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Tuberculo!i! (TB) i! a number one killer among treatable infectious diseases. 

It is caused by the pathogenic bacterium Mycobacterium tuberculo!i! that primarily 

affects the lung!. It infects one third of the world population and kills approximately 

2 million people each year (based on WHO report). Drug-re!i!tant TB ha! become a 

very !eriou! problem in recent year! in certain population!. Therefore, the discovery 

and development of novel anti-tubercular drugs is a matter of emergency.   

 

Our research goal focused on the discovery of new drug candidates that can be 

developed as new anti-tubercular drugs. We employed semi-synthetic approaches 

using naturally derived compounds, 27-O-demethylrifamycin SV (DMRSV), 27-O-

demethyl-25-O-deacetylrifamycin SV (DMDARSV), and validoxylamine A, as 

scaffolds. 

 



 DMRSV and DMDARSV were obtained from a mutant strain of the 

rifamycin producing bacterium Amycolatopsis mediterranei S699, in which the 

methyltransferase gene within the rifamycin biosynthetic gene cluster has been 

inactivated. The compounds were modified by attaching a side chain 

diethylaminomethyl to the C-3 position. The products were tested for their activity 

against Mycobacterium smegmatis, B. subtilis, P. aeruginosa and S. aureus. 

However, the activity of DMRSV and DMDARSV derivatives were almost the same 

or less than that of 3-[(N,N-diethyl)-aminomethyl]-rifamycin SV. 

 

Validoxylamine A is a degradation product of the antifungal agent 

validamycin A. Structurally, it mimics trehalose, which is found in many bacteria and 

fungi, but not in the vertebrates. In M. tuberculosis, trehalose-6,6'-dimycolate (TDM) 

and trehalose-6-monomycolate (TMM) as well as other trehalose esters are important 

components of the cell wall and play a role in pathogenicity. 

 

Due to its similarity to trehalose, it is postulated that the ether derivatives of 

validoxylamine A could interfere with TMM and TDM synthesis and/or transport, as 

well as M. tuberculosis cell wall biosynthesis. To this end, we modified 

validoxylamine A by attaching various alkyl groups to the C-7 and C-7' positions of 

the compound, followed by reducing the C5-C6 double bond. The products were 

tested against M. smegmatis using agar diffusion and microdilution assays. The 

results showed that a number of validoxylamine A derivatives have significant 

antibacterial activity and an appropriate length of the side chain is critical for their 



activity.  Compounds with alkyl chain range between C6 – C10 showed significant 

activity against M. smegmatis, whereas compounds with alkyl chains shorter than C6 

or higher than C10 showed little or no activity. To confirm that this activity was not 

due to a detergent effect, we tested one of the active compounds against different 

strains of Gram (+) and Gram (-) bacteria, such as S. aureus, B. subtilis, and E. coli. 

The result showed that the active compound killed S. aureus and E. coli but not B. 

subtilis. Further testing against human cells (SF-295 glioma) revealed that the active 

compounds have no significant cytotoxicity. The results suggested that 

validoxylamine A derivatives may have potential to be developed as new anti-

tubercular drugs with novel mechanism(s) of action. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

©Copyright by Khaled Husain G. Almabruk 

September 2, 2010 

All Rights Reserved 
 

 

 

 

 

 

 

 
 
 
 



Master of Science thesis of Khaled Husain G. Almabruk on September 2, 2010. 
 
 
APPROVED: 
 
 
 
 
 
 
Major Professor, representing Pharmacy  
 
 
 
 
 
 
 
Dean of the College of Pharmacy 
 
 
 
 
 
 
 
Dean of the Graduate School 
 
 
 
 
 
 
 
I understand that my thesis will become part of the permanent collection of the 
Oregon State University libraries. My signature below authorizes release of my thesis 
to any reader upon request. 
 
 
 
 
 
 
 
 

Khaled Husain G. Almabruk, Author 



ACKNOWLEDGEMENTS  

 

I would like to express my sincere and deep appreciation to my academic 

advisor, Dr. Taifo Mahmud, for his support, guidance and encouragement during my 

study at Oregon State University, and for his unlimited source of information and 

knowledge that he shared and provided whenever I needed them.  

 

I would like to thank my graduate committee members, Dr. Mark Zabriskie, 

Dr. Jane Ishmael, Dr. Daniel Rockey, and Dr. Kerry McPhail for their expertise, time, 

and encouragement in directing my thesis. 

 

I would like to thank Dr. Serge Fotso, Dr. Noer Kasanah, Dr. Jongtae Yang, 

and Dr. Takashi L. Suyama for sharing with me their experience and helping me with 

my research, Dr. L. Bai at Shanghai Jiaotong University for providing validamycin A, 

Andrew Hau for performing the cytotoxicity assay, and all members of the Mahmud, 

Zabriskie, and McPhail research groups for their friendship and help. I would like to 

express my deep appreciation to Oregon State University College of Pharmacy for 

having me as one of their graduate students. 

 

I would like to thank the National Institutes of Health, M.J. Murdock 

Charitable Trust, and Herman-Frasch Foundation for supporting the work described 

in this thesis. Government of Libya is acknowledged for providing me a scholarship. 

  



TABLE OF CONTENTS 
 
Chapter                     Page 
 

I. INTRODUCTION...................................................................................................1 

                     Tuberculo!i! at a glance .......................................................................1 

 The hi!tory of TB .................................................................................2 
 Tuberculo!i! nowaday! ........................................................................3 
 "tage! and symptoms of TB infection .................................................3 

 Diagno!i! of tuberculo!i! .....................................................................5 
 Mycobacterium tuberculo!i! ................................................................7 

 M. tuberculo!i! cell wall composition..................................................8 

 Vaccine for tuberculo!i! prevention.....................................................9 
 Currently used anti-TB drugs and their mechanism of action..............9 

 Drug-re!i!tant M. tuberculosis ...........................................................13 
 

II. DEVELOPMENT OF NOVEL RIFAMYCIN ANALOGS ................................15 

Introduction ….................................................................................................15 
 The mechanism of action of rifamycin...............................................17 
 Resistance mechanisms to rifamycin .................................................17 
 Structure activity relationship (SAR) of rifamycin ............................19 
 Biosynthesis of rifamycin...................................................................20 

Results and discussion .....................................................................................22 
 Fermentation and isolation of DMRSV and DMDARSV..................22  

 Synthesis of 3-[(N,N)-diethylaminomethyl]-rifamycin SV and  
 rifampicin ...........................................................................................24 

  Synthesis of DMRSV and DMDASV derivatives .............................25 

 Antibacterial assay of rifamycin analogs ...........................................27 
    Agar diffusion assay........................................................................27 
    Microdilution assay……………………………………………….28 

Experimental section........................................................................................29 
 General experimental procedures .......................................................29 
 Culture production of DMRSV and DMDARSV ..............................30 
 Synthesis of DMRS and DMDARS .................................…………..31 



TABLE OF CONTENTS (Continued) 
 
Chapter                                           Page 
 
 Synthesis of 3-(N,N-diethylaminomethyl)-27-O-demethylrifamycin  
 SV and 3-(N,N-diethylaminomethyl)-27-O-demethyl-25-O-deacet- 
 yl rifamycin SV ..................................................................................31 

 Procedure for the antibacterial activity .............................................32 
                    Agar diffusion assay ..........................................................................32 
 
!
"""#!SYNTHESIS AND BIOLOGICAL EVALUATION OF MYCOBACTERIUM 
      TUBERCULOSIS CORD FACTOR MIMETICS...............................................33 

Introduction......................................................................................................33 

 The role of acyl trehaloses in cell wall biosynthesis and virulence  
 of M. tuberculosis...............................................................................33 

 Validoxylamine A as a potential trehalose mimetic...........................34 
Results and Discussion ....................................................................................36 

 Synthesis of validoxylamine A derivatives ........................................36 

 Biological activity of validoxylamine A derivatives..........................40 
 Microdilution assay ............................................................................41 
 Synergistic activity test ......................................................................44 

 Selectivity and cytotoxicity assay ......................................................45 

Experimental section........................................................................................47 
 General experimental procedure ........................................................47 
 Synthesis of validoxylamine A (2) .....................................................48 

 Synthesis of 2,3,4,7,2#,3#,4#,7-octa-O-benzylvalidoxylamine A (7) ...48 

 Synthesis of 7,7#-diacetyl-2,3,4,2#,3#,4#-hexa-O-benzylvalidoxyl- 
 amine A (8).........................................................................................49 

 Synthesis of 7,7#-dihydroxyl-2,3,4,2#,3#,4#-hexa-O-benzylvalidoxyl- 
 amine A (9).........................................................................................50 

 Synthesis of different validoxylamine A derivatives 
(Mycobacterial cord factor mimetic)..................................................51 

Synthesis of 7,7'-diallylic-2,3,4,2',3',4'-hexa-O-benzylvalidoxyl- 
amine A (10).......................................................................................52 

  

  



TABLE OF CONTENTS (Continued) 
 
 Chapter                     Page 
 
 
 Synthesis of 7,7'-dihexyl-2,3,4,2',3',4'-hexa-O-benzylvalidoxylamine  
 A (11) .................................................................................................53 

 Synthesis of 7,7'-dioctyl-2,3,4,2',3',4'-hexa-O-benzylvalidoxyl- 
 amine A (12).......................................................................................54 

 Synthesis of 7,7'-didecanyl-2,3,4,2',3',4'-hexa-O-benzylvalidoxyl- 
  amine A (13) ......................................................................................55 

 Synthesis of 7,7'-didodecanyl-2,3,4,2',3',4'-hexa-O-benzylvalidoxyl- 
 amine A (14).......................................................................................56 

 Synthesis of 7,7'-ditetradecanyl-2,3,4,2',3',4'-hexa-O-benzylvalidoxyl- 
 amine  A (15)......................................................................................57 

 Synthesis of 7,7'-dihexadecanyl-2,3,4,2',3',4'-hexa-O-benzylvalidoxyl- 
amine A  (16) ......................................................................................59 

 Synthesis of 7,7'-dioctadecanyl-2,3,4,2',3',4'-hexa-O-benzylvalidoxyl- 
amine A (17) .......................................................................................60 
 Synthesis of 7,7#-dipropyl-5,6-dihydrovalidoxylamine A (18) ..........61 

 Synthesis of 7, 7#-dihexyl-5,6-dihydrovalidoxylamine A (19)...........62 

 Synthesis of 7, 7#-dioctyl-5,6-dihydrovalidoxylamine A (20) ...........62 

 Synthesis of 7, 7#-didecanyl-5,6-dihydrovalidoxylamine A (21).......63 
 Synthesis of 7, 7#-didodecanyl-5,6-dihydrovalidoxylamine A (22) ...64 

 Synthesis of 7, 7#-ditetradecanyl-5,6-dihydrovalidoxylamine A (23).65 

 Synthesis of 7, 7#-dihexadecanyl-5,6-dihydrovalidoxylamine A (24)66 
 Synthesis of 7, 7#-dioctadecanyl-5,6-dihydrovalidoxylamine A (25).66 

Procedure for the antibacterial activity ............................................................67 
 Agar diffusion assay...........................................................................67 

 The synergistic test .............................................................................67 
  Microdilution assay ............................................................................68 
 Cytotoxicity assay ..............................................................................68 
 

 IV. CONCLUSION..................................................................................................70 

 
REFERENCES ............................................................................................................71 



LIST OF FIGURES 
 

 Figure                                           Page 
   

1. Electron micrograph image of M. tuberculosis (a) and Colonies of  
      M. tuberculosis on Lowenstein-Jensen medium ……………...........................7 

2. Structure of the cell wall of Mycobacterium………………………………….8 

3. Different mechanisms of action of anti-TB drugs for inhibiting and killing 
M. tuberculosis……………………………………………………………….10 

4. Chemical structures of some anti-TB drugs………………………………….11 

5. Worldwide distribution of XDR-TB as in 2009……………………………..14 

6. Chemical structures of ansamycin-type natural products……………………15 

7. Conversion of rifamycin B into rifamycin SV and clinically used  
derivatives....…………………………………………………………………16 

8. Interaction of rifampicin with DNA-dependent RNA polymerase in 
Thermus aquaticus ………………………………………………………......17 

9. Regions of the rpoB genes from E. coli, Thermus aquaticus, Amycolatopsis 
mediterranei, and Mycobacterium tuberculosis carrying mutations that   
confer rifampicin resistance upon the enzyme………………………………18 

10. Inactivation products of rifampicin generated by different rifampicin  
resistance bacteria……………………………………………………………19 

11. Biosynthetic pathway for the rifamycin polyketide starter unit, 
3-amino-5-hydroxybenzoic acid (AHBA)..……………………………….....20 

12. Biosynthetic pathway to rifamycin B and the established or proposed  role 
of individual rif  biosynthetic genes……………………………………….....21 

13. MS data for DMRSV and DMDARSV………………...………………........23 

14. Synthesis of DMRSV and DMDARSV derivatives………………………....26 

15. MS data for DMRSV and DMDARSV derivatives……...…………………..26 

$%# 1H-NMR spectra of 3&(N,N&diethylaminomethyl&27&!&demethylrifamycin!
 SV (A), and 3-(N,N-diethylaminomethyl)-27-O-demethyl-25-O-deacetyl-

rifamycin SV (B)……………………………………………………………27 

17. Agar diffusion assay for rifamycin derivatives…………………………...….28 

18. The microdilution assay for DMRSV, DMDARSV and rifamycin SV  
derivatives with rifampicin as a positive control against M. smegmatis..........29 

19. Chemical structures of trehalose and acyl trehaloses………………………..33 

20. Chemical structures of validamycin A and validoxylamine A……………....35 

 



LIST OF FIGURES (Continued)  
 

 Figure                                           Page 
 

21. Synthesis of 7,7'-dihydroxy-hexabenzylvalidoxylamine A………….............37 

22. Synthesis of validoxylamine A derivatives……………………..……………37 

23. MS data for validoxylamine A derivatives………………………..…………39 

24. Agar diffusion assay for validoxyamine A derivatives………………………40 

25. Microdilution assay of validoxylamine A derivatives against M. smegmatis.43 

26. Synergistic activity assay for validoxylamine A derivatives..……………….44 

27. Agar diffusion assay of 20 against different bacterial strains………………..45 

      28. Cell viability assay……………..…………………………………………….47 
 



LIST OF TABLES 
 
Table                      Page 

 
1. First and second-lines of TB drugs ....................................................................11 

2. Conditions used for debenzylation of validoxylamine A derivatives................38 

3. Validoxylamine A derivatives used in cell viability assay ................................46 
 



LIST OF SCHEMES 
 

SCHEMES                               Page 

1. Extraction method for DMRSV and DMDARSV .............................................23



LIST OF ABBREVIATIONS 
 

AHBA             3-amino-5-hydroxybenzoic acid 
AFB                 Acid fast bacteria 
BCG                Bacille Calmette Guérin 
CMI                 Cell-mediated Immunity 
DMRSV          27-O-demethylrifamycin SV 
DMDARSV    27-O-demethyl-25-O-desacetylrifamycin SV 
DMF                Dimethylformamide 
EMB                Ethambutol 
ESI-MS           Electrospray ionization mass spectrometry 
HPLC              High performance liquid chromatography 
IFN                  Interferon  
INH                 Isoniazide  
MDR-TB         Multidrug resistance tuberculosis 
MHC Major Histocompatibility Complex 
MTT               3-(4,5-dimetyl-2-thiazonyl)-2,5-diphenyl-2H-tetrazolium bromide 
NRPS              Non-ribosomal peptide synthetase 
PKS                 Polyketide synthase 
PCR                 Polymerase chain reaction 
PPD                 Purified protein derivatives  
RIF                  Rifampicin 
SL-1                Sulfolipid-1 
TDM                Trehalose dimycolate 
TMM               Trehalose monomycolate 
THF                 Tetrahydrofuran 
TLC                 Thin layer chromatography 
UV                   Ultraviolet  
UTS                 Urinary tract system 
WHO               World Health Organization 
X-DR TB       Extremely drug resistance tuberculosis 
YMG               Yeast Malt Glucose 

 

 

 

 

 

 

 



DEDICATION 

 

I would like to dedicate this work to the memory of my father who worked 

hard to provide me with care and assistance during my previous studies, making it 

possible for me to achieve the highest degrees of education. To my mother who spent 

her days and years taking care of me, as well as supporting and encouraging me 

through out my life. To all my brothers and sisters who have been assisting and 

supporting me with their encouragements.  

  



CHAPTER I 

INTRODUCTION 

 

Tuberculo!i! at a glance 

Tuberculo!i! (TB) i! a number one killer among treatable infectious diseases. 

It is caused by the pathogenic bacterium Mycobacterium tuberculo!i! that primarily 

affects the lung!. It i! u!ually spread from per!on to per!on by breathing infected air 

during clo!e contact. M. tuberculosis can remain in an inactive (dormant) !tate for 

year! without cau!ing !ymptom! or !preading to other people. When the immune 

!y!tem of a patient with dormant M. tuberculosis i! weakened, the bacteria can 

become active (reactivate) and cau!e infection in the lung! or other part! of the body.1 

 

The ri!k factor! for acquiring TB include clo!e contact !ituation!, certain 

di!ea!e! (e.g. HIV), and occupation! (e.g. health-care providers). The mo!t common 

!ymptom! of TB are fatigue, fever, weight lo!!, coughing, and night !weat!. The 

diagno!i! of TB involve! !kin te!t!, che!t X-ray!, !putum analy!i! (!mear and 

culture), and polymerase chain reaction (PCR) te!t! to detect the genetic material of 

the cau!ative bacteria. 

 

Inactive tuberculo!i! may be treated with an antibiotic, i!oniazid (INH), to 

prevent the TB infection from becoming active. Active TB i! treated, u!ually 

!ucce!!fully, with INH in combination with one or more of !everal drug!, including 

rifampin, ethambutol, pyrazinamide, and !treptomycin.2 Drug-re!i!tant M. 
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tuberculosis i! a !eriou!, a! yet un!olved, public health problem, e!pecially in 

"outhea!t A!ia, the countrie! of the former "oviet Union, Africa, and in pri!on 

population!. Poor patient compliance, lack of detection of re!i!tant !train!, and 

unavailable therapy are key rea!on! for the development of drug-re!i!tant M. 

tuberculosis. In addition, the occurrence of HIV ha! been re!pon!ible for the 

increa!ed frequency of tuberculo!i!. Control of HIV in the future, however, may 

!ub!tantially decrea!e the frequency of TB. 

 

The hi!tory of TB  

TB ha! been identified in human remains that date back to 2400 B.C. The 

white death, a! it was once called in Europe, ha! cau!ed many death! and !uffering 

among populations as there wa! no cure for the di!ea!e.3 

 

By the !eventeenth century, anatomical and phy!ical de!criptions of the 

disease were well documented. Later, phy!ician! began to under!tand the cau!ative 

agent for the di!ea!e and they predicted that TB could be cau!ed by a minute 

organi!m. In 1865, a French doctor, Jean-Antoine Villemin, demon!trated that TB 

could be tran!mitted from humans to humans and from humans to animals and vice 

ver!a.1 In 1882 Robert Koch di!covered a !taining technique that enabled him to see 

the microbe that cau!ed TB. The di!covery of X-ray in 1895 was con!idered a break-

through advance, as it became one of the important tool! for confirming a TB 

diagnosis. Furthermore, continuou! efforts and work by !cienti!t! have resulted in a 

TB vaccine (BCG) and antibiotics, which dramatically reduced the incidence of TB 
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around the world.  After these antibiotics became widely available it was believed 

that the disease would eventually be eliminated, and  in 1967, the surgeon general of 

the United States said “The time has come to close the book on infectious diseases. 

We have basically wiped out infection in the United States.” 

 

Tuberculo!i! nowaday! 

Unfortunately, despite the advance of biomedical research and the discovery 

of new antibiotics, infectious diseases including tuberculosis continue to be the 

leading cause of morbidity and mortality in the world. The development of multidrug-

resistant M. tuberculosis has resulted in significant challenges in combating this 

disease. In addition, increased poverty and low health education in developing 

countries have contributed to an increase in TB cases. Furthermore, poor per!onal 

hygiene and other health conditions, !uch a! HIV infection and the use of 

immunosuppressants, are factors that may increase the TB !u!ceptibility rate for 

infection or progresion to disease. It is estimated that 1.8 billion people have been 

infected by M. tuberculo!i!, and around 10% of them will develop the active disease. 

The rest are asymptomatic (latent tuberculo!i!), but could develop the active disease 

at any stage of their life. In 2008, it is estimated that about 1.3 million people died 

from TB (WHO).4 

 

"tage! and symptoms of TB infection 

There are multiple-!tage proce!!es a!!ociated with tuberculosis, from the 

moment of infection to the development of symptoms. Upon inhalation of the 
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droplets containing the microbe, M. tuberculo!i! i! localized in alveoli.2 After 7-21 

day! the bacteria !tart to multiply within inactivated macrophage, which then bur!t 

and trigger the accumulation of other macrophages. At thi! !tage, the patient become! 

tuberculin po!itive, as lymphocyte! begin to infiltrate  the !ite of infection and present 

M. tuberculosis antigen in the form of MHC molecule!, which lead to T-cell 

activation and relea!e of gamma interferon (IFN). The po!itive tuberculin te!t i! a 

re!ult of a vigorou! cell mediated immune (CMI) re!pon!e. However, those immune 

responses are not effective in killing the microbes, because the microbes replicate 

intracellularly. Additionally, the high lipid content of the cell wall of M. tuberculosis 

to some extent protects the bacteria from the immune system.5 

 

The relea!e of cytokine! and IFN during macrophage activation is one of the 

negative con!equence! of the immune cell activation, as the lytic enzyme! will not 

only act against the microbe but also the human cell!. As a result, a tubercle center is 

formed. While many macrophage! pre!ent around the tubercle are in an active form, 

those in the tubercle are inactive and act a! ho!t for M. tuberculosis to replicate. In 

addition to infecting the lungs, TB may also invade urinary tract !y!tem (UT"), 

bone!, lymph node!, and vi!cera.5  

 

The final !tage in TB infection is the rupture of liquified lesions, which 

release a large number of bacteria that can easily tran!mit to other parts of the lung. 

Due to the pre!ence of huge amounts of antigen! at the !ite of infection, thi! cau!es 

necrotic le!ion! on the nearby bronchi, and bronchial wall to destruction.5  



 5 

The u!ual !ymptom! that occur with an active TB infection are a generalized 

tiredne!! or weakne!!, weight lo!!, fever, and night !weat!. If the infection in the lung 

wor!en!, then further !ymptom! can include coughing, che!t pain, coughing up 

!putum with blood, and !hortne!! of breath. If the infection !pread! beyond the lung!, 

the !ymptom! will depend on the organ! involved. 

 

Diagno!i! of tuberculo!i! 

TB can be diagno!ed in !everal different way!, including che!t X-ray!, 

analy!i! of !putum, and !kin te!t!. Patients with po!itive !ign! of TB may initially be 

diagnosed by using a !kin te!t, !uch a! tuberculin te!t. U!ually, the po!itive te!t give! 

5 mm red bumps underneath the !kin. However, the te!t may show po!itive re!ult! for 

anyone who has previously received BCG vaccine.1 Tuberculin !kin te!t!, which 

include the Tine te!t and the Mantoux te!t, are al!o known a! the PPD (purified 

protein derivative) te!ts. In each of the!e te!t!, a !mall amount of purified extract 

from dead tuberculo!i! bacteria i! injected under the !kin.7 If a per!on i! not infected 

with TB, then no reaction will occur at the !ite of the injection (a negative !kin te!t). 

If a per!on i! infected with tuberculo!i!, however, a rai!ed and reddened area will 

occur around the !ite of the te!t injection. Thi! reaction, a po!itive !kin te!t, occur! 

about 48-72 hour! after the injection. When only the !kin te!t i! po!itive, or evidence 

of prior TB i! pre!ent on che!t X-ray!, the di!ea!e i! referred to a! "latent 

tuberculo!i!." Thi! contra!t! with active TB a! de!cribed above. 
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If the infection with tuberculo!i! occurred more recently, however, the !kin 

te!t can be fal!ely negative. U!ually it take! two to ten week! after the time of 

infection before the !kin te!t become! po!itive.6 The !kin te!t can al!o be fal!ely 

negative if a per!on'! immune !y!tem i! weakened or deficient due to another illne!! 

!uch a! AID" or cancer, or while taking medication! that can !uppre!! immune 

re!pon!e, !uch a! corti!one or anticancer drug!. 

 

The TB !kin te!t can not determine whether the di!ea!e i! active or not. Thi! 

determination require! the che!t X-ray! and/or !putum analy!i! (!mear and culture) in 

the laboratory. "ometime!, the che!t X-ray! can reveal evidence of active tuberculo!i! 

pneumonia. Other time!, the X-ray! may !how !carring (fibro!i!) or hardening 

(calcification) in the lung!, !ugge!ting that the TB i! contained and inactive. 

Examination of the !putum on a !lide (!mear) under the micro!cope can !how the 

pre!ence of other species of mycobacteria. Bacteria of the Mycobacterium family, 

including atypical mycobacteria, !tain po!itive with !pecial dye! and are referred to a! 

acid-fa!t bacteria (AFB).2 A !ample of the !putum al!o i! u!ually taken and grown 

(cultured) in !pecial incubator! !o that the tuberculo!i! bacteria can !ub!equently be 

identified a! tuberculo!i! or atypical tuberculo!i!. The organi!m can take up to six 

week! to grow in culture in a microbiology lab. Alternatively, the polymera!e chain 

reaction may be used to diagnose TB by detecting the genetic material of the bacteria. 

Thi! te!t i! extremely !en!itive (it detect! minute amount! of the bacteria) and 

!pecific (it detect! only the TB bacteria). One can u!ually get re!ult! from the PCR 

te!t within a few day!.8 
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Mycobacterium tuberculo!i! 

 Mycobacterium belong! to the class of Actinobacteria. It is !ubdivided into 

many other !ubcla!!e!, !ome of which cau!e !eriou! illne!! !uch a! tuberculo!i! and 

lepro!y.  M. tuberculo!i! i! the mo!t threatening member of this class of  bacteria as it 

causes tuberculosis in humans. Interestingly, humans are the only re!ervoir for the 

bacterium. M. bovi! could cau!e TB in humans, but it mo!tly cau!es TB in cow!.9 M. 

tuberculosis i! a non-motile rod !haped bacterium, obligate aerobe!, facultative 

intracellular para!ite, and it ha! very !low doubling time of 20-51 h. Whereas 

mycobacteria do not retain the crystal violet stain well, due to its unique cell wall 

content, they are classified as an acid fast Gram-positive bacteria. Media u!ed for 

growing M. tuberculosis i! Middlebrook’! medium, which i! an agar ba!ed media, 

and Lowen!tein-Jen!en medium. If a !ingle colony inoculated to the agar plate, it 

take! 4-6 week! to have vi!ually detectable colonie! (Figure 1).5 

 

                 

 

 

Figure 1. Electron micrograph image of M. tuberculosis (a) and Colonies of 
Mycobacterium tuberculosis on Lowenstein-Jensen medium (b).5 

 

M. tuberculosis cell wall compo!ition 

M. tuberculosis ha! a unique cell wall, where mycolic acid forms a !trong 

!hield within the cell wall.10 The lipid fraction of M. tuberculosis cell wall i! mainly 

compo!ed of mycolic acids, cord factor!, and wax-D. Chemically, the cell wall is 

 
 

    
 
 

a) b) 
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made up of two layer! (Figure 2).10 The outer layer i! compo!ed of ","-trehalo!e-6,6-

dimycolate (TDM), trehalo!e monomycolate (TMM), di, and triacyl trehalo!e!, and 

polyacyl trehalo!e!, in addition to non-covalently bound lipid! and other protein!.5 

The inner layer i! compo!ed of three major component! which are peptidoglycan!, D-

arabino-D-galactan, and mycolic acid!. 

                     

Figure 2. Structure of the cell wall of Mycobacterium.10 

 

The hydrophilic !ugar part of the trehalo!e e!ter! i! located on the outer layer, 

wherea!, the fatty acid! part (hydrophobic part) i! interacting with mycolic acid!, 

away from the hydrophilic part. Other protein!, !uch a! pho!phatidylino!itol, 

lipoarabinomannan, and lipomannan are di!persing throughout the cell wall.10 The 

cap!ule i! mainly compo!ed of poly!accharide!, protein!, and !mall lipid content 

(6%). Tho!e poly!accharide! in the cap!ule are neutral, and lipid free.11  In total the 

cell wall lipid content i! more than 60%, with long chain fatty acid! that vary in 

length, and branched !ide chain!. #ome of the!e fatty acid! carry carbon !ide chain! 
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where it varies from 20 carbon! to very complicated !ide chain! (60-90 carbons). 

"ome of tho!e !ide chains are hydroxylated. Due to the!e higher concentration! of 

lipid content, M. tuberculosis ha! developed a higher defen!e mechani!m to protect 

themselves from outer environmental and other effect!, !uch a! antibiotic!, o!motic 

ly!i!, and oxidation. 

 

Vaccine for tuberculo!i! prevention 

Bacille Calmette Guérin BCG, i! a vaccine given throughout many part! of 

the world.  While it i! derived from an atypical Mycobacterium (M. bovis), it offer! 

!ome protection from a tuberculo!i! infection, e!pecially in infant! and children.2 

Thi! vaccination i! believed to be important in countries where TB i! common. 

People who received BCG will display positive PPD and Tine !kin te!t! and this may 

cau!e !ome confu!ion when TB diagnosis is made using those methods. It i! al!o 

important to realize that even with a BCG vaccine in childhood, tuberculo!i! can !till 

occur in an adult expo!ed to the tuberculo!i! bacteria, which call! into que!tion the 

real utility and effectivene!! of the vaccine.12 

 

Currently used anti-TB drug! and their mechanisms of action 

Treatment of infection cau!ed by M. tuberculosis ha! been challenging. 

Different anti-TB agents have been used for treatments in which !ome of them work 

with the !ame mechani!m of action other! have different targets in M. tuberculosis.7 

Some anti-TB agents inhibit cell wall bio!ynthe!i!, DNA coiling, tran!cription, or 

tran!lation, while other! affect ATP !ynthe!i! (Figure 3).13 In the United States, there 
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are 4 dose regimens followed in the treatment of drug-susceptible M. tuberculosis. 

The drugs used in each regimen are almost the same, but the difference is depending 

on the pathological conditions. The combination and timing of the treatment may also 

be different. Basically, each regimen has an intial phase of two months, followed by 

another phase that varies between 4-6 months.14 

 

Figure 3. Different mechani!m! of action of anti-TB drug! for inhibiting and killing 
M. tuberculosis.13 

 

Fir!t-line drugs that are used to treat TB include i!oniazide (INH), rifampicin 

(RIF), pyrazinamide (PZA), and ethambutol (EMB) (Figure 4). All of them are u!ed 

for treatment of anti-TB !u!ceptible M. tuberculosis. However, when the drug! in the 

fir!t line are not effective, second-line drugs are used. Table 1 shows both fir!t- and 

!econd-line drug! u!ed  for treatment of TB in the United States.14 
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Table 1. First and second-lines of TB drugs.  

 

Figure 4. Chemical structures of some anti-TB drugs. 

 

Due to the higher toxicity of !ome second-line anti-TB drug!, their u!e is 

limited. A per!on with a po!itive !kin te!t, a normal che!t X-ray, and no !ymptom! is 
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mo!t likely in an inactive TB !tate and i! not contagiou!. Neverthele!!, treatment with 

an antibiotic may be recommended for thi! per!on to prevent the TB from turning into 

an active infection. For this purpose the patient is normally prescribed with i!oniazid 

(INH). INH inhibits mycolic acid biosynthesis and, therefore, it interferes with cell 

wall formation and if it is taken for six to 12 months, it will prevent the TB from 

becoming an active infection. On the other hand, if a per!on with a po!itive !kin te!t 

doe! not take INH, there i! a 5-10% lifelong ri!k that the TB will become active. 

 

A per!on with a po!itive !kin te!t along with an abnormal che!t X-ray and 

positive !putum test may be diagnosed with active TB and is contagious. Active TB i! 

treated with a combination of medication! which include rifampin (Rifadin), 

ethambutol (Myambutol), and pyrazinamide in conjunction with i!oniazid (INH). 

Four drug! are often taken for the fir!t two month! of therapy to help kill any 

potentially re!i!tant !train! of bacteria. Later, the number i! u!ually reduced to two 

drug! for the remaining period of treatment ba!ed on drug !en!itivity te!ting that i! 

u!ually available by thi! time in the cour!e.14 Rifamycin act! by inhibiting DNA-

dependent RNA polymera!e.15 Whereas, ethambutol inhibit! cell wall 

poly!accharide! formation by targeting the arabino!yltran!fera!e enzyme re!pon!ible 

for the polymerization of arabino!e into Arabinan of arabinogalactan,16 pyrazinamide 

inhibit! the !ynthe!i! of !hort chain fatty acid! precur!or! in M. tuberculosis.17 The 

second-line drug streptomycin, which i! given by injection, may also be u!ed, 

particularly when the di!ea!e i! exten!ive and/or the patient! do not take their oral 

medication! reliably (termed "poor compliance"). Treatment u!ually la!t! for many 
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month! and !ometime! for year!. "ucce!!ful treatment of TB i! dependent largely on 

the compliance of the patient. Indeed, the failure of a patient to take the medication! 

a! pre!cribed i! the mo!t significant cau!e of failure to cure the TB infection. In !ome 

location!, the health department demand! direct monitoring of patient compliance 

with therapy.7 

 

"urgery on the lung! may be indicated to help cure TB when medication has 

failed, although currently !urgery for TB i! unu!ual. Treatment with appropriate 

antibiotic! will u!ually cure the TB. Without treatment, however, tuberculo!i! can be 

a lethal infection. Therefore, early diagno!i! i! important. Tho!e individual! who have 

been expo!ed to a per!on with TB, or !u!pect that they have been, !hould be 

examined by a doctor for !ign! of TB and !creened with a TB !kin te!t. 

 

Drug-Re!i!tant M. tuberculosis 

            Drug-re!i!tant M. tuberculosis ha! become a very !eriou! problem in 

recent year! in certain population!. For example, INH-re!i!tant M. tuberculosis i! 

!een among patient! from "outhea!t A!ia.7 Drug-re!i!tant ca!e! are al!o often !een in 

pri!on population!. However, the major rea!on for the development of re!i!tance i! 

poorly managed TB care. Thi! can re!ult from poor patient compliance, inappropriate 

do!ing or pre!cribing of medication, poorly formulated medication!, and/or an 

inadequate !upply of medication. Multidrug-re!i!tant M. tuberculosis (MDR-TB) 

refer! to organi!m! that are re!i!tant to at lea!t two of the fir!t-line drug!, INH and 

Rifampin. More recently, extremely drug re!i!tant tuberculo!i! (XDR-TB) ha! 
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emerged. The!e bacteria are al!o re!i!tant to three or more of the !econd-line anti-TB 

drug!. XDR-TB i! !een throughout the world (Figure 5),4 but i! mo!t frequently !een 

in the countrie! of the former "oviet Union and A!ia. This high-level resistance also 

contributes to the increase of tuberculosis cases and deaths, therefore, calling for the 

discovery and development of new antitubercular drug. 

 

 

Figure 5. Worldwide distribution of XDR-TB as in 2009.4 

 

As part of our long-term goal to discover and develop new anti-TB drugs, we 

have employed a semi-synthetic approach using natural products, rifamycin analogs 

and validoxylamine A, as scaffolds to generate novel compounds that may have anti-

TB activity. Details on these efforts will be discussed in Chapters II and III of this 

thesis. 
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CHAPTER II 

DEVELOPMENT OF NOVEL RIFAMYCIN ANALOGS 

 

Introduction 

Rifamycins belong to the family of ansamycin antibiotics which represents 

numerous biologically important natural products. The term ‘ansamycin’ was based 

on the fact that this family of compounds have basket-like architecture in which the 

handle (ansa means handle) is made up of an aliphatic chain.18 The ends of the chain 

are connected to an aromatic moiety which could be either benzoquinone (as in 

geldanamycin and ansamitocin P-3), or naphthoquinone (as in rifamycin, 

Naphthomycin C, and streptovaricin C) (Figure 6). 

 

 

Figure 6. Chemical structures of ansamycin-type natural products.19 

to poorer penetration of the antibiotic through the
cell membrane.33 These transport problems can be
partially overcome by structural modifications, which
is apparently the reason that rifampicin has better
activity against Gram-negative bacteria than the
original rifamycins, such as rifamycn SV.19

Rifamycins were also investigated for their poten-
tial as antitumor agents and, based on potential
inhibition of reverse transcriptase,56 as antiviral
agents.57 However, these inhibitory effects were not
potent and/or selective enough to lead to clinical
candidates.19 Rifamycins also interact with some
other cellular targets. For example, rifampicin dis-
plays some immunosuppressive activity in addition
to toxic side effects on the liver.58 The former effect
was traced to binding to and activation of the human
glucocorticoid receptor by rifampicin.59 There are also
reports that rifampicin inhibits multidrug resistance
and enhances anticancer drug accumulation in mul-
tidrug-resistant cells60 due to down-modulation of
P-glycoproteins.61

3. Rifamycin Resistance
Pathogens develop resistance to rifampicin at a

high rate, 10-8 to 10-9 per bacterium per cell divi-
sion.33,62,63 This is the reason the antibiotic is used

almost exclusively in drug combinations, most com-
monly with isoniazid,63 and why its use, at least in
the United States, is restricted to the treatment of
tuberculosis or clinical emergencies.cf 41 By far the
predominant mechanism of resistance to rifamycins
is modification of the drug target, rpoB, by mutation.
Resistance by modification of the antibiotic (inactiva-
tion) has also been described, but its clinical signifi-
cance, at least in M. tuberculosis, does not seem to
be as high.

3.1. Resistance Due to Modification of rpoB
The vast majority of mutations to rifampicin re-

sistance map to the rpoB gene in E. coli46,64,65 as well
as in M. tuberculosis66-68 and other microorgan-
isms68,69 examined (Figure 5). Following the primary
structure determination of E. coli rpoB by Ovchin-
nikov and co-workers,70 several laboratories analyzed
RifR mutants of E. coli for the nature of the muta-
tions.71-76 It was found that 95% of these mapped to
four small regions in the N-terminal half of the
encoded protein, the vast majority to region I span-
ning amino acids 505-537 (E. c. numbering) (Figure
5).68 Most of these mutations are point mutations
resulting in single amino acid substitutions, with a
few deletions or insertions. The rif I region of rpoB
is rather highly conserved among prokaryotic organ-
isms, but not between prokaryotes and eukaryotes,
such as yeast, Drosophila melanogaster, and hu-
mans.41 The different mutations of prokaryotic rpoB
genes lead to different levels of rifamycin resistance;
that is, insusceptibility of rpoB to rifamycins is not
an all or nothing phenomenon.33 Different mutants
also display different degrees of “fitness”, that is,
normal or impaired growth patterns.63 RifR mutations
in other microorganisms similarly mapped to equiva-
lent regions in their respective rpoB genes.77-82 In
the rpoB gene of M. tuberculosis, all but one mutation
mapped to the rif I region spanning amino acids
419-451 (M. t. numbering) (Figure 5), with 41% of

Figure 1. Structures of representative ansamycins.

Figure 2. Structures of tolypomycin Y and halomicin B.

RifamycinsMode of Action, Resistance, and Biosynthesis Chemical Reviews, 2005, Vol. 105, No. 2 623
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Rifamycins were first isolated in 1959 by Sensi and co-workers from an 

actinomycete strain,20 which name had been revised a number of times, first, 

Streptomyces mediterranei, then, Nocardia mediterranei21 and finally Amycolatopsis 

mediterranei.22 Rifamycin B is one of the natural rifamycin analogs that is produced 

by this strain. This compound plays an important rule in the production of rifampicin 

and other clinically used rifamycin analogs, as it is used as the starting material for 

their synthesis (Figure 7).19,23 

 

Rifamycin SV, a rifamycin B analog, had also been used in some countries for 

the treatment of bacterial infection. In addition, many rifamycin SV derivatives have 

improved antibacterial activity and pharmacological/pharmacodynamic properties. 

Rifampicin, which demonstrated excellent pharmacological profile and broad activity 

against bacteria including M. tuberculosis, has been used as one of the first-line drugs 

for TB.  

 

Figure 7. Conversion of rifamycin B into rifamycin SV and clinically used 
derivatives.19  

the resistant clinical isolates carrying a mutation of
S455, 36% of H440, and 9% of D430.67 Although some
other mutations to rifampicin resistance are induced
at a high rate, they do not manifest themselves in
clinical isolates, presumably due to reduced fitness
in a competitive environment.63

The structural work on rpoB from T. aquaticus
shows that, of the twelve amino acids involved in
hydrogen bonding or van der Waals interactions with

the bound rifampicin, all but one (E445) are suscep-
tible to mutation to rifampicin resistance.41 It may
be assumed that mutation of E445 impairs the
function of the enzyme sufficiently to make this a
lethal mutation. The three amino acids most fre-
quently mutated in resistant clinical isolates of
M. tuberculosis, corresponding to H406, S411, and
D396 (T. a. numbering), are involved in hydrogen
bonding interactions with the oxygens at C-8 and
C-21. The remaining 12 of the 23 sites known to
be susceptible to mutation to rifampicin resistance
do not make direct contact with the bound antibiotic
but are located in a second sphere and are likely
to affect rifamycin binding through subtle changes
in the structure of the mutated protein.41 The muta-
tions of rpoB to rifampicin resistance result in a
decreased affinity of the enzyme to the antibiotic,
which binds to the wild-type protein in a very
tight one-to-one complex. This decreased affinity
between antibiotic and target correlates with the
decreased susceptibility of the organism to inhibition
by rifampicin.33

3.2. Other Resistance Mechanisms
Different prokaryotic organisms show different

degrees of susceptibility to inhibition by rifamycins.
In some instances, this is due to decreased sensitivity
of the DNA-dependent RNA polymerase to inhibition
by rifamycin. For example, the enzyme from T.
aquaticus is intrinsically less sensitive than that from
M. tuberculosis.41 In other cases, including M. smeg-
matis83 and Pseudomonas fluorescens, however, dif-
ferent mechanisms of resistance seem to be operat-
ing, including impeded cellular uptake of the anti-
biotic.84-86 The about 200-fold higher sensitivity of
E. coli to the rifamycin derivative CGP 4832,87

Figure 3. Conversion of rifamycin B into rifamycin SV and clinically used derivatives.

Figure 4. Interaction of rifampicin with proximal amino
acids of Thermus aquaticus DNA-dependent RNA poly-
merase in the antibiotic-enzyme complex. Amino acid
numbers refer to the Thermus aquaticus RpoB, except for
the three shown in parentheses, which represent the
changes in the rifamycin-resistant Amycolatopsis mediter-
ranei RpoB. (Modified with permission from ref 41. Copy-
right 2001 Elsevier.)

624 Chemical Reviews, 2005, Vol. 105, No. 2 Floss and Yu
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The mechanism of action of rifamycin 

The mechanism of action of rifamycin was determined by biochemical and 

crystallography studies. The results showed that rifamycin inhibits the growth of the 

bacteria by specifically binding to DNA-dependent RNA polymerases.15 Crystal 

structure of DNA-dependent RNA polymerase-rifampicin complex revealed that 

rifampicin binds to the B-subunit of the enzyme. The crystal structure also suggests 

that four free hydroxyl groups (C-1, C-8, C-21, and C-23) of rifampicin point in the 

same direction, interacting with amino acid residues of the polymerase (Figure 8).15 

 

Figure 8. Interaction of rifampicin with DNA-dependent RNA polymerase in 
Thermus aquaticus.15 

 

Resistance mechanisms to rifamycin 

The emergence of M. tuberculosis resistance to rifamycin has increasingly 

become a significant issue, as this antibiotic is one of the main drugs to combat 

tuberculosis. This resistance is mainly due to mutations in the rpoB gene, which 

encodes the B-subunit of RNA polymerase, within the bacteria (Figure 9).19,25,26 

the resistant clinical isolates carrying a mutation of
S455, 36% of H440, and 9% of D430.67 Although some
other mutations to rifampicin resistance are induced
at a high rate, they do not manifest themselves in
clinical isolates, presumably due to reduced fitness
in a competitive environment.63

The structural work on rpoB from T. aquaticus
shows that, of the twelve amino acids involved in
hydrogen bonding or van der Waals interactions with

the bound rifampicin, all but one (E445) are suscep-
tible to mutation to rifampicin resistance.41 It may
be assumed that mutation of E445 impairs the
function of the enzyme sufficiently to make this a
lethal mutation. The three amino acids most fre-
quently mutated in resistant clinical isolates of
M. tuberculosis, corresponding to H406, S411, and
D396 (T. a. numbering), are involved in hydrogen
bonding interactions with the oxygens at C-8 and
C-21. The remaining 12 of the 23 sites known to
be susceptible to mutation to rifampicin resistance
do not make direct contact with the bound antibiotic
but are located in a second sphere and are likely
to affect rifamycin binding through subtle changes
in the structure of the mutated protein.41 The muta-
tions of rpoB to rifampicin resistance result in a
decreased affinity of the enzyme to the antibiotic,
which binds to the wild-type protein in a very
tight one-to-one complex. This decreased affinity
between antibiotic and target correlates with the
decreased susceptibility of the organism to inhibition
by rifampicin.33

3.2. Other Resistance Mechanisms
Different prokaryotic organisms show different

degrees of susceptibility to inhibition by rifamycins.
In some instances, this is due to decreased sensitivity
of the DNA-dependent RNA polymerase to inhibition
by rifamycin. For example, the enzyme from T.
aquaticus is intrinsically less sensitive than that from
M. tuberculosis.41 In other cases, including M. smeg-
matis83 and Pseudomonas fluorescens, however, dif-
ferent mechanisms of resistance seem to be operat-
ing, including impeded cellular uptake of the anti-
biotic.84-86 The about 200-fold higher sensitivity of
E. coli to the rifamycin derivative CGP 4832,87

Figure 3. Conversion of rifamycin B into rifamycin SV and clinically used derivatives.

Figure 4. Interaction of rifampicin with proximal amino
acids of Thermus aquaticus DNA-dependent RNA poly-
merase in the antibiotic-enzyme complex. Amino acid
numbers refer to the Thermus aquaticus RpoB, except for
the three shown in parentheses, which represent the
changes in the rifamycin-resistant Amycolatopsis mediter-
ranei RpoB. (Modified with permission from ref 41. Copy-
right 2001 Elsevier.)

624 Chemical Reviews, 2005, Vol. 105, No. 2 Floss and Yu
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Analysis of mutations within the rpoB gene of E. coli revealed that 95% of mutations 

happened in four small regions in the terminal half of the encoded protein, a so-called 

region I. Most of the mutations were point mutations which resulted in single amino 

acid changes. Other resistant mechanisms may involve certain modifications of the 

cell wall of the bacteria to render antibiotics from passing the cell wall to get to its 

target molecule. Moreover, ribosylation of rifamycin by M. smegmatis (Figure 10),19 

which makes the compound less active to the bacteria, was due to the arr gene.26 

Inactivation of the arr gene has reduced the MIC for rifampicin from 20 to 1.5 

!l/ml.27 

 

Figure 9. Regions of the rpoB genes from E. coli, Thermus aquaticus, Amycolatopsis      
mediterranei, and Mycobacterium tuberculosis carrying mutations that confer 

rifampicin resistance upon the enzyme.19 

 

compared to rifampicin, is due to its active cellular
uptake via the FhuA-TonB transport system.88-90

There is, however, little evidence for a role of perme-
ability barriers in acquired high-level rifamycin
resistance in M. tuberculosis and M. leprae.66,77

Another mechanism, antibiotic modification, has
been demonstrated in a number of microorganisms.
Dabbs first reported rifampicin inactivation by a
Rhodococcus species and by Mycobacterium smeg-
matis through an inducible mechanism requiring de
novo protein synthesis.91 A gene responsible for this
activity was subsequently cloned from nocardioform
DNA92 and later from M. smegmatis (arr gene).93 The
products of this modification were shown to be 23-

O-R-D-ribosylrifampicin and 3-formyl-23-O-R-D-ribo-
sylrifamycin SV (Figure 6), both antibacterially in-
active compounds.94,95 Ribosylation of rifampicin
contributes significantly to the natural low suscep-
tibility of M. smegmatis to rifampicin; inactivation
of the arr gene changed the MIC for rifampicin from
20 to 1.5 µg/mL.93 Homologues of the arr gene, arr-
2, have also been isolated from a multiply resistant
strain of P. aeruginosa from a patient in Thailand,96

from a clinical isolate of Klebsiella pneumoniae,97 and
from some Enterobacteriaceae.98,99 In most of these
cases, the gene was located on and could be trans-
ferred by a plasmid. Two other modes of chemical
inactivation of rifampicin have been reported in

Figure 5. Regions of the rpoB genes from E. coli, Thermus aquaticus, Amycolatopsis mediterranei, and Mycobacterium
tuberculosis carrying mutations which confer rifampicin resistance upon the enzyme. The three amino acids highlighted
in the A. mediterranei RpoB, N447, D438, and Q432 are responsible for the rifampicin resistance of this enzyme. (Modified
with permission from ref 41. Copyright 2001 Elsevier.)

Figure 6. Inactivation products of rifampicin generated by different rifampicin-resistant bacteria.

RifamycinsMode of Action, Resistance, and Biosynthesis Chemical Reviews, 2005, Vol. 105, No. 2 625
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Figure 10. Inactivation products of rifampicin generated by different rifampicin 
resistance bacteria. 

 

Structure activity relationship (SAR) of rifamycin 

SAR studies of rifamycin, have been performed to show the minimum 

requirements for the compounds to have their activity against DNA-dependent RNA 

polymerase.28 Based on those studies, it is concluded that free hydroxyl groups at C1, 

C8, C21 and C23 are critical for their activity and they should be lying in the same 

plane as the aromatic ring to provide maximum interactions by forming hydrogen 

bonding with the polymerase. Acetylating the hydroxyl groups at C21 and C23 would 

give great consequences on the activity of the compounds. In addition, reduction of 

the double bonds on the rifamycin ansa (aliphatic) chain, or opening of the ansa ring 

will cause loss in activity, as this will change in the overall conformation of the 

structure.28 

 

 

compared to rifampicin, is due to its active cellular
uptake via the FhuA-TonB transport system.88-90

There is, however, little evidence for a role of perme-
ability barriers in acquired high-level rifamycin
resistance in M. tuberculosis and M. leprae.66,77

Another mechanism, antibiotic modification, has
been demonstrated in a number of microorganisms.
Dabbs first reported rifampicin inactivation by a
Rhodococcus species and by Mycobacterium smeg-
matis through an inducible mechanism requiring de
novo protein synthesis.91 A gene responsible for this
activity was subsequently cloned from nocardioform
DNA92 and later from M. smegmatis (arr gene).93 The
products of this modification were shown to be 23-

O-R-D-ribosylrifampicin and 3-formyl-23-O-R-D-ribo-
sylrifamycin SV (Figure 6), both antibacterially in-
active compounds.94,95 Ribosylation of rifampicin
contributes significantly to the natural low suscep-
tibility of M. smegmatis to rifampicin; inactivation
of the arr gene changed the MIC for rifampicin from
20 to 1.5 µg/mL.93 Homologues of the arr gene, arr-
2, have also been isolated from a multiply resistant
strain of P. aeruginosa from a patient in Thailand,96

from a clinical isolate of Klebsiella pneumoniae,97 and
from some Enterobacteriaceae.98,99 In most of these
cases, the gene was located on and could be trans-
ferred by a plasmid. Two other modes of chemical
inactivation of rifampicin have been reported in

Figure 5. Regions of the rpoB genes from E. coli, Thermus aquaticus, Amycolatopsis mediterranei, and Mycobacterium
tuberculosis carrying mutations which confer rifampicin resistance upon the enzyme. The three amino acids highlighted
in the A. mediterranei RpoB, N447, D438, and Q432 are responsible for the rifampicin resistance of this enzyme. (Modified
with permission from ref 41. Copyright 2001 Elsevier.)

Figure 6. Inactivation products of rifampicin generated by different rifampicin-resistant bacteria.

RifamycinsMode of Action, Resistance, and Biosynthesis Chemical Reviews, 2005, Vol. 105, No. 2 625
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Biosynthesis of rifamycin 

Biosynthetically, rifamycin belongs to the polyketides. Its backbone is 

assembled from a starter unit, 3-amino-5-hydroxybenzoic acid (AHBA), and a 

polyketide chain made up of two acetate and eight propionate units. It has been found 

that AHBA is derived from a similar pathway to the shikimate pathway namely the 

aminoshikimate pathway.29 The biosynthetic gene cluster of rifamycin was identified 

in the producing strain Amycolatopsis mediterranei by Floss and co-workers.30 It was 

found that some of the rif cluster genes are involved in the formation of AHBA 

(Figure 11).19  

 

Figure 11. Biosynthetic pathway for the rifamycin polyketide starter unit, 3-amino-5-
hydroxybenzoic acid (AHBA).  
 

Five other open reading frames, rifA –rifE, encode type I modular polyketide 

synthases (PKS).30,31 Interestingly, the loading domain, which is located at the 

beginning of rif A, resembles that of non-ribosomal polypeptide synthetases 

(NRPS).32 The build up of the rest of the rifamycin architecture and the tailoring 

The nature of the first cyclic product released from
the rif NRPS/PKS has been a matter of controversy.
On the basis of mutagenesis experiments, it had been
proposed that protorifamycin I, a naphthoquinone
derivative lacking the 8-hydroxyl group, is an inter-
mediate in the biosynthesis of rifamycin B.124 Al-
though seemingly supported by the 8-deoxynaphtho-
quinone structures of the penta- to undecaketides
accumulated in the rifF mutants,118,119 this proposal
is incompatible with the finding that one atom of 18O
from the C18O2H group of AHBA is retained in
rifamycin B.118,125 On the basis of this result and of
the isolation from the rifF(-) mutant of a pentaketide
with a 7,8-dihydro-8-hydroxynaphthoquinone struc-
ture, we proposed the structure of protorifamycin X
for the first cyclic PKS product (Figure 9), suggesting
that the 8-deoxy compounds are shunt metabolites
resulting from spontaneous dehydration.118 Recent
work by Stratmann et al. has indeed shown that the
8-deoxy compounds are intermediates on a shunt
pathway to 8-deoxyrifamycins, rather than rifamycin
B precursors.126

The rif cluster also contains several potential
regulatory genes and a set of genes predicted to
encode the formation of a sugar nucleotide which,
however, appear to be silent. Also present are a
substantial number of genes apparently responsible
for the modification of the original polyketide during
or after its assembly. Their functional analysis by
gene inactivation and heterologous expression is in
progress.123 The gene rif orf14 encodes a methyl-
transferase which has been shown to use 27-O-
demethylrifamycin SV, not its quinone or its 25-O-
desacetyl derivative, as substrate, shedding some
light on the late stages of rifamycin formation.127 The
biosynthetic pathway to rifamycin B and suggested

or proven assignments of genes to individual trans-
formation steps are shown in Figure 9.

5. Autoresistance of Amycolatopsis Mediterranei
Notably, the rif cluster does not contain any obvi-

ous candidates for genes conferring resistance on A.
mediterranei to its own antibiotic,106 a feature of most
antibiotic biosynthesis gene clusters.128 Experiments
with whole cells and with the partially purified DNA-
dependent RNA polymerase of A. mediterranei have
shown that rifamycin resistance is expressed through-
out the entire culture period independent of the time
of antibiotic production.129,130 In the process of defin-
ing the boundaries of the rifamycin biosynthetic gene
cluster in A. mediterranei, we found the rpoB gene
to be located on a 3.9 kb DNA fragment on the right-
hand side of the rif gene cluster.108 Sequencing
revealed an 1168 amino acid open reading frame with
81% identity to the M. tuberculosis rpoB, followed by
the 5! end of the rpoC gene. Southern hybridization
revealed that these represented the only copies of
these genes in the A. mediterranei genome and must
thus represent the respective housekeeping genes.
Cloning of the A. mediterranei rpoB gene into rifampi-
cin-sensitive M. smegmatis conferred rifampicin re-
sistance upon the organism. The same was observed
when the rif I region of the M. tuberculosis rpoB was
replaced with that from the A. mediterranei rpoB and
introduced into M. smegmatis.108 In the rif I region
of A. mediterranei rpoB, five amino acids, Q432,
T434, I437, D438, and N447, differ from their coun-
terparts in the rpoB from wild-type M. tuberculosis
(Figure 5). Three of these, Q432, D438, and N447,
were sufficient to confer rifampicin resistance upon
A. mediterranei; a triple mutation, Q432D, D438S,
and N447S, in the rpoB gene resulted in a high level

Figure 8. Biosynthetic pathway for the rifamycin polyketide starter unit, 3-amino-5-hydroxybenzoic acid (AHBA).

RifamycinsMode of Action, Resistance, and Biosynthesis Chemical Reviews, 2005, Vol. 105, No. 2 629
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process to add specific functional groups to the structure is summarized in Figure 

12.19 

 

Figure 12. Biosynthetic pathway to rifamycin B and the established or proposed role 
of individual rif  biosynthetic genes.19 

 

As part of an effort to study the biosynthesis of rifamycin and produce new 

rifamycin analogs, our group has generated a number of mutant strains of 

Amycolatopsis mediterranei S699, in which one or more of rif genes inactivated. 

Among them, rif orf 14 mutant produces a new compound, 27-O-demethylrifamycin 

SV (DMRSV),  as the main product and a small quantity of 27-O-demethyl-25-O-

desacetylrifamycin SV (DMDARSV). Further studies revealed that DMRSV is a 

direct precursor of rifamycin SV, and the C-25 acetylation occurs prior to the 

methylation reaction.33 The ability to obtain DMRSV and DMDARSV via genetic 

approach is significant as demethylation at C-27 by conventional organic synthetic 

of rifampicin sensitivity (MIC 0.01 µg/mL) in a
rifamycin nonproducing mutant of A. mediterranei.
Site-specific mutagenesis of the corresponding posi-
tions in the M. tuberculosis rpoB gene and expression
in M. smegmatis showed that in fact each one of these
three amino acid substitutions, D430Q, S436D, and
S445N (M. t. numbering), alone was sufficient to
confer resistance upon that organism. Autoresistance
of the producing organism is thus predominantly, if
not exclusively, due to a rifamycin-insensitive DNA-
dependent RNA polymerase.108

The arrangement of the rpoB/C genes and the
genes rplJ and rplL, encoding ribosomal proteins, is
highly conserved in archaebacteria and eubac-
teria.131-137 It was therefore a question where on the
A. mediterranei genome the rplJ and rplL genes are
located. They were found 16.6 kb upstream of the rifA
gene. The region between them and rifA contains 12
genes encoding transporter-related lipoproteins, which
are likely to be involved in antibiotic efflux, and
several post-PKS processing genes (Figure 7).108

Thus, in A. mediterranei the entire rifamycin bio-
synthetic gene cluster is inserted between some of
the genes encoding the cellular machinery targeted
by the antibiotic. Several other bacterial strains
producing rifamycin-related antibiotics were ana-
lyzed for the arrangement of the rplL-rpoB genes.
In four non-Amycolatopsis strains, Micromonospora
lacustris, Micromonospora nigra, and two Strepto-

myces species producing streptovaricins and awamy-
cin, respectively, the rplL and rpoB genes were found
to be closely linked. However, in Amycolatopsis
tolypomycina and A. vancoremycina, no such linkage
was detectable, suggesting that their antibiotic bio-
synthesis gene clusters are also located in the inter-
genic region between rplL and rpoB, as in A. medi-
terranei. All six organisms showed pronounced
rifamycin resistance and carried amino acid substitu-
tions in the rif I region consistent with a rifamycin-
insensitive rpoB.108

Interestingly, the presence or absence of rifamycin
production and resistance in A. mediterranei has
pronounced effects on growth, susceptibility to phage
infection, and spore production. Under laboratory
culture conditions, spore production in a rifamycin
nonproducing mutant is delayed by a moderate
supplement of rifamycin. The rifamycin nonproduc-
ing mutant also revealed a higher sensitivity to phage
infection, particularly in the rifamycin-sensitive strains
that carry a mutated rpoB allele. These results could
suggest a mediator role for rifamycins.108

6. Concluding Remarks
Like most colonial organisms, A. mediterranei

exploits elaborate systems of intra- and intercellular
communication to facilitate the adaptation to change-
able environmental conditions. The messages by

Figure 9. Biosynthetic pathway to rifamycin B and the established or proposed role of individual rif biosynthetic genes.

630 Chemical Reviews, 2005, Vol. 105, No. 2 Floss and Yu
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methods is difficult to achieve due to the complexity of the structure and the presence 

of sensitive functional groups. DMRSV is an attractive precursor for making new 

rifamycin analogs because it has an additional free hydroxy group at C-27. 

Substitution at C-27 in DMRSV or C-25 and C-27 in DMDARSV may furnish new 

analogs of rifamycin without affecting the four free hydroxy groups essential for their 

activity.  

 

Most rifamycin derivatives available to date were developed from rifamycin 

SV by adding a side chain at C-3 and/or C-4. Among those derivatives were 

rifampicin, rifabutin, and rifapentine, which demonstrated good pharmacological 

profiles, and are clinically used as anti-tubercular drugs. To explore if DMRSV and 

DMDASV are amendable to C-3 modifications, we decided to use 

diethylaminomethyl group as a side chain to produce DMRSV and DMDARSV 

derivatives and evaluate their antibacterial activity. This side chain was chosen 

because it is simple and rifamycin SV derivative containing this side chain has shown 

improved antibacterial activity compared to the parent compound. In addition, it 

could be also converted into rifampicin-like analogs.  

 

Results and discussion 

Fermentation and isolation of DMRSV and DMDARSV  

A DMRSV and DMDARSV mixture was obtained from culturing the 

MT1401XH mutant strain MT1401XH of A. mediterranei in YMG medium. After 

eight days, the broth was collected and subjected to an isolation procedure as 
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described in Scheme 1. The crude extract was subsequently subjected to silica gel 

column chromatography using CHCl3:MeOH (11:1) as eluent. Fractions containing 

DMRSV and DMDARSV were collected and the compounds were confirmed by ESI-

MS (Figure 13). 

 

Scheme 1. Extraction method for DMRSV and DMDASV. 

 

Figure 13. MS data for DMRSV and DMDARSV. 

Culturing and extraction of DMRSV and DMDARSV 

MS data of DMRSV and DMDARSV 
682.27 

640.43 
DMRSV DMDARSV 
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Synthesis of 3-[(N,N)-diethylaminomethyl]-rifamycin SV and rifampicin. 

To synthesize 3-[(N,N)-diethylaminomethyl]-rifamycin SV, rifamycin SV was 

first converted to a naphthoquinone form, rifamycin S, by treating the compound with 

0.1 mM CuCl2. This conversion is necessary, as the weak acidity of H-3 can promote 

the Mannich reaction to occur. Addition of diethylamine and formaldehyde furnished 

3-[(N,N)-diethylaminomethyl]-rifamycin S, which then was reduced to 3-[(N,N)-

diethylaminomethyl]-rifamycin SV using ascorbic acid. The structure of 3-[(N,N)-

diethylaminomethyl]-rifamycin SV was confirmed by MS and NMR. The 

diethylaminomethylrifamycin SV was then used as a starting material in different 

attempts to synthesize rifampicin. However, the synthesis of rifampicin appeared to 

be quite challenging. The reported approach involves the use of CCl4 as a co-solvent. 

Due to the availability and safety issues of this solvent, we attempted to use CH2Cl2 

and CHCl3 as an alternative. However, this approach was unsuccessful. Further 

attempts using different reaction conditions finally gave rifampicin and at the same 

time led to a new synthetic method to produce this antibiotic. In this new approach, 

rifamycin S was dissolved in THF, and diethylamine and formaldehyde were added 

accordingly. After 30 min, 4-methyl-1-aminopiperazine was added and the mixture 

was stirred for 3 h. The reaction mixture was quenched with ascorbic acid to reduce 

the quinone form to the hydroquinone form of rifamycin derivatives. However, the 

yield was relatively low compared to the previously reported synthesis. The product 

was purified using preparative TLC and the chemical structure was confirmed by MS 

and NMR. 
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Synthesis of DMRSV and DMDARSV derivatives 

The starting material DMRSV and DMDARSV were obtained from the 

MT1401XH mutant strain of A. mediterranei as described previously. A mixture of 

DMRSV and DMDARSV was used in this synthesis and the separation and 

purification of the products were done after the completion of the synthesis. As for 

rifamycin SV, both compounds were oxidized using 0.1 mM CuCl2 and air bubbling 

for over night (Figure 14). After the oxidation was completed, the products were 

extracted with ethyl acetate, dried, and subjected to the Mannich reaction by adding 

diethylamine and formaldehyde in THF. The number of equivalent of both reagents 

was adjusted according to the total weight of the mixture used. The progress of the 

reaction was followed by TLC and ESI-MS. The complete reaction was quenched 

with ascorbic acid and isolated with EtOAc. The crude extract was subjected to silica 

gel column chromatography using CHCl3:MeOH (11:1) as eluent. MS spectra of the 

products gave m/z 767 [M-H]- and m/z 725 [M-H]- consistent with m/z for the 

diethylaminomethyl-DMRSV and diethylaminomethyl-DMRSV, respectively (Figure 

15). The 1H NMR spectra of both compounds showed the lack of aromatic proton (H-

3), the position at which the diethylaminomethyl group is located, and the presence of 

a new signal at 1.3 ppm assigned for the two methyl groups of the side chain (Figure 

16). 
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Figure 14. Synthesis of DMRSV and DMDARSV derivatives. 

 

Figure 15. MS data for DMRSV and DMDARSV derivatives. 
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Figure 16. 1H NMR specra of 3-(N,N-diethylaminomethyl)-27-O-demethylrifamycin 
SV (A), and 3-(N,N-diethylaminomethyl)-27-O-demethyl-25-O-deacetylrifamycin SV 

(B). 
 
 

Antibacterial assay of rifamycin analogs 

Agar diffusion assay 

This assay was intended to determine if DMRSV, DMDARSV and their 

derivatives have antibacterial activity or not in comparison to the previously reported 

compounds, such as rifampicin and 3-[(N,N)-diethylaminomethyl]-rifamycin SV. The 

assay was done using M. smegmatis, S. aureus, B. subtilis, and P. aeruginosa as test 

organisms. The non-pathogenic M. smegmatis has been used as a substitute for M. 

tuberculosis in anti-tuberculosis activity tests. However, very often its susceptibility 

to rifamycin is lower than M. tuberculosis due to ribosylative inactivation activity. 

Therefore, as a control, rifampicin is used for comparison. Each compound of 10 !l 

of 10 mg/ml was loaded on Whitman discs, then discs were placed on YMG agar 

plate containing the bacteria. After 2 days of incubation at 30 ºC, the plates were 

stained with 3-(4,5-dimetyl-2-thiazonyl)-2,5-diphenyl-2H-tetrazolium bromide 
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(MTT) and the zones of inhibitions were observed (Figure 17). The results showed 

that all of the synthetic analogs have no or little activity against M. smegmatis, B. 

subtilis, and P. aeruginosa, whereas there was a significant activity against S. aureus 

compared to the parent compounds. 

 

Figure 17. Agar diffusion assay for rifamycin derivatives. Disc #1: DMRSV analog 
(10 !l of 10 mg/ml sol], Disc #2:  DMDARSV analog (10 !l of 10 mg/ml MeOH 
sol.), Disc #3: rifamycin SV analog (10 !l of 10 mg/ml MeOH sol.), Disc #4: 
DMRSV (10 !l of 10 mg/ml MeOH sol.), Disc #5: rifampicin (10 !l of 10 mg/ml 
MeOH sol.). 
 
 

Microdilution assay 

Microdilution assay was used to measure if the compounds were active in 

liquid media, and to determine the concentration at which they can inhibit the growth 

of the tested bacteria. M. smegmatis was used as tested bacteria. 3-(N,N-

Disc #1: DMRSV derivative 
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diethylaminomethyl)-rifamycin SV, rifampicin, DMRSV and DMDARSV derivatives 

were tested against M. smegmatis  in YMG. However, all of them showed weak or no 

activity against M. smegmatis (Figure 18). The lack of significant activity of these 

compounds may be due to the ribosyltransferase activity in M. smegmatis. Due to the 

fact that in general DMRSV and DMDARSV derivatives have lower antibacterial 

derivatives than that of rifampicin SV derivatives, we decided not to pursue their 

development further. Instead, we switched our attention to the development of 

validoxylamine A derivatives as M. tuberculosis cord factor mimetics as described in 

Chapter III.  

 

Figure 18. Microdilution assay for DMRSV, DMDASV, and rifamycin SV 
derivatives with rifampicin as a positive control against M. smegmatis. 

 

Experimental section  

General Experimental Procedures. NMR spectra were measured on a Bruker Unity 

300 MHz spectrometer. ESI-MS data were recorded on a ThermoFinnigan LCQ 
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Advantage system. Flash chromatography was carried out on silica gel (230–400 

mesh). Thin-layer chromatography was performed on aluminum sheets with silica gel 

60 F254 (EMD chemicals Inc.). DMRSV and DMDARSV were obtained from a 

mutant strain of A.mediterranei MT1401XH from the laboratory of Dr. Mahmud. 

Other chemicals, and reagents were commercially available, and purchased from 

different sources. 

 

Culture production of DMRSV and DMDARSV 

The MT1401XH mutant was inoculated on YMG agar plate. After 8 days, a 

single colony that produced dark brown color on YMG agar, which indicates high 

yield production of rifamycin analogs, was chosen for culture production. The colony 

was inoculated into a 100 ml conical flask containing 25 ml of YMG broth. The 

growing bacteria were incubated at 28 !C with shacking at 200 rpm. After 5 days, 10 

ml of the culture broth was transferred into a 500 ml conical flask containing 100 ml 

of the production medium, and the culture was incubated at 28 ºC, 200 rpm, for 

another 8 days. The culture broth was collected and centrifuged at 3000 rpm for 15 

min. the supernatant was acidified to pH 3-4 and the compounds were extracted with 

ethyl acetate. The ethyl acetate extract was treated with anhydrous sodium sulfate and 

filtered. The filtrate was dried under vaccum Rotavapor to afford 175 mg of the crude 

extract. The crude extract was passed through silica gel column chromatography, 

using Acetone:EtOAc (9:1) as eluent.  Fractions containing a mixture of DMRSV and 

DMDARSV were pooled and dried to give 50 mg of yellowish brown powder. Low-
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resolution ESI-MS showed m/z: 682 [M-H] and m/z: 640 [M-H] for DMRSV and 

DMDARSV, respectively.  

 

Synthesis of DMRS and DMDARS 

 A mixture of DMRSV/DMDARSV (15 mg) was dissolved in 1 ml of methanol, then 

5 ml of H2O and 0.1 mM CuCl2 were added. The reaction mixture was stirred over 

night. The reaction was stopped and the products were extracted 3 times with ethyl 

acetate. The EtOAc extract was dried under reduced pressure to afford 12 mg of dark 

brown solid of DMRS, and DMDARS. Low resolution ESI-MS of the mixture 

showed m/z: 680 [M-H]- and m/z: 638 [M-H]- for DMRS and DMDARS, 

respectively. 

 

Synthesis of 3-[(N,N-diethylaminomethyl)]-27-O-demethylrifamycin SV and 3-

[(N,N-diethylaminomethyl)]-27-O-demethyl-25-O-deacetylrifamycin SV 

 
A mixture of DMRSV and DMDARSV (11 mg) was dissolved in 1 ml of 

THF. Then diethyl amine (1.5 eq.) was added followed by formaldehyde (1.9 eq.). 

The reaction mixture was stirred for 3 h. After the completion of the reaction, the 

reaction mixture was poured into a chilling solution of ascorbic acid. After 5 min, the 

solution was extracted with ethyl acetate. Ethyl acetate extract was dried and 

subjected to a silica gel column using CHCl3:MeOH (11:1) as eluent.  Fractions 

contain DMRSV and DMRSV derivatives were collected separately and dried to give 

a yellowish orange color powder of DMRSV derivative and brown colored powder of 

DMDARSV derivative.  
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3-(N,N-diethylaminomethyl)-27-O-demethylrifamycin SV: Low resolution ESI-MS: 

m/z 767.33 [M-H]-, 1H-NMR (300 MHz, MeOD4) ! 6.75 (1H, dd, J = 10.5, 15 Hz), 

6.45 (1H, br d, J = 10.5 Hz), 5.40 (1H, dd, J = 5.7, 12.6 Hz), 4.67 (1H, d, J = 12 Hz), 

3.95 (1H, d, J = 11.5 Hz), 3.87 (1H, d, J = 12 Hz), 2.13 (3H, s), 2.07 (3H, s), 2.07 

(5H, s), 1.74 (3H, s), 1.47-1.23 (8H, m), 1.07 (4H, d, J = 7 Hz), 1.00 (5H, d, J = 7 

Hz), 0.67 (3H, d, J = 7 Hz), -0.12 (3H, d, J = 6.9 Hz). 

3-(N,N-diethylaminomethyl)-27-O-demethyl-25-O-deacetylrifamycin SV: Low 

resolution ESI-MS: m/z: 725.33 [M-H]-, 1H-NMR (300 MHz, MeOD4) ! 6.75 (1H, 

dd, J = 10.5, 15 Hz), 6.40 (1H, d, J = 10.5 Hz), 5.40 (1H, dd, J = 5.7, 12.6 Hz), 4.6 

(1H, d, J = 12.5 Hz) 4.38 (1H, d, J = 12 Hz), 3.93 (1H, d, J = 11.5 Hz), 3.73 (1H, J = 

12 Hz), 3.25 (3H, m), 2.13 (3H, s), 2.07 (3H, s), 1.74 (3H, s), 1.43-1.25 (8H, m), 1.10 

(3H, d, J = 7 Hz), 0.99 (4H, d, J = 7 Hz), 0.62 (3H, d, J = 7 Hz), -0.20 (3H, d, J = 6.9 

Hz). 

 

Procedure for antibacterial activity test 

Agar diffusion assay 

20 mL YMG (4 g/L yeast extract, 10 g/L malt extract, 4 g/L glucose, and 15 

g/L bacto agar) agar plates were prepared, and another 10 ml of YMG agar mixed 

with M. smegmatis YMG bacterial broth was poured on the top of YMG plates. Each 

sterilized Whitman disc was loaded with 10 !l of 10 mg/ml solution of each 

compound. The bacteria were cultured at 30 °C for 2 days, then the plates were 

stained with MTT stain, and kept standing for 30 min. A zone of inhibition is 

expected if the compounds are active, which appears as an unstained circle.   
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CHAPTER III 
 
 

SYNTHESIS AND BIOLOGICAL EVALUATION OF 
MYCOBACTERIUM TUBERCULOSIS CORD FACTOR 

MIMETICS 
 
 

Introduction 

The role of acyl trehaloses in cell wall biosynthesis and virulence of M. 

tuberculosis  

As described in Chapter I, mycolic acid plays an important role in building up 

cell wall integrity of Mycobacterium tuberculosis. On the other hand, acyltrehaloses, 

such as trehalose monomycolate (TMM) and trehalose dimycolate (TDM)34,35 (Figure 

19) also play a critical role in that process and are widely distributed amongst 

mycobateria species. Trehalose was found to be the carrier of mycolic acid from the 

cytosol to the cell wall, and both TDM and TMM are important components of the 

outer layer of M. tuberculosis envelope. 

 
 

Trehalose (3)                               TMM (4)                      TDM (5) 
 

Figure 19. Chemical structures of trehalose and acyl trehaloses. 
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Moreover, TDM, a so called cord factor, also works as a virulence factor in M. 

tuberculosis. It plays a role in persistence of the bacterial infection in the host cells by 

inhibiting the lysosomal fusion inside the host macrophages.36 Other studies have also 

demonstrated that TDM induces the production of the cytokines, which in turn 

mediate the inflammatory response and induce the formation of granulomatous 

tissue.37,38 

 

Validoxylamine A as a potential trehalose mimetic 

Validoxylamine A is the core unit of validamycin A (1) (Figure 20), which is 

an antifungal antibiotic produced by the soil bacteria Streptomyces hygroscopicus var. 

limoneus and S. hygroscopicus subsp. jinggangensis. This antifungal agent is widely 

used in East Asia to protect crops from infection caused by Rhizoctonia solani. 

Validamycin A is also a source of valienamine, the precursor of the oral antidiabetic 

drug voglibose. Its biological activity as an antifungal agent is attributed to the 

presence of a trehalose-like moiety, validoxylamine A (2). Trehalose (3) is a primary 

storage carbohydrate in fungi, it accounts for 8 to 10% of the dry cell weight of R. 

solani. The trehalase enzyme plays an important role in these organisms, in which it 

hydrolyzes trehalose to give two molecules of glucose. Validamycin A is a prodrug 

that in fungal cells is hydrolyzed to validoxylamine A (2), the active molecule that 

inhibits trehalase activity. Inhibition of trehalase by validoxylamine A would result in 

disruption of the glucose supply system of the fungus leading to growth abnormalities 

and death. 
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As validoxylamine A (2) structurally resembles trehalose, it is intriguing to explore 

the potential use of validoxylamine A and its derivatives as trehalose mimetics in 

search for antitubercular drugs. 

 
   
 
 
 
 
 
 
 
 
 

Figure 20. Chemical structures of validamycin A and validoxylamine A. 
 

There are a number of proteins of M. tuberculosis that are involved in the 

biosynthesis of acyltrehaloses, which may be the potential targets of validoxylamine 

acyl derivatives. The mycolyltransferase Ag85,39 which catalyzes the transfer of a 

mycolyl group from TMM to the cell wall arabinogalactan is one of the most 

prominent candidates. Another potential target of validoxylamine A derivatives is 

MmpL8, which was proposed to be involved in the transport and biosynthesis of 

sulfolipid-1 (SL-1),40 an abundant sulfated glycolipid and a possible virulence factor 

of M. tuberculosis. SL-1 consists of a core trehalose-2-sulfate modified with two 

hydroxyphthioceramic acids, a phthioceramic acid and a palmitic or stearic acid.41 

Using validoxylamine A as scaffold, we synthesized a number of 7,7'- dialkyl-5,6-

dihydrovalidoxylamine A and evaluate their antimycobacterial activity using M. 

smegmatis as test strain. It is expected that the synthetic TDM mimetics act as false 

substrates of or irreversibly bind to the enzyme and render it inactive. Therefore, they 
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may interfere with M. tuberculosis cell wall formation, which could kill the bacteria. 

A cell wall defect could also facilitate the entrance of other antibiotics, particularly 

those with intracellular mechanisms of action. Therefore, validoxylamine A 

derivatives may be used synergistically with other antibiotics.  

 

Results and Discussion 

Synthesis of validoxylamine A derivatives 

In order to synthesize validoxylamine A derivatives, validoxylamine A (2), 

which was obtained from acid hydrolysis of the natural product validamycin A (1) 

was used as starting material (Figure 20). Perbenzylation of validoxylamine A with 

NaH and benzyl bromide gave octabenzylvalidoxylamine A (7). Treatment of 7 with 

a mixture of acetic anhydride/acetic acid (2:1) in the presence of 10 eq. of the Lewis 

acid ZnCl2 gave selective removal of 7- and 7'-benzyl groups and replacement with 

acetyl groups to afford 8. Furthermore, treatment of 8 with dry NaOCH3 in dry 

methanol afforded diol 9 (Figure 21).  

 

Having 9 in hands, we continued our efforts to synthesize validoxylamine A 

derivatives by alkyl substitution of 7,7'-hydroxy groups with different alkyl side 

chains. The ether derivatives of validoxylamine A were chosen because our initial 

attempts to synthesize acyl derivatives of validoxylamine A turned out to be 

problematic, as debenzylation of the product with BnBr3 also cleaved the acyl 

moieties. In addition, the acyl derivative may not be good leads, as they may be 

hydrolyzed by cellular esterases. Therefore, compound 9 was treated with NaH and 
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alkyl bromide in DMF and the reaction was allowed to run for 3 h to give 7,7'-

dialkyl-hexa-O-benzylvalidoxylamine A in high yields (Figure 22). Using this 

method, a series of short and long chain hydrocarbons side chains ranging from C3 – 

C18 were synthesized.  

 

Figure 21. Synthesis of 7,7'-dihydroxy-hexabenzylvalidoxylamine A. 

 

 

Figure 22. Synthesis of validoxylamine A derivatives. 
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Debenzylation and reduction of the C5-C6 double bond was attempted using 

Pd/C 10% under H2 atmospheric pressure. However, this reaction turned out to be 

quite challenging, as the presence of a secondary amino group appeared to have 

poisoned the catalyst. As a result, incomplete debenzylation and undesired side 

products were observed. To search for a solution for this problem, we explored the 

use of different acids, such as acetic acid, trichloroacetic acid, and HCl, to neutralize 

the basicity of the amino group. We discovered that, addition of 1.25 eq. HCl to the 

reaction solution dramatically improved the debenzylation reaction (Table 2).  

 

Table 2. Conditions used for debenzylation of validoxylamine A derivatives. 

 

Although catalytic hydrogenation using Pd/C worked fairly well for 

debenzylation and reduction of the double bond, the reaction was not stereospecific. 

The diastereomers were difficult to be separated using gravity column 

chromatography. In addition, validoxylamine A derivatives have no UV absorption 
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above 200 nm, therefore UV-based HPLC was not a possible alternative. At this 

stage, we decided to evaluate the biological activity of both diasteromers as a 

mixture. The mixture was then purified using column chromatography. Alkaline 

KMnO4 solution was used as a detecting agent for the TLC, as it appeared to be the 

most sensitive reagent to detect validoxylamine A derivatives among those available 

in our laboratory. 

 

The chemical structures of the product were confirmed by MS, 1H-, and 13C-

NMR. ESI-MS data for the compounds showed m/z values for the products (Figure 

23).  

 

Figure 23. MS data for validoxylamine A derivatives. 

 

In addition, the disappearance of the aromatic and olefinic protons in the 1H 

NMR spectra was indicative of the loss of the benzyl groups and the reduction of the 

18, R = C3H7

19, R= C6H13

20, R= C8H17

21, R= C10H21

22, R= C12H25

23, R= C14H29

24, R= C16H33

25, R= C18H37

MS data for validoxylamine A derivatives 
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C5-C6 double bond. Finally, the presence of alkyl side chains was confirmed by the 

presence of a triplet and a multiplet in the aliphatic region.  

 

Biological activity of validoxylamine A derivatives 

The synthetic validoxylamine A derivatives (C3, C6, C8, C10, C12, C14, C16, and 

C18) were tested against the non-pathogenic M. smegmatis using an agar diffusion 

assay. M. smegmatis was chosen as the test organism due to its similarities to M. 

tuberculosis including its cell wall structure (Figure 24).  

 
 
Figure 24. Agar diffusion assay for validoxyamine A derivatives. Disk C: (+) control 
[apramycin (5 !l of 1 mg/ml sol.)], Disc #1: (-) control [validoxylamine A (20 !l of 1 
mg/ml sol], Disc #2: compound 18 (20 !l of 1 mg/ml MeOH sol.), Disc #3:compound 
19 (20 !l of 1 mg/ml MeOH sol.), Disc #4a: compound 20 (20 !l of 1 mg/ml MeOH 
sol.), Disc #4b: compound 20 (20 !l of 1 mg/ml MeOH sol.), Disc #5: compound 21 
(20 !l of 1mg/ml of MeOH sol.), Disc #6: compound 22 (20 !l of 1 mg/ml MeOH 
sol.), Disc #7: compound 23 (20 !l of 1 mg/ml MeOH sol.), Disc #8: compound 24 
(20 !l of 1 mg/ml MeOH sol.), and Disc #9: compound 25 (20 !l of 1 mg/ml MeOH 
sol.). 
 

The results showed that validoxylamine A derivatives that have side chains of 

C6 – C10 were active, but those with side chains of C12 – C18 were not active. The 
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absence of the activity in the C12 – C18  compounds may be due to a number of 

factors, including the possibility that those derivatives, which have long non-polar 

side chains, are difficult to migrate across the agar plate. Therefore, to obtain more 

accurate data, a microdilution assay was carried out.    

 

Microdilution assay 

The intended goal of this assay was to determine the minimum inhibitory 

concentration (MIC) of the compounds and to have more accurate antimycobacterial 

activity data for validoxylamine A derivatives that carry long side chains (C12 - C18). 1 

mg of each compound was dissolved in 100 !l of MeOH, and the solution was diluted 

to several different concentrations (1 mg/ml, 100 !g/ml, 10 !g/ml, and 1 !g/ml). 

Apramycin and isoniazide (INH) were used as positive controls. 1 mg of each of 

these antibiotics was dissolved in 100 !l of water then diluted to different 

concentrations (100 !g/ml, 10 !g/ml, 1 !g/ml, 0.1 !g/ml, 0.01 !g/ml). For the 

negative control, 10 !l of 100% methanol, YMG bacterial culture broth, and 

validoxylamine A (1 mg/ml, 100 !g/ml, 10 !g/ml, and 1 !g/ml) were used. The 

microdilution viability assay against M. smegmatis was done in 96 well plates in 

triplicates (Figure 25). 

 

The results showed that validoxylamine A had no activity at all, which is 

consistent with the result from the agar diffusion assay. On the other hand, the C6, C8, 

and C10 derivatives showed significant activity against M. smegmatis. The C8 

compound showed an MIC range between 10 !g/ml to 1 !g/ml, and was the most 
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active compound among the synthesized validoxylamie A derivatives. Interestingly, 

the C12 and C14 derivatives, which were inactive in the agar diffusion assay, showed 

weak antibacterial activity in the microdilution assay, suggesting that the latter assay 

is more reliable than the former one. Furthermore, INH appeared to be inactive 

against M. smegmatis within the range of the concentrations used. These results 

provided evidence that validoxylamine A derivatives have significant antibacterial 

activity against M. smegmatis and may be developed as new anti-mycobacterial 

agents. 
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Figure 25. Microdilution assay of validoxylamine A derivatives against M. 
smegmatis. Blue color indicates viable cells and yellow color indicates dead cells. 
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Synergistic activity test 

Since the validoxylamine A derivatives were believed to inhibit 

mycobacterium cell growth by disrupting its cell wall formation, we then tested a 

combination of the compounds with a known antibiotic to see if they have any 

synergistic activity. For this purpose, apramycin was chosen for its intracellular 

mechanism of action. Apramycin inhibits protein synthesis in bacteria by binding to 

16s rRNA. A mixture of 20 !l of 1 mg/ml solution of each validoxylamine A 

derivatives with 5 !l of 1 mg/ml of apramycin was tested using agar diffusion assay 

(Figure 26). However, the results were not clear enough to judge whether or not the 

compounds have a synergistic activity because the zones of inhibition displayed by 

the antibiotics were almost identical to the positive control (apramycin). Therefore, 

another microdilution assay was carried out to confirm these results. However, no 

synergistic activity between validoxylamine A and apramycin was observed. 

 

Disc C: (+) control 
Disc #1: validoxylamine A + apramycin 
Disc #2: compound 18 + apramycin 
Disc #3:compound 19 + apramycin 
Disc #4a: compound 20 + apramycin 
Disc #4b: compound 20 + apramycin 
 

Figure 26. Synergistic activity assay for validoxylamine A derivatives. 

Disc C: (+) control 
Disc #5: compound 21 + apramycin 
Disc #6: compound 22 + apramycin 
Disc #7: compound 23 + apramycin 
Disc #8: compound 24 + apramycin 
Disc #9: compound 25 + apramycin 
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Selectivity and Cytotoxicity assay 

Due to the characteristic structures of validoxylamine A derivatives with 

pseudoamino sugar core unit and long aliphatic side chains, it was suspected that their 

antibacterial activity might be due to a detergent effect. To explore if this is the case, 

compound 20 was tested against different bacteria, such as E. coli, B. subtilis, and S. 

aureus, to see if there is any selectivity (Figure 27). The results showed that 

compound 20 significantly inhibited the growth of M. smegmatis, E. coli and S. 

aureus at (0.1-1 mg/ml). However, B. subtilis was not affected by the active 

compound even at the concentration of 10 mg/ml, indicating that compound 20 has 

some selectivity against the tested bacteria.  

 

Figure 27. Agar diffusion assay of 20 against different bacterial strains. 
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Nevertheless, based on these results alone, it was not possible to determine if 

a detergent effect takes part in the antibacterial activity of the compound. The 

samples were sent to Andrew Hau in Dr. Ishmael’s laboratory at the OSU College of 

Pharmacy for cell viability assay on mammalian cells. The results showed that all of 

the active compounds did not have significant cytotoxicity against SF-295 glioma 

cells, suggesting that they may not have a detergent effect. The antitumor natural 

product coibamide A42 was used as a positive control (Figure 28). Validoxylamine A 

derivatives used in this test were summarized in Table 3. 

 
Table 3. Validoxylamine A derivatives used in cell viability assay. 

 
 

 
Serial number 

                            
Chemical Name 

 
g/mol 

 
OSU-TM-029 

 
7.7`-dipropyl-5,6-dihydrovalidoxylamine A 

 
421 

 
OSU-TM-030 

 
7.7`-dihexyl-5,6-dihydrovalidoxylamine A 

 
505 

 
OSU-TM-031 

 
7.7`-dioctyl-5,6-dihydrovalidoxylamine A 

 
561 

 
OSU-TM-032 

 
7.7`-didecanyl-5,6-dihydrovalidoxylamine 

A 

 
617 

 
OSU-TM-033 

 
7.7`-didodecanyl-5,6-dihydrovalidoxylamin 

A 

 
674 
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Figure 28. Cell viability assay. 

 

In conclusion, we have synthesized a series of validoxylamine A derivatives 

that were intended to mimic the M. tuberculosis cord factor TDM. Some of these 

compounds showed growth inhibitory activity against M. smegmatis. Furthermore, 

they appeared to have no cytotoxicity against mammalian cells.  

 

Experimental section 

General experimental procedures. Optical rotations were measured on a Jasco 

P1010 polarimeter. NMR spectra were acquired on a Bruker Unity 300 MHz 

spectrometer. ESI-MS data were recorded on a ThermoFinnigan LCQ Advantage 

system. Flash chromatography was carried out with silica gel (230–400 mesh). Thin-

layer chromatography was performed on aluminum sheets with silica gel 60 F254 

(EMD Chemicals Inc.). Crude validamycin A [(60%) validamycin A] content was a 

gift from L. Bai at Shanghai Jiaotong University. Validoxylamine A purification was 
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done on DOWEX 50WX2-400 ion exchange resin (Sigma-Aldrich), and DOWEX 

1X8 200-400 Cl- (Sigma-Aldrich). All of the chemicals used were commercially 

available, and were purchased from different sources. 

 

Synthesis of validoxylamine A (2) 

Crude validamycin A (17 g) was dissolved in 10 ml of 1N H2SO4, and the solution 

was refluxed at 96 !C for 24 h. upon the completion of the hydrolysis of validamycin 

A to validoxylamine A, as indicated by TLC analysis, the reaction was quenched with 

a saturated solution of Ba(OH)2. The mixture product was passed through DOWEX 

50 (H+) column and eluted with water to remove glucose and other impurities, and 

subsequently eluted with 5% NH4 OH solution. The fractions, which contained a 

mixture of validoxylamine A, unhydrolized validamycin A, and other minor 

compounds were then passed through DOWEX 1 (OH-) column, and eluted with 

H2O. Fractions containing validoxylamine A were collected and lyophilized to give 9 

g of fluffy white crystals. The product was confirmed by MS and NMR and compared 

with previously reported data. 

 

Synthesis of 2,3,4,7,2!,3!,4!,7!-octa-O-benzylvalidoxylamine A (7)                   

8 g of validoxyamine A was dissolved in 10 ml of dry DMF and the solution 

was added to around bottom flask containing 14 eq. of NaH. The reaction mixture 

was stirred at 0 
!
C for 30 min then brought to room temperature. 14 eq. of benzyl 

bromide was added to the stirred mixture and the reaction was stirred for 24 h. TLC 

[Hexane:EtOAc (7:1)] was used to monitor the reaction progress. After the 
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completion of the reaction, the reaction mixture was quenched using 1N HCl. 15 ml 

of H2O was added and the product was extracted with ethyl acetate 3 times. The ethyl 

acetate extract was dried under reduced pressure and subjected to purification using 

silica gel column using Hexane:EtOAc (9:1) as eluent. Fractions were collected and 

analyzed by TLC for the product. Fractions containing the product were dried under 

reduced pressure to give (82%) of 7 as pale yellow oily liquid.  

TLC Rf 0.64 [Hexane:EtOAc (5:1)], [!]24
D +73.3 (c 2.2, CHCl3), 

1H NMR (300 MHz, 

CDCl3) " 7.19-7.37 (40H, m, Ph-H), 5.93 (1H, d, J = 2.6 Hz, H6), 4.91 (1H, d, J = 2,7 

Hz), 4.87 (1H, d, J = 3 Hz), 4.80-4.20 (16H, d, J = 10.5 Hz, Bn-H), 4.05(1H, br d, J = 

4.2 Hz), 3.95 (2H , m), 3.87 (1H, d, J = 12 Hz), 3.63 (2H, m), 3.45 (2H, dd, J = 4.3 

Hz), 3.42 (1H, br d, J = 2.8 Hz), 3.35(1H, d, J = 2.3 Hz,), 2.33 (1H,br t, J = 12 Hz, 

NH), 1.85 (1H, dt, J = 14.4, 3.1 Hz, Heq6`), 1.44 (1H, dt, J = 14.4, 13.0, 2.8 Hz, 

Hax6`); 13C NMR (300 MHz, CDCl3) "  139.2 (C), 139.1 (C), 138.8 (C), 138.8 (C), 

138.6 (C), 138,5 (C), 138.3 (C), 135.1 (C), 128,3 (CH), 128.3 (CH), 128.3 (CH), 

128.2 (CH), 128.1 (CH), 128.1 (CH), 127.9 (CH), 127.8 (CH), 127.7 (CH), 127.5 

(CH),  127.5 (CH), 127.5 (CH), 127.4 (CH), 127.3 (CH), 127.3 (CH), 126.6 (CH), 

83.6 (CH2), 83.4 (CH2), 81.3 (CH), 77.8 (CH), 77.2 (CH), 75.5 (CH), 75.1 (CH), 73.6 

(CH2), 73.3 (CH2), 72.9 (CH2), 72.3 (CH2), 70.9 (CH2), 70.3 (CH2), 51.5 (CH), 51.1 

(CH), 36.5 (CH), 28.6 (CH2). Electrospray MS: m/z: 1056.60 [M+H]+. 

 

Synthesis of 7,7!-diacetyl-2,3,4,2!3!4!-hexa-O-benzylvalidoxylamine A (8) 

5.5 g of 7 was dissolved in 3 eq. of a mixture of acetic anhydride and acetic 

acid (2:1). To this solution was added 10 eq. of fused ZnCl2 under a dry condition. 
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The mixture was stirred for 20 h and monitored by TLC [Hexane:EtOAc (4:1)] to 

confirm the conversion of the staring material to the product 8. The reaction mixture 

was quenched with a sat. NaHCO3 solution and extracted with ethyl acetate. The 

extract was dried and subjected to silica gel column using Hexane:EtOAc (2:1) as 

eluent. Fractions that contain the product were collected, and dried to give 8 (89%) as 

an oil.  

TLC Rf 0.23 [Hexane:EtOAc (7:3)], [!]24
D +72.5 (c 2.9, CHCl3), 

1H NMR (300 

MHz, CDCl3) " 7.35-7.25 (30H, m, Ph-H), 5,89 (1H, d, J = 2.7 Hz, -C=CH),  4.92 

(2H, dd, J = 2.1, 11 Hz), 4.8-4.45 (15H, m) 4.17 (1H, dd, J = 4.5, 11 Hz), 4.01-3.91 

(4H, m), 3.62 (1H, m), 3.49 (1H, dd, J = 4.0, 9.3 Hz, H4), 3.40-3.29 (3H, m), 2.40 

(1H, br t, J = 11 Hz, NH), 1.96 (3H, s, CH3), 1.92 (3H, S, CH3), 1.80 (1H, m, 2H), 

1.15 (1H, td, J = 12 Hz, Hax6); 13C NMR (300 MHz, CDCl3) "  171.0 (C), 170.0 (C), 

139.2 (C),  138.8 (C), 138.6 (C), 138.5 (C), 138.3 (C), 133.0 (C), 128,6 (CH), 128.5 

(CH), 128.5 (CH), 128.4 (CH), 128.2 (CH), 128.2 (CH), 128.0 (CH), 127.9 (CH), 

127.8 (CH), 127.8, 127.6 (CH), 83.6 (CH2), 83.7 (CH2), 83.5 (CH), 77.6 (CH), 77.4 

(CH), 75.2 (CH), 73.6 (CH2), 73.4 (CH2), 72.6 (CH2), 72.3 (CH2), 65.2 (CH2), 64.9 

(CH2), 51.3 (CH), 51.0 (CH), 35.7 (CH), 28.0 (CH2), 21.0 (CH3), 20.0 (CH3). 

Electrospray MS: m/z: 960.53 [M+H]+. 

 

Synthesis of 7,7!-dihydroxyl-2,3,4,2!,3!,4!-hexa-O-benzylvalidoxylamine A (9)  

3eq. of dry NaOMe was added to a solution of 5 g of 8 in dry methanol under 

argon  and stirred. The mixture was stirred for 1 h. TLC [Hexane:EtOAc (2:1)] was 

used to monitor the reaction progress. After the completion of the reaction, the 
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reaction mixture was quenched using saturated NH4Cl solution and was extracted 

with ethyl acetate. The extract was dried from the water droplets by passing it through 

filter paper containing anhydrous Na2SO4 powder then the solvent was evaporated by 

rotary evaporator. The residue was purified using silica gel column eluted with 

[Hexane:EtOAc (1:1)]. Fractions, which contain the product, were dried to give 

(95%) of 9.  

TLC Rf 0.19 [Hexane:EtOAc (2:1)], [!]24
D +75.5 (c 2.5, CHCl3), 

1H NMR (300 

MHz, CDCl3) " 7.34-7.17 (30H, m, Ph-H), 5.80 (1H, d, J = 3 Hz, H6), 4.91 (2H, t, J 

= 11 Hz), 4.47 (10H, m), 4.05 (2H, d, J = 5.7 Hz), 4.00-3.89 (3H, m), 2.24 (1H, m), 

1.75 (3H, m), 1.65 (1H, t, J = 6 Hz), 1.08 (1H, br s), 1.02 (1H, td, J = Hz); 13C NMR 

(300 MHz, CDCl3) "  139.0 (C), 138.5 (C), 138.5 (C), 138.3 (C), 138.0 (C), 137.0 

(C), 128.4 (CH), 128.4 (CH), 128.3 (CH), 128.2 (CH), 128.1 (CH), 127.9 (CH), 127.9 

(CH), 127.8 (CH), 127.8 (CH), 127.7 (CH), 125.4 (C), 83.5 (CH2), 83.4 (CH2), 83.0 

(CH), 77.8 (CH), 77.8 (CH), 75.4 (CH), 73.6 (CH2), 73.4 (CH2), 72.4 (CH2), 72.0 

(CH2), 65.2 (CH2), 64.4 (CH2), 51.2 (CH), 51.0 (CH), 37.7 (CH), 28.0 (CH2). 

Electrospray MS: m/z: 876.53 [M+H]+. 

 

Synthesis of different validoxylamine A derivatives (Mycobacterial cord factor 

mimetic). 

 Synthesis of 7,7!-dialkyl-2,3,4,2!,3!,4!-hexa-O-benzylvalidoxylamine A, (10), (11), 

(12), (13), (14), (15), (16), and (17).                                                                                         

A representative procedure  
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80 mg of the diol (9) was dissolved in 2ml of DMF and 3 eq. of NaH was 

added then cooled down to 0 !C. The 60% NaH suspention in mineral oil was rinsed 

with dry hexane and dried with vaccum pump prior to its use. After 30 minutes, the 

reaction mixture brought to room temperature. 3 eq. of alkyl bromide was added to 

the stirred solution. The reaction mixture was stirred for 3h. TLC was used to 

estimate the reaction progress. After the complete consumption of the starting 

material, the reaction was quenched with 1N HCl and extracted with ethyl acetate. 

The organic layer was washed further with saturated solution of brine solution and 

dried under reduced pressure. Finally, the crude was subjected to silica gel 

chromatography. 

Synthesis of 7,7'-diallylic-2,3,4,2',3',4'-hexa-O-benzylvalidoxylamine A (10) 

80 mg of 9 was dissolved in 2ml of DMF and 3 eq. of NaH was added then 

cold down to 0 !C. After 30 minutes, the reaction mixture brought to room 

temperature, then 3 eq. of allyl bromide was to the reaction mixture. The reaction 

mixture was stirred for 3 h while it was controlled by TLC [Hexane:EtOAc (5:1)]. 

After the complete conversion of the stating material to the product, the reaction was 

quenched with 1N HCl and extracted with ethyl acetate. The organic layer was 

washed further with saturated solution of brine solution, and dried under reduced 

pressure. Finally, the crude was subjected to silica gel column purification and was 

eluted with Hexane:EtOAc (6:1). Fractions that contain the product were collected, 

and dried to give (89%) of 10 as oily product. 

TLC Rf 0.61 [(Hexane:EtOAc (6:1)], [!]24
D +59.7 (c 1.62, CHCl3), 

1H-NMR (300 

MHz, CDCl3) " 7.35-7.15 (30H, m, Ph-H), 5.92-5.71 (3H, m), 5.26-5.01 (4H, m), 
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4.86 (2H, dd, J = 2, 10 Hz), 4.76-4.49 (10H, m), 4.15 (1H, d, J = 12 Hz), 4.0 (1H, d, J 

= 6 Hz), 3.96-3.76 (7H, m), 2.27 (1H, br t,  J = 11 Hz, NH), 1.85 (1H, dt, J = 14.5, 

4.5 Hz, Heq6`), 1.25 (1H, br. dt); 13C-NMR (300 MHz, CDCl3) ! 139.3 (C),  139.2 

(C), 138.6 (C), 138.5 (C), 135.1 (CH), 134.8 (CH), 128,3 (CH), 128.3 (CH), 128.2 

(CH), 128.1 (CH), 128.0 (CH), 127.9 (CH), 127.8 (CH), 127.6 (CH), 127.6 (CH), 

127.4 (CH), 126.7 (C), 116.7 (CH2), 116.5 (CH2), 83.6 (CH2), 83.5 (CH2), 81.4 (CH), 

77.9 (CH), 77.8 (CH), 75.5 (CH), 73.6 (CH2), 73.4 (CH2), 72.4 (CH2), 71.0 (CH2), 

65.2 (CH2), 64.4 (CH2), 51.5 (CH), 51.2 (CH), 36.5 (CH), 28.7 (CH2). Electrospray 

MS: m/z: 958.47 [M+H]+. 

 

Synthesis of 7,7'-dihexyl-2,3,4,2',3',4'-hexa-O-benzylvalidoxylamine A (11) 

 80 mg of 9 was dissolved in 2ml of DMF and 3 eq. of NaH was added then 

cold down to 0 !C. After 30 minutes, the reaction mixture brought to room 

temperature, then 3 eq. of hexyl bromide was to the reaction mixture. The reaction 

mixture was stirred for 3 h while it was controlled by TLC [Hexane:EtOAc (5:1)]. 

After the complete conversion of the stating material to the product, the reaction was 

quenched with 1N HCl and extracted with ethyl acetate. The organic layer was 

washed further with saturated solution of brine solution, and dried under reduced 

pressure. Finally, the crude was subjected to silica gel column purification and was 

eluted with Hexane:EtOAc (6:1). Fractions that contain the product were collected, 

and dried to give (93%) of 11 as oily product. 

TLC Rf  0.64 [Hexane:EtOAc (6:1)], ["]24
D +58 (c 1.64, CHCl3), 

1H-NMR (300 MHz, 

CDCl3) ! 7.34-7.17 (30H, m), 5.89 (1H, d, J = 2.7 Hz, H-6), 4.87 (2H, dd, J = 2.5, 11 

Hz ), 4.78-4.58 (7H, d, J = 3Hz), 4.55 (2H, s), 4.51 (1H, s), 4.15 (1H, d, J = 12 Hz), 
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4.01 (1H, d, J = 6 Hz), 3.96-3.89 (3H, m), 3.77 (1H, d,  J = 12 Hz), 3.62-3.2 (10H, 

m), 3.13 (1H, dd, J = 2.5 Hz), 2.26 (1H, t, J = 12 Hz, NH), 1.82 (1H, dt, J = 14.4, 4.5 

Hz, Heq6`), 1.25 (1H, m), 1.51-1.40 (3H, m), 1.24 (13H, m, CH2), 0.84 (3H, t, J = 4.2 

Hz, CH3), 0.82 (3H, t, J = 4.2 Hz, CH3); 
13C-NMR (300 MHz, CDCl3) ! 139.3 (C), 

138.8 (C), 138.7 (C), 138.6 (C), 135.5 (C), 128,3 (CH), 128.2 (CH), 128.2 (CH), 

128.2 (CH), 128.1(CH), 127.9 (CH), 127.8 (CH), 127.8 (CH), 127.5 (CH),  127.4 

(CH), 127.3 (CH), 127.3 (CH), 127.3 (CH), 127.3 (CH), 126.0 (CH), 83.6 (CH2), 83.5 

(CH2), 81.4 (CH), 77.9 (CH), 77.2 (CH), 75.5 (CH), 75.0 (CH), 73.6 (CH2), 73.4 

(CH2), 72.9 (CH2), 71.8 (CH2), 70.9 (CH2), 70.3 (CH2), 51.5 (CH), 51.1 (CH), 36.5 

(CH), 31.7 (CH2), 31.7 (CH2), 29.8 (CH2), 29.7 (CH2), 28.6 (CH2), 25.9 (CH2), 22.6 

(CH2), 14.0 (CH3). Electrospray MS: m/z: 1044.60 [M+H]+. 

 

Synthesis of 7,7'-dioctyl-2,3,4,2',3',4'-hexa-O-benzylvalidoxylamine A (12) 

80 mg of 9 was dissolved in 2ml of DMF and 3 eq. of NaH was added then 

cold down to 0 !C. After 30 minutes, the reaction mixture brought to room 

temperature, then 3 eq. of octyl bromide was to the reaction mixture. The reaction 

mixture was stirred for 3 h while it was controlled by TLC [Hexane:EtOAc (5:1)]. 

After the complete conversion of the stating material to the product, the reaction was 

quenched with 1N HCl and extracted with ethyl acetate. The organic layer was 

washed further with saturated solution of brine solution, and dried under reduced 

pressure. Finally, the crude was subjected to silica gel column purification and was 

eluted with Hexane:EtOAc (6:1). Fractions that contain the product were collected 

and dried to give (83%) of 12 as oily product. 
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TLC Rf  0.65 [Hexane:EtOAc (5:1)], [!]24
D +52 (c 0.85, CHCl3), 

1H-NMR (300 MHz, 

CDCl3) " 7.33-7.20 (30H, m), 5.91 (1H, d, J = 2.4 Hz, H-6), 4.80 (2H, dd, J = 3, 12 

Hz ), 4.70-4.52 (7H, d, J = 3Hz), 4.49 (2H, s), 4.50 (1H, s), 4.11 (1H, d, J = 11.5 Hz), 

4.00 (1H, d, J = 6 Hz), 3.94-3.82(3H, m), 3.75 (1H, d,  J = 12 Hz), 3.65-3.19 (10H, 

m), 3.10 (1H, dd, J = 3 Hz), 2.26 (1H, t, J = 11 Hz, NH), 1.82 (1H, dt, J = 14, 4.5 Hz, 

Heq6`), 1.25 (1H, m), 1.53-1.45 (3H, m), 1.24 (20H, m, CH2), 0.82 (6H, t, J = 3.5 Hz, 

CH3); 
13C-NMR (300 MHz, CDCl3) " 139.1 (C), 138.7 (C), 138.6 (C), 138.6 (C), 

135.5 (C), 128,3 (CH), 128.2 (CH), 128.2 (CH), 128.2 (CH), 128.0 (CH), 127.9 (CH), 

127.8 (CH), 127.8 (CH), 127.5 (CH),  127.4 (CH), 127.4 (CH), 127.3 (CH), 127.8 

(CH), 126.0 (CH, C), 83.4 (CH2), 83.3 (CH2), 81.0 (CH), 77.8 (CH), 77.1 (CH), 75.3 

(CH), 75.0 (CH), 73.5 (CH2), 73.4 (CH2), 72.8  (CH2), 71.8 (CH2), 70.9 (CH2), 70.3 

(CH2), 51.5 (CH), 51.1 (CH), 36.51 (CH), 32.7 (CH2), 32.7 (CH2), 29.5 (CH2), 29.2 

(CH2), 28.6 (CH2), 25.8 (CH2), 21.6 (CH2), 15.0 (CH3). Electrospray MS: m/z: 

1100.50 [M+H]+. 

 

Synthesis of 7,7'-didecanyl-2,3,4,2',3',4'-hexa-O-benzylvalidoxylamine A (13) 

80 mg of 9 was dissolved in 2ml of DMF and 3 eq. of NaH was added then 

cold down to 0 !C. After 30 minutes, the reaction mixture brought to room 

temperature, then 3 eq. of decanyl bromide was to the reaction mixture. The reaction 

mixture was stirred for 3 h while it was controlled by TLC Hexane:EtOAc (5:1). 

After the complete conversion of the stating material to the product, the reaction was 

quenched with 1N HCl and extracted with ethyl acetate. The organic layer was 

washed further with saturated solution of brine solution, and dried under reduced 
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pressure. Finally, the crude was subjected to silica gel column purification and was 

eluted with Hexane:EtOAc (6:1). Fractions that contain the product were collected, 

and dried to give (91%) of 13 as oily product. 

TLC Rf 0.71[Hexane:EtOAc (5:1)], [!]24
D +51.6 (c 0.79, CHCl3),

 1H-NMR (300 

MHz, CDCl3) " 7.37-7.20 (30H, m), 5.89 (1H, d, J = 3 Hz, H-6), 4.87 (2H, dd, J = 

2.5, 11 Hz ), 4.88-4.53 (10H, d, J = 3 Hz), 4.55 (2H, s), 4.51(1H, s), 4.15 (1H, d, J = 

12 Hz), 4.01 (1H, d, J = 6 Hz), 3.96-3.89 (3H, m), 3.77 (1H, d,  J = 12 Hz), 3.62-3.20 

(10H, m), 3.13 (1H, dd, J = 2.5 Hz), 2.26 (1H, t, J = 11 Hz, NH), 1.82 (1H, dt, J = 

14.4, 4.5 Hz, Heq6`), 1.51-1.40 (3H, m), 1.24 (13H, m, CH2), 0.84 (3H, t, J = 4.2 Hz, 

CH3), 0.82 (3H, t, J = 4.2 Hz, CH3); 
13C-NMR (300 MHz, CDCl3) " 139.3 (C), 138.8 

(C), 138.6 (C), 138.6 (C), 135.5 (C), 128,3 (CH), 128.2 (CH), 128.2 (CH), 128.2 

(CH), 128.0 (CH), 127.9 (CH), 127.8 (CH), 127.8 (CH), 127.5 (CH),  127.4 (CH), 

127.3 (CH), 127.3 (CH), 127.3 (CH), 127.2 (CH), 126.0 (CH), 83.6 (CH2), 83.5 

(CH2), 81.4 (CH), 77.9 (CH), 77.2 (CH), 75.5 (CH), 75.0 (CH), 73.6 (CH2), 73.4 

(CH2), 72.9 (CH2), 71.8 (CH2), 70.9 (CH2), 70.3 (CH2), 51.5 (CH), 51.1 (CH), 36.5 

(CH), 31.7 (CH2), 31.7 (CH2), 29.8 (CH2), 29.7 (CH2), 28.6 (CH2), 25.9 (CH2), 22.6 

(CH2), 14.0 (CH3). Electrospray MS: m/z: 1156.60 [M+H]+. 

 

Synthesis of 7,7'-didodecanyl-2,3,4,2',3',4'-hexa-O-benzylvalidoxylamine A (14) 

80 mg of 9 was dissolved in 2ml of DMF and 3 eq. of NaH was added then 

cold down to 0 !C. After 30 minutes, the reaction mixture brought to room 

temperature, then 3 eq. of dodedecanyl bromide was to the reaction mixture. The 

reaction mixture was stirred for 3 h. TLC [Hexane:EtOAc (7:1)] was used to monitor 
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the reaction progress. After the completion of the reaction, the reaction was quenched 

with 1N HCl and extracted with ethyl acetate. The organic layer was washed further 

with saturated solution of brine solution, and dried under reduced pressure. Finally, 

the crude was subjected to silica gel column purification and was eluted with 

Hexane:EtOAc (6:1). Fractions that contain the product were collected, and dried to 

give (90%) of 14 as oily product. 

TLC Rf  0.72 [Hexane:EtOAc (7:1)], [!]23
D +52 (c 0.58, CHCl3),

 1H-NMR (300 MHz, 

CDCl3) " 7.32-7.15 (30H, m), 5.87 (1H, d, J = 3 Hz, H-6), 4.87 (2H, dd, J = 2.5, 11 

Hz ), 4.76-4.47 (8H, d, J = 3Hz), 4.54 (2H, s), 4.50 (1H, s), 4.13 (1H, d, J = 12 Hz), 

4.01 (1H, d, J = 4.5 Hz), 3.96-3.85 (3H, m), 3.76 (1H, d,  J= 12 Hz), 3.61-3.20 (11H, 

m), 3.13 (1H, dd, J = 2.5 Hz), 2.26 (1H, t, J = 12 Hz, NH), 1.81 (1H, dt, J = 14.5, 4.5 

Hz, Heq6'), 1.97 (1H, m), 1.51-1.40 (3H, m), 1.24 (42H, m, CH2), 0.83 (3H, t, J = 6 

Hz, CH3), 
13C-NMR (300 MHz, CDCl3) " 139.3 (C), 138.8 (C), 138.6 (C), 138.5 (C), 

135.5 (C), 128,3 (CH), 128.2 (CH), 128.2 (CH), 128.0 (CH), 127.9 (CH), 127.8 (CH), 

127.8 (CH), 127.5 (CH), 127.4 (CH), 127.3 (CH), 127.3 (CH), 127.3 (CH), 127.0 

(CH), 126.0 (CH), 83.6 (CH2), 83.5 (CH2), 81.4 (CH), 77.9 (CH), 77.2 (CH), 75.5 

(CH), 75.0 (CH), 73.6 (CH2), 73.4 (CH2), 72.9 (CH2), 71.8 (CH2), 70.9 (CH2), 70.3 

(CH2), 51.6 (CH), 51.1 (CH), 36.5 (CH), 31.9 (CH2),  29.8 (CH2), 29.7 (CH2), 28.6 

(CH2), 25.9 (CH2), 22.6 (CH2), 14.0 (CH3). Electrospray MS: m/z: 1212.73 [M+H]+. 

 
Synthesis of 7,7'-ditetradecanyl-2,3,4,2',3',4'-hexa-O-benzylvalidoxylamine A 

(15) 

80 mg of 9 was dissolved in 2ml of DMF and 3 eq. of NaH was added then 

cold down to 0 !C. After 30 minutes, the reaction mixture brought to room 
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temperature, then 3 eq. of tetradecanyl bromide was to the reaction mixture. The 

reaction mixture was stirred for 3 h. TLC [Hexane:EtOAc (7:1)] was used to monitor 

the reaction progress. After checking the completion of the reaction, the reaction was 

quenched with 1N HCl and extracted with ethyl acetate. The organic layer was 

washed further with saturated solution of brine solution, and dried under reduced 

pressure. Finally, the crude was subjected to silica gel column purification and was 

eluted with Hexane:EtOAc (6:1). Fractions that contain the product were collected, 

and dried to give (91%) of 15 as oily product. 

TLC Rf 0.73 [Hexane:EtOAc (7:1)], [!]24
D +47.1 (c 0.79, CHCl3),

 1H-NMR (300 

MHz, CDCl3) " 7.38-7.19 (30H, m), 5.89 (1H, d, J = 3 Hz, H-6), 4.87 (2H, dd, J = 

2.5, 11 Hz ), 4.78-4.58 (7H, d, J = 3Hz), 4.54 (2H, s), 4.50 (1H, s), 4.15 (1H, d, J = 

12 Hz), 4.01 (1H, d, J= 4 Hz), 3.96-3.86 (2H, m), 3.77 (1H, d, J = 12 Hz), 3.61-3.20 

(9H, m), 3.13 (1H, dd, J = 2.5, 6 Hz), 2.26 (1H, t, J = 12 Hz, NH), 1.83 (1H, dt, J = 

14.5, 4.5 Hz, Heq6'), 1.71 (1H, m), 1.55-1.40 (6H, m), 1.30 (45H, m, CH2), 0.87 (3H, 

t, J = 6 Hz, CH3); 
13C-NMR (300 MHz, CDCl3) " 139.4 (C), 138.9 (C), 138.8 (C), 

138.7 (C), 135.52 (C), 128,4 (CH), 128.4 (CH), 128.4 (CH), 128.3 (CH), 128.0 (CH), 

127.9 (CH), 127.8 (CH), 127.8 (CH), 127.5 (CH),  127.9 (CH), 127.6 (CH), 127.5 

(CH), 127.5 (CH), 127.4 (CH), 126.1 (CH), 83.7 (CH2), 83.6 (CH2), 81.5 (CH), 77.2 

(CH), 75.6 (CH), 75.1 (CH), 73.8 (CH2), 73.5 (CH2), 72.9 (CH2), 71.8 (CH2), 70.7 

(CH2), 70.3 (CH2), 51.7 (CH), 51.3 (CH), 36.5 (CH), 32.0 (CH2),  31.7 (CH2), 29.9 

(CH2),  29.9 (CH2),   29.8 (CH2),  29.7 (CH2), 29.6 (CH2),   29.6 (CH2),  29.4 (CH2), 

28.8 (CH2), 26.4 (CH2), 22.8 (CH2), 14.2 (CH3). Electrospray MS: m/z: 1268.60 

[M+H]+. 
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Synthesis of 7,7'-dihexadecanyl-2,3,4,2',3',4'-hexa-O-benzylvalidoxylamine A 

(16) 

80 mg of 9 was dissolved in 2ml of DMF and 3 eq. of NaH was added then 

cold down to 0 !C. After 30 minutes, the reaction mixture brought to room 

temperature, then 3 eq. of hexadecanyl bromide was to the reaction mixture. The 

reaction mixture was stirred for 3 h while it was controlled by TLC [Hexane:EtOAc 

(4:1)]. After the complete conversion of the stating material to the product, the 

reaction was quenched with 1N HCl and extracted with ethyl acetate. The organic 

layer was washed further with saturated solution of brine solution, and dried under 

reduced pressure. Finally, the crude was subjected to silica gel column purification 

and was eluted with Hexane:EtOAc (5:1). Fractions that contain the product were 

collected, and dried to give (80%) of 16 as oily product. 

TLC Rf  0.63 [Hexane:EtOAc (7:1)], [!]24
D +44 (c 0.53, CHCl3),

 1H-NMR (300 MHz, 

CDCl3) " 7.32-7.21 (30H, m), 5.91 (1H, d, J = 3 Hz, H-6), 4.90 (2H, dd, J = 2.5, 11 

Hz ), 4.79-4.55 (9H, d, J = 3 Hz), 4.54 (2H, s), 4.50 (1H, s), 4.16 (1H, d, J = 12 Hz), 

4.03 (1H, d, J = 5 Hz), 3.96-3.85 (2H, m), 3.79 (1H, d,  J = 12 Hz), 3.65-3.20 (11H, 

m), 3.14 (1H, dd, J = 2.5 Hz), 2.29 (1H, t, J = 12 Hz, NH), 1.85 (1H, dt, J = 14.5, 4.5 

Hz, Heq6'), 1.95 (1H, m), 1.51-1.40 (3H, m), 1.26 (63H, m, CH2), 0.86 (6H, t, J = 6 

Hz, CH3), 
13C-NMR (300 MHz, CDCl3) " 139.3 (C), 138.8 (C), 138.6 (C), 138.5 (C), 

135.5 (C), 128,3 (CH), 128.3 (CH), 128.2 (CH), 128.0 (CH), 127.9 (CH), 127.8 (CH), 

127.8 (CH), 127.9 (CH),  127.8 (CH), 127.5 (CH), 127.4 (CH), 127.3 (CH), 127.3 

(CH), 126.0 (CH), 83.6 (CH2), 83.5 (CH2), 81.4 (CH), 75.5 (CH), 72.2 (CH2), 71.1 
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(CH2), 70.5 (CH2), 51.7 (CH), 51.1 (CH), 36.7 (CH), 31.9 (CH2),  29.6 (CH2),  29.5 

(CH2), 29.4 (CH2), 26.3 (CH2), 22.5 (CH2), 14.1 (CH3). Electrospray MS: m/z: 

1324.60 [M+H]+. 

 

Synthesis of 7,7'-dioctadecanyl-2,3,4,2',3',4'-hexa-O-benzylvalidoxylamine A (17) 

80 mg of 9 was dissolved in 2ml of DMF and 3 eq. of NaH was added then 

cold down to 0 !C. After 30 minutes, the reaction mixture brought to room 

temperature, then 3 eq. of octadecanyl bromide was to the reaction mixture. The 

reaction mixture was stirred for 3 h while it was controlled by TLC [Hexane:EtOAc 

(4:1)]. After the complete conversion of the stating material to the product, the 

reaction was quenched with 1N HCl and extracted with ethyl acetate. The organic 

layer was washed further with saturated solution of brine solution, and dried under 

reduced pressure. Finally, the crude was subjected to silica gel column purification 

and was eluted with Hexane:EtOAc (5:1). Fractions that contain the product were 

collected, and dried to give (86%) of 17 as oily product. 

TLC Rf 0.64 [Hexane:EtOAc (4:1)], [!]24
D +43.5 (c 1.3, CHCl3),

 1H-NMR (300 MHz, 

CDCl3) " 7.36-7.19 (30H, m), 5.89 (1H, d, J = 3 Hz, H-6), 4.87 (2H, dd, J = 2.5, 11 

Hz ), 4.80-4.58 (9H, d, J = 3Hz), 4.54 (1H, s), 4.17 (1H, d, J = 12 Hz), 4.04 (1H, d, J 

= 4.5 Hz), 3.99-3.91 (2H, m), 3.61-3.20 (10H, m), 3.13 (1H, dd, J = 2.5 Hz), 2.27 

(1H, t, J = 12 Hz, NH), 1.82 (1H, dt, J = 14.5, 4.5 Hz, Heq6'), 1.51-1.40 (7H, m), 1.24 

(73H, m, CH2), 0.86 (3H, t, J = 6 Hz, CH3), 
13C-NMR (300 MHz, CDCl3) " 139.4 

(C), 138.9 (C), 138.8 (C), 138.5 (C), 135.7 (C), 128,4 (CH), 128.2 (CH), 128.1 (CH), 

128.0 (CH), 127.7 (CH), 127.7 (CH), 127.7 (CH), 127.5 (CH), 127.0 (CH), 126.2 
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(CH), 83.8 (CH2), 83.6 (CH2), 81.6 (CH), 77.3 (CH), 77.2 (CH), 75.7 (CH), 75.2 

(CH), 73.9 (CH2), 73.6 (CH2), 72.0 (CH2), 71.2 (CH2), 71.3 (CH2), 70.7 (CH2), 51.7 

(CH), 51.3 (CH), 36.7 (CH), 32.1 (CH2), 30.1 (CH2), 30.0 (CH2), 29.8 (CH2), 29.7 

(CH2), 28.8 (CH2), 26.5 (CH2), 22.8 (CH2), 20.2 (CH2), 14.3 (CH3). ElectrosprayMS: 

m/z: 1381.50 [M+H]+. 

 

Synthesis of 7,7!-dialkyl-5,6-dihydrovalidoxylamine A (18), (19), (20), (21), (22), 
(23), (24), and (25) 
 
Synthesis of 7,7!-dipropyl-5,6-dihydrovalidoxylamine A (18) 

Compound 10 (80 mg) was dissolved in methanol:ethanol (1:1) mixture in 5 

ml round bottom flask. To a stirring solution of reactant 1.25 eq. of 12.5N HCl was 

added followed by 30 mg of Pd/C 10%. The reaction mixture stirred under hydrogen 

pressure for 24 h. MS was used to monitor the reaction progress. After the reaction is 

completed, the mixture was passed through short celite column, then it was 

neutralized with 1 eq. of 6M NaOH. Later, the dried crude was purified by using 

silica gel column CHCl3:MeOH (10:1) as a mobile phase. Fractions that contain the 

product were collected, and dried to give (56%) of 18. 

TLC Rf 0.21 [CHCl3:MeOH (8:1)], 1H-NMR (300 MHz, MeOD4) ! 4.08 (1H, t, J = 

4.2 Hz), 3.93 (1H, br d, J = 2,4 Hz), 3.78-3.91 (15H, m), 3.08 (1H, dt, J = 4.8, 6 Hz), 

2.18 (1H, t, J = 2.6 Hz), 2.03 (1H, dt, J = 5.4, 17 Hz), 1.81 (1H, dt, J = 13, 18 Hz), 

1.68 (4H, m), 1.4 (2H, m), 0.98 (6H, t, J = 7.5 Hz, CH3); 
13C-NMR (300 MHz, 

MeOD4) ! 76.4 (CH), 75.7 (CH), 75.4 (CH), 75.2 (CH), 74.1 (CH2), 74,0 (CH2), 73.7 

(CH), 72.2 (CH), 71.9 (CH), 64.6 (CH2), 55.1 (CH), 53.3 (CH), 38.2 (CH), 37.4 

(CH), 29.3 (CH), 24.1 (CH2), 11.1 (CH3). Electrospray MS: m/z: 422.24 [M+H]+. 
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Synthesis of 7, 7!-dihexyl-5,6-dihydrovalidoxylamine A (19) 

Compound 11 (80 mg) was dissolved in methanol:ethanol (1:1) mixture in 5 

ml round bottom flask. To a stirring solution of reactant 1.25 eq. of 12.5N HCl was 

added followed by 30 mg of Pd/C 10%. The reaction mixture stirred under hydrogen 

pressure for 24 h. MS was used to monitor the reaction progress. After the reaction is 

completed, the mixture was passed through short celite column, and then it was 

neutralized with 1 eq. of 6M NaOH. Later, the dried crude was purified by using 

silica gel column CHCl3:MeOH (10:1) as a mobile phase. Fractions that contain the 

product were collected, and dried to give (52%) of 19. 

TLC Rf 0.25 [CHCl3:MeOH (8:1)], 1H-NMR (300 MHz, MeOD4) ! 4.04 (1H, t, J = 

3.5 Hz), 3.87 (2H, br d, J = 2,4 Hz), 3.75-3.35 (14H, m), 3.25 (2H, t, J =  9 Hz), 3.01 

(1H, dt, J = 4.5, 6 Hz), 2.18 (1H, m), 1.97 (1H, dt, J = 5.4, 17 Hz), 1.76 (1H, dt, J = 

18, 13 Hz), 1.61 (4H, br t, J = 6 Hz), 1.38 (14H, m, CH2), 0.96  (6H, t, J = 6.5 Hz, 

CH3); 
13C-NMR (300 MHz, MeOD4) ! 76.3 (CH), 75.7 (CH), 75.4 (CH), 75.2 (CH), 

73.8 (CH2), 73,5 (CH2), 73.2(CH), 72.3 (CH), 72.2 (CH2), 71.8 (CH), 64.6 (CH2), 

54.7 (CH), 52.8 (CH), 37.9 (CH), 32.8 (CH2), 30.7 (CH2),  29.3 (CH), 26.9 (CH2), 

23.9 (CH2), 23.6 (CH2), 14.3 (CH3). Electrospray MS: m/z: 506.40 [M+H]+. 

  

Synthesis of 7, 7!-dioctyl-5,6-dihydrovalidoxylamine A (20) 

Compound 12 (80 mg) was dissolved in methanol:ethanol (1:1) mixture in 5 

ml round bottom flask. To a stirring solution of reactant 1.25 eq. of 12.5N HCl was 

added followed by 30 mg of Pd/C 10%. The reaction mixture stirred under hydrogen 

pressure for 24 h. MS was used to monitor the reaction progress. After the reaction is 

completed, the mixture was passed through short celite column, and then it was 
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neutralized with 1 eq. of 6M NaOH. Later, the dried crude was purified by using 

silica gel column CHCl3:MeOH (10:1) as a mobile phase. Fractions that contain the 

product were collected, and dried to give (56%) of 20. TLC Rf 0.45 [CHCl3:MeOH 

(5:1)], 1H-NMR (300 MHz, MeOD4) ! 3.93 (1H, t, J = 4 Hz), 3.77 (2H, br d, J = 2,5 

Hz), 3.65-3.25 (23H, m), 3.19 (2H, t, J =  8 Hz), 2.95 (1H, dt, J = 4.5, 6 Hz), 1.87 

(1H, dt, J = 5.4, 17 Hz), 1.67 (1H, dt, J = 18, 13 Hz), 1.51 (4H,br t, J = 6 Hz), 1.25 

(22H, m, CH2), 0.86  (6H, t, J = 6 Hz, CH3); 
13C-NMR (300 MHz, MeOD4) ! 76.2 

(CH), 75.5 (CH), 75.4 (CH), 73.8 (CH2), 73.5 (CH2), 73.1 (CH), 72.3 (CH), 72.1 

(CH2), 71.8 (CH), 64.4 (CH2), 54.7 (CH), 38.0 (CH), 37.1 (CH2), 32.9 (CH2), 30.7 

(CH2), 30.7 (CH2), 30.7 (CH2), 30.3 (CH2) 29.0 (CH), 27.2 (CH2), 23.7 (CH2), 23.6 

(CH2), 14.3 (CH3). Electrospray MS: m/z: 562.40 [M+H]+. 

 

Synthesis of 7, 7!-didecanyl-5,6-dihydrovalidoxylamine A (21) 

Compound 13 (80 mg) was dissolved in methanol:ethanol (1:1) mixture in 5 

ml round bottom flask. To a stirring solution of reactant 1.25 eq. of 12.5N HCl was 

added followed by 30 mg of Pd/C 10%. The reaction mixture stirred under hydrogen 

pressure for 24 h. MS was used to monitor the reaction progress. After the reaction is 

completed, the mixture was passed through short celite column, and then it was 

neutralized with 1 eq. of 6M NaOH. Later, the dried crude was purified by using 

silica gel column CHCl3:MeOH (10:1) as a mobile phase. Fractions that contain the 

product were collected, and dried to give (50%) of 21. TLC Rf 0.48 [CHCl3:MeOH 

(5:1)], 1H-NMR (300 MHz, MeOD4) ! 3.93 (1H, t, J = 3.5 Hz), 3.77 (2H, br d, J = 

2,4 Hz), 3.69-3.29 (18H, m), 3.16 (2H, t, J = 9 Hz), 2.85 (1H, dt, J = 4.5, 6 Hz), 2.08 
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(1H, m), 1.85 (1H, dt, J = 5.4, 17 Hz), 1.66 (1H, dt, J = 18, 13 Hz), 1.51 (6H, br t, J = 

6 Hz), 1.25 (30H, m, CH2), 0.85 (6H, t, J = 6.5 Hz, CH3); 
13C-NMR (300 MHz, 

MeOD4) ! 74.9 (CH), 74.4 (CH), 74.2 (CH), 74.1 (CH), 72.4 (CH2), 72.2 (CH2), 71.9 

(CH), 70.9 (CH2), 70.8 (CH), 63.6 (CH2), 53.4 (CH), 51.5 (CH), 36.5 (CH), 31.7 

(CH2), 29.3-29.0 (CH2), 28.0 (CH), 25.9 (CH2), 22.5 (CH2), 22.3 (CH2), 13.0 (CH3). 

Electrospray MS: m/z: 618.53 [M+H]+. 

 

Synthesis of 7, 7!-didodecanyl-5,6-dihydrovalidoxylamine A (22)  

Compound 14 (80 mg) was dissolved in methanol:ethanol (1:1) mixture in 5 

ml round bottom flask. To a stirring solution of reactant 1.25 eq. of 12.5N HCl was 

added followed by 30 mg of Pd/C 10%. The reaction mixture stirred under hydrogen 

pressure for 24 h. MS was used to monitor the reaction progress. After the reaction is 

completed, the mixture was passed through short celite column, then it was 

neutralized with 1 eq. of 6M NaOH. Later, the dried crude was purified by using 

silica gel column CHCl3:MeOH (10:1) as a mobile phase. Fractions that contain the 

product were collected, and dried to give (56%) of 22. 

TLC Rf 0.23 [CHCl3:MeOH (10:1)], 1H-NMR (300 MHz, MeOD4) ! 3.97 (1H, t, J = 

3.5 Hz), 3.81 (2H, br d, J = 2,4 Hz), 3.69-3.29 (18H, m), 3.24 (2H, t, J = 9 Hz), 2.95 

(1H, dt, J = 4.5, 6 Hz), 2.18 (1H, m), 1.91 (1H, dt, J = 5.4, 17 Hz), 1.70 (1H, dt, J = 

18, 13 Hz), 1.55 (4H, br t, J = 6 Hz), 1.38 (39H, m, CH2), 0.96 (6H, t, J = 6.5 Hz, 

CH3); 
13C-NMR (300 MHz, MeOD4) ! 76.1 (CH), 75.5 (CH), 75.2 (CH), 75.1 (CH), 

73.4 (CH2), 73,0 (CH2), 72.1 (CH), 72.0 (CH2), 71.6 (CH), 64.6 (CH2), 54.4 (CH), 
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52.5 (CH), 37.8 (CH), 32.8 (CH2), 30.6-30.2 (CH2),  29.0 (CH), 27.1 (CH2), 23.5 

(CH2), 21.8 (CH2), 14.2 (CH3). 

Electrospray MS: m/z: 674.60 [M+H]+. 

 

Synthesis of 7, 7!-ditetradecanyl-5,6-dihydrovalidoxylamine A (23) 

Compound 15 (80 mg) was dissolved in methanol:ethanol (1:1) mixture in 5 

ml round bottom flask. To a stirring solution of reactant 1.25 eq. of 12.5N HCl was 

added followed by 30 mg of Pd/C 10%. The reaction mixture stirred under hydrogen 

pressure for 24 h. MS was used to monitor the reaction progress. After the reaction is 

completed, the mixture was passed through short celite column, then it was 

neutralized with 1 eq. of 6M NaOH. Later, the dried crude was purified by using 

silica gel column CHCl3:MeOH (10:1) as a mobile phase. Fractions that contain the 

product were collected, and dried to give (60%) of 23. TLC Rf 0.25 [CHCl3:MeOH 

(10:1)], 1H-NMR (300 MHz, MeOD4) ! 3.95 (1H, t, J = 3 Hz), 3.89 (2H, br d, J = 3 

Hz), 3.60-3.20 (22H, m), 3.20 (2H, t, J = 9 Hz), 2.90 (1H, dt, J= 4.5, 6 Hz), 2.18 (1H, 

m), 1.85 (1H, dt, J = 5.4, 17 Hz), 1.71 (1H, dt, J = 18, 13 Hz), 1.55 (4H, br t, J = 6 

Hz), 1.38 (39H, m, CH2), 0.96 (6H, t, J = 6.5 Hz, CH3); 
13C-NMR (300 MHz, 

MeOD4) ! 76.2 (CH), 75.5 (CH), 75.2 (CH), 75.3 (CH), 73.4 (CH2), 73,0 (CH2), 72.5 

(CH), 72.2 (CH2), 71.6 (CH), 64.0 (CH2), 54.9 (CH), 52.5 (CH), 37.8 (CH), 32.7 

(CH2), 30.6-30.1 (CH2),  29.5 (CH), 27.3 (CH2), 23.2 (CH2), 21.8 (CH2), 14.0 (CH3). 

Electrospray MS: m/z: 730.60 [M+H]+. 
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Synthesis of 7, 7!-dihexadecanyl-5,6-dihydrovalidoxylamine A (24) 

Compound 16 (80 mg) dissolved in methanol:ethanol (1:1) mixture in 5 ml round 

bottom flask. To a stirring solution of reactant 1.25 eq. of 12.5N HCl was added 

followed by 30 mg of Pd/C 10%. The reaction mixture stirred under hydrogen 

pressure for 24 h. MS was used to monitor the reaction progress. After the reaction is 

completed, the mixture was passed through short celite column, then it was 

neutralized with 1 eq. of 6M NaOH. Later, the dried crude was purified by using 

silica gel column CHCl3:MeOH (10:1) as a mobile phase. Fractions that contain the 

product were collected, and dried to give (45%) of 24. TLC Rf 0.27 [CHCl3:MeOH 

(10:1)], 1H-NMR (300 MHz, MeOD4) ! 4.10 (1H, m), 3.90 (1H, br d), 3.81-3.33 

(14H, m), 2.99 (1H, t, J = 4.8 Hz), 2.20 (1H, br t), 1.95 (1H, dt, J = 5.4, 17 Hz), 1.79 

(1H, br dt), 1.62 (6H, m), 1.39 (56H, m, CH2), 0.95 (6H, t, J = 7.5 Hz, CH3). 

Electrospray MS: m/z: 786.67 [M+H]+. 

 

Synthesis of 7, 7!-dioctadecanyl-5,6-dihydrovalidoxylamine A (25) 

Compound 17 (80 mg) was dissolved in methanol:ethanol (1:1) mixture in 5 

ml round bottom flask. To a stirring solution of reactant 1.25 eq. of 12.5N HCl was 

added followed by 30 mg of Pd/C 10%. The reaction mixture stirred under hydrogen 

pressure for 24 h. MS was used to monitor the reaction progress. After the reaction is 

completed, the mixture was passed through short celite column, and then it was 

neutralized with 1 eq. of 6M NaOH. Later, the dried crude was purified by using 

silica gel column CHCl3:MeOH (10:1) as a mobile phase. Fractions that contain the 

product were collected, and dried to give (40%) of 25. TLC Rf 0.32 [CHCl3:MeOH 
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(8:1)], 1H-NMR (300 MHz, MeOD4) ! 4.13 (1H, s), 3.94 (1H, br d), 3.81-3.33 (11H, 

m), 2.99 (1H, t, J = 4.8 Hz), 2.18 (1H, br t), 2.03 (1H, dt, J = 5.4, 17 Hz), 1.81 (1H, br 

dt), 1.60 (6H, m), 1.47 (62H, m, CH2), 0.98 (6H, t, J = 7.5 Hz, CH3). Electrospray 

MS: m/z: 842.80 [M+H]+. 

 

Procedure for the antibacterial activity 

Agar diffusion assay 

20 ml YMG (4 g/L yeast extract, 10 g/L malt extract, 4 g/L glucose, and 15 

g/L bacto agar) agar plates were prepared, and another 10 ml of YMG agar mixed 

with M. smegmatis YMG bacterial broth was poured on the top of YMG plates. Each 

sterilized Whitman disc was loaded with 20 !l of 1 mg/ml solution of each 

compound. The bacteria were cultured at 30 °C for 2 days, then the plates were 

stained with MTT stain, and let it stand for 30 min. Zone of inhibition will appear if 

the compounds were active.   

 

The synergistic activity test  

A combination of apramycin, and analogs (18-25) were made using 5 !l of 1 

mg/ml solution of apramycin, and 20 µl of 1 mg/ml solution of each analog. The 

combination was loaded on Whitman discs and placed on agar plates which were 

previously prepared and contained M. smegmatis growing on them. The bacteria 

cultured at 30 °C for 2 days, then the plates were stained with MTT stain. 
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Microdilution assay 

Mycobacterium smegmatis was grown on YMG plate for 3 days then a colony 

was inoculated into 2 ml of YMG broth in 10 ml falcon tubes, and left growing at 28 

°C for 2 days. 1ml of the bacteria culture was transferred into 50 ml falcon tube 

containing 14 ml of YMG broth to make a total solution of 15 ml. OD600 was 

measured and found 0.23. At this point, 90 !l of the culture broth was transferred into 

each well in the 96 well plate, and 10 !l of each prepared concentration of the 

prepared analogs was added in triplicates to make total volume in each well 100 !l. 

(4X3) set was made for each analog, furthermore, to another (6X3) set was added 10 

!l of apramycin (different concentrations were prepared), another (6X3) set made for 

isoniazide (INH) using the same concentration used for apramycin. For the negative 

control, validoxylamine A was prepared in different concentration and loaded in 

triplicates (4X3) set. The last two rows were filled (12X2) with 90 !l YMG broth 

containing the growing bacteria, and 10 !l of methanol. The plates were cultured at 

30 °C in the incubator for 2 days then 50 !l of MTT stain was added to each well, and 

left stand for 30 min. 

 

Cytotoxicity assay 

Procedure for Cell Viability Assay 

MTT assay was used to assess SF-295 glioma cell viability following 

treatment.43 Cells (3"103/well in 90 !L) were plated into 96-well flat-bottom plates 

and maintained overnight before subsequent treatment in triplicates with reagents for 

24 h. Two hours prior to the end of treatment, MTT reagent (0.5 mg/mL in PBS; 
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Amresco, Solon, OH) was added to each well and incubated for 2 h at 37 °C. Media 

was aspirated from all wells and the purple formazan product was solubilized with 

100 !L DMSO. The optical density of each well was determined at 550 nm using a 

BioTek Synergy HT microplate reader with Gen5 software (Bio-Tek, Winooski, VT). 

Untreated cells were considered as 100% viable. Vehicle controls were 0.01% 

methanol. 
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CHAPTER IV 

CONCLUSION 

As part of an ongoing effort to explore and discover novel chemical entities 

that can be used as anti-tubercular drugs, we have synthesized a series of compounds 

using natural product analogs DMRSV, DMDARSV and validoxylamine A as 

scaffolds. The biological activity of the synthetic compounds were evaluated using a 

number of Gram (+) and Gram (-) bacterial strains, such as M. smegmatis, S. aureus, 

B. subtilis, P. aeruginosa and E. coli.  

 

The DMRSV and DMDARSV derivatives, in which a diethylaminomethyl 

moiety was attached to the C-3 position, showed some activity against S. aureus but 

not against M. smegmatis, B. subtilis, and P. aeruginosa. The overall antibacterial 

activity of the new compounds is weaker than that of the corresponding rifamycin SV 

derivatives. On the other hand, a number of validoxylamine A derivatives showed  

significant activities against M. smegmatis, E. coli, and S. aureus but not against B. 

subtilis.  

 

Furthermore, cytotoxicity assay of those derivatives using SF-295 glioma cell 

suggested that they had no significant cytotoxic effect on mammalian cells. These 

promising results set the stage for further efforts in developing new antitubercular 

drugs based on validoxylamine A structure. Therefore, our future directions would 

include synthesis and biological evaluations of additional validoxylamine A 

derivatives as well as in-depth studies on their mechanism(s) of action. 
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