Project 12
Text that is taken from the web is for this homework only, with a focus on presenting modern topics of interest of interest to many undergraduates in science.  In writing academic scientific papers, you should not in general use web sources as references.  Be very careful not to plagiarize in written work (never copy a single sentence, even with attribution, and make sure that your text has less than 15% similarity to your sources over a paragraph).


Thiostrepton (this text taken from Wikipedia).  
Thiostrepton is a natural cyclic oligopeptide antibiotic, derived from several strains of strepromycetes such as Streptomyces azureus and Streptomyces laurentii. Thiostrepton was discovered by Donovick et al. who described its antibacterial properties in 1955. Dorothy Crowfoot Hodgkin solved the structure of thiostrepton in 1970.  Early in 1978, Bycroft and Gowland[5] proposed the biosynthesis of thiostrepton, which was still unclear until 2009. Several studies of thiopeptide biosynthesis [[four refxx]] have been contemporarily published in 2009 and two of them (Liao et al. and Kelly et al.) included the similar biosynthesis of thiostrepton: its ribosomally synthesized from thiostrepton biosynthetic genes (tsr genes) and posttranslational modification is needed.  A total synthesis of thiostrepton was completed by K.C. Nicolaou, et al. in 2005 [[refxx]].
Figure.  The structure of thiostrepton, taken from xxxx.

Bryostatins (this text taken from Wikipedia).  
Bryostatins are a potent modulators of protein kinase C. They are currently under investigation as anti-cancer agents and as a memory enhancing agent.

In in vitro trials bryostatin 1 was able to induce apoptosis in HL-60 chronic lymphocytic leukaemia. It could be shown that bryostatin 1 acts synergistically in combination with other anti-cancer drugs. Drug combination was effective against a large variety of tumor cells including lung, prostate and non-Hodgkin's lymphoma tumor cells. Although animal studies were promising, bryostatin 1 as a single drug has failed to demonstrate significant activity in tumor patients in phase II trials in a wide range of tumor types, including melanoma and colorectal cancer. Additionally severe side-effects, mainly myalgia, were observed after bryostatin administration. As a consequence research focus has shifted to an investigation of combination therapy with other chemotherapeutic antitumor agents such as gemcitabine, vincristine, cisplatin, and paclitaxel.

Bryostatin 1 has appeared very promising in enhancing memory in animal models. It was able to increase the duration of memory retention of the marine slug Hermissenda crassicornis by over 500 %.[4]  A 2005 study showed that Additionally it also increased the rate of learning in rats [[refxx]].  This makes it a possible drug candidate for the treatment of Alzheimer’s disease.

The low concentration in bryozoans (to extract one gram of bryostatin, roughly one tonne of the raw bryozoans is needed) makes extraction unviable for large scale production. Due to the structural complexity, total synthesis has proved difficult, with only a few total syntheses reported so far. Total synthesis have been published for bryostatin 7, 2, 3, and 16 by Trost and Dong [[refxx]].

A number of structurally simpler synthetic analogs also have been prepared by Wender and solleagues [[ref]].  These exhibit similar biological profiles and in some cases greater potency, which may provide a practical supply for clinical use.
Figure.  The structure of bryostatin 1, taken from xxxx.

Aspidophytine  (this text taken from Wikipedia).  
Aspidophytine is an indole alkaloid that has attracted the attention of synthetic chemists.  An initial asymmetric synthesis in 1999 [[refxx] was followed by a stereocontrolled total synthesis of (−)-aspidophytine in 2003 and another synthesis in 2006 [[refxx]].  Mejia-Oneto and Padwa used Rh(II) cyclization and Micolaou and co-workers published an additional synthesis in 2008 [[refxx]].  An extract of the cockroach plant, aspidophytine is an insecticidal substance particularly effective against cockroaches.

Figure.  The structure of aspidophytine, taken from xxxx.

Multidrug-resistant tuberculosis  

(this text from http://www.who.int/mediacentre/news/releases/2010/drug_resistant_tb_20100318/en/)
Multidrug-resistant TB (MDR-TB) is caused by bacteria that are resistant to at least isoniazid [[refxx]] and rifampicin [[refxx]], the most effective anti-TB drugs. MDR-TB results from either primary infection with resistant bacteria or may develop in the course of a patient’s treatment. 

Extensively drug-resistant TB (XDR-TB) is a form of TB caused by bacteria that are resistant to isoniazid and rifampicin (i.e. MDR-TB) as well as any fluoroquinolone and any of the second-line anti-TB injectable drugs (amikacin [[refxx]], kanamycin [[refxx]],  or capreomycin [[refxx]]). 

These forms of TB do not respond to the standard six-month treatment with first-line anti-TB drugs and can take up to two years or more to treat with drugs that are less potent, more toxic and much more expensive, from 50 to 200 times higher. While a course of standard TB drugs cost approximately US$ 20, MDR-TB drugs can cost up to US$ 5 000, and XDR-TB treatment is far more expensive. 

In 2008, there were an estimated 9.4 million new TB cases, and 1.8 million TB deaths. 440 000 MDR-TB cases are estimated to have emerged in the same year with 150 000 MDR-TB deaths. No official estimates have been made on the number of XDR-TB cases, but there may be around 25 000 a year with most cases fatal. Since XDR-TB was first defined in 2006, a total of 58 countries have reported at least one case of XDR-TB. 

Figure.  The structure of isoniazid, taken from xxxx.

Statins (this text taken from Wikipedia).  
The statins (or HMG-CoA reductase inhibitors) are a class of drug used to lower plasma cholesterol level [[refxx]] [[refxx]]. They lower cholesterol by inhibiting the enzyme HMG-CoA reductase, which is the rate-limiting enzyme of the mevalonate pathway of cholesterol synthesis [[refxx]]. Inhibition of this enzyme in the liver results in decreased cholesterol synthesis as well as increased synthesis of LDL receptors, resulting in an increased clearance of low-density lipoprotein (LDL) from the bloodstream. The first results can be seen after one week of use and the effect is maximal after four to six weeks.


Akira Endo and Masao Kuroda of Tokyo, Japan commenced research into inhibitors of HMG-CoA reductase in 1971 [[refxx]].  This team reasoned that certain microorganisms may produce inhibitors of the enzyme to defend themselves against other organisms, as mevalonate is a precursor of many substances required by organisms for the maintenance of their cell wall (ergosterol) or cytoskeleton (isoprenoids) [[refxx]].

The first agent isolated was mevastatin (ML-236B), a molecule produced by the fungus Penicillium citrinum. The pharmaceutical company Merck & Co. showed an interest in the Japanese research in 1976, and isolated lovastatin (mevinolin, MK803), the first commercially marketed statin, from the fungus Aspergillus terreus.  Dr. Endo was awarded the 2006 Japan Prize for his work on the development of statins, and the Clinical Medical Research Award from the Lasker Foundation in 2008.
Figure xx.  The structure of lovastatin, taken from xxxx.

The Discovery of Taxol (this text taken from Wikipedia).  

Paclitaxel (Figure xx) is a mitotic inhibitor used in cancer chemotherapy.  It was discovered in a National Cancer Institute program at the Research Triangle Institute in 1967 when Monroe E. Wall and Mansukh C. Wani isolated it from the bark of the Pacific Yew tree, Taxus brevifolia and named it 'taxol' [[refxx]] When it was developed commercially by Bristol-Myers Squibb (BMS) the generic name was changed to 'paclitaxel' and the BMS compound is sold under the trademark  'TAXOL'.  In this formulation, paclitaxel is dissolved in Cremophor EL and ethanol, as a delivery agent.  A newer formulation, in which paclitaxel is bound to albumin, is sold under the trademark Abraxane.

Paclitaxel is now used to treat patients with lung, ovarian, breast cancer, head and neck cancer, and advanced forms of Kaposi's sarcoma [[refxx]]. Paclitaxel is also used for the prevention of restenosis [refxx]].

Paclitaxel stabilizes microtubules and as a result, interferes with the normal breakdown of microtubules during cell division {[refxx]]. Together with docetaxel, it forms the drug category of the taxanes.  It was the subject of a notable total synthesis by Robert A. Holton [[refxx]].
Figure xx.  The structure of taxol, taken from xxxx.  
Tamiflu (this text taken from Wikipedia).

Oseltamivir total synthesis concerns the total synthesis of the antiinfluenza drug oseltamivir marketed by Hoffmann-La Roche under the trade name Tamiflu. Its commercial production starts from the biomolecule shikimic acid harvested from Chinese star anise with a limited worldwide supply [[refxx]] Due to its limited supply, searches for alternative synthetic routes preferably skipping shikimic acid are underway and to date several such routes have been published. Control of stereochemistry is important: the molecule has three stereocenters and the sought-after isomer is only 1 of 8 stereoisomers.  


Martin Karpf and René Trussardi have developed an azide-free synthesis [[refxx]].  In 2006 the group of E.J. Corey published a novel route bypassing shikimic acid starting from butadiene and acrylic acid [[refxx]].  An approach published in 2007 by Tohru Fukuyama  and co-workers starts by an asymmetric Diels-Alder reaction this time with starting materials pyridine  and acrolein [[refxx]].  In 2008 the group of Barry M. Trost of the Stanford University published the shortest synthetic route to date [[refxx]].

Figure xx.  The structure of Oseltamivir, taken from xxxx.  
Quinine (this text taken from Wikipedia).
Quinine is a natural white crystalline alkaloid having antipyretic (fever-reducing), antimalarial, analgesic (painkilling), and anti-inflammatory properties and a bitter taste.  Though it has been synthesized in the lab, the bark of the cinchona tree is the only natural source of quinine. The medicinal properties of the cinchona tree were originally discovered by the Quechua Indians of Peru and Bolivia; later, the Jesuits were the first to bring the cinchona to Europe.  Quinine was the first effective treatment for malaria caused by Plasmodium falciparum, appearing in therapeutics in the 17th century [[refxx]].  It remained the antimalarial drug of choice until the 1940s, when other drugs replaced it.  Since then, many effective antimalarials have been introduced [[refxx]], although quinine is still used to treat the disease in certain critical situations.  Quinine is available with a prescription in the United States and over-the-counter, in very small quantities, in tonic water.  Quinine is also used to treat lupus, nocturnal leg cramps and arthritis.  In 1988 Ishibashi & Taniguchy resolved a lactone to enantiopure compounds via chiral resolution [[refxx]].  In 2001 Gilbert Stork published his stereoselective quinine synthesis [[refxx]].  In 2007 Jeffrey I. Seeman reviewed the area [[refxx]].  In 2008 Smith and Williams confirmed Rabe's d-quinotoxine to quinine route [[refxx]].

Figure.  The structure of quinine, taken from xxxx.

Aflatoxins (this text taken from Wikipedia).
Aflatoxins occur naturally in several fungi. Aflatoxins are toxic and among the most carcinogenic substances known.  After entering the body, aflatoxins may be metabolized by the liver to a reactive epoxide intermediate or be hydroxylated and become the less harmful aflatoxin M1.The synthesis of racemic aflatoxin B1 was reported by Buechi et al. in 1967 [[refxx]]  and that of racemic aflatoxin B2 by Roberts et al. in 1968 [[refxx]].  The group of Barry Trost of 

University" 
Stanford University
 was responsible for the stereoselective 

synthesis" 
total synthesis
 of (+)-Aflatoxin B1 and B2a in 2003 [[refxx]].  In 2005 the group of 

 Corey" 
E. J. Corey
 of 

University" 
Harvard University
 presented the enantioselective synthesis of Aflatoxin B2 [[refxx]].  

Figure.  The structure of an aflatoxin, taken from xxxx.

Galanthamine (this text taken from Wikipedia).
Galanthamine total synthesis concerns the total synthesis of galanthamine, a drug used for the treatment of mild to moderate Alzheimer’s disease.  The natural source of galantamine are certain species of daffodil and because these species are scarce and because the isolation of galanthamine from daffodil is expensive (a 1996 figure specifies 50,000 US dollar per kilogram, the yield from daffodil is 0.1-0.2% dry weight) alternative synthetic sources are under development by means of total synthesis.  In 1999 Jordis performed (-)-galanthamine synthesis on a multikilogram scale based on Carrol chemistry and Shieh/Carlson chiral resolution [[refxx]]. This would become the basis for current industrial production by Sanochemia (AT).  In 2000 Fels proposed an intramolecular Heck reaction for the construction of the galanthamine backbone [[refxx]] and in the same year Trost & Toste obtained (-)-galanthamine in an asymmetric synthesis involving asymmetric allylic alkylation and an intramolecular Heck reaction [[refxx]].  In 2004 Node obtained (-)-galanthamine via a remote asymmetric induction method with starting chiral compound D-phenylalanine [[refxx]]. Brown prepared (-)-galanthamine in 2007 starting from isovanillin  [[refxx]]. 

Figure.  The structure of galanthamine, taken from xxxx.

Strychnine (this text adapted from Wikipedia).
Strychnine is a very toxic (LD50 = c. 10 mg/kg), colorless crystalline alkaloid used as a pesticide, particularly for killing small vertebrates such as birds and rodents. The most common source is from the seeds of the Strychnos nux vomica tree.  Synthetic methods have been reported by the research groups of Magnus [[refxx]], Overmars [[refxx]], Kuehne [[[refxx]], Rawal [[refxx]], Bosch [[refxx]], Vollhardt [[refxx]], Mori[[refxx]], Shibasaki [[refxx]], Li [[refxx]], and Fukuyama [[refxx]].

Figure.  The structure of strychnine, taken from xxxx.

Spirotryprostatin B (this text taken from Wikipedia).
Spirotryprostatin B is an indolic alkaloid found in the Aspergillus fumigatus fungus. Spirotryprostatin B and several other indolic alkaloids (including Spirotryprostatin A, as well as other tryprostatins and cyclotryprostatins) have been found to have anti-mitotic properties, and as such they have become of great interest as anti-cancer drugs [[refxx]]. Because of this, the total syntheses of these compounds is a major pursuit of organic chemists, and a number of different syntheses have been published in the chemical literature.  The first total synthesis was accomplished in 2000 by the Danishefsky group at Columbia University [[refxx]], with a number of other syntheses following shortly thereafter by Williams [[refxx]], Ganesan [[refxx]], Fuji [[refxx]], Carreira [[refxx]], Horne [[refxx]], Overman [[refxx]], and most recently Trost [[refxx]].

Figure.  The structure of spirotryprostatin B, taken from xxxx.

Spirotryprostatin B (this text taken from Wikipedia).
(+)-Discodermolide is a recently discovered polyketide natural product found to be a potent inhibitor of tumor cell growth. The molecule's carbon skeleton is made up of eight polypropionate and four acetate units with 13 stereocenters.  Discodermolide was first isolated in 1990 from the Caribbean marine sponge Discodermia dissoluta by chemist Dr. Sarath Gunasekera and biologist Dr. Ross Longley, scientists at the Harbor Branch Oceanographic Institution [[refxx]].  The sponge contained 0.002% of discodermolide (7 mg/434 g of sponge). Since the compound is light-sensitive, the sponge must be harvested at a minimum depth of 33 meters. Discodermolide was initially found to have immunosuppressive and antifungal activities.  Several total syntheses have been published to date by Schreiber [[refxx]], Smith [[refxx]], Paterson [[refxx]], Marshall [[refxx]], and Myles [[refxx]].

Figure.  The structure of (+)-discodermolide B, taken from xxxx.

Kendomycin (this text taken from Wikipedia).
Kendomycin is an antitumor macrolide antibiotic first isolated from the bacteria Streptomyces violaceoruber [[refxx]]. It has potent activity as an endothelin receptor antagonist and anti-osteoporosis  agent [[refxx]].   It also has strong cytotoxicity against various different tumor cell lines [[refxx]].  Because of its potent biological activities, kendomcyin has attracted interest as a target of total synthesis. The first total synthesis of kendomycin was accomplished by Lee and Yuan in 2004 [[refxx]]. Other syntheses are by Smith [[refxx]], Lowe and Panek [[refxx]], Bahnck and Rychnovsky [[refxx]], and Magauer et al. [[refxx]].

Figure.  The structure of kendomycin, taken from xxxx.
