1.0.0

Idaho State Police
Forensic Laboratory Training Manual
Cocaine

HISTORY

Archaeological artifacts show that the use of coca was widely accepted in ancient
cultures of South American Indians. Paintings on pottery, ornamen&picting
pictures and symbols of the coca bush and its leaves, as well as sgélptured wood
and metal objects dating as far back as 3000 BC on the coast 9Xador indicate
the use of coca in both civil and religious rituals. Relatively @cent studies of the
antiquity of the use and cultivation of coca indicate that the-€oca plant is native to
the eastern Andes Mountains. Until this day, the nati‘ n the area continue the
custom of chewing coca.

A French chemist, Angelo Mariani, introduce ﬁg’ope% e coca leaf by
importing tons of coca leaves and using an?<e in many products
such as his “Coca Wine.” Cocaine, as 0 dfr

Ieaves was first
discovered by Gaedecke in 1855 an e@ ov@} ann in 1859, at which

time he gave the compound the n r@ cal anesthetic properties of
cocaine were demonstrated firsté @ owever it was not used
medically until 1864 as a top,@ ane

TAXONOMY \(b @6 Q

2.0.0
The French botanist @eph \ @ade the first taxonomical reference to
coca’ in 1750. ts'to the genus Erythroxylum. Later
Lamarck, an(xo ren ta blished six new species, including the
famous Er xyl arck, in 1786. Today, the full taxonomical
classification |30 Q)
TEGORY TAXON
Q@smn (phylum) Spermatophyta
QK lass Dicotyledons (shrubs and trees)
Order Geraniales
Family Erythroxylaceae
Genus Erythroxylum
Species One Erythroxylum coca Lamarck

!Note that other literature sources seem to credit Patrick Brown as the founder of the

genus Erythroxylum (in 1756).
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Variety of Species One  Erythroxylum coca var. ipadu (Plowman)

Species Two Erythroxylum novogranatense (Morris)
Hieronymus

Variety of Species Two Erythroxylum novogranatense var. truxillense
(Rusby) Plowman

The spelling of the genus name Erythroxylum is considered a hybrid of Greek
and Latin. Linnaeus changed the spelling of the generic name to Erythyoxylon, a
pure Latin form. Nevertheless, botanists consider Erythroxylum e proper
spelling since it was derived in accordance with the rules of nopienclature.

Excluding the wild species of coca, all cultivated coca pl e currently
considered to belong to two distinct species of Erythroxy including one
variety within each of the species. Specific areas of {g@i/ation for each follows:

1. Erythroxylum Coca Lam. (or E. coca) -- @ most important species

from which almost all-commercial cocaine is species is native to

the eastern Andes extending from Ecuador @) iﬂhls was the first

type of cultivated coca to be collected an@tudr ns and was referred

to as Huanuco or Bolivian coca after ain s vation. Like many
f&@usa

plants that have been cultivated . coca is now rarely

found in a truly wild state.
A particular variety of E. 095@& nts ref mention since it has gained
some recent notoriety is-the€oca & n Valley that, until today,
continues to be cultrva s ale by a number of Indian tribes.
belongs to the sp E\% ers from the typical Andean species and
is described a iety, (e. xylum coca, var. ipadu.

2. Er thr §é se (Morris) Hieronymus -- This is the second

speues It| is commonly known as Colombian coca. This
specr ultrva out the mountains of Colombia. The species name

atense ref o the geographical origin of the plant, Nueva Grenad,
colonral name for Colombia. There appears to be little cocaine production

@ d upon this species.

During the early 1900s, the Europeans created a cocaine industry on one of the
major islands of Indonesia (i.e., Java). Dutch farmers adapted the coca species
Erythroxylum novogranatense to their soil and climate using modern
agricultural techniques. Commonly referred to as “Java” coca, its total alkaloidal
content was found to be higher than Colombian coca; however, its true cocaine
content was found to be much lower than Colombian coca. This variation in
alkaloidal content is attributed to changes in climate, soil, and possibly other

®Older scientific publications (prior to 1976) refer to the studies of Morris who described
this type of coca plant as a variety of E. coca. The German botanist Hieronymus was the
first to recognize it as a distinct species.
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3.0.0

Q\

®

environmental conditions. The Java coca industry practically collapsed just prior
to World War 1l because of declining prices for coca leaves from other countries.

3. Erythroxylum novogranatense var. truxillense (Rusby) Plowman -- This is
one recognized and distinct variety within the species Erythroxylum
novogranatense. It is well known as Trujillo coca® since it is cultivated near the
city of Trujillo in northern Peru on the slopes of the Andes (as well as the nearby
desert coast of Peru). This variety of (Colombian) coca is particularly rich in
methy| salicylate (oil of wintergreen) and other flavoring compounds that are used
in the production of coca-flavored beverages. (Coca-Cola is a populagheverage
that incorporates decocainzed extracts of Trujillo coca in its pregaa@ )

N
MORPHOLOGICAL AND ECOLOGICAL CHARACTE@TICS

Bolivian (or Huanuco) coca leaves are usually large and t%g,’broadly elliptic in
shape, pointed at the apex, and dark green in color. Th@n erside of the leaves
has two lines (parallel) to the midrib. These leaves a@\qot considered
characteristic of this species since they are prese @a degree in the other species
of coca. The leaves are usually deciduous aﬂé cur@season’s growth. The
plant grows as a small to medium size busi?’| II@?] d,ﬂrows on large,
hillside plantations. This species thrives®n oist, I @1 ain climates.
Colombian coca can be distinguishei\ B@Aam y its smaller, narrower,
thinner, bright yellowish-green @@ which'are y rounded at the apex.
Contrary to the Bolivian plant, th Colﬁn lant holds its leaves on the
branches after a season’s gr . This) abiéé Colombian coca a larger,
bushier, and robust app e diti@ olombian coca prefers the hotter,
drier climate and thrivesat lo ev?gn . Dried Colombian leaves also have a
more noticeable oQ&@f m’e\t'ﬂs%l than Bolivian leaves.

Trujillo coca@pho ally simailar to Colombian coca. Trujillo coca has
smaller, nagrowet, an ght@\ cker leaves that are darker green at maturity.
Refer to, Table 1@%(1%%I characteristics for both varieties of Erythroxylum
coca Erythroxyl@ ovogranatense.

T@enus Erythroxylum is the only natural source of the alkaloid cocaine and
ted compounds. Almost all commercial coca leaves and cocaine are derived
from the species Erythroxylum coca Lam.; Erythroxylum novogranatense
(Morris) Hieronymus, because of its quick adaptability to different climates, is
most likely the dominant species that is illegally cultivated for the illicit drug
trade.

SPECIES OF COCA AND THEIR CHARACTERISTICS

3Sometime referred to as Truxillo or Peruvian coca.
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Genus,

ERYTHROXYLUM COCA

ERYTHROXYLUM NOVOGRANATENSE

Species
Varieties coca ipadu novogranatense truxillense
Origin montafa region of western Amazon of | Colombia, desert coast of Peru and in

eastern Andes;
Ecuador, Peru, and
Bolivia, mainly
between 500 -
1500m

Brazil, Colombia,
and Peru

Venezuela and
Central America,
Sierra Nevada de
Santa Marta and
rugged mountains
of Cauca and Hucha

adjacent arid valley of the Rio
Maranon, Truxillo region on
the north coast of Peru

Description of
plant and/or

pointed leaves,
parallel longitudinal

tall, spindly shrub
with long weak

large bush plant
with small, narrow,

up to 3m tall with multiple

trunks reachi cmin
diameter; es are dense

leaves lines on leaf branches and thin, and bright
undersides relatively large yellow-green leaves | erect ead leaves
elliptical leaves which are rounded narr lliptical to oblong-
which are blunt or | late 20-65 mm long;
rounded at the <"' um to light green above
apex; flowers have le green to glossy green
a shorter flusher . 0 beneath and midrib fluted
pedicel and a @\ with slight medial ridge
markedly Q
denticulate staminal @ \“\
tube only short Q
styled morphs Pt /(
Odor grassy or haylike iﬁtergreeU iftergreen
Climate favorable tropical does not like aqably N has been cultivated in arid,
environment with intense heat or hab stan desert climate and wet
high rainfall, poorly drai c? montafia habitat of Colombia;
moderate soils, shor‘@ @ 0 even more tolerant to drought;
temperatures and ‘ C) prefers desert conditions
well drained mineral O
rich soils; moist 6
cool 0
Adaptability | very little v€ry li \v %,will survive under a wide range of environmental
N ,\o & conditions; Resistant to drought
Means of seeds @\" cut s % seeds seeds
propagation N
Commercial | most \‘l‘aﬁt sed f@'M/ing illegal in Colombia; | principal variety used in
uses corTﬁval cﬁ‘ % grown illegally for | beverage industry owing to its
y@ coca chewing and high content of essential oils
est supply @ cocaine production | and flavors-several hundred
Ieaves and ) tons exported to N.Y. for
cocalne, 95% of preparation of extracts, used
,\0 Peru’s crop in making Coca-Cola
% Alaleids | 0.5-1.0 unknown 1.0-25 1.0-25
%‘<¢caﬁne of | 70-90 very little 20 - 50 20 - 50
Total alkaloid
content

Table 1

Note that the genus Erythroxylum also includes a number of wild species of coca
(reportedly about 200), most of which contain minimal quantities of cocaine and
some of which contain no detectable quantities of cocaine.

4.4.0
4.1.0

CHEMISTRY
Coca leaves contain three basic groups of alkaloids, most of which are present in

the form of esters. The content of these alkaloids will vary depending on the
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particular species of coca used, age of the plant, where it is grown, how it was
cultivated, and when the leaves were picked. A higher total alkaloid content but
with a smaller cocaine content reportedly occurs when the leaves are picked at an
early stage of development; the reverse occurs when the leaves are picked when
fully developed. Another important factor affecting the variation of an alkaloidal
extract is the manner in which the alkaloids were refined from the leaves. Listed
in specific groups are some of the popular alkaloids found in coca leaves:

Derivatives of Ecgonine

a. I-Cocaine (Methylbenzoylecgonine) (%)

b. cis- and/or trans-Cinnamoylcocaine” (cis- and/or Ir&
Methylcinnamoylecgonine) K\

C. o and/or B-Truxillenes (Methyl o and/or 35 @ﬂloylecgonine or o

and/or B-cocaine)
d. Methylecgonine (Ecgonine methyl este@gg)

e. Methylecgonidine (\
Derivatives of Tropine (and y- Tropme)&g

a. Tropococaine (Benzoylwt@ e ?g@benzoate)

Derivatives of Hygrine

" Cuscohygn F &L
b H;Sgcrgliﬁgerme Q \\ &(\ 0@

C. Hygrine
In addition to I-cocaine, oy \aln he truxillenes are considered the
most important coca aI s o tlcal use. Hygrine and its related
alkaloids are repo rte p |f|cantly large quantities in both
varieties of E. no olomblan and Trujillo coca). Hygrine is a
tertiary ammobﬁrb( secondary alcohol related to hygrine, and
cuscohygnq&\s ke@ ontaining two N-methyl groups.
The ph nQeu roduces pure cocaine semi-synthetically. The
ecgo conversmn ss employed eliminates the need to separate cocaine

fro lated ecgonine alkaloids and produces a much greater yield of cocaine.
fly, the procedure involves:

1. Extracting the coca alkaloids previously mentioned from dried coca leaves
and isolating the mixture of ecgonine alkaloids.

2. Converting the group of alkaloids to ecgonine via hydrolysis with dilute
hydrochloric acid:

*Cinnamylcocaine and cinnamoylcocaine have been used interchangeably in the

literature.

°Esters of tripine are called tropeines. v is the Greek symbol for pseudo.
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Cocaine »|-EcgonineeHCI + MeOH + Benzoic Acid

Cinnamoylcocaine —I-EcgonineeHCI + MeOH + Cinnamic Acid

Truxillene >1-EcgonineeHCI + MeOH + Truxillic Acid

(Tropococaine is excluded since it would hydrolyze to pseudotropin and not
ecgonine.)

3. Isolating and purifying the ecgonine and converting it to its free base.

4. Converting the ecgonine to I-cocaine by benzoylating the ecgonin€éwith
benzoic anhydride to benzoylecgonine followed by methylation yv'e@hethyl
iodide. 4\

An alternate commercial process converts the isolated al Kto ecgonine
methy| ester (or methyl ecgonine) by hydrolyzing the alkalefds in methyl alcohol-
hydrogen chloride. The ester is isolated and benzoyla irectly to I-cocaine.
Either industrial process provides the following ap imate yield:

Dried Coca Leaves Cocalne Hz 9( OQ &
145 kgs g C) %
Q/crude cocaine process

ept cocaine. The cured
sists of:

In clandestine cocaine laboratori @ outrS er'
also seeks to eliminate most of the coca-alKaloi

process is an extensive operq&@ Itg\é’Q‘eral

1. a*“pasta” laborator e al loids are extracted from a batch of
coca leaves and conver s@b (sulfate salt) pasty material called
“pasta” or “sulfat v

2. a“base” la ID@ ory onaQG ere the coca paste is treated to remove most
undesirabl anc ide cocaine base;
3. a c&@l Ia@ tor re the cocaine base is converted to cocaine

hydr ride. O

\@ often, however, the illicit laboratory “cook” abbreviates or overlooks a

(c) al step of the process and causes other alkaloids, impurities, and cocaine
decomposmon products to become part of the final product. The approximate
yield from this illicit process can be summarized as follows:

Dried Coca Leaves —— *CocaPaste — "Coca Base — Cocaine HCI
240 kgs 1.4 kg 0.9 kg 1kg

If chemical conditions become too acidic or basic, cocaine can degrade, as
illustrated in Figures 1 and 2, and the degradation products may recombine to
form new products. For example, benzoic acid and methyl alcohol will combine
to yield methyl benzoate, a sweet smelling, volatile liquid. Similarly,
cinnamoylcocaine and truxilline can decompose, producing products that can
recombine to form new products, such as

Page 6 of 11 Rev3

Cocaine training
07/08/2011
Issuing Authority: Quality Manager



CHEMICAL STRUCTURE OF COCAINE

QO
F
The cocaine molecule is m p ;{t}h‘

become too acidic or t c K
these three pieces. N

N
i @1 C)
e b@ing blocks. If chemical conditions
ain@olecule readily breaks down into

o2 K
BN

©
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4.2.0

Q\

4.3.0

&)

Cocaine

E E
B @
Ecgonine ‘\0
Benyoylecgonine \A Methyl
%Q alcohol
B *
@\0

o)
Figu rQO C)OQ*

Benzoic acid
methyl cinnamate and methyl trUXIII r studles

benzoylecgonine, ecgonine, pse;?@ ain Qﬁ hylene are believed to be
SS a géé

produced during the refmlng pr rally occurring in the coca
plant.

SYNTHESIS OF COC@E \@

In 1923, using 2- et @ro %as an intermediate, Willstatter prepared

(%) cocaine alo ith p co . At least four synthetic methods have been
reported for of omethoxytropanone. These syntheses range
from the cgg(cul iZati 1-methyl-2,5-dicarboethoxypyrrolidine, to the
simples

eas prin% 7 reaction of succindialdehyde, methylamine, and
B-ke taric acid t the target compound 2-carbomethoxytropanone.
V@atter’s synthesis in 1923 involved the formation of the dipotassium salt of

omethyl-B-ketoglutarate, which was then reacted with methylamine and
succinaldehyde to obtain the 2-carbomethoxytropanone. The methyl esters of (+)
pseudoecgonine and (£) ecgonine are formed by the reduction of 2-
carbomethoxytropanone using a sodium-mercury amalgam; fractional
crystallization can be used to separate the two ecgonine methyl esters. The final
step in the reaction scheme is between the () ecgonine methyl ester and benzoyl
chloride to yield (£) cocaine.

STEREOCHEMISTRY

During the period 1898 to 1923, Willstatter and his collaborators were able to
obtain pseudococaine by transformation of (-) cocaine and by total synthesis. At
the time of this early work, stereochemistry was in its infancy. Based on chemical
studies regarding ecgonine and tropine, Willstatter incorrectly assigned
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pseudococaine a structure that has both the C-2 carbomethoxy group and the C-3
benzoyloxy group axial. Instead, later studies show that pseudococaine has both
the carbomethoxy group at C-2 and the benzoyloxy group at C-3 in equatorial
position.

CHy O OCHj '\{CH3

AN
Cc— c—
O// O// O// Q @%o// Q
Ny
COCAINE y-COCAINE ALLOCOCAI é y-ALLOCOCAINE

5.0.0

Q\

\O

Two other cocaines, allococaine and allopseu @am re synthesized and
characterized by Findley in the 1950s. Ag @ with the
nomenclature used in representing the st compounds.
Using Findley’s assignments, the ca ho ou -2 and the benzoyloxy
group at C-3 were equatorial- ax ecti ,

cocaine and axial-axial
for allopseudococaine. More re t nomére at aces allococaine and cocaine
with the same stereochemist $ the 0

that is, the carbomethoxy group
is axial. Pseudococaine have the same spatial relationship
at the C-2 position; viz oup is equatorial. Thus, the cocaine
molecule has four aswmetrl hich give rise to eight sterecisomers
arranged as four reo S& s -- d,I-cocaine, d,I-pseudococaine, d,I-
-a ne.

x

allococaine,

SAMPLEé\l

The t|on an de&tlon of cocaine through acceptable analytical methods
ge I y presents no problems; however, in most instances, pure cocaine is not
ed for analysis. Even when diluents and adulterants have not been added

e cocaine, the sample usually contains impurities resulting from the original
isolation of the alkaloid. For example, cis- and trans-cinnamoylcocaine are
usually present in illicit cocaine samples. Benzoylecgonine may be present in
many cocaine samples and should be eliminated by a basic extraction since its UV
is similar to that of cocaine. Note that the detection of benzoyl ecgonine (as well
as ecgonine) by UV, GLC, or TLC can be difficult because of the polar nature of
the acid group at C-2.

A second complication in the analysis of cocaine samples results from the
presence of adulterants. Many of the “caines,” such as benzocaine, lidocaine,
procaine, and tetracaine, are commonly encountered.

From a practical standpoint most of the analyses conducted at the ISP Laboratory
will utilize capillary GC/MS for the identification of cocaine. The high resolution
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capabilities of capillary GC will easily separate cocaine from most common
adulterants and diluents.

6.0.0 EXERCISES
1. Prepare a sample of “crack” cocaine from cocaine hydrochloride.
2. Obtain a sample of procaine base mixed with cocaine base. Via Infrared

analysis, prove that the sample contains cocaine base. (In other words, separate
the cocaine from the procaine without converting either to its salt.

7.0.0 DISCUSSION QUESTIONS . OQ(O
1. Is cocaine a stimulant or a narcotic? 4\
2. Name the two countries that produce the majority of e.

3. Name one country prominent in the smuggling ofc@me

4. Draw the structure of the four cocaine isome @show the equatorial/axial
relationship for the carbomethoxy group and th{é\ group for each
isomer.

5. Draw the structures of procaine, I|d0@% tq\'gdlne.é}yenzocame Are
they related to cocaine? \\Q

6. Describe the process of prepQ cr ro

7. Draw the cocaine molec @nd |@f &Gj)ortlon of the molecule the 82,

182, and 272 ions arise fro

8. Describe the proce@/ W\o @@n chemists convert the crude cocaine
rldﬁ

base to refined cog&@hyd
6’0 O\’
Ny
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9. (Q HISTORY
Prior to revision 3 modules in the training manual did not have individual history

pages.
Revision # __Issue or review date History Author or Reviewer
3 7/08/11 Added 9.0.0, dropped some references

David Sincerbeaux
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