13. MORPHINE, NICOTINE,
AND CAFFEINE

IVEN THE HUMAN tendency to
desire those things that make us feel good, it is not surprising that three
different alkaloid molecules—morphine from the opium poppy, nico-
tine in tobacco, and caffeine in tea, coffee, and cocoa—have been
sought out and prized for millennia. But for every benefit these mole-
cules have brought to mankind, they have also offered danger. Despite,
or maybe because of, their addictive nature, they have affected many
different societies in many ways. And all three came together unex-
pectedly at one intersection in history.

THE OpiuM WARS

Although it is nowadays mainly associated with the Golden Triangle—
the border region of the countries of Burma, Laos, and Thailand==the
opium poppy, Papaver somniferum, is native to the eastern Mediter-
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ranean region. The products of the opium poppy may have been gath-
ered and appreciated since prehistoric times. Evidence suggests that
more than five thousand years ago the properties of opium were known
in the Euphrates River delta, generally credited as the site of the first
recognizable human civilization. Archaeological indications of the use
of opium at least three thousand years ago have been unearthed in
Cyprus. Opium was included in the herbal lists and healing remedies of
the Greeks, Phoenicians, Minoans, Egyptians, Babylonians, and other
civilizations of antiquity. Supposedly around 330 B.C., Alexander the
Great took opium to Persia and India, from where cultivation slowly
spread eastward and reached China in about the seventh century.

For hundreds of years opium remained a medical herb, either drunk
as a bitter infusion or swallowed as a rolled pellet. By the eighteenth
and particularly the nineteenth centuries artists, writers, and poets in
Europe and the United States used opium to achieve a dreamlike state
of mind that was thought to enhance creativity. Being less expensive
than alcohol, opium also found a use by the poor as a cheap intoxicant.
During these years its habit-forming qualities, if recognized, were sel-
dom a concern. So pervasive was its use that even small babies and
teething infants were dosed with opium preparations that were adver-
tised as soothing syrups and cordials and that contained as much as 10
percent morphine. Laudanum, a solution of opium in alcohol often rec-
ommended for women, was widely consumed and available at any
pharmacy without a prescription. It was a socially acceptable form of
opium until it was prohibited in the early twentieth century.

In China opium had been a respected medicinal herb for hundreds of
years. But the introduction of a new alkaloid-bearing plant, tobacco,
changed the role of opium in Chinese society. Smoking was unknown
in Europe until Christopher Columbus, at the end of his second voyage in
1496, brought tobacco back from the New World, where he had seen it
in use. Tobacco use spread rapidly, despite severe penalties for its posses-
sion or importation in many Asian and Middle Eastern countries. In China
in the middle of the seventeenth century the last emperor of the Ming dy-
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nasty prohibited the smoking of tobacco. Possibly the Chincse started to
smoke opium as a substitute for the banned tobacco, as some reports sug-
gest. Other historians credit the Portuguese from small trading posts on
Formosa (now Taiwan) and Amoy in the East China Sea with introduc-
ing Chincsc merchants to the idea of mixing opium with tbacco.

The effect of alkaloids such as morphine and nicotine, absorbed di-
rectly into the bloodstream through smoke nhaled into the lungs, is
extraordinarily rapid and intense. When taken in this manner, opium
quickly becomes addictive. By the beginning of the eighteenth century
the smoking of opium was widespread throughout China. In 1729 an
imperial edict banned the importation and sale of opium in China, but
it was probably too late. An opium-smoking culture and a vast opium-
related network of distribution and marketing already existed.

This is where our third alkaloid, caffeine, enters the story. Traders
[rom Europe had previously found little satisfaction in trading with
China. There were few commodities that China was willing to buy
from the West, least of all the manufactured goods that the Dutch,
British, French, and other European trading nations wanted to sell. But
Chinese exports were in demand in Europe, particularly tea. Probably
caffeine, the mildly addictive alkaloid molecule in tea, fueled the insa-
tiable appetite of the West for the dried leaves of a shrub that had been
grown since antiquity in China.

The Chinese were quite prepared to sell their tea, but they wanted to
be paid in silver coin or bullion. For the British, buying tea with valuable
silver was not their definition of trade. It soon became apparent that
there was one commodity, though illegal, that the Chinese wanted and
did not have. Thus Britain entered the opium business, Qpium, culti-
vated in Bengal and other parts of British India by agents of the British
East India Company, was sold to independent traders. It was then resuld
to Chinese importers, often under the protection of bribed Chinese offi-
cials. In 1839 the Chinese government attempted to halt this outlawed
but flourishing trade. It confiscated and destroyed a year’s supply of
opium located in warehouses in Canton (present-day Guangzhou) and
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in British ships awaiting unloading in Canton’s harbor. Only days later a
group of drunken British sailors was accused of killing a local [atmer,
giving the British an excuse to declare war on China. British victory in
what is now called the First Opium War (1839-1842) changed the bal-
ance of trade between the nations. China was required to pay a very
large amount in reparations, to open five Chinese ports to British trade,
and to cede Hong Kong as a British crown colony.

Nearly twenty years later another Chinese defeat in the Second
Opium War, involving the French as well as the British, wrung further
concessions from China. More ports were opened to foreign trade, Eu-
ropeans were allowed the right of residence and travel, freedom of
movement was given to Christian missionaries, and ultimately the
opium trade was legalized. Opium, tobacco, and tea became responsible
for breaking down centuries of Chinese isulation. China entered a pe-
riod of upheaval and change that culminated in the Revolution of 1911.

INn THE ARMS OF MORPHEUS

Opium contains twenty-four different alkaloids. The most abundant
one, morphine, makes up about 10 percent of crude opium extract, a
sticky, dried secretion from the poppy flowerpod. Pure morphine was
first isolated from this poppy latex in 1803 by a German apothecary,
Friedrich Serturner. He named the compound that he obtained morphine,
after Morpheus, the Roman god of dreams. Morphine is a narcotic, a
molecule that numbs the senses (thus removing pain) and induces sleep.

Intense chemical investigation followed Serturner’s discovery, but
the chemical structure of morphine was not finally determined until
1925. This 122-year delay should not be seen as unproductive. On the
contrary, organic chemists often view the actual deciphering of the struc-
ture of morphine as equally beneficial to mankind as the well-known
pain-relieving effects of this molecule. Classical methods of structure
determination, new laboratory procedures, an understanding of the
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three-dimensional nature of carbon compounds, and new synthetic tech-
niques were just some of the results of the unraveling of this marathon
chemical puzzle. Structures of other important compounds have been
deduced because of the work done on the composition of morphine.
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The structure of morphine. The darker lines of the wedge-shaped bonds point out of (above)
the plane of the paper.

Today morphine and its related compounds are still the most effec-
tive painkillers known. Unfortunately, the painkilling or analgesic effect
seems to be correlated with addiction. Codeine, a similar compound
found in much smaller quantities (about 0.3 to 2 percent) in opium, is
less addictive but is also a less powerful analgesic. The difference in
structure is very small; codeine has a CH,O that replaces the HO at the
position shown by the arrow on the structure below.
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Codeine Morphine

The structure of codeine. The arrow points to the only difference between codeine and monphine.

Well before the complete structure of morphine was known, attempts
were made to modify it chemically in the hope of producing a com-
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pound that was a better pain reliever without addictive properties. In
1898, at the laboratory of Bayer and Company, the German dye manu-
facturer where, five years before, Felix Hofmann had treated his father
with acetyl salicylic acid, chemists subjected morphine to the same
acylation reaction that had converted salicylic acid to aspirin. Their rea-
soning was logical. Aspirin had turned out to be an excellent analgesic
and a lot less toxic than salicylic acid.
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Morphine Diacetylmorphine

The diacetyl derivative of morphine. The arrows indicate where CH,CO has replaced the
Hs in the two HOs of morphine, producing heroin.

The product of replacing the Hs of the two OH groups of morphine
with CH,CO groups was, however, a different matter. At first the re-
sults seemed promising. Diacetylmorphine was an even more powerful
narcotic than morphine, so effective that extremely low doses could be
given. But its effectiveness masked a major problem, obvious when the
commonly accepted name for diacetylmorphine is known. Originally
marketed as Heroin—the name refers to a “hero” drug—it is one of the
most powerfully addictive substances known. The physiological ef-
fects of morphine and heroin are the same; inside the brain the diacetyl
groups of heroin are converted back to the original OH groups of mor-
phine. But the heroin molecule is more easily transported across the
blood-brain barriet than is morphine, producing the rapid and intense
euphoria craved by those who become addicted.

Bayer’s Heroin, initially thought to be free of the common side ef-
fects of morphine like nausea and constipation and therefore assumed
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also to be free of addiction, was marketed as a cough suppressant and
a remedy for headaches, asthma, emphysema, and even tuberculosis.
But as the side effects of their “super aspirin” became obvious, Bayer
and Company quietly stopped advertising it. When the original patents
for acetyl salicylic acid expired in 1917 and other companies began pro-
ducing aspirin, Bayer sued for breach of copyright over the name. Not
surprisingly, Bayer has never sued for copyright violation of the Heroin
trade name for diacetylmorphine.

Most countries now ban the importation, manufacture, or posses-
sion of heroin. But this has done little to stop the illegal trade in this
molecule. Laboratories that are set up to manufacture heroin from mor-
phine often have a major problem disposing of acetic acid, one of the
side products of the acylation reaction. Acetic acid has a very distinc-
tive smell, that of vinegar, which is a 4 percent solution of this acid.
This smell often alerts authorities to the existence of an illicit heroin
manufacturer. Specially trained police dogs can detect faint traces of
vinegar odor below the level of human sensitivity.

Investigation into why morphine and similar alkaloids are such ef-
fective pain relievers suggests that morphine does not interfere with
nerve signals to the brain. Instead it selectively changes how the brain
receives these messages—that is, how the brain perceives the pain be-
ing signaled. The morphine molecule seems able to occupy and block a
pain receptor in the brain, a theory that correlates with the idea that a
certain shape of chemical structure is needed to fit into a pain receptor.

Morphine mimics the action of endorphins, compounds found in
very low concentrations in the brain that serve as natural pain relievers
and that increase in concentration in times of stress. Endorphins are
polypeptides, compounds made from joining amino acids together, end
to end. This is the same peptide formation that is responsible for the
structure of proteins such as silk (see Chapter 6). But whereas a silk
molecule has hundreds or even thousands of amino acids, endorphins
consist of only a few. Two endorphins that have been isolated are pen-
tapeptides, meaning that they contain five amino acids. Both of these
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endorphin pentapeptides and morphine have a structural feature in
common: they all contain a B-phenylethylamine unit, the same chemi-
cal construction that is thought responsible for affecting the brain in

LSD, in mescaline, and in some other hallucinogenic molecules.

phenyl (benzene ring) part

Y B carbon of ethyl part

o c:arbon\_/ i N

of ethyl part amine part

The B-phenylethylamine unit

Though the pentapeptide endorphin molecules are otherwise quite un-
like the morphine molecule, this structural similarity is thought to ac-

count for the common binding site in the brain.
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Structure of the morphine molecule, showing the B-phenylethylamine unit

But morphine and its analogs differ in biological activity from other
hallucinogens in that they also have narcotic effects—pain-relief, sleep-
inducing, and addictive components. These are thought to be due to
another combination found in the chemical structure of, taken in order:
(1) a phenyl or aromatic ring, (2) a quaternary carbon atom; that is, a
carbon atom directly attached to four other carbon atoms, (3) a
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CH,-CH, group attached to (4) a tertiary N atom (a nitrogen atom di-
rectly attached to three other carbon atoms).

| N
© C—E—C —CH,CH,— |
C

(1) (2) (3) (4)

(1) The benzene ring, (2) quaternary carbon atom (bolded), (3) the two CH , groups with
the carbons bolded, and (4) the tertiary nitrogen atom (bolded)

Combined, this set of requirements—known as the morphine rule—

N/

SN |
C C C

Essential components for the morphine rule

You can see in the diagrams of morphine that all four requirements are
present, as they also are in codeine and heroin.

PR

the two CH, groups

quaternary carbon
above the plane

atom

the tertiary nitrogen atom

Morphine structure, showing how it fits the morphine rule for biological activit.

The discovery that this part of the molecule might account for nar-
cotic activity is another example of serendipity in chemistry. Investiga-
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tors injecting a man-made compound, meperidine, into rats noted that
it caused them to hold their tails in a certain way, an effect previously

GCOOCQHs
/N

CHj
Meperidine

seen with morphine.

The meperidine molecule was not particularly similar to the morphine
molecule. What meperidine and morphine did have in common were
(1) an aromatic or phenyl ring attached to (2) a quaternary carbon, fol-
lowed by (3) the CH,-CH, group and then a tertiary nitrogen; in other
words, the same arrangement that was to become known as the mor-
phine rule.

/ the aromatic ring
the quaternary 27N

carbon atom q COOC2Hs
/

S\
%
the tertiary nitrogen atom  CH3 ™ the two CHj groups

Highlighting the morphine rule for the meperidine or Demerol structure

Testing of meperidine revealed that it had analgesic properties. Usu-
ally known by the trade name Demerol, it is often used instead of
morphine as, although it is less effective, it is unlikely to cause nausea.
But it is still addictive. Another synthetic and very potent analgesic,
methadone, like heroin and morphine, depresses the nervous system
but does not produce the drowsiness or the euphoria associated with
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opiates. The structure of methadone is not a complete match to the re-
quirements for the morphine rule. There is a CH, group attached to the
second carbon atom of the -CH,-CH,-. This very small change in struc-
ture is presumed responsible for the difference in biological activity.
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\

The structure of methadone. The arrow shows the position of the CH, group, the only
deviation from the morphine rule but enough to change the physiological effect.

Methadone is, however, still addictive. Dependence on heroin can be
transferred to dependence on methadone, but whether this is a reason-
able method of dealing with the problems associated with heroin ad-
diction is still a subject of debate.

DRINKING SMOKE

Nicotine, the second alkaloid associated with the Opium Wars, was un-
known in Europe when Christopher Columbus landed in the New
World. There he saw both men and women who “drank” or inhaled the
smoke of rolls of burning leaves inserted into their nostrils. Smoking,
snuffing (inhaling a powdered form into the nose), and chewing leaves
of tobacco plants, species of the genus Nicotiana, was widespread
among the Indians of South America, Mexico, and the Caribbean. The
use of tobacco was mainly ceremonial; tobacco smoke sucked from
pipes or from rolled leaves, or inhaled directly from foliage strewn over
glowing embers, was said to cause trances or hallucinations in partici-
pants. This would have meant that their tobacco had significantly
higher concentrations of active ingredients than are found in the
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species Nicotiana tabacum that was introduced to Europe and the rest of
the world. The tobacco noted by Columbus was most probably Nico-
tiana rustica, the tobacco of the Mayan civilization, which is known to
be a more potent variety.

The use of tobacco spread quickly throughout Europe, and tobacco
cultivation soon followed. Jean Nicot, the French ambassador to Portu-
gal whose name is commemorated in the botanical name of the plant
and the name of the alkaloid, was a tobacco enthusiast, as were other
notable sixteenth-century figures: Sir Walter Raleigh in England and

An engraving from Brazil (around 1593) is the first copperplate showing smoking in South
America. A plant is smoked through a long tube at this Tupi Indian feast. (Courtesy of
John G. Lord Collection)
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