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Idaho State Police Forensic Services Toxicology Discipline Analytical Method

Section Five
Quality Assurance

5.12 Solution Preparation

5.12.1 BACKGROUND
Refer to references.

5.12.2 SCOPE

This section describes the proper preparation of solutions and bitffers used in
the extraction of drug compounds from blood and urine sp@ ens.

%Q
5.12.3 EQUIPMENT AND SUPPLIES
5.12.3.1 Glassware

Adequately sized beakers, volu%}uc &sks graduated cylinders

and volumetric pipettes Q
5.123.2 Laboratory balance % C)O
5.12.3.3 pH Meter and/or Indic

Ay St
5.12.34  Appropriate buffer sggmow 1@
5.12.3.5 Stirring hotplatPQO \ 0
5.12.3.6 Magnetic stirs
5.12.3.7 Safety Equk@nt \ O
e Chen ?‘
* Aci é
ﬁ: 1d/or face Shield
‘\ t oves
SN
N OQ)

5124 GENTS
chemicals must be ACS Grade or equivalent,

QK 5.124.1  Acids
e Acetic, Glacial
¢ Hydrochloric
¢ Phosphoric
o Sulfuric

5.124.2 Salts
¢ Ammonium Chloride
¢ Potassium Hydroxide
¢ Potassium Phosphate Monobasic
¢ Potassium Phosphate Dibasic
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Idaho State Police Forensic Services Toxicology Discipline Analytical Method

5.12.5

%

¢ Sodium Acetate Trihydrate

¢ Sodium Bicarbonate

e Sodiuvm Hydroxide

e Sodium Phosphate Monobasic

e Sodivm Phosphate Dibasic

e Sodium Tetraborate Decahydrate

5.12.4.3 Enzyme
» 3-Glucuronidase (Patella vulgata)

51244 Solvents o
¢ Methanol A\O

PROCEDURES
Preparation of the following solutions must 5'9 recorded on corresponding

preparation log. (\ *

i Note: Appropriate safety equipment pist b W Q}@ing the preparation of :

i solutions fo prevent exposure to cqustic/caiosi lutions. The order of the |

| addition of chemicals may be cr@r foireve; &;‘hermic reactions.

___________________________________________ 4\ R e e ]

5.12.5.1 Acetic Acid Ac:1

5. 12.5.1. 11\@\0 cetlc Acid (500mL)

R§ ‘odmately 300mL distilled/deionized (DI)

O @a e a 500mL volumetric flask, Add 2.9mL

6(5(\ O(\ gla@acetlc acid, mix. QS to 500ml..

ion is stable for six months.

A S\D Sb 1 0M Acetic Acid (500mL)
{\ Place approximately 400mL DI water into a 500mL
volumetric flask. Add 29ml. glacial acetic acid,

KOQ mix. QS to 500mL.

Solution is stable for six months.

5.12,5.1.3 20% Acetic Acid (S00mL)
Place approximately 300mL. DI water into a 500mL
volumetric flask. Add 100ml. glacial acetic acid,
mix. QS fo 500mL.
Solution is stable for six months.

5.12,5.2 Ammonium Chloride
5.12.5.2.1 Saturated Ammonium Chloride (500mL)
Place approximately 300ml. DI water in a beaker
and heat/stir over low heat. Add ammonium
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5.12.53

N

5.4

QP

5.12.55

chloride until the solution is saturated. QS to
500ml..
Solution is stable for 6-months.

Borate Buffers

5.12.5.3.1 Saturated Borate Buffer , pH >9.5 (500mL)
Place =250mL DI water intoc a 500ml. volumetric
flask. Stir while adding sodium tetraborate (=60g)
until solution is saturated, QS.
Solution is stable for six months.

5.12.5.3.2 Borate Buffer, pH 9.2 %)
Place =500mL DI water into-g 00mL beaker,
Heat and stir while adding SQg\sodium tetraborate
(Na2B4O7 10 H20). On%soived, allow to cool.
Bring volume up to "_—“.9@111 with DI water. Verify
pH and adjust as ne 1y to pH 9.2 0.2 with IN

NaOH/KOH or l ace solution in 1000mL
volumetric fl DI water,
Solution i u. s ef C QIS
5.12.5.33 Bma&}ﬁiffe :
ater into a 1000mL beaker.

adding 50g sodium tetraborate

\(&N a}é“ 0). Once dissolved, atlow to cool.

(O w valuhe up to = 900ml. with DI water. Add

@) b(gOH and stir. Verify pH and adjust as
(5,0 Q nec‘%ﬁry to pH 12 £0.2 with 10N NaOH/KOH or
6 O Cl. Place solution in 1000mL volumetric flask

0(\ d QS with DI water.

Solution is stable for six months.

B—Glucunonidase

5.12.5.4.1 B-Glucuronidase (10mL) {UCT}
Transfer appropriate units B-Glucuronidase (Patella
vulgata) lyophilized, 5,000 units/ml, powder to a
clean volumetric flask. QS with 1.0M or 100mM
Acetate buffer (pH 5) and mix well. Store at 2-8°C.
Allow to come to room temperature prior to use.
Solution is stable for ~I-month.

Hydrochioric Acid

5.12.5.5.1  0.1M/100mM Hydrochloric Acid (500mL)
Place approximately 300mL DI water into a 500mL
volumetric flask. Add 4.2mL concentrated
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Idaho State Police Forensic Services Toxicology Discipline Analytical Method

hydrochloric acid, mix. QS to 500mL. Solution
may also be prepared by diluting IN HCL,
Solution is stable for one year.

5.12.5.52 1IN HCI (500mL)
Place approximately 400mL DI water into a 500mL
volumetric  flask. Add 42ml. concentrated
hydrochloric acid, mix. QS to S00mL,
Solution is stable for one year.

5.12.5.53 1% HCI in Methanol (10mL) (%)
Add approximately SmL of me ol to a 10mL
volumetric flask. Pipet 10%& of concentrated
HCI, QS and mix.
Solution is stable for 0116 m‘h

5.12.5.6 Potassium Hydroxide (KOH) %
Note: The addition of KO g’ va@\wd! generate significant
heat, exercise due cautio
5.12.5.6.1 IN/IMP QI& @‘e(lﬂﬂﬁmL)
Gmdugn ddd§6 épotassium hydroxide to
ate I water; stir on stir plate to
dlS to

uf ?\ st
PSS
5. 12 g@ l§ snum Hydroxide (100mL)
im

or one year.

5.6g potassium  hydroxide in
ately 80mL DI water in a 100mL
metuc flask. QS to 100mlL..

0(\ Q)%’ohmon is stable for one year.

Q@ 5. 12.5@3 2N/2M Potassium Hydroxide (1000ml.)
Q Gradually add 112.0g potassium hydroxide to
QKO approximately 800mL DI water; stir on stir plate to
dissolve. QS to 1000ml..

Solution is stable for one year.

5.12.5.64 6N Potassium Hydroxide (1000mL)
Gradually add 337g potassiuom hydroxide to
approximately 600mL. DI water, stir on stir plate to
dissolve. QS to 1000mL.
Solution is stable for one year.

5.12.5.6.5 10N Potassium Hydroxide (500mL)
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Gradually (!) add 280g potassium hydroxide to
approximately 300mL DI water in a minimum of a
800mL beaker, stir on stir plate to dissolve. Allow
solution to cool (this takes awhile) and QS in a
500mL volumetric flask.

Solution is stable for one year.

5.12,5.6.6 11.8N Petassium Hydroxide (1000ml.)
Gradually(!) add 662g potassium hydroxide to
approximately 600mL DI water, stir on stir plate to
dissolve. Allow to cool (this takes @while) and QS
in a 1000mL volumetric flask, .
Solution is stable for one yem@

. P
5.12.5.7 Potassium Phosphate Buffers

5.12.5.7.1 Saturated Potassiu *ﬁfosphate Buffer (1000mL)
Place appmxxmatel{l\%OOmL DI water in a beaker
and heat/&.tu eal. Add potassium
phosphate ntil the solution is
satmated lo ut%l cool. Adjust pH to
applo é ncentrated phosphoric
aci

ron efnufef y at room femperature,

(}0 Potassmm Phosphate  Buffer

1 djusted to pH 6
\ is 136g potassium phosphate monobasic

L. DI water in a 150mL beaker. Adjust to
6 0 wnth 1.0M potassium hydroxide. QS in a

0(\ 100mL volumetric flask.
Q) Solution is stable for 6-months.

\

Q 5.12,57.3 100mM Potassium Phosphate Buffer (1000mI.)
QKO Adjusted to pH 6 (Varian)

Weigh 13.6g of potassium phosphate monobasic
(KH,PO,) into a =21000mL beaker. Add =900mL
DI water. Stir to dissolve. Adjust pH to 6.0 £0.1
with IM KOH while stirring. Bring up to volume
with DI water in an [000mL volumetric flask.
Solution is stable for 1 month. Store in glass
container.

5.12.5.7.4 100mM Potassium Phosphate Buffer (1000mlL)
Adjusted to pH 8 - 9 (Varian)
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5.12.58

5.12.5.9

Q‘OQ

Weigh 1[3.6g of potassium phosphate monobasic
(KH;POy) into a =21000mL beaker. Add =900mL
DI water. Stir to dissolve, Adjust pH to 8 - 9 with
10M KOH while stirring. Bring up to volume with
DI water in an 1000mL volumetric flask.

Solution is stable for 1 month. Store in glass
container.

Sodium Acetate

5.12.5.8.1 1.0M Sodium Acetate (100mL)
Dissolve 13.,6g sodium acetate in L, DI water
in a 100mL volumetric flask. QSQﬁZ)mL with DI
water, A

Solution is stable for 6- me.ug!@

5.12.5.8.2  0.1M/100mM SodiunnAtetate (100mL)
Place 10ml. 1.0 dium acetate in a 100mL
volumetric flask&@s mL with DI water.

Solution is s@@ ft)()} $

Sodium Acetate Buffzﬁag @
512591  0.MM00mMAce

uffer, pH 4.5 (500mL/)
Dissolve 5@3 ium acetate trihydrate in
L in a 600mlL beaker. Add 1.62mL
C-O\ glacial ac acid, and mix well. Adjust to pH
@it 100mM sodium acetate, glacial
0 %ﬁld or 100mM acetic acid. QS to 500mL
6(0' O(\ mL volumetric flask.

ttion is stable for six months.

=

(\
\é 5@? 0.1M/100mM Acetate Buffer, pH 5.0 (500mL)
Prepare as with pH 4.5 buffer (5.12,5.9.1). Adjust
pH to 5.0 0.1,

5.12.59.3 1.0M Acetate Buffer, pH 5.0 (500ml.)
Dissolve 42.9g sodium acetate trihydrate in
400mL DI water. Add 10.4mL glacial acetic acid
and stir well, QS to 500mL. Adjust to pH 5.010.1
with 1.OM sodium acetate or 1.0M acetic acid.
Solution is stable for six months.

512594 2.0M Acetate Buffer, pH 4.8 (1000mL)
Dissolve 141.4g sodium acetate trihydrate in
=800ml. DI water. Add 55.2ml glacial acetic
acid. Adjust to pH 4.8 and QS to 1000mL.
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%

5.12.5.10

5.12.5.11

5. 12%\2
@Q

5.12.5.13

Solution is stable for six months.

Sodium Bicarbonate

5.12.5.10.1 50mM Sodium Bicarbonate, pH 11 (500mL)
Dissolve 2.1g sodium bicarbonate in 500ml. DI
water.
Solution is stable indefinitely at room temperature.

Sodium Hydroxide (NaQH)
Note: The addition of NaOH to water will generate heat, exercise
due caution. (%)

5.12.5.11.1 0.45N NaOH (500ml.) .
1@55

Gradually add 9g NaOH i OmL DI water.
(Caution: Exothermic) %4
Solution is stable for one _1,%

5.12.5.11.2 2N NaOH (10001111@9
Place appnommq@{y nl. DI water into a

1000mL  bedkes uglly add 80g NaOH.
Transfer ol ic flask and QS to
500ml &utm hic)

Sol @rs S!( f

5.12.5.11.3 x@N a@ﬂl(
atey 400mL DI water into a

\ la
(O ]@ er.  Gradually add 200g NaOH.
o 500mL volumetric flask and QS to
6(0' O(\ . {Caution: Exothermic)

fion is stable for one year.

SQ sphate

5.12.582.1 100mM Sodium Phosphate Dibasic (200ml.)
Dissolve 2.84g sodium phosphate dibasic in
=160mL DI water. QS to 200mL and mix.
Solution is stable for I month. Store in glass
container.

year.

5.12.5.12.2 100mM Sodium Phosphate Monobasic (200mL.)
Dissolve 2.76g sodium phosphate dibasic in
=160mL DI water, QS to 200mL, and mix.
Solution is stable for 1 month. Store in glass
container.

Sodium Phosphate Buffers
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5.12.5.13.1 0.1M/160mM Sodinm Phosphate Buffer (100mlL.)
Adjusted to pH 6
Dissolve 1.70g sodium phosphate dibasic
(Na,HPO,4)} and 12.14 sodium phosphate
monobasic  (NaH,PO4H0) in approximately
800mL DI water in a 1000mL volumetric flask, QS
to 1000ml.. Adjust to pH 6.0 0.1 with 100mM
monobasic sodium phosphate (to lower pH) or
100mM dibasic sodium phosphate (to raise the

PH).
Solution is stable for 1 month. @qmre in glass
confainer., @)

A\
5.12.5.13.2 0.1M/100mM PhosphateBi@fer, pH 6 (250mL)
Dissolve 0.42g  sodj phosphate  dibasic
(Na,HPO4) and sodium  phosphate
monobasic  (Na % in  approximately

200mL DI watesl 25 volumetric flask. QS to
250mL. Aq‘@ @Q A0£0.1 with 100mM
hate (lowers pH) or

monobas @sod
L00mMdibasie@od
Soq'@ r.s@fﬁg})ie
antaine s

G
5.12.5.14  Sulfuri b 0

5.12, 8 I Sulfuric Acid
A roximately 800mL distilled/deionized (DI)
6(0' te into a 1L volumetric flask. Add 2.7mL
S\\ cenfrated sulfuric acid, mix. QS to 1L,
A 0(\ Q)%oimion is stable for one year.
<
. 5.12.5.14.2 1N Sulfurie Acid (H2S04 (500mL)
KOQ Place approximately 400mL DI water into a 500mlL
volumetric flask. Add 14ml. concentrated H;SOy.

QS to 500mL., mix.
Solution is stable for one year.

osphate (raises pH).
I month. Store in glass

%

5.12.6 QUALITY ASSURANCE
5.12.6.1 Refer to toxicology Analytical Method 5.2 for balance
intermediate check and calibration requirements.

Note: Balances properly monitored by drug discipline analysts
fulfills quality assurance requirements. Additional check need
not be performed.
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5.12.7
5.12.7.1

REFERENCES

Shugar, G.J., Shugar, R.A. and Bauman, L. Grades of Purity of
Chemicals pp. 145-154, pH Measurement, pp. 232-234, in:
Chemical Technicians' Ready Reference Handbook, McGraw
Hill: New York, 1973.

5.12.7.2 Ansys, Inc. SPEC Extraction Methods
5.12.7.3 United Chemical Technologies, Inc, Applications Manual.
5.12.7.4 Certify Methods Manual, pp. 8 - 12, Varian Sam@le Preparation
Products, January 2001. xS
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Revision History

Section Five
Quality Assurance

5.12 Solution Preparation

Revision # Issue Date History
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0 05-07-2007 Combined urine solution preparglén (2.6) and blood

solution preparation (3.8).

O

1 08-20-2008 Removed obsolete solt @s, added reference for

balance check 1'equi_l'gghents&larifications.
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1.0.0

2.0.0

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, ornaments depicting
pictures and symbols of the coca bush and its leaves, as well as sc@ui‘ed wood
and metal objects dating as far back as 3000 BC on the coast of.Eenador indicate
the use of coca in both civil and religious rituals, Relativelyqeeent studies of the
antiquity of the use and cultivation of coca indicate that oca plant is native to
the eastern Andes Mountains. Until this day, the nat.a\@ in the area continue the
custom of chewing coca. @

A French chemist, Angelo Mariani, 1nt10duced@$\ @the coca leaf by
1@1 t

importing tons of coca leaves and using arﬁ@a Iygl in many products
such as his “Coca Wine.” Cocaine, as o a leaves, was first

discovered by Gaedecke in 1855 andx scovq\ﬂ iemann in 1859, at which
time he gave the compound the n @ OCEUQ al anesthetic properties of

cocaine were demonstrated firs m , however, it was not used
medically until 1864 as a to%@ r% ic eye.

\\®
TAXONOMY

The Flench bot sep .T u 1 made the first taxonomical reference to
coca' in 1750 ts to the genus Erythroxylum. Later,
pubhshed six new species, including the

Ssi
Lamarck, anéke
famous lox matck, in 1786. Today, the full taxonomical
classifi

OQ:ATEGORY TAXON

QBiVision (phylum) Spermatophyta

Class Dicotyledons (shrubs and trees)
Order Geraniales

Family Erythroxylaceae

Genus Erythroxylum

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

genus Erythroxylum (in 1756).
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Species One Erythroxylum coca Lamarck
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 Exythroxylon, a
pure Latin form. Nevertheless, botanists consider Erythroxy @l’ as the proper
spelling since it was derived in accordance with the rules ogm nclature,

Excluding the wild species of coca, all cultivated coc ‘ﬁk ts are currently
considered to belong to two distinct species of Ery ylum including one
variety within each of the species. Specific dLedsQfs ul%zatlon for each follows:

from which almost all-commercial cocaine del \ pecies is native to
the eastern Andes extending from Ecn 1a, This was the [irst
type of cultivated coca to be collect: ed iropeans and was referred
to as Huanuco or Bolivian coca { { cultivation. Like many
plants that have been cultiva @01 EIQ&S& 6 yeats E. coca is now rarely

found in a truly wild state. \(b S
ts a brief mention since it has gained

A particular variety of ca& wal
some recent notori th Amazon Valley that, until today,

continues to be ated &l mall scale by a number of Indian tribes. It
belongs to th specie , ut differs from the typical Andean species and
is described @3 & \&l\ rythroxylum coca, var. ipadu.
2. Eéh( xylum no@ranatense (Morris) Hieronymus -- This is the second
spe f cultivated coca and is commonly known as Colombian coca. This
C?s is cultivated throughout the mountains of Colombia. The species name
Qnovoglanatense ' refers to the geographical origin of the plant, Nueva Grenad, the

old colonial name for Colombia. There appears to be little cocaine production
based upon this species.

1. Erythrexylum Coca Lam, (or E. coca <Th18 §)st important species
T

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 (o their soil and climate using modern
agricultural techniques. Commonly referred to as “JTava” coca, its total alkaloidal
content was found to be higher than Colombian coca; however, its true cocaine

*Older scientific publications (prior to 1976) refer o 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

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

3. Erythroxylum novogranatense var, truxillense (Rusby) Piowman -- 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
methyl salicylate (oil of wintergreen) and other flavoring compounds,that are used
in the production of coca-flavored beverages. (Coca-Cola is a, ar beverage
that incorporates decocainzed extracts of Trujillo coca in its g.’g aration.)

MORPHOLOGICAL AND ECOLOGICAL CHA%}%TERISTICS

Bolivian (or Huanuco) coca leaves are usually 1ar@d thick, broadly elliptic in
shape, pointed at the apex, and dark green in co heunderside of the leaves
has two lines (parallel) to the midrib. Thesg Igy cs t,considered
characteristic of this species since they are eser(ty a degree in the other species
of coca, The leaves are usually demd,u aft @ season’s growth. The
plant grows as a small to medlum s us (&{ all ted in rows on large,
hillside plantations. This specie uves\® ool mountain climates,

'sh n ivVian coca by its smaller, narrower,
thinner, bright yellowis n Ie cue usually rounded at the apex.
Contrary to the Bolivi e C b1an coca plant holds its leaves on the
branches after a seaSQn’s g1 W éfs abit gives Colombian coca a larger,
bushier, and ro %ppe ddition, Colombian coca prefers the hotter,
drier chmate riygssat elevations Dried Colombian leaves also have a
more not%fae 0@ 1 salicylate than Bolivian leaves.

Tl'u_]ll is motph@ically similar to Colombian coca. Trujillo coca has
sm na110we1 and slightly thicker leaves that are darker green at maturity,

?&s er to Table | for additional characteristics for both varieties of Erythroxylum

ca and Erythroxylum novogranatense.

The genus Erythroxylum is the only natural source of the alkaloid cocaine and
related 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.

3Sometime referred to as Truxillo or Peruvian coca.
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SPECIES OF COCA AND THEIR CHARACTERISTICS

Genus, ERYTHROXYLUM COCA ERYTHROXYLUM NOVOGRANATENSE
Species
Varieties coca ipadu novogranajense truxiliense

Origin moniaiia region of western Amazon of | Colombia, desert coast of Peru and in

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

Brazil, Colombia,
and Peru

Venezuela and
Cenéral 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

2

Description of
plant and/or

pointed leaves,
parallel longitudinal

tall, spindly shrub
with long weak

large bush plant
with small, narrow,

]
up f% i tall with multiple
reaching 4 cm in

1t
leaves lines on leaf branches and thin, and bright éametcr; branches are dense
undersides relatively large yellow-green leav@'; rect and spread feaves
elliptical leaves which are rou‘n(@ “ narrowly elliptical to oblong-
which are blunt or A\ tanceolate 20-65 mm long;
rounded at the 06 medium to light green above
apex; flowers have @ * pale green {o glossy green
a shorter flusher O\ Q X beneath and midrib fluted
pedicel and a Q O A\with siight medial ridge
markedly C) %
denticulate slamiﬂ@-’ \ @
tube only short\\ QQ @
styled morphs P AN
Odor grassy or haylike X X ntqrglw winlergreen
Climate favorable tropical does n% ¢ \\\ h nably dry | has been cultivated in arid,
environment with in K@. eal L resistant to desert climate and wet
high rainfall, %ﬂiﬁy drai jought montafia habitat of Colombia;
moderate sovils, s@@%, even more tolerant to drought;
temperatures ‘md\Qc) & ’{ prefers desert condilions
weil drained{%% 1 (’\\ @
rich soils;
cool &K R O ,O\/
Adaptability | very Ht@‘ 0\\ ¥ '}@le will survive under a wide range of environmental
A\ ‘.\é) conditions; Resistant to drought
Means of 3{&6‘ K_s)llvlings seeds seeds
propagation @

Comluei‘cib\

R

| most important
commercial species
providing by far the
targest supply of
coca leaves and
cocaine; 95% of
Peru’s crop

used for chewing

illegal in Colombia;
grown illegally for
coca chewing and
cocaine production

principal variety used in
beverage industry owing to s
high content of essential oils
and flavors-several hundred
tons exported to N.Y. for
preparation of extracts, used
in making Coca-Cola

% Alkaloids 0.5-1.0 unknown 1.0-25 1.0-25
% Cocaine of | 70 - 90 very litile 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.
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440 CHEMISTRY

4.1.0 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
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 legves:

A\OQ)

Derivatives of Ecgonine

a. [-Cocaine (Methylbenzoylecgouine)

b. cis- and/or trans-Cinnamoylcocaine* (015%%/01 trans-
Methylcinnamoylecgonine)

c. o and/or B-Truxillenes (Methyl OLQ\%?(M B-truxilloylecgonine or
and/or B-cocaine)

d. Methylecgonine (EcgomneQ@ly 6@9 &

e. Methylecgonidine

Derivatives of Tropine (and
a, Tropococaine (BQ @ pel e —uopme benzoate)

Derivatives of Hyguﬁqg

a. Cuscohy%

b. Hygrolj Q/
c. Hygsi \&O
In addition to / @?ﬂe é\ ¢ ocaine and the truxillenes are considered the
most 1mp01£ loi 1 pharmaceutical use. Hygrine and its related
alkaloids_arefepo to ‘esent in significantly large guantities in both
Vauetle{% E. novogn@ ense (i.e., Colombian and Trujillo coca). Hygrine is a
tertiay’aminoketone, hygroline is the secondary alcohol related to hygrine, and

C&@ ygrine is a diaminoketone containing two N-methyl groups.

Ql‘he pharmaceutical industry produces pure cocaine semi-synthetically. The

ecgonine conversion process employed eliminates the need to separate cocaine
from related ecgonine alkaloids and produces a much greater yield of cocaine.
Briefly, the procedure involves:

*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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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 difute
hydrochloric acid:

Cocaine *[-EcgonineesHC] + MeOH + Benzoic Acid
Cinnamoylcocaine —*{-EcgoninesHCI + MeOH + Cinnamic Acid
Truxillene *I-EcgonineeHC] + MeOH + Truxillic Acid

(Tropococaine is excluded since it would hydrolyze to pseudotlopl%nd not
ecgonine,)

3. Isolating and purifying the ecgonine and converting it to {&@iee base.

4. Converling the ecgonine to {-cocaine by benzoyiatm%’ ecgonine with
benzoic anhydride to benzoylecgonine followed by m@y ation with methyl

iodide. @
An alternate commercial process converts the i @Med loids (o ecgonine
methyl ester (or methyl ecgonine) by hych 1ds in methyl alcohol-

hydrogen chloride. The ester is isolated enz at 1ectly to I-cocaine.
Either industrial process provides the\g wnép imate yield:

Dried Coca Leaves ne I@l Q

145 kgs \Q 6

In clandestine cocame@bom @ $ i %ﬂth America, the crude cocaine process
also seeks to elm moﬁﬁo th a alkaloids except cocaine. The cured
process is an ex\ ive generally consists of:

1. a“pasta @1 all the coca alkaloids are extracted from a batch of
coca lea and conver, a water soluble (sulfate salt) pasty material called
“pasta@ﬂ ‘sulfate” or cota paste;

2. (2 %base” laboratory (optional) where the coca paste is treated to remove most
ndesirable substances and to provide cocaine base;

3. a‘“crystal” laboratory where the cocaine base is converted to cocaine
hydrochloride,

Very often, however, the illicit laboratory “cook™ abbreviates or overlooks a
critical step of the process and causes other alkaloids, impurities, and cocaine
decomposition products to become part of the final product. The approximate
yield from this illicit process can be summarized as follows:

Dried Coca Leaves *Coca Paste *Coca Base * Cocaine HCI

240 kgs 14 kg 09kg 1 kg
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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 fruxilline can decompose, producing products that can
recombine to form new products, such as

9
<
O

\
CHEMICAL STRUCTURE OF C(aj@INE

0 .0
XU,
> &KL

NSO

S XD
The CO(@* molecule @de up of three building blocks. If chemical conditions
beconge;too acidic or to basic the cocaine molecule readily breaks down into
th@hr&e pieces.
Qﬁ

DECOMPOSITION OF COCAINE
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Cocaine

E E
B @
Ecgonine @6
Benyoylecgonine O Methyl
B @\4 alcohol
B o)

O
N\
& o
Figur Qb\ OQ

Benzoic acid

methyl cinnamate and methyl truxill ont@\y t;; lier studies,

benzoylecgonine, ecgonine, pse:u@s aine: d hylene are believed to be
produced during the 1efm1ng pl e r@ turally occurring in the coca

plant. 6 0
4.2,0 SYNTHESIS OF CO(@ E \\Q&Q/

In 1923, using 2- me tl apone as an intermediate, Willstatter prepared
(*) cocaine a onéqth 1d ne. At least four synthetic methods have been

reported for albomethoxytlopdnone These syntheses range
from th 1cult of 1-methyl-2,5-dicarboethoxypyrrolidine, to the
simpl lea%t in pu le reaction of succindialdehyde, methylamine, and

statter’s synthesis in 1923 involved the formation of the dipotassium salt of
ronomethyl-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 sodinm-mercury amalgam; fractional
crystallization can be used to separate the two ecgonine methyl esters. The final
step in the reaction scheme is between the (i) ecgonine methyl ester and benzoyl
chloride to yield (£) cocaine,

ﬁ—g@g utaric acid to yield the target compound 2-carbomethoxytropanone.

4.3.0 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
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the time of this early work, stereochemistry was in its infancy. Based on chemical
studies regarding ecgonine and tropine, Willstatter incorrectly assigned
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,

OCH3

C 0, OCH
N/C|*'|3 O\C - K Hy N3

o
COCAINE y-COCAINE ALLOCOC\é% y-ALLOCOCAINE
N
O\e Qﬁ
Two other cocaines, allococaine and allo doc@}m /Se synthesized and
characterized by Findley in the 1950 @am rose with the
nomenclature used in representi tel en of these compounds.
Using Findley’s assignments, theéaibo &tho dup at C-2 and the benzoyloxy
group at C-3 were cquatonal—xg&l e@bn “for allococaine and axial-axial
for allopseudococaine. l%’ ture places allococaine and cocaine
with the same steieoche s.mon that is, the catbomethoxy group
is axial. Pseudoco dn ( ﬁp caine have the same spatial relationship
at the C-2 pos1 hoxy group is equatorial, Thus, the cocaine
molecule has o asyn&ﬁz\lC nters which give rise to eight stereoisomers
arranged as fonr @ eric pairs -- d,/-cocaine, d,I-pseudococaine, d, /-
1

aklococaa@ and d, , dococaine.

)
50.0 SAMPLE ANALYSIS

Q’he detection and identification of cocaine through acceptable analytical methods
generally presents no problems; however, in most instances, pure cocaine is not
presented for analysis. Even when diluents and adulterants have not been added
to the cocaine, the sample usually contains impurities resulting from the original
isolation of the alkaloid. For example, cis- and trans-cinnamoylcocaine are
usually present in iilicit 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.
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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 comumonly 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
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 hydrochlor@

2. Obtain a sample of procaine base mixed with cocaine bas ‘\Qia Infrared
analysis, prove that the sample contains cocaine base. (In @\wr words, separate
the cocaine from the procaine without converting eithm@g salt,

3. Obtain an infrared spectrum of Cocaine Sulfate‘éﬁ’mpate with the spectra of
Cocaine HCI and Cocaine base, @Q
o) Qﬁ

700 DISCUSSION QUESTIONS ~_ <° ()O é\

1. Is cocaine is a stimulant ot a nargafio?
2. Name the two countries that 1ce @ﬁ%@ of cocaine.

3. Name one country plomn@l in d\@‘m@g of cocaine.

4. Draw the structure 0 mels and show the equatorial/axial
relationship for the ca@metl”@%y g}{ nd the benzoyloxy group for each
isomer.

5. Draw the‘s%ﬁ\éme 1@«5 lidocaine, tetracaine, and benzocaine. Are
they related toeo

6. Des{Qéﬁ the pmce@?plepalmg ‘crack” cocaine,

% the cocaine molecule and indicate what portion of the molecule the 82,
nd 272 ions arise from,

i. Describe the process by which Colombian chemists convert the crude cocaine
base to refined cocaine hydrochloride.
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