


According to Caldwell, in the 1980s, the racemate killed a number of people who had 
accumulated gram quantities of the enantiomer that was more slowly metabolized. If researchers 
had realized that one enantiomer had a much longer half-life, they might have come up with a 
drug with just the fast-clearing enantiomer, he says. "It was one of the very early examples of 
why you need to understand more about what's going on with chiral drugs." 

Contrary to popular belief, according to Agranat, Caner, and Caldwell, the thalidomide tragedies 
could not have been avoided by use of single enantiomers, because both enantiomers have equal 
teratogenic potency in the rabbit. In addition, the enantiomers rapidly racemize in the body, so 
even if they had differed in teratogenicity, use of single enantiomers would have been precluded. 

In addition to raising the profile of single-enantiomer chiral drugs--a trend fueling growth in 
chiral technologies--chiral effects in therapeutics are being exploited in two other ways: by 
developing better single-enantiomer versions of already approved racemic drugs, known as chiral 
switching, and by discovering distinct therapeutic uses for enantiomers of chiral drugs. The 
record of success for chiral switches is uneven, and the intellectual-property status of single 
enantiomers is ambiguous. Drug discoverers and patent attorneys must examine the examples of 
the past to shape the development and intellectual-property protection of the chiral drugs of the 
future. 

THE POSTER DRUG for chiral switching may as well be the 
"purple pill." Nexium, or esomeprazole, is the S enantiomer of 
omeprazole, the active ingredient of AstraZeneca's heartburn 
drug, Prilosec. The basic patent for Prilosec, which posted sales 
of $5.6 billion in 2001, expired in 2002. Generic omeprazole 
would have eroded the market share of Prilosec by up to 85%, 
but tour-de-force development and marketing of Nexium has 
kept AstraZeneca's share of the market intact. Combined sales 
of Nexium and Prilosec were almost $6.2 billion in 2001 and 
$6.6 billion in 2002. 

 

Many have hailed the Prilosec-Nexium chiral switch as ideal, 
including Agranat, Caner, and Caldwell, who wrote in their 
review: "When the chiral switch is developed by the proprietor 
of the racemate, it is advantageous for the single enantiomer to 
reach the market before the expirations of the patents of the 
racemates, and before the incursion of the respective generic 
drugs. This was the case with esomeprazole." 

Esomeprazole traces its roots to page 68 of lab book 168 
maintained by Ylva Örtengren, a chemist working in a research 
unit called Hässle, belonging to the Swedish company Astra, 
now AstraZeneca. There, on Jan. 4, 1979, Örtengren described 
the synthesis of omeprazole, then code-named H168/68. It was 
the first of so-called proton pump inhibitors, a new class of 



drugs for controlling gastric acidity. 

Although a bright star in the pharmaceutical galaxy, omeprazole had a problem: significant 
interindividual variability. Some patients rapidly metabolized the drug and needed higher or 
multiple doses to achieve relief. Others metabolized the drug slowly and their exposure to the 
drug was greater than what was needed. In 1987, a program was launched to find a better 
omeprazole, one with higher bioavailability and lower clearance through the liver, according to 
Per Lindberg, AstraZeneca senior scientific adviser for gastrointestinal therapeutics and 
coinventor of esomeprazole. 

"During the 1980s, we had many reasons not to be interested in omeprazole enantiomers," 
Lindberg says. One was the belief, on the basis of the drug's mechanism of action and in vitro 
tests, that the individual enantiomers would have the same effect. Another was the result of a 
study by researchers at Merck in the late 1980s, which concluded that concentrations of the 
enantiomers in plasma after administration of omeprazole are essentially equal [J. Chromatog. B, 
666, 323 (1995)]. Still another was the absence of sufficient amounts of single enantiomers to 
test in vivo. 

Lindberg and coworkers took a straight medicinal chemistry approach: work with the 
omeprazole framework, generate derivatives, and screen compounds on the basis of 
bioavailability. But in 1990, Lindberg recalls, "we decided to try to get omeprazole enantiomers 
so we could at least check whether they were metabolized differently." When after much effort 
from coinventor Sverker von Unge enough material became available, the salts of the 
enantiomers were tested in rats. 
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"Any new drug that's chiral is likely to be developed and marketed as a single 

enantiomer. You win more than you lose with single enantiomers."  
 

THE TESTS SHOWED that the R enantiomer was significantly more active than the S enantiomer 
or the racemate in the rat, justifying clinical trials. "We were lucky to test in rats," Lindberg says. 
"Later tests showed that the enantiomers have equal activity in dogs. If we had tested in dogs to 
start with, we wouldn't have continued." Human testing of both enantiomers brought another 




