic acid (7) has so far
been reported in only four ather plants, namely Mesua myrtifolia (Clu-
siaceae) (Gunas and S s, 1977), Davidsonia pruriens
(Cunoniaceae) (7 i), Ophiorrhiza grandibracteolata
(Rubiaceae) ) and Btophytum petersummn (Oxalida-
i, 2014; D i ). A few
naphthalene-based aromatics have been isolated from Diospyros species
and some of them were found to be dimers or trimers of naphthalene

previously reported from D. melanoxylon (
D. glandulosa (Thana
spyros kaki (Guang
ported from D. mannii (

haroenpath and Tt

al.,

vadhani et al.
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(Mallavadhani et al., 1998). An example of a naphthalenone monomer
reported in Dtospyros species is 3,4-dihydro-4f,6-dihydroxy-5-methox-
y-2a-methyl-1(2H)-naphthalenone, isolated from D. cauliflora (/
charoen etal., 2009). Various naphthalene-based aromatics are assumed
to be precursors of naphthoquinones, which is one of the most isolated
classes of compounds from Diospyros species (\allay , 1998).
Thus, the isolation of fragranone (1) from D. fragrans is of great
biosynthetic significance as it confirms that Diospyros species synthesize
and accumulate a large number of 1,4-naphthoquinone, which are
amongst the chemotaxonomic markers of the genus.

In conclusion, this chemical study of the leaves and roots of Diospyros
fragrans is valuable for the chemotaxonomy of the genus Diospyros.
Indeed, it provides precious information regarding the chemical
composition of a previously unstudied Diospyros species, confirming its
position within the genus. The isolation of an urs-7-ene type triterpenoid
(7) in D. fragrans established the presence of this skeleton in Diospyros
species, thus highlighting its connection with other species within this
genus.
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