CHAPTER 12. DECODING ORGANIC STRUCTURES: THE FUNCT IONAL GROUPS

Functional Groups: The Key To Understanding Organt Molecules

Since life on this planet is based on compoundkseoélement carbon, the study of these compouatis]
organic chemistry, is an important area of chegigis we have seen in Chapter 10, the ability di@a to form
single or multiple covalent bonds with itself tarfochains of varying length, and even rings of vargize, leads to
great versatility in the size and shape of carlasetd molecules. In this chapter we consider theloarbon
forms with other elements, further expanding thenlmer and types of possible compounds. The number of
compounds formed by carbon is so great that éXeeeds the number of all the compounds formedl theaother
elements. Some of these compounds contain thousbattsms. How are we to begin to understand tirgaohof
complex molecules?

The backbone of any organic compound is its cadbarcture, whether in long chains, branched chains
rings, or some combination of these. In nature arfigw elements other than carbon are found in m@stnic
compounds: oxygen and nitrogen are the most conarinthiese, along with sulfur and phosphorous. Trerse to
be found most commonly in only a few arrangemealsctfunctional groups. When the structure of an organic
compound is drawn, frequently the carbon backb®m&licated only by a structural skeleton, with lsgis for the
carbon atoms left out. Usually hydrogen atoms latiddo carbon atoms are left out, too. Only thenatand
bonds belonging to the functional groups are shiavadetail. Represented in this way, the structdrde organic
compound is simpler and easier to draw. Highlightthe functional groups in this way also helps mis i
understanding how the molecule reacts with othdecutes, because the functional groups are byh&amiost
reactive parts of an organic molecule.

This chapter lists and describes the functioraligs, along with the type of reactivity that isretaderistic
of each one. Then we can use our knowledge ofutiidnal groups to look at the structure of som@roon
organic molecules. What seems at first to be a Bxmmolecule can be easily understood if its stmactis
interpreted in terms of a carbon backbone to warehattached familiar functional groups. Usingséhdecoding
skills, we will be able in later chapters to examnihe structures of the molecules of drugs, foadd, cleaning
products, as well as the molecules of our own Ispdied to understand how these molecules behase bagheir
molecular structures and functional groups. TaBld lists the most common functional groups foundrganic
compounds.



Table 12-1Common functional groups in organic molecules.
R denotes the rest of the molecule; R’ and R”madifferent from R.
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The Halide Group, -X

Perhaps the simplest functional group in orgamiteaules is the halide group: one of the halogemai(F,
Cl, Br, or 1) attached to a carbon in place of ohéhe hydrogens of a hydrocarbon. The halocarbomdow in
polarity, mixing well with nonpolar substances, bot with water. These compounds are not normaiiyd in
nature, but can be synthesized in the laboratoxy,have found wide commercial applications, inclgdises as
solvents, refrigerants, and pesticides. Thoughuliseiany commercial applications, many of th@btatbons have
proven to cause adverse effects to health or thieoement. Carbon tetrachloride, once used commanly
households and dry cleaning plants as a cleanagnsphas been shown to cause cancer. DDT, cefalas a
pesticide, built up in the environment and endaaj¢he survival of birds. The CFC compounds, habmzs
which feature chlorine and fluorine atoms and wmree used as refrigerants, rise to the stratosptieeee they
reduce the ozone which protects the earth froravidtiet rays.

The chlorine compounds of methane are among thplesit organohalides. There are four possible
chlorinated methane derivatives, in which one, tthioge, or all four of the methane hydrogens apiaced by
chlorine atoms. The structures of these compoundisheir names are shown in Fig. 12-1.

Fig. 12-1.Chemical structures of the four chlorine derivasizé methane.
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Large numbers of different chlorofluorocarbons possible, since varying numbers of both chloring farorine

atoms can be present. Three chlorofluorocarbonstaren in Fig.12-2. The chlorofluorocarbons, maoigero
referred to as CFC’s, are chemically unreactiveeundrmal conditions, and for that reason thewtmecpopular
during the 1950’s and 1960's for a variety of ugaduding use as a propellant in aerosol cansaandefrigerant
gas in refrigerators and air conditioners. Notluhe late 1960’s did scientists begin to suspkeat tvhen the
CFC'’s floated into the upper levels of the atmosphtheir reactions with ozone molecules deplebednatural
levels of ozone which screened out harmful UV tamhafrom reaching the earth’s surface. (See Chd@dor

more information about depletion of the ozone lyBr 1978 as a result of the international agrewntee

Montreal Protocol the use of CFC'’s as aerosol fdleoyie was banned, and their use as in refriggvaatbanned in
the United States effective in 1997. Neverthel€$5C's still remaining in the atmosphere will conento exert
their effect for years to come.

Fig. 12-2.Chemical structures of three chlorofluorocarbons.
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The Hydroxyl Group, -OH

Alcohols are an important class of compounds featurindhyiaieoxyl group —OH. Because the hydroxyl
group features a hydrogen atom attached to an oxagem, it gives the capability for hydrogen bogdio a
molecule to which it is attached. Table 12-2 shthvescompounds that result when a hydroxyl grogplistituted
for a hydrogen for each of the first three alkamasthane, ethane, and propane, to form methahalaf and
propanol, as well as some other commonly used @lcoimpounds.

Table 12-2Some Common Alcohols

Alcohol Formula Boiling Point Common name, uses
(degrees Celsius))

Methanol CHOH 64 Wood alcohol; fuel

Ethanol GHsOH 78 Beverage alcohol

Isopropanol CEHCHOHCH; 82 Rubbing alcohol

Ethylene glycol CKHOH,OH 198 Antifreeze

Glycerol (glycerin) CHOHCH,OHCH,OH 290 (decomposition) Moisturizer

When an -OH group is added to the simplest hydborammethane, the alcohol called methanol or metbghol

is formed. Methanol is sometimes called wood altdigzause it can be made by heating wood in adlose
container and collecting the vapors that form. Meth is highly toxic. Drinking it can cause blindeeand death,
and too frequently this does happen when peoplus®rnt with or substitute it for drinking alcohathich is
ethanol. Ethanol, or ethyl alcohol, has the stmectf ethane with an -OH group substituted for ohehe
hydrogens. This alcohol, found in alcoholic beveggs often called grain alcohol because it cambade by
fermenting grains. Actually, any starchy or sugand can be fermented to make alcoholic bevera&geges and
apples when allowed to ferment, for example, cam f@ine and hard cider.
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Formulas like those in Table 12-2 are very limitedepresenting molecules. Pictures of three-agioaal
models give a somewhat clearer picture of the shaftie molecules, but not the way the atoms @ite around
their bonds to form different shapes. For exaniptaakes no difference where the -OH is placedherdiagram of
ethanol because all the positions are equivaldms. fact, which becomes evident when a three-dimeaisnodel
is examined, is not at all clear from a diagrara tke one in Table 12-2. It is not difficult, howevto see from
Table 12-2 that there are two possible isomerdjfierent structures using the same atoms, of ldfehal formed
by adding an -OH group to the three carbon chapragbane. The alcohol group can either be placeahcend
carbon, forming propanol or propyl alcohol, or d@ncbe placed on the middle carbon, forming isopropar
isopropyl alcohol. Most rubbing alcohol sold in phacies is isopropanol, which is not drinkable.

All the alcohols shown in Table 12-2 are miscibith water, because the alcohol molecules and dterw
molecules are mutually attracted by hydrogen banderces. Molecules with larger hydrocarbon groups
(containing six or more carbons) have much lowérbdiby in water, since the nonpolar hydrocarbaml ef the
molecule does not have these attractive forceseril®less, the part of a molecule, even a verg large, that
features an -OH group will exhibit hydrogen bondiagces, and these can be important in interactidrthat
molecule with other molecules.

Antifreeze for auto radiators is the alcohol ethgl glycol, with two alcohol groups and two carbtrms.
Having two alcohol groups means that the hydrogerding forces in ethylene glycol are especiallgrsgr It is
much higher-boiling than the alcohols in Table 12vEh only one -OH group because of these strong
intermolecular forces, so it does not evaporatenvéheadiator heats up the way these other alceovmlgd do.
Glycerine, with three carbon atoms and three -Gdtijgg, has an even higher boiling point, and a ust¢exture.
Mixed with water, it is often used as a componeriiand creams and other cosmetic products. Bycttigeand
holding water molecules with hydrogen bondinggeitjss the skin from drying out.



The Ketone Group, C=0

Like the alcohol group, thHeetone group contains an oxygen. The oxygen of the kegjooep, however, is
double-bonded to a carbon. This carbon must behaitisto two other carbons in the organic mole@detone,
used as a solvent for fingernail polish and othiganics, is one of the more common ketones ardumdhdme
(Fig. 12-2).

Fig. 12-3.Structures of acetone and cyclohexanone.
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Acetone Cyclohexanone

Notice how the structure of the cyclic ketone, algekanone, is represented in Fig. 12-2. In theststrel on the
left, all the atoms in the molecule are indicatgdheir element symbols. In the structure on thktyinone of the
six carbon atoms in the ring is labeled, and ahefhydrogen atoms are omitted from the strudeving. Only
the doubly bonded oxygen of the ketone group isvehd his type of structure drawing is very commonrhore
complex drawings. Understanding the identity of'tiidden™” atoms in a drawing like this is importantecoding
these chemical structure drawings.

e,

The Aldehyde Group, ®

Thealdehydefunctional group is similar to the ketone groughiat each has a carbon double-bonded to an
oxygen; this C=0 pair is often called¢arbonyl group. In the aldehyde group, however, the cattzamipon is also
bonded to a hydrogen. Since carbon forms only dowalent bonds, and the double bond to the oxylentipe
single bond to the hydrogen make three, the aldebydup bonds to only one carbon, unlike the ketpoep,
which appears between two carbons. Structuresyad sommon aldehydes are shown in Fig. 12-4.



Fig. 12-4.Chemical structures of some common aldehydes
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(Oli of bitter almorld) (O]| of Cinnarnon} Formaldehyde

Aldehydes are often associated with pleasant inagsea Benzaldehyde is the artificial fragrance #aebr
associated with maraschino cherries; cinnamaldetwille cinnamon. The simplest compound with anlatde
group is formaldehyde, used as a cadaver presenatd known for its unpleasant odor. Formaldelayste sees
wide use in cosmetic products as a preservativeiratdilding products, for example in plywood ades
Formaldehyde has been linked with cancer, andhar reason insulation products which emit formatdehnto
the home environment have been banned. Tracesnadlftehyde, however, are found in almost all foaasl we
constantly form and use small amounts of formaldefiy our own bodies in normal biochemical processe

R"LH

The carboxylic acid group features both a carbonyl group like the ketone addhyde groups and a
hydroxyl group like the alcohol group. Like thedddol group, the carboxylic acid group gives a maéethe ability
to form hydrogen bonds. The most important propéyvever, that appears when both -OH and =O taehad
to the same carbon, is that the hydrogen atom leanidic because of the combined electronegdiaet ef the
two oxygens, puling away electron density from Huad between the hydrogen and the oxygen to whish
bonded. Carboxylic acids, like other weak acidge gip this weakly attached proton to base molearidsform
agueous solutions of pH lower than 7. Unlike inorgacid molecules, organic acid molecules usuwlye a
number of hydrogen atoms. Only the hydrogen ordhnigoxylic acid group, however, is acidic.

The Carboxylic Acid Group

Organic acid formulas can appear written in séwdifierent ways, which can potentially cause some
confusion in identifying them. Figure 12-5 shows #ftructure of acetic acid, along with several vedysriting the
formula for this compound. In each of the formutaghe figure the acidic hydrogen is identified.eTformal
chemical name for acetic acid is ethanoic acid.



Fig. 12-5: The chemical formula for the common acid acetid @an be written several ways, with the
acidic hydrogen appearing at the beginning or the ef the formula:

HC,H30;
CH3;COOH

CH3COzH

The chemical compound we know as vinegar is aeddotution of acetic acid. Naturally occurring ramrganisms
turn grape juice to wine vinegar and apple juiceider vinegar. Acetic acid can also be made bynaa synthesis
starting with acetylene or ethanol. A few of theagneommon organic acids are shown in Fig. 12-6.

Fig. 12-6:Formulas of some common organic acids.

o (|:H2——COOH
0O I HO—C—COOH
Loy Ore-on |
’—‘C - OH CH,—COOH
Formic acid Benzoic acid Citric acid

Citric acid is another naturally occurring acid;gites citrus fruits their tang. Benzoic acid iedisas a food
preservative. Formic acid is the chemical that malkeant bite sting.
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The Ester Group R OR

When a carboxylic acid reacts with an alcohoksteris formed, along with a molecule of water. Fig-9.2
shows an example of this reaction the reactioreti@acid with ethyl alcohol to make the esteyletbetate. Ester
formation is an example of a dehydration reactioneswater is produced as a product. It is catdiyaethe
addition of sulfuric acid. An interesting exampfetas reaction occurs when the carboxylic acid/bcitacid reacts
with the alcohoh-butanol to form water and the ester butyl butamo@ne of the reactants, butyric acid, has a
notable stench (it is the chemical compound rediplerfer the odors of rancid butter and smelly feathile the
ester which is the reaction product is responddnethe pleasant characteristic odor of the pinkeapputyl
butanoate made by this chemical reaction is thepooamt responsible for the pineapple flavor angrénace of
most pineapple-flavored candies. Fragrance is mctaistic of many esters, as noted in the lisomie common
esters in Fig. 12-8.

Fig. 12-8.Some common esters. Ethyl formate is an artifreiad flavor. Methyl butyrate is in apples,
and ethyl butyrate is in pineapples. Isopentyl @eeis banana oil, used as a solvent and in
flavoring, while benzyl alcohol is oil of jasminesed in perfumes.

] ] 1
H—C—OCH,CH; CH,CH,CH,C—OCH; CH;CH,CH,C—OCH,CH;
Ethyl formate Methyl butyrate Ethyl butyrate
i 1 i ‘
CH;C—0OCH,CH,CHCH; CH3C——0CH2—©
Isopentyl acetate Benzyl acetate

Fig. 12-9.Formation of an ester from a carboxylic acid andadezohol.
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The Ether Group R R

In theether functional group, an oxygen atom is single-bortdetvo of the carbon atoms of the molecule.
Examples of some simple molecules containing theregroup are dimethyl ether @BICH; and diethyl ether
CH;CH,OCH,CHs. Diethyl ether is the original ether used in dmesii to produce unconsciousness. It has been
replaced by methyl propyl ether, also called ndptityich has fewer side effects.

The Amine Group R
The amine group is related to the compound ammditl, which we have already encountered as a

common weak base. One of the hydrogens of the aimmmutecule can be replaced by an organic groumirig

a primary amine like methyl amine, eéH,. If two of the hydrogens of the ammonia molecute r@placed by

organic groups, a secondary amine like dimethyhenfiCH).NH is formed. All three of the ammonia hydrogens

can be replaced by organic groups, forming a tgramine like trimethyl amine, (GhBN. Like ammonia, the

amines are weak bases. Some representative ocgamiounds containing the amine functional grougistesl in
Fig. 12-10.

Fig. 12-10. Some common amines
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| H,N—CH,CH,CH,CH,CH,CH,—NH; = H;N—CH,CH,CH,CH,CH,—NH,
CH; 1.6-Hexanediamine Cadaverine

Caffeirie (an intermediate in the synthesis of nylon) (odor of decaying flesh)

Amines are known for foul odors, as may be notechfsome of the amines listed in Fig. 12-10; thactteof
decaying flesh is largely due to amines. "Fish guelsts smell after three days" because of theulpudd amines.
When lemon juice, tomato sauce, or other acidienadg are added to fish in cooking, the basic esmeact with
the acid, forming nonvolatile salts, hence reduteyfishy" odor.
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The Amide Group R

Just as alcohols can react with carboxylic acidetm esters, primary or secondary amines car vatc
carboxylic acids to form thamide group. For example, dimethyl amine reacts withi@eeid to form the amide
linkage as shown in Fig. 12-11.

Fig. 12-11. Reaction of a carboxylic acid with amree to form an amide.
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The amide linkage is important in the formationpodteins, which form much of our body tissue. Ipratein
molecule the amide linkage is referred to aspéptide linkage. Protein molecules are natural polymetd he
together by peptide linkages, and are discussétapter 13.

Decoding the Structures of Organic Molecules

The concept of the organic functional groups tea which can be used to understand the struetiode
reactivity of even the most complex organic molesuUsing this concept to decode molecular strestisra skill
gained with practice.

For simple molecules containing only a few carleme one or two functional groups, it is relativaiyple
to predict some properties of the molecule by i@mg the functional groups, as we have seeniiliee@xamples
in this chapter. A molecule with an amine group,ekample, is very likely to be foul-smelling. Aster group in
many cases, but not all, may indicate a fragraostance. Alcohols with fewer than six carbons asigewsoluble
because of hydrogen bonding.

For larger molecules, we need to examine botlcdineon "backbone" and the functional groups, and to
compare these with other molecules in attemptingréalict patterns of reactivity. Often chemistsehy make
guesses about how changing a molecule's struciliighange its reactivity. For example, cortisoseipowerful
hormone with a remarkable ability to reduce inflation. Its antiinflammatory properties are valuaiblehe
treatment of serious disorders like rheumatoidriighlupus, leukemia, ulcerative colitis, andnsglant rejection.
Cortisone has serious side effects, however, dués tpotent actions on the immune system and dibdy
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functions. New drugs have been created with chéstieactures slightly different from cortisone in attempt to
produce the therapeutic effects of cortisone wittlo@ unwanted side effects. Many of these new coimgis have
been very successful. Hydrocortisone, for exanmale,proven to be so safe and effective that dvus available in
low dosages as a non-prescription cream for tiggatiiammation due to insect bites and skin rashes.

Fig. 12-12:The chemical structures of cortisone and hydrosorte

Cortisone Hydrocortisone

Comparing the structures of cortisone and hydtsoome (Fig. 12-12) shows how new drugs can be
created by making changes in the molecule of a krehemical compound. The two molecules are alikegbdor
one functional group, which is a ketone in cortesaand an alcohol group in hydrocortisone; canfyolit on the
structure? The carbon backbone of four rings joingéther is common to a number of substances aenouéd in
the body with important biochemical functions. The®mpounds, callesteroids will be discussed at greater
length in later chapters. Examining these two muddsccarefully can provide us with useful practicelecoding
structural diagrams of organic molecules.
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Problem example 12-1How many carbon atoms are in the cortisone ma@cul

CI.”HQOH

C=0
H3C

As frequently happens in structural diagrams ajdamolecules, the carbon atoms in Fig. 12-12 epeesented
only by positions on the rings of the moleculefsigtire. This structural drawing is made easienterpret by
numbering these carbon positions. This numberidgras standard for steroid molecules, and is atdrelp to
those chemists whose work involves synthesizing disclissing steroid molecules. Although only foarbon
atoms appear as the element symbol in positiongbigh 21, adding to these the other carbonsanlih
numbered positions on the steroid rings givesal td21 carbon atoms in cortisone.

Fig. 12-13Numbered positions on the steroid ring.
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Problem example 21-2How many hydrogen atoms are in the cortisone mta@c

?HQOH

C=0
H3C

Again, though only eight hydrogen atoms are showrthe structural diagram, there are actually many
more hydrogen atoms in the molecule. Only the hlyeine on the alcohol functional groups and the two
methyl groups that project from the rings are Wgulibwn in. (The dotted lines to one of the aldoho
groups are there to indicate that that group istipgi away from the viewer in the three-dimensional
molecule.) Each of the carbon atoms in the moldoutas four covalent bonds. Hence, you can figure o
how many “invisible” hydrogens there must be. Tamber of hydrogen atoms on each carbon atom can be
deduced by subtracting from four the number of bdadned from the carbon atom to other atoms. €o th
newcomer to organic chemistry this may seem to fogsdifying process, identifying carbon and hydroge
atoms, all of which appear to be invisible on ttvectural diagram. In practice, however, the predass
quite simple. Carbon numbey fbr example, is bonded to two other carbon at@arfon 2 and carbon 18.
Since carbon forms a total of four bonds, carbombar 1 must be bonded to two hydrogen atoms.
Carbons number 2, 6, 7, 15, 16, andat@ bonded to two hydrogen atoms also. Carbon euhis
bonded to two carbon atoms. Its double bond tcoygen atoms counts as two bonds. The structural
diagram, then shows a total of four bonds to thmban, two to carbons and two to oxygen. Sinceotarb
can form only four bonds, there must be no hydroggems bonded to this carbon. Similarly, carbon
number 11 and carbon number &@ not bonded to any hydrogen atoms. Carbon nufribdbonded to
two other carbon atoms; one of these bonds ig&eswnd, and one is a double bond. The total nuotbe
bonds formed with other carbon atoms by carbon eurlis three; it must be bonded to one hydrogen as
well. Carbon number % bonded to three other carbon atoms; two oktlaes single bonds, and one, a
double bond. The total number of bonds formed teerotarbon atoms is four, and so carbon 5 is not
bonded to any hydrogen atoms. The carbon atomsemethii0 and 18ach form single bonds to four
other carbon atoms, so they bond to no hydrogesdo@s numbered 8, 9, and 4% each bonded to
three other carbon atoms; one hydrogen is attaoheach of them. Carbon numberid @ttached to three
carbon atoms and one oxygen, so it has no hydrogjeadotal number of hydrogen atoms in the modecul
is 28.
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Problem example 12-3identify the functional groups on the cortisondeutole.

CI.”HQOH

C=0
H3C

Cortisone has three ketone groups, recognizalik=@s or simply as =O attached to the “invisibletbza on the
ring. Can you find them? There are two alcohohyairoxyl, groups, -OH. One of them is attachedhto t
5-carbon ring structure, and the other is two aaslaavay.

Problem example 12-4identify the functional groups on the hydrocontisamolecule.

;CH20H
c=0

Hydrocortisone has two ketone groups; can youtfiedn? One is on the ring and therefore the carbes dot
appear, but you can see the =O. There are thi@soglor hydroxyl, groups —OH. Can you find thei® al
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Problem example 12-5How many carbon atoms are in the caffeine mageuth the structure shown below:

O ?HA
o e
\ N
o
|
CH,
Caffeine

Each position on the two rings not occupied byt@gen atom is occupied by a carbon atom. Five ring
carbons plus the three carbons on the methyl gradgbsip to a total of eight carbon atoms.

Problem example 12-6How many hydrogen atoms are in the caffeine nugéc

Each carbon forms four covalent bonds, so onlyadrtée ring carbons is attached to a hydrogen atom.
(Which one?) This carbon atom, added to the nifgoceatoms on the methyl groups, add up to a
total of ten.

Problem example 12-7What functional groups are present in the cadfenolecule?
i i
R R_F{
This molecule features two amide grc |, #  and two amine grouy F . Each of these functional
groups is incorporated into the ring structurehefrnolecule.
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Using Decoding Skills To Understand Molecular Struires of Important Organic Molecules

Interpreting structural diagrams, as demonstratatie problem examples above, is a valuable ol f
understanding complex molecules that have a poledféict on the functioning of our own bodies. @Gahe and
hydrocortisone molecules, we have seen, are veitaisin their overall structure, determined by tagbon-carbon
bonds within the molecule. Thateroid structure of four rings fused together appearmagahe problem set for
this chapter in the molecules testosterone andeptegpne, which function in the body as male anshffe sex
hormones, respectively. Again in these compoundsesademonstrated both the potent effects a stexetule
can have upon the body, and the great differerat@@age in just one functional group can have omiblecule's
effect on the body.

The structures of the addictive drugs cocaine aatime are given in the problem set as well; thirsgys exert a
powerful effect on the central nervous system eflibdy. You may notice some similarities in thectures and
functionalities of these two molecules. Noticeoalthat ring structures of these molecules are veaglily
distinguishable from the steroid molecule strucure

Using Functional Groups To Understand the Solubily Properties of Organic Molecules

Whether an organic molecule is soluble in aquéaater) or nonaqueous solutions is a very important
characteristic. For example, if a water-solublanain is consumed in greater quantities than thg bodsumes, the
excess is excreted in the aqueous urine solutidsolDble vitamins, in contrast, are stored in Yodat, and can
even build up to toxic levels if too great an esassonsumed.

Since water molecules are attracted to one andthehe strong attractive forces of hydrogen bonds
(Chapter 7), in order for a substance to dissoiweater to an appreciable degree, it must exerhgtattractive
forces on water molecules. Hydrocarbons are nonpadéecules, so, if organic molecules are to digsiol water,
the functional groups must have attractive int@astwith water molecules.

Alcohol and carboxylic acid functional groups feat hydrogen atoms bonded to oxygen atoms, so they
exhibit hydrogen bonding, and enhance a molecdability in water. Amine and amide groups, asighe Table
12-1, may vary in the number of carbon atoms aghd¢h the nitrogen group; some amines and amidésréea
hydrogen attached to a nitrogen atom, and theséidaal groups will exhibit hydrogen bonding witlater. As we
have seen with the alcohol functional group, it inayaken as a general rule that one hydrogen+ipfhdhctional
group can result in aqueous solubility of a hydrbon chain of up to six carbons.

A positive or negative charge on an organic mddecesults in a strong attractive force toward wate
molecules, much like that exerted by the ions t dke sodium chloride. Carboxylic acids can progl charged
organic salts by reacting with bases, and, singeesrare basic compounds, they can produce saksbing with
bases.

Even in the absence of hydrogen bonding or pesitivnegative charges, it is possible for a palgamic
molecule to exhibit some solubility in aqueous sotu In the caffeine molecule, for example (Probexample 12-
5), the two electronegative oxygen atoms on thborgt (C=0) groups and the four electronegativeogén
atoms in the rings result in a molecule of suffitigolarity that this eight-carbon molecule hasrapipble solubility
in water.
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Problem example 12-8Would you expect the cortisone molecule to beeggioly water-soluble?

?HQOH

C=0
H3C

Identifying the two hydroxyl (or alcohol) functiahgroups, we expect hydrogen bonding interactiatis
water on this end of the molecule. However, sineenawe determined that this molecule has 21 cataons, two
hydogen-bonding functional groups are insufficiemtresult in appreciable water solubility of thesde water

molecule, one hydrogen bonding group would be reddor each six carbons..
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CONCEPTS TO UNDERSTAND FROM CHAPTER 12

Reactive groups of atoms called functional grotgasur repeatedly in organic compounds. Undersignttie
chemistry of the functional groups is importantierstanding the chemistry of organic molecules.

Organic compounds: acid, base, or neutral ?

A carboxylic acid group makes the compound anid (produces Hin aqueous solution); if this is the only
functional group in the compound that affects giéntthe pH will be lower than 7 in aqueous solgioh
this compound.

An amine group makes the compoundbase (produces OHin aqueous solution); if this is the only funcibn
group which affects pH, then the pH will be gredtem 7 in aqueous solution.

These are the only functional groups we have studied that affect pH.
(Exception: if an -OH group (hydroxyl) is attach®da benzene ring, it is called a phenol and hascalic
hydrogen.)

Solubility of organic compounds

In order for compounds to mix together, they mestatiracted to one another. Polar compounds (thike
a positive and a negative end) are attracted tcaoather because of the electrostatic attractibwesn a +
and a - charge.

Hydrocarbons are nonpolar compounds because C &adéisimilar electronegativities. They will mixtiwvi
other nonpolar compounds, because of very weakcaite forces like dispersion forces. But they wik be
able to attract polar compounds like water, and@eme not water soluble.

Water molecules are attracted to one another bypagsattractive force, hydrogen bonding. Thedebsi
more attracted to one another than to a nonpoléaule, but they will be attracted to charged ionso
other polar molecules, particularly those that foam hydrogen bonds. Organic compounds that can mi
with water usually have functional groups that bithhydrogen bonding. These functional groups @n b
recognized because they feature hydrogen atomsetddondoxygen, nitrogen, or fluorinEach functional
group which hydrogen bonds will be able to make an organic compound soluble in water with a
hydrocarbon chain up to 6 carbonslong. Bigger organic molecules would need more H-borfdadtional
groups to make them water soluble.

A simple rule: “like attracts like” or nonpolar counds like hydrocarbons mix together, while hyeémg
bonded compounds will also mix with each other amt other polar molecules.

So... will an organic compound be water soluble?Chiek functional groups: can they form hydrogen
bonds? (H bonded to O,N or F?) Is there at leastfonctional group that can hydrogen bond for egery
carbons? Then it will dissolve in water!
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FACTS TO LEARN FROM CHAPTER 12

It is useful to know the structures of the commanrcfional groups listed in Table 12-1.

DECODING SKILLS TO LEARN FROM CHAPTER 12

After finishing this chapter you should be abled&termine from the structural diagram of a commeganic
molecule the number of carbons, the number of lghrs, and the functional groups.

By examining the functional groups and the numldecanbons in the molecule, you should be able talipt
whether or not an organic compound will be solubigater.

By examining the functional groups you should de &b find if there is an acidic group (carboxgicid) or basic
group (amine).
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Name CHAPTER 12 PROBLEMS Date

12-1. The chemical structure below is that of \lanlhe compound responsible for the flavor aradjfance of
vanilla. The circle inside a hexagon representstieture of a benzene ring. You can draw inraditsng double
and single bonds in the ring to help count the rerrabbonds to each carbon correctly.

i
C—

HO H

CH,0

a. Identify all functional groups in this molecblgcircling and labeling each one.

b. Can you “see” all the carbons? Sketch a @prof all the “invisible” carbon positions on theg. How
many carbons are in this molecule?

c. How many hydrogens are in the vanilin mole2ul® determine the number of hydrogens, remember

that each carbon can form four bonds, then draal the “invisible” hydrogens with their bonds tach carbon.

12-2. The chemical structure below is that of aspir

O
g

o
O— C—CH,

a. Circle and label all functional groups in thislecule.
b. How many carbons are in the aspirin molecul&?ch them in on top of their positions.

¢. How many hydrogens are in the aspirin molecBlef2ch them in with their bonds to carbon.

12-3. The chemical structure below is that of rmeot
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a. Circle and label all functional groups in timslecule.
b. How many carbons are in the nicotine molecBlestch them in.

¢. How many hydrogens are in the nicotine moléc8lketch them in, with their bonds to carbon.

12-4. The chemical structure below is that of mmegah

T
C—OCH;
O
I
O

a. Circle and label all functional groups in thislecule.
b. How many carbons are in the morphine molecske®ch them in.
¢. How many hydrogens are in the morphine mol@cBleetch them in with their bonds to carbon.

d. Name some similarities between the morphinenaadine structures.
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12-5. The chemical structure below is that of t&st@ne, a male hormone.

a. Identify all functional groups in this molecule
b. How many carbons are in the testosterone me®&8ketch them onto their ring positions with a C.
c. How many hydrogens are in the testosteronecuiel® Sketch them in, attached with bonds to the

appropriate carbons.

12-6. The chemical structure below is that of pstg/®ne, a female hormone.

a. Circle and label all functional groups in thislecule.
b. How many carbons are in the progesterone nmefe8ketch them in.
¢. How many hydrogens are in the progesteronecuiel Sketch them in with their bonds to C..

d. How is the progesterone structure similar &téstosterone structure? How do they differ?



12-7. Fill in the following table of organic compuis with two carbon atoms.

Name Structure Commercial Use

Ethane

Ethanol

Acetic acid (ethanoic acid)

12-8. Match the following chemical compounds witkit commercial uses.

CH;OGH; a. Cosmetic component
CH;COOH b. Anesthetic
CH;,CH,OH c. Refrigerant
CH,OHCH,OH d. Beverage component
CH,OHCHOHCHOH e. Antifreeze

CFC} f. Vinegar
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12-9. Which of the following compounds would yogect to be soluble in water? Circle them.
a. CHOH
b. CHCI
c. CHNH,
d. CHHCOOH
e. CFd
f. CH;CH,OH
g. GH3sCOOH

12-10. Predict whether aqueous solutions of thevielg substances will have a pH equal to 7, graatn 7, or
less than 7.

a. GHsCOOH

b. GHsOH

c. GHsNH,

d. Aspirin

e. CHCOCH,
12-12. Judging from the structures of vitamin A amdmin C below, is vitamin A soluble in watervitamin C
soluble in water? Explain your reasoning. If a valgle was cut into pieces and cooked in a largetiyaf water,

what would be the effect on the content of eachasde vitamins in the food?

Vitamin A Vitamin C
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1. Wood alcohol
. Grain alcohol
. Phenol

. Methyl chloride

2

3

4

5. Carbon tetrachloride
6. Acetic acid

7. Benzoic acid

8. Ethyl acetate

9. Ethyl ether

10. Ethyl amine

11. Benzaldehyde

12-13. Match each compound with the appropriatenicad formula.

A. ¢1s0H
B. £i:COCH;

C. #H2:0CHs5
D,idsNH-»
E. #sCOH

F. GOH
G. Ciel
H. &1:0H
l.s8sCOH
O
J. GHsCH
O
K. GHsCOH
O

27



