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sitosterol and stigmasterol(4). This research indicated the first report of compound 2 

in Angiopteris evecta Hoffm. The compound 2 was tested for cytotoxic activity 

against cancer cell lines. The result indicated that compound 2 showed low activity. 

Moreover,  compound 2 was found to inhibit HIV-1 reverse transcriptase. 
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CHAPTER I 
 

INTRODUCTION 
 

A large number of plants in Thailand have been used as traditional 

medicine for a long time. Medicinal plants have been the primary treatment in the 

health care system. Nowadays, they are widely studied by several modern 

techniques in a more scientific and systematic investigation. There has also been an 

effort to develop new drugs  from medicinal plants  in order to make them safe and 

effective drugs. In addition, there are  numerous  medicinal  plants  that  were  

clinically  used in Thailand because  they are easily available, inexpensive, effective 

and have less harmful side effects than synthetic drugs[1]. Accordingly, consuming 

local medicinal plants can reduce the import of synthetic drugs from foreign 

countries as well. 
 
 

Natural product chemistry is one of the approaches in searching for 

chemical constituents from natural plants and involves seeking their activities by 

bioassay tests and therapeutic applications. The criteria traditionally used to select plant 

to study might be the history of that plant in treating diseases, preliminary screening 

bioactivity tests, or literature surveys about chemical constituents that may have the 

potential as drugs. This thesis is focused on searching for chemical constituents and their 

bioactivities from the tropical Thai plant, botanically named  Angiopteris evecta Hoffm. 

 

 Angiopteris evecta Hoffm.,belonging to family Marattiaceae, is broadly 

distributed in the tropical regions all over the world[2].   In Thailand, this plant is 

distributed in many areas such as central, western, north eastern and southern parts. There 

have  been  several common names called in Thailand, Waan Keepraet  and  Waan  

Keepma (Central), Keepmalom (Northern), Keepraet (Phrae) and Dugu (Southern)[3,4]. 
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Angiopteris evecta Hoffm. is an interesting Thai medicinal plant because of 

indigenous  medicinal herb pharmacopoeia. Some parts of the plant can be used as 

drugs. For instance, the leaves are used as an antibechic, the roots can be used for  

stopping  bleeding and the rhizomes are used as  an antipyretic, a diuretic, a tonic, an 

analgesic, an anti-emetic and an antidiarrheal[5-8]. 

1.1  GENERAL CHARACTERISTIC   OF  Angiopteris evecta Hoffm. 

 
Angiopteris evecta Hoffm. is a member of the fern family Marattiaceae,  

which contains seven  genera  and  a  total  of  approximately  200 species distributed  

worldwide  but  mainly  in  the  topics. It is  a  large  arborescent  fern  with  leaves  

tufted  near  ground  level  or  with  the  erect  rhizome  forming   a  massive.  The  

stipes  (leaf  stalks)  are  green, smooth  and  swollen  at  the  base  where a pair  of 

ear-like stipules  enclose  the stipe base.  The leaves  contain  no strengthening  tissue-

each  frond  is  supported  entirely  by  the turgor  pressure of  the  sap  within  the  

cells.  The  bi-pinnate  fronds  are  massive, up  to  eight  metres  in  length.  The  

pinnae  and  pinnules  are  attached  by  swollen  bases  and  the  lower  pinnules  have  

an  ear-like  lobe  at  their  base.  Pinnae  are up to 4 metres  long  and  40  centimetres 

wide.  The pinnules  are 10 to 20 centimetres long  and 1 to 4 centimetres  wide, with  

serrulate  margins and  free veins.  The  spore  producing  sori  form  a submarginal    

band  around  the pinnules  and  are  made  up  of  oblong  groups  of  4 to 6 pairs of 

sporangia. Each  sporangium  is  round  and  splits  along  a  central  line[9-11].  

 The  picture of  pinnae  and  rhizomes  of  Angiopteris evecta Hoffm.[12]  is 

shown in  Fig. 1. 
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                        a. leaves                                                                  b. rhizomes 

 

 

                        c. leaves                                                                     d. leaves 

 

 

 

 

Figure 1  The picture of   Angiopteris evecta Hoffm. 
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 Due  to very  little  chemical  information, the  lack  of  information  of  their    

biological  activities and  the interesting screening results for inhibiting of  HIV-1 reverse  

transcriptase. The   research   about   Angiopteris evecta Hoffm.   should   be  continued.   
 

1.2   THE  SCOPE   OF  THIS  RESEARCH 

 

The   research   began  by  extracting  specimens  of  the  plant  with   suitable  

solvents,   then   isolating   compounds  from  those  crude  extracts  by  chromatographic   

techniques.    Structural  elucidation   of   the   isolated  compounds  was   deduced    

from   spectroscopic   evidences.   Finally,   biological   tests   of   the  isolated   

compounds   were  conducted  for cytotoxic  activity  against  cancer  cell  lines  and  the  

inhibition  of  HIV-1 reverse  transcriptase. 
 

 

1.3   THE  OBJECTIVES   OF  THIS  RESEARCH 

 

1.   To  extract, isolate and purify the chemical constituents of  Angiopteris evecta Hoffm.  

2.  To identify the structure of the isolated compounds which were obtained  from 

Angiopteris evecta Hoffm.  

3.  To determine the biological activities of isolated compounds which were obtained 

from Angiopteris evecta Hoffm.  

 

 

 

 

 

 



CHAPTER II 
 

    Literature Review 
 

2.1   CHEMICAL CONSTITUENTS  FOUND  IN  Angiopteris – GENUS  PLANTS 

 

Literature    surveys    of   chemical   constituents   of    the    plants  belonging  to  

Angiopteris  revealed  that  there  have  been  the  flavanoid  glycosides  isolated  from 

leaves of these plant  which were summarized  in  Table  1.  The  structures  of  some  

isolated   compounds  are  shown  in  Fig. 2. 

 

Table 1.   Chemical Constituents  of  plants  in Angiopteris  - genus   

 

         Scientific  name  Plant parts Substances  References 

      Angiopteris  evecta      leaves Violanthin 

Isoviolanthin 

Vicenin-1 

Vicenin-2 

Vicenin-3 

Schaftoside 

       13 

     13,14 

  Angiopteris lygodiifolia      leaves Vicenin-2 

Schaftoside 

Isoschaftoside 

6,8 di-C-arabinopyranosyl-

apigenin 

        14 
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Table 1.   Chemical Constituents  of  plants  in Angiopteris  - genus  ( continue ) 

 

         Scientific  name  Plant parts Substances  References 

Angiopteris hypoleuca      leaves Violanthin 

Schaftoside 

6,8 di-C-arabinopyranosyl-

apigenin 

A  mixture  of  vicenin-2, 

vicenin-3 and schaftoside 

        14 

 

                                               

                                              R′                                               R′′ 

   

Violanthin         glucosyl        rhamnosyl 

Isoviolanthin         rhamnosyl        glucosyl 

Vicenin 1         xylosyl        glucosyl 

Vicenin 2         glucosyl        glucosyl 

Vicenin 3         glucosyl        xylosyl  

Schaftoside                                              glucosyl        arabinosyl 

Isoschaftoside                                          arabinosyl                               glucosyl 

6,8-di-C-arabinopyranosyl               arabinopyranosyl                   arabinopyranosyl 

apiginin 

 

Figure  2.   The  chemical  constituents  of  some  plants  in  Angiopteris  Genus. 

O

O

OH

OH

HO

R'

R"



 7

In  1981,   Hseu  reported  the discovery of  a  fern glycoside,  Angiopteroside (4-

O-β-D-Glucopyranosyl-L-threo-2-hexen-5-olide) monohydrate  which   was  isolated   

from   the   dried   rhizome  of    Angiopteris  lygodiifolia   Ros. (Marattiaceae)[15].  The  

structure  is  shown  in  Fig. 3. 

 

Figure  3   The  structure of  Angiopteroside  from  Angiopteris lygodiifolia Ros. 

 

2.2 Human  Immunodeficiency  Virus ( HIV ) 

HIV-1, the causative  of  the  acquired  immunodeficiency  syndrome (AIDS), is 

the prototypical  member  of  lentivirinae  subfamily  of  retroviruses affecting humans 

[16].  This  virus  composes  three sets  of  viral  proteins, i.e.,  the structural  proteins  

(gag, pol, and env), the  regulatory proteins (tat, rev, and nef), and the maturation  

proteins  (vif, vpu, and vpr)[17]. The  genomic  structure  of  HIV-1  is  shown  in  Fig. 4. 
 

 

O
O O

O

H
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H

CH2OH
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H
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H

H
H
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The  structure  of  HIV-1  virion  is  revealed  as  an  icosahedral  structure  

containing  72  external  spikes.  These  spikes  are  formed  by  the  two  major  viral-

envelop  glycoproteins, gp120 and gp41.  The core of HIV-1 contains  four  nucleocapsid  

proteins,  p24,  p17,  p9, and  p7.  This  retroviral   core  also  contains  two copies  of  the  

single  stranded  HIV-1  genomic  RNA  associated  with   the  various  preformed  viral  

enzymes,  including  the  reverse  transcriptase, integrase, and  protease [17]. 

 

 2.2.1    The  life  cycle  of  HIV-1  virus  and  molecular  targets  for  HIV-1. 

  The  life  cycle  of  HIV-1  (as  shown   in  Fig. 5.)  begins  with  the  

interaction  of  gp120  with  the  CD4  membrane  receptor, and gp41-mediated  

membrane  fusion  leading  to  the  entry  of  HIV-1  into  the cell [18-19].  After   

uncoating,  reverse  transcription  of  viral  RNA  takes  place,  resulting in the  

production  of  the  RNA-DNA  hybrid.  The  proviral  DNA  is  separated  by  the  action  

of  ribonuclease H.  After  transportation  to  nucleus, the  proviral  DNA  is  incorporated  

into  the  host  DNA  through  enzyme  integrase [20].  The  expression  of  the  HIV-1  

gene  leads  to   the  production  of  various  viral  mRNAs.  The  viral  mRNA  is  

transported  out  of  the  nucleus  and  is  translated  into  viral  proteins.  Posttranslational  

processing  includes  myristylation  and  glycosylation.  Viral  structural  proteins, 

replicative  enzymes  and  genomic  RNA  are  assembled, associated  with  envelope  

glycoproteins.  This  process  is  facilitated  by  a  protease  specific  to  HIV.  The  last  

stage  in  the  life  cycle,  HIV-1  virion  particles  are  released  by  a  process  of  viral  

budding  from  the  plasma  membrane  where  viral  glycoprotein  has  congregated [21]. 
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Figure  5.  Schematic  representation  of  the  HIV-1  life   cycle. 

 

 2.2.2   Reverse  transcriptase (RT) enzyme  and  binding  sites  of  inhibitors. 

  RT is a multifunctional enzyme  having  RNA-directed  DNA  polymerase  

and  DNA-directed  DNA  polymerase  activities  as  well  as  RNase H  activity [22].  

Figure 6. shows  the  function  of  RT  in  viral  replication.   HIV-RT  is  a  heterodimer  

containing  one  66-kD  subunit (p66) and  one 51-kD  subunit (p51)  as  shown  in Fig. 7.  

The p66 subunit comprises 560 residues and  all enzymatic  activity  of  the heterodimer  

is  associated  with  residues  in  this  subunit.  The  p51 subunit  comprises  the  initial 

440  residues  of  the p66  subunit.  This  enzyme  is  composed  of  nine  domains,  

named  fingers, palm, thumb, connection, and  Rnase H  in  the  p66  subunit. The  p51 

subunit  contains  only  the  first  four  of  above  mentioned  domains.  The  domains  of  

the p66 subunit  form  a  binding  groove  for  the  polynucleotide  substrate, at  the  

bottom  of  which  lie  the  aspartyl  residues  implicated  in  polymerase  activity [23].  

Nucleoside  reverse  transcriptase  inhibitors  (NIs)  act  as  competitive  inhibitors  of  the   
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         Enzymatic  activity 

 

Viral  RNA 

         RNA-directed  DNA 

         polymerase  

     

 RNA-DNA hybrid 

          

         Ribonuclease  H 

 Single-stranded 

 Proviral  DNA 

         DNA--directed  DNA 

         polymerase   

            Double-stranded 

 Proviral  DNA  

             HIV  integrase 

        

    Integration  into  host  genome 

 

Figure 6. The  function  of  RT  in  viral  replication. 

 

HIV-RT.  They interact at the substrate-binding site of the enzyme, where the  

deoxynucleoside triphosphates  normally  bind [24].  Inhibition  of  RT  by nonnucleoside  

reverse  transcriptase  inhibitors  (NNIs)   appears  to  be  primarily  due  to  distortion  of  

the  polymerase  active  site.  On  binding,  the  NNI  creates  and  occupies  a  pocket  

near  to  the polymerase  active  site. This  process  results  in  a  switch  to  a  stable  but  

inactive  conformation   for  the polymerase  site [23].  It  appears  that  NNIs  binding  to  

their  hydrophobic  pocket  of  the  HIV-RT  does  not  interfere  with  the  binding  of  
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the  natural  substrates (deoxynucleoside triphosphate)  but  slows  down  the  rate  of  

incorporation  of  the natural  substrates  into  the  DNA  product [25]. 

 

 

 

 2.2.3    HIV-1  reverse  transcriptase  inhibitor  agents. 

  There  is  a  relatively  large number  of  agents  from  several  major drug 

classes  that  are  currently  marketed  for  treating  HIV  infection.  The  largest  number  

of  these  drugs  target  is  the  viral  RT.  RT  inhibitors  fall  into  two  general  classes, 

i.e., nucleoside and  non-nucleoside  analogues.  The  nucleoside  analogues  that  are  

currently  approved  for  the  treatment  of  HIV  infection  include  3′-azido-3′-

deoxythymidine (AZT, zidovudine, Retrovir) 1,  2′,3′-dideoxyinosine (ddI,  didanosine, 

Videx) 2,  2′,3′-dideoxycytidine (ddC,  zalcitabine, Hivid) 3,  2′,3′-didehydro-3′-

deoxythymidine (d4T,  stavudine, Zerit) 4,  2′,3′-dideoxy-3′-thiacytidine (3TC,  

lamivudine, Epivir) 5  and  abacavir  (Ziagen) 6.   Nevirapine (Viramune) 7,  

delavirdine (Rescriptor) 8  and  efavirenz (Sustiva) 9  are  currently  the  only  NNRTIs  
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approved for  HIV  therapy.  Structures  of  approved nucleoside and  non-nucleoside 

HIV-1  reverse  transcriptase  inhibitors  are  shown  in  Figure 8 and Figure 9. 

 

 

Figure 8. Structures  of  approved nucleoside HIV-1  reverse  transcriptase  inhibitors. 
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      1.   Nucleoside  HIV-1 reverse  transcriptase  inhibitors. 

 All  the  nucleoside  compounds  that  have  so  far  been approved  for  the  

treatment  of   HIV  infection  belong  to  the  class  of  the  2′,3′-dideoxynucleoside 

(ddN) analogues  i.e., AZT, 3TC, ddT, ddC, d4T and  abacavir. Nucleoside  HIV-1 

reverse  transcriptase  inhibitors  (NRTIs)  mimic   a  naturally  occurring  building  block  

of  DNA.  They  slow  down  the  progression  of  HIV replication  by  they  are  

incorporated  into  the  growing  DNA  chain  by  RT.  Therefore,  these  drugs  require  

sequential  phosphorylation  to  the  5′-triphosphate  level  before  they  become  

substrates  or  competitive  inhibitors  of  RT.  Since  these  compounds  do not  contain  

the  C-3  hydroxyl  group  necessary  for  further  chain  synthesis,  their  incorporation  

into  the  DNA  chain  results  in  chain  termination [26].  The  illustration  of  this  

mechanism  of  action  in  shown  in  Fig. 10. 

 

Figure 10.  DNA  chain  termination   by  AZT-TP. 
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     2.   Non-nucleoside  HIV-1 reverse  transcriptase  inhibitors. 

 Due  to  the  serious  side  effects  and  the  emergence  of  resistant  viral  strains  

which  result  from  treatment  with  nucleoside  drugs,  many  researchers  have  

attempted  to  identify  NNRTIs  usually  via  strategies  involving  broad  screening  of  

chemical  inventories.  As  a  consequence  of  these  efforts,  several  NNRTIs  of  

disparate  structures  have  been   discovered [27].  These  NNRTIs,  which  act  as  non-

competitive  inhibitors  with  respect  to  deoxynucleoside  triphosphate  (dNTPs)  at  an  

allosteric  site  on  enzyme, share  many  common  properties.  For  examples, 

phosphorylation  is  not  required  for  RT  inhibitoy  activity,  they  are  highly  specific  

for  HIV-1  relative  to  HIV-2  or  other  cellular  polymerases,  and  they  are  effective  

against  HIV  strains  resistant  to  AZT.    In  fact,  a  number  of  competition  

experiments  suggest  that  the  NNRTIs  bind  to  the  same  or  overlapping  sites  on  

HIV-1  RT.  A  crystal  structure  of  RT  complexed  with  the  non-nucleoside  

nevirapine  suggested  that  it  was  bound  in  a  hydrophobic  pocket  close  to  the  

polymerase  active  site.   Several  amino  acids  residues   critical  for  conferring  

resistance  to  other   NNRTIs  are  also  located  in  or  near  this  pocket,  supporting  the  

suggestion  thaat  these  inhibitors  are  binding  at  similar  sites [28].  Many  NNRTIs  

(whose  structure  as  shown  in  Fig. 11. )  have  been  designed  and  synthesized  such  

as tetrahydroimidazobenzodiazepinone (TIBO) derivative 10 [29], hydroxyethoxy 

methylphenylthiothymine  (HEPT) derivative 11 [30], dipyridodiazepinone  12 [31]. 

 

 

Figure 11.  Structures  of  non-nucleoside  reverse  transcriptase  inhibitors. 



CHAPTER III 
 
 

EXPERIMENTS 
 
 

3.1    PLANT  MATERIALS 
 

 

The plant materials of  Angiopteris evecta  Hoffm. used in this study were collected 

from Kanchanaburi  Province, Thailand in  June 2000. Botanical  identification  was  

achieved  through  comparison  with  the  herbarium  specimen  plants  in  the  Royal  Forest  

Department  of  Thailand. 
 

3.2    CHEMICAL  REAGENTS 

 

3.2.1  Solvents 

All commercial grade solvents, used in this research such as hexane, chloroform, 

ethyl acetate and methanol, were purified by distillation prior to use. The reagent grade 

solvents  were  used  for  recrystallization. 

 

3.2.2  Other chemicals 

1. Merck’s silica gel 60 G Art. 7734 (70-230 mesh ASTM) and 9385 (230-

400 mesh ASTM) were used as adsorbents for normal column 

chromatography and flash column chromatography. 

2. Merck’s TLC aluminum sheets, silica gel  60F254 precoated 25 sheets, 

20x20 cm2, layer thickness 0.2 mm were used for TLC analysis. 

3. TLC  spots  were  visualized  with  a  UV  lamp  (254  and  365 nm)  and  

with  I2   
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3.2.3   For  Revere  Transcriptase  Assay. 

1. HIV-1  reverse  transcriptase,  recombinant  HIV-1-RT, lyophilizate,  

from  potassium  phosphate  buffer,  pH  7.4, containing 0.2%  bovine  

serum  albumin (BSA, special  quality  for  molecular  biology). 

2. Incubation  buffer,  pH 7.8 (50 mM Tris-buffer, containing 319 mM 

potassium chloride, 33 mM magnesium chloride, 11mM DTT). 

3. Nucleotides, Tris-HCl (50 mM, pH 7.8) with DIG-dUTP, biotin-dUTP 

and  dTTP. 

4. Template, template/primer hybrid poly (A) • oligo (dT)15 (9 A260 nm/ml), 

lyophilizate. 

5. Lysis buffer, ready-to-use, Tris-buffer (50 mM Tris, 80 mM potassium 

chloride, 2.5 mM DTT, 0.75 mM EDTA and 0.5 % Triton X-100,        

pH 7.8). 

6. Anti-dioxigenin-peroxidase (Anti-DIG-POD), polyclonal anti-body from 

sheep, lyophilizate.   

7. Washing buffer. 

8. Conjugate dilution buffer, sodium phosphate buffer. pH 7.4, containing 

a blocking reagent. 

9. Substrate buffer, ABTS substrate buffer (sodium perborate and citric 

acid/phosphate buffer). 

10. ABTS substrate, powder. 

11. Substrate enhancer, powder. Use the substrate enhancer only if RT 

activity is low. 
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12. Microtiter plate (MTP) modules (8-wells), precoated with streptavidin 

and postcoated with blocking reagent, shrink wrapped, with a desiccant 

capsule. 

13. Strip frame, holding a maximum of 12 MTP modules (total of 96 wells), 

ensures the correct fitting and a tight support of the MTP modules. 

14. Cover foil, to avoid evaporation. We recommend covering the MTP 

modules with the self-adhesive cover foils during each incubation step. 

 
 

3.3    INSTRUMENTS  AND  EQUIPMENTS  

 

3.3.1   Melting point recorder 

The melting points were recorded on a Fisher-John melting point apparatus. 

 

3.3.2   Rotary Evaporator 

The eyela rotary evaporator model N-1 was used for the rapid removal of large 

amounts of volatile solvents. 

 

3.3.3   Optical Rotation 

  The optical rotation values were measured by a Perkin-Elmer 341 polarimeter. 

 

 3.3.4    Elemental Analysis (EA) 

The EA values were measured by a Perkin Elmer PE 2400 Series II (CHN/O 

Analyzer). 
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3.3.5    Ultraviolet-visible Spectrophotometer (UV-VIS) 

The UV-VIS spectra were recorded on a Hewlett Packard 8452A diode array 

spectrophotometer in  chloroform  and  methanol. 

 

3.3.6   Fourier Transform-Infrared Spectrophotometer (FT-IR) 

The FT-IR spectra were recorded on a Nicolet Impact 410 Spectrophotometer. 

Spectra of solid samples were recorded as KBr pellets. 

 

3.3.7   Nuclear Magnetic Resonance Spectrometer (NMR) 

The 1H and 13C Nuclear Magnetic Resonance Spectra were recorded at 200.13 and 

50.32 MHz, respectively, on a Bruker Model AC-F200 Spectrometer, and at 500.00  and  

125.65 MHz on a JEOL JNM-A500 Spectrometer in deuterated chloroform (CDCl3), 

dimethylsulfoxide (DMSO), deuterated methanol (CD3OD) and deuterium oxide (D2O). 

Chemical shifts are given in ppm using residual protonated solvent as reference.  COSY, 

NOESY, HMQC and HMBC  experiments were  performed  on  the JEOL JNM-A500 

Spectrometer. 

 

3.3.8    Mass Spectrometer (MS) 

The mass spectra were acquired by a Fison Instruments Mass Spectrometer Model 

Trio 2000 in EI mode at 70 eV  and  the  LC-MS  spectra  were  obtained  in Atmospheric  

chemical  ionization (APcI) mode.  The  LC-MS  condition  was  measured  in  MeOH:H2O 

(1:1). 

 

3.3.9   X-ray Diffractrometer 

The X-ray diffractrometer were obtained on a BRUKER SMART CCD 

diffractrometer at Department of Physics, Faculty of Science and Technology, Thammasart 

University. 

 



 19

 

3.4    EXTRACTION  AND  ISOLATION 

 

The fresh  rhizomes of  A. evecta  Hoffm. (2.70 kg.) were cut into small 

pieces, pulverized  in  a  blender and then soaked overnight in  methanol (2x8L) at room 

temperature. The methanol  solution  was filtered and evaporated under reduced pressure to 

dryness, yielding the crude methanolic extract. Then the crude methanolic extract was 

extracted with hexane (2L) until the solution was colorless. The filtered hexane solution was 

evaporated to afford the hexane extract as a greenish-brown oil (2.01 g.).  The residue of this 

step was extracted with ethyl acetate (4L) repeatedly until the solution was clear. The 

combined ethyl acetate solution was concentrated on a rotary evaporator under reduced 

pressure to give the ethyl acetate extract as a viscous dark-brown residue (11.74 g.)  and the 

final insoluble residue as a dark-brown oil (112.83 g.). 

 

The crude extracts  of the rhizomes of A. evecta  Hoffm. with various solvents 

are shown in Table 2.  

 

Table 2.  The various extracts of the rhizomes of  A. evecta  Hoffm. 

 

 Solvent extract         Appearance Weight (g)  % wt.by wt. of the      

    fresh  rhizomes 

       Hexane 

   Ethyl acetate 

       Methanol 

 Greenish -brown oil 

     Dark-brown oil 

     Dark-brown oil 

2.01 

11.74         

112.83 

0.0744 

0.4348 

4.1789 
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The procedure and results of the extraction are shown in Scheme 1 

 

 

 

Fresh rhizomes of A. evecta  Hoffm. (2.70 kg.) 

 

                                   Methanol  (2x8L) 

 

 

                        Methanol  extract crude (126.52 g.)                        Marc. (discarded)                               

 

             Hexane (2L) 

 

 

    Hexane  extract crude (2.01g.)                        Residue of   hexane crude 

          

  Ethyl  acetate  (4L) 

        

 

                  Ethyl  acetate  extract crude (11.74 g.)             Methanol  extract crude (112.83 g.) 

 

 

 

Scheme 1. The procedure of extraction of the fresh rhizomes of A. evecta  Hoffm. 
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3.5   ISOLATION  OF CRUDE EXTRACT   FROM  A. evecta  Hoffm. 

 

3.5.1  Separation of crude ethyl acetate extract . 

 

 The crude ethyl  acetate extract  (11.02 g.) was preadsorbed on silica gel 70-230 

mesh ASTM (2 g.) prior to application to the top of the column. The column was eluted with  

hexane, hexane-ethyl  acetate, ethyl  acetate  and  ethyl acetate-methanol respectively. The  

similar  fractions  were  combined  and  the  solvent  was  removed  by  rotary  evaporator  to 

give compound 1 and 2 respectively. The  isolation  of  compounds  from the crude ethyl  

acetate extract  is  briefly  summarized  in  Scheme 2. 

  

Scheme 2.   Isolation procedures of  the crude ethyl  acetate extract  of the fresh rhizomes of             

A. evecta  Hoffm. 

 

 Crude Ethyl  acetate  Extract   (11.02 g.)  

                             CC , SiO2  

 

 

100%  Hexane           40 % EtOAc/ Hexane             100% EtOAc                5% MeOH/EtOAc 

                                                          

                  recrystallization                                                           recrystallization 

   (EtOAc : Hexane, 1 : 1)     (EtOAc : MeOH, 1 : 1) 

  

                                     

                           Compound 1 ,  18 mg.      Compound  2 ,  30 mg. 

                           ( White  solid  crystal )                      ( White  solid  crystal) 

         ( Succinic acid )                                 ( Angiopteroside ) 

 



 22

3.5.2  Separation of crude methanol  extract . 

 

The crude methanol  extract  was obtained as a dark-brown oil (112.83 g.). The crude 

methanol  extract   (10.12 g.) was  mixed  with  silica  gel (2 g.) and  applied  to  a  silica  gel  

column. The column was eluted with ethyl  acetate  and  ethyl acetate-methanol gradient in a 

stepwise fashion until  the  elutent was ethyl acetate-methanol (50:50). The  similar  fractions  

were  combined  and  the  solvent  was  removed  by  rotary  evaporator  to give compound 3. 

Furthermore, fraction with similar composition  in crude ethyl  acetate  provided compound 

2. The  isolation  of  compounds  from the methanol  extract crude is  briefly  summarized  in  

Scheme 3. 

 

Scheme 3.   Isolation procedures of  the crude methanol extract of the fresh rhizomes of              

A. evecta  Hoffm. 

 

Crude Methanol Extract   ( 10.12g.)  

                             CC , SiO2  

 

 

                   100 % EtOAc                  20 % MeOH/ EtOAc              50 % MeOH/EtOAc 

 

                                  recrystallization              recrystallization 

            ( MeOH )              ( EtOAc : MeOH , 1 : 1 ) 

 

             Compound  2 ,  102  mg.          Compound  3 ,   355  mg.    

                ( White  solid  crystal )                    ( White  solid ) 

        ( Angiopteroside )                       ( D- (+) - glucose ) 
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3.5.3  Separation of crude hexane extract. 

 

 The crude hexane extract was obtained as a greenish-brown oil (2.01g.) after 

evaporation. The crude hexane extract (2.00g.) was fractionated by open column 

chromatography using Merck’s silica gel Art. 1.07734.1000 (70-230 mesh ASTM) as an 

adsorbent. The column was eluted with hexane-ethyl acetate gradient in a stepwise fashion. 

The  similar  fractions  were  combined  and  the  solvent  was  removed  by rotary  

evaporator  to give mixture 4. The  isolation  of  compound  from the crude hexane extract  is  

briefly  summarized  in  Scheme 4. 

 

Scheme 4.   Isolation procedures of  the crude hexane extract  of the fresh rhizomes of              

A. evecta  Hoffm. 

 

Crude Hexane  Extract   ( 2.00g.)  

                            CC , SiO2  

 

 

                   100 %  Hexane                  10 % EtOAc/ Hexane             100 % EtOAc 

 

       recrystallization 

       ( EtOAc : Hexane, 1 : 1 ) 

 

Mixture 4 ,  120 mg.    

( Needle – white  crystal ) 

        ( Mixture of stigmasterol and β-sitosterol )  
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3.6  PURIFICATION  AND  PHYSICAL  PROPERTIES  OF      

ISOLATED       COMPOUNDS. 
 

3.6.1  Purification and properties of Compound 1 

  
Compound 1 was obtained from the elution of silica gel column chromatography 

with 40% ethyl acetate in hexane and was purified by re-crystallization with ethyl acetate 

and hexane to obtain a white solid crystal (18 mg, 6.67 x 10-4  % wt. by wt. of the fresh 

rhizomes). Compound 1 had m.p. 184-185 °C and showed a single  spot at the Rf value 

0.38  on TLC plate using 80% ethyl acetate in hexane as the mobile phase. TLC spots 

were visualized with UV lamp (254 and 365 nm) and with I2. Compound 1 is soluble in  

methanol. 

 

Compound 1   is  a  white  solid  crystal  (18 mg.), UV λmax   (nm), MeOH (log ε) : 

270sh (0.07). 

 

FT-IR spectrum, (KBr), νmax(cm-1) : 3500-2500 (br), 2925 (s), 1693 (s), 1415 (s), 

1311 (s), 1203 (s), 1087 (w) and 894 (m)  (Fig. 30 , Table 5) 

 
1H-NMR spectrum (D2O, 200 MHz.)  δ (ppm) : revealed  the  significant  signal  at  

chemical  shift  2.45 (s) ppm.  (Fig. 31) 

 
13C-NMR spectrum (D2O, 200 MHz.)  δ (ppm) : showed two significant signal at 

chemical  shift  27.6 and 175.9 (q) ppm.  (Fig. 32) 

 

EI-MS spectrum (m/z) 70 eV: 119 (8)[M++1], 102 (15), 101 (28), 100 (100), 75 

(18), 74 (35), 73 (38), 72 (80), 57 (20), 56 (25), 55 (78), 45 (22). (Fig. 33) 
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2.6.2  Purification and properties of Compound 2 

  
Compound 2 was obtained from the elution of silica gel column chromatography 

with 100% ethyl acetate and was purified by re-crystallization with methanol to obtain a 

white solid crystal  (30 mg, 1.11 x 10-3 % wt. by wt. of the fresh rhizomes from crude 

ethyl acetate extract and 102 mg, 3.78 x 10-3 % wt. by wt. of the fresh rhizomes from 

crude methanol extract). Compound 2 had m.p. 102-103 °C and showed a single  spot at 

the Rf value 0.32 on TLC plate using 50% methanol in ethyl acetate as the mobile phase. 

TLC spots were visualized with UV lamp (254 and 365 nm) and with I2. Compound 2 is 

soluble in organic solvent such as ethyl acetate, methanol and  insoluble  in hexane and 

chloroform. 

Compound 2   is  a  white  solid  crystal  (132 mg.), UV λmax   (nm), MeOH  (log ε) : 

270sh (0.13). [α]D
25 -233ο (EtOH; c 1.0). 

 

FT-IR spectrum, (KBr), νmax(cm-1) : 3550-3200 (br), 3135 (m), 2925 and 2896 (w), 

1724 (w), 1357 (m), 1265 (m), 1087 and 1056 (s), 829 (m) and 609 (m)  (Fig. 34, 

Table  12) 

 
1H-NMR spectrum (CD3OD, 500 MHz.)  δ (ppm) : revealed  the  significant  signals  

at  chemical  shift  1.45 (3H, d, J=6.4 Hz), 3.17 (1H, dd, J=7.6, 8.5 Hz ), 3.25 (1H, t, 

J=8.5 Hz), 3.29 (1H, m), 3.33 (1H, t, J=8.5 Hz), 3.65 (1H, dd, J=5.8, 11.6 Hz), 3.88 

(1H, d, J=11.6 Hz), 4.41 (1H, d, J=7.6 Hz), 4.47 (1H, dd, J=3.4, 4.9 Hz) , 4.70 (1H, 

dd, J=3.4, 6.4 Hz ), 6.12 (1H, d, J=9.8 Hz), 7.16 (1H, dd, J=4.9, 9.8 Hz)  (Fig. 35, 

Table  13) 

 
13C-NMR spectrum (CD3OD, 500 MHz.)  δ (ppm) : 16.2 (t), 62.9 (d), 68.7 (s), 71.7 

(s), 74.9 (s), 78.0 (s), 78.2 (s), 78.3 (s), 102.5 (s), 123.6 (s), 145.3 (s), 165.9 (q)  (Fig. 

36, Table  13)  
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LC-MS spectrum (m/z) (APcI, MeOH:H2O, 1:1): 291 (50) [M++1], 323 (41) 

[M++32], 355 (30) [M++64] (Fig. 42).  

 

EI-MS spectrum (m/z) 70 eV: 112 (32), 111 (100), 97 (18), 84 (34), 73 (31), 60(29), 

57 (28), 55 (23)  (Fig. 43). 

 

2.6.3  Purification and properties of Compound 3 

  
Compound 3 was obtained from the elution of silica gel column chromatography 

with 20% methanol in ethyl acetate and was purified by re-crystallization with methanol 

to obtain a white solid (355 mg, 0.0132  % wt. by wt. of the fresh  rhizomes). Compound 

3 had m.p. 156-158 °C and showed a single  spot at the Rf value 0. 25 on TLC plate using 

50% methanol in ethyl acetate as the mobile phase. TLC spots were visualized with UV 

lamp (254 and 365 nm) and with I2. Compound 3 is soluble in water. 

Compound 3   is  a  white  solid  (355 mg.), UV λmax   (nm), H2O  (log ε) :  266 sh 

(0.11), [α]D
25 +62ο (H2O; c 1.0). 

 

FT-IR spectrum, (KBr), νmax(cm-1) : 3550-3100 (br), 2942 (m), 1458 (m), 1342 (m), 

1223 (m), 1149 (s), 1110 (s), 1025 (s), 768 (w)  and 615 (s)    (Fig. 44, Table 22) 

 
1H-NMR spectrum (D2O, 200 MHz.)  δ(ppm) : revealed  the  significant  signals  at  

chemical  shift  3.06 (t,1H, J= 8.0 Hz),  3.13-3.34 (br),  3.44-3.70 (br),  4.42 (d,1H, 

J= 7.8 Hz)  and  5.01 (d,1H, J = 3.5 Hz )  (Fig. 45) 

 
13C-NMR spectrum (D2O, 200 MHz.)  δ (ppm) : 59.5, 59.7 (d), 68.6 (s), 70.4 (s), 

71.7 (s), 73.1 (s), 74.7 (s), 74.9 (s), 91.0 (s) and  94.6 (s)   (Fig. 46 , Table 23) 

 

LC-MS spectrum (m/z) (APcI, MeOH:H2O, 1:1): 181 (20) [M++1], 163 

(93)[M++H2O] (Fig. 48).  
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EI-MS spectrum (m/z) 70 eV: 181 (5) [M++1], 163 (95), 145 (100), 131 (72), 

127(58), 101 (65), 97 (75), 85 (98), 69 (68), 55 (68)  (Fig. 49). 

 

2.6.4  Purification and properties of  Mixture 4 

  
Mixture of stigmasterol and β- sitosterol was obtained from the elution of silica 

gel column chromatography with 10% ethyl acetate in hexane and was purified by re-

crystallization with ethyl acetate and hexane to give a white needle crystal (120 mg, 

0.0044  % wt. by wt. of the fresh rhizomes). The mixture had m.p. 134-135 °C and 

showed a single spot at the Rf value 0.26 on TLC plate using 30% ethyl acetate in hexane 

as the mobile phase. TLC spots were visualized with UV lamp (254 and 365 nm) and 

with I2. The mixture is soluble in organic solvent such as hexane, ethyl acetate, 

chloroform and  insoluble  in  methanol. 

Mixture 4   is  a  white  needle  crystal  (120 mg.), UV λmax   (nm), CHCl3  (log ε) : 

278sh (0.03) 

 

FT-IR spectrum, (KBr), νmax(cm-1) : 3690-3150 (br), 2937 (s) and 2867 (s), 1654 

(w), 1465 (m) and 1382 (m), 1062 (m), 958 (w) and 804 (w)  (Fig. 50, Table 24) 

 
1H-NMR spectrum (CDCl3, 200 MHz.) δ (ppm) : revealed  the  significant  signals  

at  chemical  shift  0.66-2.26 (br),  3.43-3.56 (br),  4.92-5.23 (1H, br)  and  5.30 (1H, 

d, J = 5.0 Hz)  (Fig. 51) 

 
13C-NMR spectrum (CDCl3, 200 MHz.)  δ (ppm) : 11.9-56.9 , 71.8 (s), 121.7 (s), 

129.3 (s), 138.3 (s), 140.8 (q)  (Fig. 52, Table  25) 

EI-MS spectrum (m/z) 70 eV: 414[M+], 412[M+], 396(12), 381(7), 329(12), 

300(17), 271(36), 255(60), 213(45), 159(59), 145(71), 105(63), 95(69), 81(69), 

55(100)    (Fig. 54) 
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2.7       X-ray Diffraction 

 
   Colorless crystal of compound 1 and 2 were recrystallized from ethyl 

acetate/methanol and methanol respectively and were identified by X-ray diffraction 

analyses. All data were collected at room temperature using graphite monochromated Mo 

Kα Radiation (lamda = 0.71069 Å) on BRUKER SAMART CCD diffractrometer. The data 

were corrected for Lorentz and polarization effects. The crystal data of Compound 1 and 2 

were given in Table 6 and 16 respectively. 

  The structure were solved by direct methods using SHELXLS-97 and refined 

by full matrix least-squares on F2 using SHELXLS-97 with anisotropic thermal parameters 

for all  non-hydrogen atoms. All  hydrogen atoms were found from difference Fourier maps 

and were included in refinement. The fraction coordinates of non-hydrogen atom and 

selected bond distances and angles of Compound 1 and 2 were listed in Table 7-Table 11 

and Table 17-Table 21 respectively.  
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2.8  Biological assay  

 

 2.8.1   Cytotoxicity Test [32-33] 

 

 Bioassay of cytotoxic activity against 6 tumor cell lines, which were Hs 27 

(fibroblast), Kato-3 (gastric), BT 474 (breast), Chago (lung), SW 620 (colon) and HEP-

G2 (hepatoma) culture in vitro was performed by the MTT (3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyltetrazolium bromide) colorimetric method [32-33]. In principle, the viable 

cell number / well is directly proportional to the production of formazan, which following 

solubilization, can be measured spectrophotometrically. 

 

 The biological assay of Compound 2 was performed by following the above 

mentioned procedure and the results of cytotoxicity testing against the 6 cancer cell lines 

are presented in Table 26. 

 

2.8.2 The Principle of Reverse Transcriptase Test. [34-36] 

 

The Reverse Transcriptase Assay, non-radioactive takes advantage of the 

ability of reverse transcriptase to synthesize DNA, starting from the template/primer 

hybrid poly (A) • oligo (dT) 15.  It  avoids  the  use  of  [3H]-  or  [32P]-labeled  

nucleotides  employed  for  the setup  of  the  classical  RT assay.  In place of radiolabeled 

nucleotides, digoxigenin- and biotin-labeled nucleotides in an optimized ratio are 

incorporated into one and the same DNA molecule, which is freshly synthesized by the 

RT.  Alternatively,  the  flexibility  of  the  assay  allows  for  the  use  of  a 

template/primer   hybrid  of  individual  choice  (e.g.,  a  viral  template  in  place  of  the  

template/primer  hybrid  supplied  with  the  kit).  The  detection  and  quantification  of  

synthesized   DNA  as  a  parameter  for  RT  activity  follows  a   sandwich  

ELISA(Enzyme-Linked Immunosorbent-Assay)  protocol:  Biotin-labeled   DNA  binds  

to  the  surface  of  microtiter  plate  (MTP)  modules  that  have  been  precoated  with  

streptavidin.  In  the  next  step,  an  antibody  to  digoxigenin,  conjugated  to  peroxidase   
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(anti-DIG-POD),  binds  to  the  digoxigenin-labeled   DNA.  In  the  final  step,  the  

peroxidase  substrate  ABTS  is  added.  The  peroxidase  enzyme  catalyzes  the  

cleavage  of  the  substrate,  producing  a  colored  reaction  product. The reverse 

transcriptase test principle is shown in Fig. 12. The  absorbance  of  the  samples  can  be  

determined  using  a  microtiter  plate   (ELISA)  reader  and  is  directly  correlated  to  

the  level  of  RT  activity  in  the  sample  (Fig. 13) 

 

 
Figure 12.  The reverse transcriptase test principle
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Figure 13.  Typical calibration curve, using ABTS substrate without substrate enhancer. 
After an enzyme reaction of 1 h (•) or 15 h (ο), respectively, absorbance was determined 
at 405 nm with a reference wavelength at 492 nm. 
 
 

• The  Reverse  Transcriptase  Assays. 

The in vitro activity of reverse transcriptase was determined with the 

Boehringer Mannheim ELISA kit [36], and 2′,3′-dideoxyinosine (ddI) was included as a 

positive control for inhibition of  reverse transcriptase.  

       

Assay procedure 

 
       In the first step, open enough foil bags for the number of MTP modules to be 

used. Put them into the frame in the correct orientation. (The correct fitting ensures a 

tight support of the MTP modules). MTP modules are ready to use and need not be 

rehydrated prior to addition of the samples. After finishing the reverse transcriptase 

reaction, add 4-6 ng recombinant HIV-1-RT, diluted in lysis buffer (20 µl/well)  per well 

of the MTP modules. Lysis buffer with no HIV-1-RT added should be used as a negative 

control. Add 20 µl of RT inhibitors diluted in lysis buffer and 20 µl reaction mixture per 
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well. Cover the MTP modules with a cover foil and incubate for 1 h at 37 °C. Remove 

the solution completely. Rinse 5 times with 250 µl of washing buffer per well for 30s 

each and remove washing buffer carefully. Add 200 µl of anti-DIG-POD working 

dilution (200 mU/ml) per well, cover the MTP modules with a cover foil and incubate for 

1 h at 37 °C. Remove the solution completely. Rinse 5 times with 250 µl of washing 

buffer per well for 30s each and remove washing buffer carefully again. Add 200 µl of  

ABTS substrate solution per well and incubate at room temperature until color 

development ( green color ) is sufficient for photometric detection (10-30 min). In the 

final step, using a microtiter plate (ELISA) reader, measure the absorbance of the samples 

at 405 nm.  

 

 The biological assay of Compound 2 was performed by following the above 

mentioned procedure and the results of the in vitro activity of reverse transcriptase are 

presented in Table 27. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 



CHAPTER IV 

 

RESULTS AND DISCUSSION 

 

4.1 Preliminary screening results of the crude extracts. 
 

4.1.1   Cytotoxic  activity  test 

       In order to study and investigate the biological activity of the rhizomes of 

Angiopteris  evecta  Hoffm. The three crude extracts were preliminarily screened for 

cytotoxicity  against  tumor cell lines, which composed of BT 474 (breast), Chago (lung), 

Hep-G2 (hepatoma), HS 27 (fibroblast), Kato-3 (gastric) and SW 620 (colon) cancer  

according  to the procedure described  in  Chapter III. The results were displayed in  

Table 3. 

 
Table 3.   Cytotoxic activity against tumor cell lines of crude extract from the 

rhizomes of Angiopteris evecta Hoffm.   

 

% survival Crude 

(10 µg/ml) BT 474 
(breast) 

Chago 
(lung) 

Hep-G2 
(hepatoma) 

HS 27 
(fibroblast) 

Kato-3 
(gastric) 

SW 
620(col

on) 
Hexane crude 

Ethyl acetate crude 

Methanol  crude 

102 
95 
61 

106 
108 
84 

103 
98 
73 

70 
68 
44 

113 
120 
80 

98 
99 
92 

 

  From the data in Table 3, it showed that the methanol crude extract of  

Angiopteris evecta Hoffm. showed weak cytotoxicity against all cancer cell lines. The 

hexane and ethyl acetate  crude extracts of  Angiopteris evecta Hoffm. showed no 

significant activity on cytotoxicity against  6 tumor cell lines. 



  34

 
4.1.2   The reverse transcriptase test. 

  In order to study and investigate the biological activity of the rhizomes of 

Angiopteris  evecta  Hoffm. The three crude extracts were preliminarily screened for  

HIV-1 reverse transcriptase inhibition  activity  according  to  the  procedure  described  in  

Chapter III. The results were displayed in Table 4. 
 
 

Table 4.       The in vitro inhibition of HIV-1 RT of  crude extracts from the rhizomes 

of Angiopteris evecta Hoffm.  

 

              Samples   Final Concentration (mg/ml)   % inhibition 

Hexane crude extract 

Ethyl acetate crude extract 

Ethanol crude extract  

                    3 

                    3 

                    3 

         41.5 

         85.7 

         89.4 

 

 From the data in Table 4, it showed that the hexane crude extract of 

Angiopteris evecta Hoffm. did not show inhibitory activity on HIV-1 reverse transcriptase. 

In spite of that, the ethyl acetate and methanol crude extracts have high inhibitory 

activities.  Therefore, the ethyl acetate and methanol crude extract were selected and then 

purified before the hexane crude extract by using silica-gel column chromatography with 

hexane-ethyl acetate and ethyl acetate-methanol gradient solvent system to give three 

compounds. The hexane crude extract was purified with similar technique and gave one 

compound. 
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 The rhizome investigation of A. evecta  Hoffm. from Kanchanaburi Province 

indicates that compound 1, 2, 3 and mixture 4 have been isolated and purified by  

solvent extraction and chromatography techniques. The structural characte-rization of 

these compounds was proposed from spectral data including UV, IR, NMR, MS, and 

also X-ray crystallographic analysis. The cytotoxicity of these isolated compounds 

had been observed against cancer cell lines by following the standard procedure and 

the HIV-1  reverse transcriptase inhibition of these isolated compounds was tested by 

ELISAS (Enzyme-Linked Immunosorbent-Assays) techniques.  The detail of this 

research will be described as in the following.      

 

4.2 STRUCTURE ELUCIDATION OF THE ISOLATED COMPOUNDS FROM 

THE FRESH RHIZOMES OF Angiopteris evecta Hoffm. 

 

4.2.1 Structure elucidation of Compound 1 

Characterization of Compound 1 

  

The IR spectrum of Compound 1 (Fig. 30) revealed the presence of 

carboxylic acid group according to the broad absorption band between 3500 to 2500 

cm-1 and the strong absorption band at 2925 cm-1 suggested  methylene  group 

stretching vibration. In  addition, there is the presence of carboxylic acid carbonyl 

stretching according to the strong absorption band at 1693 cm-1. The IR spectrum  

showed no unsaturation. The IR spectrum of Compound 1 is summarized in Table 5. 
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Table 5.   The IR absorption band assignment of Compound 1.  

 

Wave number (cm-1) Intensity Vibration 

 

3500-2500 

2925 

1693 

1415, 1311, 1203 

 

894 

 

Broad 

Strong 

Strong 

Strong 

 

Medium 

 

O-H stretching vibration of acid 

C-H stretching vibration of -CH2 

C=O stretching vibration of acid 

C-O stretching vibration  and  O-H 

deformation 

O-H deformation (out-of-plane) 

 

The 1H-NMR spectrum (Fig.31) of Compound 1 showed one signal at 

chemical shift 2.45 (s) ppm. 

 

The 13C-NMR spectrum (Fig. 32) showed 2 line. One signal of carboxylic 

acid group revealed at  175.9 ppm and one signal appeared at 27.6 ppm.  

 

            The MS spectrum showed the fragmentation as follow, m/z (EIMS)          

(Fig. 33): 119 (8) [M++1], 102 (15), 101 (28), 100 (100), 75 (18), 74 (35), 73 (38), 72 

(80), 57 (20), 56 (25), 55 (78) and 45 (22). The EI mass spectrum of this compound 

gave a molecular ion at m/z 118, which was corresponding to the molecular formula  

C4H6O4 indicating the DBE of 2.  

 

Moreover, the structure of Compound 1 was also confirmed by X-ray 

diffraction analysis, which is shown in Fig. 14. X-ray diffraction data are presented in 

Table 6,7,8,9,10 and 11. 
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Figure 14. The ORTEP drawing of Compound 1 

 

Table 6.  Crystal data and structure refinement for 1. 

      Empirical formula                  C4H6O4 

      Formula weight                      118.09 

      Temperature                           293(2) K  

      Wavelength                            0.71073 Å 

      Crystal system, space group        monoclinic, P21/a  

      Unit cell dimensions               a =   5.1048(6) Å        alpha    = 89.996 (2) deg.  

                                                      b =   5.5220(6) Å        beta      = 89.993 (2) deg.  

                                                      c =    8.8882(10) Å     gamma = 91.568 (2) deg.  

      Volume                              250.45(5) Å3  

      Z, Calculated density              1, 1.566 Mg/m3  

      Absorption coefficient             0.14 mm-1 

      F(000)                              124 

      Theta range for data collection     3.69 to 30.43 deg.  

      Index ranges                       -7 ≤ h ≤7, -7 ≤ k ≤7, -8 ≤ l ≤12  

      Reflections collected / unique     1805 / 725 [R(int.) = 0.0461]  

      Completeness to 2theta = 30.42    94.9%  

      Refinement method                       Full-matrix least-squares on F2   

      Data / restraints / parameters     725/ 0 / 49  

      Goodness-of-fit on F2             1.060  

      Final R indices [I > 2sigma(I)]     R1 = 0.0454, wR2 = 0.1206  

      R indices (all data)               R1 = 0.0592, wR2 = 0.1299  

      Largest diff. peak and hole        0.203 and -0.343 e. Å-3  
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Table 7.  Atomic coordinates (x 104) and equivalent isotropic displacement    

parameters (Å2 x 103) for 1.  

 

 

 

 

x 

 

y 

 

z 

 

U(eq)* 

 

C(1) 

 

2630 (2) 

 

7601 (2) 

 

10335 (1) 

 

29 (1) 

C(2) 4723 (3) 5806 (3) 10663 (1) 32 (1) 

O(1) 1246 (2) 7527 (2)   9220 (1) 43 (1) 

O(2) 2435 (2) 9236 (2) 11401 (1) 47 (1) 

 
*U(eq) is defined as one third of the trace of the orthogonalized  Uij  tensor. 
 
 
 
Table  8.  Bond distances (Å) for 1. 
 
 

 
Bond Distances 

 
 (Å) 

 

C(1) - O(1) 

 

1.2170 (17) 

C(1) - O(2) 1.3138 (17) 

C(1) - C(2) 1.5062 (16) 

C(2) - C(2) #1                  1.5090   (3) 

 

Symmetry transformations used to generate equivalent atoms: 

 #1 = –x+1, -y+1, -z+2   
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Table  9.  Bond angles (deg.) for 1. 
 
 

 
Angles 

 
(deg.) 

 

O(1) - C(1) - O(2) 

 

123.74 (11) 

O(1) - C(1) - C(2) 123.85 (11) 

O(2) - C(1) – C(2) 112.40 (11) 

C(1) - C(2) – C(2) #1 112.61 (14) 

  

Symmetry  transformations  used  to  generate  equivalent  atoms : 

 #1 =  –x+1, -y+1, -z+2   

 

Table  10.    Anisotropic displacement  parameters (Å2 x 103). The anisotropic  

displacement factor  exponent  takes  the  form:   

                          -2 pi2  [ h2 a*2 U11 + …+ 2hka*b*U12 ] 

 

  

U11 

 

U22 

 

U33 

 

U23 

 

U13 

 

U12 

 

C(1) 

 

28 (1) 

 

27 (1) 

 

33 (1) 

   

2 (1) 

    

   4 (1) 

 

12 (1) 

C(2) 32 (1) 32 (1) 34 (1)  0 (1)   -1 (1) 17 (1) 

O(1) 45 (1) 41 (1) 43 (1) -6 (1) -11 (1) 25 (1) 

O(2) 50 (1) 48 (1) 45 (1)  -14 (1) -10 (1) 31 (1) 
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Table   11.         Hydrogen  bonds  for  1  [Å and  deg.]  

 

 

D-H…A 

 

d(D-H) 

 

d(H…A) 

 

d(D…A) 

 

<(DHA) 

 

O(2)-H(2O)…O(1)#2 

 

1.01 (2) 

 

1.68 (2) 

 

2.6863 (13) 

 

173 (2) 

 

Symmetry  transformations  used  to  generate  equivalent  atoms : 

 #2  = –x, -y+2, -z+2 

 

Considerably, the information obtained from UV, IR, NMR and MS spectra 

along with physical properties, such as melting point led to the deduction that 

compound 1 is succinic acid. The structure of  compound 1 is shown in  Fig. 15. 

 

 

 

 

                                                                    

Figure 15.  The structure of Compound 1. 

 

 

 

 

 

 

 

 

COOH

HOOC
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4.2.2   Structure  elucidation of Compound 2 

Characterization of Compound 2 

  

 The IR spectrum of Compound 2 (Fig. 34) revealed the presence of alcohol 

group according to the broad absorption band between 3550 to 3200 cm-1 and the 

weak absorption band at 2925 and 2896 cm-1 suggest  methyl  and  methylene group 

stretching vibration. In addition, there is the presence of the lactone unsaturated 

carbonyl stretching according to the strong absorption band at 1724 cm-1 and 1087 

and 1056 cm-1 which are C-O stretching vibration of hydroxy groups. The IR 

spectrum of Compound 2 is summarized in Table 12. 

 

Table 12.   The IR absorption band assignment of Compound 2.  

 

Wave number (cm-1) Intensity Vibration 

 

3200-3550 

2925,2896 

1724 

1357, 1265 

1087, 1056 

829 

 

Broad 

Weak 

Strong 

Medium 

Strong 

Medium 

 

O-H stretching vibration of alcohol 

C-H stretching vibration of -CH3, -CH2 

C=O stretching vibration of lactone 

C=C stretching vibration of alkene 

C-O stretching vibration of  alcohol 

C-H out of plane bending vibration  

 

The 1H-NMR spectrum (Fig. 35, Table 13) of Compound 2 indicated that it 

showed single-proton absorption at δ7.16 and 6.12 ppm. coupled to each other, J2,3 = 

9.8 Hz., indicating an cis-olefinic function. An anomeric proton at δ4.41 (1H, d, J = 

7.6 Hz ) could be the signal of β-anomeric proton of glucose while a group of 

multiplet signals at δ4.41-3.17 ppm. were signals of sugar moiety and one methyl 

group at δ1.45 ppm.   

 

The 13C-NMR spectrum (Fig. 36, Table 13) showed 12 lines. One signal of 

the lactone carbonyl appeared at 165.9 ppm. 
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DEPT-90 spectrum (Fig. 37), indicated the presence of typical of a glycoside 

at 102.5, 78.2, 78.0, 74.9, and 71.7 ppm. In addition, it indicated the presence of the 

unsaturated methines at 123.6 and 145.3 ppm. 

 

DEPT-135 spectrum (Fig. 37), showed one methyl carbon at 16.2 ppm., one 

methylene carbon at 62.9 ppm. and the carbon signal at 166.7 ppm was quaternary 

carbon. 

 

 The information from 2D-NMR techniques; HMQC correlation (Table 13), 

HMBC correlation (Fig. 18, Table 14), COSY correlation (Fig. 19, Table 14), and 

NOESY correlation (Fig. 20) were used to assist the interpretation of the structure of 

compound 2. 
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Table 13.  The HMQC spectral data of Compound 2. 

 
 

13C-NMR (ppm)                       

 
1H-NMR (ppm), coupling constant (Hz) 

 

16.2(t) 

 

1.45d (J=6.4) 

62.9(d) 3.65dd  (J=5.8, 11.6), 3.89d  (J=11.6) 

68.7(s) 4.47dd (J=3.4, 4.9) 

71.7(s) 3.25t  (J=8.5) 

74.9(s) 3.17dd  (J=7.6, 8.5) 

78.0(s) 3.33t  (J=8.5) 

78.2(s) 3.29m 

78.3(s) 4.70dd  (J=3.4, 6.4) 

102.5(s) 4.41d  (J=7.6) 

123.6(s) 6.12d  (J=9.8) 

145.3(s) 7.16dd  (J=4.9, 9.8) 

165.9(q)          - 
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Table 14.  The HMQC, HMBC and COSY spectral data of Compound 2. 

 

 

Position 

 

δC 

 

δH 

 

HMBC (H to C) 

 

COSY 

 

1 

 

165.9(q) 

 

- 

 

- 

 

- 

2 123.6(s) 6.12d  

(J=9.8) 

C-1, C-4 H-3(7.16) 

3 145.3(s) 7.16dd   

(J=4.9, 9.8) 

C-1, C-4, C-5, C-6 H-2(6.12), H-4(4.47) 

4 68.7(s) 4.47dd 

(J=3.4, 4.9) 

C-2, C-3, C-6, C-1′ H-3(7.16), H-5(4.70) 

5 78.3(s) 4.70dd 

  (J=3.4, 6.4) 

C-4, C-6 H-4(4.47), H-6(1.45) 

6 16.2(t) 1.45d  

(J=6.4) 

C-2, C-4, C-5 H-5(4.70) 

1′ 102.5(s) 4.41d  

 (J=7.6) 

C-4, C-6, C-2′, C-3′ H-2′(3.17) 

2′ 74.9(s) 3.17dd   

(J=7.6, 8.5) 

C-1′, C-3′ H-1′(4.41),H-3′(3.33) 

3′ 78.0(s) 3.33t   

(J=8.5) 

C-2′, C-4′ H-2′(3.17),H-4′(3.25) 

4′ 71.7(s) 3.25t   

(J=8.5) 

C-3′, C-5′, C-6′ H-3′(3.33),H-5′(3.29) 

5′ 78.2(s) 3.29m C-2′, C-3′, C-4′, C-6′ H-4′(3.25),H-6′(3.65, 

3.88) 

6′ 62.9(d) 3.65dd 

(J=5.8, 11.6) 

3.88d 

(J=11.6) 

C-5′ H-5′(3.29) 
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 Compound 2 showed spectral data similar to that of osmundalin from the fern 

Osmunda japonica, which was diastereomer of angiopteroside from the fern 

Angiopteris lygodiifolia Ros.[15], reported previously in the literature [37-38]. From 

the literature, osmundalin was a colorless powder, m.p. 104-105 οC and [α]20
D -

107ο(c=1.0,MeOH). The young unopened fronds of this plant are eaten as a vegetable 

and the dried shoots are sold as the food akaboshi zenmai. Moreover, osmundalin had 

been used as antifeedant. The structure of osmundalin and angiopteroside were shown 

in Fig. 16. The difference of both was the configuration at the position 4 and 5. 

Osmundalin was 4R,5S while angiopteroside was 4R,5R. 

        

 

 

 

                         Osmundalin                                                           Angiopteroside   

 

Figure 16.  The structure of osmundalin and angiopteroside. 

 

 The 1H, 13C-NMR signal of compound 2 and osmundalin are presented in the 

Table 15 as follows. 
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Table 15.  The 1H, 13C-NMR spectra of Compound 2 with Osmundalin*. 

            

Compound 2 Osmundalin 
Position 

δH (ppm) δC (ppm) δH (ppm) δC (ppm) 

 

1 

 

- 

 

165.9 

 

- 

 

165.2 

2 6.12 123.6 6.03 121.6 

3 7.16 145.3 7.10 147.8 

4 4.47 68.7 4.49 73.4 

5 4.70 78.3 4.59 79.3 

6 1.45 16.2 1.46 18.6 

1′ 4.41 102.5 4.50 102.9 

2′ 3.17 74.9 3.21 74.9 

3′ 3.33 78.0 3.40 78.0 

4′ 3.25 71.7 3.32 71.6 

5′ 3.29 78.2 3.38 78.2 

6′ 3.65 62.9 3.67 62.8 

 3.85  3.88  

 

• Compound 2  and osmundalin were measured in CD3OD. 
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Figure 17.  The structure of Compound 2. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18.  The HMBC correlation of Compound 2. 
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Figure 19.  The COSY correlation of Compound 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20.  The NOESY correlation of Compound 2. 
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           The  LC-MS spectrum (Fig. 42)  showed a molecular ion peak corresponding 

to angiopteroside assigned to be C12H18O8 [M++1] (m/z= 291) which indicated 4 DBE.  

The EI-MS spectrum (Fig. 43)  showed the fragmentation as follow, m/z :112 

(32), 111 (100), 97 (18), 84 (34), 73 (31), 60 (29), 57 (28), 55 (23). 

 The ion fragmentation pattern in the mass spectrum in this compound 

indicated that it was angiopteroside.  The possible mass fragmentation of Compound 

2 is shown in Scheme 5. 

 

Scheme 5.   The possible mass fragmentation pattern of Compound 2. 
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Moreover, the structure of Compound 2 was also confirmed by X-ray 

diffraction analysis, which indicated that Compound 2 was identical to angiopteroside 

which was diastereomer of osmundalin.  The ORTEP drawing of Compound 2 is 

shown in Fig. 21.  

 

 
Figure 21.  The ORTEP drawing of Compound 2 

 

X-ray diffraction of this compound had been reported by Hseu, T.H. from 

Angiopteris lygodiifolia Ros.[15] but the present data were different from previous 

data. Colorless crystal of Angiopteroside (C12H18O8 . H2O) from Angiopteris 

lygodiifolia Ros. were grown in chloroform-methanol and crystal system was 

orthorhombic while colorless crystal of Angiopteroside (C12H18O8 . H2O) from 

Angiopteris evecta Hoffm. were grown in ethyl acetate-methanol and crystal system 

was monoclinic. The ORTEP drawing of Compound 2 and Angiopteroside from 

Angiopteris lygodiifolia Ros. are shown in Fig. 22.  

From the above data, they indicated that both Angiopterosides had similar 

conformation structure  but they were grown from different solvent. Therefore they 

had different crystal system. This phenomenon was psudopolymorph.  
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 Monoclinic      Orthorhombic 

 

Figure 22.  The ORTEP drawing of Compound 2 (monoclinic) and  Angiopteroside      

from Angiopteris lygodiifolia Ros. (orthorhombic) 

 

 

 X-ray diffraction is presented in Table 16, 17, 18, 19, 20 and 21 respectively. 

From all spectral data ( IR, 1H and 13C-NMR spectra including 2D-NMR, 

mass spectrum and X-ray diffraction analysis),  it was concluded that Compound 2 is 

Angiopteroside(4-O-β-D-Glucopyranosyl-L-threo-2-hexen-5-olide)Monohydrate. 
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 Table 16.  Crystal data and structure refinement for 2. 

 

      Empirical formula                  C12H20O9  

      Formula weight                      308.28 

      Temperature                           293(2) K  

      Wavelength                            0.71073 Å 

      Crystal system, space group        monoclinic, P2(1)  

      Unit cell dimensions               a =   7.83450(10) Å          alpha    = 90      deg.  

                                                      b =   6.92330(10) Å          beta      = 91.57 deg.  

                                                      c =  12.93220(10) Å         gamma = 90       deg.  

      Volume                              701.185(15) Å3  

      Z, Calculated density              2, 1.460 Mg/m3  

      Absorption coefficient             0.126 mm-1 

      F(000)                              328 

      Theta range for data collection     1.57 to 30.46 deg.  

      Index ranges                       -10 ≤ h ≤9, -9 ≤ k ≤9, -17 ≤ l ≤16  

      Reflections collected / unique     5258 / 3533 [R(int) = 0.0112]  

      Completeness to 2theta = 30.46    94.8%  

      Refinement method                       Full-matrix least-squares on F2   

      Data / restraints / parameters     3533/ 1 / 253  

      Goodness-of-fit on F2             1.067  

      Final R indices [I > 2sigma(I)]     R1 = 0.0300, wR2 = 0.0818  

      R indices (all data)               R1 = 0.0320, wR2 = 0.0829  

      Absolute structure parameter       -0.2(6)  

      Largest diff. peak and hole        0.322 and -0.245 e. Å-3  
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Table 17.  Atomic coordinates (x 104) and equivalent isotropic displacement    

parameters (Å2 x 103) for 2  

 

 

  

x 

 

y 

 

z 

 

U(eq)* 

 

C(1′) 

 

1592 (2) 

 

7500 (2) 

 

2604 (1) 

 

24 (1) 

C(1) 3592 (2) 4663 (2) -561 (1) 32 (1) 

C(2′) 1646 (2) 9700 (2) 2665 (1) 26 (1) 

C(2) 4864 (2) 4475 (2)   298 (1) 37 (1) 

C(3′)   751 (2)    10404 (2) 3630 (1) 24 (1) 

C(3) 4437 (2) 4635 (2) 1277 (1) 35 (1) 

C(4′)    -1017 (2) 9495 (2) 3716 (1) 23 (1) 

C(4) 2588 (2) 4899 (2) 1549 (1) 26 (1) 

C(5′) -943 (2) 7313 (2) 3550 (1) 24 (1) 

C(5) 1478 (2) 3977 (2)   703 (1) 26 (1) 

C(6′)    -2722 (2) 6459 (2) 3457 (1)   32 (1) 

C(6)  -430 (2) 4277 (2)    753 (1) 35 (1) 

O(1′) 2287 (2)      6947 (2) 1657 (1) 27 (1) 

       O(1) 3965 (2) 4912 (2)    -1456 (1) 50 (1) 

O(2′) 3346 (1)    10412 (2) 2733 (1) 45 (1) 

       O(2) 1940 (1) 4641 (2) -323 (1) 31 (1) 

O(3′)   593 (1)    12465 (1) 3578 (1) 32 (1) 

O(4′)    -1626 (1) 9842 (1) 4734 (1) 30 (1) 

O(5′)  -124 (1) 6874 (2)  2601 (1) 27 (1) 

O(6′)    -2713 (2) 4405 (2)  3424 (1) 49 (1) 

O(7W)    -4630 (2)    11681 (2) 4443 (1) 48 (1) 

 
*U(eq) is defined as one third of the trace of the orthogonalized  Uij  tensor. 
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Table 18.  Bond distances (Å) for 2. 
 
 
 

 
Bond Distances 

 
 (Å) 

 

C(1′) - O(1′) 

 

1.4058 (13) 

C(1′) - O(5′) 1.4127 (14) 

C(1′) - C(2′) 1.5259 (17) 

C(1) - O(1) 1.2132 (16) 

C(1) - O(2) 1.3384 (14) 

C(1) - C(2) 1.4779 (19) 

C(2′) - O(2′) 1.4209 (15) 

C(2′) - C(3′) 1.5269 (15) 

C(2) - C(3) 1.323     (2) 

C(3′) - O(3′) 1.4336 (16) 

C(3′) - C(4′) 1.5286 (16) 

C(3) - C(4)                  1.5114 (17) 

C(4′) - O(4′) 1.4320 (13) 

C(4′) - C(5′) 1.5274 (15) 

C(4) - O(1′) 1.4448 (14) 

C(4) – C(5) 1.5199 (16) 

C(5′) - O(5′) 1.4332 (13) 

C(5′) - C(6′) 1.5155 (17) 

C(5) - O(2) 1.4585 (14) 

C(5) - C(6) 1.5117 (18) 

C(6′) - O(6′) 1.4229 (17) 
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Table 19.  Bond angles (deg.) for 2 
 
 
 

 
Angles 

 
(deg.) 

 
Angles 

 
(deg.) 

 

O(1′) - C(1′) - O(5′) 

 

      107.78   (9) 

 

C(3′) - C(4′) - C(5′) 

 

111.02   (9) 

O(1′) - C(1′) - C(2′)       107.85   (9) C(3) - C(4) - C(5) 108.33 (11) 

O(5′) - C(1′) – C(2′)       109.32   (9) O(5′) - C(5′) – C(6′)       106.36   (9) 

O(2′) - C(2′) – C(1′) 111.96 (11) O(5′) - C(5′) – C(4′)       110.51   (9) 

O(2′) - C(2′) - C(3′) 106.84 (10) C(6′) - C(5′) - C(4′) 111.03 (10) 

C(1′) - C(2′) - C(3′)       110.42   (9) O(1′) - C(4) – C(5) 112.97 (10) 

O(1) - C(1) - O(2) 118.77 (12) O(1′) - C(4) – C(3) 107.54 (10) 

O(1) - C(1) - C(2) 123.63 (12) C(3) - C(2) - C(1) 121.92 (12) 

O(2) - C(1) - C(2) 117.54 (11) O(6′) - C(6′) – C(5′) 112.77 (11) 

O(3′) - C(3′) - C(2′) 108.74 (10) O(2) - C(5) – C(4) 111.98 (10) 

O(3′) - C(3′) - C(4′) 109.60 (10) O(2) - C(5) – C(6) 105.46 (10) 

C(2′) - C(3′) - C(4′)       111.46   (9) C(6) - C(5) - C(4) 117.23 (10) 

C(4) - C(3) - C(2) 120.18 (11) C(1′) - O(1′) - C(4) 114.79   (9) 

O(4′) - C(4′) - C(3′)       108.91   (9) C(1) - O(2) - C(5) 118.62 (10) 

O(4′) - C(4′) - C(5′)       108.08   (9) C(1′) - O(5′) - C(5′) 112.41   (8) 
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Table  20.    Anisotropic displacement  parameters (Å2 x 103). The anisotropic  

displacement factor  exponent  takes  the  form:   

                          -2 pi2  [ h2 a*2 U11 + …+ 2hka*b*U12 ] 

 

  

U11 

 

U22 

 

U33 

 

U23 

 

U13 

 

U12 

 

C(1′)       

 

29 (1) 

 

23 (1) 

 

21 (1) 

   

-1 (1) 

    

   5 (1) 

 

0 (1) 

C(1) 32 (1) 34 (1) 32 (1) -6 (1) 9 (1) -1 (1) 

C(2′) 31 (1) 23 (1) 24 (1) -4 (1) 9 (1) -6 (1) 

C(2) 26 (1) 38 (1) 46 (1) -8 (1) 4 (1)  5 (1) 

C(3′) 29 (1) 21 (1) 22 (1) -2 (1) 4 (1) -2 (1) 

C(3) 29 (1) 35 (1) 39 (1) -9 (1)   -6 (1) 6 (1) 

C(4′) 27 (1) 23 (1) 19 (1) -1 (1) 3 (1) 0 (1) 

C(4) 32 (1) 20 (1) 24 (1) -2 (1) 2 (1) 3 (1) 

C(5′) 27 (1) 22 (1) 22 (1)  1 (1) 5 (1)   -2 (1) 

C(5) 30 (1) 24 (1) 26 (1) -2 (1) 6 (1) -2 (1) 

C(6′) 30 (1) 28 (1) 39 (1) -2 (1) 5 (1) -5 (1) 

O(1′) 37 (1) 21 (1) 24 (1) -2 (1) 9 (1) 2 (1) 

O(1) 46 (1) 70 (1) 35 (1) -2 (1)  16 (1) -5 (1) 

O(2′) 37 (1) 45 (1) 53 (1)  -20 (1) 13 (1)  -17 (1) 

O(2) 29 (1) 41 (1) 24 (1)  0 (1) 4 (1) -1 (1) 

O(3′) 45 (1) 20 (1) 31 (1) -5 (1) 5 (1) -3 (1) 

O(4′) 32 (1) 36 (1) 22 (1) -4 (1) 7 (1)  1 (1) 

O(5′) 31 (1) 25 (1) 25 (1) -5 (1) 7 (1) -4 (1) 

O(6′) 38 (1) 28 (1) 81 (1)  1 (1) 8 (1)  -10 (1) 

O(7W) 40 (1) 51 (1) 53 (1)  4 (1) 12 (1) -1 (1) 
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Table   21.  Hydrogen  bonds  for  2  [Å and  deg. ]  

 

 

D-H…A 

 

d(D-H) 

 

d(H…A) 

 

d(D…A) 

 

<(DHA) 

 

O(2′)-H(2′W)…O(1)#1 

 

0.80 (2) 

 

1.97 (2) 

 

2.7340 (15) 

 

158 (2) 

 

O(3′)-H(3′W)…O(4′)#2 

 

0.84 (2) 

 

2.03 (2) 

 

2.8337 (13) 

 

160 (2) 

 

O(4′)-H(4′W)…O(7W) 

 

0.88 (2) 

 

1.82 (2) 

 

2.6930 (16) 

 

173 (2) 

 

O(6′)-H(3′W)…O(3′)#3 

 

0.90 (3) 

 

2.05 (3) 

 

2.9194 (16) 

 

161 (2) 

 

O(7W)-H(7A)…O(6′)#4 

 

0.80 (3) 

 

1.97 (3) 

 

2.7674 (18) 

 

173 (3) 

 

O(7W)-H(7B)…O(2′)#5 

 

0.80 (3) 

 

2.03 (3) 

 

2.8262 (19) 

 

174 (3) 

 

Symmetry  transformations  used  to  generate  equivalent  atoms : 

#1 = –x+1, y+1/2, -z,  #2 = –x, y+1/2, -z+1,  #3 = x, y-1, z,  #4 =  x, y+1, z,              

#5 =  x-1, y, z 
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4.2.3  Structure elucidation of Compound 3 

Characterization of Compound 3 

 

 The IR spectrum of Compound 3 (Fig. 44)  revealed a strong broad 

absorption band at 3550-3100 cm-1 which was corresponded to the O-H stretching 

vibration of hydroxy functional group and at 1223, 1149, 1110 and 1025 cm-1 which 

were C-O stretching vibration of hydroxy group. In addition, the C-H stretching 

vibration of –CH2 was observed at 2942 cm-1. The IR spectrum of Compound 3 is 

summarized in Table 22. 

 

Table 22. The IR absorption bands assignment of Compound 3. 

 

Wave number (cm-1) Intensity Vibration 

 

3100-3550 

2942 

1452, 1342 

1223, 1149,  

1110, 1025 

768, 615 

 

Broad,  Strong 

Medium 

Medium 

Strong 

 

Medium 

 

O-H stretching vibration of  C-OH 

C-H stretching vibration of -CH2 

O-H deformation ( in plane ) 

C-O stretching vibration of  C-OH 

 

O-H deformation ( out-of plane ) 

 

 

The 1H-NMR spectrum (Fig. 45)  of Compound 3  possessed  one methine 

proton (CH-CH2) at  3.06  ppm. An anomeric proton at δ4.42 (1H,d, J=7.8 Hz) could 

be the signal of β-anomeric proton  of glucose while an anomeric proton at δ5.01 

(1H,d, J=3.5 Hz) could be the signal of α-anomeric proton of glucose. The other 

signals were multiplet signals at δ3.13-.3.34  and  3.44-3.70 ppm. 

 

 The 13C-NMR spectrum (Fig. 46, Table 23)  exhibited a total at ten carbon 

signals at  59.5, 59.7, 68.6, 70.4, 73.1, 74.7, 74.9, 91.0 and 94.6 ppm. The assigned 
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carbon signals based on the 13C-NMR spectrum were confirmed by the information 

obtained from the DEPT-90 and DEPT-135 spectra (Fig. 47) 

 

DEPT-90 spectrum (Fig. 47) indicated the presence of six saturated methines 

at 68.6, 70.4, 71.7, 73.1, 74.7 and 74.9 ppm. and two methines of (O-CH-OH) at 91.0 

and 94.6 ppm. 

 

 DEPT-135 spectrum (Fig. 47) showed two methylene carbons at 59.5 and 

59.7 ppm. It did not indicate any methyl  and quaternary carbons.  

 

 Compound 3 showed spectral data identical to that of  D-(+)-glucose which 

was reported in the literature [39]. The 13C-NMR signal of Compound 3 and D-(+)- 

glucose are presented in the Table 23 as follows. The structure is shown in Fig. 23. 

which  is α and β form of  D-(+)– glucose. 

 

 

 

                           

                             α - form                                                          β - form 

 

Figure 23  The structure of  α and β form of  D-(+)– glucose. 
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Table 23  The 13C-NMR spectra of Compound 3  and  D-(+)– glucose*. 

 

δC (ppm)  

Position Compound 3 D- (+) – glucose 

 

A  

B 

C 

D 

E 

F 

G 

H 

59.5, 59.7 

68.6 

70.4 

71.7 

73.1 

74.7, 74.7 

91.0 

94.8 

 

61.9 

70.7 

72.5 

73.8 

75.2 

76.8 

93.0 

96.8 

 

 

*  Compound 3  was measured in D2O while D-(+)–glucose was measured in       

dioxane. 

 

 Compound 3 showed a molecular ion with m/z = 180 [M+] (C6H12O6)              

(Fig. 48, 49), which indicated a DBE of 1. Other significant fragmentation peak was 

detected at m/z = 163  [M+- H2O]+  

 From the literature [40], D-(+)– glucose had m.p. 156-158 οC and [α]D
23  

+52.7ο (c=10, H2O). In spite of their easy interconversion in solution, α and β forms 

of carbohydrates are capable of independent existence, and many have been isolated 

in pure form as crystalline solids. When crystallized from ethanol, D-(+)– glucose 

yields α-D-glucopyranose, m.p. 146 οC and [α]D +112.2ο. Crystallization from a 

water-ethanol mixture produces β-D-glucopyranose, m.p.148-155οC and [α]D  +18.7ο. 

In the solid state the two forms do not interconvert and are stable indefinitely. Their 

structures have been unambiguously confirmed by X-ray crystallography. 

Considerably, the information obtained from UV, IR, NMR and MS spectra 

along with physical properties, such as melting point and optical rotation led to the 
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deduction that  compound 3 is D-(+)- glucose which had both α and β forms of  D-

(+)– glucose. The ratio between the  α and β  anomeric forms  in compound 3 was 

calculated from the coupling constant which was determined to be α : β (1:2.3).  The 

structure of compound 3 is shown in Fig. 24. 

 

 

                      α - form                                                          β - form 

 

Figure 24.  The structure of  Compound 3. 

 
 
4.2.4  Structure elucidation of Mixture 4 

Characterization of Mixture 4 

  

The IR spectrum of Mixture 4 (Fig. 50) showed the presence of a hydroxy 

group according to the broad absorption band at 3150 to 3690 cm-1. The strong 

absorption band at 2937 and 2867 cm-1 suggested the presence of C-H stretching 

vibration of methyl and methylene group. The IR spectrum of Mixture 4 is 

summarized in Table 24. 
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Table 24.  The IR absorption band assignment of Mixture 4. 

 

Wave number (cm-1) Intensity Vibration 

 

3150-3690 

2937, 2867 

1654 

1465 

1382 

1062 

958 

 

804 

 

 

Broad 

Strong 

Weak 

Medium 

Medium 

Medium 

Weak 

 

Weak 

 

O-H stretching vibration of alcohol 

C-H stretching vibration of -CH3, -CH2 

C=C stretching vibration of olefin 

O-H bending vibration of alcohol 

C-H bending vibration of-CH3, -CH2 

C-O stretching vibration 

C-H out of plane bending vibration of  

disubstituted  vinyl 

C-H out of plane bending vibration of  

disubstituted  vinyl 

 

 The 1H-NMR spectrum (Fig. 51) showed that the signals of protons at  

chemical  shift  0.66-2.26 ppm.  corresponded to  those  of methyl, methylene and 

methine groups (-CH3, -CH2, -CH  respectively)  of  the steroids. The proton adjacent 

to a hydroxyl group (-CH-OH) was shown as the multiplet signal at 3.43-3.56 ppm. 

While  the multiplet  signals at 4.92-5.23 (1H) ppm. and the doublet signal at 5.30 

(2H, J=5.0 Hz) ppm. were  assigned  to  be  the signals of vinylic proton (-CH=C-) 

and in a  cis-vinylic form.  

 

The 13C-NMR, DEPT-90, DEPT-135 spectra (Fig. 52,53) showed the 

olefinic carbon signals at 121.7, 129.3, 138.3 and 140.8 ppm. The carbon signal at 

71.8 ppm. exhibited the C-OH of the steroid.  

 

 According to the information of a mixture 4, it was suggested that mixture 4 

could be a mixture of steroid. To confirm the structure, 13C-NMR spectrum of mixture 

4 was compared to stigmasterol and β-sitosterol as shown in Table 25.[41]  
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Table 25.   The 13C-NMR spectra of  mixture 4, stigmasterol and β-sitosterol. 

 

δC (ppm) 
Position 

Compound 1 Stigmasterol β-sitosterol 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

37.2 

31.7 

71.8 

42.3 

140.8 

121.7 

31.9 

31.9 

50.2 

36.5 

21.1 

39.8 

42.3 

56.8 

24.3 

28.9, 28.2 

56.0 

12.2, 11.9 

19.4 

40.5, 36.1 

21.1, 19.1 

138.3, 33.9 

129.3, 29.2 

51.2, 50.1 

31.9, 26.1 

19.0, 18.8 

21.1, 19.8 

25.4, 23.1 

12.0, 11.9 

37.4 

31.7 

71.8 

42.4 

140.0 

121.7 

31.9 

31.9 

50.3 

36.6 

21.1 

39.8 

42.4 

57.0 

24.4 

28.9 

56.0 

12.2 

19.4 

40.5 

21.1 

138.4 

129.4 

51.3 

31.9 

19.0 

21.1 

25.4 

12.0 

37.1 

31.8 

71.9 

42.4 

140.9 

121.8 

32.0 

32.0 

50.3 

36.6 

21.1 

39.9 

42.4 

56.8 

24.3 

28.2 

56.2 

11.9 

19.4 

36.2 

19.1 

34.0 

29.3 

50.3 

26.2 

18.8 

19.8 

23.1 

11.9 
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The MS spectrum  showed  the  fragmentation  as  follows,  m/z (EIMS)  

(Fig. 54): 414[M+], 412[M+], 396(12), 381(7), 329(12), 300(17), 271(36), 255(60), 

213(45), 159(59), 145(71), 105(63), 95(69), 81(69), 55(100). 

 

 The mass spectrum (Fig. 54)  showed a molecular ion peak corresponding to 

stigmasterol assigned to be C29H50O and EIMS [M+] (m/z = 414) (Fig. 54) which 

indicated 5 DBE and β-sitosterol assigned to be C29H48O and EIMS [M+]  (m/z = 412) 

(Fig. 54) which indicated 6 DBE. The ion fragmentation pattern in the mass spectrum 

of this mixture indicated that it was a mixture of steroids which is shown in      

Scheme 6. 
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Scheme 6.   The possible mass fragmentation pattern of  mixture 4 for β-sitosterol 
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Scheme 6.  (cont.) The possible mass fragmentation pattern of mixture 4 for 

Stigmasterol.  
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 From all of the data, it could be concluded that mixture 4 was a mixture of  β-

sitosterol and stigmasterol. The structure of  this mixture was presented in Fig. 25. 
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Figure 25. The structure of  stigmasterol and β-sitosterol  
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4.3  Result of biological activity test of  the isolated  compound. 
 

4.3.1  Cytotoxic activity  test. 
 
The in vitro activity of compound 2 (10 µg/ml) from Angiopteris evecta 

Hoffm. was tested against 6 cell lines, which composed of BT 474 (breast), Chago 

(lung), Hep-G2 (hepatoma), HS 27 (fibroblast), Kato-3 (gastric) and SW 620 (colon) 

cancer and the results are shown in Table 26. 

 
Table 26.  Cytotoxic activity against tumor cell lines of compound 2 from Angiopteris 

evecta Hoffm.   

 

% survival Compound1 

(10 µg/ml) HS 27 
(fibroblast) 

Kato-3 
(gastric) 

BT 474 
(breast) 

Chago 
(lung) 

SW 
620(col

on) 

Hep-G2 
(hepatoma) 

             2 
Doxorubicin 2 

78 
35 

112 
54 

113 
28 

55 
63 

91 
20 

105 
17 

 
1   dissolved in ethanol 
2     Doxorubicin: Doxorubocin hydrochloride was used as positive control. 

 

From Table 26, there were compared with Doxorubicin, it indicated that 

compound 2  showed  weak cytotoxicity against Chago cell lines This compound 

contained glycoside and unsaturated lactone. 

 

 

4.3.2  The reverse transcriptase test. 

 

The in vitro inhibition of HIV-1 RT of compound 2 (300 µg/ml) from 

Angiopteris evecta Hoffm.  is  reported in Table 27. 
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Table 27.  The in vitro inhibition of HIV-1 RT of compound 2 from Angiopteris 

evecta Hoffm..   
 
 

Compound 

( µg/ml) 
 

% inhibition 

2 
ddI 1 

84 
92 

 
 
1    ddI : 2′,3′-dideoxyinosine was used as positive control. 
 

 From Table 27, it indicated that compound 2 showed strong activity in vitro 

as inhibitor for HIV-1 RT for the first time. This compound contained glycoside and 

unsaturated lactone. Percentage inhibition of each concentration of compound 2 and 

ddI are showed in Table 28.  

The IC50 values  of  compound 2 and ddI  were  determined  by graphic 

plotting  between concentration of sample (x-axis) and % inhibition (y-axis). To 

determine IC50 values, a perpendicular line was drawn from the y-axis at the % 

inhibition value of 50 to the x-axis as shown in Figure 26 and 27. 
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Table 28.   Percentage inhibition of each concentration of compound 2 and ddI. 
 

Concentration (nM)  Samples 

 

% inhibition 

    

    Compound 2 

 

 

     

    ddI 

 

340 

680 

1020 

1700 

340 

680 

1020 

1700 

5.3 

42.2 

72.4 

85.5 

8.1 

38.2 

78.7 

92.4 
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Figure 26   IC50 values of compound 2 

Equation: y = 0.057x-1.937 (R = 0.928)   

y = %inhibition            when,  y = 50 

x = conc. (nM)             x = 914 nM 
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Figure 27.   IC50 values of ddI 

Equation: y = 0.062x-3.714 (R = 0.937) 

y = %inhibition           when,  y = 50 

x = conc. (nM)             x = 866 nM 

  From Figure 26 and 27. The IC50 values of ddI and compound 2 were 

summarized in Table 29. 

 

Table 29   IC50 values of ddI and  compound 2. 

 

          Samples        IC50 (nM) 

            ddI 

       Compound 2 

914 

866 

IC50 is the concentration of compound required to give 50%inhibition of HIV-1 reverse tanscriptase 

activity. 

  Table 29 indicated that compound 2 exhibited high inhibitory activity 

against HIV-1 reverse transcriptase with IC50 of 914 nM compare with 866 nM of ddI.  
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4.4  The proposed mechanism of the inhibition of HIV-1 reverse 

transcriptase of compound 2. 
  From the above result, it was found that compound 2 could inhibit 

HIV-1 reverse transcriptase. In the structural point of view, compound 2 looks similar 

to 3′-azido-3′-deoxythymidine (AZT) and 2′,3′-dideoxyinosine (ddI), which were 

nucleoside  reverse  transcriptase  inhibitors. They compose of a heterocyclic ring, 

with double bond conjugated to a carbonyl group connect to a sugar moiety. The 

structure of compound 2, AZT and ddI are shown in Fig. 28. This led to the proposed 

mechanism corresponding to the mechanism of nucleoside reverse transcriptase 

inhibitors that belong to the class of the 2′,3′-dideoxynucleoside (ddN) analogues. The 

dideoxynucleosides exert anti-HIV activity at the reverse transcriptase level. As 

triphosphates, they compete with cellular dideoxynucleoside-5′-triphosphates, and 

they act as chain terminators in the synthesis of proviral DNA, thereby interfering 

with elongation of the viral DNA chain and prevent correct folding of DNA chain. 

The proposed mechanism of DNA chain termination of compound 2 is shown in  Fig. 

29. 

 

   

 

        Compound 2                                                                         ddI 

 

 

Figure 28. The structure of compound 2, AZT and ddI. 
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Figure 29. The proposed mechanism of DNA chain termination of compound 2 
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CHAPTER IV 
 

   Conclusion 
 

  In this research, the fresh rhizomes (2.70 kg) of Angiopteris  evecta 

Hoffm. were extracted with methanol. The crude methanol extract was extrated with 

hexane and ethyl acetate, respectively, to obtaine three different crude extracts; crude 

hexane  extract  (2.01 g, 0.0744 % wt.by wt. of the fresh rhizome), crude ethyl acetate  

extract  (11.74 g, 0.4348 % wt.by wt. of the fresh rhizome) and crude methanol extract  

(112.83 g, 4.1789 % wt.by wt. of the fresh rhizome). Four substances were isolated from 

the rhizome using traditional chromatoghaphic techniques. The structures were 

determined from physical, chemical properties,  various spectroscopic methods and also 

by comparison with the spectral data which previously reported. Their structures were 

established as: Succinic acid (1), Angiopteroside (2), D-(+)–glucose (3), Mixture of 

stigmasterol and β-sitosterol (4). The crystal structures of  Succinic acid (1) and  

Angiopteroside (2) were determined by using X-ray diffraction analysis and their ORTEP 

drawing were shown in Figure 14 and 21, respectively. All isolated compounds from the 

rhizomes of Angiopteris  evecta Hoffm.  could be summarized as shown in Table 30. 

 
Table 30   Isolated compounds from the rhizomes of A. evecta Hoffm. 
 
 

Compound   Name of compound Weight (g) %wt.by wt.of the 

starting material 

       1 

       2 

       3  

       4 

 

Succinic acid 

Angiopteroside 

D-(+)–glucose  

Stigmasterol and β-

sitosterol 

18 

132 

355 

120 

 

6.67*10-3 

4.89*10-3 

13.2*10-3 

1.11*10-3   
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 In the aspect of biological activities,  Compound 2 was tested for cytotoxicity 

against 6 tumor cell lines and inhibition of HIV-1 reverse  transcriptase. Compound 2 

showed  weak  cytotoxic  activity  against Chago cell lines. Moreover, Compound 2  

was found to inhibit HIV-1 reverse  transcriptase and exhibited IC50 value of  914 nM. 

 

5.1   Proposal for the future work 

 

  The discovery of chemical constituents belonging to A. evecta Hoffm. 

firstly reported in this research would be interesting for future investigation. It could 

be clearly seen that various biologically active compounds could be isolated from the 

active fraction of the rhizomes of A. evecta Hoffm.  

 

  The study of the relationship between the structure of isolated 

compounds including their derivatives and inhibitory activity against HIV-1 reverse 

transcriptase or Structure-Activity Relationship (SAR) should be covered. Moreover, 

the chemical constituents and biological activity study of other parts of A. evecta 

Hoffm. should also be investigated. The results from that study would reveal the 

similarity or difference and might lead to understanding of biosynthesis pathway of 

some major components.  
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APPENDIX 
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Figure 30. The IR spectrum of Compound 1. (Succinic acid
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Figure 31. The 1H-NMR spectrum of Compound 1. (Sucinic acid )
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Figure 32. The 13C-NMR spectrum of Compound 1 (Succinic acid )
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Figure 33. The EI MS spectrum of Compound 1 (Succinic acid )
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Figure 34. The IR spectrum of Compound 2 ( Angiopteroside )
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 Figure 35. The 1H-NMR spectrum of Compound 2 ( Angiopteroside )
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Figure 36. The 13C-NMR spectrum of Compound 2 ( Angiopteroside )
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Figure 37. DEPT 90, 135 and 13C-NMR spectrum of Compound 2 ( Angiopteroside )



 

Anwa
Figure 38.The HMQC-NMR spectrum of Compound 2( Angiopteroside )
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Figure 39. The HMBC-NMR spectrum of Compound 2 (Agiopteroside )
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Figure 40. The COSY-NMR spectrum of Compound 2  (Agiopteroside )
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Figure 41. The NOESY-NMR spectrum of Compound 2 (Agiopteroside )
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Figure 45. The 1H-NMR spectrum of Compound 3. ( D -(+)- glucose )



 

Anwa
Figure 46. The 13C-NMR spectrum of Compound 3 ( D -(+)- glucose )
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Figure 47. DEPT 90, 135 and 13C-NMR spectrum of Compound 3 ( D -(+)- glucose )
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