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Chapler Olle: Introductioll 3 

Among the numerous types of carbohydrate transformations, we are interested in the 

conversion of glycals into 2+deoxy-2-halo+sugars with the view of applying the 

methodologies developed in the synthesis of potential inhibitors of the enzymes 

involved in the biosynthesis of mycothioL 

1.1 Mycothiol 

1.1.1 Tuberculosis (TB) 

Tuberculosis (TB) is a respiratory disease caused by the bacterium Mycohaclerium 

IIIhaCIIlosis Of tubercle bacillus.·,JO The bacterium is a non-motile rod-shaped bacillus 

and can grow up to the size of2 - 4 jlm in length and 0.2 - 0.5 jllll in width (Fi!,'llre 

\.1 ),12,lJ It is an obligate aerobe and grows successfully in oxygen rich tissues such as 

the lungs. J4 

"igu~ 1.1. ,\1ywbacrerwm ruberc.dos;s. 

TB has been identified as the second-lar!,>est death-causing infectious disease 

worldwide (the first being mV/AIDS). WHO reports indicate that TB affects 1% of 

the world population of which 5 - 10% become sick or infectious. In 2004 TB 

claimed the lives of approximately 1 7 million people with estimated 8,8 ruiilion new 

cases, J4 

IB is spread through the air when a patient with pulmonary tuberculosis exhales, 

coughs or sneezes. Once inhaled, the bacteria can settle in the lungs and begin to grow 

and then circulate through the blood to other parts of the body such as the brain, 

• Afycobacler;um bacteria""", first dJ5CO,'ered m )882 by Roben Koch, He received the Nobel Prize in 
Medicine ill 1905 for his discover, of ale bacleria Ll 
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kidney and spine. However. IB in the Mn-respiratory organs is usually not infeetiolls. 

Most people carry the TB bacilli without becoming sick but as immunity v.'lilles due to 

aging. malnutrition or HIV!AlDS the chances of the bacteria to become active 

increa~e resulting in an outbreak. 1be symptoms of the Til disease include: a 

persistent oougb tbat lasts for more than three weeks, coughing up blood, ~hest pain, 

locali~.ed hone pain, weakness or fatigue, weight loss, loss of appetite, fever and 

sweating at nighl. 14 

T1Je lirst highly effcctive drugs for treating Ttl were discovered in the J940s, long 

after the discovery of the bacteria in the late 19'" centur)·. StTeptomycylic acid was the 

first drug to be discovered in 1944 followed by p-aminosaJic)'clate, commonly known 

as PAS (1946). The rest of the drugs that were intmduced latcr include: isoniazid 

(1952), cycloserine (1955), kanamyeinc (1957), rifumpicin (1965), ethionamide 

(1966), ethambutol (1%8) and pyrazinamide (1970) 1~ and some of them arc shown in 

Figure 1.2.'iJ Toc current TB treatment is a six 1l1<)nth, four-drug combination which 

includes isoniazid (TNH), rifampicin (RMP), pyrazinamide (PZA), and ethambutol 

(EMD) .. "'-11 drugs arc administered in the initial two-month -intensive phasc' _ and 

then IK"II and RMP are continued during the fom-month 'continuation phase' .16 The 

shortcoming of the drugs is the need for a long dunltion of treatment and as a 

consequence many patients fail to oomply with the treatment. especially when the 

symptoms subside as the drugs exert their cffect and when the side effects be~ome 

unbearable. ' l .1 ~ Failure of compliance results to UJlsuccessful treatment and worse, to 

the emergence of stnlins of mycobacterium luhercu/osi.,· (MOR-TB) that arc resistant 

to all the Iir8t-line drugs.17 Introduction of Directly Observed Treatment, Short­

Co~e (!XlI'S) 1ll management systems have greatly improved the therapy by 

ensuring the best use of available drugs and compliance of patients to the full cOllfse 

oftreattruenl." Alternatively, improvements have been made by generating derivatives 

of improved activity from the existing drugs. One such example is rifapentine. It is a 

derivative of rifampicin and exhibits a better activity even though it lacks activity 

against rifampiein-resisliult iso1ates. 19 
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(Ni,Al)(OH)2 

FiC." 2.1. Micrt"""'pic repre,enta!;"" of[(Na, AI) LDII-we, '--]. 

o • H20, • 
(xoH • H,O 

X 

'" '" 
X "'Br, I 

~.It.me 2.4. 0.25 - I m"'% wot on tako"itc, 20 - 35"C, 5 ·15 min, aq CH,CN or TIff. 90 - 970/ •. 

Encouraged by the results, the protocol was successfully extended to the 

ha)ofl.lTIctiona!i~.alioo of protected glycals, proceeding in most cases in high yield and 

with some synthetically useful stereosekctivities as shown in Scheme 2.5 and Table 

2.1. The protocol involves lrca!mcnl of a solution of a glycal, ammonium halide and 

catalylic 4n1Olmts of the takovite catalyst in acetonitrile or methanol with periodic 

addition of hydrogen peroxide until 11£ analysi~ of the reaction mixture shows 

disappearance oIthe starting material. It was found that when the hydrogen peroxide 

was added all at once, the progress oIthe reaction stopped and addition of more of the 

reagents was required for the reaction to go to completion. The resulting 
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~tercoisomcric products were chromatographically inseparahle but their struetures 

were confinned by comparing characteri.~tie signals in the III NMR speetra with the 

literature report~ and in most cases acetylating the mixture of halohydrin~ before 

further analysis using I I I NMR . 

,o~o, 
eo~ 

eo 

po~ 
x OR' , 

X" Sr, I 

R·"H.Me 

Srhemc 2.5. NIr.x. 50% "'I BoO,. 0.25 1 mol% wol ,,.., (akovile. aq CH,CN 'l\"" M"OH. 20 - 60·C, 

2.5-5h.66 100"1.. 

As it is evident from Table 2.1, the reaction proceeded in high yield but with 

relatively poor selectivity. The stereochemical outcomes were in agreement with 

results reported for other mcthods,4<I)O)',U; and were dependent to some extent on the 

halide used, the solvent and the nature of the protel'ting groups. The nature of 

protecting groups also had a significant efTel't on the rate of the reaction. Reactions of 

benzylated glucal or galactal proceeded to completion within 1.5 h at ambient 

temperatures while acetylated g1ucals required 2.5 - 5 h at 60"C, and in some eases 

did not go (0 completion. The higher reactivity ofben;.·ylated than acetyla(ed glycals 

was con.~istent with the electron-donating and electron-withdrawing characters of the 

respective protecting groups. The particular role of the C-6 substituent has been 

disClls''lIl<i previously"J in the context of ,tudies On the bmmination of ben;.·yla(ed or 

acetylated glycals, with the postulate that interaction of this gl'Oup with the non­

bonding electron pairs on the ring oxygen would affect their stabilizing role on the 

intemlooiate carhocation at C-l. 
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bro,moace:tox.vlatlOIl), 25 min 2 h, refere to Table 2.2 for and 
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Scheme 2.17. Prc,po;sed transition-state of the locloa,ceb)x,rlatlon reaction. 
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