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Cyclic Compounds
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Acid-Base Properties
Evidence Analysis: Infrared

What could drive @ mther to polson her own child's baby formula with antifreeze?
(8ot Hamera Technolgies/Alamy: wornin: Ftosearch)

. Cast S1upy: The Experts Agrecdi

The summer of 1989 found the Stallings family living the American drear
Ther irs child, Ryan, was born earler that spring, and they moved into
a new lakefront home at the beginning of the summer, Patricia Stalln

was a typical new mother, always checking on her baby and tending to hs
needs

n bet
e R e
C.';Zl"km:mﬁ."f p i sluggish and having difficulty breal"
see the doctor. 2N area hospital and took her son in

The emergency room doetor
shocked when he r
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thanedial, The polce wasted no time anestng a suspect. Paric StoMns

How could & mother poison her own chid? The prosocutor theoriaad
that she suffered from Munchausen's syndrome by provy. Tis s a meatal
iness in which a parent subjects his o har chid to unncessary mesieal
procedures in a desperate attempt to gather attention and sympathy. Lo
ontory tests showed that the baby's bottle that Patriia used had 1aces
of2-sthanediol, and a galon of antifteeze was found inthe basement Fur.
themare, the autopsy revealed that caicum oxalate crystals had formed i
Ayan's brain issue, a finding indicative of 12-ethanediol poisoning. It idnt
take a ury long to convict Patricia Stlings of first degroe murder and fo
sentence her to e in prison.

Although it would scem Patrcia's lfe could not be worse, it was com-
plcated by the fact that she was three months pregnant with her second
<on, David Jr, when Ryan died. The Missouri Divsion of Famiy Services took
custody of David J. s soon as he was bor and placed hm nto fostr care
No one realized at the time that David Jr. would be the key to proving his
mother innocent of murder—and the experts wrong. He would provide evi
dence that the substance in Ryan's blood had not boen 12-ethanediol but
tather propanoic acid that had formed from 2-methylpropanedioic acid

What exactly are these compounds and how could a
newborn prove his mother’s innocence? To answer
15, we must first discuss

.lntmduclion to Organic Chemistry

In the simples terms, an organic compound is composed primarily of
“*mandphydm,m ‘atoms. Conversely, an inorganic compound is com-
POsed of clements from the rest of the periodic table. You are probably

Differentiate between organ
and inorganic compounds.
1
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fanila with sveralofthe simplet of the organic compund becau
ther use s fuls: methanc (CHL), propanc (CoHa), and butane (Cly
“The name of the compounds information about the nur
carbon stoms i ach compound, 2 shown in Table 7.1. Mo inforr,
tion about how to determine the formulas and sructures of organic .
pounds will be provided in later sections.

“The chemical compounds from the case study ft the definition of
ganic compounds, because the chemical formula of 1.2-ct
CaHyOy. Propanci acd hasthe formula CaHs O3, and 2-methylprop.
dioic ackd ha the formula CHeOy. Other clements such as oxyger,
wogen, phosphorus, and sulfur can be found as minor componc
organic compounds.

Untilthe cary ninctcenth century, organic compounds had o be
latd from living or once lving sources (organisms) such a5 plants
animals, because scentists were unable t0 synthesize organic compons
i the aboratory. Howener, in 1828 Friedrich Wohler was ablc 10 o
cesfully synthesize ures, an onganic compound, in the laborstory. M
e organic chemistry s o longer imited t© compounds found in ning
systems. Organic compounds now include a seemingly endless arsy of
substances rsulting from thediscovery of new natural molecules and from
the synthesis of new molecules n the laboratory.

It might sem that ot 100 many compounds would result from corn
binaions withjust carbon, hydrogen, and a few other clements 1 b
ing ok But o il in i chaptr, he vy of v
mbin thes senentsin rpnie compounds s imost s, ..
14000 s b ided cxch oy e ey of he Cheric
At i, 0 craonaly wed daabuse of chemica o





[image: image4.jpg]72 Alkanes

{agly SpPATED JUSE by casual e

ceutical COMPanNics 0 study slight m, o of 5 etk g
e mxifcion o » sk dg et

0 determine whether the new e e
v e side s thn the oy Vil be more e and
e thows hat gy iy 57 8. The e of Vi

changes how that molcul imeraee Lo f Crbon o
oygen chan lecule interacts with the human body

R

MRS o i s crck.cocsine e s s e 73,05
bk compon (porice the poie charge o o
fon and the ncga  the chlorid ion) whereas crack cocing
2 neutral compound. Because covin i in water, drug asers can
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o disalution and the roe of ntermolecuir fores were et D
temmining whether a sample s cocaine or
kcaton of ke diwives ke The ne 1, crack cocaine readiy
disolvesin the nonpolar hexanc whereas covane, o o s ok natae
does not. Cocaine i casly disolvd by wate thiough dipole son srac
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compounds s the alkanes, an exa
e commonly used in
A mommeacive tha

1 ot ehemial reactiont
et a fue sources and

“The simplese clas of organic
‘of which is hexane (sce top. khlx)
oratory 3 solvents because they
Sohe nonpelar compounds without und
the compounds. Alkanes are also com
his resso ool for
o forensic investigations of arson and wil
et Sl lancs  th compound methanc (CHL),
consists of 2 carbon atom bonded to four hydrogen atoms (scc o
“The nest simplest compound is cthane (C;H)- The alkane clasi
ganic compounds ha chemicalformulas that follow the pateern G,
Vhre 1 the numberof carbon atoms. Exhane consists f o
Stoms bonded together, with cach carbon having three bonds to hyd
‘e atom. Thisinformation i not readily apparcnt by just looking at
Tormula C3Hq. For this reason, strcuural formulas are often wri
D organic compounds. A structural formula shows not only the type
9 iber of ayoms present in 3 molceule but also the way the
arranged with respect to one another. Writng out the structural for
Moo of alkanes is fairly simple if you follow these basic rules:

Rules for Organic Structures
1. Carbon atoms bond together to form a chain.
2. Carbon ahvays has a total of four bonds.

3. Hydrogen has only one bond

The structural formula for ethane (C;Hg) can be determined by
ing these rules:

1. The two carbon atoms must be bonded together: C—C.
2. Bach carbon atom needs three more bonds.
3. There are six hydrogen atoms, th

bonded to each carbon.

Worked Example

Given the rules for organic compounds, what

warefo the compound propane tha contsing thees o
SOLUTION Using the formula, » Cay. Ifd
o stoms ar bonded o, he e e o I

2 basic s m
e

the center carbon has two hyds
n atoms.

Hu

” H-¢_i_
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Wite the formula and draw the structus
which contains four carbon atoms,

ANSWER

re for the compound butane,

As the number of carbon atoms incrcascs, writing the structural for-
mula showing all the bonds can become quite cumbersome. The con-
densed structural formula of a compound shows the atoms in the same
order as the structuaal formula but leaves out the fines representing
bonds. For cxample, the condensed structural formula for butane is
CHCH:CHaCH. The formulas and condensed structural formulas for
the frt en alkane compounds are given in Figure 7.3. As sated caricr,
the names also indicate the number of carbon atoms present: merh-rep.

rescnts L, b represents 2, prop- represents 3, and so on. You should
commit these prefxes to memry.

Methane
Edhane
Propane
Butane
Pentane
Hexne

tigure 7.3 Alkane formulas.

i shown in Figure 7.2 illustrae another
The structures of cocaine in Figure e ;

20




[image: image7.jpg]Ghapter 7: Drug Cheistry
soLuTIoN

ba0s o e
e

Practice 7.2
Write the line sructure for heptanc

AR o TR

Worked Example |3
What i the name and formala fr the following compound?

SoLUTION

Practice 7.3
What i the name and formula for the following compound?.

AN

ANSWER
Octane (CyHis)

A dangerous form of substance abuse is “huffing,” the
vapors of chemical substances, such as the solvent mixtures
commercial products. Huffing can cause serious health pr
asirreversible damage o the heart, kidneys, lung, liver, and.
‘even death. Chronic huffing can also cause personality

from permanent brain damage that will not be resolved, even:
stops abusing inhalants.

“The damage in hufing is caused by toxic organic
asalkanes and compounds called alkenes, as well as alkynes
relted to alkanes. Alkenes and alkyncs, discussed in the next s
created when carbon atoms form multiple bonds to another

Alkenes and Alkynes
Alkenes

“The carbon-<arbon bonds in alkanes are s z
o arom thire one Pairof cecons. Comporncs

F
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ed structual formula, and line sructure seill pply
As the length of the carbon chain increases, e
Ie locations for the double bond, 15 shown
Docs the placement of the double bond within the molecule change the
rure of the compound? If the answer is yes, then the physical proper- o )
s of the three compounds shown in Figures 7.4a, 7.4b, and 7.4c will
fifer. In fact they do: The boiling point of the compounds in Figures 742 thene (Ca
4 74 is ~6.3°C, but that of the compound in Figure 7.4b s 4

rc are different pos-

H H H
mG=6—C—¢—H H-d-coc-dm Hddcmcon
i Bk bk
®

Figure 7.4 Double bond placement in butane.

The compounds shown in Figures 7.4a and 7.4c are, in fact, the san
compound, just flipped end for end. The compound in Figure 7.4b is i
ferent. Two compounds that have the identical chemical formula but dif-
ferent structural formulas ar caled isomers. Distingauishing one isomer
from another requires a systematic method for naming the compounds.

Tsomers play a citical rol in investgating the origin of narcotics and
cxplosives. During the synthesis of organic compounds, it is common for

cry small amounts (sometimes refered to as trace amounis) of isomers
1o be formed. Furthermore, the relative amounts and types of impuriis
sl vary from one prodction iy to another du 10 ight vra
tions in conditions such as temperature, pressure, and the purity of the
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2. Indicate the length of the carbon chan b

Table 7.1: hepr- i
3. Add the -ene ending o the name: hept
4, Place in front of the name the lowest 3
a double bond: 3-heptenc.

lue for the carbon ato

s Apthos to the structures drawn.
b compound n Fgures 742 nd 7.4c is 1-buteney

Worked Example |

Wike the condensed structural formula and the line
2 pentenc

soLuTIoN

1. Recallthat the prefx pens- indicates a five-carbon chain. Start|

drawing the carbon chain and place the double bond after
sccond carbon: C— C= G

2. Apply the rule that all carbon atoms nced four bonds, with
hydrogen atoms making up the remaining atoms:
CHyCH=CHCH,CH,

3. Confirm that the chemical formula follows the G,

ollows the C,Hy,
allenes from he condensed el formul in i 2,
ive carbon atoms and ten v

g s nd ten hydrogen atoms, the f

4. Draw the line struc ’
the doulle bonge - 224 00 $t¢p 1 with 2 double

AN
Practice 7.4
Write the
Foctene.

"
b CHICHICH=CHCHyCHyCHy ot

. 4%





[image: image10.jpg]



