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PREFACE 

This self-instructional program is designed to help you understand the 
rules used by chemists to name and represent structurally the compounds 
dealt with in organic chemistry. My goal in writing this program is to 
help you to learn to derive the names of organic compounds from their 
formulas and to write their structural formulas from the names. At the 
same time you will begin to learn that certain structures and words 
identify compounds that are related to each other and therefore have 
similar chemical reactivity. Where space permits, some odd or unusual 
compounds are described for their interest or entertainment value. 

You should be able to work through this program without difficulty 
if you are familiar with the use of atomic symbols and their combination 
to show the formulas of inorganic compounds such as NaCl, Mg (NOs) 2, 
and HeSOx,. It will be useful if you know something about covalent bonds. 
Very little descriptive chemistry is included in the program, and no prior 
knowledge of organic chemistry is assumed. 

Success in the study of organic chemistry demands an understanding 
of the rules that govern organic nomenclature. If you read the program 
diligently and practice using the principles of nomenclature with com- 
pounds you encounter in your daily work, you will gain the satisfaction 
of an increasing knowledge and familiarity with the language of organic 
chemistry. 

James E. Banks 

Lt. Colonel, USAF 

United States Air Force Academy 

ili 





INSTRUCTIONS FOR 
USING THE PROGRAM 

This is a programed book. Its somewhat unconventional format is 
designed to help you use the book as an aid for self-instruction. At the 
bottom of page 1, where a question is presented, select the answer which 
you think is correct. Then turn to the following page to confirm your 
choice or find out why it was wrong. Continue working through the 
book in this manner. 

In some sections, several problems are presented on a single page. 
The answer to each problem is printed immediately below the question. 
On these pages, you will find it helpful to use the cardboard mask 
provided in the book. As you read the review pages, cover the printed 
answers with the mask to prevent seeing them before you have solved 
the problems for yourself. 

Throughout the program, new or difficult words are followed at their 
first appearance by guides to pronunciation. Here are the sound values 
for these pronouncing guides: 

ale éve ice old use 

senate évent Obey unite 
am énd ill odd up 
care Orb frn 

arm makér food 

sofa foot 

Good luck! 
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1 
Classification of Organic 
Compounds 

The function of a chemical name is similar to the function of a 
personal name. It provides the chemist with a word or set of words that 
is unique to the substance. The name of a compound conveys at least its 
empirical formula and also, if possible, its main structural features. 

1.1 HYDROCARBONS 

Compounds that contain only carbon and hydrogen are known as 
hydrocarbons. They are the basic substances of organic chemistry. There 
are literally millions of hydrocarbons and their derivatives. Although 
most organic compounds contain elements besides carbon and hydrogen, 
these derivatives are all related to the hydrocarbons. 

Sometimes a given molecular formula may represent more than one 
compound. Such compounds are called isomers (i’ sO mérz). Although 
they share the same molecular formula, isomers are distinctly different 
compounds. They have specific chemical and physical properties which 
distinguish them from one another. For example, there are 35 isomers with 
the molecular formula CoH. One chemist who is also a mathematician 

calculates that there could be 4,111,846,763 isomers with the formula CgoHee. 

As we will see in the next few pages, isomers sometimes differ in the 
way the atoms are bound to one another. By assigning a unique name 
to each compound, the chemist can avoid having to specify the properties 
of the particular compound he has in mind. 

In the formulas below, which pair represents two hydrocarbon isomers? 
(Check your answer on the following page.) 

Ay AWAANAVANACGAVNNOUNTAUUACUOVAAVANTUCUUTE CUTAN TOCA E ETAT TATTOO 

C2H.O O.H;0H 

BD AVANNNNAAVNUNNGANONOUNOUUONUOOOUDNUOCONGOUAUOOOUCQOUEUNVOCOOUOOVOUOCVOOOOOOODOUUEUOEGEO ETON OOUODOUUOOVAOTOEOTOO OT EOOOVAOTOED EGO E TATE 

CyHio CyH¢ 

© anv vs vcs vsa veges ea vsv eevee NANA TAVTAUAGUAUUAUAUEAUEAOGUOUEOUOUEOUEOOOOOOUEOUOOEODOQEUEOUEOTOUOOUNGEOOOOOOCOOOUEOEOEOUGOEOOUOEOAOEOEAUEOUNAE 

CsHie CsHi2 
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A Mi 

You are wrong. Your answer is that CgHsO and C2.H;OH represent 
two hydrocarbons that are isomers. They are indeed isomers, because 
they do have the same molecular formula. However, they do not fulfill 
the other condition: they are not hydrocarbons. Hydrocarbons are organic 
compounds which contain only carbon and hydrogen. Go back and choose 
another answer. 

You are incorrect. Your answer is that C4Hy and CyHg represent two 
hydrocarbons that are isomers. Since each formula contains only carbon 
and hydrogen, they are both hydrocarbons. They are not isomers, however, 
because isomers are compounds which have the same molecular formula. 
For instance, CgHgO and CsHsOH are isomers. Go back and select another 
pair of formulas. 

C UVUCUOVOCUODOOUACOTECOVECOOOATOCUATOCOOTUC ODAC OCUOTUEAOVETOCUEEOAATUEOTOODOCOUOEDOTOUOUOOOOCOUOOEOUGOOOUOUGNOOUENOOUOOOOOUOCONOOOOUOENOOUOUOEY 

You are correct. Since they contain only hydrogen and carbon, and 
since they have identical molecular formulas, CsHi2 and CsHie represent 
two hydrocarbons that are isomers. Go on to page 3. 
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Molecular formulas obviously do not provide enough information to 
_ distinguish between isomers. Structural formulas do provide this informa- 

tion. They indicate the order in which the atoms are bound to one 
another. A dash is used to represent a covalent bond or shared pair of 
electrons. For example, here is a structural formula for one isomer with 
the formula CsHs: 

The drawing beside the formula shows one kind of model of the same 
molecule. 

You may find it difficult to see that the model and the formula 
represent the same molecule. The trouble is caused by the fact that the 
structural formula attempts to show a three-dimensional object on a two- 
dimensional piece of paper. There are bound to be some distortions. Even 
the simplest hydrocarbon, methane, CH, cannot be accurately shown 
because the four covalent bonds on the carbon atom form a tetrahedral 
shape rather than lying in a plane. Below are three different models, all 
of which represent CH4. 

i 
if nN 

vf Me 

jf : ‘\ eS 
y Cry 

ee Ne 
Hee \ 1 

Goce ert 

You can make a model of a tetrahedron by following the directions 
given in Figure 1, on page 5. The vertices of the tetrahedron coincide 
with the bonds on a carbon atom. For convenience, chemists usually write 
structural formulas with the bonds at right angles. The structural formula 

H 

for methane is written H—C—H. Consider this structural formula: 

Hy A WH 

oo oe 
Pe kd ened 
Are all the the atoms in the same plane? That is, does it represent 

a “flat” molecule? 

H 

A WAAVAVAUAANAAUAGAUNOUAANOAUEAUAOUOUOGUOONOUOUCAUOUEOUOCOCOTOOEOCOCAUOOUCOCOUOOEOUOUAOEOOOUOOOAUOOOUEOEOOOUOVOUOUOUOOOOUOUUOUOOUOOOO COOOL 

Yes 

B VOUUUUOOOUOOUOUOTDOE WOU DORTEEUCGDOROOOTDERO DUOC TEOOVOQEQOTTOOOOTODDEC OOO ETEONEOOTDOOOVEQOOOE OO TETUTED EGU OUTTUED OA DOCERO TUDOR OU UUTEEOUOOT 

No 
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A UUUUAVAUOUUOVAUOUEGUOCOCOOEUOOUNANOOOUOUOLOOUAVOOEAUAUAUOVOUOUUUEOUOCUTOUOVOOUOOOUOUOOEOUOTOUOUOOUOUCUOOUOUOUOUOUOUOTOUOGEOOUAEOOOUOUOUOOEONONOUONOEOOUT 

You are not correct. Always bear in mind that real molecules are 
three-dimensional. Moreover, the four covalent bonds that can be formed 
by a carbon atom are directed toward the vertices of a tetrahedron, as 
shown: 

In order to write formulas on paper, bonds are usually drawn as if they 
were at right angles to each other. Remember that the important feature 
of structural formulas is that they show the order in which atoms are 
bound to one another. Continue and read answer B below. 

You are correct. Writing its formula on a flat piece of paper does not 
make a molecule flat. If you compare carefully the structural formula 
and the model for C3Hg 

you will see that carbon and hydrogen atoms are bound in the same 
order in both. That is all a structural formula can show; it cannot depict 
spatial relationships accurately. Go on to page 7. 
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Fold under and glue 

Figure 1. Model of a tetrahedron. If the center of the tetrahedron is taken to 

represent the nucleus of a carbon atom, the vertices will show the orientation of 

the four covalent bonds of the atom. 

To assemble the model, cut out along solid lines around the edges. Fold the other 
solid lines over a ruler. Glue faces together with the aid of the three glue flaps. 
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The compound with the molecular formula CH3Cl, represented by 
this model 

may have its structural formula written in many ways. Here area few of 
them: 

Cl H H H YB Cl 

| | | | Pen Aes 
Gri Gl-G-H sO) H-C-H a4 Coy 

H H H Cl iv re 

Structural formulas cannot give information about the orientation of 
the molecules in space. Any structural formula that shows three hydrogen 
atoms and one chlorine atom bound to a carbon atom is a satisfactory 
formula for this compound. 

Which of these pairs of structural formulas represents the same 
molecule? 

Ay vavssneevnnnnsaeageegeeaUeaesgeeUUeAUeGUOUNOOEAGEAUETOUAUEOUEAUCOUEAOUOUUAUEOUEOUEAUOOOOOEOUUAOOOEOONOUOUEOUEOEOOOOEOOAOUEOUEOOUOUOOEOUEOUUOUE 

Hee Ee Clit 

H-C-C-C-H HG ean 
HoH Gl HW OH 

Bsns es nndesuneaueaueesneaUeadeeeesueedggeeeUtOUCOUCOUCAUNATANEOGONAUOAOEOOUOOUNODOOOEOOUOOUCGEOOOEOOUEOUCOOOQOUUOQEOQOOGUCUOOUNOGEOUqOUUNE 

Er H H 

H-O-O-H H—G—C-Cl 
Hdl HOH 

© nvvvevavevsvueessnvgvnnesssuevsuoeesdvesseeadeeggseessUNeAUUUAAUANUAGUECAGONNOUOUOGUUEOUOUOOUOUOGUEOOUOEOOUONUOUUEUOOUGOOUOUOOUUOOUOUOUEONL 

Hel HH Br 

ecu con H-C—G-G-H 
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Aviv intimates 

You are wrong. The structural formulas 

ne oe 
ea Fo ee 

He Cl gee Ey 

do not represent the same molecule. If you look at them closely, you can 
see that there is a chain of three carbon atoms in each formula. It could 
be written as —C—C—C—. In the first formula the chlorine atom is 
bound to one of the end carbon atoms. The chlorine atom in the second 
formula is bound to the carbon in the middle of the chain. Since not all 
the atoms are bound in exactly the same order, the formulas represent 
two different substances, or molecules. You should recognize, however, 
that they are isomers. Turn back and choose another answer. 

Correct. These two formulas represent exactly the same molecule. 
Since all the covalent bonds formed by the carbon atom are chemically 
identical, it makes no difference how they are oriented when the structural 
formula is written. Continue to page 9. 

C TUNTVOUTUAUTUETTOOTDOUTOCTTACTTE UTED TTT 

You are incorrect. Look at the formulas carefully again. You will 
find that they do not even represent isomers. The molecular formula of 
one is CgH;Cl and the other is C2HsBr. Choose another answer. 



° 

Atoms joined by a single pair of electrons in a covalent bond can 
rotate about the axis of the bond (i., the line joining the two atoms). 
Although this property has some importance in the reactivity of some 
compounds, it does not affect structural formulas. You already know that 
the formula does not show the spatial orientation of the molecule oy of 
the atoms within the molecule. For example, these drawings show the 
same molecule, CsHie 

Molecules do not change their structure as they move about in space 
or change their shape. Although it is customary to write structural formulas 
as straight as possible, bends and crooks in them have no more meaning 
than bends and crooks in the molecule itself. These three structural 
formulas all represent the same molecule: 

a 

H=G—H 

HH H H | 

SSI | | 
G C=—H Seer 

HHH OH H | | 2 
Saar heeant aden a vassiae H—C—H Shue ae 

H H H H H H H H ieee Ed 

The atoms in all three are connected to one another in the same 
order. 

Choose the pair of structural formulas that represents two different 
compounds rather than the same molecule in different orientations. 

YOUU TEEULILULILIEULULIEEPLPU PPP ULE PCLDY 

H 

H-O-H 
H-O-H 

Ee Eee SEL H 

H-C-C-G-G-H H-O-G-H 
Hunn HOH 

BD AMNNNANAUNAUAUNAUEQUOOUOUNOUAUEOOOUOOOOUOUNOUOOEOOOOOOUOGOOUOOUOOOOOUOUEOEOOEOQOOUEOUOODEOUEOUOOUOOUUOUEQUOOUOOUNUOOOUOUOOEOUEOUOOUOUOUEOUUOUNNI 

H.-H H 

H-G—G—G-H H-C-H 

H 4 H H 

HS Ci H-¢—C—O-H 

H HoH 
© wvvanvveevvev ecg eadeeaeegesAUAMONAAUNAAUOOAEAOOUOAGUEOUOOOUOOUUOUOOUEOOUOOUOAOREGUEOOUOGNOOONOUOOGUNOOUOUEOOOQUOUONOUNOEOOEOONOUCOUEOUUOGNNEL! 

HH Hy tat 

H—-G—G-G-H H-C-C-G-H 
HOH Hl 4H 

HC — HCE 
| | 
H H 
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A VUVAUUOUOOUNUAOUAURCOECUCUOEOODUCEOGOGUOUEDOOOEVAUOOUEUOTUUAEOODOTOOCUOUOUETOOUOOTECEVOCUOUOOUOCOUECOOOCHOOOCOCOOCOUOOUREOCUOVOOOOUOCOOCOEOUOOOOOOGD 

You are incorrect. The two structural formulas you chose do represent 
the same compound. The only difference between them is that the chain 
of carbon atoms in the second is bent near one end Remember that 
molecules can change their shapes without changes in structure. Since 
the structural formula specifies structure but not shape, it can be written 
in different orientations without a change in structure. Turn back and 
choose another answer. 

Wrong. These two structural formulas are identical. The only 
difference between them is that the second has been rotated 180° around 
the axis of the chain of carbon atoms. This is just a difference in 
Orientation, not a difference in structure. Remember, structural formulas 
do not give information on spatial orientation. They represent structure 
only. Turn back and choose another answer. 

C FUUUTUCVANUACUVOODECTEGTOOETECTAOTAA CE CTEC TU UTU ATOPY 

You are right. These two structural formulas represent different 
compounds. In the first, four carbon atoms are attached to one another 
in a continuous chain. In the second, the continuous chain has only three 
carbon atoms with the fourth attached to the middle carbon atom in the 
chain. This is a structural difference, not just a difference in orientation. 
Note also that the dashes which indicate covalent bonds may be shown 
with whatever length is needed to fit all the atomic symbols. Go on to 
page 11. 
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Summary 

1. Structural formulas are used to show the order in which the atoms 
of an organic compound are bound to each other. 

2. Structural formulas do not show the actual shape of organic 
molecules because formulas are two-dimensional representations of three- 
dimensional objects. 

3. Molecules are in constant motion. Structural formulas, therefore, 

do not give information about the spatial orientation of the molecules 
they represent. 

4. Rotation of atoms around the axis of the covalent bond which 
joins them allows molecules to assume different shapes without changing 
their structure. Structural formulas, too, may take different shapes without 
reflecting different structures. 

Careful attention to these points will enable you to compare structural 
formulas and recognize true structural differences as opposed to different 
ways of writting the same formula. 

On the next page are several pairs of formulas. Decide whether they 
represent the same or different molecules. The correct answers are just 
below the formulas. Use the special mask to cover the printed answers 
until you have decided on your own response. 
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Do the pairs of structural formulas given below represent the same 
or different molecules? 

: ce ce 
H-G=C=C=E! hee Re 

ee ela ed Ace CE 

Z H H oH - H H H H 

Be a 

H H H H Clu uo 

Different. The chlorine atoms are bound to different carbon atoms in 
the chain. (Note: the two are isomers.) 

oy FE td Eo it H 

SS ee 
- Licht 

HoaGaor 

: 
Same. Bends and crooks do not indicate different structures. 

f a ei 
Cl ¢-c-_1 H-¢—C—G-Cl 

Hu H A OH 

Same. Molecules are in constant motion through space. These two 
formulas can be superimposed if one is rotated 180° on a vertical line 
through the middle carbon atom. 

5. eed eee el Ties 

ee ee eee 
ak es 

Bo Cor 

: 
Different. The first formula shows a continuous chain of four carbon 

atoms while the second has a continuous chain of only three with the 
fourth carbon atom attached to the middle one. 

Review any question that you missed to be sure you understand the 
correct answer. Then go on to page 13. 
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In the early days of organic chemistry, compounds were given names 
related to their natural source. For-instance, acetic acid derives its name 

from the Latin word for vinegar, acetum. As soon as compounds began 
to be synthesized from materials other than natural products, the problem 
of naming them became acute. Chemists soon recognized that some sort of 
system was needed. One system was adopted at an international congress 
of chemists held in Geneva in 1892. Although it has been modified and 
extended since then, it is still in use under the name “Geneva system.” 
Today, rules for naming organic compounds are established by the 
International Union of Pure and Applied Chemistry (IUPAC). These rules 
are followed throughout the world. In this program the IUPAC rules will 
be emphasized. In certain instances where the custom of American 
chemists differs from these rules, the usage of Chemical Abstracts will be 
followed. Many of the non-systematic names that are accepted by the 
IUPAC rules and used by Chemical Abstracts will be mentioned. 

The first step in classifying organic compounds is to separate them 
into two main divisions, open-chain or aliphatic (al' i fat’ ik) compounds 
and cyclic (si klik) compounds. The word aliphatic is derived from the 
Greek word for fat; fatty acids are aliphatic compounds (See section 3.4). 
The division is shown by this diagram 

Organic. Compounds 

Aliphatic—— os Cyelic 

avi ge 
HCC] GSH HG Ce 

ila Sea 
ere C 

ox 
Paper 

Notice that there is a closed ring, or cycle, of carbon atoms joined to 
one another in the cyclic compound, whereas the aliphatic compound 
has none. 

Which of these structural formulas represents an aliphatic hydrocarbon? 

AL WANNA HAA TAA TTA TAA NAA TAA EATEN EAA 

fapteal it 
Se ars 

H H 

BB viv 000000 000000 00UANTAUEAANUAUUAUUAUOOAUNAUOOUOOOOOUUOUOAUOOUEOUEOOUUOUEOUEOUENOOUOUUEOROOOOUOOUEOUEOUOUEOUEOGUOOUEGUOOOUEOOUOOCOUEGOOOUNT 

7. 
Herne 

Elemis 

© va gss 000000 eeAAA TAN TEAA HEAD UAAUAA EAU UEAUUEEATAAOTEAOEEAEREATAOOTA OOOO AUOOOUTGADUOEOOUOGOOUEOOOUOOOOGOUGOOOUOOGOEAAONOGUOEOUUNA 

H H 

- 
H Gees CH 

eee | 
Cc 
aa 

H Cass 
a as 
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AciuvvvvvnnuvevesncuucenegaasuoueveneeeseauUUeeeeeeeAOGOUUUTNEAAQQOUONOEAOGGOUUEENOOQUUUUEOOOQGOUUUONOOQQUUUOOOQUUEOUOQUUUEOOOOUUOEOOOGOUUOOOOOOQOUUUEOOONUE 

You are not correct. The compound represented by the structural 
formula 

HMOlrEH 
Dae Ms i 

Cara. tana a 

H H 

is indeed aliphatic since it does not contain any ring structures. It is not 
a hydrocarbon, however, since hydrocarbons contain only hydrogen and 
carbon. This compound contains oxygen. Turn back and choose another 
answer. 

You are correct. The formula 

contains only hydrogen and carbon. There are no ring structures. 
Therefore, it represents an aliphatic hydrocarbon. Go on to page 15. 

G vunivvnnuevavnueescuueysasneegggqueeesgddUeeessQ0UeNee4QOQUOUREGAOGOUUTEEAOOOUUUEOOOQOUUEEOOQUUUEONOQOUOUENOOQOUUOEOCAQOOOOOOOQUUEEUOUUOEQOGUNONOOGUUEON 

Incorrect. The formula 

H H 

dy \ 
Cra Oa 

ner | 
Cc 

ie 
H C—O 18 

oo | 
Heh oH 

represents a hydrocarbon since it contains only carbon and hydrogen. 
However, it contains a ring of five carbon atoms. Therefore it is a cyclic 
compound, not aliphatic. Aliphatic compounds do not contain ring 
structures. Turn back and select another answer. 
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Cyclic compounds can be further divided into homocyclic (hd’ mo si 

klik) and heterocyclic (hét’ ér 6 si’ klik) compounds. Homocyclic compounds 
have rings consisting of carbon atoms only, whereas the heterocyclic 
compounds have rings containing two or more elements. Our diagram 
can now be extended as shown here: 

Organic Compounds 

Aliphatic Cyclic 

i a i Homocyclic Heterocyclic 

ASC] CCH 1 Ns hea | er 

! ee fede ish Sheds! ne pe Sachs Lime c=0 A 
He Caan G 

ieee 
ieee ieee 

Notice that the homocyclic compounds have only carbon atoms in their 
ring structure, although the compounds may contain other elements 
besides carbon and hydrogen. (We will see later that homocyclic com- 
pounds can further be divided into two classes.) 

As you know, the formulas that have been used so far are called 
structural formulas since they show the way the atoms are joined together 
as well as the composition of the compound. 

Making use of the diagram above, how would you classify the 
compound represented by this structural formula? 

eee EL 

Ac cunnneesn etn evgUeAAUEAAUEAUEAAAAUEQAUEAAUEAOEOOUEOOUEAOUEAGUUOQUUAAUOOOUEOOUEQOUUAUEOOUUOOUOQUEOGORAUEOGUEOUOREOUNORONOQUNOOUNGOUOOUEOOOUEAY 

aliphatic 

cyclic 

G suuvvsvvvevnnvsnuevsvauuneasvoeesquoeeegUeeeagUeeeeUOUAUUOUCAGUUNUAGUUERCAGUUTROGUOUEROOUUOUAQUUECOUUOECAUUUEOOGUEOOOOUEROGOOUEROGOUUUEONOUUUNN 

homocyclic 

heterocyclic 
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AA WUnueneed444444uaucUUUeveeeeaQQAUUTeUOGOOOQOQUOUOTEECUAOQQQUEUOUEEEEEAUOQQQUOUEECUOOOUUPEOUOOQOU UREA OOOOOOUOUUUEOTEEEEUOOUOOOOOUUUOUEEEUUOUUUULE 

You are incorrect. You should recall that aliphatic compounds contain 
no ring structures. The formula 

H H H 
LG G4 

HCG 
x 
N—-H 

de 
Hac GC 

oe 
He Hee 

represents a compound with a ring composed of four carbon atoms and 
One nitrogen atom. Study the diagram on page 15 before choosing another 
answer. 

B QUUUUUEUUUCUUCQ4QQUQUUUUUAUEEUEEUUUUOGGOQQOUOUOREEOUUOUUOOOOOEHEEEOULUUUOOOOOOOOOO4OOUCOQQQEEUUEEEEEOUOE}UObOOGOUQOOOOOOOOuOOOoooGououuuuseeneneeegatt 

You are partly correct. The compound represented by the formula 

H?H HH 
Nig SZ 

Ha Ge G 
x 
N=H 

TG 
eee. 

Jeli=del 13! 

contains a ring composed of four carbon atoms and one nitrogen atom. 
It is a cyclic compound. However, you should have learned to classify 
cyclic compounds further. Study the diagram carefully when your turn 
back to page 15 to choose the correct answer. 

C QVONVEAEUOUAUOGOQUUOTUOUOUOOUUOUEADEATEAEOTOVGAUOAUOUUA TTA UOUOOUEOUEOEOUAUEOUOVAEAOOUEQUOUUOUNGEOUUOOUOUOUOOUEOUAUEOUOOUOONOUOOUUOUOSUODOUEGUEGTOULOTONT 
Wrong. The compound represented by the formula 

fine Hig! 
| Na 

Hoc c 
NS 
N—H 

en 
ease 
fon 

is not homocyclic. Homocyclic compounds contain rings of carbon atoms 
only. The ring in this compound is composed of four carbon atoms and 
one nitrogen atom. It cannot be called homocyclic, can it? The diagram 
on page 15 will help you to select the right answer. 

D UOQQQUTUTUEEUOOQOUOEEUOUUTUERCAOUUOUEEUOGOOGUEUEEAOOOQOUOTEUUOOOUOUUURMOGOQQOOOGUUAEROOOQOOUUOEREOQOOOUONEOOGOOUUEOOOQOOUUEOOOGOUUUEOOOOOQUUNEQOGGUOIEN 
You are correct. The formula 

HH oH 
[PN 

H=C]..G 

N—-H 

HC 6 
es 
H H H 

represents a heterocylic compound. It has a ring consisting of four carbon 
atoms and one nitrogen atom. Continue on to page 17. 
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1.22 ALKANES 

There are several families, or groups, of aliphatic hydrocarbons. The 
simplest is called the alkane (l’ kane) family. Alkanes are saturated 
aliphatic hydrocarbons. The word saturated indicates that they have no 
double or triple covalent bonds between carbon atoms. An alkane 
containing three carbon atoms can be represented by the structural formula 

ioc ae 
Ete A 

Detailed structural formulas of this sort use a great deal of space and 
are often not necessary. For this reason chemists often write condensed 
structural formulas in which all atoms attached to a given carbon atom 
are written after the “C” and on the same line. For example, the formula 
for the alkane shown above can be condensed to CHsCHsCHs. 

If other elements are present in the compound, they can be indicated 
in the same way. When two different kinds of atoms are attached to one 
carbon atom, hydrogen is usually written first. These three examples 
should make the point clear. 

Structural formula Condensed formula 

H oo A 

Cl-G-0-o-# CH2ClCH2CH; 

HHH 
ge ved 

c—G—b_—F CHCLCHF, 

cl i 
Cl H 

qe CCl;CH3 

aH 
On the reverse side of this page are three questions concerning 

condensed structural formulas. The answer to each is given just below 
the question. Cover the printed answers until you have worked out your 
own. Check each one and then go to the next. 
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1. Are these two structural formulas for the same compound? 

Ho H 

H-G-—¢-H CH;CH; 

HOH 
Yes, both represent a compound with the molecular formula CeHg. 

2. The structural formula for a compound is 

H Br Br 

H-G-—G—c-H 
HH OH 

Is this the correct condensed structural formula? 

CH;CHBr2CH, 

No. All atoms attached to a given carbon atom are written after that 
carbon atom. The correct answer is: CH3CHBrCH-Br. 

3. The condensed structural formula of a compound is 

CH3CC1LCHCICH.Cl 

Write its structural formula. 

Go on to page 19. 
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The names of the alkanes are based on the number of carbon atoms 
they contain and on the way in which the carbons are attached to one 
another. Here are the structural formulas of two alkanes. Each contains 
four carbon atoms and ten hydrogen atoms, yet they are not the same 
compound. Since they both have the molecular formula CyHyo, they must 
be isomers. Since they differ in the way the atoms are attached to one 
another, they are structural isomers. 

Peete He Et lt Heel 

H-C-C-C-C-H H-G-G-C-H 
Hunn Heli 

let —(O}I15! 

i 
You can see that the four carbon atoms in the compound on the left are 

attached in a continuous chain of four atoms. The carbons on the right 
are in the form of a “T”. Skeleton formulas are often used to make such 
differences more apparent. A skeleton formula shows all of the atoms in a 
compound except hydrogen. It is assumed that all of the remaining 
valences of each carbon are filled by hydrogen. To use skeleton formulas 
you must know that a carbon atom is capable of forming four covalent 
bonds and that a hydrogen atom forms only one. The skeleton formulas 
of the two alkanes shown above are 

c—c—c-—c c—c—C 
| 
Cc 

It is much easier to recognize the difference, isn’t it? 
Remember that a single covalent bond between two atoms does not 

restrict the rotation of the atoms. Structural formulas can be written 
around corners and jogs without changing their structure. Likewise, 
formulas can be reversed from left to right and top to bottom without 
affecting the structural representation. 

The next page gives some skeletons for you to compare. Answer each 
question, expose the correct answer, and go on to the next. 
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Indicate by yes or no whether each of these skeletons represents the 
same compound. 

i ; 

CC C-C C—c—C 

Yes. both have a continuous chain of four carbon atoms. 

2. - 
C-C_c-C C-C-c-c 

Yes. They can be superimposed by a 180° rotation left to right and 
top to bottom. 

: 
C=C—C—¢ SEs 

| 
Cc Cc 

No. The longest continuous chain on the left is four atoms. The 
longest on the right is five atoms. 

4. 8. oe 2 

CG ¢ 

Cc 
SR 

Yes. There are seven carbon atoms in each continuous chain. 

oF O 
| 

C=C-0-C=—¢ G=C—C=C jee Ben ices rae ie ee 
No. Oxygen is between two carbon atoms on the left, but joined to 

only one carbon on the right. 

6. cl dl 
cl-c—c—c-—c c-c—c—c-Cl 

Cl Cl 
LCL 

No. Chlorine atoms are attached to adjacent carbon atoms on the left, but not on the right. - 
7: Crees c-—c—c-—c 

c—C Cc—C 

No. Compound on left is aliphatic; compound on right is homocyclic. 
8. Cc : 

CC ¢ C-C-C-C 

C 

Yes. Each has a chain of four carbons, with a fifth carbon attached to the carbon next to the end of the chain. 
_ Review any questions you missed to be sure you understand your mistakes. Then go on to page 21. 
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Remember, an_alkane is a saturated aliphatic hydrocarbon. It contains 

only carbon and hydrogen atoms-and there are no double or triple 
covalent bonds. 

The alkanes in which all of the carbon atoms are in a continuous 

chain are known as normal alkanes. You should be able to recognize 
normal alkanes readily at this point. Alkanes that do not have all of the 
carbon atoms in a continuous chain are called branched alkanes. You can 

see that, of the two alkanes containing four carbon atoms, one is a normal 
alkane and the other is a branched alkane. 

T 
GC] C= e_1€ C=O C 

Normal Branched 

Which of these skeletons does not represent a normal alkane? 

Ac aesncceeeeH ee NUTT ANA TTEA AAA TTAAUTTTAAUUU EA AAUTEOGAUUTAOA UREA UOTE AU OEE AUNUAGUEUAUOEEAU OREO GEO OOOO AEG HO EAU OLEH 

CS] Cle 

BB tuvucggvnenvgvnedgvdneessuegasuegadneessUeeesdeesdQUeee4QUOUUGQUUEUOGGUEEEEOOUUUEEOGOOUUEOOOQUUNENOOOUUEOOOOUUOOQOOOEOOQOUONOOOUOOONOUUEONN 

Cc 

c-c-¢ 
G 

© vvvvvceeeeveeeeececvgvevvcua ccc taaeen eee eT AUNT 

See tae ¢ 

CE 
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Ac Avuvcuvevaaneeetgnc acne AUAUUNEdANUUONEUOOQQUUOEEEOAQOUOOEUUOQUOUEOCAQUOUOEOUOQOUUOREOOQUOUUOEEEEOQQQOUEOEOOOQQOGUUUOEEEUGOQOUOUUEOOOOGUUUOEOOQOUOnEUOGHE 

Incorrect. The skeleton formula C—C—C does represent a normal 

C 
alkane. You should recall that carbon atoms joined by a single covalent 
bond can rotate freely around the axis of the bond. The structural formula 
can be written with any sort of bend or crook. The formula above might 
just as well be 

ion 1 
GGG, oe (OO) “Or ae 

Cc 

They all represent the same compound. Turn back and choose another 
answer. 

B TOUUUUNEVOCUUOTA UCT ACVTOQETAU CO CTO CTA T TECTED ETT ETUDE 

You are right. No matter how you rearrange it, the skeleton formula 

1 
ea 

Cc 

cannot be written as a continuous chain without breaking some carbon- 
carbon bonds. It represents a branched alkane. Continue on to page 23. 

C OUUOQANDOOUOVONUOCUOOUODEUOOTOCDOC ECU OUTUOOTAA TOTEM ETA U TAU TA UTA U TOO TA CUETO APUG 

You are incorrect. Remember that any formula written on paper is 
a two-dimensional attempt to show a three-dimensional object. Since a 
single carbon-carbon covalent bond permits the atoms to rotate freely 
around the axis of the bond, the skeleton can be written with bends and 
crooks. The important factor is the order in which the carbon atoms 
are joined together. Therefore, the formula you have chosen 

act Tha i 

C=C 

is the same as C—C—C—C—C—C—C. Here is another skeleton which 
contains the same number of carbon atoms: 

i 
ae 

C 

It cannot be written as a single continuous chain without rearranging the 
order of attachment. Do you see the difference? When you do, go back 
and select another answer. 
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You are already familiar with the name of the simplest of the normal 
alkanes. It is methane (méth’ an), CHy. The next in the series is ethane 

(éth’ an), CeHs. The alkane family up to ten carbon atoms is shown in 
this table: 

Number of 
carbon atoms 

Molecular 
formula Name | Structural formula 

H 

1 Methane H-C-H CH, 

H 
Er 

2 Ethane rela cl cea C2H¢ 

HOH 
a ee eee ene ct 

Hy Ee 

HOH He 

4 no H-c—C—¢-C-H CA (bu’ tan) (eee eee | : 
HT 

Co 5 | BRM) | depos a 
Flee el Agee ett 

Agee esl tele ee lee 

a a 
Flee tee ee ae El eid 

oer ice act a Re re fee a 
He SH Shes Ease 

Fellas ete bel ee bl ee dee Te dete 

Gy) | Be G-eoe eee tn | ott HH HHH WOO 
He Hoh Hp Bho He el Pee | | ou woe no A 

Hee He er SE ee Al o liem LETTERED on 
Although you may not immediately see any regularity to the names, 

the prefixes from pent onward are derived from either the Greek or Latin 
words for the respective numbers. Memorize this table. It is the basis 
for the rest of this program. 
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The family of normal alkanes is known as an homologous (hd md!’ 
6 glis) series. The compounds in an homologous series differ from one 
another by a certain specific structural unit. 

What is the structural unit that is added to one normal alkane in 
order to form the next member in the homologous series? 

A QUUUUUOUUUUUOQAQUVOQEEEOUOUULLOOOOOOOQOQOOONOGOTUCQCEOREEUEEETOUUTOOOOOOOOOOEEEOUOUOGOOOOROEUUUUOGOOUEEUOUUOGOOONOUOREEUUUUOOOQO4OHO4O 

One carbon atom 

One carbon atom and two hydrogen atoms 

© vavsvveesnnvevscueegavceevgucaeeagceeegUeeAUUNeEAOUOEAAUOTEUGOOUETAQOUOEUOQOOUEOOOOUUUOGOQUUOONEAOQUUOEOOOOUUOGOOUUOOOOOGEOOUOOOUOOOROGOIEAE 

One carbon atom and three hydrogen atoms 

I don’t know what you're talking about 

(Answers are on page 26.) 
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The names of the higher alkanes use the Greek or 
Latin prefixes to specify the number of carbon atoms. 

Cyo decanes 

Ci; undecanes 

Cyz  dodecanes 

Cy; tridecanes 

Cy, tetradecanes 

Cys pentadecanes 

Cyg-19 hexadecanes, etc. 

Ceo  eicosanes 

Ce;  heneicosanes 

Cee docosanes 

Ce3~—Ss tricosanes 

Cos-29 tetracosanes, etc. 

Cz) + triacontanes 

C3;  hentriacontanes 

Cze-39 dotriacontanes, etc. 

C4o  tetracontanes 

C4  hentetracontanes, etc. 
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Ax vUtsuesdUNNATAUUEAUOUAGUOAQUUOGUEOOOOAUEUOUOGOUUAUTUAUOUOQUOOOUOUAGUEOQOUEOOEOOGGUCQOUOOOOUOEOQUOEOOUOEOQUNEOOUCOOOUEGOUOEOUOOOUUOOGEOOOUOOOUNOUUOOOUUGG 

_ You are partly right. Each member of the series has one more carbon 
atom than its predecessor. However, it has more hydrogen atoms, too. 
Compare the molecular formulas to see if you can find how many 
hydrogen atoms are added along with each carbon atom. Then choose 
another answer. 

You are right. As the series grows from one member to the next, the 
H 

structural unit —C-— is added each time. Turn to page 27. 

H 

© vvvv yea ea evi veAN NAA eAN NAAN NAAUEAUEAAUEAGUEAAUUEAUTUAUOEOOOONGUTUAOUEOOUOOOOOEAGUEOOUEOOUCOOUUOOEOOQOOOOEOGOEOUCOQUEOQOOOUHOOUEOOUOOUOOOUOOULOUEOUGUEI 

You are on the right track, but not entirely correct. Each member 
of the homologous series of alkanes has one more carbon than the one 
before it. Does it also have three more hydrogen atoms? Compare the 
molecular formulas of propane and butane. Then compare butane with 
pentane. Then choose another answer. 

DD vnvsnsunsnegdesneeadess tested NOU OOUUCAU TUNA TEAEHAOUAGUAAUAAUEOOOOOOOOUUOUOOOEOUOUOUEAUOOGUOUUUOUEOUEOQUUOUROOEOQUGOQOOOUCOSQOUOOUEONOOUEOUOOONOENONHONNE 

Well, let’s see if we can help you to understand. If you compare the 
structural formulas of propane and butane, what is the difference? 

ou fader 
eae ain 
Her Fe a Ele 
propane butane 

You can see that butane is merely propane with an added 

i 
ae 

H 

Now make a similar comparison between butane and the next member 
of the homologous series, pentane. When you have done this, go back 
and choose another answer. 
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Consider another homologous series for a moment. It is series of 
alcohols as represented by these condensed structural formulas: 

CH3;0H, CH;CH,OH, CH;CH,CH,OH, CH;CH.2CH.CH20H, etc. 

The unit of structural difference in this series is the same as in the normal 

alkane series. It is CH. Each member of the series differs from its 
predecessor by this unit. 

Every member of an homologous series can be represented by a 
general formula in which a letter substitutes for the number of carbon 
atoms, and a combination of the letter and a number substitutes for the 

atoms of the other elements. If the letter “n” is used to represent the 
number of carbon atoms in one of the alcohols, the number of hydrogen 
atoms is always “2n +2.” Each alcohol has only one oxygen atom. 
Therefore, the general formula of the alcohols is CpaHen+2O. Verify this 

general formula by checking it against the molecular formulas for the 
alcohols that are shown above. You might say that the general formula 
is sort of an algebraic equivalent for any one of the series. 

The molecular formulas of the first four normal alkanes are CHa, 

CzHe6, C3Hg, and C4yHio. What is the general formula for the series of 

normal alkanes? 

AC WAU UAAUAAU EAA AAAUNAUEAUUEAUEAUUEAUAAEAUOEGEAUEAUNAOEAOUGAUNOOOOOUOGUOOQUUOAUOOOOOUOOUOAUUAUEAUUAUEAUEOGEOOROOUOOONOOEOGUUOOUNOUAGUOOOUE 

CnHun 

BB VNVNANANAUAVAUNONANADOUOVONUCOOONOUOOOUOGOOOUCUCUEOOVOOOONONOCOQOONONOUOQOOEUQOUOUOUOOUOOUOUNUQGUOOOQUQUOOEONOCOOOCOUOUOUOUOUOLOOUOOOOOOIOL 

CnHen+1 

© As 0ssvegnev av As NA NNADEEAONAUNAGUEGONAUOAGAOGEOONOUNOUOOOOUNOUOOUAQNOONOUEOUOOUOQUOQOOUCAUCAOOOUOOUOUOOUOQEOUOGOOUOOUOOEEOOOGEOGOOUOOUNOUNOD 

CnHyn-2 

DD vvvnvunsveneennegnadgedesdesUegUegOnedUeteedQeUeAUOGNOUEAVOUNOUNOOGOEOEOUEODEOONGOOOUOOUOGUOOUOOOOOROOUUAOOOOOOOUOOUOOOOOOOONOONOOUOUOUNOUOOUNE 

Cn Hone 
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A UUUUUUUTAUOUOUAUEUEUOUOOCOUATEUEOOUOOUOVOVAUOUAUAVOVOUOCUOOOVEVOUOUOOOCOOOOOOUEEOOOCOOOUOUOTADOOGOUOVOOOAVOUAOONOVAOOOOUUOUUOOOUOUOOOCOUUOUEOOONUOUNT 

You are incorrect. The general formula CnHyn will work for methane, 
CHaz, where n = 1, but it won’t work for ethane, CoHs. If your answer 
were correct, ethane would have to be CeHs. A correct general formula 
must specify the molecular formula for every member of the homologous 
series if the proper substitutions are made. Turn back and work out 
another answer. 

B UUAVUUVAANUAUEUOAUEOUOAEDOUUATE TAU OU EA TATA TEU EMEA CATA TATTOO EOE POUT 

You are wrong. The general formula CnHs3n+1 works for methane, 
CH4, but it does not work for any other member of the series. Suppose 
you were to use it to predict the formula of propane. If n = 3, then 
CnHsn+1 = C3Hio. This is not the right molecular formula for propane. 
A correct general formula must enable you to determine the molecular 
formula of any member of the series. Go back and work out the correct 
answer. 

C DOUUAUAVAUATUANOUUEOUAVEUTOUEVAVAVAUOUAUOEONUAUOOUEVOVEAVOUAUOUOCOOOSUOEUEOOOUOGOTAEUEUUOEOOUTOUEVAVOUAEHOUOVOUOUOCOOOUOOHOOAOCOEOOOTAOOEATONOUOEEE 

Your answer is that CnHy4n-_2 is the general formula for the alkanes. 
Come on now. This general formula doesn’t even work for the first 
member, methane. Since methane has only one carbon atom, n = 1, then 
CnHan-2 = CHe. You should know that the correct formula is CHa, not 
CH. A general formula must allow you to predict the formula for any 
member of the alkane family. Turn back and work out the right answer. 

You are correct. The general formula for the alkanes is CnHen+e. 
Go on to page 29. 
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So far you have learned to write four kinds of formulas: molecular, 
structural, condensed structural, and skeleton. Each has its advantages 
and disadvantages. The molecular formulas give the composition of the 
“compounds but no information about their structure. The structural 
formula is a nuisance to write because all the C—H bonds must be shown. 
Skeleton structural formulas show the important structural features, but 
they do not represent the entire substance. For this reason skeleton 
formulas are rarely used except to emphasize a particular feature of the 
structure. Most textbooks use condensed structural formulas to specify 
various compounds because they save space as well as give complete 
information about the structure of the compound. 

Whenever a particular structural unit is repeated several times, 
parentheses can be used to condense the formula even more. A few 
examples will make this clear to you. 

Molecular formula Condensed formula 
Methane CH, CH, 
Ethane C.He CH3CH3 

Propane C3H¢s CH3CH2CH3 
Butane C,H CH3(CHe2)2CH3 

Pentane C5Hj2 CH; (CHe) 3CH3 

Notice that the parentheses have exactly the same meaning as in 
inorganic compounds. For example, Ca(OH): represents 1 Ca** ion and 2 
OH ions. The (CHe)e2 in the butane formula represents —CHgCH2—. 

Which of the following is a condensed structural formula for octane? 

A cuvnes ee eUAANeAUUAAUENAAUUAUEAAUAAUEAUUEAUEAUOOQUOOOUAGUAQOOOUOAUENOUEAUOROQUTAUOOOUEOUEOOOUOUEOOOOOUEOUUEOUEAUUEOUEE AERA EEOOEOAUEOA EAHA 

CH3(CH2) sCHs 

BB vAnsd00d0dd 00 00A0NAV0ATOAUAUEAUUAGUNOUOAUOOUEAUEAUNOUUAUEAUUOOOOOUNOOUEOUUOUEOOOUOUEOUOUOUUOUEOGEOOEOOEOOOEOUEOUEOUEOOUNAUUOUEOOOEATUOLTTA THLE 

(CHa) 

© deans veg vegs csv gevAeAA NCAA TNAEAAUUAVUAUEAUEAUEAUUOOUEAUTROOEOOUCOUOUAUEOOUUAUOUAUEOUOOUUTAUEOUOUOUEAUUEOUUCAUEOUUENOUEOOUUOOUEOOUEOOU COOOL 

CH3(CH2)6CH3 

DD AUUATNVAVNEANOAVOVAUACANECUOAAOUEUAEOOEEEOOTTA EGU OTE T TAA EAATA TATE 

I need help. 
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A vuuvuucunusuuneeegee4440Uvvede4440QOU0OUEUUAQQOOUUUTEUOUOOQQQQ0QOUEUOORUUOQGQUUOGEOOOOQ0UOUUOCUO0000UUCOUEEOGOO000000UOUUUUOONONEU0000000000000000000001 

You are incorrect. Your answer is that CH3(CHe) sCH3 is a condensed 

structural formula for octane. Look at the formula carefully. How many 
carbon atoms are there? There are ten. The prefix oct- in the name should 
tell you that there are eight carbon atoms in octane. You have chosen 
the condensed formula of decane. Turn back and find the formula for 
octane. 

BB vit ssdnd0ddUnUsQ4UUNeCANGOUONUANGUUNEGOOGUUEEOAOGOUUEOOEOGOQGOOUUOUUEOQOQQUUUNOGOQOUUOOEOOOUEONOOOQUEOOOOOUUNOGOQOUUOONOOGUUONOQGUUOQOGUUEOOOUUnONNGaUIN 

You are wrong. You have chosen (CHe)g as the condensed structural 
formula of octane. This formula has the correct number of carbon atoms, 

all right, but what about the hydrogen? If you multiply to remove the 
parentheses, (CHz)s becomes CgHi¢. If you substitute n = 8 into the general 
formula, CnHen+e = CgHig. Your answer lacks two hydrogen atoms. If this 

is not clear to you, try drawing a complete structural formula for (CHs)s. 
Compare it with the structural formula for octane on page 23. 

GvvvvcvgcuveeeeesscuueneeeNdGOUUTEEAAGNOOUUUTEAAOOOOUOUOEOEAOOOUOEUOOOOUUONELOOQOOUOREOOOGUUUOOOOOQOOUUUOOOONOOQQOUUGEOOROOOOGOUUUEOOOOGOUUOqOONGUUUIN 

Right. The condensed formula CHs3(CHg) «CH3 represents octane, CgHjs. 
You may wish to compare it with the complete structural formula on 
page 23. Continue on to page 31. 

DD vrvsunsvnsvvensveessUeessUeeduUeesdenesdUUesOUUUNNUUUAUUEUAUUENAUEOOOUUOOUEOOGUNGOUEEGOUEOQOUEOQOUEOOUOOOOOUENOUEOUOUGUONOUOOQUEOOUE0OUEOQU00UGUG0ULOOIL 

OK, here is some help. The use of parentheses in condensed structural 
formulas is nothing more than an attempt to save space by not writing 
repeating structures separately. In inorganic chemistry you write Mg (NOs) 2 
instead of MgNO3NO3. Similarly, in organic chemistry you can write 
CHs3(CHe) sCHs instead of CHsCH2CH2CHeCHs. Read page 29 again and 
choose another answer. 
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To begin our discussion of branched alkanes, we'll look at their 
carbon skeletons. You know that a normal alkane is one in which there 
is a continuous chain containing all the carbon atoms. Although the 

skeleton may be written with bends and corners, the entire chain can be 
traced from one end to the other without lifting your pencil or retracing. 
This is not true for branched alkanes. Compare these two skeletons by 
tracing the carbon chains with your pencil. 

T 
Gar Cia CBee 

Normal alkane Branched alkane 

The skeleton on the right cannot be rearranged to include all of the 
carbon atoms in a continuous chain without breaking a carbon-carbon 
bond. 

Here is a fairly difficult question for you. What is the minimum 
number of carbon atoms in a branched alkane? 

ACW ec eevee VOU NAN UAN EAN UUAUEATEAUEAUTAUTCAVOAUEAUOAUOA TATA TEA VOM TAU TEA TOUHE UA EO EAE UAE TEU 

3 

BD vdt0g0UUNVAVANONVNOUNUAUAUAUGUULOVOOUVOUOOOOOUOOGOOOONOUOUAVOUOUAUOUOOOOOCOUAOUOOOUNTOUOUOOUOEOODAUOSUOUOVOUOUOUUOUOEOOOOONOOUOUOUOUOOUOOUONN 

4 

© is 0ngneveeee Vea naUAgANAUAVADNEANAUAVAUEONOEOOOCOCAUODAOVAOEOOOOOOOUOGCOUOCOUOUOGOOEOTOCOUOOOCOEOVOVOUOUOUOUEOEOEOTOOOUOUEOOOUOEOUOOEOUOEOUE 

> 
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A UUNUTANUEAAUCAUOUAUENGUUAUOOGUEOQUOOOUEOOUUEOOUEOOUUOOUEOAUEOOUEUOUEOOUTEOOUEOOUEOOOEGOOEOOOUUOOOOCEOUOUOOOUOEOGUUOOOUOOOOUNQOOUUOOUOOOGENOOUUOOUNOOUOOUE 

You are wrong. No matter how you write the skeleton, three carbon 
atoms must be in a continuous chain. Here are several ways of depicting 
a three-carbon chain: 

Ce GC C Cc C Cc Cc 
ie | | | | ata 4 

CoC GC C £4 C=C C=G 7 Cc 

Cc 

Since the carbon atoms can rotate freely around the covalent bonds, 
every one of these skeletons represents ordinary propane. 

B snvucusvunergensgsduveeevsdddveeeeu0e dO eeeUeAOQOUUUEEOEEEGOOOOQQQUOUGUUOEEUOAUCOOOO000O0GUUUUOEEEUOOOOOOUUUUEEOOGOOOOUOUUUOEOOAOOOOUOGOOUUEENOOOUUEE 

Correct. It is possible to write a branched alkane containing only 
four carbon atoms, but impossible to write one with two or three carbons. 
Turn to page 33. 

C TAVAVUCUCUUEDOCUCUOUAVOUOUETACADEO TOME E TUTE TA TATA OA TATU TA TAO TE TACO VO TOPO TE POUT TAUPO 

You are incorrect. Suppose that we consider this skeleton for a 
branched alkane containing five carbon atoms: 

1 
ee 

C 

Try removing any one of the outside carbon atoms. Isn’t the remaining 
skeleton still a branched alkane? Sure it is. Go on to page 33. 
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There are only two different ways that a carbon skeleton of four 
atoms can be arranged. They are 

CC Cae and Soulf ae 
Cc 

The complete structural formulas of the two compounds are 

TE eed jel Yel el 

H—C—C—G-G-H H-G—G-C-H 
Huw WA and Hele 

EH CE 

i 
Since both compounds have the same molecular formula, C4Hio, they are 
isomers. To distinguish between them, the first was named butane 
(sometimes n-butane for normal butane, the common name) and the 

second was called isobutane (i sd bu’ tan). 
As the number of carbon atoms increases, so does the number of 

possible structural isomers. How many structural isomers have the 
formula CsHi2? 

Ay UV NAA NAUEAUTAUAAUEAUEAUEAUOAUEAEAUOAUEAUTAEAUEAUOUEAUAUOO VEO OO UOTEUTOOEOVEOEOUENUOOEOOEOOTOUEOVOOUEOOOOUEO EO UEOOO EA EOO EAE EEUU 

2 

B vives 000g vs0g00A00 00000 UNA 0NNANAAGEAAGEOUEAUENOOOUNOCOUEOUUOUUOOOUEOUEOCOUOOEOUOUEOUEOOOUEOOOOEOUEOUOOUOOOUOOOUOUEOUCOUOGUOUOOUOOEOIE 

3 

©] vv tveveV0V0VAVNVAVAVAVANATUEAAVAVANUAVECAUONOAUOONEOESOOUEOOOEOOOVEVATACONOUOOUAOOOVOUGOVOOOOVOOUAUEOGOUOUODAOOEOEOOOEDSOOOUUOOUOOUOUOROOUOND 

4 

DD vvvengnananaVaedAANANAUNAEAUAGNONOUAUAUAUOUAUGUOUOVOOEOOUOGUAUOVOVOGEOOGEEUEEOOUEGEONOUOOOGCOUOUODEDAGEUUAEAUAVOVOUAUUUEOEAE TOTO T 

5 
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You are incorrect. There are more than two isomeric alkanes that 

contain five carbon atoms. Here are the skeletons of two of them: 

1 
COO — (06) CC Cee 

Try to find at least one more that is different from these two. Then 
choose another answer. 

You are right. There are three isomeric alkanes that have the formula 
CsHye. Their skeletons and common names are on page 35. 

Cv vsvvvevav evan veATAATEAAA TENN TAAUUEUAU TENA UEAAUUETAUOUAAUUECAOOUEUOQUUEUOQUUOUOOUUECOOOUEEGOOUEOOQOUEOOQUEOOOUCOOUEOOQUOOOUOOEUEUOOEOOUEOOTETOOTEOUIE 

You are wrong. There are not four isomers that contain five carbon 
atoms. Perhaps you have written one skeleton in two different orienta- 
tions. For instance 

satiefit 
CAA SC Cc C[CL Cae 

All three of these skeletons represent the same compound. They can be 
superimposed by rotation. Check the skeletons you have written to be 
sure that they are all different. Then turn back and choose another 
answer. 

DD tnvcvvuccevvnscueeneggnquueegsgdsqueenegsgssddoeeeesQ0UUUNUUCANGUOEUAAOUUUUEOOQOUEUEROOOUUEEUOQUUUOEOOOOUUOEOOQUOROOQUOEOOUUEUOQOSECTAQUOUOQUUEEOOUOU 

You are incorrect. There are not five isomers that contain five carbon 
atoms. Perhaps you have written the same skeleton in two or more 
different orientations. For example, all of the skeletons written below 
have the same structure and represent the same compound. They can 
be superimposed by rotation. 

¢ eee : Sr 

CCC © C CSCC e C 

Check the skeletons you have written to see which ones are alike. Then 
turn back and choose another answer. 
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The three isomers containing five carbon atoms have these carbon 
skeletons: 

fo 
Cri Ca Cae Ca C Mage Ca Ge eae 

Cc 
pentane rsopentane neopentane 

The name pentane is both a common and the systematic name for 
the first compound. Isopentane and neopentane are the common names 
for the latter two, but are allowed by the IUPAC rules. 

The number of possible isomers expands quite rapidly for the higher 
alkanes (i.e., those with more carbon atoms). New prefixes, if coined 

indefinitely, would soon become impossible to remember. For this reason, 

the only one in widespread use is iso- (i’ sO). This prefix is retained in 
the common names for all compounds having a single carbon branch on 
the carbon atom next to the end of a continuous chain. Thus the skeletons 
of isohexane and isoheptane are: 

€_ Ce] CC] eC] Cp GC ClO] G 
1sohexane wsoheptane 

Which of these skeletons represents a compound whose common name 
begins with the prefix zso0-? 

Avvunvvurvvuevncencrcnreveveeeceseceveccucugevcancveconcecececeaececcceeeecneaeaeeenenan an 

egies 

Cc Cc 

BB sunnsnngUeevenaUeegveagveadesvesdHeaUeed00U00UC0QUEOU COU UUOUEEOUEOOUEOOUEOOUEAOEOOUOOEOUUESOOUUOOUEOOUOQOUEOOUNOOUEOOOUOUEOOOEOOOUEOOOOOUOOOUNE 

co 
Cc Cc 

© vv vg 00000000 CAVA VAANAVAOAOUAGTOUAGOOUEGUOGDAUOOUEOOOOOUEOUEOUAGOOOOOUEOUUOUAOUOUOOUOOOOUNEUOOUOUUOUOOUOOUOUNOUUOUOOOOUEOOOEOOOOEOUOUEOINOUEM 

C=C CGC] Cle 
| 
Cc 

D TUNE 

1 
CC [CI Can 
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You are correct. If you straighten out the kink, the skeleton you 
have chosen can be written 

Se 

Cc 

It has a single carbon branch on the carbon atom next to the end of a 
continuous chain. Therefore, it is an iso- compound, specifically, isohexane. 
Go on to page 37. 

You are incorrect. Perhaps you have forgotten that a single covalent 
bond between carbon atoms does not restrict the rotation of the atoms. 
In practical terms, this means that carbon skeleton formulas can be 
written with crooks that may be straightened out. The formula you have 
chosen 

peas 
C Cc 

can also be written C—C—C—C—C—C and is hexane. With this in 
mind, turn back and find a skeleton which represents an iso- compound. 

C AOUUTECEUACEEUACEEEUUUEE UATE ATE 

You are not correct. An iso- compound has a single carbon branch 
on the carbon next to the end of a continuous chain. The skeleton you 
have chosen has either (a) a two-carbon branch on the carbon next to 
the end of the chain, or (b) a single-carbon branch in the middle. 
Whether it is (a) or (b) depends on your viewpoint. 

Continuous chain in capitals; branch in small letters. 

SB ge rine os be 

C ' e 

Cc 

Your Answer (a) (6) 

D QUUVONVAVAOUOTANOOVAUOATOTAOVEDAUTOVETU ADOC EOUEOO UAE AVOCOOTOVAOGEOAVOUOOUADOCOOVOUOUTOCOCANUOUOOOUOOADOOVOUEROOOUOOOOOOUOOONUOEGNOGEUAUOYENUOUOOUONOE 

Wrong. Your answer is that the skeleton 

r 

Es 

Cc 

represents an iso- compound. By definition, an_iso- compound has a 
single carbon branch on the carbon next to the end of a continuous 
chain. No matter how you choose the continuous chain in this skeleton, 
there are two carbon atoms that cannot be included. Therefore, it does 
not represent an iso- compound. With this definition of an iso- compound 
in mind, turn back and select another answer. 
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The systematic names of all the alkanes are based on the number of 
carbon atoms in the longest continuous chain of carbon atoms. If the 
longest chain contains four carbon atoms, the compound is named as a 
‘butane. If it has five, it is named’as a pentane, and so forth. For an 

illustration, look at the skeleton of isopentane again. 

Pa hea 

C 

The longest continuous chain has four carbon atoms. Therefore, its 
systematic name will be based on butane. 

The compound represented by this skeleton is named as a propane. 

i 
eee 

Cc 

There are four ways to count a chain of three carbon atoms, but no way 
to make a chain of four or five. 

C cl C C3 
1 eZee | 2 Do wees | 2 
C= eee ee Pierce 

C C3 C al 

You have seen this skeleton before. Even though its systematic name is 
based on propane, another acceptable name is neopentane. 

On page 38 are some carbon skeletons. Count the carbon chains in 
each skeleton, find the longest continuous one, and determine the base 
name of the compound. 



38 / Classification of Organic Compounds 

if 

Four carbon atoms in chain: butane 

7 O07 CC 
i | i 1 

C GC CC 

Six carbon atoms in chain: hexane 

Par 
Cea i CC, 

Seven carbon atoms in chain: heptane 

oe i 
O-O- © 

Five carbon atoms in chain: pentane 

Five carbon atoms in chain: pentane 

Go on to page 39. 
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Now let’s look at two condensed structural formulas: 

CH)—CH,—CH—CH, CH, -Ci-CH...CH, 
CH; 

Both have four carbon atoms inthe longest chain and are named as 
butanes. How do they differ? Can you see that the difference is the 
replacement of one of the H’s on the *-marked carbon atom by CH3s—? 
Replacement of this sort is called substitution, and CHs— is designated as 
a substituent group. So the first compound above is a substituted butane. 
Now we need a way to designate the CH3—. 

Groups of atoms that have an unused valence are called radicals. 
CH3— is a radical that might be formed by removing a hydrogen atom 
from methane, CHy. Likewise, the radical CH3CHs— could be formed from 

the normal alkane, ethane. A whole series of these radicals can be formed 

from the normal alkanes. Collectively, they are known as alkyl (al’ kil) 
radicals, or alkyl groups. They are named by changing the -ane suffix to -yl. 
For example 

CH3— CH3CH.— or C,H;— CH3;CH2,CH,— or C3H7— 

methyl ethyl propyl 

What is the name of the radical represented by all three of these 
formulas? 

CH3CH2,CH2,CH2— ‘CH3(CH2) xCH2— C,H o— 

Al Annee neu teAVONUEEGNANNAGONAUOAUEGGUOGUAGUOGEOOUOOUOOOOUEOEOOUOOOOOCOOEOUOOUCOUOOUOOUOUEOOEOUEOUOUEOUOUUOOEOOEOUEOUOOUOOEOOOOUEOOOOOUEOUOOUONI 

butyl 

B vMgdndnvueednaendeQesU0Q00V0ONQ0UOUOVOOEAUADOVOORONOUONOEOUOUOUOONOUOUAUCOUOEUOOOOUOOOOUNOOGUOOROOOEOOUOOOOOUOUOOOUNOUOONOUUUOONOUOONOUOUUOE 

pentyl 

© vvs 00 00g 0ev veg VAN NAGUAAUNAGUEGUAAUEOUEOONOEGUEAOOOOUOOOUOOGUCOUEOUUOOUOOUOOUEOUOOOOOAUEOUOOOOOOUUOUOOONOUEOOUUOUNOGUNOUNCUEAUOOUOOUOGUOOUNEE 

diethy] 
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AL even esUUNNA VAAN TAAUCAUEAAEAUEOUEOAUEAUEAUEOUUCAUEAUUOAUUAU TOU OEAUEAUOUATEA VEO TOAGEO VOU VUU TOU DUA TEA UU ATTA TUA PEA EO AAA 

You are right. All three of the formulas represent the radical which 
remains when one hydrogen atom is removed from butane. Compare 
each formula before you go on to page 41. 

Butane CH3;CH»zCH2CH3 CH; (CH)2) oCH3 CyHj0 

Butyl radical CH3;CH,CH,CH,— CH, (CH2) »CHo— C,H »— 

BB vnnges0sNAN0UUNUCNUCNUUAEAUAUEOUAGEAVOUEOGEUETUEAUAOOAUEGUOUOOOEAUEAUOUEOUEOOOOOOONOUROUUOUOOEOOEOVOQOOOEOOOUOUOTOEOUOVOAUOOOVEO OOOO OO CUTOOEE TEU OUT 

You are incorrect. Perhaps you need to review the names of the 
alkanes. Here is a list of their names, together with the number of 
carbon atoms in each: 

1 methane 7 heptane 
2 ethane 8 octane 
3 propane 9 nonane 
4 butane 10 decane 
5 pentane 11 undecane 
6 hexane 12 dodecane 

With these clearly in mind, turn back and read page 39 carefully before 
you select another answer. 

C ir yUreyceuctcecneneveseneueoesoceececucevevevuueveusecccececuccccccceccecevacaaeaniniean 

Where did you pick up the term diethyl? Certainly not in this 
program. Turn back and choose an answer that uses something you 
have seen before in the program. 
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The radicals derived from isoalkanes are named in the same way as 
those derived from normal alkanes. The -ane suffix of the name is 
changed to -yl. For example 

CH;—CH—CH, : CH. GH—CH,— 
| 

CH; CH; 
rsobutane tsobutyl radical 

CH;—CH—CH,—CH, CH;—CH—CH,—CH.— 
| 
CH; CH; 

isopentane esopentyl radical 

Note carefully that the free valence of the radicals is at the opposite end 
of the chain from the branch and that the branch, as before, is a single 
carbon atom attached to the carbon next to the end of the longest 
continuous chain. 

There is one iso- radical that does not have a corresponding isoalkane. 
Can you guess what it is? It’s the isopropyl group. The formula of the 
isopropyl radical is 

CH,—CH— 

| 
CH; 

wsopropyl radical 

You can see that the corresponding hydrocarbon is propane. 
Which of the following formulas correctly represents the isohexyl 

radical? 

Ac Aine 0EAN EAA TEDAU EAA EAU UEAA TEAM TMA UUAAUEAAUTOA EAU OETA OETA TAA EUU ETAT AEA TUDO OOOO UAE AOU OO EAN 

CH;—CGH—CH,—CH,—CH;— 
| 
CH; 

BB vnvsc0eaneescUndsgUe0AU ded A eUAUUEAAUNUAAUEOAUUUEOAUOUEOAUERSOOUEEOOOOEGOUUTOOOOUUEEOOGUUROOOQUOQOQUUUOOQUUUOQUUCOQOUGOOUEOOOUOOOOUOONOUEOOUUIH 

CH;—CH—CH2,—CH,—CH2.— 
| 
CH; 

© suvvvvvssueveeninnenescsuoeeeessoueneeesdd0UUveeHAOUUTUUNGANUUUECOOUUUEOOOOUUEEOOOUOEOOQOUOUEUOQUUUOOOOQUUOEOOOQUOEOOOUUEUOOOUOEOUAQOUOEONOUUUE 

Sear 
| 
CHs 
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You made a mistake. Here is the formula you have chosen for the 
isohexyl radical 

CH;—CH—CH2—CH2—CH3— 
| 
CH; 

It has the right skeleton and the free valence is shown on the proper 
carbon atom, but it is still not right. There is one carbon atom with five 
covalent bonds. Do you see it? When you do, turn back and find the 
right answer. 

BB nvvavvcuucunvevvevensqsssuununneevees40000UUUUe444440000UUUU0NEUOG0000OUUEOEOOOOOQOOOOUUOONOOOO4GOOOUUUEOOOGO0000OUUUOONOO000000000000000880000UU00000008U0U0H1 

You are right. Isohexane contains a total of six carbon atoms and 
the isohexyl radical is formed by removing one hydrogen atom from the 
carbon atom at the end opposite the branch. Go on to page 43. 

& FAVeNAVCAAUAANAAOUGGOUOGOUNHUGAUOAGUOAUUEGOGOOUGOOUOOUOOQUGQOUOGUUOONOOUOOOG0O0000000U000000000000000000000000000G00000000800009000000GU000QSUN0ON0O0080N80008UHi 

You are wrong. The formula you chose for the isohexyl radical is 

CH;—CGH—CH,—CH—CH; 
| | 
CH3 

It has the right skeleton, but the free valence is in the wrong place. The 
free valence on iso- radicals is located at the terminal (end) carbon atom 

opposite from the branch. Turn back and select another answer. 
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The formulas for alkyl radicals can always be recognized by the dash 
indicating the free valence. Again notice the difference between propane 
and a propyl group: 

CH3;CH2CH3; CH3;CH,CH,— or C3H,— 
propane ; propyl group 

When radicals or groups of this sort are attached to a carbon atom 
in a carbon chain, they are written after the carbon atom in the structural 
formula and enclosed in parentheses if it is needed for clarity. 

CH; CH3 
| | 

CH3CH (CH;)CH,CH(CH3)2 represents CH,;—CH—CH,—CH—CH, 

In checking to make sure that you have interpreted a formula correctly, 
remember that each carbon atom forms four covalent bonds. 

Find the structural formula of the compound represented by this 
condensed formula: CH3C (CHs) eCH3 

Ay AUUUNUNGNANAAAGOGNOUAOUOEONOUEQNGNOUGEOUGOOGOONGONOAUEOOONOUOOOOONGOOUOUOUOONGUOGOUOOOOUOUOGOOOOOONOUOUOOONOOOUOUOONOOOUOOOOOONOUOUOUOONOUOUOUNN 

CH; 
| 

CH3;—C—CH, 

| 
. CH; 

BB AVAVUAUUAUAGUAGOOQNAUOOUEUNOUEOUOQNOUGQOOQNOONOUOOUOOUQUOO00U00U0000000000CHO00U0000000000U0000000000000000000E00000080000000000000H00O00U0UN0U00UNNI 

CH; 
| 

CH;—CH—CH,—CH; 

© invvncvvnuvsnuvcnnnevaucnennncgnnveanunsgnvesvuneaueesssvengseesoeeeaueedUeeesUeegdUUeOUUOGGUOONOONOOOUOGOUONOOUNOOUOONOUOOOOUUOOUROOUEOOOUNOOUUNOOII 

CH;—C—CH;—CHy, 
| 
CHs 
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You are right. Here are the condensed and expanded structural 
formulas shown side-by-side: 

CH, 
| 

CH3C (CH3)2CHs3 eigen 

CH, 

An acceptable name for the compound is neopentane. Go on to page 45. 

You are incorrect. The expanded formula which you chose does 
not represent the same compound as CH3C (CHs) 2CH3. Let’s see how your 
answer would be condensed. Your answer is 

CH3;—CH—CH.—CHs 
| 
CH; 

Branches are indicated in condensed formulas by enclosing them in 
parentheses following the carbon atom(s) to which they are attached. In 
your answer the branch is —CHg3. It is attached to the second carbon 
atom. Therefore, the condensed formula is CH3CH (CH3) CHeCH3. You 

might omit the parentheses since it should be clear that the —CH 3 must 
be a branch. If it were in the chain,.the carbon atom would have five 

covalent bonds: three to hydrogen and two to other carbon atoms. Turn 
back and select another answer. 

© vovvvvnevaeenv eva eevvUeeaMUNAAUUAGUNGOUNOGUNAGUNOOUNOGUNOQUNNOUUO0OUO0OUOO0NEON00UN00U0E0NOOENOOUOOOOUOONEOOUNOOUNOOUOGOUNOOOOOOUNOOOOOUEOOOOOOUNOGUEOOUUNNLE 

You are wrong. Your answer is 

# x 
CH;—C—CH;—CHs3 

| 
CH; 

you seem to have forgotten that each carbon atom in an alkane forms 
four covalent bonds. If you will check your answer, you will see that 
the carbon atom indicated by # has only three, while the one marked 

with * has five. Turn back and choose another answer. 
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Let’s get back to isopentane and learn its systematic name. Its 
structural formula is 

CH;—CH,—CH—CH; 
| 
CH; 

Have you already guessed that its systematic name is methylbutane? 
After all, it has a methyl group, CH3—, substituted on butane, 
CHsCH2CH2CH3. Note that the methyl group is substituted for one of 
the hydrogens in the butane molecule. Does the name methylbutane say 
everything that needs to be said? Is there another compound that could 
have the same name? What about this one? 

CH;—CH—CH,—CHs3 
| 
CH, 

Although it might appear at first glance to be a different compound, you 
can see that this formula is the same as the first if you reverse it from 
left to right. Hence, methylbutane is a unique and satisfactory systematic 
name for the compound. 

What happens when one more carbon atom is added to the end of 
the methylbutane chain? The new structural formula is 

CH,—CH—CH,—CH,—CH; 
| 
CHs 

The longest continuous carbon chain now contains five carbon atoms. 
Since a methyl group is substituted for one of the hydrogen atoms, the 
compound must be methylpentane. Is methylpentane a unique name for 
this compound? 

A MAVTAAA NAAN AAAAOEAAOUOEAOUOAAUEEOOUUGAOUONOOUEAOUUNOOOUUOOQOEOGOOUOOOSUOOOUEOGOOUOGOUUOOGOOUNGGOUCOOUUNOOUUNEGOUNOOOUEOOOUOOOOUNOQUONOGUOONGOUOOGUIL 

Yes 

No 
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You are incorrect. Your answer is that methylpentane is a unique 
name for 

CH=CH cH Chon, 
| 
CH; 

In order for this to be a unique name, there must be no other compound 
that is a methylpentane. Consider this formula: 

CH CH. —CH—CH,—CH, 
| 
CHs; 

It’s methylpentane, too, isn’t it? Can you superimpose it on the other 
formula? No, you cannot. Consequently, methylpentane alone is not a 
unique name for either one of them. Continue to page 47. to learn how 
each is named. 

Correct. Methylpentane is not a unique name for the compound 
represented by the formula 

CGH, =CH—CH,—Cib—CH, 
| 
CH; 

There is a different compound that could also be called methylpentane. 
Its formula is 

CH—CH)—CH=—CH—CH; 
| 
CH; 

Continue to page 47 to learn how to find a unique name for each of 
these two compounds. 
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The skeletons of the two methylpentanes are 

C—c—c—c-—c c—Cc—Cc—c—c 
| and | 

= Cc C 

Clearly something more is needed to give each a unique name. 
The distinction is made by the use of numbers. The carbon atoms in 

the chain are numbered consecutively, starting with 1 at the end of the 
chain nearest the substituent group. Study there examples: 

D2 3 eee 1 Ze 3). AGS 
or but not 

Da Aes ee so puede 735 2 ar 

Lo eee ch ae 

Cc C 

3-methylpentane 2-methylpentane 
but not 

4-methylpentane 

The numbers are used to locate the position of the methyl group on the 
pentane chain. Numbering begins at the end nearest the branch so that 
the lowest number(s) will be used. 

What is the systematic name for this compound? 

7 ee 

Cc 

A UNUUAAAUNGEAUEAUEAAONCQONAGUNAQUANOUANUOGOUEEOUUCGUOGOUSOOUUOOUUOOUNEOUOEAOUGOGUOGOOOOOOOOQUCOUOOOOEOOGUOOOUOOGUOOOUOGGUNO0O000U004000000000000000001 

3-methylhexane 

BB Avds0Ueev0Ueess4UeesdUeeddUNe4OUUNGGUUNGOUUNOOOUEOOOGONOGOQUEOOOOUOEOQUUNEOOUOOOOUUNEOOUUNOOQUUNOQOOUONGGQUNONNUuONNQUOOOGUUqQOOUuqON0quOGQqqqNO0UUU 

4-methylhexane 

© vvsv NAA AAA NANAAEAUTAAUUAGAUNGGUOGQUGAOUOGOUOGOUCEAUNOOUNGOUOGOUOOOGUOOGOOOOUNEQOUOGUNOOUOOOUNOGUOOOUEOOUNOQUOOOUOOGUNOUEOOOONOQUNOQUNOGONOGUNOGUNI 

isoheptane 
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You are right. The systematic name for the compound with the 

skeleton 

C=C] CCGG 

is 3-methylhexane. The carbon chain is numbered from the end nearest 

the branch. Carry on to page 49. 

You are incorrect. Your answer is that the compound having the 
skeleton 

CCC] C—]C-—E€ 

( 
is 4-methylhexane. You have numbered the carbon chain from the wrong 
end. Always start at the end nearest the branch. For example 

C- CG] GC] CCC C 

represents 3-methylheptane, not 5-methylheptane. Turn back and select 
another answer. 

© sev vevgnvenev ee vnvveveeOeAMUANAUAUAGUAGNOOEAUNGUGOEAOOOOEOUEOOOONOONOUEOUOGOQONGUEGUCQUOQEOONGQOQUOOUOOUOUNGEOOUOOOOUNOUOOUNOUOGOOONOUOQOOUOONNONGEEOUOGOOUED 

You are wrong. Isoheptane is not the name of the compound 
represented by the skeleton 

Ope Oe Cats Oa. 

G 

Let’s see why. You should recall that iso- compounds have a branch at 
the carbon atom next to the end of the carbon chain. The skeleton of 
isoheptane is 

See ee 

Cc 

How would you name isoheptane systematically? If the carbon chain is 
numbered consecutively from the end nearest the branch, the branch is 
seen to be attached to the number 2 carbon atom in the chain. Isoheptane 
is 2-methylhexane. Turn back and pick another answer. 
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You may think that you have spent a long time learning to count 
carbon chains and number them. Nevertheless, this ability is vital to 
success in learning the nomenclature of other families of organic 
compounds. Your progress should accelerate from this point onward. 

Now you need some practice in naming substituted or branched 
alkanes. Remember the three steps you have learned: 

1. Find the longest continuous carbon chain. 
2. Number the carbon atoms consecutively from the end nearest the 

branch. 

3. Locate the position of the substituent group by number and name 
it according to the number of carbon atoms it contains. 

On the next page are five carbon skeletons. The correct name of the 
compound is below each skeleton. Expose the names only after you have 
worked out the name yourself. If you miss more than one, you should 
go back and review. 
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di. 

nonane 

3-ethylhexane 

of Organic Compounds 

ee 
C=C. Cs-C 

c-—c—c-c © 

T 
C 

Ba 
rt 

copy ite a: (Note: There are » three different ee to number the : 
"chain. toh leads to the same ae 

Cir Cle C—O (Cl (6 C1 O16. 

G 

| 
Cc 

5-butylnonane (Note: There are three ways to number the chain. All 
three lead to the same name.) 

Turn to page 51. 
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Suppose you encounter an alkane with two branches. Like this one, 
for instance: 

6 
CoG 
eal 

C— CO CaCO C=C 

Begin the same way. Find the longest carbon chain and number it 
from the end nearest to any branch. Thus 

1 
C=G>—C—C— 
LS oe 4 Eel) 10) 

ar Ca C= 
Cu eons 

This compound is a substituted nonane. Now name and locate each 
of the substituent groups. This is 5-ethyl-4-methylnonane. Why isn’t it 
4-methyl-5-ethylnonane? Only because the American custom established by 
Chemical Abstracts is to name branches in alphabetical order according to 
the names of the substituent groups. Occasionally you will find them named 
in order of increasing size of the substituent groups. Either way gives a 
unique name to the compound. That is what we are after. 

How would you name this compound? 

A MUUNNAAANUAAUAUEANEGUEGUAQUADOGUEOUGUEOUOOOOQEOOGUOUOGOOUOOUOOUUOUOOUOUNOONOUOOUOGUOGUOUQOUGOUOGUOUNOUOGUGUUOGUOONOUGOUOOROOOOUOOUODOOUOOUOOOOONOUOOUD 

4-methyl-5-ethylheptane 

3-ethyl-4-methylheptane 

© svvvvvvvvevvnesvnnesvnnnvuneesuveadeegdUnesAuNGAOEANAUENNGUONAOUNOOOUEOOOUNOOOUOEAOUOOGUOOOGOOUGOOONOGUONEQUEOOQUROOUUNOQUEOOQUOONOUoOONUqONOOuOQUUNG 

3-isopentylpentane 

isodecane 
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AQ WU eee U0 UAUNAUAGUAUTAUAGEAUCAUAAUAUOAUOOUAUEAONAEGEAUOAUAGUEDUOOAOOEOUOOEOONGUOQOOUOOCOUEAUEQUOOUOOUGOEOUNOUOUOGUOUUOUOGUOUEOUOOOOOOOUOOUOGEOEOONOUOOOOOUOUONL 

You are wrong. Your name for the skeleton 

1 
Y 

CC] CCC Ca 

is 4-methyl-5-ethylheptane. Most of your answer is right. It is a heptane 
and the branches are methyl and ethyl. Your first error was to number 
the heptane chain from the wrong end. Your second was to name the 
branches in order of size rather than alphabetically. Correct these two 
mistakes and try again. 

BB vUv0VUe0AUAAGUAUAGUAONGEROAVOAUUOUNGLOUEOUAUOOOOUSUOQOOCNOOGNOUOONONOUGOUOUOQUOUOOOOUOUOUNOUOSEONOUGOOOUOOOOOOUOONOUODOONOUOOOOUOUOONOEOONOUOOOOOONOUOONONNUGI 

Right you are. The name is 3-ethyl-4-methylheptane. The longest 
chain contains seven carbon atoms; the branches are an ethyl and a 
methyl group. They are located on the number 3 and 4 carbon atoms. 
Ethyl precedes methyl alphabetically and is named first. Go on to page 53. 

© v0 00ENAGUAUAVANANGUAGAUAOGOOUOOGUODOOAOOGTONOOGOUOONGOGOUOONOUGUOUAUNONOUOUOCODEOHCOUOUOOOUOOOUEOOONOUOUOUOUOUOOQOOOUOUOUEDNENOOOUOUOUGGOOCONOUOUOUOEEL 

No. The name is not 3-isopentylpentane. You need some more 
practice in finding the longest chain. In this instance there are two ways 
to number a chain of seven carbon atoms: 

a oo 
C—O C>-O= Case CaAte-C-C=C]CHG 

nie eee AS RD Ue 20M Die At ess 

Turn back and read page 51 carefully before you choose another answer. 

You are wrong. First of all, an iso- compound is a singly branched 
compound with a methyl group substituted on the carbon atom next to 
the end of the chain. Isodecane has a total of ten carbon atoms with 
this skeleton: 

€—C—] GC GG oa Cc 

Cc 

Read page 51 carefully again before choosing another answer. 
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Learn one last point and you will be able to name alkanes with the 
experts. Whenever there are two or more of the same groups (radicals) 

substituted on the longest chain, the fact is indicated by the appropriate 
prefix: d:- for two of them, ¢ri- for three of them, tetra- for four, penta- 
for five, and so on. To illustrate, consider the compound generally called 
“isooctane.” It is used as an antiknocking additive in gasoline. Its carbon 
skeleton is 

eo 
er 

Cc 
> According to our system, it is 2,2,4-trimethylpentane. The “tri-” indicates 

three methyl groups and the “2,2,4-” show where they are. Notice, too, 
that commas are used to separate numbers from numbers while hyphens 
are used to separate numbers from words. You can find several ways to 
number a five-carbon chain in “isooctane.” Once you have made a choice 
of numbers, you must stick with it. Don’t use one set to locate one 
branch and another set for a second branch. Here is another skeleton 
for you to name. 

G 

lees egy 
C=C=C—C-c—C—C 

It is 5-ethyl-2,4-dimethylheptane. Right? Note that the prefixes such as 
di- and ¢ri- are not considered to be part of the group names when 
determining the proper alphabetical order. 

What name would you give to this alkane? 

i oe OO Ce) 

Ay WAVTAUAAONAUAGOAUAGUAGNAUAGUEDOAUAGUAOUEGUOUEOUEOEOUOOUEOUOQUOUAGUOOOOOOOUNOOUOUOOUOUEOUOOUOOUOUOOUEOEOOOOUOOUOONOUNOUOOOOUNOUOOOOUNOUOOUOONOUCOUOONNT 

3,7-ethy1-2,2-methyl-4-propylnonane 

3,7-diethy1-2,2-dimethy]-4-propylnonane 

© vu nsa esa nesANeANUeAANNAAUUNAAUNAAUEOAUUAGAUENGOUOEAOUOGOOEOAOUNEOGUNGAGEONOUOROOUNOAOUUOQONOGOGUONOUUUOOUEOOOUOOGUUEGUUQSOUNOQUEOOOUOOOQUNOQDNONUT 

3,7-diethy1-8,8-dimethyl-6-propylnonane 
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AC MUNVANADAAEAUAANGUEGOAUAUOGAUDOUOUNGONGEOUEOOOOONOEOUOOUOAUOUOGOONOUOGOOUOUNONGUOQNOUOOOONOOOONOUOGOONOGOOCOOGNOOUGUGONONGUNOUANODOOOOUOGGOOONOOOONOUOOOOOGIND 

Close but no cigar. You missed the important point on the previous 
page. If there are two or more identical substituent groups, you must signal 

the fact with a prefix. For example 

0; 

(OOOO Ae. 

This is 3,4-dimethylhexane, not just 3,4-methylhexane. The di- indicates 
that there are two methyl groups. Turn back to page 53 and choose the 
correct answer. 

You are correct. You can have confidence now that you can name 
just about any alkane. Turn to page 55. 

CE asd 0UAUNAUENAAUEAUEAGUUAUOOOUNOOUOOONEGUOGOEOGUOOOOUOOUNOOUOOUNOGNGQONOGSUOUSOO000U00000000000000000000008000000000000000000000U08000000000000000000080000000801 

Come on now. Once you have located the longest carbon chain, 
number it from the end nearest any branch. You did not do this. 

Seaae: nee 
see a int aor mek 

Co iy CCC C—O CaO Cane” Car, Smee See 

C C 
ORE Or ails Os nome Aon eee | dh OE ES AG ER = 

Your numbers Correct numbers 

Can you see your mistake? The two methyl groups are closer to the end 
than the ethyl group. Turn back and select another answer. 
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There is an easy way to check names to see if they are complete. 
Just add the number of carbon atoms specified by the name and see if 
it is the same as the total number in the formula. Let’s return to a 
compound you saw a couple of pages back. Its skeleton was 

a 
ee 

C=C {OU C—C—o—C 

You named it 5-ethyl-2,4-dimethylheptane. Here is the way to check it: 

Fragment of name Number of carbon atoms 
5-ethyl 2 
2,4-dimethyl 2 (1 for each methyl) 
iE Hf 
eptane a 

There are 11 carbon atoms in the skeleton, too. 
A final note about writing names. All numbers are set off from 

group names by hyphens. Consecutive numbers are separated by commas. 
The last-named radical and the base name are combined into one word. 

So far we have concentrated on figuring out the names from given 
formulas. It ought to be easy for you to reverse the process now. Which 
of these skeletons represents 5-ethy1-2,4-dimethyloctane? 

A AUUAANAANAAAAAUEAOUOGOUEAUUNAUOGQOUEOUUOOUOEOOOEOUOGOUOOOUNGOUNOQUNOOUOOOUNG0U000000000000000000000U0U00OUN0OOONOOUGOUUNOOGEOOOUOOUNOOONO0ON009U00N 

Cc 

c-c—c—c—c-—¢ 

eo gece 
cea 
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Ax AUUNUUDNAGAUOUNGAUOUUEAAAUUONONAUUNOEAOUUNOGOOUEOOOQOUOOONOOOUOOOQOUOOOGOOUUUEOOQUEOQO0OUEOOOQUUOOOQGUUNOGOQQUUEOOOQUEOOOOOUOOOGAUUNOOOOUOUOOOUUNOOOUUOOOOOGUI 

You are incorrect. From the name _ 5-ethyl-2,4-dimethyloctane you 
know that the longest carbon chain must have eight atoms. What is the 
longest chain in your answer? 

i 
Cc Cay, 
| fon’. 

C>]C€—C-C]C]C= Cc 

Only seven. This is the skeleton of 5-ethyl-2, 4-dimethylheptane. Do you 
agree? When you do, turn back and work out another answer. 

Right. The skeleton has a carbon chain of eight carbon atoms and 
the branches are of the proper size and location to represent 5-ethyl-2, 
4-dimethyloctane. Note that the consecutive numbers are separated by 
commas, but that numbers are separated from group names by hyphens. 
The final radical and the base name are combined into one word 
(dimethyloctane). Go on to page 57. 

© evavnnnvnvvnuunnegsvuuenescsunesscueeessvUUneeesUUeneddOUUNTAAGOUUOOGAOUEOEGOOGUONGOOOUOUESOOUEOOOOGUONGO00OUUOUE000UN0000U0N000000N00000G000000N008000000000001 

You are wrong. The skeleton you have chosen does have a chain of 
eight carbon atoms and does represent an octane. 

Cc 
SR Ok OOo ee lec 

Eni 
c—C-—C—C_ 

ic 

However, it does not represent 5-ethyl-2,4-dimethyloctane. The name 
specifies that the methyl groups are in the 2 and 4 positions. In this 
skeleton they are both on number 2. Turn back and find the completely 
correct answer. 
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On the next page are some drill exercises for you. The correct 
answer is below each one. Do not expose it until you have decided on 
your own answer. Turn to the other side. 
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Where a formula is given, write the name ofthe alkane. Where a 
name is given, write the skeleton formula. 

1. 2-methylhexane 

2,2-dimethylpropane, or neopentane 

oO Coste oe eae ee 

CME Cc 

2,3,8-trimethylnonane, not 2,7,8-trimethylnonane 

4, 5-methyl-4-propylnonane 

| Oe 

Cc C¢ 
| 
CG 

ae CHg3 (CHe) 3CH (CHs3) 2 

C 
| 

2-methylhexane or isoheptane. The skeleton is C—C—C—C—C—C 

Go on to page 59. 
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Summary: Naming of Alkanes 

Alkanes are saturated aliphatic. hydrocarbons. When two or more 
different compounds have the same molecular formula, they are called 
isomers. Alkanes with four or more carbon atoms have isomers that differ 
in structure. These are known as structural isomers. Each has its own 
chemical and physical properties. 

The general formula for the alkanes is CyHeoniz. The names of the 

first 10 members of the homologous series are methane, ethane, propane, 
butane, pentane, hexane, heptane, octane, nonane, and decane. All alkanes 
have names ending with the suffix -ane. 

When one hydrogen atom is removed from an alkane, the resulting 
univalent radical is named by substituting the suffix -yl for the -ane in the 
name of the alkane. Collectively, these are known as alkyl radicals or 
alkyl groups. 

Unbranched alkanes are known as normal alkanes. Names for branched 
alkanes are determined by following four steps: 

1. Find the longest continuous chain of carbon atoms and name it 
according to the basic alkane names. 

2. Number the carbon atoms in the longest chain consecutively from 
the end nearest a branch. 

3. Name the branching alkyl groups according to the number of 
carbon atoms each contains, list the names alphabetically, and specify the 
location of each group by the number of the atom to which it is attached. 

4. When two or more of the same alkyl groups appear, indicate the 
fact by means of a prefix; the location of each group is shown by a 
number. 

ALKANES 
General formula: CypHoen+e Series name: -ane 

When you are ready, turn to page 60 to begin a short test. 
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Answer these questions one at a time and check. your answers on pages 
61 and 62. 

1. One formula for 2,2,4-trimethylpentane is 

CH; CH; 
| | 

CH3:—C—CH»,—CH—CH; 

| 
CH: 

It is an isomer of 

1A WnevnnenannneannesnnnnsguensaveeggveesgueessdeeeUeeegUeeesOUeAQOUUAOUENAGUTOAGUNOAOUEOOUUEOOUOEOOUNOOOUUGOUUOOGUOEOUUOOOUUOOOUNOQOUOOOUONOOU HOU 

2-ethylpentane 

TB vuivvvnunnevnnneasueengneeeecsesequeeeggveeeegHeeeedUeeAAONeAdUUAGAUUTOGGUUUNOUOUONOOUOGOOUOOEOOUOUOOOUOOOOUUNGQOUEOOOOOUOOOOUqOOOUEOOOUUNOGHI 

octane 

1¢ VOVAUOVADUNDOUOOAVAVOVOUOOOOOOOAOAUOUONOOUAOOUNOOAOUONOCOOOOOOOQUOUOOOOOOOOCOUOOOOOOOUONNDOOOOOOOOOOOOOOUGOONOOONOOUOUONONNOUSOONOUOONOCOEONOOOOIY 

2,2,3-trimethylhexane 

2. What is the name of the alkane represented by this skeleton: 

Cr G, 

co ¢ 
G]C Ie C C C CGE 

2A VUAUAAUANOQUEGNOUOONOUOOOOOONOEONGONAOOOUOUEAUOUOGUOUOOUOGOUOOUEUOOOCAUOUEOUOUEQOOONGUOUOONOUOONOUOUOOOONGOOUEDOOUEOOOUOONONOUOOONOEAUNUNONOUEHN 

5,6-ethyl-4-methyloctane 

2B VOVUNUOVAUOAVOVANUNAVONOOOUOOOVODUCOOATACUOVOUUOODOUOOVOCOOOOUOOOONOOOOUOUGOQONGUDOUGNGOOUUDODOOOOUOUONONOONDOUGNDOOOUSOUOUOUSNOONONOOUOOOOOUNUE 

3,4-diethyl-5-methyloctane 

2C QUULUUAAVOOOVOUOOUEOOOOOEOOOOONOOONOUOUONOOOUOOOUOGOUOUOOOOOOOOOOOOUOOONONUOONONOUOVOGOUOUOOOOOOOOOOUODOUOUOOOEOUOUOUOOOUOQOUQUOUOOOUEOONOOONOND 

5-methy1-3,4-diethyloctane 

3. Name the alkane that has this skeleton: 

Gc ees 

(CO) (0-0 16 eo 0 16 

3A UNUOADUAUNOUEUOOOEAOUOGUOUEGOOOGOONGUEOUOAUOOUGOUOOUOUEOUOOUOOOOUCGUOOUOUNOONOUUOUOOQOUNOUCOUOQCOUOOOONOONOUOOOOONOUEOOOOOOOUOUOOOOOOONOOENONNOLE 

5-methyl-6-propylnonane 

3B VUNUUAUOQUOOUNOUOGCOAOOUOOUOGUEOUEOOOOTAOEGUOGOOONOUEAUEOUOOUOUOOUNOOOOUOUOGOOUCOUCOUOONOONOUOOOEOOOUNOUOOOOQNOUEGOOONOUCONOOOOUNSUNOUGUNOGNONEGNGE 
4-isohexylheptane 

3C QUALOAUOOUCOUAUOAOUOOOUEGAUOOONOUEOUOOUADOOUOOUOGNOUOOUOGUOOUOGNOUOOUOQNOONOUOOOOOOOUEOUOOUOGUOUEOUNOUOUNOUCQNOOOQO0QNOUEOOOOOOUNOUOONOUOOUNUND 

5-methyl-4-propylnonane 

4. Write as many different kinds of formulas for 2,2,3,3-tetramethyl- 
butane as you can. You should be able to write at least three. 
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1A MMMM 

You are incorrect. The isomer you seek must have the same number 
of carbon atoms as 2,2,4-trimethylpentane Let’s check the number. 

Fragment of name Number of carbons 
2,2,4-trimethy] 3 

pentane 2 

You chose 2-ethylpentane as an isomer. Checking it, we find: 

2-ethyl 2 

pentane a 
7 

‘Turn back and choose another answer. 

TB snvvvnuesvnungncenanueecnessceescneeageesu cess eee eee A 0eegAONeA TAA UAAAUUEAATAAAOUUAUOUEAUOOOQUUGAUUOOOUECAUUUOOGTOOQUUTOQOUOOUOOOOOUOOUERNOUOOGOTONL 

You are right. Both 2,2,4-trimethylpentane and octane are alkanes 

containing eight carbon atoms. Their molecular formulas are CgHig. 
Therefore they are isomers. 

1G savvvvnvvvcanveneesaeea esa eeaeeaaeeN NAAN NANOEAONAGOEAOUEAUUEAUEAGOOOOOOUOOOUOAONOOUOSOOOOUOOUUGOUCAONOOUOOUOOOUCOOUEOOUOOUOOUAOUOOONEGOOONOOUOOONOGULOUEON 

Wrong. Any isomer must have. the same number of carbon atoms as 
the compound in question, 2,2,4-trimethylpentane. Let’s check: 

Fragment of name Number of carbons 
2,2,4-trimethyl 3 

5 
pentane a 

Now let’s check your answer, 2,2,3-trimethylhexane ¥ y 
2,2,3-trimethyl 3 

hexane ne 
9 

These cannot be isomers. Go back and choose another answer. 

QA. WMMAVTANNAUANNAUNNUNVUAUEAUAOUENOOUNOUAGOEOEAONOUOOOOUNOUNOUOOEAUNOOOUOOONOOUOOOOUOOUOUOOUOQOOUOOUEOOGUOOOUOUOOEOEQOUNOUOOOOUOOOUOO0OOUOUOUNGUOOOOGHOOUOUNE 

You are wrong. The skeleton does represent an octane. But you have 
numbered the chain from the wrong end. Always start your numbers at 
the end nearest a branch. One more thing: if there are more than one 
of the same branching group, show this by means of a prefix (di-, ¢tri-, 
etc.). Go back and choose another answer. 

QB Avvssvevvvegvvevveev ees geNAANNAAUAAAUOANUAAUOOAGUEAOUOANNOOUOOOUOOOUEOOOUOOOUEOOUUO0000UNQ000N0UN00UNOOUNEOUN0OO00UOUOOEUOUUOOUEOOUOOOUOOOUENOQUEQONOQUUEQONN 

You are right. The skeleton represents 3,4-diethyl-5-methyloctane. 

2C QUAUNOUUOUANNGUEOUAGOOANOEONOUEOOOGEAUOGUEONGGEGVOGOOOEOEGONOEOOOOOOGOOOUOUOOUOONOUEOOOEODGUOGUEOUOUOOOEOOOOOOONOUEOOOOEOEONOO OOOO OODEOOOONG OEE EG ONE 

Incorrect. You have named the compound correctly as an octane and 
identified the substituent groups. You also numbered the chain from the 
proper end. Your only error was not to name the groups alphabetically. 
Choose another answer. 
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3A QUDUVAVAUAUUOUANOUHUGADOEEOCOOOOGEOOUOEOOOOUOUOEOCONOAOOOODONOCOOUOGOUOUOUOOGOOOEGOOUOUOGOOUOVOGOCONOUSUOOONOEOOUOOOOOOOOUOUOLONUOOOEONOOEOOOOOOOOOOOOONON 

Incorrect. You are still having trouble assigning numbers to the 
carbon atoms in the longest chain. Always begin at the end nearest a 
substituent or branching group. Turn back and choose another answer 
carefully. 

3B MM 

You are wrong. The skeleton does not represent a heptane. Turn 
back and find a continuous carbon chain that has more than seven carbon 
atoms. 

OC svvsvsvevvevensavaeneetsvsvueeeevaaUUNeeeaNAUUTNEAAAUUUEENGAOOOUUOOGNOOUUUOOEOOOOUUCONOGOOUUCUQOOQOOUEOOOOOOUEONOOOQQUUEOOEOOQOUUUEOOOUUUuOOOQOuAqGaNNUU 

You are right. The skeleton represents 5-methyl-4-propylnonane. You 
correctly remembered to name the branches in alphabetical order. 

4. Here are several kinds of formula for 2,2,3,3-tetramethylbutane: 

Molecular formula CgH 3 

Structural formula 

H H 

H H—C—H H-C-H H 

HS¢€ Cc C C18! 

H Ha CoH H—G—H ie 

H H 

Condensed structural formulas 

CH; CH; 

CH3C (CH3)2C (CH3)2CH3 or emu onc, 

Gry, OH, 
Skeleton formula 

Q 
= o-b-0 

A 

Go on to page 63. 
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1.3 ALKENES 

Once you have learned to name alkanes, the rest of your introduction 
to the Geneva system of organic nomenclature is easy. Many of the 
common organic compounds are derived from alkanes. The next family 
we will consider is the alkenes. Alkenes are unsaturated aliphatic hydro- 
carbons that contain one carbon-carbon double bond. They are sometimes 
called olefins (0’ lé finz), too. You can think of them as the product 
resulting from the removal of a molecule of hydrogen from an alkane. 
For example 

ious H H 
eel —He \ fe 

El © Cree? G=C 
| | VA S 
H H H H 
ethane ethene 

The names of the alkenes are formed by changing the -ane ending of 
the parent alkane to -ene. As you can see above, ethane becomes ethene. 
Obviously, there is no alkene corresponding to the simplest of the alkanes, 

methane. 
What is the name of an alkene derived from this alkane? 

CH3(CH2)2CH3 

A MUUUTANAAGEAUEUEAUAUEOUAGEGOGUEGOOUAUEOUEUOGUOOOOUEOOGUCUNOUEOOOUEOOOOEUOOOONOUOOEEOUOUOGNOUOUOOUOUEOUODOOUGONOUOOUOUOOOOUOONOUOQOOUOOOOUOOOOOOUOOUE 

propene 

BB UUVNNUAUNUAVUUVOVAUONUOVOOOAOUANAVACOOUOVAUOUOOUOQOUOUEUOOGOUOUOCONOEOOUOUUOUOOUEAOUUUOOGOUOUOOUOOOEOAOOGUOUOOOOONOOOAOOOUOOONOOUONOOOOOUUNN 

butene 

© ceva eg eAUANAVAVAVUVAVANOAGAONACHAUAUOUNOAOAUNOAONOOOUOUOOOOOOUOUEOOOSOUOUOUOQERGOUEOQOOONOSOOOOOOOOSOOOOOOEONOUOUOUOOUOOCOOONONONOOOUOUOULE 

pentene 

DD UNVANTANNUANAEOUUOOVONOCOOUOOEOUTOODORDAGUOUGOOGOOOOEUAURCVEOTONTGUUOCVONDOOOOUANUAOOEOTOOTOCOUOODEOTOCEOTOOOAUOODOODOOEUOODRETOODEA UOTE 

hexene 
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Ac nvcvcunencccnuceneaaueeecauueeeaacueeeggUveegdeeeaQUOeeHAUUedAUUOUENTAA UTENAUUUNEGAUOUEEAGUUEUAUUUEUOGUUEEAOQOOUEEOOOOUUEOGOONOOUUEGGOGUEOEOAUUUIENNE 

Incorrect. Perhaps you did not look carefully at the condensed 
structural formula: CH3(CH2)2CH3. When written out fully, it is 

CH3sCH2CHe2CHs, butane. If hydrogen is removed to give it a double 
bond, it becomes butene. Go on to page 65. 

You are right. The condensed structural formula is butane. Alkenes 
derived from butane are butenes. Go on to page 65. 

© savvevvnnyesavaeesveeacn eee eeeceesg egg NTAATeAANAAATEAUTAUUUAUEAUEOOUEOAUEOUUEOOUEOOUOUOUUOOOUEAUUEOUUCOOUEOOOUOUOUGUOGOUSUOOUOOOOOOOEOOOEOAOUOGUENE 

You are wrong. Look carefully at the condensed structural formula 
again. Does it have five carbon atoms? If not, an alkene derived from 
it will not be called pentene. Go back and choose another answer. 

Wrong. Does the structural formula have a carbon chain of. six 
carbon atoms? If not, an unsaturated derivative will not be a hexene. 
Go back and choose another answer. 
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Since they result from the removal of hydrogen from alkanes, the 
alkenes have the general formula C,Hop. Of course, n must have a value 
of 2 or more. 

There is no chance for ambiguity in naming the first two members 
of the homologous series of alkenes. Ethene and propene can have only 
the formulas CHz=CHz and CH;—CH=CHs. Butene and all higher 
members of the series have isomers which differ in the location of the 
double bond. Let’s look at the possibilities for butene. Both of the 
skeletons shown here represent butene: 

C—C—-C=C ' G == CC 

The solution to the problem again lies with numbering the carbon 
atoms. Assign numbers consecutively from the end of the chain nearest 
the double bond. In this case 

C—C—-C=C C—C=CG—-CG 
Aa 2a ue ere | 

The location of the double bond is given by writing the lower number 
of the two carbon atoms joined by the double bond, as shown here. 

Ci CC, ==, G—G=C—CG 
1-butene 2-butene 

Which of these skeletons represents 3-heptene? 

AL vevvnaNAUAAUEAU EAU EANUAAUEAAUOAOEEAUTEAUOAUUEAUOOOGEOQONAUOAGOOGUAADEOOUOGUOUOUAUEAUCAUEAUEAUEAUEGUOUCOOUOOOOAUEOOUNOUOOUOOUOOOEOOUEOUOAOENGTI 

CACC CC 6 =—C 

C—CG—-C=C-—-C=C 

© vvvvvvveva ees esa vegAveA eA TAAUUAL TTA UUAUOUAUEEAOTEAUOEAUEOAUOOAOUCAUOUAGOUAUOUAUEAGUEOUOCOUEOOUEOUOUOUEOUUOOUEOOONOUEOUOUOUEUOUEOOUONOUONOUEH 

G—]e€—C]—G_—C_—¢_—C 
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A VONVANVANUOUUOVODVOVEOUOSTACOOVOUOODEAOOOOOHCOOOOVOUOEOOOUOTUADONTOCDOOTOCVOCUUOEDGOVOEDOOEOEOOUOOTOOACDOOTOOOOODOODO ODO OCUEUDOOOUOOOOOOOOOOTOODOOOOU 

Incorrect. The skeleton does represent a heptene. Look at it again. 

CCC) 1C ACC, 16 
Beet e Oe Ou a 

The double bond is between the carbon atoms numbered 2 and 3. 
Positions of double bonds are always indicated by giving the lower number 
of the atoms which it joins. Hence, this skeleton represents 2-heptene. 
Turn back and choose another answer. 

BE UvNA UNA VUAEANNANNADEAUEAUANUOGUOOUOUUGQEOUEOUCOUOOUTOONEOUCOUEOUEAUEAUUOUNAUNOUUAUNGUOONOOOONOUCOOEOOOOUNOOOOOOONOOOOUOOOOGUNGNOOUOUNOUOOOOUEOONOUOUINN 

You are wrong. Your answer is that this skeleton represents 3-heptene: 

CC] C—C— Ce 

The double bond is in the 3-4 position and should be designated by the 
number 3, but how long is the chain? Only six carbons. Doesn’t that 
make it the skeleton of 3-hexene? Sure. Now go back and choose another 
answer. 

© vevesvvcvsveesaueeananaaeeaveNAA NAAT UAUEAAUEAAUEAAUOEAUOOAUUCOOUOUAUOUAUOOANOUEAUOOAUCOOOUOGUOAOOOGEOOUOOUEOOOOQUOOUOOUNOUOOQOOOOUOUOOGUNGUOOOUOOOUNNUEE 

Right. The skeleton 

c—C=C=C—C-C=C 

represents a heptene since there are seven carbon atoms in the chain. The 
double bond joins the third and fourth atoms and is designated by the 
number 3 in the name 3-heptene. Go on to page 67. 
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Hydrocarbons that contain more than one double bond are known 
as alkadienes, alkatrienes, alkatetraénes, etc. The prefixes di-, tri-, tetra-, 

etc., are used to specify the number of double bonds. The location of 

each double bond is specified by giving the lower number of the two 
carbon atoms joined by each double bond. A couple of examples will 
serve to make this clear: 

1,3-butadiene (an ingredient of some synthetic rubbers) 

1,4-pentadiene 

os 2,3-hexadiene (not 3,4-hexadiene) 

Notice that the carbons are always numbered from the end of the 
chain nearest to a double bond. 

Branched, or substituted, alkenes are named in a manner similar to 

the alkanes. The carbon atoms are numbered, substituent groups are 
located and named, the double bonds are located, and the main chain is 
named. For example 

i 
GC] GG G=C¢c 2-methyl-1-pentene 

. ~ 

¢=Cc=C—]—Cc=C 2-methyl-1,3-pentadiene 

What is the correct name for the alkene represented by this skeleton? 

So apm oEsuby ory 

Cc 

A AUATANANTAGAAU NAG LANGOORALOAOAAUAAOOOOUAUEAGEAUOAUAUEOOEOOUAOEOUOOUOUEAOOOUAOUAUOGUOUEOOONOUUAONOUEOUROUOOOOOUAOOOUOOUEOUOEOOEOOUOOUOOUOONE 

5-methyl-3-heptene 

3-methyl-4-heptene 

© svvvvvvavcsvnvvncssvcvveesvaesveaveeaaveaseessuesdeegdeesdeeddU04OUeAGUONNGUUNAOUEONGOUNONNOAUOOOULOOUONOGUEOOUNOQUqOOUEOOUUqOUOqOUoOOqnOUOn 

Help! 
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PWT TTT 

You are right. The carbon chain is numbered from the end nearest 
the double bond. Then any substituent groups are located. Consequently 

TREO ays A rk Drage al 
Ve eas 2 aed 

C 

is the skeleton for 5-methyl-3-heptene. Numbering of the chain is shown. 
Go on to page 69. 

Incorrect. You have numbered the carbon atoms incorrectly. Always 
number the chain from the end nearest the double bond as shown here. 

OEE OR Pon nd ae yt or ee] 

G-C=G—C=c=C=¢ 
Cc 

Then name and locate the substituent groups. Turn back and choose 
another answer. 

C UVUVAVACUETUVUTATATOUUO TODA TT ADEE TEVA DUPE UATE TAA VAUOVO TOO PEVOUO TOUTE VOUAUOUA DOCU AVE G OOOO EVOOAOO UO VA NOU OOOOOOGOUO COTO VOU UOTE TOUO TOOT 

So you need help in naming the compound by the skeleton 

iO Aid 3 Stee wl 
Yeo res Gro 

Cc 

First of all, you can see that this is an alkene since it has a double 
bond. The last syllable of the name will be -ene. There are seven carbon 
atoms in the longest chain which includes the double bond, so it is a 
derivative of heptane. First number the chain from the end nearer the 
double bond and then locate the double bond and substituent group. The 
double bond joins the number 3 and 4 carbon atoms and its location is 
specified by the 3 in the name. Finally, there is a methyl group on carbon 
number 5. Put all of these together and you have the name. Turn back 
and see if the name you chose is one of the answers on page 67. 
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Whenever there are two carbon chains of equal length, choose the 
one containing the maximum number of double bonds as the basis of the 
name. This skeleton should be named as a pentene rather than a pentane: 

se 

1 
Cc 

There are only a few alkenes that have common names worth 
remembering. They are shown in this table. 

Formula Systematic name Common name 
CH,=CH, ethene ethylene (also an acceptable 

systematic name) 
CH;CH=CH, propene propylene 

es 
CH3;C=CH, methylpropene isobutylene 
CH3;CH,zCH=CH, 1-butene a-butylene 
CH3;3CH=CHCH; 2-butene 8-butylene 

Natural rubber is a polymer of an alkadiene. The common name of 
the monomer, or basic unit, of natural rubber is isoprene. Its skeleton is 

shown below. What is its preferred systematic name? 

1 
Cc=C—CG=C 

Ax cveaeaUeedeAUNAAUTAONAUUOGUNAUUONOUOGUOAUEOAOUAGEOEOEAUOOQOUAOOOUEOAUOOUCOOHOOUOOUOUCOOUOOTOOEOUUAUEOUEOGOUOOCOUOOOOUUOOOEOOOUAOUOOUEOUEOOINE 

2-methylbutadiene 

2-methyl-1,3-butadiene 

© vvvvvvvevavensvuevsanevgneasuesaesgueesdeeegdeeesdeeeddUeOGUOCHOOUGAOUOAGUUAGUAUUNUOUOUOOOEOOOOUOOOUONOGUUOOUOONEAUOQOUUOGUOOOUOOOUOOOUEOOUUL 

3-methy1-1,3-butadiene 

One of the ingredients of the textile polymers Acrilan 
and Orlon is acrylonitrile. 

CH,=CHCN 

It is prepared from ethene or ethyne. 
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A UOVUVUQAUAUOOUEUAUAUOUUADEDOODSOOUAUOCHOOADAGEUGEAUOCOCUOVOUOCOUOUOUOUOUOUOUOUOCOUOOGUOUOUOUOOUOOOOOCOUOOOUECUUUOUOEOOUOOOOCHOOOCUOOOUOOEOUOOOOUOTOOM 

Incorrect. Your answer is that the skeleton 

Cc 

c=c-d=c 

represents 2-methylbutadiene. Everything you have written is correct; but 
you do not have enough. Couldn’t you also call the compound represented 
by this skeleton by the same name? 

I 
€=C aCe 

The positions of the double bonds need to be specified. When you have 
done this, turn back and choose another answer. 

BB wunvsvvnuevvacuoneggsnueesannneeegguueeegguuneagsueesgsdeeessUeedsdUeeedUUGNNOUEOOOUUCOQUUOUEOQOUUEOONOUEEONOUOEOOOOUOOGOGUEOOOGUOEOOOUCUOOGOUOOOOGUOELNEL 

You are right. The systematic name for isoprene is 2-methyl-1, 
3-butadiene. Isoprene as well as 1,3-butadiene is used in some synthetic 
rubbers. Go on to page 71. 

C DUVAUOUUAOGAOTOTAVACTAUTEOTONTAOTECTACAA TO OTANAUE TOCA TTAEDATO TOO TEUO AUTO VOUOUUOUOOUAUGEONUOOOUHAUUUACUODOOUOOOORGOOOOOOUOOUNTOODOUOCONQOQOEGOOGEONE 

You are wrong. It appears that you numbered the carbon chain from 
the wrong end. Here is the skeleton again: 

1 
C=C—-C=C 

As far as the double bonds are concerned, it makes no difference about 
the numbers. It would be 1,3-butadiene either way. The presence of the 
methyl group, however, requires that you number from the end nearer 
to the methyl group. When you have determined the correct name, turn 
back and choose it as your answer. 
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Condensed formulas for alkenes usually show double bonds by means 
of a double dash (=). Some books use a colon for the same purpose. 

Thus, both 

CG 
: | 

CH.=CHCH(CHs3)CH,GH; and C=C—C—C—C 

represent 3-methyl-1-pentene. As always, the key is to make sure that 
each carbon atom has four covalent bonds. 

What is the correct condensed structural formula for 3-ethyl-1, 
4-pentadiene? 

AL WAV0Ue U0 00 NU UU TANAUATAVAVADAUAAAAAUADEANOTAUOTAUOEGEOOAUOOUOCAOUOAUOVOODEDEOUOAAEAUOOEHEOEOE OOOO VOTO OOOH DADOVE VO UE VETO TU TOON 

CH3;=CHCH (C;H;) CH=CH; 

BB vUv000e00UNONGUNUAVOEOUOUOUADDGDOOOGOONUAGOONONGAONOOULDOUOUOUOEOCOOOOOOUOUOEULGOONONONOUOOOOUOUODOUOUOUOEOUOUONUOUOVOOUOUOOOOOUOOOOOOOONT 

CH,=CHCH (C2H;) CH=CH, 

© vvvaevvn eave navegeaeaeaeavaUeVaVAVAAGAUANAUAVAUNOUAUAUOAUAAUOOUOEOUOOEOAOUOOOEOUEAOOOOEOOVOOOOOOUOOOOEOUONOUOAOOOEOOUUOUOEOUOONOUOUET 

CH,CHCH (C,H;) CHCH, 
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AL AUNAVUANUNNAUONAQUENAOUEGAUEOOUEOOOUCOOUOOOOUOOOUUAGOUAGOUAGUOGOOUENOOUUAOOEEOOUUOQUUNNOOUUAOUONOUOOAUOEQOUCOOUEOOUUOQUEOOUGOOUCOQUOOUEOOUONOUCOOUONOUINNE 

Incorrect. Perhaps you did not examine the formula carefully enough. 
The answer you chose is CHs=CHCH(C,:Hs)CH=CHs3. It fits all the 
requirements for 3-ethyl-1,4-pentadiene except one. Check the number 
of bonds on the number 1 and number 5 carbon atoms. They would be 
like this: 

i 
H-G= 

H 
This is one too many. Turn back and choose another answer. 

Right. CHe=CHCH (C2Hs) CH=CHsz is the condensed one-line formula 
for 3-ethyl-1,4-pentadiene. Pay particular attention to the fact that each 
carbon atom has four and only four covalent bonds. This can be shown 
more clearly by writing the full structural formula. 

bat 
Eure 

H | H H 
XS a 
(Cr==16)=4C; (C6 

7 [= hae \ 
H H- Hime H 

C PUUTTOUVOTOAVOATATOUOAEOUEUEAEATOODOO DEA UOAPETAOHAVOGTOOOOEUUOUEOAUEOUEOEOUOOOOQUOOOOGUOOEOUOOUOOEOGOOUOOEOUEOEOUUGUOGOOUOUEOOOUOOQOOOOOOOUNONOUNUNE 

You are wrong. You want the condensed structural formula for 
3-ethyl-1,4-pentadiene. The -diene portion of the name is a signal that 
there should be two double bonds in the formula. The answer you have 
chosen, CHzCHCH (C2Hs) CHCHg, has none at all. You can see the location 
of the double bonds more clearly if you write the full structural formula 

i H 

HEC Cr 

H H H 
N 
C—G+=G—CG—G 

a Lac xs 
H TEE H 

Where should the double bonds be placed in order to have four bonds 
on each carbon atom? When you have decided, go back and choose 
another answer. 
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Except for the radical derived from ethylene, radicals derived from 
alkenes are named in the same fashion as those derived from alkanes. 
The -ene ending of the name is changed to -enyl. This table illustrates the 
general rule as well as the exception: 

Systematic name Formula 
vinyl radical CH,=CH— 
2-propenyl radical CH,=CHCH,— 
2-butenyl radical CH;CH=CHCH2,— 
1,3-butadienyl radical Cho—CHCH=CH— 

The carbon atoms must be numbered for all but the vinyl radical. 
The carbon atom with the free valence is always number 1. 

Even though you know how to name unsaturated radicals, you should 
name hydrocarbons in such a way as to include any double bonds in the 
base name if you can. For example, the compound represented by this 
skeleton should be named 3-ethyl-1-pentene rather than 3-vinylpentane. 

C 
| 

1 
GC] C= G=_6=-€ 

What is the preferred systematic name for this compound? 

i 
Facade 

¢=C—C.._G—G_H 
Lise em 

H Toor ee 

AL vivnenveneeneenennyagvegeedeeUUAUAAUCACAUEAOUNAUAAUEOUOUAUEAGCEMDOAUTOGEAAUEAUUUOEOOOUOOOOUEOUEOUUAUEOEOOOUEOOUAEOOROUUOUUOUUOCOOUAUGUOOEL 

vinylbutane 

BB W000 00AN00UGNAVNONAUNONEOCODEAUADEOUAUOGOOUOUOQNOUOUAONOUOUEOOOUOVOQOONOROUOUOOOOUOOOOOOONOOONOUOUEOOOUOOOOUOUOOOOUOUOOUOUOONOUOUOUOOUOONNT 

2-vinylbutane 

©] vane gece gn egeeve gee eaeeeaUAUAVAVNUATAUAVAUOAEAVEATAUOOEOAOUAUAOUOUEGOOUEAUOUOUEGOOUOOEOUOONOEOUEGUOUEOUOGUOUOOUOQEOUNOUOOUOUOGUOUOOUOLOUOOLE 

3-methyl-1-pentene 
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Ay vanvsnececyeeaauyeeaaceeeageeAGeTANUNEAQOUEEAUUEUAUUEEOAUUTEOAUOUUOEGAOUUEOGOOOUUOREAGUUOOEAQOOEGOHOOGCOQUONCOGUUEOOQUUOOOUUEQOUUEOOUUEOOGUEEOGUUIN 

Incorrect. The preferred name for the compound represented by the 
skeleton 

i 
C=C] Ce 

is not vinylbutane, although this name does describe it adequately. The 
name violates our first rule: find the longest continuous carbon chain. 
There is a carbon chain that includes more than four carbon atoms and 
the double bond as well. Look at the skeleton above until you find it. 
Then turn back and choose another answer. 

You are incorrect. The skeleton for the compound in question is 

1 
c=c]C—C—C 

The name you chose is 2-vinylbutane. You have failed to apply the first 
rule for naming hydrocarbons: always look for the longest continuous 
carbon chain. If you look carefully, you will find a chain that has more 
than four carbon atoms and includes the double bond as well. You should 
also note that the 2 is redundant. “1-Vinylbutane” would be simply 
1-hexene. When you have found the longest carbon chain which includes 
the double bond, turn back and choose another answer. 

C POVAQUAVODOOTAVOCOTATTOVA ETAT ETOAC ETAT TATOO TAUPO OEP VO OOOO POCO POON OCOOONDOCONUOUOOOOUGOOOOUEUOUGI 

Correct. The skeleton formula for the compound in question is 

C 

c=c-—C-c-—c 

The longest carbon chain contains five carbon atoms and includes the 
double bond. The preferred systematic name is 3-methyl-1-pentene. Go 
on to page 75. 
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Now you need practice to make sure that you have the system down 
pat. Give the preferred name for the compound represented by each of 
these formulas. The correct answer appears below each one. Do not 
uncover an answer until you have worked out your own. 

: 
Cc 
| 
{CC —C] Ce 

5- eee -3- eae (Sees reverse oie. if pe wees any nse) 

2. . — _CHLCHLCH— 

propyl radical | oF - group. | See reverse — if. you chose a different 
answer.) _ -  . 

3: . C 

C 

CG €]C— GG 

4-ethyl-2-hexene (See reverse side if you chose 3-ethyl-4-hexene.) 

| 2-methyl-1-butene (See rev erse if you chose 1-methyl-1-ethylethene.) | 

2. 

3-ethyl-3-methylpentane 

-—  -. o- 6=0-C—C-c-c 7 

- 2 -ethyl- 14: hexadiene Gee r reverse for ‘explanation of answer.) 

2 G=C— 

vinyl radical 

If you named all of these correctly, go on to page 77. If you made 
more than one error, you should review the section on alkenes. 
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Answers 

1. The skeleton with the proper numbering is shown here... The 
meanings of the different parts of the name are: 

C7 -ene 

ce hept- 

| ae 
¢—G=C=c=Cc= 

See CD we cated 5-methyl- 

one double bond 

seven C’s in chain 

double bond between numbers 3 and 4 

methyl group on number 5 

2. This radical, CH3GHesCH2—, is formed by the removal of one 

hydrogen atom from CH3CH2CHs, propane. The name follows the general 

rule for radicals: Change the -ane to -yl. 

3. The skeleton is shown here with the carbon atoms numbered 
properly. The meanings of the name fragments are: 

C6 -ene 

ue hex- 

| “oe 
Cc=C=]—C—C=C-—C 

Hee eee 4-ethyl- 

one double bond 

six C’s in chain 

double bond between numbers 2 and 3 

ethyl group on number 4 

4. The skeleton is shown here with the carbon atoms numbered 
properly. The meanings of the name fragments are: 

C 
r 4 -ene 

ope but- 

3 -1- 

ke 2-methyl 

one double bond 

four C’s in chain 

double bond between numbers 1 and 2 

methyl group on number 2 

5. The skeleton is shown here with the carbon atoms numbered 
properly. The meanings of the name fragments are: 

nl -diene 
ll hexa- 

Cc—C=C—-C—C—C—C -1, 4- 
Cans 3 2-ethyl 

General formula: CyHenie 

two double bonds 
six C’s in chain 
double bonds in 1-2 and 4-5 positions 
ethyl group on number 2 

ALKANES 

Series name: -ane 
ALKENES 

General formula: CyHoep Series name: -ene 
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14 ALKYNES 

A third family of hydrocarbons is the alkynes (al’ kinz). These are 
unsaturated hydrocarbons containing a carbon-carbon triple bond. The 
simplest and only common alkyne is ethyne (&th’ ine). Its formula is 

HO] Ca 

You may recognize its common name, acetylene. Since the alkynes could 
result from the removal of two molecules of hydrogen from the alkanes, 
their general molecular formula is CpHep-e. 

The names of the alkynes are formed by changing the -ane ending 
of the parent alkane to -yne. All of the rules you have learned for 
alkenes apply also to alkynes. Number the carbon atoms, if necessary, 
from the end of the chain nearest the triple bond. Locate the triple bond 
by the lower number of the two carbon atoms joined. 

What is the name of the alkyne represented by this skeleton? 

1 
C=]CG] C=] C]G 

AAU ee eee Va NANA VAVAA ATAU ELECT TA DATA TA OETA 

4-methyl-2-pentyne 

2-methyl-3-pentyne 

© iv vs00 000A U0 VAAN VAVAANAVAUAGEAUAVAUAUAGEAOAVOVEAEOOOEATOEAVOVEOUAUEOUOVOEOOOCOUAUOAOOTOUOEAOOEOOEOUOUEOOOUEOEOUOOTAUOUOEOOONOOOEOUOOU 

4-methyl-3-pentyne 

Help! 
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Ay cuuvenanensuuensQUeedsAUONNAAOUUNENAGUOEEOQOUEEGOUOEOOGUOOOGUOEUAOUOOOUOUOOUOUUOQUUOUOEOOONUOUOUOQUEOOOOSOQUONUAUUNOOUONOOUEOOUEOOOUOOOOUCOOUOOOUEONUUEONI 

You are correct. This skeleton represents 4-methyl-2-pentyne. 

Cc 

C2 G=04e 

Since it contains a triple carbon-carbon bond, the suffix on the name is 
<yne. Write the complete structural formula and check to be certain that 
it obeys the general formula CpH2zn-2, Go to page 79. 

BB aan savevauneaveeaUeaaUeeveadeesueadUeaU TAA UNA EAOUNAUEOUUOAUOOAOEOAOUOQUOOOOEOOUTOOOUAUOOGUCOQUUOUOUOUOOOUNOOOOUOOUQ00U00000000008HO0NOOOGOOUOOOUEOOUHY 

Incorrect. You numbered the carbon chain from the wrong end. The 
carbon chain in alkynes must be numbered from the end nearest the 
triple bond. Turn back and study the skeleton again carefully before 
you choose another answer. 

© anvvvevavevavevavevsceesaveeaa aeeeeeAATeAAUNNAAUUEAAUUEAAUOEEAUUUEANOUOUOAOUEOGOOUOUOOGOUONGAOUNOOUUOOOGUONGNOUOOGOQUEOOGUEQOauouOdoqOQuqOOuqnOGUtON 

You are so close to right that your error may only be a careless one. 
Remember that the location of double and triple bonds is specified by 
the lower number of the two carbon atoms joined. Study the skeleton 
again before you turn back to pick another answer. 

i 
c—Cc—Cc=c—C 

D DAVUUUUEANUOTOOUUUTOOUATODASTOTUOUAOOEACTATOOTEVUTAATORODAOOVOUUOUODOUUOOUOOOOUOCOOOSUOVOOOOUANOOOOOOAOOUUOOUOUANOOOTOODEOOUOOOOOUOOOOOONOOUUEHAD 

Here is a bit of help for you. Hydrocarbon names are most readily 
put together from back to front. The steps are: 

1. Determine suffix (-yne here because of triple bond). 
2. Find base name by locating longest carbon chain. 
3. Number chain from end nearest triple bond and specify the loca- 

tion of the triple bond. 
4. Name and locate, by means of a number, any substituent groups. 

Turn back and work out an answer. 
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Radicals derived from the alkynes are named in a manner similar to 
the radicals derived from alkanes and alkenes. The final -e in the name 
is replaced by -yl. Hence, the radical 

: H¢=c— 

is the ethynyl radical. 
Before we go on to some derivatives of the hydrocarbons that contain 

elements other than carbon and hydrogen, let’s practice a little more. 
The answers to each of the following questions is just below the question. 
Cover each one until you have decided on your own answer. 

S Zi 7 . 

4. Write a condensed structural formula for 2,3-dimethyl-1,3-butadiene. 

CH2,=C (CH3) C(CH3) =CHe 

yi! 
UNG 

6. Write the molecular formula for 6-methyl-3-nonyne. 

CyoHig 
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If you answered all these questions correctly, go on to the next 
chapter. If you made errors or are unsure of yourself, review page 59 
and pages 68 through 77. 

ALKANES 
General formula: CpHen+2 Series name: -ane 

ALKENES 
General formula: Cy,Hen, Series name: -ene 

ALKYNES 
General formula: CypHen-2 Series name: -yne 



pod 
Cyclic Hydrocarbons And 
Substituted Hydrocarbons 

The two general classes of organic compounds are aliphatic and 
cyclic. Cyclic compounds are further subdivided into homocyclic and 
heterocyclic, depending on whether the closed ring contains only carbon 
atoms or atoms of carbon and one or more other elements. The homocyclic 
group is further divided into aromatic and alicyclic compounds. The 
classification is summarized in this diagram: 

Organic _compounds 

Aliphatic Cyclic 

Homocyelic Heterocyclic 

Alicyelic Aromatic 

The nomenclature of alicyclic hydrocarbons will be discussed in this 
section. Aromatic hydrocarbons will be the subject of the following 
section. 

2.1 ALICYCLIC HYDROCARBONS 

Alicyclic hydrocarbons resemble the corresponding aliphatic or 
open-chain hydrocarbons in many ways, including their nomenclature. 
The names are derived from the systematic names of the aliphatic 
hydrocarbons that have the same number of carbon atoms. The prefix 
cyclo- (si' kl6) is attached. Here are some examples: 

CHa CH»2—CH, CH,—CH 

| cH a CH, 
CH,“ CH,—CH, CH-CH- 
cyclopropane cyclobutane cyclopentane 

What is the general formula for the cycloalkanes? 

AAV t 000 V0VANANAAAAAATAVAUAAUAVOUACAVOUAEAUA CAE CA TUTTE TATU T ATU TEVA TATU TATOO VHC TOA 

CnHoen 

BB vVNVUAVAVANNAUAVAUNVAANAUAUAUNONOUAVADOADOUAOUONOEOUOUEONOUOUOVOUOUEONONOUOVOGUOROUOOOOOOUOOOUOOUOUOOUOQUGUOUOOUGOEOQOUOOUOUOUOUQOOUNOUOUUOLL 

CnHon+2 

© vvv0v 00a 00v NANA VAATANNAVAGNAUAGEAUAUTADOAUAGOOUAGOOOEOUOOEOOEOONOUOOEONUOUOGNOUOOEOUOOUOUEOEOUOUCOONOOOUEOOONOEOUOUEOUOUNGOOUEOUNOUOONOONOONE 

CnHoen with neo 

81 
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A EUOAUOUAUOOOUEUOUOUOOEOUOUEONOOOUOOODNOUOVEOOOUEUNOUGUOUOUOUOEOOOOUOOOOUONECONOUOOUUOVUUOUOUGVOUCOOOUNOUOEOUOUOOOOUOUOOOOUODOOOUOUOUOUOUOUOUNI 

You are close, but not entirely correct. Cycloalkanes do have two 
fewer hydrogen atoms than the aliphatic alkane with the same number 
of carbon atoms. Consequently, if the general formula for aliphatic 
alkanes is CpHen+2, the general formula for the cycloalkanes ought to be 
CnHen. But shouldn’t there be a further limitation? Suppose that n=1. Is 
there a cycloalkane with the molecular formula CH2? No, there isn’t. 
Turn back for another answer. 

Incorrect. The general formula CyHen+2 is correct for aliphatic alkanes, 
but not for the cycloalkanes. For instance, here are the structural and 
molecular formulas for the compounds with n = 4. 

H H 
|| lee eel eee 

H—¢—CG=H ali 
| lEsl=Ci CC; = C18) 

EVs liar Oral ell a alee ea 
| lege tle ely 

H 
cyclobutane, C,He butane, CyH yo 

If comparison of these two formulas doesn’t lead you to the correct 
general formula for the cycloalkanes, try writing one or two more similar 
pairs. Then turn back and choose another answer. 

C UUUUUVAUAUOVOVAAUODOUOVOUECUOOCOTAVEOOUOOVOVOEOEOUAUOOGEAUOUOUAUOVOOEOAEOUOOOUOUGUOUOOUOUOOUOUEUOLOUOUOOOOUOOOCONOUOUOUONOEOOUOGOOUUOUOUOGUOLGNOTE 

Right. A cycloalkane has two fewer hydrogen atoms than the 
aliphatic alkane with the same number of carbon atoms. Therefore, the 
general formula is CpHen. Since there are no cycloalkanes with 1 or 2 
carbon atoms, there must be the further statement that n is equal to 
or greater than 3. Go on to page 83. 
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The number of carbon atoms in the rings of known cycloalkanes 
ranges from 3 to 34. Cyclohexane and its substituted derivatives are the 
most important. Cyclohexane is used as a solvent and as an intermediate 
in organic synthesis. Cyclopropane isa widely used anesthetic. 

The unsaturated cycloalkenes are named by adding the prefix cyclo- 
to the name of the corresponding alkene. Two examples are 

CH,—CH CH=CH 
~ “a N 
CH CH, CH: 

ve \ a 
CH.—CH2 CH2,—CH2 

cyclopentene cyclohexene 

When there is more than one double bond, numbers are needed to 

specify their location. Begin numbering so that one of the double bonds 
joins the number 1 and 2 carbon atoms. Study these two examples 

CH=CH 
CH—CH p a 

We NS CH 
CH CH CH, ll 

N he CH 
CH.—CH, oh 

CH=CH 
1,3-cyclohexadiene 1,3,5-cycloheptatriene 

Substituted cycloalkanes and cycloalkenes are named with the same 
prefixes that are used for aliphatic compounds. Here are the formulas of 
methylcyclohexane and 3-methylcyclohexene. 

7 NS va NS 
CH: CH—CH; CH, CH—CHs; 

he NS a 
CH,—CH, CH,—CH, 
methylcyclohexane 3-methylcyclohexene 

On the next page are four questions concerning alicyclic compounds. 
The answer is below each question. Cover it until you have worked out 
your own answer. 
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1. Write the carbon skeleton for cycloheptene. 

GC] Cae 
ve ~ 

C C 
XS ve 
C=C 

1,3-cyclopentadiene 

3. Write the formula for 1,4-cyclooctadiene. 

Molecular CgH 2 

C=C CH,—CH 
Vi X ee S 

Skeleton Cc G Structural. CH. CH 
| | | | 
¢ Cc CH, CH, 
NY ve ~ We 
C=C CH=CH 

4. Write the carbon skeleton for 1,3-dimethylcyclohexane. 

Cc 
| 

Ao 
= Cc 
eee 

A number of important biological compounds such as Vitamin A 
and Vitamin D are alicyclic compounds. Their structures, however, are 
too complicated for consideration here. If you answered these four 
questions to your satisfaction, go on to page 85. 

ALKANES 
General formula: CyHoenie Series name: -ane 

ALKENES 
General formula: C,Hen Series name: -ene 

ALKYNES 
General formula: CyHen-2 Series name: -yne 

ALICYCLIC HYDROCARBONS 
Series name: cyclo- 
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2.2 AROMATIC HYDROCARBONS 

The addition of the aromatic series, compounds which have special 
characteristics to distinguish them from the alicyclic series, completes the 
classification shown on page 81. The simplest aromatic hydrocarbon is 
benzene, and the term aromatic is applied to compounds having chemical 
properties similar to benzene. Most of them contain six-membered rings 
but some have five or seven. The rings are unsaturated, but not in the 
same sense that alkenes, alkynes, and cycloalkenes are unsaturated. 
Benzene and the rest of the aromatic series are examples of resonant 
compounds that cannot be represented adequately by a single structural 
formula. The generic name for these compounds is arene. 

In formula writing benzene is usually represented by a hexagon. The 
six hydrogen atoms are not shown. 

OO O 
benzene benzene 

The double bonds or circle specify the aromatic character of the ring 
and the circle will be used in this program. 

When a hydrogen atom is removed from one of the carbon atoms, 
the radical that is formed has the formula CgsHs— and may be shown as: 

It is called a phenyl (f&n’ {1) group. Since all of the carbon atoms are the 
same chemically, the free valence can be shown on any one of them. 
Collectively, radicals derived from aromatic compounds are known as 
aryl (ar’ il) groups. 

When alkyl radicals are joined to a phenyl group, the resulting 
compound is named as a substituted benzene. For example, 

CH; CH;CGH2CH, 

methylbenzene propylbenzene 

How would you name these compounds? 
Ca. 

CH2CH3 

AL Wve ee ve eA NA UAH AATAUTAUAAEAUAAEAEOEAUOEUEATAUEAUTAUEAUERDAUOOGUAONOOGOUAGOOOUAUOGEOUOOUAOUOUAGUOUOUOUEOUOOOOUOOEOOEOUOUEAUEOUOOEAUEOUEONE 

ethylbenzene and phenylethane 

BB vvUvaeevenveeaeadeeaved0edV0QReNUOAONAUNOONOUEOUEGUOOUOOUOQNOUUOUUOUSONOUOOUOQUOUEOUOOUOOUOOUOOUEGUOOUEOOOOUODOGOOOUOOUEOUOUUOOUOUOOUOOUQOONUUE 

ethylbenzene and 1-phenylethane 

© anvvvevnvuenvveesveesyeegdeeaeesueeadnsdUesdeeasueadeeesUUeHOUOOONEGNAAUNEGONSGUCOGONEGUUEOOUOOOUUOOOOUNOGOUCOOOUUNOOORENGQUGOOOUUOQUUNOQUUCONL 

Both are ethylbenzene 

DD vVneeeeeeeeeedeeeeQOUeOQOOONONGUODEOADOOUOOAOUOONONGNOOUOOONONOUOCOUOOEOQUOEDOQOQNOQUQUNOOOOQNONOCUOOCOOUOUOUECOGGOOUOOONUNUOOUOOUUOEOOOUOLE 

None of the above is correct 
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Al vveensuesveea nea eeueeA CAV OCA EAUUEAUEOGUEAUOAUEAGOOAUCAUOOGUOUUOQOSUOOOCOQOOUOOUEAUCOUUOOOOOOOUUOUEAEOOUOOUOOOOOOEOOUCOUOOUEOQOOGEOOEOOEOUEOOHOOUEOUL 

Incorrect. The two formulas in question are 

eae 

CH2CH3; 

One of the characteristics of the aromatic ring is that all its carbon 
atoms have the same chemical reactivity. Therefore, both of these 
formulas represent the same compound. Read page 85 again and choose 
another answer. 

Wrong. The two formulas in question are 

eo 

CH2CH; 

One of the characteristics of the aromatic ring is that all its carbons 
have the same chemical reactivity. There is no need to number the 
carbon atoms in a mono-substituted benzene. Moreover, since both of 

these compounds have an ethyl group substituted on the benzene ring, 
they are identical. Read page 85, again and select another answer. 

© cvvvnvsavevvvuevaveevgveegveesc cess Ges A veAAUOAANTAAUTUAUOUAAUTUAOUEUAUOUOGUUAOUOUOUOUAUEUOUOUOOOUAUOUOOOUOUEOOOUOUEOGUUOOUUOOUEOOUOUOOUEOOUOOOUEOOUOOUAH 

Correct. Since all the carbon atoms in the benzene ring have the 
same chemical reactivity, the two formulas represent the same compound, 
ethylbenzene. Go on to page 87. 

DD snvvnueesuuevsvauessueegsdeesgdeeadeedOesdUCHUUCAUGUAUOUAUTUAUEOUOUOUOOAUOOAUUUAQOOUAUOTAUOEGUOOOUEQOUGEOUEGQUUOOUUAGUUOUUOOOOEOOOUUOOUEUGUUEOOGUOGEOOUHE 

You are wrong. One of the answers is all right. First, let’s examine 
the two formulas carefully. They are 

(Gira 

CH.2CH3; 

One of the properties of the benzene ring is that all of the carbons have 
the same reactivity. Both of these compounds have an ethyl group 
substituted on one carbon. Turn back and choose another answer. 
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Two mono-substituted benzenes with other names that you need to 
remember are toluene (t6l’ U én) and styrene (sti’ rén). The common 
names toluene and styrene are both accepted for use in the IUPAC 
“system and are indexed in Chemical Abstracts. Toluene is methylbenzene; 
styrene is vinylbenzene. 

CH; CH=CH, 

toluene styrene 

The location of substituent groups on a benzene ring becomes 
important when two or more groups are substituted on the benzene ring. 
There are three dimethylbenzenes. Their formulas are 

CH3; CH; CH; 

eo © O CH; 
CH; 

How can they be distinguished? There are two systems. One involves 
numbers and the other uses a special set of prefixes. In the first system 
a carbon atom bearing a substituent is given the number 1 and the rest 
are numbered consecutively around the ring in the direction that will 
give the smallest set of numbers when all of the substituents are located. 
For example 

CHs3 
1,3-dimethylbenzene, not 

(ors 1,5-dimethylbenzene 

What is the structural formula for 1-ethyl-4-methylbenzene? 

A Anne see vee VEU TEA UCU VEO TAUONAUEAEEAUEAUUAAUEAUOAUUAGUUADEAUCAUEOUUUAUUAUUUAOEAUOOAUCAUEROOUAGUOADUOEOCAUOOGUOGOOOUEOUEOUONUEOUOOUOOUEOUOOUNOU 

OF CH2CH3 

Oe 

CHs3 

G snvvvvonvvvvennnsvvveessneeeggeeegdueeeaUeesGUUUAAUONAUUEAAUOUAGUUAGUOUOQUOREOOUOEOAGUOUAOUUUAOUUUAGUUOOOUNOQUECOUOOGUUNOGUUOOOOOUOOQOULOOUUU 

oO” CH3CHe 
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Ay uvsunesvetAUTUARUTAUUTALUUAUOUAUUUANUGUTAUOUTAGUOENAOUECAOUEAOUONOUOUEAUEUAQUEOQUOEUAUOUEOQOTOOOOOEROQQUEQOOQUEOEOOUCUOOUUOQUOOOUEGOUEOOUECOUUEOUUEL 

You are incorrect. You may have selected this answer hurriedly. 
Look at the formula again: 

CH2CH; 

Do you see anything wrong? Look at the ethyl group carefully. Its 
structural formula would be 

Heer H 
ees 
Cae 

ee 
H H 

That is wrong, isn’t it? Examine all formulas thoroughly from now on. 
Turn to page 89. 

BB vevsvnsgnnvssausveaveegenaeaeedeea0egU00U00t0Ue0UUHAUCOEAUUAOUOOUEOUAOUNOUEOUOGEOOUOOOOUOOUUOQEOOQECOOUEOUEOQUOOGEOOOUOQUUOUQOQEOUSOGEOOUOQUOONOONOGG 

You are wrong. The formula you have selected for 1-ethyl-4- 
methylbenzene is 

CH2CHs; 

CH; 

Number the carbon atoms again. The carbon bearing the ethyl group is 
number 1. The one with the methyl group is number 3. This is the 
formula for 1-ethyl-3-methylbenzene. Turn back and choose another 
answer. 

© snuevvvecsveevvnesveesvesaeesdeegeeeseesUeedUUAOUUGAOUNEAOURGGUEEAOUGOOOOUCAOUOGLOUEGUONNOOUOGOGOOUCEQONOOONEOONEOONOODOOUOUOUOUOU0Q0QU0G00E000000900011 

You are correct. The structural formula for 1-ethyl-4-methylbenzene is 

Ov CH;CH2 

In this particular instance the numbering of the ring can go in either 
direction. Go on to page 89. 
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The systematic name for all three dimethylbenzenes is xylene (zi’ 
lén). The formulas and names of the three xylenes are: 

CHs3 CH; CH, 

CH; 
CH; 

1,2-dimethylbenzene 1,3-dimethylbenzene 1,4-dimethylbenzene 

The second system for locating substituents involves prefixes. The prefixes 
are ortho-, meta-, and para-. They represent the positions of carbon atoms 
in the ring relative to the carbon atom bearing the first substituent group. 
In the xylenes the first substituent is a CH;— group. This diagram shows 
the prefixes for the other five positions in the benzene ring: 

CH, Note: The two ortho- positions are adjacent 
pike. ethos to the first substituent. The two meta- 

positions are separated by one carbon atom 
O from the first substituted carbon atom. The 

oe ie eee single para- position is separated by two 
carbon atoms from the first. 

Abbreviations for the prefixes are 0-, m- and p- for ortho-, meta-, and para-, 
respectively. Neither the words nor their abbreviations are considered in 
establishing the alphabetical order for listing substituent groups. 

What is an approved name for 1,3-dimethylbenzene? 

A FUPUUVTPAQCVTACTTOCTEOUEEACTAOTEO UTE CPOOTE ATTA DTA OTA TET 

ortho-xylene 

B UVOUNUOUOUTAODONUUOOUOCEDOOOTEADOA TTA AETOATTOODT OCT E OTT TTA E TECTED 

meta-xylene 

C DONTONEVOOOVOQUOOUOOUETE EDTA C TATTOO 

para-xylene 

This formula represents a common English word 
meaning “a seemingly contradictory statement or observa- 
tion.” Can you guess the word? Answer on page 90. 

MD 

MD 
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AX WUVeUAUEANUTAAU ENG NAAUEAAONAGOAAOOOGUEOOUEAUOUAUOUOOUEGQOUNOGUOOOOOESUOUONGOEOGUOOOUUOGUOOOOOOUOOQOQNOEOEOOOGUOOUOOUOOUOOTOOUOOSOOU0OUOOO00OU0 00000011 

Incorrect. Here is the diagram from the previous page. 

CHs 
ortho- ortho- 

meta- meta- 

para- 

Notice that the two ortho- positions 
are adjacent to the first substituent. 
Ortho-xylene is 1,2-dimethylbenzene. 
Go back and choose another answer. 

You are right. The common name of 1,3-dimethylbenzene is meta- 
xylene. Here is the diagram from the previous page again. 

CH3 
ortho- ortho- 

meta- meta- 
para- 

Remember that the 1,2-combina- 

tion is ortho-, the 1,3-combination 
is meta-, and the 1,4-combination is 

para-. Go on to page 91. 

© vvvvevscneevvueeavneeaneeaaueeaaeesgueeeaeUAAU0UAAUTTAAGOTUAUUUEADUNEASUUAQUOUOOGUUUAOOUONOQOOUSNGNOOUNOOOUUNONOOUEOOOLOOOOOUOOQOUNGGUN00UEON0U0G0000001 

You are wrong. Here is the diagram from the previous page. 

CH3; 
ortho- ortho- 

meta- meta- 
para- 

Notice that the fara- position is 
separated from the first substituent 
by two other carbons. Para-xylene 
is 1,4-dimethylbenzene. Turn back 
and choose another answer. 

MD 

O 
MD 

Answer: paradox 
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Below are names for six hydrocarbon compounds. Each name contains 
at least one error. Correct the error and write the preferred systematic 
hhame. You may find it helpful to write skeleton or structural formulas. 
Answers are given below each name. 

2. 2-methyl-4-propylbenzene 

1-methyl-3-propylbenzene 

4. Phenylmethane 

toluene or methylbenzene 

6. 4-ethyl-4-methyl-1-butene 

4-methyl-1-hexene 

Condensed structural formulas for each of these six compounds are 

shown on page 92. If you still have difficulty, go back to page 85 and 

review this section. Otherwise go on to page 93. 
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1. 1-ethyl-2-methylbenzene 4. toluene or methylbenzene 

CH2CH3; CH; 

Ov 
2. 1-methyl-3-propylbenzene 5. 3, 4-dimethyl-2-pentene 

CH; CH3CH3 

CH2CH2CH3; 

3. 1, 3-dimethylbenzene 6. 4-methyl-1-hexene 

CH; ee 

CH,=CHCH2,CHCH.2CH3 

CHs; 

Go on to page 93. 
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Here are three fused aromatic hydrocarbon ring systems that you 
may come upon. The basic structures and names are given below: 

; 3 
OF 

Bnet S29 4 5 j 
7 2 7 2 6 

(OO Oe. OO) 
4 5 10 4 8 9 

naphthalene anthracene phenanthrene 
CioHg CyHio Cy4Hi0 

-Note that anthracene and phenanthrene have the same molecular formula 
but differ in structure. In interpreting these formulas you should remember 
that there is a hydrogen atom on each numbered carbon atom. Each 
numbered carbon atom is a member of only one ring. The numbers 
indicate these carbon atoms and also the system for designating the 
location of substituents. For the time being you need not try to 
remember the numbers. 

This completes our discussion of the naming of hydrocarbons. The 
next part of this program will deal with the names and formulas of 
organic compounds containing elements other than carbon and hydrogen. 
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ALKANES 
General formula: CyHon+2 Series name: -ane 

ALKENES 
General formula: CyHen Series name: -ene 

ALKYNES 
General formula: Cy,Hoep-2 Series name: -yne 

ALICYCLIC HYDROCARBONS 

Series name: cyclo- 

AROMATIC HYDROCARBONS 

General formula: One benzene Series name: -benzene 

ring 

Two or more Depends on 
rings structure 
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2.3 ALKYL AND ARYL HALIDES (HALOCARBONS) 

When fluorine, chlorine, bromine, or iodine replaces one or more of 
~ the hydrogen atoms in an aliphatic or aromatic hydrocarbon, the resulting 
compounds are alkyl or aryl halides. They are useful in the synthesis of 
more complex organic compounds. 

Alkyl halides are named in the same way as branched hydrocarbons. 
The prefixes are fluoro-, chloro-, bromo-, and iodo-. Both the number of 
substituent groups and the location of each must be given. To illustrate 
this point, compare the two skeletons shown here: 

f i. Ciel 
[Peet 

CRC Ca, C= C— 6 : 
2,3-dimethylbutane 2,3-dichlorobutane 

One alkyl halide that you know, at least by reputation, has the 
common name chloroform. Its systematic name is trichloromethane. 
Which of the following is the formula of chloroform? 

AL vnc nets esa nna NAA UNAGEAGUNAGEOOUEAGUOAUEOOUUAOUUOOUNGQUENEOONOGOOGEOUUONODOOOOOOUOOUEOOUUAOUOOUONOUOOOUUOOUNOOONOGUUOQEOOULOUONOUEOQUUOUOOUDE 

i 
Cl—C—Cl 

| 
Cl 

B QUQVUUOUUUONUUEDEVUCUOOOUDENDAOUDONONEOUUOEYOOUTOODEAOTOOCSOOCTOOOTOOOUUACTOOCTOOAUOOOCEUOUDOOOEEOOEOOOCOOVOOTANTTOUTTONCOTOOTEOOTOON EDEN 

i 
Ci—C{]C—-GlI 

[ea 
Toad 

© wv vsa veges eev veg veAVeAN EAU EANTAAUAAUAAEAUEAUEAUEAUCAUOAUOUAUTAAUTAUTUOUUAUUAUOOOOOAUOGUEAUEGUEOOEAUUOOEUOOCOUONOOOOGUOOOUUOOUEOONEOOUEOUUH 

Cl 

ci-¢—cl 

cl 

An inhalation anesthetic called halothane is a substituted 
alkane. It has a muscle-relaxing effect that occurs before a 
patient is in dangerously deep anesthesia. Its systematic 
name is 2-bromo-2-chloro-1,1,1-trifluoroethane. 

CF;CHCIBr 
halothane 
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AL WvNUUdA NUNN TUAAUEAAUEAUONAUHGAUOUAUUUAAUOUAAUOUAUUEAGUEAUOEAQOUAOOEAUOUAUOTAUOOOUOCOUUOUGUONOGUSUOOUOOOOUEOOOUEOOOOEOOUOOOUUGOOUOUOOUEOOUEOOUNOUOOOOUOOL 

You are correct. This is the formula for chloroform, or trichlorome- 

thane. It has one carbon atom, three chlorine atoms, and one hydrogen 
atom. 

i 
Oia 

Cl 

Go on to page 97. 

Incorrect. You made a fundamental error. If the name of the 
compound is trichloromethane, it can contain only one carbon atom. The 
formula you chose is 

i 
ae 

Hee 

It has two carbon atoms and is a derivative of ethane. Since there is a 

chlorine on each carbon, its name is 1,2-dichloroethane. Go back and 
choose another answer. 

© suvvvvnvvvvncvvvsvvensncvaeanysceeesgdee0ddUeeAAeNAA TENA UOUAUUAAOEOAUOOOUOEAGUUCAUUCOOOUOUAUOUEAQUOUOUOUOOOUOOOOUNOOUOOOQUUOOUOUOGUEOOOUOOGGGuNONOOUUNN 

You are wrong. Perhaps you need to review the prefixes and their 
meanings. They are: 

di-two hexa-six 
tri-three hepta-seven 
tetra-four octa-eight 
penta-five nona-nine 

The formula you chose shows four chlorine atoms substituted on one 
carbon atom. This is tetrachloromethane, usually called carbon tetra- 

chloride. Write the formula for trichloromethane here: 

Now turn back and see if it appears on page 95. 
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There are a couple of unsaturated aliphatic halides that are important. 
One of them has the common name allyl chloride. Its formula is 

What is its systematic name? It is 3-chloropropene, isn’t it? Allyl chloride 
is used as an intermediate in organic synthesis. 

Another important unsaturated halide is chloroethylene, or vinyl 
chloride. Many molecules of chloroethylene can combine with each 
other to form a polymer known as vinyl resin or vinyl plastic. 

3x CH,=CHCl->[—CH,CHCl ! CH,CHCl } CH,CHCI—]x 

The unsaturated chloride tommonly called methallyl chloride has 
this formula: 

CH.=CCH.Cl 

GH; 

What is its correct name? 

AL unseen eAA NAAN TANNA EAAUEAAEEAUAATAAEAU TAA LTAAUEAAUOUAATUAUEOAUEAUOOUUAOUEGUUOUTOGUAOUOAOUGOOOOOUOOOUOOOOUUSOUOOQOOUOOUNOOUOUUOUI 

1-chloro-2-methyl-2-propene 

BB vvvnsvnsveeaeaceeavedsueeadeesveegUneaUegdeeeUeeddeeOUOOGUOOUUHOUUOOOONEGOUNGOOUOGOUENGOOUOOOOUOOOULNONOOUUOOUOOOUOOUOOUQOGUUOUOOOENOUUGUUOUNL 

chloromethylpropene 

© vsvevvvnvvvecaneegueesueesvessveeeaUeeeaUeNNeAUUNNAAUUNNOEAUUOEAGONOAGUOGOUOOOGOUOOUEOOUOUAUONAUONOUOOOUONOUENOUOQOUOUOQUOOOQUCOOUOOOUNNOUNNOLI 

3-chloro-2-methylpropene 

The insecticide lindane is 1,2,3,4,5,6-hexachlorocyclohe- 

xane, not benzene hexachloride. 

Cl 
Cl oe 

Cl Cl 
Cl 

lindane 
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AL vv tnaU EAA eNNUUEAUNAAUUEGAUEAAUEAUUEAUOOAUEOOOEAUOOAUUOUOTADEAG OOO URAGUUAUEAUOUAUENUUEAUEAUOUAVEAUOUOUOGUOOOUUOUOUOUOUUOUEAOOUOOONOOUROOUEOOUEOOUOEL 

Incorrect. Your answer is nearly right. You made one small error. 
Remember that the carbon chain should be numbered from the end 
nearest the double bond. Here is the formula again: 

CH,=CCH,Cl 
| 
CH; 

It should be named as a derivative of 1-propene. Work out the name 
again and then turn back to see if there is a corresponding answer. 

You are wrong. The compound represented by the formula 

CHe—CCECG! 

| 
CHs3 

is a derivative of propene. It does have a chlorine and a methyl group 
as substituents. You did not specify their locations. You must do this 
in order to have a unique name. Turn back and try again. 

© vv 000s VeA VAAN VAANAUTAUAUEAUEGEOUEAUOQUOUEOOOOOOOOUOOUUOUEOUOROOUAUUAUEOUUOUUAUOOUUOUEOOOUEOEOUUOUOAOUOOOOOOOEOUGUOUOUUOOUUOUUTOOQOOOUEOEOUEEUOOOUT 

You are correct. The systematic name for methallyl chloride is 
3-chloro-2-methylpropene. It is used as a raw material for the production 
of Lucite and Plexiglas. Go on to page 99. 
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The skeletons or names of a few more halocarbons are given below. 
If you see a skeleton, write the name; if you see a name, write the 
skeleton. Cover the answers until you have worked out your own. 

Ne a t Cl 
| 

C—C—C—C 

1,4-dichlorobutane 

5. 2,4,6-tribromotoluene (2,4,6-tribromo-1-methylbenzene) 

CHs 
“C7 

Br 

Go on to page 101. 





Cyclic Hydrocarbons And Substituted Hydrocarbons / 101 

Another widely used family of halocarbons are the fluorinated 
hydrocarbons, which are used as refrigerants and propellants in aerosol- 
spray preparations: They are sold under the trademarked names Freon, 

~ Ucon, and Genetron. The generic term for all of them is Halocarbon. 
Halocarbon-12, used for aerosol bombs, is dichlorodifluoromethane, 

CClgF2. Halocarbon-114 is the most widely used eee for household 
refrigerators. Its structural formula is: 

Gl el 
ei 
ne 

Tee BE 

What is the preferred systematic name for Halocarbon-114? 

PWT TUITION EOL MIE ODETTE CnC 

dichlorotetrafluoroethane 

SMUT TULL LUO LLU Le LOO OO ODOC ELEC LOCO 

1,2-dichloro-1,2-tetrafluoroethane 

even eve 

1,2-dichlorotetrafluoroethane 

OMT LU COOP EOE CEU TT 

Freon-114 

Fluoromar, an inhalation anesthetic, is an ether. It is 

trifluoroethyl vinyl ether. It puts a patient to sleep rapidly— 
in 30 to 60 seconds—and lets him awake faster with less 
likelihood of nausea. 

CF;CH,0CH=CH, 
trifluoroethyl vinyl ether 
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A UUAVEVOUCUUOVAGUOEOUOUEOOODOOEOCOUEOOEOOVOOOOOOAUOUOOOVOUOUUUCOTOUAUOOOUOOOUOCOCOOOUOVUEAUUTOUEVOOEAOOCOVOUEDEOOOOOEAUOUOUOUOOUOUOUADOUGOEOEOUAUOONOUOUE 

Incorrect. The compound represented by the formula 

Gise) 

PC Oph 

FOE 
is indeed a dichlorotetrafluoroethane. Isn’t this one, too? 

Bf eel 

F—c—¢-F 
kane 

The preferred systematic name must specify the location of enough 
halogen atoms to make it a unique name. Turn back and choose another 
answer. 

B DUVUOVATAVOCUEUEEDEVO OU EDU TATA UA EVADE SUC TT TOUTE TOTO A VOTO A VO UO OOOO VOVOOOOOOUOUOOEOUOUODOOCOOOOUUOOOONOQOUOUOOOOODOEOOUED 

You are wrong. The compound represented by the formula 

Cl Cl 
bet 

> ae 

ear 

is not 1,2-dichloro-1,2-tetrafluoroethane. The formula and the tetra-prefix 
both indicate that there are four fluorine atoms, and you have specified 
the locations of two of them with numbers. Are any needed? Is there 
more than one way to arrange the four fluorines? Turn back and choose 
another name. 

C PUVUVEVAVAVAVOVOUO CUTE AVATATOOUEA TOUTE EEA EA TATA VA OTE UA TOTO VOTRE VAOOEOHOUAOUONOUOUUOVOOEOOUNUATOOOOUOVOUOOOEGOUUEOLUUODOUAUOUOUOYOUOUOEOOOUOOEN 

Correct. The preferred systematic name for Halocarbon-114 is 1, 
2-dichlorotetrafluoroethane. Go on to page 103. 

D UUOVAVAVOVOUAUOAVOOVODOVOAUAVACODOVOOOOAOOEOOOEODOUAUOOEUOUAUOOOUCOUOUOUUCUCVOUOOTOOOOOUOUOOAVOUOUOUOUOOOOUEUOUOUOUOUOUOUOEOROSEODEOOOUEUOOEUEDEOUED, 

You are incorrect. Freon-114 is a trademarked name. A refrigerator 
expert might be able to infer the formula from it, but most chemists 
would want something more. Turn back and choose a satisfactory 
chemical name. 
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Now and then you will see a substituted phenyl group which is itself 
a substituent. For instance 

Br 

C=C —-G—C—El 

According to what you have learned so far, this compound should be 
named as a substituted butane. There is a chlorine on the number one 
carbon atom, but what about that aryl group on number three? It is a 
substituted phenyl group. Let’s look at it alone. 

Br 

The free valence, or point of attachment to the butane, is considered to 
be the number one carbon atom of the ring. The bromine is then in 
the number 4, or para-, position. The name of the group is 4-bromophenyl 
or p-bromophenyl. The compound at the top of the page is therefore 
3-(p-bromophenyl)-1-chlorobutane. The parentheses are used to show that 
the entire -bromophenyl group is attached to the number 3 carbon atom 
of the butane. 

How would you name this substituted phenyl group? 

Cl 

Sr 

AL WANNA TAA UAAATAAN AANA TENA TENET UU EUTROPHA 

1,3-dichlorophenyl group 

BB vis 00 sg 0000 00HN NAA NEAAUEAUTOAOEOAOUAAUEOOUUOAUOUAUOUGOUUOOOOEOOOUEOAOOUAQOOEOOOULNOOUUOQUEOOUROQUUCOOUNOOUEOOUOEOUOOOUEOOUOOUUqOQUqNOGUNONE 

2,4-dichlorophenyl group 

c VOUVUODOVAUUOOTADOAUOUADODU ETAT TATOO ATTA 

2,4-dichloro-1-phenyl group 

DD ansvnsenveggeesn eset eAA NANTON TEA EAATEAU TOON NCAA TEA TAA TTD EUA TAA UTA EAA UEA OTA OOU EAU OUA OOOO ODEO UOO UA UOOU OUGHT 

m-dichlorophenyl group 
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AL ANNU NAA NAA LAA AA DAA UAAEAUTAUUAUEAUHAAUAYTEAUEAAUOATOA TTA DEAU HAO UEA UATE ADEA ATAU EA TOON EAA 

Incorrect. The group represented by this formula 

Cl 

Cl 

is not a 1,3-dichlorophenyl group. You have forgotten that the carbon 
with the free valence must be number 1. Keep this in mind when you 
go back to choose another answer. 

BB vA 00N00N NNN 0NNNNUNAUNAUUAUUOUEAUEGUUGUEOUEAUEAONOOUNOUGOONGOOOOUNOOOCAOUAUEOUOOUEOUUOOUOUOUOOUEOUOAOOUCOUOOUOUEOOOUEOVOOSO ECO UUO OU VEOEO OOO TO PEA UTAH 

Right. The preferred name for the aryl group (shown above) is 
2,4-dichlorophenyl. Go on to page 105. 

© evvavnvevvvvvuacevvcvuuneegvcaueeeccueeeacueeeaeUeeaAUTeeAAeUGAUUENAOUOAAOUEUAUUUUUALOUEUAOOUUEOOOUROOOOUNEOOUUOOAOUEOOOUUUGOOUUCEGOUEOOOQOGUOOOQUUUUAEEE 

You are not quite right. If the carbon atom with the free valence 
is given the number 1, then the chlorine atoms are substituted on the 
number 2 and number 4 carbon atoms. 

Cl 4 
5 3 

6 Cl 2 

1 

The custom, however, is for the carbon atom in the benzene ring with 

the free valence always to be number 1. For benzene rings, it doesn’t have 
to be specified. Therefore the preferred name is just 2,4-dichlorophenyl. 
Go on to page 105. 

DD vvvvvvvcsnnesavensueeanneadueesuUeescU esac eesdUNeAUUeeAAOEAAUOAEOOUGAUUNGAOUGEOOUCOOOOUUNONOOUOOENOUOEOOOOUOTOGOUOOCAOUECOQUEQOUUOSQUqOOQUqOOUOONUnNOLE 

Wrong. Your answer is that the group represented by the formula 

Cl 

Cl 

is a m-dichlorophenyl group. This is confusing. The prefix meta-, or m-, 
is used to indicate two substituents on a benzene ring that are separated 
by one carbon atom. In this group the two chlorines are “meta” to each 
other, but where are they in relation to the carbon with the free valence? 
Your name should not leave this to the imagination. Turn back and find 
a satisfactory answer. 



Cyclic Hydrocarbons And Substituted Hydrocarbons / 105 

Occasionally you will find compounds that have two or more identical 
substituents which are themselves substituted groups. Examples of this 
type are the insecticides DDD and DDT. The formula for DDD is 

Cl 

Cl 

The steps in naming DDD are: (1) Locate the longest carbon chain. It 
has two carbons and therefore the base name is ethane. (2) Name and 
locate the substituent groups. There are two p-chlorophenyl groups 

((C)-] on one of the carbon atoms. In order to avoid confusion, a 

set of multiplicative prefixes has been devised to indicate that an entire 
group within a parenthesis is to be taken a certain number of times. 
These prefixes are 

Prefix Multiplying factor 
bis- k 2 
tris- 5 
tetrakis- . 
pentakis- 5 

Finally, there are two chlorine atoms substituted on the other carbon of 
the ethane chain. The full name for DDD is 1,1-dichloro-2,2-bis (p- 
chlorophenyl) ethane. Compare this name carefully with the formula 
shown above to be sure you understand it. 

The formula for DDT is: 

Cl 

a 

HC aie 

Cl 

Cl 

Its preferred systematic name is 

A QUNLVUUTUOVUOCTONEDOOUOOTOOUDOCCTENUTOAUOCTONTEATUOPOORUOOACOEOOEUOOOOOOOOCUOOUOCPAOOOOOOUOOODUOUOOOUEOOOODOOOOOODOODOOODOOUOOOUOOUUOUUOOOOEUUN 

dichlorophenyltrichloroethane 

B VUUANVAUOAVADONUEGOTONUOACONOOOUOAODOOUGAODOVOUOOOONUOCOOOONEUOUDOGONDOOOAOGOCUOVOOUOOOCOOUCUAUOOOOUOUOOOUOOOEOUEOOUOEOEUOOOOEOEUOOOAOELOGOUL 

2,2-p-chlorophenyl1-1,1,1-trichloroethane 

C TNUVALTUNOVOOTOCTTOOTOOTTOADUAUETED TOUT U TATTOO TET TETAS AOEMROAUTT 

1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane 
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ACU VA VAULT ALT TADATE LAVA DA TUDO TA UAUGTOATADAVAUUE TATA VOCATOEAEAUOUOUAUOUAAVOVOUOOUOOOUOOUOOUOUESOOEOUOUOUOUOCUOODOUOUOUOOUOOOOUOUOUOUOOOUULE 

You are incorrect. By now you should know that substituent groups 
need to be named and located according to their position on the carbon 
chain that is used for the base name of the compound. You have correctly 
deduced that DDT is a substituted ethane, but have not named or located 
the substituents correctly. Turn back and read page 105 again carefully. 

Close but not entirely correct. You have correctly judged that DDT 
is a substituted ethane. You have, however, missed the point of the 
present discussion. Your chosen name for DDT is 2,2-p-chlorophenyl-1,1, 
1-trichloroethane. Here is the formula again: 

Cl 

Cl 
| 

HG Say ae 

Cl 

Cl 

Are there two #-chlorophenyl groups on the number 2 carbon? If so, you 
need to indicate this fact in some way. Go back and read page 105 again. 
Then choose another answer. 

© snvvvunvvgvveesgveesavneeadvengsdevsaUeeddeeeddOeAAUOUANUURAAGUECAAOUEUOODOUOOOUROOGUEGOUOOOUEUOOUOOOOUOUOOUOOOOOUNEOOOUOOOOOUEOOQOREEOUOOOOHOROOUOOOUUNNE 

Correct. The systematic name for DDT is 1,1,1-trichloro-2,2-bis 

(p-chlorophenyl) ethane. Although DDT is certainly shorter, you must 
agree that the other name is more descriptive. Go on to page 107. 
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2.4 NITRO COMPOUNDS 

One small but mighty group of substituted hydrocarbons is the nitro 
(ni’ tro) compounds. They are usually synthesized by treating the hydro- 
carbon with nitric acid. The end result is that the nitro group, -NOs, 
replaces one or more hydrogens on the hydrocarbon. The nitroalkanes 
nitromethane and nitroethane are used as fuel additives in competition 
automobile racing. 

f ia 
oy —NO, ea eh 

H ewe 
nitromethane nitroethane 

When benzene is treated with nitric acid, one of the products is 
nitrobenzene. It was once used as a flavoring agent because its odor 
resembles oil of almonds. Its high toxicity, however, has eliminated this 
use as well as all others in which it might come in contact with the skin. 

Further nitration of benzene yields 1,3,5-trinitrobenzene, a powerful 

explosive. Which of these is the formula for this compound? 

AL ue ee ee ANTENNA EAA TTAA TAA LEEATAANEANAATAATEA TEA UATAAAUEAUTEA EMEA UGADUOOAUEUAGUUAOOUUOQUUAGUOGUUOUEOOOOUGOUUGOUCOUNOUEEOOOOOOHI 

NO, 

O.N NO, 

BBs vvsvnsveesenvesaneaveaveeaUeaveedUeeeUeseUeegdUeesQUOedUOUNQOROCGUUEOGUROGUEOOUUOOUUOUOOOUUOUOOOUEOOOOOUOOUEOGOOOUOOUqOOUEOGqOGUONO00GONUUNNE 

NO, 

O.N 

NO, 

C PEOVANVANUOODOUEAOAOVAVONVETO OCOD EEO AOAETOODAOTACTA TEU ODU ATU OVO UUU ATO EDA OUU ATO UU ODA ETO TTA UT ATU 

NO, 

NO, 

NO, 
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AL sunnvveanancuveeenggcoeeegAUUeeeeAAOUTEAAUUUECAQUOUEUOUOUUOEEUOQUOUTET OOO UOTEUAQUUOUEA OOO UPEUUA OUTRO OOOO URE GNONOOQOOOUUEOOOOOGUUOE 

You are correct. Since all three substituent groups are alike, the 
carbon bearing any one of them can be designated as number 1. The 
others, then, are found to be in the number 3 and number 5 positions. 
Go on to page 109. 

BB vvvntvsunvnguecsnveeasdeesveeeaueeadeeadve0gUeedQe004 00040 0NENAUUTEAAUOTUOAGUUUCAQUUOGAOUOEOOUOUEOUUOOOOUOEOOUROOOUOOODUCOUOGOOUEOOUOOOUUEUOOUOEOOUEENOTE 

Wrong. The formula you chose is 

NO, 

O2N 

NO, 

Since two of the nitro- groups are on adjacent carbons, it should be 
apparent that the compound cannot be 1,3,5-trinitrobenzene. How would 

the compound represented by this formula be named. There are several 
ways to number the carbons in the ring. Some are shown here. 

NO, NO, NO, NO, NO, NO, 

oS ae ee) ee ne “He NO, NO, NO, NO, NO, “NO, 
Which is correct? The one with the lowest combination of numbers, or 
1,2,4-trinitrobenzene. With these principles in mind, turn back and 
choose another answer. 

© vunevvcvevsvanvceeenvsueevedUveeNAMNATeUAAAUUEAAUUTEAOUUEUOGOUEOAAUEUAGUUEAGUOOAOUUCOOUUEUOOUUECOOUONEOOUOEOOUUEOOOUUEOOGOROOGUREOOUEGOUOREOOGUEOOOGUDE 

You are incorrect. The formula you chose is 

NO, 

NO, 

NO, 

Since the three nitro- groups are on adjacent carbon atoms, the simplest 
(and correct) name for this compound is 1,2,3-trinitrobenzene. Turn back 
and choose another answer. 
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As it happens, 1,3,5-trinitrobenzene is difficult to prepare. A more 
easily made explosive, though slightly less powerful, is known as TNT. 
It is still the most important of the military explosives. TNT melts at 
81° C.,, but does not explode until it reaches 280° C. Consequently, it can 
be melted and poured into shells while liquid. 

The formula for TNT is 

CH; 

O2N NO, 

NO, 

What is the systematic name for TNT? 

A AUUUUTLAUNANEAU EAU EAUOGAUAAUGAGTAGOAGUAGEAUOOOUCAUCAUEAUOUAUAUEADUAONAUTAOEAUEOUCAUEOUCOUEOUTAUUGUOEOAUOUEUOUOOOUOGOUOOUOOODOOUOOGUEOONOQNOUTI 

1,3,5-trinitrotoluene 

BB augsavdevsvnnevsncuneesgsveeegasdeneggdueeesoUeeegdUUeed0Q0UUUHUU0UUOOGUUNEOOGUUOEAOQOUENOEOOOUOOAOOUEQOQOUOOOGUUEOOOUOOGOQUUOOOOUOOOUUOOOGUHHAI 

di-o-p-trinitrotoluene 

© svvvvevsvvensvueevaveesaueegaueescveeesuueeesqu sensed eeeeesGeeeAHATUAAGOEAAOUEAOUUOAUUUOOUUCGOUOOOUECOOEUOOUUEOOOUEOOGUEOOOUEUOOUNEOOUONAOUIEE 

1-methy1-2,4,6-trinitrobenzene 

D TUVANVOUUOGHODAUOOQUOUOOOOOODOOOOUEOUCONOUOVOOTOOOOVUCOHOUONTOCAODOCTONTOOUOOVOEVOUVOCOUTOOUECOOUOEVOOOOEADOUTOUDOCT OOO OUI OOUEDOOEO ODN OOOOUDE 

2,4,6-trinitrotoluene 
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AC vice vce vege NAN TTA TAANAATAAUAAAAUAATAGTAUEA CATO LOTATOAUEAOUAUTA TEA DUAUUAUEOU TEA UEA EO EN EAU EAD EAU AEA AAA TEE 

Incorrect. The name you chose is 1,3,5-trinitrotoluene. 

CH; 

ON NO, 

NO, 

It correctly names the substituent groups but does not locate them 
properly. Even though the methyl group is included in the base name 
toluene, it must still be considered to be in the number 1 position. With 
this in mind, determine the proper numbers for the positions of the 
three nitro- groups. Turn back and choose another answer. 

BB vVdVdUd0UNUUNUNEUTUVANUAUAAUEANAUOOEOUOOOVAOEOUOUAUEUEOUOOOUAONOUGDEOUEOUEOUOOOOOOOOOOOOOEOUNOUOUOOOOOOUCOUOROVOOEOOOOEOOOEOUOUOEOTOOOTOTOOEATAHOULE 

Wrong. The name you chose for the compound is di-o-p-trinitrotoluene. 
Part of your answer is correct. The compound is a trinitrotoluene. Your 
method of locating the nitro- groups, however, is wrong. The prefixes 
ortho-, meta-. and para- can be used only when there are only two substit- 
uent groups. The prefixes indicate the relative positions of the two. For 
example 

CHs; CHs3 CH3 

ot oe O NO2 
NO, 

o-nitrotoluene m-nitrotoluene p-nitrotoluene 

Turn back and choose another answer. 

G suvvvvvvvvuevsvvevsvuenagguenessueessauaressceeeseesGTeUAAOEAAUOUAGUOEANUUEAONUAUONOGUUOQUUEOOUUCOOUUEQOOUONOGUEOQuueGOUoCOuonOQuuQgqucayanegyinengneit 

Almost right. The name you chose for the compound is 1-methyl-2, 
4, 6-trinitrobenzene. This name completely describes the compound: 

CH3 

ON NO, 

NOz 

CH3 

Toluene, is a common compound, and its name is accepted as part 

of our system. How would you name the compound as a substituted 
toluene? When you have your answer, turn back and find it on page 109. 

DD vsvvnnsvansnveavdesaUeeadeeaveeaUeeadneneesueesUesdKtsd0UdU00dUUUOUOUAUUUAUUOOUOOOUEOOUEOGUEOUUNOUOUOGONOOOUOQOOENOOOEOOOUUNOOQUNOOOGUOGOOUOQUUNGGUqOUUIY 

You are correct. TNT is properly named 2,4,6-trinitrotoluene. Here 
is its formula again: 

CH; 

O.N NOz 

NO, 

Notice that the nitro group on the left-hand side of the formula is 
written OeN rather than NOs. This shows that the bond is between 
carbon and nitrogen. Go on to page 111. 
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Summary: Nomenclature of Hydrocarbons and 
Substituted Hydrocarbons 

Unsaturated hydrocarbons containing one carbon-carbon double bond 
are known as alkenes. Their general formula is CpHen. The name of each 
alkene is formed by changing the -ane ending of the alkane with the 
same number of carbon atoms to -ene. The location of the double bond 
must be specified in alkenes which have four or more carbon atoms. To. 
do this, number the carbon atoms consecutively from the end of the 
chain nearest the double bond and indicate the double bond by giving the 
lower number of the two carbon atoms joined by the double bond. For 
instance 

SSC COE 2-pentene 
5 eA aS ee sl 

Compounds that contain two or more double bonds are known as dienes, 
trienes, and so forth. The location of each double bond must be specified 
by a number. Other substituent groups are named and located in the 
same manner as with alkanes. 

Alkynes are hydrocarbons that contain a carbon-carbon triple bond. 
The general formula is CypHep-2 and the names are derived by replacing 
the -ane ending of the parent alkane with the suffix -yne. Substituted 
alkynes are named in a manner similar to the alkenes. 

Homocyclic compounds, which include the cyclic hydrocarbons, may be 
divided into two groups: alicyclic and aromatic. The alicyclic compounds 
are named in the same way as the aliphatic hydrocarbons except that 
the prefix cyclo- is placed at the beginning of the name. 

Hydrocarbons containing unsaturated ring systems such as benzene 
and naphthalene are known as aromatic hydrocarbons. The molecular 
formula of benzene is CgHg. Its structural formula is usually written as 

CR 6.6) 
It must be remembered that each of the carbon atoms is bonded to one 
hydrogen atom and that all of the carbon atoms have the same chemical 
reactivity. The phenyl group is formed by the removal of one hydrogen 
atom from benzene. Its structural formula is 

O- 
Mono-substituted benzenes are named by combining the name of the 

substituent group with the word benzene 

CH.CH3; 

ethylbenzene 

Di-substituted benzenes can be named by numbering the carbons in 
the ring consecutively beginning with the carbon atom bearing one of 
the substituent groups. The position of each substituent is specified by 
a number. A special notation may be used when the substituents are 
identical or when the first substituent can be included in the base name. 
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For example 

Br CHs3 Cl 

: O NO, 
Cl 

o-dibromobenzene m-nitrotoluene p-dichlorobenzene 

Removal of one hydrogen atom from the terminal carbon atom of a 
hydrocarbon leads to a radical or group. Radicals derived from alkanes 
are named by replacing the -ane ending with -yl; those from alkenes by 
changing -e to -y/; from alkynes by changing -e to -yl. For instance 

cy oe ; 
ee ee Wa ees 

HHH H H 
propyl group 1-propenyl group 1-propynyl group 

Halocarbons are named in the same way as hydrocarbons, using the 
prefixes fluoro-, chloro-, bromo-, and iodo- to indicate the substituent halogen 
atoms. 

Nitro compounds contain the -NOzg group. Its location is specified in 
a manner identical to any other substituent. 

For those compounds in which there are identical substituent groups 
that contain substituents themselves, the prefixes bis-, tris-, tetrakis-, 

pentakis-, and so forth, are used as multiplicative prefixes. The group 
which is to be multiplied is enclosed in parentheses. 

All these rules and conventions are illustrated by this hypothetical 
compound. Study its name carefully to be sure that you understand it. 

Br 
3,3-bes (4-bromo-2-chlorophenyl) 5 nitro-1,4-hexadiene 

Turn to page 114 for a brief series of quiz questions. 
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ALKANES 
General formula: C,Hoen.2 Series name: -ane 

ALKENES 
General formula: C,Hen, Series name: -ene 

ALKYNES 
General formula: C,Hep-2 Series name: -yne 

ALICYCLIC HYDROCARBONS 
Series name: cyclo- 

AROMATIC HYDROCARBONS 
General formula: benzene ring Series name: -benzene 

T’'wo or more rings Depends on structure 

HALOCARBONS 
General formula: RX Series name: chlorc-, 
R=Alkyl or aryl group, X=F, bromo-, fluoro-, 10do- 
ClBraI 

NITRO COMPOUNDS 
General formula: RNOs» Series name: nitro- 

-NOzg=nitro group 
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This quiz consists of four questions. You should be able to answer 
all four correctly. If you make a mistake return to the page indicated 

for review. As usual, you should cover the answers until you have worked 

Out your Own. 

1. The plastic Teflon is a polymer of tetrafluoroethylene. What is 
the structural formula of the monomer? 

F F 

G=¢ 
a; 

Review pages 95 and 97 if you made an error. 

2. Neoprene rubber is a polymer of this compound. Its common 
name is chloroprene. What is its systematic name? 

Cl 
| 

Te Ten 

Heyit H 

2-chloro-1,3-butadiene 

Review page 67 if you were wrong. 

3. What is the molecular formula of diphenylmethane? 

Molecular formula: CysHie 

Structural formula: 

H 

O-r-O) A 

Review pages 85 and 87 if necessary. 

4. Chloropicrin (tear gas) has this formula: CClsNOz What is its 
systematic name? 

trichloronitromethane 

Review pages 95 and 107 if necessary. 



3 
Functional Groups 

Atoms or groups that change the chemical properties of hydrocarbons 
when they appear as substituents are called functional groups or characteristic 
groups. Most of the homologous series of organic compounds have charac- 
teristic functional groups. The number of these functional groups is small 
compared to the vast number of organic compounds. Emphasis on the 
functional group of each series simplifies the naming of the compounds as 
well as the study of their chemistry. The remainder of this chapter will 
present the nomenclature of a dozen or so families with different functional 
groups. 

3.1 ALIPHATIC ALCOHOLS (ALKANOLS) 

These compounds have the monovalent hydroxy radical, -OH, as 
their functional group. Both the name and formula of the functional 
group are important. The simplest member of the family is methanol. 
Its structural formula is 

ae 

Ei 
methanol 

Alkanols are given their systematic names by changing the final -e 
of the parent alkane to -ol. In the United States, however, the simple, 
unsubstituted alkanols from ethanol to dodecanol are usually called by 
their common names. For example 

ty a ae ee ee pene: 
HE HoH so H He 

ethyl alcohol propyl alcohol butyl alcohol 

The contrasting name ‘‘methano]”’ is preferred over ‘“‘methyl alcohol’ in 
order to emphasize that the compound is poisonous. 

What is the systematic name of the alkanol containing two carbon 
atoms? 

AL UUANAAANAAGAANALAUAANANAUAUEUCAUAUEUOGUOOAOUEONOOOOOUOUAADAOOOAUOOUOUAUOGOOUODUOOOOOOUOUOOUNOUOOUOUGUOOUADOOUOQEOUOUOONOOOUOOOOUOUOUEONOUNN 

ethanol 

BB vv 0s 00 U0A00NAONGTNONONOUOANOUAOUOUOUNGUOULOUOOUAUOOUNOOOOEOONGUCOUOOREOUAQUOUCQUOUNOUOGOOOOONOUOUOONOUOQUOUOUOOUOUOQOQUOUNOUOUNUIOUOUONOONU 

methylmethanol 

C IVC nuueuuuncicvnnciueeceecivecieeineceteiteienueinsieimeimttT 

hydroxyethane 

115 
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Ax vuvuevaunesvueneanueeadeeaueeadoedAdUCAUONAUENAUTUAGUOAUEROUOOOUEOUOCAQUUOUCEOGUOEOUEOUAUOCAUOUOOUEOOUEOOOEOOOOAOOUOOOUOUOOOOUOOUEOOUOOOUOOOUTUOUOEEOUU, 

You are right. The alkanol containing two carbon atoms is ethanol. 
It structural formula is 

H H 
eae 
ae 

Me 

To name any alkanol, merely change the final -e of the name of the 
hydrocarbon to -ol. Go on to page 117. 

BA Us 0ANNNAVANNAUAAGNOUAUEONAUOOUEOUEOUEOGAOOEGEAOEOUEOUEAUEDOOUEAUCAUNOOOOUOOOUOUCAUNOOUOOUUOUOOONEOUOOUGOOOOUCOUEOUOACOUEOUOOEOUCOTOUNOCONOOUOEOUUOUE 

You are wrong. The systematic name of the alkanol containing two 
carbon atoms is not methylmethanol. Although that name does describe 
the compound, the correct name is derived from the name of the hydro- 
carbon with two carbon atoms, just as the alkanol itself is derived from 
that hydrocarbon. Here are the formulas 

a a ian? ums 
lames! oH 
ethane iD 

Turn back and choose another answer. 

G_ savveeguvnevvvuenscvecavueeasuueevscueengssuuereesddUeeeass0HUUeOHHENUAAOUENGAUUNONOGEOUEOUONGOOUEOOOUEOGOUEOOOUOUUOUOUUOOGUUEUOQOUECOOUEONOOOOUaNOONT 

Incorrect. Although the name hydroxyethane does describe the alkanol 
containing two carbon atoms, it is not right. The functional group of 
the alcohols is the hydroxy group, -OH, but it is not part of their names. 
Here are the structural formulas of ethane and the alkanol derived from 
it. Turn back and read page 115 carefully before choosing another answer. 

i a 
Sra penn 

Pig ed Tepe! 
> 
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Because of its almost universal use, we shall refer to the family of 
compounds whose functional group is -OH as alcohols. You should 
remember, however, that the term alcohol is not a systematic name. 

Structural isomerism becomes possible as soon as there are three 
carbon atoms in the molecule. The formulas of the two isomers of 
propanol are 

nth india 
ied, and eae 

rE HOHH 

The difference in structure is more apparent if the carbon skeleton and 
functional group only are shown 

Cc=C=C—o0H and oe 

OH 

The difference between the two is in the location of the functional group. 
Once again, the solution to the difficulty lies in numbering the carbon 
atoms. After the longest continuous chain is found, it is numbered as 
usual beginning at the end nearest the hydroxy group. Then the location 
of the hydroxy group is specified. The alkanols shown above are 
1-propanol and 2-propanol. The common names of the two compounds, 
used in Chemical Abstracts, are propyl alcohol and isopropyl alcohol. 
Isopropyl alcohol is used as rubbing alcohol. 

Which of these skeletons represents 3-hexanol? 

Se ens ire ee ea 

OH OH 

A B 

A FUNNUUUOUOUNOCUUOQUOQCDOOUEUODOUEUEVOOOCUTVOOONCCDUOOUOUOUOOOUUOUHOUUEVOOUCOGUUOCQOOOOTOOUOOOUOOOOOECRUOOOOUOOUOQUUOQEQUONCUOOUOUOTUOOODEOND 

Both A and B 

B FODUUCETUUOUETTUAA OCDE AGUEETOT EAT COTTE ATED UTED TET TTA T MOOT TTPO DDO ETOOEDOOOOOOOOOOTREOUOUONEOUONEOOE 

Only A 

C FUUUELOCDVOODENCVUOETOCTOOETUNCTTUOCOTUAETEA OETA O OTE EA TOOT OETACTADUOOOEDUAUTOAUUOETOUETEAUEOOAQUOOQUOOOUOOQOUOOOCDOOUOOONEVDOOEUDOOOUOUN 

Only B 
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AA WWUNU UA VANTAUAATAUEGTAVAGEAUOUEAUEGONUEOUEGUANUEAUOADEGUUOOUOOREATOOOOOEOEAUEUOOUEOCUOOOTO COTO VEOOOUUOEOOA TED OO TOTO CATT EEUU TET OAT 

Right. Both of the skeletons shown represent 3-hexanol. Remember 
always to number the chain from the end nearest to the functional (-OH) 

group. Go on to page 119. 

BB v0 veeenvdeeeednUeveeeeudVe0UQVOUOQUNUO0H0U0U0000NVOUUUONTOVOUOEONOEGACOOOOOGNOOOQCGOUOOOUOCOOOOGUGOOAOOOOVOOOOSUODOUOOOOOOOOCOCOOOOCOUOEOOOOOUOOOOOOOY 

Incorrect. Your answer is that only this skeleton represents 

CEO CCC. 

OH 
3-hexanol. Consider the other skeleton again for a moment. Here it is. 

CG] C]C_—C—€ 

OH 
If you number the carbon chain from the right, it’s 3-hexanol, too, isn’t 

it? Remember always to number the chain from the end nearest to the 
functional group. Go on to page 119. 

© pve vnenevgengeVAUANGAVAVAUADANGAVACONOOUAEHOOEUAOOUOOONGAUOOOOOCOUENEOONOAOADOGOUONOOOOUOQOUOCOQDODOOOUOOOOUOUOUOOOOVOOOGOOOOONOUOOUGOOOOOOGDOSOOOOTODE 

Incorrect. Your answer is that only this skeleton represents 

CC] CG] Ca 

OH 
3-hexanol. Consider the other skeleton again for a moment. Here it is. 

Ci C= Cia Cis Ce C: 

OH 
If you number the carbon chain from the left, it’s 3-hexanol, too, isn’t 

it? Remember always to number the chain from the end nearest to the 
functional group. Go on to page 119. 
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The series of 1-alcohols is often termed the normal series. The prefix 
n- is used with the common names. For example, 1-butanol is n-butyl 
alcohol. 

When other groups, such as halogen atoms, are substituted on an 
alcohol, they are named and located in the same way that you have 
already learned for hydrocarbons. Furthermore, systematic names are 
always used. One illustration should make the point clear for you. 
Compare this skeleton and its name. 

C-G-G-G-¢ 
Cc OH 

4-methyl-2-pentanol 

It is tempting to name this compound 2-methyl-4-pentanol, but that is 
wrong because the lower number (2) should be used to indicate the 
position of the functional (-OH) group. 

What is the skeleton of 2-methyl-2-butanol? 

A EUUUNUEUUAUUOUGUEUAOUOUONEEUETEONEEUAUEguvaucennnecveceveecoveecacvunvecvenceveuevueeseuesesggneuesvnagnnneananesiit 

(Om OG) — 10) 

GOH 

B QUAQUADEDOCAUAOUAOOEGUOCUOOOCOOOOUOTOUOUOAOUEVOUAOUOVUUOOVOCUCUNOUTOOUEUEVOVOCAEOUOUOAOUOOUAEOLAOUOOOOUUUOOVOUOOUOVOUOUOCOOUOOOOOOOOEOOOOEI 

i 
ee ee 

OH 

C DUNQOOUDOQOEOOAOUUCDONDOOUDUOETOATTOUETU CTU TTEC TAT TEC TOUTED TA OTTO TAA OTOP 

i 
Sa 

OH 

What difference can a single atom make? Ethanol, 
CzHsOH, is a colorless, nearly odorless liquid with a 

pleasant taste. Substitute a sulfur atom for the oxygen and 
you have ethyl mercaptan, CgHsSH, a liquid with an 
extremely disagreeable odor. 
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AQ Wists UAH VAN UAAUGUENGEAAUEAUEAUEAOUOOUTEGUEGUEOGUOQUOAUCAUOAUONOUOOQUUAGONAUOEOOEOQUUOUEOOUEOUEOOUOOUEOOUOOEOGUOOUOAUOOGOOOEOUEOUUGOOOUOOOONOUEOUEOEOAL 

Wrong. Your answer is that the formula of 2-methy]-2-butanol is 

Sey ee 

CeO 

This could be right only if you numbered the chain from one end 

to locate the methyl group and from the other to locate the hydroxy 

group. That’s not fair. Always number the chain from the end nearest 

a functional group. With this in mind work out another skeleton and 

turn back to page 119. 

BB vuvvvesvneveugneaneavesvesdeesUeegegdeesveeaQOeQUU4OUOGQHONQUOGUUGOOOOUNOOOOOUOOUEOOEOOONOUNOUEOUOOOCOUEOOUOUEOUOOOOUOOUOOEOUOOOOOOEOOOOOUOOEOOHOOOONG 

You are right. The skeleton for 2-methyl-2-butanol is 

Cc 
A eS iewe| Zan 
Sas 

OH 

It has a chain of four carbons with a methyl group and an hydroxy 
group on the second carbon from the end. Go on to page 121. 

© svvvvvvvvccnvenaveeanesevesveeseadeea0esdeedUeAUCAGTUAUAAOUAGUEAUAGUEAUEAUUAUUOUEOUCOUOOOUOOOOOUEOQUOOUEOUNOUEOOEOOUOOUQGUOOUUOGEOGUOOUOOOUOOOEOOUEOOTUGEL 

Incorrect. The skeleton you have chosen to represent 2-methyl- 
2-butanol is 

a oe 

OH 

Although it contains four carbon atoms, it is not a butanol. The 
longest continuous carbon chain has three carbon atoms. It represents 
2-methyl-2-propanol. (On page 123 you will learn that its common 
name is tert-butyl alcohol.) Work out another answer and turn back to 
page 119. 
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Since the important structural feature of alcohols is the hydroxy 
group, the entire series of aliphatic alcohols is often represented by the 
general formula ROH. R- represents an alkyl radical, substituted or 
unsubstituted. For instance, consider these formulas for ethanol 

Molecular formula: C.H,O 

fue 
Structural formula: H—@—- Ou 

[Peel 
Ele te 

Condensed structural formula: CH3;CH,OH 
Skeleton formula: C—C—OH 
General formula: ROH, where R=CH;CH, 

If 2-methyl-2-propanol is to be represented as ROH, what is the 
condensed structural formula of R-? 

A AUUUAAUAUOTOAUEOEONOOONONOOOOOTAUAUOUAOVOVOUAUOCAUOOOOOUOEOUOGOUUOUOOOUOOUOOEONOUOUOUGUOUEOOONOUOUOGOUOOOOOOUOOOOUOOEOOOOOOOOUOOSONOUOONOULN 

CH;CH,CH,— 

B TOVOVEDAVOVODEEVOVACAUATO EDO VOVOTOTOEUEOEAO TO VADEDOUAUOTAEOTOAODOCAUOEOOUOEUOOOONDOOONAOOOOUAUOUEUOOOEOOUUOOOOOOOOUOUOUOUOUOUOLOUOUEUOUED 

CHs 
| 

CH;CHCH,— 

C VUNDAVAOAVOUAUOEOOTADOSUO TEVA COOTEEG STOO ATA EAE VODA UAT VOVO UO OACUEOTOECAEATOODOOOUOGOUOUOOUOUOOOODOUOCONOOOOUOUOEOOOOOUOUOOVOEOEUONOEGIAI 

CHs3 
| 

CH;—C—CH3 
| 

The principal functional group of Vitamin A, an 
essential factor in the growth of mammals, is the hydroxy 
group. Vitamin A is a complex alcohol. 

CH; CH; H CH; H CHs 

ee ee cn. ort 
oN ONS pry 

CH, 
Vitamin A 
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AL Anvnneegn0ede0eQeUeU0U0ON00UCUUUNNUAUAUEOEAVOOTOUAVOQOOEOUAOOAOOGUOUOUOOUOODEDEOEOEAOOCOVOUU TOTO CATO EMCEE PAO 

You are wrong. This is not the condensed structural formula for the 

R- group of 2-methy]-2-propanol. 

CH;CH2CH,— 

Suppose that you add the hydroxy group to form the alcohol. Isn’t 

it ordinary propyl alcohol? Why don’t you write the formula for 

2-methyl-2-propanol and then remove the -OH to find the R- group? 

Then turn back to page 121 and choose another answer. 

Incorrect. If an -OH group is added to the R- group you chose, the 

formula of the alcohol is 

cn 
CH3;GCHCH2OH 

This is the formula for 2-methyl-1-propanol, also called isobutyl 

alcohol. Make the change that is needed to transform it to 2-methyl-2- 

propanol. Then remove the -OH to leave the R- group. Now turn back 

to page 121 and choose another answer. 

] vey eevee nee ve gave NANA VA VATAAATATAVAVAAVAAEAAAEAEACAUGOOUAUEDEGOVEUOUAUGOOOEUOAEUOUCUOOCAUAUADOUAVOUAOOOOOOUOOOUVOUOUAUOUOOOOUAEVAOO OA TODA EEUU 

Right. If the -OH group is added, you have the complete formula 

for 2-methyl-2-propanol (tert-butyl alcohol). 

CHs 
| 

CH;CCHs: 
| 
OH 

2-methyl-2-propanol 

Go on to page 123. 
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Aliphatic alcohols are often classified as primary, secondary, or 
tertiary. This classification is based on the number of carbon atoms 
joined to the carbon atom bearing the hydroxy group. This table 
illustrates the idea for some alcohols composed of four carbon atoms 
each. 
ree ee a a eee ne pss remenueiee 

' 

Class of | WO e OF (C28 Systematic name; 
Alcohol joined to Carbon Skeleton Chemical Abstracts 

-OH carbon name 

: | 1-butanol; Primary 1 C—C—C—C—OH Burt gicohol 

C—C—C—C y 
Secondary 2 | oie aes 

OH sec-butyl alcohol 

i . 2-methy1-2-propanol; 
Peay 2 Se tert-butyl alcohol 

OH Se er es SE s)he | eh ee RS oe Nw orl ee 
You can see that the name for all alcohols containing four carbon 
atoms is butyl alcohol: sec-butyl and tert-butyl are the names for the 
secondary and tertiary alcohols containing four carbon atoms. The 
systematic name for tert-butyl alcohol is 2-methy]-2-propanol. 

The only exception to the definitions illustrated above is the simplest 
primary alcohol, methanol (CH3OH). On the opposite side of this page 
are several skeleton formulas for alcohols. Classify each one as primary, 
secondary, or tertiary and write both the systematic name and acceptable 
common name if there is one. The correct answers are below each 
skeleton. Keep them covered until you are sure of your own answer. 
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1. C—C—C—OH 

Primary; 1-propanol (propyl alcohol) 

2s Tee 

CCC 

Secondary; 2-propanol (isopropyl alcohol) 

Ca Ce CS OH 

C 

Primary; 2,2-dimethyl-1-propanol 

1 
C= ‘ —C 

OH 

Tertiary; 2-methyl-2-propanol (tert-butyl alcohol) 

oe Ce . =¢ 

OH 

Secondary; 2-butanol (sec-butyl alcohol) 

Go on to page 125. 

Procaine, widely used as a local anesthetic, is the 
hydrochloride of the ester of a substituted alcohol: 

O 
CH3CH2 ll 

/NCH2CH2—O—C— NH: 

CH3;CH, 

2-(diethylamino) ethyl p-aminobenzoate 
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There are some aliphatic alcohols that have two or three hydroxy 
groups. They are named by adding the suffixes -diol and -triol to the name 
of the parent hydrocarbon. The. location of the hydroxy groups 1s 
specified by numbers in the usual way. Study these examples. a ge a 

Condensed structural Lay ial Systematic name; Name 
formula UD EC EORO used by Chemical Abstracts 

Hae HO—C—C—OH 1,2-ethanediol; 
HOCH,CH,OH ethylene glycol 

C—C—C-—0OH CH;CHOHCH.OH | 1,2-propanediol; 

OH propylene glycol 

CH,OH C—OH 
| | 1,2,3- iol; a ,2,5-propanetriol; 
rice i OH glycerol or glycerine 

CH,OH C—OH 
a ee ee ee 

The hydroxy groups in diols and triols are classified as primary, 
secondary, or tertiary in the same manner as the monohydroxy alcohols. 
As you can see by looking at its skeleton, glycerine has two primary 
and one secondary hydroxy groups. 

The insect repellent marketed as “6-12” is named 2-ethy]-1,3-hexanediol. 
Which of these is the carbon skeleton of “6-12”? 

A UAVUVEUAEUNUCOCOCUNOUDEUEONUOUETOCAUOUGOOVOUUUEEAEUCOCOCOOOUOOOUOUOOUOOEOOOOGEOUAAUAOUODODODOUOUOUEUEOOUOUOUOUOUOOUOUOOUOUOOQOUOOOUOOOUOUE 

OH 

Cc ~¢x¢ i Crimean) 

G 
GC 

B VOVAUDAUOODONOOUAUANUODOUACOOOOOOOCSOOAUOEOTDOONOONOOUOAUOOUEQOUOOUCOUOOOUUGOOOOOOUOVOCOUOOOUCEOOOOGOUOUOOGODEOOOOOOONOOOOUOOOEOOUOOONUEUOL 

OH 

We GsC-0-sG-On 

é 
G 

C ADUDEOAUEOODEYOMUUNANONDEEAUONOOUAOOUDOGONOOUOOUOUOUOAVACUOCOOOAOSCOOUOCOOVECAUOOOUUOCGOOOGOOOUOUOUOOOOEOOUOOOEOAUOOUOUOUOOUOONOUOEOEOEOUOE 

OH 

COC C=C 0)ls! 

Se 

A sweet-tasting substance found in the nuts of some 
trees is an alcohol. It is p-quercitol, or “acorn sugar.” Its 
systematic name is 1,2,3,4,5-cyclohexanepentol. 

OH 

Or HO OH 
OH 
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AL WiUUUA NAN EAAUAAAUEAUUUAUOAAUEAQUEAUCAUEAUEAAUCAUENUOUOUOOOUEOOOEAGUEAUEOOUCAUEGOOOOUOGEOUOUOUEGOUUOUOOEOOOOUEGUOGOUOOOUEOOOUGQOUOQOONOUUOOUOOOEOOOOUNT 

Wrong. “6-12” is 2-ethyl-1,3-hexanediol. In order for it to be a 
derivative of hexane, there must be a continuous carbon chain of six 

atoms. The skeleton you chose has only six 

OH 
| 

ot eS 1 
CCC CO 

O—@—@)) 

altogether. It represents 2-ethyl-1,3-butanediol. Turn back and choose 
another answer. 

You are correct. The skeleton of “6-12” is 

2-ethyl-1,3-hexanediol 

One of the hydroxy groups is primary and the other is secondary. If 
you look closely, you can see that there is a continuous carbon chain 
that is seven carbon atoms long. Why isn’t the compound named as a 
derivative of heptane? Simply because the seven-carbon chain does not 
include both of the functional groups. Go on to page 127. 

© vvvsavsvneveevesv eaves gevvea vee veaOeAeAUTAGONAOUAUOAOUOGUCOOUOAUEAUEOQUOOOOQOOGONOUOOUUOUUOUOOONOOOUUOUOOCOUEOUEOVOOUOOOOOUOOONOEAUOOEOUOOOROOOOEOOOUUOL 

You are incorrect. The skeleton you chose has all the atoms necessary 
to be 2-methyl-1,3-hexanediol, but they are not arranged properly. Here 
is the skeleton you picked. 

Can you see that it represents 2-ethyl-1,2-hexanediol? Turn back and 
select another answer. 
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3.2. AROMATIC HYDROXY COMPOUNDS 

Although hydroxy groups that are united directly to a benzene or 
other aromatic ring system react quite differently from the hydroxy 
groups in aliphatic alcohols, their names are conveniently discussed at 
this point. 

The simplest aromatic hydroxy compound is phenol (f&' nol). 
Aqueous solutions of phenol are used as a disinfectant under the name 
carbolic acid. Derivatives are named as substituted phenols. A few 
examples are 

OH OH OH 

NOz 
phenol 2-methylphenol or 3-nitrophenol or 

o-methylphenol m-nitrophenol 

The common name for the three methylphenols is cresol. 
Picric acid, a bitter-tasting compound which at times has been used 

both as a yellow dye and as a military explosive, has this structural 
formula 

OH 

on No 

NOz 

What is its systematic name? 

A QUATUOVOVOCOOUOUEOOAUAUAUONDAVOEOUONOOOVOUOEOOUUVOCOUOUOUUUOUOEUUVODOCOOGEUOUAUGOOOOOOOOOGOUUOOUOEOODOOAGOEOUOOUOUOUOQUOOOUOOOEOOUCOOUCONONUL 

1-hydroxy-2,4,6-trinitrobenzene 

B VANDUOUOUOUENCOOUUOOTEAOTATETONTTAOTTOUETOOTU TET OCEUTTUOTA ETAT ECTAU TA ADO AAO DTU OCDO DTD OCDOAOUOUOOUOOOOOOUODOOOOOUUOOOOOOOUOOOONUOOOUOOOOUOEI 

trinitrophenol 

C QUUNVVONUOGONEDOOUDTOOTTOOCDUNETOOCUOCUOENETOOUAUOOCOTOOCDEUOETOECTOOCTOOOOOOOOOUOOATOODOOUOOOETOUODOOEDOOUCOOOEOOQUOOQUOCRGOOUOOOOUOOOUHN 

2,4,6-trinitrophenol 
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Ay suvsuuenannegueenaUeeadUedQUNGGUUNAOUOOUOOGUEOAUOUAAOEOOOONEOUELOGOUOGONOOOENEOOEOGUOOOONOOUN0Q000U0000000UN000000000000U0000000000U000UENOUUEOOONOOOUNIE 

If phenol were not an accepted systematic name, your answer would 
be right. Phenol, however, is a proper name and its derivatives are 
named as substituted phenols. It should be no trick for you to turn 
back and choose the correct answer. 

BB snvsuecvuensvueavvunegagueesguessqvesgoeesdUeeddees4Dee0Q0e0QOU0GU0GUON0OUEOUUUAUOUOUAUOOOOCOUUOOUEOOUOUOGUONOUEAGOEOOUNOUOGOUEOOUCOOOOOUEOOUEOOUEOQUUNN 

You are wrong. Picric acid is indeed a trinitrophenol. There are, 
however, several separate and distinct trinitrophenols. They are 
distinguished by the use of numbers. Here is the formula of picric acid 
with numbers added. 

OH 

bade 

NOz 

When you have decided on another answer, turn back to page 127 and 
see if it is there, 

© nvvcvevvevsavensvvansneeaueeesveeageesdoesgUeAUOUAU ACA EAAUOUAUOUOOUTUAOUUUAUUEOQOSEAQUNEAGUUOOUOOOUOEOOUEOODOQOQUqOOGUEOOUOOOUUqOQUqOGQUoOGUEOOGgNeUNOG 

You are correct. The systematic name for picric acid is 2,4,6- 
trinitrophenol. 

Go on to page 129. 
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Alcohols and phenols themselves can form radicals when the hydrogen 
atom is removed from the hydroxy group. Remember that these radicals 
are not compounds. They have a free valence. For the first four members 

of the aliphatic alcohols, the names of the radicals are formed by 
dropping the -anol portion and replacing it with -oxy. For the others, 
-oxy is added to the name of the alkyl group. Phenol forms the phenoxy 
radical or group. A few examples are the best illustration. 

Alcohol Radical 
CH3(CH2) 30H 1-butanol CH3(CH2)30— _ _butoxy 
CH3(CH2),OH 1-pentanol CH3(CH2)4,O— pentyloxy 

OH phenol O-— phenoxy 

As a very complex example of the use of the principles you have 
learned, compare the structure and systematic name of this compound. 

OCHs3 

Cl 
fe al 

H—=C—C él 
| 
Cl 

OCHs 
1,1,1-trechloro-2,2-b1s (p-methoxyphenyl) ethane 

This substance is sold under the name methoxychlor. It is an insecticide 
reported to be as effective as DDT but less toxic. DDT is 1,1,1-trichloro-2, 
2-bis(p-chlorophenyl)ethane. If you want some practice, write the formula 
of DDT. You can check your formula against the one on page 105. 
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Summary: Nomenclature of Alcohols and Phenols 

A functional group is a particular structure that imparts special 
chemical properties to a compound. An example of a functional group 
is the hydroxy group, -OH, which characterizes the alcohols and phenols. 
The general formula for aliphatic alcohols is ROH where R- represents 
an alkyl radical. Alkanols. are named by replacing the -e ending of the 
name of the alkane by -ol. Two-word names such as “propyl alcohol” 
are used by Chemical Abstracts for the first twelve members of the alkanol 
series. These facts are illustrated by the following table. 

Molecular formula: C2H6O Condensed structural CH3C H20OH 
formula: 

Systematic name: ethanol Chemical Abstracts name: ethyl alcohol 
General formula: ROH Radical: CH3;CH20— 

When necessary, the location of the hydroxy group is indicated by a 
number. The carbon chain is numbered from the end nearest the hydroxy 
group. Other substituents are named and located as in hydrocarbons. 

Primary, secondary, and tertiary alcohols have one, two, or three 
carbon atoms united to the carbon bearing the hydroxy group as shown 
in these skeletons 

ie 
GCC] Or GS] CC GaGHQe 

Cc 
primary secondary tertiary 

Alcohols with two or more hydroxy groups are named by locating 
the hydroxy groups with numbers and adding the suffixes -diol, -triol, and 
so forth, to the name of the alkane. The common name for the series 
of diols is glycos. 

Hydroxybenzene, (jon, is named phenol. 

ALIPHATIC ALCOHOLS (ALKANOLS) 

Functional group: -OH Functional group name: hydroxy 
General formula: ROH Series name: -ol 

PHENOLS 

Functional group: -OH Functional group name: hydroxy 

General formula: OH Series name: -ol 
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Here are four questions to test your mastery of the naming of 
alcohols and phenols. As usual the correct answer follows each question. 
Cover the answers until you have worked out your own. 

2. Classify 3-methyl-2-butanol as primary, secondary, or tertiary. 

1 
€]c—G_—e 

Secondary Ou 

4. The systematic name for ethylene glycol is 1,2-ethanediol. Write 
its complete structural formula and classify each hydroxy group as 
primary, secondary, or tertiary. 

ELE 
| ‘ 

HO-¢—G-OH Both hydroxy groups are primary. 
| 
FE 

If you answered all four questions correctly, go on to page 133. 
If you made errors, return to page 115 for review. 





Functional Groups / 133 

3.3 ALDEHYDES AND KETONES 

The functional group which identifies aldehydes (4l' dé hidz) and 
O 
| 

ketones (ké’ tonz) is the carbonyl (kar’ bo nil) group,—C— . When it occurs 
at the end of a chain of carbon atoms, the compound is an aldehyde. If 
the carbonyl group appears within the carbon atom chain, the compound 
is a ketone. 

Since the carbonyl group in aldehydes always occurs at the end of a 
carbon atom chain, the general structural formula for the series is 

R—C—H. When written on one line as a condensed structural formula, 
the aldehydes are represented by RCHO. The simplest aldehyde contains 

O 
| 

only one carbon atom. Its structural formula is H—C—H. (You should 
note that in this one instance the R- in the general formula is merely 
H and not an alkyl radical.) 

The IUPAC system names aldehydes by dropping the -e and adding 
-al to the name of the ae on with the longest chain containing the 

| 
carbonyl group. Thus H—C—H is methanal. You are probably familiar 
with its common name, formaldehyde. In aqueous solutions it is used as 
a fungicide. 

Another aldehyde, acetaldehyde, is an important chemical in organic 
synthesis. Its systematic name is ethanal. What is its structural formula? 

AL AANA TAA LEA EAN EAN TAA TEAD EAN TEAN TEA UEA TAAL AEA AEAA TTA UEA AAA UEAAUETAGUUAU TEAM UENO UEAODUAUUAOUEGOD OU AEEN OTA EO AEN TEA EO ENUTNU TAL 

a 
Soe eae 

ia 

C PETE TUMEUR O TPO U TCE VOUT 

ee ke 

H H 
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AL vAUsdHAAUNNADNADUNAUUAGUCAUOCAUEAUOOOUEAOUAUOOOOOOUUAUOOOOUOUOUAOEOOUUOUROOUOOUEOOAUOUUOUEOUESOUEOUEOOOOOUOOOEOOOUEOOOEOOOODUONOOUGOOUEOOUOOAOEOUUNNY 

Incorrect. You were asked to write the structural formula for ethanal. 
You should recognize that it is a derivative of ethane and therefore 
should have two carbon atoms. The formula you chose is 

egieall 
Heat oqo Save 

Hee 

It has three carbon atoms and is the formula for propanal. Turn back 
_and choose another answer. 

DADUODOUTVOCOOOOUOUOUEOOODOEAOOASTOUDT ATTA E TEE TTETae VUUULVVOAEEVOOODEO UOT UOEVODD TE OCT TAO OET ODETTE TOT E TT E HHH i i 

You are right. The structural formula for the aldehyde ethanal is 

Go on to page 135. 

© tvvvvvevvevveva esa egg veeNUeNAeeAA TEAL OAAAUEAA TUNA VEAAUEAUOAAUEAUOEAUOUAUOEAUOUAUUAUEOAOUAUEOUOUA EAU OUOUOTAUUOUOUAUEOOUEGUOSOUGOOOTOUEOOOUOEAONOEL 

You are wrong on two counts. The structural formula you chose for 
ethanal is 

HO 

H-C¢-C—C-H 
oe 

First of all, this formula has too many carbon atoms. Ethanal, a derivative 

of ethane, has only two. Second, the compound shown above is not an 

aldehyde. It is a ketone. Remember that the carbonyl group (—C—) 
in aldehydes must be on the end of the carbon chain. Turn back to 
page 133 and choose another answer. 
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The common names of aldehydes are derived from the names of the 
acids that have the same number of carbon atoms. For example, the acid 
with one carbon atom is formic acid. The common name of methanal 
is formaldehyde. Acetaldehyde is the common name for ethanal since 
acetic acid has two carbon atoms. * 

Inasmuch as the carbonyl] group of an aldehyde is always at the end 
of the carbon chain, it is never necessary to specify its position. For 
instance 

i 
pe 

Cc 
2-methylbutanal 

The condensed structural formula for 2-methylbutanal is CH3;CH2CH 
(CHs)CHO. The carbon of the carbonyl group is always the number 
one carbon atom. 

Which of these formulas is a representation of 3-chloropentanal? 

A FUMUANUANUEUDOUUOACOCTAN TOOTH TATED 

CH;CH,CHCICH,CHO 

B DUVUOVOVVOUVOCTOOUOUETOCTOETOO TA OCA OPAC TO TATA TEVA TA UTADA POAT APACE TATOO TO PHOTO VOU PA OOP O UOC PO ONO OODOEDEA OOOO EOD 

C5H;oOC1 

C ULATVOCOVOCUTANTUOAOUOCADAETACAEUTAATOCTOCAOUA TATOO TOVOUOUAVOCOOUOVOOOUOUOUTOOOAVOUOOOOOOUOOUOQOCQOUUOOUEUOUDOCOOUOOUO OOO EUCONTOOU OUD 

Cl O 
| I 

CC] CC] ea eH 

Two aldehydes which occur in nature are tetradecanal 
and citronellal (3,7-dimethyl-6-octenal). 

CH3(CH2) 2»CHO as ae 

tetradecanal citronellal 

The luminous bacterium Achrobacter fischeri uses tetradecanal 
in its light-production process. Ants use citronellal as part 
of their chemical alarm system. 
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AQ Wuvveu ee neU UNA CA UNA TAU TATA VEAUEAVUAUEAUEAUEA EAA TOADEADEATAUTAUEAUOATAOOAEAOUOOUEOEOUEOEOCOOOOOOCOUOOEOUEAUCOOOOOOOOUOOLOQUOOEOUEOUAUEOOOOUOUUAT 

You are right. The condensed and skeleton formulas for 3-chloro- 
pentanal are 

CH;CH,CHCICH,CHO Cl O 

elezqtetoan 

The carbon of the carbonyl group is always number 1. Go on to page 
137. 

You are incorrect. CsHjOCl is not the molecular formula for 

3-chloropentanal. Perhaps you will see your mistake if you make a 
structural formula by adding the requisite hydrogens to this skeleton 
formula. 

Cl O 
| I 

C2 C= CaG— Ci 

Now turn back and pick another answer. 

evan evnveeaveeav nea NAAN UNATAAEAAU NAAN TENAUTAAUEAGUEAOUEAUOCAQOEAGUUAUTUAUUUAUUEOOOUUGOUGOEOOUEEAQUCROOOOUEOQUOEOUUOOOOUEOOUEOQUEEOQUOOGUOOUUNOGGII 

You are wrong. This is not the skeleton formula for 3-chloropentanal. 

Cl O 
| l| 

C=C HCHO CH Ik 
Die Ae ree Se mara 

As you can see, the carbonyl carbon is number 1 and the chlorine atom 
is substituted on the number 4 carbon. This is the skeleton for 

4-chloropentanal. Turn back and choose another answer. 
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O 

It is not possible for the ta group of aldehydes to be part of 
“an aromatic ring system. Consequently, from a_ structural viewpoint, 
aromatic aldehydes are really substituted aliphatic aldehydes. The 
simplest and most common aromatic aldehyde has the formula 

O 
| Name: benzaldehyde 
CE Molecular formula: C,;,H,O 

One important derivative of benzaldehyde is vanillin. It is the 
principal odorous constituent of vanilla beans. Its formula and systematic 
name are shown here. 

i 
Coa 

Olean 

OH 
4-hydroxy-3-methoxybenzaldehyde 

On the reverse of this page you will find three questions about 
aldehydes. After you have answered them, we will go on to the section 
on ketones. 

The aldehyde known as ethylvanillin is said to have a 
finer and more intense flavor and odor than vanillin. Its 
formula and systematic name are shown here. 

i 
CH3sCGH20 Catt 

HO 
3-ethoxy-4-hydroxybenzaldehyde 
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1. The name 1-propanal is redundant. Why? 

The position of the carbonyl group does not have to be specified by 
a number in the names of aldehydes. The carbonyl group is always the 

number 1 carbon atom. 

2. Write the carbon skeleton for 3,4-dimethylpentanal. 

CG O 
| I 3,4-dimethylpentanal 

C- €-C -C_ CH 

3. Write the general structural formula and the one-line condensed 
general formula for aldehydes. 

O 
ll 

General structural formula: R—C—H 

Condensed general formula: RCHO (not RCOH.) 

Depending on the state of your self-confidence, either go on to page 
139 or turn back to page 133. 
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Ketones have the same functional group as aldehydes: the carbonyl 

group, —C— . The difference is that it is not at the end of the carbon 
O 

chain in ketones. The general formula for ketones is R—C—R’. The 
condensed structural formula is RCOR’. If R- and R’”- are identical, the 
ketone is symmetrical. If R- and R’- represent two different alkyl groups, 
the compound is a mixed ketone. 

The IUPAC system names for ketones are found by numbering the 
carbon chain from the end nearest the carbonyl group, indicating its 
number, and changing the -e on the alkane to -one. For example 

i 
CH3sC H2CH2C CH; 

2-pentanone 

Substituent groups are named as before. For instance 

Cl 
| I 

CH3sCHCH2C CH; 
4-chloro-2-pentanone 

What is the name of this ketone? 

i 
CH3sC H2C CH2C HBr 

A CUTOUT OUT EOPETTTTTT 

5-bromo-3-pentanone 

1-bromo-3-butanone 

C OVUUDOVONOUEVONTOOTACTOUOTO ATT UCTA STOTT CTA E TOTO T TATTOO 

1-bromo-3-pentanone 

One of the substances used as an antidote for cyanide 
poisoning is a ketone. 

i 
oHcH.C() wu 

p-aminopropiophenone, or 
ethyl p-aminophenyl ketone 
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AQ WVU UAVNUAUAUAUATUEAUAVEGEAUAUAOAUAUAUOVAGAUADEACAOOUAVAVAEVUOAGTOTAUEOEGTOUGGEOOOUEOCOUOUAOOUEOADOOUGEOUOUADEOTOCUOOOOTOOUOOEOEO OOOO UATE VEE 

Incorrect. You named the compound shown by this formula 

i 
CH3C H2C C H2C H2Br 

as 5-bromo-3-pentanone. Although this name does describe the compound, 
there is another name that uses smaller numbers. Bear in mind that 
whenever you have a choice, you should always number the carbon 
chain from the end nearer to any substituent groups. Try again. 

BB VUNVUCUNNGNVANONUNONNVOUENENOUOUGUOUGUOUOUOHOCGOOOVOUONONOOOOUOUOCHOOOUEOOECOUOVOCOOOVAOOOVOUOOOOVOUOOOODEOONDOGOEOEOOOEOEOOODOOGOOEUGOOEOSOOOOVGNATD 

Count the number of carbon atoms in this formula again. 

i 
CH3CH2C CH2CH2Br 

There are five, aren’t there? The carbonyl group is the functional group, 
but it is also in the carbon chain and should be included when you 
count to determine the base name. The formula represents a pentanone. 
When you have decided on the complete name, turn back and choose 
another answer. 

©] vv ev ev eegNGAVAVAVAAANACANAUUADACAUAUACUCGUOUOUUOOUOTOEOUAUAEGEUAUAUNOOUUOOOGONEOOOUOOOUOUOOONVOONOOOOESOEOOONOCOCODOSAODAOOVOUOUOOOEOUOUOGOE 

Right. Go on to page 141. 
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The less complex ketones are often named by naming the radicals 
united to the carbonyl group followed by the word ketone. If the ketone 
is symmetrical, only one radical needs to be named. You are probably : 

O 
I familiar with the odor and uses of acetone. Its formula is CH3CCHs. Its 

systematic name is propanone, of course. In this instance no number is 
needed since the only carbon that can be the carbonyl group is number 
two. If either of the others were, the compound would be propanal, not 
propanone. Acetone is also called (incorrectly) dimethyl ketone. 

Methyl ethyl ketone is a widely used organic solvent with a trade 
designation of MEK. Its structural formula and name are 

i 
CH3sC CH2CH3 

butanone 

Another widely used solvent is MIPK (methyl isopropyl ketone). Its 
preferred name is 3-methylbutanone. Which of the following is the 
carbon skeleton of MIPK? 

A UHUUUOOOUCAOUOOUHEOOOOAOOGGUOAOUEOUUOGUGGOOOOUCOGUUOGUOOOOOOOUOOOUEOOOUOOOOUOGOQUOOOGUOOGUUOOGUOGOUOOOUNOOUNOGUOOUOOGUOCQUEOOUQOQOOUCOOUNNGUNOTT 

it 
ee SF 

Cc 

B UUUVEANUOOOEANACUVOUOGUAUOUOOCOEAEOEGEOUOOOOUEOUEOUOUOOUOEONOUEOCOUOOUOUOUOONONOUOOOOUOUNOUUOOUOUOOOOUANOUOOUOUEOOOUOOUOOOOOOUEUOOUOULOAONNE 

O 
I 

i 

C 

C QUOUQUOQOOGOTAUONEUUGAOUALOGOUEGUUOAUOUUOUUOOOQOUAUHOUCOUEAUOGEOUUOOUUOUEOUTOOUUAUOOUUOOUOOUOOUUSQUOOUOOUOOONOQUOOOCOUEOOONEQUCOUECOUNOQULOGEN 

O 
l 

Cc] CCC 

Civetone is a cyclic ketone which finds use asa perfume 
ingredient. It is obtained from the scent glands of the 
civet cat. 

H 
aX 
C—(CHz2)7 

~ 
C=O 

Va 
C—(CHb)7 

Ye 

civetone 
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AL MMUVUVONVUUANANUAGUCHOUOUVGNVOUUAUOUUACTOUACUUOEDAOVEDAVAOGAOUEU ECT OCUCU OTE E AVOUT TUCO U PTET 

You are correct. The skeleton formula of 3-methylbutanone is 

O 
3 

c—C—C-—C 
[ena fi 

C 
4 

The carbon chain is numbered from the end nearer to the carbonyl 

group. Go on to page 143. 

BD UVNATANNUAUANUAUNGEGUONUUAAUNVOVOUUUAUOUOEOOOODEOOOUOOACAUAOOUATOOOOAOOEOOOODEONOOOOUOOOOOOAOOEOOOQOOUOOCOUOOUOUCCOOUEOEUOVOOUOO OO E DEVOUT 

You are incorrect. Perhaps you were confused by the way the 

skeleton was written. Remember that any bends in the carbon chain are 

not significant. So the skeleton you chose could also be written in a 

straight line. 

7 i 
GG mae O=OF6 Ce 

C 
your choice same skeleton 

Both represent 3-pentanone, don’t they? Turn back and choose another 

answer. 

© vvevev0 even ge gnaeeeag0aeaQaNeUAUAVNACADOUNGOOEOUAVOOEOUOUOUAUAUADEOOOCUEOOUEGOUCOOOUOUOVOOUOUOUGOOUEUDOOOUOOUEOEQCGEOEOQUCUOUOOTOOU OOOO EOOOTE VEEN 

Wrong. The skeleton you chose for 3-methylbutanone is 

O 

c—c—c-e—c 

Since all of the carbon atoms are contained in a single continuous chain, 
this is not a substituted ketone. It is plain old ordinary 2-pentanone, 
Read page 141 again carefully before you select another answer. 



Functional Groups / 143 — 

Two fairly common ketones are acetophenone and benzophenone. 
They are both used as intermediates in organic synthesis and to some 
extent in perfumery. Their formulas are 

a O 
I 

CH3C— Sey 5 ee 

methyl phenyl ketone phenyl ketone 
(acetophenone) (benzophenone) 

Note that the first is a mixed alkyl-aryl ketone while the second is an aryl 
(aromatic) ketone. 

Summary: Nomenclature of Aldehydes and Ketones 

Aldehydes are named by changing the -e ending of the parent 
hydrocarbon to -al. Since the carbonyl group is always at the end of the 
carbon chain, its position need not be specified by a number. When 
substituent groups require numbering, the carbonyl group is always 
numbered 1. 

Ketones are named by changing the eee of the parent 

hydrocarbon to -one. The position of the —C— functional group is 
indicated by a number. The carbon chain is numbered from the end 
nearer the carbonyl group. Simple ketones are often given common 

O 

names merely by naming the radicals attached to the —C— group. 

ALCOHOLS 

Functional group: -OH_ Functional group name: hydroxy 
General formula: ROH Series name: -ol 

PHENOLS 

Functional group: -OH Functional group name: hydroxy 

General formula: OH Series name: -o/ 

ALDEHYDES AND KETONES 

O 

Functional group: —C— Functional group name: carbonyl 
General formulas: RCHO (aldehydes) Series names: -al 

RCOR’ (ketones) -one 

There are three questions about aldehydes and ketones on the next 
page. Cover each answer in turn until you have made your own. 
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1. CHeClCHCICOCHs Is the name 3,4-dichlorobutanone correct? 

Yes. The full structural formula is 

2. Are these two compounds isomers? 

CH;COCH, CH;CH,CHO 
propanone propanal 

Yes. Both have the molecular formula C3H¢O. 

3. Is this compound an aldehyde, ketone, or something else? 

ale eee 

H H 

Something else. It is a type of compound called an ester. The general 
formula is 

i 
K—-C—O=8° 

You'll see more of them later in this chapter. 

Go on to page 145 if you feel ready. If not, return to page 133 for 
review. 
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3.4 CARBOXYLIC ACIDS 

The carboxylic (kar bdk sil’ ik) acids are one of several classes of 
“organic acids. Since many of them were discovered through the hydrolysis 
of fats, some afe called the fatty acids. Their functional group is 

O 
I 

the carboxy (kar bok’ sé) group, —C—OH. Their general formula is 
O 
| 

R—C—OH, condensed into one line as RCOsH. 
The unsubstituted carboxylic acids are slightly dissociated in water 

as illustrated by this equation 

i i 
R—C—OH = RO Om ote He 

carboxylic acid carboxylate ion hydrogen ion 

Salts are formed when the carboxylic acids are neutralized by strong 
bases: 

7 T 
R—C—OH + "NaOH -= °° R=—C—O-Nat + H2O 

The systematic names of the acids are formed by dropping the -e 
from the name of the parent alkane and adding the suffix -orc followed 
by the word acid. All carbon atoms in the longest chain including the 
carboxy group are counted. The simplest of the series has the formula 

H—C—OH, and takes the name methanoic acid. 
What is the formula of ethanoic acid? 

A QODAUUDROUEUAUEONAUOODOUEVODADEUOTACACOOANVOUAUEDEOOUEUEDOUOOUONGUOTOUOUOUOUOUAUOOOUOOOOOUOOUNONUNUOUOOOUEUOLOOOOOOOOOUOOOONUEOOOOUOUOUOUOEOUAINN 

H O 

H-¢—C—OH 

H 

B DUAUVUVOUAVAOUUOUAUEDOOUOTOEOOUESEASOUEOOOUAUAGUSEOOAOUUANONONOEOOOUEOUONGUOUAONOUOUOOEOOOUOOOONOUOUOGNONOUOUOUOUOUOUOUOUQUEOOUNOQONOEUOUOUNORNNN 

7 
ts Tia 

H 

C VOUUCUAUCECANOACATOOTOUUOOOOAOANVOUUOAEATOODODOOAUOOUAAOGOACOUGOOOOOGACOUOAUOOOUOOOOOUUOUOUOUOOEOOUOUOQUOOOOUOOOOEOEOOOAUOUOUEUOUONOOUGUOL 

om 
ee 

H H 
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AQ AANAUAAAAVAVAUUDAUAUEOEUAUAGEUCAAGOANOOGAUOUOUAUOQOUAUOUOUAUOUAUOUOCUAUAGUOUUOGAUOAUOUOUOCUOOODOVAVOQOQOOOOUOOOCUOOOOOOOUOOOGOOOOOONOOOUONOTOUOUEEUENL 

Correct. The formula for ethanoic acid is 

el | 
Ou cee 

H 

Its common name is acetic acid. Note again that the carbon atom in the 
carboxy group is counted as a member of the chain. Go on to page 147. 

BB vd NAVNVUAUAGUAUAUAAUAEAUAVAUEOUOUAVOGOOUHUOUOVOUOONOUAOODOOCOUOOOOUEUAOUOUADOONOOUUONOUOOUEOOOUOOEOOGOUNOOEOOOOEOEOGOOUONOHOOEOUNOEOUOOEOEATOUNLL 

Incorrect. The formula you chose contains the right number of 
carbon atoms, but not the correct functional group. The functional group 

O 
| 

of the carboxylic acids is —C—OH. It is called a carboxy group and is a 
carbonyl group with an hydroxy group attached to it. In your choice, 
shown again here 

the hydroxy group is not attached to the carbonyl group. The compound 
is not .a carboxylic acid, but an hydroxy aldehyde. Turn back to page 145 
and choose another answer. 

© vavcvnsa eevee ev vea veg Vea veA VAAN TAUTAGEAUEAUOAUEAGOOUEAUEAUAGUOOUOOUOOEOUCOUNAQEOUEOOOOOCOOOOUOOOUOOOOOUOOUOOOGOOQOOUEOUOOONOUEOEOUEOOOEOUOONOOEOUEOI 

Wrong. The formula you chose for ethanoic acid is 

ie | 
ae 

H HH 

O 

It is an acid, all right, because it has the coon group. Count the carbon 
atoms. There are three in a continuous chain; therefore, it is propanoic 
acid. The carboxy group in a carboxylic acid is counted as a member of 
the carbon chain, just as the functional group is for aldehydes and 
ketones. Turn back and pick another answer. 
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The names of the carboxylate ions which result from dissociation of 
the acids are formed by dropping -oic from the name of the acid and 
adding the suffix -oate, followed by the word ion. The dissociation of 

“ethanoic acid is an example 

I T 
CH;C—OH = CH;C—O- a Joke 
ethanoic acid ethanoate ion hydrogen ion 

Most of the carboxylic acids were isolated from natural products 
before their structural similarities were understood. Consequently, all of 
the lower acids are usually known by common names. This table shows 
the origins of some of the names. 

No. of Acceptable Origin of Systematic 
Carbon Atoms common names common names names 

1 formic acid L. formica, ant methanoic acid 
2 acetic acid L. acetum, vinegar _ethanoic acid 
3 propionic acid Gr. proto, first propanoic acid. 

pion, fat 
4 butyric acid L. butyrum, butter —_butanoic acid 
5 valeric acid valerian root pentanoic acid 

Memorize the systematic names and the first two common names. 
You will learn the rest as you encounter them. 

What is the systematic name of this carboxylate ion? 

i 
CH3;CGH2C—O- 

A VOUUOVAUGODOCUOUAOUAOVOUAOTUCATOOUOTACONTEDOLECAOEOUODOGOUEUOOOOCONUEOOOOOUOCGOUOUOOUOOEOOODOUOOUUOEOOUONOOUOOOCUOUOCOOOUOOODOOOOOOOONUOGD 

ethanoate ion 

B HAULAVODNAUAVEOOOVOAUAVAUEANOVONOQEAOAUOUAAUOANOUOUOUOOEUOGOUOGUUEAOONOVAVOVAVOOOOUOEUOUAGODOGOOUOOOUOUSUOUOUOUOUOOOUOOOOOUOUQORUOUOOUEONOUONN 

propionate ion 

C DOUOCUOCECUOATU OCU ACTATOT EATON CO OOOOTOTAATACETATTAOTOUTUETOCUOEDOUERGOUTOCOUEOOOOOU OCGA AOOUAODOUUODONOUEUOUOOOOOOOOOOOOOOUOOUOOOOONUG 

propanoate ion 



148 / Functional Groups 

A Windies NAUUTAUNAUEAGULGUNGUEOUEOQUAUOOOUOOUEOUOUAUEOUOCOUEOAUOOQUEOOOEOUOOOUOOOEOOUNOUOOUEOOOOOUUOUOOQ OAS EAUEOUEOUEOUEONOTOUEOY OOO EOOOUOUEOUEOEOHEEL 

You are incorrect. This carboxylate ion is not the ethanoate ion 

i 
CH3;CH,C—O- 

The “ethan” portion of the name indicates two carbon atoms in the 
chain. The formula above has three. Turn back to page 147 and select 
another answer. 

BB v0 0ANNVUANACAUNGENAUAUNOUOGOOOUEOOOUUANOOOOTAOUOUOOOOUEOCOUOAUOOUOOEOVOOEOUGOOURUOOOOOUOUOUEOUUOUEOOGAOOOUOONOHOOEOOOOUOONOUOOOUOOOOOEAOOOEOOUEOOIY 

If you were looking for a common name, you would be right. This 
is the formula for the propionate ion 

i 
CH3;CH,C—O- 

You were asked to give the systematic name. You should have no diffi- 
culty after reading the table on page 147 again. 

© avvvvvnuevvvvuuenvaccueevascuneeascoveesdeeeg go neeegUeeeUANGUTEUE AOU UECAAOOUUEEAOOUUUEEGOOUUUOOAOUUUEOOOOUEUEOAOOCUUOUOOQOOUEOEOGUUOEGEOQGUUEEOUHUTI 

You are right. The formula represents the propanoate ion. 

1 
CH;CH,C—O- 

It is identical to propanoic acid with the hydrogen of the carboxy group 
removed. Go on to page 149. 
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The method of locating substituent groups and unsaturation in 
carboxylic acids is to number the carbon chain in the usual fashion 
beginning with the carboxy group as number 1. 

The skeleton of lactic acid, the acid formed when milk turns sour, 
is shown here. 

O 
| 

CC] ¢_— On 2-hydroxypropanoic acid 
| (lactic acid) 
OH 

Be JZ 1 

What is the preferred name of the acid with this skeleton? 

Br 
| I 
Cra O-Or 

A UVAVIVOEACUOOCOTAVOUEOOOUOUEAVOVOOEATOVOAUOATAOOUATOUOOUOUOOUOUUOUOUOOOOOOOCOOEAOOUOOUOONOHOOOOUEOOOUOOUOUOOOOUOUEOEOUOUOOGOOQONONOUOUOUNN 

2-bromopropanoic acid 

B VOVADUUOVAUAVOGUUOUOOUOGOUOUCOTOODEAEOOOUOOOOUOUOSOVOAUUOUOOOCOEOUOOOOONUOOCOOONOOONUOOOOOUOAVOOOUOOONUOUOUOUOUOUOOOOOOOOOOOOODOOOOOOEOND 

3-bromopropanoic acid 

C DUANUNANUNANOOOUOADGOOOVAUONDOOOUAUOOOAUOCOOOAVONOOOOGUVGEUOOOCOOVOCOOUOUOCOOOOVOUGOUUUOCOODOUOEOUOUCUOOOCOCOOOUGOUAUOOOOOUOENOOOUOUOOONEUOD 

3-bromopropionic acid 
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A UUUUOUOUOUOUOUUUUEUEOOUOASHEOOUOOOEVOUOOOOOOOUEOCOUOUOTAOOOOAUAOOOUAACONONUEOOOOOOUAOCOESEROOEO OOO OUOOOSOOOUOGOUOTOOOUOEOOOOOUODOOOUOOOUOOOOOU 

You are incorrect. This skeleton does not represent 2-bromopropanoic 
acid 

Br O 
| l| 
G—C—C—OH 
39r2 Vil 

Numbers have been added so you can see that the carboxy group is 
always number 1. Study the skeleton before you turn back to choose 
another answer. 

BB sunvsguunesansouensgssneesadueesaoUeeegQuedsdUeevd000004000U0OUUAG0UUUENOAOOQUEOREAGOUOELOQOUUNOOOOOOUGOOOONUOOUOUUO0USU0000U000000000000 0000000000006 

You are right. The skeleton represents 3-bromopropanoic acid. Go 
on to page 151. 

G cavvovvnvvvvsvuvoveveesnuuevveessouenevensGHUaeeeees404UUUUUOGHOUUONENGOOOUONNONOGGUUUONOOOGUUUENOONOUUOuONOOQGQUOnOQOQQUUuqOG#QQouuoqOsGqoquoonegsqvauonsasitt 

If you had been asked to give a common name, you’d be right. 
3-bromopropionic acid, however, is not the systematic name. Propionic 
acid is the common name for propanoic acid. 

O 
I 

C—C—C—On 
propanoic acid 

3-bromopropionic acid is 3-bromopropanoic acid. Be careful to distinguish 
between systematic and common names. Go on to page 151. 

You are familiar with at least two oxides of carbon: 
carbon monoxide, CO, and carbon dioxide, COs The 
former is the poisonous product of incomplete combustion, 
and the latter is a product of human respiration. Have you 
ever heard of the oxide of carbon with the formula Cj,Qg9? 

It is the tri-anhydride of benzenehexacarboxylic acid 
(mellitic acid) and is called mellitic anhydride. It can be 
prepared by heating mellitic acid, itself prepared by oxidiz- 
ing wood charcoal with fuming nitric acid or by treating 
graphite with potassium permanganate. 

HOOC/7\COOH O=C7-Y)S\ 5 
HOocKWHcooH o=c\ YeLo 

COOH A ve 

mellitic acid mellitic anhydride 
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Unsaturation in carboxylic acids is indicated by changing the -anoic 
ending of the basic name to -enoic (cf. alkenes) and prefixing the lower 
number of the two carbon atoms joined by the double bond. For instance 

CH3CH2zCH=CHCH.CO.H 

3-hexenoic acid 

If an acid has two or more double bonds, the ending of the name is 
changed to -dienoic, -trienoic, and so on. 

Among the higher carboxylic acids, (7.e., those with larger numbers 
of carbon atoms) only the ones with an even number of carbon atoms 

in the chain have common names because they are the ones that are 
found in natural fats. The most widely distributed fatty acid has the 
common name oleic acid. Its systematic name is 9-octadecenoic acid and 
its skeleton is 

O 
I 

CaCO OCC — C—O CCC —-C— C—O C—C —C— 6 _oul 
9-octadecenoic acid (oleic acid) 

The most important unsaturated fatty acids have 18 carbon atoms, 
with one of their double bonds placed in the middle of the chain as in 
oleic acid. If other carbon-carbon double bonds are present, they lie 
farther from the carboxy group. 

A typical sample of butter contains 4 to 5 per cent linoleic acid. 
Its skeleton is 

O 
I 

Cry Cia Ci COO — CCC — C—O COO COC C—O 

What is its systematic name? 

AQ cuvnnvenannanenanungceneueeegengaUeegUUedUeeQUe4AUUHOUHCOUCEOUTUOOUUAGEROOUUAUOCAUOUOOUNOGUOOGOUOGUOOOUOOOOGOGUOOOOUEOOUNOUUNGOUUQOOUOOQUONOUOOOUUNN 

9,12-octadecadienoic acid 

BB insvvueavuneanuensunnagueeavunesveessunesdeeeoueeesUnegdegsHuegQUeeGQUeeQUUOQQUUGGUUQH0G0OUG0OU00000000U00000000U0000000000000Q00000000000000000000001 

9,12-octadecenoic acid 

© duvvvvvvevvvvevnvcenvoevevsueesaunssdHveeessdUee40Uee40UGee4UOOOGGUUNGGGUNOOOOUCOOOOUOEOOOEUOQOURUOQUOOOO0UOUQOQUNUOQUONNO0UONOOOUONOO0U0N000UE0000000 

9,12-heptadecadienoic acid 
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Ay Avvvvvenscnnvvuenennnnnnvsuavouucuvennnenegggss00QUUUUeeev4eee00Q000UUUUOeOEOOOCOQQQ0UOUUEEEOAOOOQOOOOUEEOUOUEOOOOOOOOUUUUUNONEOOOOOOQOOOGOQUOUON0000000000001 

You are right. The systematic name of linoleic acid is 9,12-octa- 
decadienoic acid. Just for review, analyze the parts of the name and 
what they indicate: 

7 
-Olc acid carboxylic acid with —C—OH 
-dien- two double bonds 

-octadeca- 18 carbon atoms 

9,12- double bonds in 9-10 and 12-13 positions 

Go on to page 153. 

BB snnvsvueesvsesvuensnuegsoUeeadeeedUeeadeesaueessUeegUveg0HeedQUe44UU0QGUO00UN00OUNEGOUENGGOENOOUOUOUNOOOUNOOUENOOUONOUNOOUUNOOUOOGNqOGUUNOGUS0OQuON0q0N0UN0GU0NE 

Incorrect. You chose 9,12-octadecenoic acid as the systematic name 
for linoleic acid. The basic name is all right and you have the correct 
numbers, but you left out the signal that indicates the presence of two 
double bonds. Read page 151 again to learn what it is. Then pick another 
answer. 

C VUVUVOUANUOGEUGNONOOGECOCONOOOOOUOUAUOUOUOUOOORDOOUDGOOOOROCSOOOOOOUOUOUOOOOOOUOUONOOOUOUONONOOOOEONUOONVOOURONDOUSOLCOOOOOOOGEOOOODOUOUOAGEOOQOUOOONUOOGEOGED 

You are incorrect. The systematic name for linoleic acid is not 9, 
12-heptadecadienoic acid. Your mistake was a simple one that you can 
avoid by remembering that all of the naturally occurring fatty acids have 
an even number of carbon atoms. Turn back, count again, and choose 
another answer. 
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The most abundant fatty acid is palmitic acid. Its systematic name 
is hexadecanoic acid. What is its molecular formula? 

A UOQDGUUAANGUAUNOOEOUOOUOUEAOOONOUOGUOONOUOOUAGNOUEOOEOUOUNOUOOUOONOUOOUOOOOUOUEOUOOOOOUOUOGUOOUOONOUOONOUEGUOUOOUOOOOOOOUEOCQOTOOQOUOOOROOUOGEOUOUNON 

CigH330 

B QUUVUOOAUNAUOVOAUOOOONUUOVONOOOONONOOOUOUGEOOOUAUOUEUOUEOUONOUOUOUOOUONOOOUOGOOOOOOOOOOUOOOGUOQEGUONOUNUNUNUOOOONOUOUSUONOUNONQUOG0QNUNOQOUONOUOOONN 

Ci6H3202 

C TUAUANAAUAUEDOGAGADOUEGAUOGAUOGOOOUOOUOOOUOUEGEOOOUOUOOOOOOONOEOOOOUOOOUOGOUOOOOOEOOOOODODEOOOOOOOOEUOOOUOUOOOUOONODQONOUOUOOOUOUONOONOOOOONOOOEE 

CisH3302 

A new class of broad-spectrum antibiotics, the cephalo- 
sporins, was announced in 1964. One member is Cephalothin, 
a chemical modification of cephalosporin C, which is 
produced by the Cephalosporium fungus. The compound is 
represented by this formula: 

(J 5 
§ CH,-CO—NH—— 

IN O 
4 NS | 

O CO.H CH,—O—C—CH3 

It is indexed by Chemical Abstracts as 3-methoxycarbonyl- 
methy]1-8-oxo-7-[2-thenylacetamido ]-5-thia-1 -azabicyclo [4.2.0]- 
oct-2-ene-2-carboxylic acid. Fortunately for physicians, we 
also have generic names such as Cephalothin. 
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Ay nnannsnunnnnnnngnuneengssuuveegsasUUevegedQUeeneg40QUUUdQ44QQUUOOU400UUOUU4400000UU040UUONGOQOUUNEUOOGOUOUOOQOOUOUOOOOOUUOUEQOOORONOOOOUUUOQOQOQOUUUOOQOOUUUUL 

Incorrect. You chose the molecular formula CygH330 to represent 

palmitic or hexadecanoic acid. Since a carboxylic acid has the carboxy 
O 

group, —C—OH, as its functional group, the molecular formula must 

contain at least two oxygen atoms. Perhaps it will help you to write a 
skeleton or structural formula before turning back to choose another 
answer. 

BB wansavnuvanevsnvunvvevssuvceenessauueevgsssuueegsssd4ueeegssvoueeeQ40sUeeeeg4sQUveeg40QUUnennnggssuunesguuuunsegguuannggsuuunnevssuugsgnuoueeegdqdueesqduuti 

You are correct. The molecular formula of hexadecanoic acid is 
CigH3202. Its structural formula is 

Ist Jel isl ist lel Ist Isr ist ist et er er ast Is! 1st © 

H-G-¢-C—¢—c-G—¢-4—¢—g—¢—G-¢-4_-d_4—on 
ee ne ea 

Go on to page 155. 

G evzsnuunevevvvsssuenvnnnnvuauouuvennangggesssdvuceeegesssuouveaegsssvvuueveeggsssqvuureneggssvouoecavssssdoueeengsgdsGiuineese04dQuneeeegg404Uannne4ggqquuniti 

You are incorrect. The molecular formula for hexadecanoic, or 
palmitic, acid is not CygHggO2. Would you like to know an easy way to 
find the right formula? First, take the saturated hydrocarbon with 16 
carbon atoms. Using the general formula that you have already learned 
(CnpHen+2), you can write its molecular formula as CyeH3. Now look at 
the terminal carbon atom. It changes from a methyl group to a carboxy 
group. 

i i | 
Sc G = —C—OH 

H 
methyl group carboxy group 

Two oxygen atoms are added and the number of hydrogen atoms decreases 
by two. What is the net result? When you know, turn back and select 
another answer. 
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As you might imagine, the composition of a natural fat like butter 
varies somewhat. Here are the amounts of different fatty acids obtained 
by hydrolysis of a typical sample of butter. 

Systematic name Common name Per cent 
butanoic butyric 3—4 
hexanoic caproic 12 
octanoic caprylic 1 
decanoic capric Zs 
dodecanoic lauric aa 
tetradecanoic myristic Is 
hexadecanoic palmitic Doo 
octadecanoic stearic 10—13 
9-hexadecenoic palmitoleic 5 
9-octadecenoic oleic 30—40 
9,12-octadecadienoic linoleic 4—5 

On the next page are some practice problems on naming carboxylic 
acids. Cover each answer until you have decided on your own. 
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1. Name and give the structural formula for the functional group of 
the carboxylic acids. 

@ 
| 

Carboxy group; —C—OH 

2. What is the systematic name of this acid? 

Gl O 
ci-c—G—on 

di 
Trichloroethanoic acid (not 2,2,2-trichloroethanoic acid. Numbers are not needed 

since there is no other place for the three Cl’s.) 

3. The insecticide 1080 is the sodium salt of fluoroethanoic acid. 

What is its structural formula? 
—— 

ot 
EC —C—_OmNay 

4. Write as many kinds of formula as you can for 4-bromo-2-butenoic 
acid. 

et 
Molecular: CysHsOcBr Structural: = 

H 

O 

Condensed: CHzBrCH=CHCO>H Skeleton: Bee aa 

Go on to page 157 if you feel sure of yourself. If not, go back to 
page 145 for review. 
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Several of the important carboxylic acids have two carboxy groups. 
They are known as dicarboxylic acids. Their common names are in 
general use. The first four dicarboxylic acids are shown in this table. 
Chemical Abstracts uses the common names for both the unsubstituted and 
substituted acids. 

Fomula Common name* Systematic name 
HO,CCO.H oxalic acid 1,2-ethanedioic acid 
HO.CCH,CO.H malonic acid 1,3-propanedioic acid 
HOC (CH2),CO.H succinic acid 1,4-butanedioic acid 
HO.C(CH,) s;GO.H glutaric acid 1,5-pentanedioic acid 

Malic acid, the common name for a constituent of many fruit juices, 
has the formula 

Tt et 
BO Gee 

H OH 

What is its name according to the system? 

A QUAVOUOAQUOVANUAUOUNOOUGOOUEAOOUUORDONGODUOOAOOOUEUOODAOOOUEEOOOGUOOOORONEOOGOOONOODONUOOOUDOOOUOUOOOOUOUOOUOUOOUDEOOOOOOOOOOOONOOOOUOOOOOCOONOOUOUD 

hydroxysuccinic acid 

B AULVUUUACEOCGUOAOTOODOOTENAOHOOGOCSUUOUOOUOOUOOUODOOOONUGUROOOUOOUGOOOOOCOOCQOOONOOOOOODOOOONGOCOOUOOOGOQONUOOOOODOOOONDAOOOCGUOQNUOOOOOOOOOUNNOOND 

2-hydroxy-1,4-butanedioic acid 

© svusvvenvsvuvensunendvveenueensuuveeaueeeauueesdoveesoUeegd eedsUUNUHAUUUEAGUTRGOOUUOOGUUOOOOUUOOOOUOOOGOEOOOOUNOGOOUNOOOUEOOOQUUUOOGAOUOOOOUNOQOOUIONE 

hydroxy-1,4-butanedioic acid 

DD tanunvaucvvvuuevssvevsvgunnnveeesdueeasonegadueedsOues4UeedQOUVe4GUNO4GUU0E40U0N000UU0N00000000000800U0000UN000UNOOQUuONOUUnOONuqOG0GqNONGuqqNGUqNO00UUI 

Help! 

*The common names for the next five members of the series are adipic, pimelic, 
suberic, azelaic, and sebacic. Chemical Abstracts uses these names for the unsubstituted 
acids only. One mnemonic for the names is “Oh, My, Such Good Apple Pie; Sweet As 
Sugar.” 
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Ay AAMUeVAG0VANUNUNOGAUAAUAGNOUOUAAUOGAUTOOGUONOOUOGAUOQOGEOCOUONOUOGEUAOOONGOGUOUOUODOGNONOUOUOUOUOOOOONGODUOUGUOUOOOOODOOOOUOOOUOUOUOOGUOUOUOONOOOOOUONOUOUONE 

You seem to be confused over the /difference between systematic 
names and common names. Succinic acid is the common name for 1, 
4-butanedioic acid. Even though malic acid is hydroxysuccinic acid, that 
is not its preferred systematic name. Turn back and select another answer. 

Your answer is that the preferred name for malic acid is 2-hydroxy-1, 
4-butanedioic acid. Here is its formula again. 

OWE O 

HO—G—G—¢—C—-OH 
H OH 

Is there any way that the hydroxy group could be on a carbon other 
than number 2? No, there isn’t. Consequently, the name for malic acid 
is just hydroxy-1,4-butanedioic acid. Go on to page 159. 

© cuvvocvvvvvvaveesnvaueeesssc eeeees0UUNeNUAGOUUNNNOGOOUUAOOEOOOUUONEOOOOUOUUUOOGOGOUUCOOOOOUUUOOOOOUUENOOOOUUUROOOOOUUEUOGOOOUONOGOQUUOOOGOO0U0000000000000001 

You are right. The systematic name for malic acid is hydroxy-1, 
4-butanedioic acid. Since the hydroxy group can only be on the number 
2 carbon atom, its location does not need to be specified by a number. 

Go on to page 159. 

QD wn nnnevUnadNevUNAUNNGAUNAGUCOUNAGOAGUAGONOQEOOUEOUOOOUOOGUEOUOOONOGUOOUOOOUNOUOOQUOQONOUEOOOQQUNGUCOQUOOUNOQEOOU0OU000N00U000000000000000N0OU0OUNOUNOOENGOUONL 

So you need help. Look at the formula again. 

tei ee 
SBN ace haan 

H OH 

What can we see about it? It has four carbon atoms and must be a 
derivative of butane. There are two carboxy groups. It must be a 
butanedioic acid. Finally, there is an hydroxy (—OH) group on one of 
the other carbon atoms. Put all of these facts together and you should 
be able to give the correct name. Read page 157 again and select another 
answer. 
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You should remember that there are no aromatic aldehydes in which 
the carbonyl group is part of the ring system. The same holds true for 
aromatic carboxylic acids. The simplest aromatic acid is benzoic acid. 

“Its structural formula ‘is 

i 
€—OH 

benzorce acid (benzenecarboxylic acid) 

Aromatic carboxylic acids with two or more carboxy groups are 
named as dicarboxylic, tricarboxylic, etc., acids. The three benzenedi- 
carboxylic acids are important in commerce. They are shown here. 

i 
O ee 

=C—0H 1 
ao — C—O) bal 

O 
o-benzenedicarboxylic acid m-benzenedicarboxylic acid 

(phthalic acid) (tsophthalic acid) 

i 
ea 

| 
ae 

O 
p-benzenedicarboxylic acid 

(terephthalic acid) 

Terephthalic acid is a component of the textile polymer Dacron (Terylene). 
Salicylic acid, an analgesic related to aspirin, is o-hydroxybenzoic acid. 

Which of these is its formula? 

A AAUAAUAVAAUAUAGNAUAGNOUADEGEOUAUOOVAUEAOOUEONOUAUUOUOUEOOAVOOCAUEOTOOOOUOUEOOOUOGEOUAGEOUOUEGOOUOGQOUOOUOGEOUOOUOUOUOOUOUOOUOONOUOUOONOOOUOOUOONOUOUN 

BB vvvv00 00000000 0NAGTAAEAUNAUUAGULAUUGAUAOUOOOUNAUNOGEOOUOOQOUNOUNOGUCOUNOONOOUNOUOOONEOUOGUQOQEOOUNOQUOOUNOONQOU0OUQOQEOOUCOO0UGUOO0000U0GUUNOU0O0UN 

O 
I 

2 Olas 

© sunuvvvvunnvsnuunasvevegsveeeaueegsaUeegsUeessUeeesdUeeGAUENOGUUNNOOUTONGOOUNGOUEUOQONEAQOONOOUOUEOOUUUOOOUENOQUUNGOOUNEGOOUOGOQUNOOOUUOGQOUOEOQQUULL 
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A HUAVODNAADOOUODUOUEUOOUAOUGUGUOONOUOONAUOOEOUOOUGUGOUOUOOOOUADOGUODOGUOOUOOGGEONGUEOROUEOVOUGOUOUOOOGDOGUOONOUGQOGNOUOQNOUOUOONOQOOUOUOUOGUOUGOU0UCONNONUNNG00NN 

You are correct. The structural formula for salicylic acid, or 
o-hydroxybenzoic acid, is 

QHG 
GOH 

The carbons to which the two substituent groups are attached are 
adjacent, or ortho-, to each other. Go on to page 161. 

You are incorrect. You have selected this structural formula to 
represent o-hydroxybenzoic acid. 

O 
I 

cla 

The two carbons which bear substituent groups are not adjacent, are 
they? They are meta- to each other. This is the formula for meta- 
hydroxybenzoic acid. Turn back and choose another answer. 

C VUUUUEVEADUGTUEOUAAGUOEEODOTOCEOEOUOUAOOOAONOCAUAUAUNOUOUAUOUEOOOGOUOUOOUOOOUOUOUOONOUOUOOEOOOUOUOOEOESUOUODOOEOOGOOOOGUOUENOGOGNONOOOOOOOONONONOOOOGONNNCGEN 

You have pulled a real boner. You picked this formula for o0- 
hydroxybenzoic acid. 

O 
I 
eee 

OH 

What’s wrong with it? First, count the covalent bonds on the carbon 
atom in the carboxy group. There are five and that’s one too many. 
Read page 159 again before you choose another answer. 
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Under certain conditions, two molecules of a monobasic carboxylic 
acid will lose a single molecule of water to form an anhydride. This 
equation shows the formation of ethanoic anhydride. 

i ' a 
CH;C-OH + HO-—CCH,” = HO “+  CH,C—O—CCH, 
ethanoic acid ethanoic acid water ethanoic anhydride 
(acetic acid) (acetic acid) (acetic anhydride) 

Anhydrides are named merely by using the word anhydride in place of 
the word acid. 

Occasionally, an anhydride will be formed from molecules of two 
different acids. For example 

7 I 
CH;CH,CH,C—O—CCH3 
butanoic ethanoic anhydride 

Several dibasic acids form their anhydrides by losing a molecule of 
water from one molecule of the acid. This equation shows the forma- 
tion of phthalic anhydride. 

i 1 
ae Or = 

= H,O0 ae 7G 
= : OH : ie 7 

O O 
phthalic acid water phthalic anhydride 

Below, write as many formulas as you can for propanoic anhydride. 
When you have finished, turn to the next page to check your answers. 
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Formulas for propanotc anhydride: 

1 1 orl 
CH3;CH.C—OH + HO—CCH,CH; = H,O + CH3CH,C—O—CCH.2CH3 
propanoic acid propanoic acid water propanotc anhydride 

I I 
Condensed formula: CH3CH2,C—O—CCH,CH; 

Alternate condensed formula: (CH3CH2CO) 2,O 

Molecular formula: CgH O03 

T l| 
Skeleton: C=C -(O— O 6 C6 

| eo i | 
Structural formula: AFA G Ota Ot @) Oar Ol (Ol ——at 

| | | 
ae rel H 

Turn to page 163. 
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In general, carboxylic acids do not react rapidly with other organic 
compounds. Chemists have found that the reactivity is enhanced if the 
-OH group of the acid is replaced by a halogen, usually chlorine. The 
family are named the acyl (alkanoyl) halides and their general formula is: 

i i i 
R—C—X CH3;C—OH CH3C-—Cl 

acetic acid acetyl chloride 

Because the compounds were in widespread use before the adoption of - 
the IUPAC system, the names of the first five acyl radicals are based on 
the common names of the acids. This table shows the names and formulas 
of the acids and acyl radicals. 

Acid Name Acyl radical Name 

| 7 
H—C—OH formic acid H—C— formyl] 

7 i 
CH;C—OH acetic acid CH;C— acetyl 

lL 1 
CH;CH2,C—OH propionic acid CH;CH,C— propionyl 

if i 
CH3CH,CH.,C—OH butyric acid . | CH;,CH,CH,C— butyryl 

1 1 
CH3;CH2,CH2zCH2,zC—OH] valeric acid | CH3;CH,CH2,CH,.C— valeryl 

When an acyl halide contains six or more carbon atoms, the name 
is derived by dropping the -ic acid ending from the systematic name and 
replacing it with -yl chloride (or other halogen). For instance 

1 
CH;CH.CH.CH,.CH,.C—Br 

hexanoyl bromide 

Which of these is the formula for benzoyl chloride ? 

Ay suvva een eea eeeea VAAN EAAEAAUEAUTAAUEAUUEAONAUEEADUAGUNAOTOAAEAGOOAUUOOAUOEOUOOOUOGUOGOUOOUOOOUOQUNOOUOQUOOOUNOOEOOUUOOUQOUCOGUOOUEOUOUOUEOUOUOUOOOL 

Or 

© svvvvvnvevvoevvnvevaeeevvveasvessveees eesdeesAUUeAUOAAAUOTAGUNAUONEALUNOGUOUOGUNEAOUGEOUUNOOUOOOOUNOGUUOOQUNGQOUNOGOROOOOUEOOOUNOOOUCOOUNOOUUOOOUUI 
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Ac anvvnvausnuuuaceeyesgusuuunevey404Q0UUveeee444Q4QOUNENEGOOGOOUUUOOEOOGOQOUOUUAUOEONOEOOOOOUUOONOOOGOUUUUqOOQNGOuOUUUqnnOOQQOquuqoqnOovgsuuoveegggvgvouniin 

Your are wrong. You chose this formula for benzoyl chloride. 

@ 
| 
C—OH 

Cl 

o-chlorobenzoic acid 

This formula does not represent an acyl halide. Acyl halides have the 
O 
| 

general formula R—C—X. The formula above is for a carboxylic acid 
since the chlorine atom is substituted on the ring and not the carboxy 
group. Turn back for another answer. 

Incorrect. The formula you chose does not represent an acyl] chloride. 
O 
| 

The acyl chlorides have the general formula R—C—Cl. A chlorine atom is 
substituted for the -OH group in a carboxylic acid. The correct answer 
to this question is the formula for the acyl chloride derived from benzoic 
acid. 

t 
Gis 

benzoic acid 

Turn back and select another answer. 

C VUANAAGOONOUGUAUEDEOUOOOUAUEDOOOONOUOAUOOEONOUEOOONOOOUOUGUOOEOOONOUGUOGOOROUOUOUGOOOEOOEOUOUGUOOOODOOUONGUOUOUODEQNONONOUOGESOUNONOUGUGUOQOGSONONGUOOONONEUONN 

You are correct. Benzoyl chloride is the acyl chloride derived from 
benzoic acid. 

i i 
C—OH Cc—Cl 

benzoic acid benzoyl chloride 

Go on to page 165. 
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3.5 ESTERS 

When hydroxy compounds (alcohols and phenols) react with acids, 
‘the product is an ester. For the present only esters of carboxylic acids 
and alkanols will be considered. A typical reaction is represented by the 
equation 

CH,C_OH 1 HOCH: = — CH,C_O—CH, + H,O 
acid alcohol ester water 

The esters are named as if they were alkyl salts of the organic acids. 
This method stems from the early belief that esterification was analogous 
to neutralization. 

You must be very careful to distinguish between the portion of the 
ester molecule derived from the acid and the portion derived from 
the alcohol. It is easy if you remember that the alkyl group from the 
alcohol is joined to the carbonyl group through an oxygen atom. The 
general structural formula illustrates this point. 

> R—=alkyl group from acid 

R—C—O-— R’ R’—=alkyl group from alcohol 

Consider this structural formula of an ester: 

O CH3 

cH,c_o—GH 

Or 
From which of these alcohols is the ester derived ? 

A cevnvncaneennueneenuenenueeeenUeeeeuUeenee eG eneAU eA AAUENEAAOTTEGAOUNGAOOUOEAAOUCGOGEOUOAOOUUEAQOUUGAOOUUOOOOUOOOOUOUEGOUOOOUUNOOOUUOOOGOuOONOOUON 

ethanol 

1-propanol 

© svvuevsvnvevsvsueesvsueeeegAUeeeAAAOUNUAAOUCUNGAOUEOEOAOUEROGOOUUOOGOOOUNHOEOGGOUUOONOOUUNOQOOUUOOOQOUEOOONQQUOONO0GUEONONOUUUONN0UUq0N00U000000000U1 

2-propanol 
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A TUVAUAUEDAUANUAOADOUONUEUGUAUOUUOONODUEOOOUOGOGOUOUOUGUOOUODOOONCOOUOCONGOOOOUOOONDOOAOGOOOOEONEUOOOOUONUOOGOEQOOODETOCOOOOUOEOOTOOOEOOUOOOCONOODOCOOOOON OOOO 

You are wrong. Ethanol is not the alcohol which reacts to form this 
ester. 

O CH3 
I | 
ne 

CH: 

Remember that the alcohol portion of the ester is linked to the carbonyl 
group through the oxygen atom. In this example the R’— group for the 
alcohol is 

CH; 
| 

Gilet 
| 
CHs3 

What is the alcohol with the same R- group? Turn back to page 165 
and choose it as your answer. 

Incorrect. This ester is not derived from 1-propanol. 

O CH; 
ll | 

ae yaaa 

CH; 

You know that the alcohol portion of the ester is linked to the carbonyl 
group through the oxygen atom. In this example the R— group for the 
alcohol is 

CH3 
| 

Gr 
| 
CH3 

If the alcohol were 1-propanol, the R— group would be CHsCHeCHe—, 
wouldn’t it? The difference is in the position of the free valence. Turn 
back to page 165 and pick another answer. 

C VUAVOGOUEDOUOUUOAUEOOGNOUOUEOOONONAOGUAUAOADOOUONOUOUOAODEQUOUGDOONOUOUOGOOOUCOOONOUOUOUOUEOEONONOUOOOUOOOUOONGOOUOUOUOUQUNOOUNONOGOOOUOOOUOQOUOUNGTONUN000E0UNN 

You are right. This ester is derived from 2-propanol and ethanoic 
acid. 

me ll 
CH3;C—O—CH 

| 
CH; 

Go on to page 167. 
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Esters are named by stating the alkyl radical of the alcohol as the 
first word. The second word is formed by dropping the -ic ending of the 
name of the acid and replacing it with -ate. The procedure applies to 
‘both the systematic and common names of the alcohols and acids. 

Through the use of alcohols that have been isotopically enriched 

with 80, it has been proved that the molecule of water is split out as 

shown here 

O 
ae eS I 

CH;C—'OH + HiOCH; — CH3;C—O—CH3 = H,O 

ethanoic acid methanol methyl ethanoate water 

On the next page are four questions concerning simple carboxylic 
esters. After you answer them, we will go on to more complex esters. 
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Cover the answers until you have made an answer of your own. 

1. Name this ester 

ll 
CH, (GH2) eC—O—CH.2CH3 

ethyl butanoate (Acceptable name: ethyl butyrate) 

2. Write the structural formula for 2-butyl methanoate (sec-butyl 
methanoate). 

O ree 
| 

H—C—O—CH 
| 

seo 
CH3 

3. What is the parent acid of methyl pentanoate ? 

pentanoic acid 

4. Write structural formulas for methyl benzoate and _ phenyl 
methanoate. 

O 

é O—CH l Ore »heO 
methyl benzoate phenyl methanoate 

Go on to page 169. 
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Condensed structural formulas of esters written on one line may cause 
you some difficulty at first. You should have no trouble if you remember 
that the oxygen of the carbonyl group is always written after the carbon 

' to which it is attached. For instance 

O CHs3 
I | 

CH3;CH2COOC (CHs), is the same as CH3CH,C—O—C—CH;, 

CH; 
tert-butyl propanoate 

Consider this condensed formula of an ester: 

CH3COO (CH2)2CH3 

What is its name ? 

A HUUUHOUDUAUUAVADGUGUGONGOCGNGGUOONOUGONGUCOODONDOCGOOOOUOOOOOOVOOUOCOOOONGOOONVOOOOOOUOOOOUNSOOUOOGOOOOOUOOOOCOOHOOOOOOOOOUOOUDOOQOUOOUUNSOOOUOONONGNOOLD 

methyl butanoate 

BB aunnvvnuuevsvvuenvsuvuuenggvuuensssuuenggcsueeesg0Uenedd0HUnedQ00U00040QOU0G4000U0008800000000000U00000UU000000U0N0000UqNONG0OUEOGOQUUEOOONOQUoOONGquoq0OG0UqNON 

propyl ethanoate 

© avvvv00vvensq04unn0g4400Uveneg44444UUvo00440OUOON04000U000000000U00U000000000000000000000000000000000000UENE000000U0N0000000UUN00000000U000000000U000000000000000 

I need help. 
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Ay invnnenanneenyenuenneavendnnneeveeunegeeeegUeeUeaUeeUeaUeaUeeGeeUQeU00UOOOO0OU0U00H08UUOGUOOUOGUOOUEGUNOOOEOUGOGOOUOOUOOUOONOOUCOUOOUEONOQOGQ00GN0Q00Q000000U001 

Wrong. Let’s write the full structural formula beside the condensed 
formula 

O 

CH3COO (CHa) 2CH3 CH,—4_O—CH,CH,CH, 

This ester is derived from 

O 

CH,C_OH and CH3;CH,CH20H 

Now how would you name it? Turn back and choose another answer. 

Correct. The condensed formula represents propyl ethanoate. 

O 

CH,—C—O—CH,CH,CH, 

Go on to page 171. 

© snvvavnnunnnvavegvueeavuneaueneaveegUeneqgeeesUeegsOUOGGUUANGUNUGUUNEOOUUEOGUEOOUOOOOUEUOOUEOOOUEROQUUOOOUOOOGUCGOUEOOOUNGQOUOGOUUNOOUUEOQOUUOEOUOOQOUNOQUIONLE 

Here is the condensed formula again: CH3COO (CHg) 2CHs3. Since the 

oxygen of the carbonyl group is always written after the carbon to 
which it is attached, the complete structural formula would be 

I 
CH;—C—O—CH;CH2CH3 

Now divide it into acid and alcohol portions. The R- group from the 
acid is CH3— and the R’— group from the alcohol is CH3CH2zCH2—. 

Combine them properly into a name and you have the answer. Turn 
back to page 169 and see if it is there. 
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Substituent groups on substituted esters are located by numbering the 
carbon atoms in both directions from the oxygen atom that bridges the 
alcohol and acid parts of the ester. As an illustration 

O OH 
I | 

CH3CH2,CH,C—O—CH,CH; CH; 
4 ee ee ar ieee 

I 
CHCH2C—O—CH2CH,Cl 

Ara Swe ae ae 1 2 
ethyl butanoate 2-chloroethyl 3-hydroxybutanoate 

What is the skeleton formula for the ester 3-bromo-1-propyl 
chloroethanoate? 

A TUUTELTOAOOAVEAAAEAOAEOUEATEAUEAUOAUEAUEAUOOOUAUEEUUOOUEGUOGUEOUEOUOOUHOUNOOUOOUOOUOOUOOUGQOOOOUOOUNOUOOUOOUOOUOOUEOUGOUEOUOOUOQUOGUOGUQOUNOUNOUNY 

i 
Cl—C—C—C—O—C—C—Br 

i 
Cl—C—C—O—C—C—C—Br 

C FOVAVAVANOOUAUAUONOOGEOCONOOOEOOUONOOOOUOOOUOUOUOOOOOOUOUOEOOUOOUOUOUOCOOOVOUOUOUOOONUOOOUOUOEOOOOOOUOOOUOOOOOOOUOQONOUOOOUSONOGOQOUEUOOOQOOONNEANI 

I 
Br—C—C—C—O—C—C—Cl 
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A UUUUAUNAUNAUEAUAAUAAUEAUEAGOAONGUEAUEAUOAUOOUEOOUOOOODOEAOLOUAGUOOUOOUOGUNOUGOUCOUEGUOEGUROONGGNOONGUOOUEQOEOUCOCOGUOONGONGQQGO00U00000000000000000000000000000U 

You chose this skeleton to represent 3-bromopropy! chloroethanoate. 

7 
Cl-G—C_ COC @_ Bi 

You are wrong. From the name we can tell that the compound is the 
ester of 3-bromopropanol and chloroethanoic acid. Their formulas are 

lo 
BrCH,CH2,CH,0H Cl—C—C—OH 

| 

3-bromo propanol chloroethanotc acid 

Write the formula for the ester and see if it appears as a choice for you 
on page 171. 

Right. This is the skeleton for 3-bromopropy] chloroethanoate. 

O 

cl-c_G_0—G_C_C_Br 

There is no reason to designate the location of the Cl by a number 
because it cannot be on the other carbon atom. Continue on to page 173. 

© sanuuvvvvvvuuensnauueeenvoveveesdoveessdUeeessUUeees41OUe444OUUUUGGUOOENEGOOUUOEOOOUUOOOQOUOOOGOOUONOGQOOOUEENGOOOUUEQOOUEOOOOOUUOGOOOUNOOQGQUSOO00O00000000000001 

Incorrect. The skeleton you chose to represent 3-bromopropyl 
chloroethanoate is 

i 
Br—C—C—C—O—C—C—Cl 

From the name you should know that the bromine atom is part of the 
alcohol portion of the molecule and the chlorine is substituted on the 
acid portion. In the skeleton above they are reversed. (Remember that 

I 
the alcohol portion is linked to the —C— group through the oxygen.) Go 
back, read page 171 again, and pick another answer. 
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Esters react with strong bases to form the parent alcohol and the salt 
of the parent acid. This process is called saponification. The saponification 
of ethyl benzoate can serve as an example. 

i i 
C—O—CH,CH3 C—O-Nat* 

+ NaOH= + HOCH,2CH3 

ethyl benzoate sodium benzoate ethanol 

Summary: Nomenclature of Carboxylic Acids, 
Anhydrides, Acyl Halides, and Esters 

The functional group of the carboxylic acids is the carboxy group, 
O 
| 

—C—OH or—CO:H. Their systematic names are formed by dropping the 
-¢ from the name of the parent alkane and adding -oc followed by the 
word acid. The names of the carboxylate anions are formed by dropping 
the -zc from the name of the acid and adding -ate. Substituent groups on 
carboxylic acids are located by numbering the carbon chain beginning 
with the carboxy carbon as number 1. 

Unsaturated carboxylic acids are named by changing the -anoic ending 
of the basic name to -enoic or -ynoic (cf. alkenes and alkynes) and 
indicating the position of the double or triple bond as in the hydrocar- 
bons. If more than one double bond is present, the ending is -dienoic, 
-trienoic, etc. 

The systematic names of the dicarboxylic acids are formed by 
changing the -oic ending to -edioic. The common names, however, are in 
general use. (See page 157.) 

The simplest aromatic carboxylic acid is benzoic acid. 

O 
I 
C—OH 

benzoic acid 

Acid anhydrides are formed by the loss of a molecule of water from 
two carboxy groups. These groups may come from two acid molecules 
or a single molecule of a dibasic acid such as phthalic acid. The general 

O O 

formula of the acid anhydrides is Roe otek Simple anhydrides 
are named by replacing the word acid with anhydride. Mixed anhydrides 
are named by giving the names of the two acids followed by anhydride 
as a third word. 

Acyl halides result from the replacement of the —OH group of an 
acid by a halogen. (See page 163.) 

Esters result from the reactions between acids and alcohols. Their 
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O 
| 

general formula is R—C—O—R’. The alkyl] radical linked through the 
oxygen (R’-) is the radical from the alcohol and the radical attached to 
the carbonyl group (R-) is the radical from the acid. Esters are named by 
stating the radical from the alcohol as the first word and the name of 
the carboxylate anion as the second word. For instance 

if 
CH;CH2,C—O—CH3 

methyl propanoate 
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ALCOHOLS 

Functional group: —OH Functional group name: hydroxy 
General formula: ROH Series Name: -ol 

PHENOLS 

Functional group: —OH Functional group name: hydroxy 

General formula: —OH 

ALDEHYDES AND KETONES 

O 
| 

Functional group: —C— Functional group name: carbonyl 
O 
| 

General formulas: R—C—H Series names: -al 
(aldehydes) 

I 
R—C—R’ (ketones) -one 

CARBOXYLIC ACIDS 

7 
Functional group: —C—OH Functional group name: carboxy 

O 
| 

General Formula: R—C—OH Series name: -o7¢ acid 

ACYL HALIDES 

Functional group: —C—X Functional group name: none 

| ‘ : 
General Formula: R—C—X Series name: -yl halide or 

-oyl halide 

ACID ANHYDRIDES 

I T 
Functional group: —C—O—C— Functional group name: haloformyl 

“O 
I 

General formula: R-C—O—C—R Series name: -ic anhydride 

CARBOXYLIC ACID ESTERS 

i 
Functional group: —C—O—R’ Functional group name: alkoxycarbonyl 

General formula: R—C—O—R’ Series name: -y/ .... -oate 

Go on to page 177. 
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3.6 ETHERS 

| Simple ethers are organic compounds with the general formula 
R—O—R’. If R— and R’— represent identical alkyl or aryl groups, the 
ether is symmetrical. If they are different, the ether is unsymmetrical. 

Symmetrical ethers are named by naming the radical and adding ether 
as a second word. Thus the simplest symmetrical ether is CH3;0CHs, 
methyl ether. The substance commonly called ether and used as an | 
anesthetic is ethyl ether, CHsCH20CHe2CHs. 

Unsymmetrical ethers are usually named by giving the names of the 
two radicals in alphabetical order and appending ether as a third word. 
Thus CH30CH2CHs, an unsymmetrical ether, is ethyl methyl ether. As 
you will see and hear, many chemists are not too careful to name the 
radicals in alphabetical order. 

What is the name of this ether? 

CHsCH2zOCH2CH2CHe2CH3 

A UVATUUUUAVEUOAUETOVODEDEUEAUOVOUOUGHOOROTOOOUGUOTONOEOUOUONOUOOONOEOUOUOOOOUOOOUONOUOUONOUGUOUOUOUOUOOOUOOOOOUOUOCONOCOOUOGOOOUOUOUOUOUOOOOONUGI 

ethyl butyl ether 

butyl ethyl ether 

C FUUANUOUAVONOUOOVOCAUOOUOOONACONHOOVOCGNOOONDOCOCOOUOOAUOUACOOOOOUOCOUOOOEUAUOUOUOOUODOUOUGUOOOOUOUOCOOOOOOOOGUONOOOOQOUOQOOOUOUONONOOOONOUONOOOOOGUE 

butylethyl ether 
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Ac vunvauuuuuevvennsan0duvevesvs000Uveeeeeve40UUeeee44440UUOOUUOO4400UUOUENUOONOOOOUUOOUOOOQGOQOOOOOUOGEROGQQQOUUOOGOOOOUUUOOOOO0QOUUUO0N00000UUUOOOONN0U0Utt 

The ether with the formula 

CH;CH,OCH2,CH2CH2CH3 

does have an ethyl group and a butyl group. In the name, however, 

these groups should be given in alphabetical order. The correct name 1s 

butyl ethyl ether. Alphabetical order makes the indexing of names 

easier. Continue on to page 179. 

BB sauvnnrenvguunenengssvunevesss0QUereees000evveg00044GQUU0044000UU000000900000800000000000000000000000000000000000000000080000U0004000U00E4000000008000000800001 

You are right. This is the formula of butyl ethyl ether. 

CH;CH2O0CH2CH2CH2CHs3 

Go on to page 179. 

G suvnnvsvsnscusoosvuvnceeevvnegvvnsnscavsqavuuueeeneeeevese0400d0o04dUUevveee4000040000000UUUUUOEEUONOAOOOOOQ0OOOOUUUUGNUOOONOGOOOOOOOGQOGGOUOUUUUUENOONN4GH0E 

Close, but not quite right. Unsymmetrical ethers always have three 
words in their names. One for each alkyl or aryl radical and then the 
word ether. In this example the proper name is butyl ethyl ether. Be 
more careful next time. Turn to page 179. 
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When an organic molecule contains two or more kinds of functional 
groups, the principal one is expressed by the ending of the name and 
the others by prefixes. How is this determined? Chemists are not always 
consistent in this matter, but Chemical Abstracts uses an order of precedence 
in its indexing. The order does not constitute an attempt to give the 
relative importance of functions, but only the general usage in selection 
of the one to be employed for the ending of the name. The complete 
list can be found in the appendix. An abbreviated order of precedence 
for the functions disscussed in this book is: 

acids, acid halide, amide, aldehyde, ketone, alcohol, phenol, amine, 
ether, sulfide, sulfoxide, sulfone. 

For example 

i 
C—O 

O 
| 

HOCH,CH,CH,CH,C—H 

OH 
5-hydroxypentanal p-hydroxybenzotc acid 

How would you name this compound? 

i 
Cc—0OH 

Cl OH 

es 

O 

A QUQVOVOUANOUOUOUUOONAOOUOOVEGOVOUAUOOOVODOVOUOVODOUEEUASOUOUOUOEUOUOUOUOUOUOUOEOUOOOCOOOUOOOOEDOOOOOOOOEOOOOUOUOOEOOONONUOONOOONOEUOOEOOUOUOUOOONNE 

As an aldehyde 

As a substituted benzene 

C QOUUUAVAUOUAUANONOOOACANOOOOUACOOOOOOUOUONOEOODOOOOOAOOOADOOUOOOUOUOOOOOOUOCOCOOVOVOCOOOODOTOOOOOOOOGEOOOOOOOOOOOOOONOOOOOOEOOEOUOOOOOOOOOOOEOEOTOOUEE 

As a carboxylic acid 

As a phenol 
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A HNAUUEAUNVUOOUEDGUAUOOUACOOOQNONCANONSUOONOAUGNOOOOOOEOOGOUOOUOUOOONCOOOOCOEOUODOOOOOOOOUONEGOOOCOOOUOOOOOOLOCONOOCOOOOUOUSOOOOUOUOOUOUOOOOCOOGOEOOUONOOUOOGT 

Incorrect. The compound in question does contain the functional 

group of the aldehydes, eres In addition, however, it has a carboxy 
group and a hydroxy group. So it might be named as an aldehyde, acid, 
or phenol. The correct choice depends on which function comes first in 
the order of precedence. Go back and choose another answer. 

You are wrong. Compounds are named as substituted hydrocarbons 
only if they do not have a functional group. A quick look at the 
formula for the compound in question should show you that it has at 
least one functional group. Turn back and read page 179 again before 
you choose another answer. 

C UHANGUAUAUOUAUGUONOUOUOAONOOOOOOONOOOOONOUGOOOGUOOOOOOOUADOUOUOUOUAUEDOUOGONOOGOOOUOGOQOGOUODOUOCOUOUOOOUOUOUOUOCOUOUOUOOOUOOOUOOONONOQONONONONOODOOONONNIOUNLE 

Right. There are three functional groups in the compound: carboxy, 
hydroxy, and carbonyl. The carboxy group and its acid function lies 
highest on the order of precedence. Consequently, the compound is pro- 
perly named as a carboxylic acid. Go on to page 181. 

Incorrect. The compound does contain the functional group of the 
phenols, —OH. In addition, however, it has a carboxy group and 
a carbonyl group. It might be named as an aldehyde, acid, or phenol. 
The proper choice depends on which function comes first in the order 
of precedence. Go back and choose another answer. 
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The ether function is very low on the established order of precedence. 
So low, in fact, that ethers are sometimes named as substituted 
hydrocarbons. The group RO— is known as an alkoxy- or aryloxy- group. 
As always, base the name on the longest continuous carbon chain. For 
example 

OCH,CH3 
| 

CGH3CH,OCH,CHCH,OCH,CH; 
1,2,3-triethoxypropane 

Precedence limits the use of the alkoxy nomenclature to compounds 
which have other, and more important, functional groups. (See page 185.) 
Simple ethers should be named as ethers. 

The ethers, R—O—R’, are isomeric with the alcohols, ROH. For 
example, ethanol and methyl ether both have the molecular formula 
C2H,.O. 

CH;0CH3 CH3;CH,0H 
methyl ether ethanol 

How many straight-chain ethers are isomeric with 2-pentanol? 

A QUVUOANUCAOTANOEQOOAGOGOUCGUUEOUOOUOOGUOOOUGGUOOOUGGUOGGUOOUOOOUOGUOOGUOOUOOQNOG0U000000U000000000U000000000Q0000000U0000000000000000000000000000000000 

2 

B QUAVOAUNAUAGDOANOGGOGDEOOUOGUOGUOQUGGUUOGOOOUOOUOGOGGUOGUOOUGOUOOUOOUOOONOQUOOUOQUOOUCOUQOU00D00Q00U000000000000000U000000000000000000U0000000000000001 

3 

C QANNQUEOUOAAVGQUNEOUGOUOOGUGOUOOOUOOONOOUOOONGQUNGOUGOONNUNOQUCGUOUOUOGOOOOUUOU0O00000000000000000000000000000000E00000000000000900000080000000000000001 

4 

Help! 
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A VUNUNOUOOOUEOOOUOOOCOOOCUUOOUGOGUOOOCOOOOUGOOQUGUONOGOOGNONONDOOOOOONOOONGONNGOONEOONDONDUOONOOOUAGOONDOOODOOOCUONCOOOOOOOOODOONUDOOOODODOQOONOUEOOUOONOOUONI 

You are right. There are only two straight-chain ethers that are 
isomeric with 2-pentanol. They are butyl methyl ether and ethyl propyl 
ether. Go on to page 183. 

BB snnvuuneeccnnunneevasuunnegsasuueeegss0otveegsd0Uuvveg4sQUUvee4Q0QUUUdd4Q0OUUHOG00UU0U00000UUC00000000000000000000000U008800000000000U00000000UuNEOOQUUEONOOULN 

Incorrect. Ethers that are isomeric with 2-pentanol must contain 
five carbon atoms. If they contain straight-chain radicals only, there is no 
branching. Check your formulas again to be sure that none is branched 
and that no two of them are identical but written in reverse order. 
For example, both of these are ethyl propy! ether. 

€=6=626-—6=¢ C-=C5620—C6 

Turn back and choose another answer. 

© cvnvsvvveeaveesnuesavvesveneaveeesveeeaunesdUeesUeeesUGGGHUNNGOUNNGUNEGOUNGOOEONOUUOOOUOGOOUOGOOONOOOUGOQUCOGONOOOUOGOUNOQOUNG0U000QU00QU000U000Qq00G000000000808 

You say that there are four unsubstituted ethers that are isomeric 
with 2-pentanol. To be unique, each one must contain five carbon atoms 
and there can be no branching. Check your formulas again to be sure 
that none is branched and that no two are identical but written in 
reverse order. Go back and choose another answer. 

You are asked to determine the number of straight-chain ethers that 
are isomeric with 2-pentanol. These isomers must contain five carbon 
atoms. One example is butyl methyl] ether. 

CH;CH2CH2CH2OCH;3 

How many others can you find? Turn back and choose another answer. 
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When necessary, the carbon atoms in the alkyl or aryl groups of 
ethers can be numbered. Start with 1 for both carbon atoms next to the 
oxygen atom and go toward the ends. Locate substituent alkyl groups 
or halogen atoms in the usual way. 

Cl1CH2,CGH,0CH2CH2CH3; 
2 1 eo eS 

2-chloroethyl propyl ether 

On the next page are the formulas of three ethers. Name them and 
then check your answer with the correct names given below each formula. 
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nO) 
methyl phenyl ether (Acceptable name: anisole) 

Pe ee 

CH; 

4-iodobutyl isobutyl ether 

CHs 

a CH,CH,OCH,GCH, 

Ort 
ethyl 2,2-dimethylpropy] ether 

CH; 

Note: When unsubstituted, the —CHC—CH, group is called neopentyl. 

CH; 

Thus, an acceptable name is ethyl neopenty] ether. 

Go on to page 185. 
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Alkoxy groups are often present in compounds which contain other 
functional groups such as the hydroxy group, —OH, carbonyl group, 

v a 
—C-—, or carboxy group, —C—OH.. In these instances the compounds 
are named as alkoxy derivatives of the compound of the other function. 
These three examples should make the point clear. 

Compound Principal functional group Systematic name 
CGH30CH,CH2CH,OH —OH_ hydroxy 3-methoxy-1-propanol 

oO 

I O 
CH;CH2,CH:,CCHCH; I 2-methoxy-3-hexanone 

| —C— carbonyl 
OCH; 

if 
C—OH O 6-bromo-2,4-dimethoxy- 

l benzoic acid 
ole —C—OH carboxy raise 

OGH; 

What is the name of this compound? 

cH,o()on 

A QOUADOUORDOAUOUOOAOUAUONGUOEDODAUGNOUOOOOUOUGNONOOOOUOUGOOOOUTOEOOOOOOGOUOUOOUOVOUOTOUONOOUOEOCOOUEOOOOUOCONUOOOOOOOUOODOUOUOUOUOUOUONOUEOOOEOOONOUEITD 

p-methoxyphenol 

p-hydroxyphenyl methyl] ether 

© svvavvcvvnvvsuucvnsvvnvuvvvavnsuennegsuucnenesssssueenegssuuenasssuuueneggauuceveggsvucanevssuvcnneggvoceavsvauavenesvuuevngvsssueessssuueneegsssuiitt 

1-hydroxy-4-methoxybenzene 
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Ac snuonanavcvcvvvavanesnvcenvneeeeneneneeenesvvvuuuvuvacuonnngggdaggnsnsessssevsoesssse000000044ne40nneveeeeeeveneegngonggeEuOOUEqOEOOOUOEOOUOUOUOOAUOOUOIE 

You are right. The principal functional group in this compound is 
the —OH group and it is properly named as an alkoxy 

cHo()on 

derivative of phenol. Go on to page 187. 

The name f-hydroxyphenyl methyl ether is descriptive of the 
compound represented by the formula 

cHo()on 

There is, however, an order of precedence for functional groups that is 
used to determine names. The hydroxy group is higher on the list than 
the ether function. The result is that this compound is not named as 
an ether. Turn back and choose another answer which indicates the 
hydroxy group as the main functional group. 

C UUQVAUEGUUNUCOUEGUONOUOUAUEGEONOOOUOONGUOOOONONOUOUOUEOOONOUOUOGOONOUOUODEOUOUOUOUOGNOUOUOUEOOONOUOUOOOOOOGUOUOOOUOOOUOONOGOUOQSOOONOUOGOOUONONOEOUOUOUOOOONONNL 

You picked 1-hydroxy-4-methoxybenzene as the name for 

cr,0()on 

This name describes the compound correctly, but since there is an accepted 
name for hydroxybenzene, it is more properly named f-methoxyphenol. 
Continue on to page 187. 
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The herbicide 2,4—D has the systematic name 2,4-dichlorophenoxy- 
ethanoic acid. What is its structural formula? 

A HNQQENEOTOUOUUUOGOOONOOONOEOUUOUUUOOOOOONOQUEEEUOUUOOOOOOOOOOOOOONONEEEOUUUUOUUOUOGOQQNOQUREOUOUUOOGOONOOOEREOREEOUOOGOUOUUEEnEONOOUGOOOHHONE 

clo 
| Il Ovtio 
Cl 

BB suvvvsvvnngvvvunnegvuuengsv0ueng000ueeg00GHees440Usve440UUU08400U000000000088000U00U40OUNOGHOOUOOOGOOUUNONOOUUQOGOOOUUNGQQQUENEOQQUUOOOOOUUGOOOOUUUI 

Cl O 
I 

oor. OH 

© svvvevvvvvevvescueeesuvoveesavoveega0Q0Uees40UUTe4GOOUONGHOOUUNEAOOUUONOOOOUUOEOOOUUOOOOOUUOOGOOOUOONOOOOUOOOOGUUOOO000UUUO0000UEUO0000000000000000001 

Cl 7 
| 

a) OCH,C—OH 
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A UOULGUOAAUONOOGGUOGOOEOQUUOOUGGOUEOOUOOOUGODUCOOUOGOUOGOUCOUOGOUONGUO0GNO0U0G0U0000000000000000000000H0000080000000000000000000000800000U0000000U0000000000000000 

Incorrect. The formula you chose for 2,4-dichlorophenoxyethanoic 
acid is 

Siaee ad 
I 

«C)océ—on 

Soro Gt 

The name indicates that there should be a pair of chlorine atoms 
substituted on the ring. Where are they? Turn back and choose another 
answer. 

B ADUOQHUOOQUOOGURGOUOGOUOGOUOGOUOOGUOGOUOOOUGOOUGOONOOGUOGOUOOGUOGOUOQGU0G0U00000000000U0000000000000000000U0000000000000008009008000000000000000000000900000000000 

Your choice for the formula for 2,4-dichlorophenoxyethanoic acid is 
Cl oO 

I 
o())cxs.6—-on 

It’s OK in all respects but one. Notice the oxy in the name. This means 
that the ring structure is joined to the ethanoic acid through an oxygen 
atom. Turn back and select another formula for 2, 4-D. 

C FOUQGQOUNGOOONGGUONONUEGGOOUGOGUNGOOUGGOUUOGUUOOOUGEOOUOOOOUOOOUNOGOUN00GUU00U00000000U0000000000000000000000000000000000000000000800080000800000000000009U00000i 

You are right. The formula for 2,4-dichlorophenoxyethanoic acid is 
Cl O 

| 
a) -ocn.—on 

Is it any wonder that it’s commonly called 2,4-D? Go on to page 189. 
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Compounds which have two or more —O— functional groups are 
called polyethers. If they are not derived from complex ring systems, 
they are named as ethers if they are symmetrical, or as derivatives of 
the most central hydrocarbon. Here are two examples. 

bis (p-phenoxyphenyl) ether dipropoxymethane 

The first of these is symmetrical about the central oxygen atom and 
is named as an ether. The second is not symmetrical about an oxygen 
atom. Hence it is named as a derivative of methane. 

How would you name this polyether? 

Ovoe® 
A Avan NNN NAAUNAAUEAAUAEAUEEAAUEEAUUEAGUENAOUEEAUEAAAUOOAUUUAAUEOAAUOEOOUOEGOUEOOOOEGOUUOOUUOEOUUOOOUUOOOUUOSQOUUOOUOOOOUOOOOUEOOUOEOOOEOOUOOOUUONE 

diphenoxyethane 

bis-phenoxyethane 

© svsvvevavnvevennnuuvnevanucevegsoeneg4sUnvegdUeeegssQUeeg40oUneeg04UUUeG4QUUUNGGOUUUONOOUNNESOOUEOONOOUUONOOOUUEUOOOUUUOOQ0OUUON000U00000000000000000001 

1,2-diphenoxyethane 
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AQ aunvnnanuunnansuuengvdUeeeegddUeed4QUUed44QUOUU440OUNOO0OUEUOOOUNUEGGOUUNEOOOUUEOOOOUEOOOOOUEOOOOOUEOOOOUUOOSOOUUOOOOOUOOOGOOUNGOOOUO00Q0U0808000000000000000001 

The compound represented by the formula is properly named as a 
derivative of ethane. 

Since there are two phenoxy groups, it is a diphenoxyethane. There 
are, however, other diphenoxyethanes. For example 

| 
You must rely on numbers to specify the location of the substituents. 
Turn back to page 189 and choose another answer. 

Incorrect. The multiplicative prefixes bis-, tris-, etc., are used only 

when there is a substituent which bears substituents itself. For instance, 
if there were two of these groups substituted on ethane, the designation 
would be bis(3,5-dinitropheny]). 

O.N 
| 

| 
O.N 

Two simple phenoxy groups can be indicated by the prefix di-. Turn back 
and choose another answer. 

C HUVAVGNGRDAUAUANUOOGUOOUOOGNOOUOOOUOGUDOCQOOOOONGOOOOOUOONOUGOOANOOGOUGOUOOOOOOOOUOOOOOOOCOOOUOONOOGGEUOOOCOOONONONCQNONUOOOOOGOOONOOOONGUOOOOQUOOGOOUODGNGUGI 

You are correct. Since the compound is not symmetrical about a 
central oxygen atom, it is named as a derivative of ethane. 

OCH,CH,O 

1,2-diphenoxyethane 

Go on to page 191. 
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Summary: Nomenclature of Ethers 

The general formula for the ethers is R—O—R’. Symmetrical ethers 
have identical alkyl or aryl groups attached to the oxygen and can be 
named by naming the group and adding ether as a second word. 
Unsymmetrical ethers can be named by giving the two alkyl or aryl 
groups in alphabetical order and adding ether as a third word. 

The radical RO— is an alkoxy or aryloxy group. Alkoxy and aryloxy 
group names are used for compounds that have other functional groups 
besides the ether linkage. 

Polyethers are named as ethers if symmetrical or as derivatives of 
hydrocarbons if not symmetrical. 
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ALCOHOLS 

Functional group: —OH Functional group name: hydroxy 
General formula: ROH Series name: -ol 

PHENOLS 

Functional group: —OH Functional group name: hydroxy 

General formula: (C)-on Series name: -ol 

ALDEHYDES AND KETONES 

i 
Functional group: —C— Functional group name: carbonyl 

O 
I 

General formulas: R—C—H (aldehydes) Series name: -al 

I 
R—C—R’ (ketones) : -one 

CARBOXYLIC ACIDS 

O 

Functional group: —C—OH Functional group name: carboxy 
O 
| 

General formula: R—C—OH Series name: -otc acid 

ACYL HALIDES 

i 
Functional group: —C—X Functional group name: haloformyl 

O 
| 

General formula: R—C—X Series name: -yl halide or 
-oyl halide 

ACID ANHYDRIDES 

1 eaer 
Functional group: —C—O—C— Functional group name: none 

cmt 
General formula: R—C—O—C—R Series name: -ic anhydride 

CARBOXYLIC ACID ESTERS 

i 
Functional Group: —C—O—R’ Functional group name: alkoxylcarbonyl 

| 
General Formula: R—C—O—R’ Series name: -yl .... -oate 

ETHERS 

Functional group: —O— Functional group name: none 
General Formula: R—O—R’ Series name: -y/l ... -yl ether 

Go on to page 193. 
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3.7 AMINES 

_ Amines (4-ménz’) are organic bases that are derived from ammonia, 
NHsz. One, two, or all three hydrogen atoms of the ammonia may be 
replaced by alkyl or aryl radicals. These are known as primary, secon- 
dary, and tertiary amines, respectively. This table will show you the 
general formulas and functional groups. 

Class of amine General formula Functional group Example 

Primary R—NH, —NH, CH3NH2 
R x methylamine 

Secondary >NH NH (CH) NH 
R’ dimethylamine 

Oe » Tertiary R’SN JN (CH3)3N 
RA trimethylamine 

Primary amines are named by adding the suffix -amine to the name 
of the hydrocarbon radical. If it is necessary to number the carbon 
atoms in order to designate substituents, start numbering with the carbon 
atom next to the —NHg group. 

What is the name of the amine represented by this formula: 

C1CH,CH.2NH2 

AL Wn 0en cnn eAA NAAN TAAUTAAUAAUOEG EAGAN EAAUEAUTEAUEAU OOOO EAAUOAOEEAOSEOUOAOOOAOOEOUEAUOOOOOGAUUGOUOOOUOOUOOOOOOUOOOOOOUOOUOOOUOOUOOOUOOOOOOOOOUNOOULAY 

chloromethylamine 

chloroethylamine 

© vv 0nvv0vgeAAUNANUAAANAAUNAUOGOOTAGUNGUUGGUOOOUOOUNOQUGQUNOGEGOOUODUCQUUOQUCOUNOOUUOQUOOOUOQUNODOOQUNESUOQUOOOUOGONEQUOOGUOQONOOQNO0U00U000000000000001 

2-chloroethylamine 
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A THAVAUAGOUUONONOUGEOOAOEONAUONOUOUOUEUOOOONOUOUGUOUEGOONONGUOUOOEOUONOUOUOOOOEGUOOGUOUNONOUOOOOODEDOONQOOGOOQNGUQNOUOU0N0U0000000000000000000000000000000000000 
Incorrect. You named this compound chloromethylamine. 

ClCH2,CH2NH2 

As the name implies, chloromethylamine is a derivative of methylamine, 
CHsNHe. The formula above has two carbon atoms and must, therefore, 
be a derivative of ethylamine. Turn back to page 193 and choose another 
answer. 

B HULAADAUEAUAOEDEGOOUOUADEGEONADAOOOUAUEGOOEOOONOUOOUOOOONOUOUOUNOOOOVOOUOUOUOGOOGANOUGUOUEOOOUOOONOUOUONEOOUOUOONONOUOUOUOUOUOOUOOOUOOOUOUOUOOOUODOOEOOOOINON 

Your answer is that this formula represents chloroethylamine. 

CICH,CH2NH2 

You are right, but doesn’t this formula also represent chloroethylamine ? 

CH;CHCl NH2 

You can distinguish between the two by means of numbers. Work out 
a name for both of these amines. Then go back and pick another 
answer. 

C UAUOAUUGEOUEGUGGUOUOONOGOOCUOUOONOUGOUOGOOONOUOGUOGUOUOONOGUOUEOUOGUOONOUOOUCONOQEOUOOUOOOGOOOUOQUOUSOUOQNOQOOO000000EQ0000U0000000000G000000000900080000000001 

Correct. The name for the compound is 2-chloroethylamine. 

Cl1CH,CH2,NH,2 

The carbon chain is numbered from the —NHp functional group. Con- 
tinue to page 195. 
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Secondary and tertiary amines that have the same alkyl groups are 
named by using the prefixes di- and tri- before the name of the radical. 
When numbers are needed, primes and double primes are used to indicate 
the second and third groups. As an example consider this formula for 
the tertiary amine, tripropylamine. 

Sea vou eel LN oS 
CH3CH,CH2,— N—CH2CH2CH3 

| 
CH2CH2CH3 
12 ie 3” 

Following these guidelines, the formula for 2,2’,2’’-trichlorotriethyla- 
mine is 

CICH,CH,—N—CH.CH,Cl 

CH.CH.Cl 

Chemical Abstracts calls it tris(2-chloroethyl) amine. 
What is the formula for 1,1’-dichlorotriethylamine? (Chemical Abstracts 

would call it bis(2-chloroethyl)ethylamine. ) 

or (CICH2CH2)3N 

A HOUUUUNUGOUTUUTEOEUODGNDUONTONDRODEASOOOUOADOOUOODUOGOOOOOOCOOOGUCEOOOUOOUOOOUEDOOGUGUOOOOOCOCOOOOUOGONOOOOQNNOOCUOOHORDOODOODOULOONOOUUNOSOQOUOQOGN 

CH;CHCI1 
| 

CH;CH—N—CHCHs : 
| 

Cl Cl 

B UHAUUUUGUONGGUEDUOUGUOAOGTOUOGOUOUOGUGUAUOONOUGAUOOOOOOOOOUUGOOUOUOOOONOUOOOOOONOUOUOOOONGUONOUOUEONOUOUCONOUOUEUOONOUOUOUOOOOUOUEQOOOGUOHOONONOUOUOONG 

CH,CH2Cl 
| 

Cl1CH,CH,—N—CH,CH.Cl 

C FOUQUUONGAUGUUNOOGOOOUOUONOOUGOROODOODONOOGOEDOOGOUOOUGOOOUOOUOOGOOONGOEOOOOOOCOOOOOOGGOCOOOOUOOCOOOOUONOONGOOGUROOENOUCUOOOONECOOOONOONONOOUON 

CH2CH3 

CH;CH—N—CHCHs3 

di di 
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A TUVOTOAUOUCOUOGHOCOUEUEOOGOONAOOOUOGOOUGUOOUOUOOOOUOONOUOGNOUOGUOUOGUOUGONOOOGUOGOOUGNOQOOUOOGOGOQOESEONOOOOUGGOOQOUOQ0QNOUNOOOUOQOGUONOQ0ON0Q00000000000000001 

You chose this formula for 1,1’-dichlorotriethylamine. 

CH;3CHCI 

CH,CH—N—CHCH, 

Gis 4 
It appears that all three groups attached to the nitrogen are identical. 
According to the name, only two of them are to have chlorine atoms 
substituted on the ethyl groups. Think this over and select another 
answer. 

B DOUNGNONGNONOVONOOQNONONONONONGUOOGUOUONOUOUOUOUOUOOOUOGOUOUOUGOONOUNOOONGOQOSOOOSOONS000O0N000G00000000000000000000000000002000000000000000000000000008 0800001 

You picked this formula to represent 1,1'-dichlorotriethylamine. 

CH,CH.Cl 

ClCH2,CH,—N—CH,CH.Cl 

All three groups attached to the nitrogen are the same, aren’t they ? 
They are ClCH2CH2—. These are 2-chloroethyl groups. From the name 
you can see that the compound you seek is a derivative of triethylamine. 

CH2CH3 
| 

CH;CH.,—N—CH,2CH3 

Chlorine atoms are to be substituted on the number 1 and 1’ carbons. 
When you have done this, turn back and choose another answer. 

C UAUOAUEOVEUEOOGDEDEODAGUOUEOUGUOOUOOEOUOGEOOOUEONOGEONOUOGOOUGOOOOOOUOONONOOGOOOUCONOUEQOOUNONOUOONOOUOQOGUOUOUNOUOOUGUOOGQOQNENOGNOOOOUEQ0OU0UOUQONNQQQNGUOUEOT| 

You are correct. This formula depicts 1,1’-dichlorotriethylamine. 
CH.,CH3 

SS ae SE 

Cl cl 

Go on to page 197. 
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Mixed amines (i.e, those in which the alkyl or aryl groups are not 
identical) are named as nitrogen-substituted derivatives of the primary 
amine with the largest radical. Substituents on the nitrogen atom are 
indicated by an italic N—. Thus 

H 
| 

CH;CH2CH2NCH3 
N-methylpropylamine 

Tertiary amines that have two identical groups can be named as 
N,N- derivatives of primary amines or as N- derivatives of secondary 
amines. For instance 

/CHCHs N,N-diethylbutylamine 
CH;CH,CH,CH,—NC or 

CH2CH3; N-butyldiethylamine 

How many isomeric amines have the molecular formula CgHgN ? 

Ay WUUUUVAVAVADAAAAAAAUAUAONGNOODGOAVOONGAGAGUONOGEOOUOOUUEOEOEOOONDOONONDAGESOOOONOUOONOOONOUOOONOUGOONONOUOUOUOUOUOUOGOOOUGUOOOOOOOOOOONOOOOONONEE 

3 

4 

© wage vega envvveveveevevneeveeveaeeeesneednseedNsUedNGUeGOGGHUNGOGONGGUONOURONOUOOOQUOOUOGUOOUGOOUEOOOUGQNOUEOUGOGOOOUCOOOUUOUOUUOUOUOONOUOGUOUOONGUND 

5 

This compound, 2-phenethylamine, is the parent of a 
large group of medicinally important compounds known as 
sympathomimetic amines (so called because they mimic the 
action of the sympathetic nervous system). 

(C)cr.cu Hp 

One of its derivatives is adrenaline. 

H 
| 

HO —CHCH,NCH3 
| 

HO OH 
L-3,4-dihydroxy-a-[ (methylamino) methyl]benzyl alcohol 

Notice that adrenaline. is named as an alcohol rather 
than an amine because the alcohol function is higher in 
the order of precedence than the amine function. 
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Al QUEAUUUEQUUEGUUGODUCOUEOOOUEOOUGOOUOODUGODUGGOUGQGUOGUUUNGOUOGUEOOUNOOUNSQUOQGOOGON0G000000000000U0000000U080U00000000000000000000000000000000000000N00NN0000001 

You found three isomers with the molecular formula C3H9N. That’s 
not enough. Remember that there are three kinds of amines: primary, 
secondary, and tertiary. 

R’ 

R a | 
R—NH, DNH R—N—R” 

R’ 

primary secondary tertiary 

There is at least one of each kind with the formula CsH yN. Check your 
formulas again and see if you can find some more isomers. Then turn 
back and pick another answer. 

Right you are. There are four amines with the molecular formula 
CsHeN. Two are primary, one is secondary, and one tertiary. Here are 
their formulas and names. 

NH H CH3 
CH;CH,CH,NH, | | | 

CH3;CHCH; CH3CH2NCH3 CH3—N—CHs3 
propylamine tsopropylamine ethylmethylamine trimethylamine 
(primary) (primary) (secondary) (tertiary) 

Go on to page 199. 

C QOUVEQOUOEOGUOGGOUOGGGUOEOOUNGOOUCGOOUCOGUCEOOUUOGOUUGOQENOGOUNOGOUNGOOUNOGOUOOOQUUEOOUNGOGUOGGUO00GU000U0N00Q000000000U0000UNG0UqOGNUOONNUqNGONENNNN0UGHOUNNET 

You have found five isomers with the molecular formula CsHoN. 
This is too many. Write skeleton formulas for each one and check care- 
fully to be certain that no two are identical. Watch especially for left- 
to-right and right-to-left reversals. Then go back and choose another 
answer. 
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Aromatic amines may also be primary, secondary, or tertiary. In the 
last two instances one or two of the hydrocarbon radicals may be aliphatic. 
The primary amines are properly named as amine derivatives of the 
aromatic hydrocarbon, but many of them have common names that are 
customarily used. Aminobenzene, for example, is nearly always referred 
to as aniline. 

NH, 

aminobenzene 
(aniline) 

Two other aromatic amines with common names are 

NH, NH2 
CHs3 

CH; CHs 

m-methyl-aminobenzene 2,3-dimethyl-aminobenzene 
(m-toluidine) (2,3-xylidine) 

On the next page are the common and systematic names of a few 
more aromatic amines. Write their structural formulas. The correct 
formulas are below each name. Keep them covered until you have 
written your answer. 

Diphenylamine finds use in veterinary medicine as one 
of the active ingredients in the preventive treatment of 
screwworm infestation. 

ii 

diphenylamine 
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1. m-diaminobenzene (m-phenylenediamine) 

NH2 

NH» 

2. 2-methylaniline (0-toluidine) 

NHe2 

Om 

3. 2,4,6-trinitroaniline (picramide) 

4, 2,4,6-trimethylaniline (mesidine) 

NH2 

Oe 

CHs 

5. WN,N-dimethylaniline 

me CH3 

O 

Go on to page 201. 
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Many compounds that contain —NHz, —N—, and —N— groups also 
contain other functional groups. Depending on the order of precedence, 
they may be named as amino- derivatives of the other function or as 
amines. 

Amino alcohols are an example of this type. Strictly speaking, they 
should be named alcohols. 

NH: 
| (HOCH,CH2) 2NH 
CH.CH,OH 

2-aminoethanol (monoethanolamine) bis (2-hydroxyethyl) amine 
(diethanolamine) 

Amino acids are important physiological compounds. The a- amino 
acids result from the hydrolysis of proteins. Two examples are 

ear H.N O 
I |_| 

CH.C—OH CH3;CHC—OH 
aminoethanorc acid (glycine) 2-aminopropanoic acid (alanine) 

Further discussion of the naming of amino acids will be found later in 
this chapter. 

What is the formula of 1-amino-2-propanol? 

AL AUvUeeANAAUAAUUNANUUNEGUAAGUEAGUEAOUOAGUOGGUOEAUOEQUUOOOUNGQUNGGUOOOUCOOUEOOQUOOQUOOOUUOOOUO0QU000U0000000000080000000000000000400000000000000000000 

NH: 
| 

CH;CHCH,0OH 

BB annnsvanunnnvs04tveev0Hvne404UUeve400Uenes00Ueeg444QUn04QQOUUQQ000U0008000U00000000008000U0000000U000000000008000000000000U00800000000000U00000000000 

OH 
| 

CH;CHCH2NH2 

© wv vvv000vveeavvvg vNAANEADEAAGUOADUGAGUONOUOEOUNEOOUOOUUOOQGROQQUNGOUNOQUNEQU000U0089E000000000000U000000000000000000000000U00000000E0000000000000001 

Pies 
CH3GCH2NH2 
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A DOUUEUOUNONONONAGOUOGOUOUEUAUODEOEUOUOUOUANONGNONGOONOUOUGUOUGUOUOUOUODOUONOUGUOUOOQNGNOUOUOUONONOEOQQUONONQUQ0UCO0UOUOONUOQ000U0000000000000000000000000000000 

Incorrect. The formula you chose for 1-amino-2-propanol is 

NH, 
| 

CH3;CHCH,.OH 
mee al 

Since the -OH group is attached to the number 1 carbon atom, this formula 
must represent a derivative of 1-propanol. What is it? 2-amino-1-propanol, 
of course. Turn back and pick another answer. 

B FOUNUAUAUGOUOUOOOODOOONONGOOOONOCOCOOOOOEVOUGOONOOONUONOUOUOOOOOOOOUOUONONOOUOUOUONOUOOROOONONONOOOOGUOUOUOOUNOUDOOONOUONONONSONOEOOAOGGOOEOOOOUOUONUOONUGNONY 

Right. The formula for 1-amino-2-propanol is 

OH 
| 

CH;CHCH2NH2 

Go on to page 203. 

C QOUAUAENUOUAOOOOOOOUGGOOOUOUEQOOUOUEOUEONOROOOGUOOUOUEOUGGUOUOOUOUOONOGOOUOUGOEOUOOUOOOOOUOOOONOOUOUOQNOUOUNOUOUUOUOUOGEOUCQOOUEUNOOOUEGOOUOUOOUOEOGUONEOEOUNI 

You picked this formula to represent 1-amino-2-propanol. 

| ; 
CH3;CGCH2NH2 

Does it have the right functional groups? According to the name, the 
compound has an amino group, —NHk, and is an alcohol. The functional 
group of the alcohols is —OH. Your formula doesn’t have it. Read 
page 201 again carefully before you select another answer. 
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Compounds containing two or more amino groups are named by 
adding diamine, triamine, etc., to the name of the parent compound. 

Many of them have common names as well. Two diamines with very 
descriptive common names occur among the decomposition products of 
proteins. 

HN (CHa) .NHe2 1,4-butanediamine (putrescine) 
HN (CH2) ;NH2 1,5-pentanediamine (cadaverine) 

The compound 1,6-hexanediamine is an important intermediate in 
the synthesis of nylon 66. What is its condensed structural formula? 

Ac vvcea en eng eta eAAUNADUNGAAOTADUEDUEAUOAUUEOONAUUAGUNAUOEOOEOUOAOUOOUOOOEEOUOOOOOOUNOUOOOUOOUOOOUOOUOOOUOOUEOOUEOOUOUOOOOUOOUOOUUOOUOOUUOOEOOOUOGUUGL 

H2N (CH2) 6NH2 

i 
HN (CH) 3N (CH2) 2CH; 

© vvnn vv eev ne gnv eevee ea NANeATAATTAUAGUAUAAUAGUEGOGONAAGUADOAUAGUGOUEGUEGUAOOOGOOUEGEEGOOOEOUOGUOONOUOOUOOUOGUOOUOUUOUNGUOOUOUNOOGUOOUOUOGUOONOONOUNT 

NH, 
| 

CH3(CHy2) ,;CGHNH2 
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A UDVAUUGQUOGAOGGUOQEOOOUGGUGOOUOOOUCOOUOGOUGOUOGOUQGUGOUEOOUCOUOOGUGOUOOGUOOUQ0OU0GHN0QU0QN000U0QUC0D000U00OEOOUQ0O000U00U080U0GU00000Q0000000U000000000000000001 

You are correct. The condensed structural formula for 1,6-hexanedi- 
amine is 

H2N (CH2) .NH2 

It is also known as hexamethylenediamine. Go on to page 205. 

a 

You are incorrect. You picked this formula for 1,6-hexanediamine. 

if 
HN (CH2)3N (CH2) 2CHs 

There are two amino groups in this formula; one primary and one 
secondary. But there is no continuous chain to form the basis for the 
name. The compound here would be named as a secondary amine: 
N-propyl-1,3-propanediamine. Study this name. When you understand it 
fully, turn back and choose another answer. 

C QUVEQUAAUOCODOGDUCAOUGGUUGUONGONGGUOOOEOOUUOOUOOGUOOUUOOUCOOUOOUOOOUOGGEOOOUUOOUEOUGOOQOOUNOOUOQUNOQUEOUNNOUNOQEQOUNOUOOQONOOUOGUONQNONU00Q000000U0NN00GU0NU00U0N8 

Incorrect. This is the formula you selected to represent 1,6-hexanedi- 
amine. 

NH, 
J 

CH3(CH2) s;CHNH, 
It’s a diamine and there is a continuous chain of six carbon atoms. The 
‘amino groups, however, are both on the same carbon atom. The name 
for the compound shown here is 1,1-hexanediamine. Turn back and 
choose another formula to represent 1,6-hexanediamine. 
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3.8 AMIDES 

Ammonia and amines can react with acids to yield amides (4m’ idz). 

The general formulas are illustrated by these equations. 

; : | 
R-C>0OH a NHs3 = Re C= Nios aa le® 

acid ammonia amide 

O 
I | H 

R= C—O aE R’—NH2 7 R—C—N—R’ + H,O 
acid primary amine amide 

O H 
I | Were 

KR=-CG—OH a Ri-N—=R? eo Fae See H20 

acid secondary amine amide 

Tertiary amines do not react to produce amides. 
There is a similarity between esters and amides in that the 

H 

imino group, —N—, replaces oxygen as the link between the carbonyl 

1 
group, —C-—., and an alkyl group. 

i oe 
K—C—O—R’ Re ON 

ester amide 

Simple amides are named by replacing the -orc acid in the name of 
the acid by amide. Carbon atoms are numbered in the same way as 
esters. 

O Cl O 
| |_| 

CH;C— NH» CH,CHC—NH, 
acetamide or ethanamide 2-chloropropionamide 

or 2-chloropropanamide 

What is the name of this amide? 

T 
BrCH,CH2,CH,C— NH, 

AL snvcsnnnnnneenveenueeeaveeessQeeeQee0QUU00UUUAQOUEOOUNGGUUOOOUNOGGONOOUUNEOUONOGUUOOOUOOOOEOOOUUOOOOUOOOUOUOGOUOQ0UN0O0U0000000000000000000000000001 

bromobutyramide 

4-bromobutylamide 

G savanuvessnuvnnsnunveessvenesaouenessdUeeesQoueeeGQHUve4Q40HUH0EVUUTAUGOUUOOOSOUEONENGUOOQOOUCUOQOUUESOOQOOUUNGOOOUNUO00GGUG000S00QUUUOOG0QOTONG0U00001 

4-bromobutyramide 
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Incorrect. You named the compound shown by this formula as 
bromobutyramide. 

1 
BrCH,CH2,CH,C— NH, 

There are two other carbon atoms that can bear the bromine atom. 
Wouldn’t each compound so formed also be bromobutyramide? As 
usual, the solution is to number the carbon atoms in the chain. When 
you’ve added a number to the name, turn back and choose another 
answer. 

B TOUUECUOUEOOOOCOOUOOUOVOOUOOOACOOEOOUOUOTOCOUCTOOCOOUAUUOOUECUACOOU AGO UUOCUOUOEVECUEUOOOUGUUDOOOOCOUOOOUOOASOAUGNOOOQONUOOUOOUOOOHOOQOOOEEQOOUELUE 

You are wrong. Look at this formula carefully. What is the 
functional group? 

O 

BrCH,CH,CH,C—NH, 

Is it a primary amine with the general formula R—NHag, or is it an amide 
O 

with the general formula R—C—NHp,? It’s an amide--You had better 
turn back and read page 205 again before selecting another answer. 

C UUUUCUCUTAUAUUEVOGUUETATO CATACH UOOOTACOCECATHCUTOAATEOAAAUOUAVOAUAGOGOUOONOOOOGOUOOUOUOCONOUUUUOQUCOOUEQUUOCONOOOOOGOOODOEUOUOUONOOUOOONGEUODOUOLE 

Right you are. The formula shows 4-bromobutyramide. 

i 
BrCH2CH,CH2C—NH, 

Go on to page 207. 
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Amides that are derived from amines rather than ammonia are 
named as WV- substituted products of the simple amide. For instance 

OH O 

CH;C—N—CHs; CH3C—-NC 
CH2CH; 

N-methylethanamide N-ethyl-N-methylethanamide 

The first is the amide formed from methylamine and ethanoic acid. The 
second is the amide from ethylmethylamine and ethanoic acid. 

The compound acetanilide, used as a pain reliever and an intermediate 
in organic synthesis, is N-phenylethanamide. 

Which of these represents its structural formula ? 

Ay HOUUUAN NA NAUEAYAADNAUNAUTAUAGUNAUAAUAGUEOUAUAOUAUEGOOUEGEAUEAUOOEOUEOEAUEOUOGEOOGUOUEOOOOOOUEOOOUEAUOUOOCOUEOUOUEOUOUEOUAUEOUOGUOUEEOOUOOUOUUOEE 

O 
| 

(C)-cuen He 

BB vns0000 00 000A UNUNAUNGUEVOOEOUOOEAUUOUOOEOOOEOUUOUOQUOUEOONUEOUUOOOOOOEOUEOEOOOOOOUUOEADOOOUOUOOOOUOOUOOOONOOCOOOODNOUTOOEOOUOOEOUOOUOOEOULE 

OH 
Ilene | ob LO) 

© savvveveaenveansvns ves vea ages nays eaves veges ee VesUesCAUAUUAUUANAUEAOTOOUOGUEOUCAUOOOEOOUUOUCAOOOOUEOUNOOUOOOOONOOEOUCOUEOONOUOOUNOUOOUOOE 
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Incorrect. This is not the formula for N-phenylethanamide. 

O 
I 

(C)-cusd—we, 

From the name you can see that acetanilide is a relative of ethanamide, 
O 

CHsC—NHgp. It is the product of the reaction between ethanoic acid and 
aniline. 

O 
| 

CHsG—OH a ©) = P =the H,0 

ethanoic acid aniline N-phenylethanamide 

Turn back and choose another answer. 

B PUUUHEAOOVEGUEUOODOAVOUUGUUAOGOOOUEOUEOUEOUEOTEAOOUEOUUOOOGUAUEOUOOEGEAUOUEOUOOEOOAOOOUEOUOQUOUUUUOQEOUOGUOUOOOOUOUCONOUEONOUOOOOUEOUOUOOOOUROEOELOEEOENY 

You are correct. N-phenylethanamide is the product of the reaction 
between ethanoic acid and aniline. Go on to page 209. 

i liae 
GHeGg—OH F n—()) aa cue—n—()) +H20 

ethanoic acid antline N-phenylethanamide 

C QUVUUGQQUENAQUOOAUOTENOOCAOUEAUUMGGUEOOUEOOUUUOUOGOUOOOUOEAGUCAOUUOUEOOUUOOUOOUTOOUUOOUUOGUEOOUUOOUUENOUOOUOQUOOOGOONOGUOEOOUOQOGOqOOQUUqOGuqOOGONOQUIEE 

No. The formula for N-phenylethanamide is not 

onde 
This formula shows two phenyl groups attached to the nitrogen. Is there 
anything in the name to make you think there should be two? If not, 
the formula must be wrong. Turn back and pick another answer. 
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Amide linkages are important in both natural and synthetic polymers. 
The synthetic fiber nylon 66 is formed by the reaction between 1,6- 
hexanedioic acid and 1,6-hexanediamine. Water is formed as well. The 

reaction is shown here for only one active functional group on each 
molecule. 

OH 

1,6-hexanedioice acid 1,6-hexanediamine 

Notice that both ends.of the product molecule have reactive functional 
groups. Nylon 66, a polymer, is formed when these ends continue to react 
and form long molecules. 

Chains of amino acids that are linked through carboxy and amino 
groups in similar amide linkages are frequently called peptides. This 
particular type of amide linkage is known as a peptide linkage or peptide 
bond. Further examples of peptides will be seen in Chapter 4. 
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Summary: Nomenclature of Amines and Amides 

Amines are organic bases derived from ammonia and can be classified 
as primary, secondary, or tertiary. This table summarizes the functional 
groups. 

R R 
—— NN Ne = Ry _R—NH2 eae: pan 

primary secondary tertiary 

Primary amines are named by adding the suffix -amine to the name of 
the hydrocarbon radical. Secondary and tertiary amines may be named 
by enumerating the radicals in alphabetical order or as N-substituted 
derivatives of a primary amine. When numbers are needed to locate 
substituents, the carbon attached to the nitrogen is always number 1. 

Aromatic amines may be primary, secondary, or tertiary. The most 
common is aminobenzene, or aniline. 

NH: 

aniline 

Amino acids contain both an amino group and a carboxy group. 
Aminoethanoic acid (glycine) is an example. These acids will be discussed 
in the next section. 

Compounds which contain more than one amino group are named 
by adding diamine, triamine, etc., to the name of the parent compound. 

H2N (CH2) «NH2 
1,4-butanediamine 

Amides result from the reaction between amines or ammonia and 

i carboxylic acids. Ethanamide is an example: CH3C—NHe 
O 
I The functional group of the amides is CoN and the general formula 

O 
| vs 

for amides is R—C—NC . R’— and R’— may be hydrogen or aryl R” 

or alkyl radicals. Amide linkages are important in biochemistry since they join amino acids to form proteins. 
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ALCOHOLS 

Functional group: —OH Functional group name: hydroxy 
General formula: ROH Series name: -ol 

PHENOLS 

Functional. group: functional group name: hydroxy 

General formula: Ovo: Series name: -ol 

ALDEHYDES AND KETONES 

: 

Functional group: —C— Functional group name: carbonyl 

O 
ll 

General formulas: R—C—H (aldehydes) Series name: -al 
O 
lI 

R—C-—R’ (ketones) -one 

CARBOXYLIC ACIDS 

O 
I 

Functional group: —C—OH Functional group name: carboxy 
O 

General formula : R—C—OH Series name: -ot¢ acid 

ACYL HALIDES 

1 
Functional group: —C—X Functional group name: haloformyl 

O 
| 

General formula: R—C—X Series name: -yl halide or 
-oyl halide 

ACID ANHYDRIDES 

T I 
Functional group: —C—O—C— Functional group name: none 

General formula: R—C—O—C—R Series name: -ic anhydride 
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CARBOXYLIC ACID ESTERS 

O 
| 

Functional group: —C—O—R’ Functional group name: alkoxycarbonyl 
O 

General formula: R—C—O—R’ Series name: -yl .-,-0ate 

ETHERS 

Functional group: —O— Functional group name: none 
General formula: R—O—R’ Series name: .... -yl .... -yl ether 

AMINES 

Functional groups: —NH, Functional group name: amino 

| 
Ne Series name: —amine 

| 
PN 

General formulas: RNH, (primary) 

i 
R—N—R’ (secondary) 

R” 

| 
R—N—R’ (tertiary) 

AMIDES 

i 
Functional group: —C—NH, Functional group name: carbam 

General formula: R—C—NH, Series name: —amide 

Go on to page 213. 
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3.9 AMINO ACIDS 

The importance of amino acids rests largely on the fact that they 
are the building blocks of animal proteins, the chief components of 
muscle fibre, skin, nerves, and blood. As you already know, amino acids 

contain both the amino group and the carboxy group. Hydrolysis of 
proteins yields mixtures of a-amino acids. An example of an a-amino 
acid is alanine, or 2-aminopropanoic acid. 

NH, O 
pee 

CH;GHC—OH 
alanine or 2-aminopropanoic acid 

The amino group is substituted on the carbon atom next to the carboxy 
group. In the old system of common names, this carbon atom was known 
as the “alpha” carbon atom. Hence the term a-amino acids. The condensed 
formula of the a-amino acids is RCH (NHz) COeH, and the general 

structural formula is 

NH2 O 
| 4 

R—CH—C—OH 

Serine is another amino acid. Its formula is 

OH NH, O 
|e ee 
CHezGHC—OH 

What is its preferred systematic name? 

AAU 00 00 UN TATUTTUAVEEU AU UAEA TAA EVE VACATE ETOAC ETE 

aminohydroxypropanoic acid 

2-amino-3-hydroxypropionic acid 

©] v0 0000 000A 0A NANA NATAVAEUGAOAUOAUAVACAMOUTAUATOOUEOVEUOELOU EEUU OVOVOTOUEUEYOUATAUOUOUEEAEUOUEOODEU CUCU CATA TU VOUA TATA TATE 

2-amino-3-hydroxypropanoic acid 
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A FUAVEAVUQOUEOUUTOOOAUUOUEOUOOONAUEOUHOUOOOUOOEQUUOUUOOOOUOUUOUOGCOUNOOOUEEOOOUOOUOOEOOOOQUNOUOQONOOOOCOOUOUCODEOOOGEOUOOUOOEOOEOOUOUOOOOOUOOUOOEROUOEIONT 

Incorrect. Although the name aminohydroxypropanoic acid does 
describe the acid represented by this formula, it is not a unique and 
completely unambiguous name. 

OH NH, O 
| | 4 

CH,CHC—OH 

By now you should know that whenever there is a possibility of confusion 
over the location of a substituent group, a number is used to specify its 
location. Turn back and choose another answer. 

Not quite right. The common name for the carboxylic acid with 
three carbon atoms in a chain is propionic acid. The systematic name is 
propanoic acid. Since you were asked for the preferred systematic name 
of serine, it must be 2-amino-3-hydroxypropanoic acid. 

OH NH, O 
ty lea nea 
CH,CHC—OH 

Go on to page 215. 

C QUOAUEAGOOUOOOTOGUEAEAUCOUEOOUOUEOUOOHOUEOUCAUOAOOOTOUEUOEUOQUUOUOGEOELOOUOOSOOEOGLOUOOOUOGUOUEOOOOUOOUOOUOOUOOUOOOOUOOUOOOOOUOUEOOOOUOUOOOOOUOGUOUIEE 

Correct. The preferred systematic name for serine is 2-amino-3- 
hydroxypropanoic acid. 

OH NH: O 
esl en ae 
CH,CHC—OH 

Go on to page 215. 
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Amino acids are named as acids because of the presence of the carboxy 
group. Their aqueous solutions may be acidic or basic, however, depend- 
ing on the relative strength and number of acidic carboxy groups and 
basic amino groups in the molecule. Most amino acids have equal 
numbers of amino and carboxy groups and are known as neutral amino 
acids. A few have more amino groups than carboxy groups and are 
termed basic amino acids. An example is hydroxylysine. 

NH, OH NH, O 
eee eZ 
CH.CHCH,CH,.CHC— OH 

2,6-diamino-5-hydroxyhexanorc acid 
(hydroxylysine) 

A few others have more carboxy than amino groups and are known, not 
surprisingly, as acidic amino acids. Glutamic acid, whose sodium salt is 
used as a flavor intensifier in foods, is one of them. Glutamic acid is 2- 

amino-1,5-pentanedioic acid. 

O NH: O 
So I 

HO—CCHCH,CH2C—OH 
2-amino-1,5-pentanediotc acid 

(glutamic acid) 

The formula for aspartic acid is 

©) NER © 
Une lee I 

HO—C— €H@HeG— Ou 

Is aspartic acid a basic, acidic, or neutral amino acid? 

Ay vice neve eats ee ee eg ee cea ee OeUUAUAAUEAUEOEAOEAUNAUEAUEOUEAUCAUOAOOOUEOUNOOHAUAAUUOVOUEOUOUEOUOVOOEOUOOUOUUOUOUO TOO TATOOTA UO EA TOPE TOTO EA 

acidic 

BD Avvs00ee0nENOUAUAONOUOONAUAQOAONOUEGEODOGUNOUOONOUOUOOUOUNGOOUOOOOEOEOUOOQOOOUNOOOUEOOOUOUCUOOUGUOUOOQOUOUOU00OUOEOUOUOOOUEOUOUOUOUOTOOONOOEL 

basic 

© vv vvvvv eevee ea vNANAAAAVAVEAUAAAUAUEAVAGEAUAOEOUOOUOOROUEOOOUEOUUOUOOUAVOOEOUOOOOCOUOUEAUOUOOCOUOOOUEOOEOEOOCAUOOEATAOOOOOUOOEOUOOUUATOOUEE 

neutral 



216 / Functional Groups 

A UUAVOUUUCUOAUEUNOEOOOCAVGUOOCOUOUEOOOUEOOAEOUAVAUAUEUOUOOUOEOUOVOUCOEOUGOEGOOUOOUOEAUCGOOUAUOOEOOOGOOOUOOUOUOOUOUOOOOTOUOOEOUOUOOUOCOUOOUOUOOUOOOOUOUE 

You are right. Since aspartic acid has two carboxy groups and one 
amino group, it is classed as an acidic amino acid. 

O NH, O 
eZ I 

HO—CCHCH,C—OH 
2-amino-1,4-butanedioic acid 

(aspartic acid) 

Go on to page 217. 

B QUUUUEUOUUVAVACUOAVATOCUUAUU TATA CATATODEDEDOTUEATAOATUUOUOUOUOCOUOTOOAUOUOCOOOEAUOOOOOUAOAOOUOUOOOUOOOOOOOOOEOOOOONEOCOOUOOOUOOOOOUOUOEANOUONOOUHUAL 

Incorrect. This classification of amino acids is based entirely on the 
relative number of amino and carboxy groups that are present. If they 
are equal, the acid is termed neutral. If one group or the other predo- 
minates, the acid is either acidic or basic. Look at the formula for aspartic 
acid again carefully before you turn back to choose another answer. 

no 
HO—C—CHCH,C—OH 

aspartic acid 

C QUUUUVOUUUUOUOCAOOOTOUAEOEATOVEOTAUAVOUAVOUOAUOUOVEVOVOUOOUUEURIUEOUOOOCOOAOGOUUOUOOOUOVOVOVOUOUCUEOUOOOEOUUEUEUSGEOOOOUTOOGUOUOOEDOVEOEOUOAUEURONEU 

You are incorrect. Aspartic acid is not classed as a neutral amino 
acid. This classification of amino acids is based on the relative number 

O 

of acidic carboxy groups, —C—OH, and basic amino groups, —NHe. Look 
at the formula again and then turn back for another answer. 

O NH:z O 
Il 7 I 

HO—CCHCH,C—OH 
aspartic acid 
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There are eight amino acids that are known as essential amino acids. 

This means that to sustain life they must be present in the diet of human 

beings. All other amino acids needed in metabolism can be synthesized 

in the body. The eight essential amino acids are isoleucine (i sd 160’ sén), 

leucine (160’ sén), lysine (li’ sén), methionine (mé thi’ 6 nén), phenyl- 

alanine (f&n il 4l’ a nén), threonine (thré’d nén), tryptophan (trip’ to fan), 

and valine (val’ én). 

Methionine contains sulfur and will be mentioned in the next section. 

NH, O 
[eee 

CH;SCH,CH,CHC—OH 
methionine 

Tryptophan is 2-amino-3-(3-indolyl) propanoic acid, and is somewhat 

too complex for this program. 

i 
inl 7 CH.CH (NH2) COOH 

H- NN 
| | H 
H 4H 
tryptophan 

The systematic names for the other six essential amino acids, however, 

are well within your capability. They are given on the next page, followed 
by their structural formulas. Write the formula for each one before you 
uncover it. 

Accent, a trade name for monosodium glutamate, is 

used as a condiment to enhance the flavor of foods, par- 
ticularly meats. In 1955 more than 23 million pounds were 
produced, mostly from the hydrolysis of wheat gluten or 
beet sugar residues. Glutamic acid is a-aminoglutaric acid 
or 2-amino-1,5-pentanedioic acid. 

O NH, O 
| ley 

HO—CCH,CH,CHC—O-Na* 
monosodium glutamate 
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1. isoleucine: 2-amino-3-methylpentanoic acid 

CH; NH, O 
| ea 

CH;CH,CHCHC—OH 

2. leucine: 2-amino-4-methylpentanoic acid 

CH, NH, oO 
| Lo 

CH;CHCH.G HC—OH 

3. lysine: 2,6-diaminohexanoic acid 

NH, NH, O 
| | 4 
CH,CH,CH,CH,CHC—OH 

4. phenylalanine: 2-amino-3-phenylpropanoic acid 

NH, O 
LZ 

CH,CHC—OH 

5. threonine: 2-amino-3-hydroxybutanoic acid 

OH NH, O 
le he oa 

CH;CHCHC—OH 

6. valine: 2-amino-3-methylbutanoic acid 

CH; NH2 O 
L227 

CH3;CHCHC—OH 

Go on to page 219. 
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3.10 ORGANIC SULFUR COMPOUNDS 

Many types of organic compounds contain sulfur. Since sulfur has 
the same number of valence electrons as oxygen, it forms several series 
of compounds in which it replaces oxygen wholly or in part. A few 
classes of sulfur-containing compounds will be discussed in this section. 

Thiols are the sulfur analogs of alcohols and phenols. They are 
named by adding the suffix -thiol to the name of the parent hydrocarbon 
or ring system. The common names are formed by naming the alkyl or 
aryl group and following it with the word mercaptan. Most mercaptans 
have an unpleasant odor. Ethanethiol can be detected by smell when 
mixed with air in a ratio of 1 volume to 50,000,000,000 volumes of air. 

CH;CH2SH 
ethanethiol 

(ethyl mercaptan) 

The odor of skunk secretions is caused by 1-butanethiol. 

CH;CH2CH2CH2SH 
1-butanethiol 

(n-butyl mercaptan) 

The functional group, -SH, is known as the sulfhydryl or mercapto 
group. -SR is the alkylthio group. When it occurs along with a functional 
group of higher precedence such as carboxy, amino, or hydroxy, the prefix 
mercapto- denotes the -SH group. For example 

HSCH,CH,OH 
2-mercaptoethanol 

If the hydrogen of the sulfhydryl group has been replaced by an alkyl 
radical, the name of the radical precedes the prefix thio-. For instance 

CH;CH:SCH,CH20H 
2-(ethylthio)-ethanol 

The groups -SH and -SR occur in many proteins, especially enzymes. 
Methionine, the last of the essential amino acids (see page 217), is 

2-amino-4(methylthio) butanoic acid. What is its structural formula? 

A WANA NAA UAN NANA NAUTAUAATAUEAUAGUAUAGSOOTAOEAUOACOOTOUEOUUAOOEAUOATAUEOOOOEAEUEAUEOEAUEUOAUEAOOOOOUAUEOOOOOUNOUEOUOOUOGUOUCGUOOUEOUOOUOOUOUL 

eae? 
TON ea ORO FET 

SH, HH 

B QUNQUGQOOOOOQOOQOOQEOGOOQOOQOOQOOQOOOOOQOOUCOUOOOEOUOAUOGOOOUUOUUGUOOOOOUAOUENCGUEOUOOGEOOUEOOUGUUOAOGOUOOUEOUOOUEOUOOOOOEOUEOUOOUOOEOUEOUOOUL 

H H NH2 O 

Hac ¢ ae oH 
SHH 

u—G—H 

i 
© wvvv nav evav cag yea eeaeaUeeAeAGUAAUEAGUCAGOEOOEOOEOOAGUNEGUNEOUEOODEOEOUUOEOUUCOGUCOOUNOQONOQUCOOUCOUNOOUEOUOOGUEOUNEUOOOUNGOUEGGEOUUOQUNOOUN 
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A QUUTOUUOGQOEEAOUEOAUUNGGQUOGOGHOCOOUOGOQUUEEOOEONEOOOUUOGOOOUCEOOOUUNOOOUOOOGUOEAUUOGOUUNOOUEOOOUOOOUREOOUNOOQUOOOQOOOOQUUOAUOOOGOOOGUOOGUOGOUOQOQUOOOUUU 

Incorrect. This formula does not represent 2-amino-4-(methylthio)- 
butanoic acid. 

Your error is one of omission rather than commission. Compare the 
name with the formula item by item. You will find something in the 
name that is not in the formula. It is a methyl group. Read page 219 
again to learn where to place it in the formula. 

B FHUUEQUUAQUNEQUOOOOUNGOOUNAUUOOGUCOGEOOUEOOOUOOUUOGOEOOUCOUEOUEOOUCAUOGOUEOOOUOOOUOUSUOUOOOUUOUOUOUEOUEODEOUEOOUOOGUOOUOOOUOOUEEOUOOGUTOOUNOOOOOGUQGONNEETI 

Right. The structural formula for methionine is 

H H NHz O 

H-C-C-G—-on 
Suu 

H-O-H 
i 

It is one of the eight essential amino acids. Go on to page 221. 

C QOUUUUECUGOQOUUEOGQOOUOEEOOQOUOOGOOOUEOGOQUUUEUOQOOUEOOOGUEUGOOUUOOOOUEEOOGOUUUEOOUGUOQOUUOUOGOGUUNOCOOOUUNOOONQOURENNOOGOGQUUNONOOGQUUqqOOQQQUqONOOqqqNOGE 

You are incorrect. Methionine is 2-amino-4-(methylthio) butanoic acid. Look carefully at the formula you picked. 

ey tae 
Pore 

| 
H SHH H 

Notice that it has five carbon atoms in the continuous chain. That would make it a derivative of pentanoic acid, wouldn’t it? Your formula shows a mercapto- group whereas the name calls for a methylthio- group. Make both of these changes and then choose another answer. 
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Sulfides are the sulfur analogs of ethers and are named in a similar 
manner. Their general formula is R—S—R. Simple symmetrical sulfides 
such as methyl sulfide and phenyl sulfide have the formulas: 

CH3SCH3; C)- a 

methyl sulfide phenyl sulfide 

Unsymmetrical sulfides are named by giving the names of the two radicals 
followed by the word sulfide. For instance 

CH;3CH,S 

ethyl phenyl sulfide 

Mustard gas, one of the powerful vesicants used in warfare, is not 

really a gas but an oily liquid which boils at 217° C. Its condensed 
structural formula is 

Cl1CH,CH,SCH2,CH,Cl 

What is its preferred systematic name? 

ye TUTE L OMELET MCU ALDOR UMMM MMC Ce ET 

2-chloroethyldisulfide 

BD neve ngnvenvcueegegneandndedddegedeendgeddeeVeUeUeQUOOQOUOUOUUCOUOOOUOUOUOVAVOUOUSUOCOUOEOOUAUOOUOUOOOUOUOEONOQOOUOUOOQUUUOUOOOOOUOOUOUOUGL 

bis(2-chloroethyl) sulfide 

© auvvevncnnnnanennsaneveeseeaeeveesdeeoeegeegeeadde Ves VeOUAGUAONEGEAOUAGESONOOOAONOUEAUEAUEOUNOUAOUGONOOOOUEOUOUOOOOUEOOEOUOOUOUEOUNOOOOUEAEOUNGL 

2-chloroethyl sulfide 
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A PVUUOUVOUUUUOEDUAUUOUOUOUOOCOUOOCAOOUEONOUODOGOOOOONOUOGOOUOQUOUOOUOUOOOOOUOCOUOUOONOUOUOUOONOUOUOGOOOOOOAUOEOUOGOONOUOUOUOOQOOOUOGUOUOOQOEOUOONOUOUOOOUL 

Incorrect. Organic sulfides have the general formula R—S—R. The 
family called the disulfides has the general formula R—S—S—R. Which 
family does mustard gas belong to? 

ClCH,CH2SCH,CH,Cl 

Turn back and choose another answer. 

B QOQUAEUOOCAEOQQQGUUUEEEUOQQQQQQUOOOOUEEEOOQOOUOOEUCOOQOQUOONUECCOOOOQQOOUEUUEUOEAOOOQOGOQOOUUGOOEEEOOOOOOQOOGUOUROOOOOUUUUEEOGOOOUOUEEOOOOGOOUGUE 

Right. The multiplicative prefixes bis-, tris-, etc., are used to prevent 
confusion when a substituted radical appears more than once in an 
organic molecule. In mustard gas, the 2-chloroethyl group needs to be 
given the bis- prefix. Mustard gas is bis(2-chloroethyl) sulfide. Go on to 
page 223. 

C AUNVOUAOOUOOUEAUEUEAVOAUEAUAUUOCOUEOUAOAEOOOUEOAGOUOUUAGOOOUAUGGOOUEOUOOUEOUOOOUNGEOUEOUNOUOOGGUEOOUOGOOUOOUOOUOGOOGNOQ00U00G00U000080000000000000008 

Incorrect. The preferred systematic name for mustard gas is not 
2-chloroethy] sulfide. When the radical is complex, as the 2-chloroethyl 
radical is, the multiplicative prefixes bvs-, tris-, etc., must be used. Mustard 
gas is properly named bis(2-chloroethyl) sulfide. Go on to page 223. 
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Sulfoxides and sulfones are compounds which contain both sulfur 
and oxygen. Their general formulas are 

O O 

R-$—R R-S—R 

sulfoxide rons 

Methyl sulfoxide has been used for many years as an organic solvent. 

O 

CH,—$_CH, 

It recently came into prominence under the name dimethyl sulfoxide 
(DMSO). 

Sulfonic acids contain the functional group —SO3H. Although they 
are not prepared in this way, they may be viewed as the product 
obtained by replacing one hydroxy group in sulfuric acid with an aklyl 
or aryl group 

° ° 
HO ; aa Oiled CH;CH2S—OH 

| 
O 

sulfuric acid ethanesulfonic acid 

The names are formed by adding the functional ending sulfonic acid to 
the name of the corresponding hydrocarbon. The general formula is 
RSOsH. 

Benzenesulfonic acid is an important intermediate in organic synthesis. 
What is its formula? 

Ay AQutvede0eueeueeed00UOUOQUUHUUNONNNVOUOUAEOODAVOUAOOOVOOAOUOONUOOUOEHOOAUOQUOUOUOOOOUOUOOGEAOOOUOUOUOCOOUOOVOUOODUVOUAUOOUOUOOOUOCUOOEO OOOOH 

o 
BB AAUNANVAVAVANANOAALONUNUOUVOUOUAOUUUUEUANOEOOUOOOOUHOOOCGOUOCUOUUCUOCGUVECVECOUVOCTOUTEUDOUOAUOODUEOOEDOUAOTECOOOOTEEOOUTOUOOOO ETE TOTO 

O 
I 

© pny vv vnevenavnvenesgeagaeeeeeegeaeev0veeUeV000AUHCH0OOCOCHEOUEOTOEAUAGEOUOUOUEUOOOUERUUOUOUEOUOUOGOOOOUOUUOUOUOOUEUOOUNOEOUNGOOUOUOOOOEOUNGUOE 
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A QUUUUQUEUUAUAGHODEGCOOUEOUOUEOOOUEOUOUAUOOUEOUOQOOOUOEOOUOOUOUOOUOUOOGOOOUOONOONOOUOONOQUOUNOUOOUOUEOUOUOOUOOOOUEOOOUOUOOOOUNOUOUOONOUOUOUCOUOULENOUOUNG 

You are correct. The formula for benzenesulfonic acid is 

Continue on to page 225. 

B UUUCUVUUOATAEUOOCAEEEOUCODEONOUOUEOOADUOOUODOOUOOUAUOODOOUNGUOUCOUOUOOUOOOUCONOEOUEONOUOUOONOUOGOGOOUOUOOUOUOGEOUOUOUOUGONOUOCOUOEOUOEOEOOOUOUOOESEOSOUGE 

Incorrect. This formula does not have the proper functional group 
to be a sulfonic acid. The functional group of the sulfonic acids is 
—SO3H. The formula shown here 

O 
| 

Ho()é-on 

is a derivative of benzoic acid, a carboxylic acid. Turn back to page 223 
and choose another answer. 

C DUUUARUEVEOUAUEGOGUEOOOUEOOOUOGNOUOUOOOOUGUOUEUOOUADOGEGUOOOUOUOOUGEOUNOOOUEOOOUOUOOCOOOOOUOOOOUOOOOOUOUOONOUOOOOOAOOOOEOOOOSUOOUGOOORGDRNONGLONNUNGUEUEY 

You are wrong. This formula does not represent a sulfonic acid. It 
does not have the right functional group. 

T 
OO | 

O 

Sulfonic acids have the —SO3H group. When you read page 223 again, 
you will see that this formula represents phenyl sulfone. 
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Sulfonic acids form both esters and amides. The amide of 

benzenesulfonic acid has the formula 

SO,NH2 

benzenesulfonamide 

The amide can be viewed as the result of the reaction between the 

hydroxy group and ammonia as shown here 

° ° 
(C)-3-0on Tee INSEL ss ear (C)-s-nie +. HO 

O oS 
benzenesulfonic acid ammonia benzenesulfonamide water 

Sulfanilamide, one of the sulfa drugs, is the amide of another aromatic 
sulfonic acid. 

SO2NH2 

NH, 
sulfanilamide 

The acid, sulfanilic acid, is 

SO3H 

NH2 
sylfanilic acid 

What is the systematic name of sulfanilic acid? 

AA WUMUNAAUAUUAEADEAUAUAAUAUEOUOAOTAUEAVOUEAVOUEOOAUOUOUOEOEAUOOUOUOOEOOOOOEOEOUAEOEOOUOOUOUROTOOUOOOOUOAUTAOEOUCOUEOOUGOOOEO UG EO TEA TOUEHUE 

p-aminobenzenesulfonic acid 

BB MIVUANAUANUCANOUNONOUNNEUNOUO0NUOUOONOUOOUAUOOEADAVOUEOUAVAUOEOOUOOEOEOOOUEOOOOOEOVOOUOUOOOOUOUOUOUOUOUOUOOOCOOOUOUUOOOUOOEOEOOEAOOOEOOUL 

aminobenzenesulfonic acid 

© avvevvevvvesvvevuesneeavees geen nea teed UeHUeAAAOUDUEAAUTUAUTOOUTOAUTOAUEAAOUAUEOAUUAUOUAUEAUEAUUOAUEOUUUAUUOUOUOOEAUOOOUEOOUUOU ENO UUOU TOO ETOEE 

p-aminophenylsulfonic acid 

Although the reasons may not be apparent, this compound 
was discovered during the course of research on fluorinated 

hydrocarbons. 

OR toe 

O=C—C—OH 

The name of the compound suggests that chemists are not 
entirely devoid of humor. Can you guess it? See answer 

on page 226. 
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A TUVUTOVUCUOONEOTOOOOVATOVOUAUACOAUAUAUOUOUOUOCOUOUTEOOUOCOOUOUGOOOOOUOUOCOOUOOOOOOUODOUOTONUOVAQOCOOOOOOOCOOOOOEUOCOOOEOSUOOOOCOOUOOOUOOOOUOTEOOOU 

Right you are. Sulfanilic acid is p-aminobenzenesulfonic acid. 

SO3H 

NH: 
p-aminobenzenesulfonic acid 

(sulfantlic acid) 

Go on to page 227. 

BB sunvavuunvnsnueedscvueesaueegvvUeesguenegdsUeeeggsUeesQQ 004000 0SEU0GUUUAOUNEOOOUEGAGUEEGOGUUOGOOUUEOOOGOUOEOOQOUEOOOOUUNOOONUEONOOQUUOOOOGUUONOOUUUEI 

You named sulfanilic acid as aminobenzenesulfonic acid. 

SO3H 

NH» 

You are right as far as you went, but you did not go far enough. Aren’t 
there other places where the amino group could be attached to the ring? 
If there are, the location must be specified. Turn back and choose 
another answer. 

C OVUQOGUCUUOOUOVEUEUOVOTAVAVATOTATOCUAAUOOOUOUOOOOUOTNOOOAUUOUUOOOOOOOEOOGROQONOQOCOUOUONAOOOUOUOUEOOONOQOUOUOOOUOUOUOUOUOUOUOCONUOOOONOOOOOOONONGEN 

Incorrect. Sulfanilic acid is not p-aminophenylsulfonic acid. When a 
functional group such as —SO3H or —COOH is substituted on a benzene 
ring, the name benzene is maintained. For example, phthalic acid is 
1,2-benzenedicarboxylic acid. 

O 
I 

T 
\c=0H 

SO3H 

Benzenesulfonic acid is 

Turn back to page 225 and choose another answer. 

Ny eae 

O=C—€—_OH 
squaric acid 
(No kidding.) 
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Alkylated benzenesulfonic acid salts are used in detergents. They are 

present as mixtures rather than individual pure compounds. Typical 
formulas for the parent acids are 

SO3H SO3H SO3H 

CH2 (CHa) ipCHs CH3CH (CH2)9CH3; CH3(CH2)sCH (GH2)1C H3 

The aromatic ring may be substituted on any carbon of the 12-carbon 
chain. Detergents having the ring at or near the end of the chain are 
claimed to be most efficient. 
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As a final exercise for this chapter on functional groups, you need 
the opportunity to demonstrate your knowledge of them as well as 
compounds which contain them. On the following pages are 20 matching 
questions. The number which appears after each question is a page 
reference to use for review if you need it. Choose your answers from 
the formulas below the questions. The questions and answers are 
matched on the reverse side of each page. Go on to page 229. 
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Secondary aliphatic alcohol (123) 6. A ketone (139) 

A diol (125) 7. A carboxylic acid (145) 

An aromatic alcohol (127) 8. Benzoic acid (159) 
. An aliphatic aldehyde (133) 9. An anhydride (161) 
. Benzaldehyde (137) 0. An acyl chloride (163) — 

OH 
| 

] R—C—R’ 
R—C—OH | R—C—Cl 

R” 

(a) (0) (c) 

OH 
I O CH;077-\\CH; Ios 

R—C—OCl 

(d) (e) (f) 

] on 
CG—OH 5 

l R—C—R’ 
R—C-R | 

H 
(g) (A) (2) 

O 
| O O O 

CH,C—H I ] I 
H-G-H R-C—O=C 5 

(2) (7) (k) 

HOCH.CH,OH 

(m) 
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lee 7 

Za 

IO, & 

Go on to page 231 



iS 

. An ester (165) 
12: 
ie 
14. 

A mixed ether (177) 

A mixed amine (197) 
A primary amine (193) 

. A tertiary amine (193) 

©” 

(n) 

eee 
CH3C—O—CCH3 

(q) 

CH;SSCH; 

(t) 

ag | 
CH;CHC—OH 

(w) 

R—NH, 

(0) 
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. Aniline (199) 

An amide (205) 
. An amino acid (213) 

. A sulfide (221) 

. A sulfonic acid (223) 

ay 
eo Para 

(p) 

CH;CH,0CH; Hc(C) sou 

(r) 

HNCHs3 
O 

R—C—O-R’ 
(u) (v) 

CH3—N—CH3 O 

bu, (C)-}-ei 
bu, 6 
(x) (y) 
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Natural Products 

Organic compounds derived from living or once-living plant and 
animal organisms are called natural products. An almost infinite variety 
of these compounds has been isolated and identified. Their structures 
are usually rather complicated and, for this reason, their nomenclature 
leans heavily upon common names. They can be grouped into about a 
dozen classes on the basis of certain structural features and chemical 
reactions. Three classes— carbohydrates, proteins, and fats—are parti- 
cularly important because they are the three main foodstuffs. Each will 
be discussed briefly in this chapter. 

4.1 CARBOHYDRATES 

Carbohydrates are compounds of carbon, hydrogen, and oxygen in 
which the hydrogen and oxygen are ordinarily present in the same ratio 
as they are in water: 2 to 1. The term carbohydrate stems from this 
fact. Many of them have the empirical formula CpH2pOp which formally 

corresponds to a “hydrate of carbon,” Cyp(H2O)n. Carbohydrates are syn- 
thesized more or less directly from COzg and H2O in photosynthesis. Sugar, 
starch, and cellulose are all carbohydrates. Sugars, besides being foodstuffs, 
are important functional parts of all living organisms. Starch is the 
principal constituent of seeds and grain, while cellulose is the main con- 
stituent of wood. 

Which of these formulas represents a typical carbohydrate ? 

Ay AU UUeeV000 UA NUAAUAAAAEAUAGUAUOUTOUAOAERAUEOUEUEOUEOUOOOOOOUEOUEOUOOEOUOOUOOUOOUEOGOOOUOUEOUEOCOOUUOUEGOOUOOUOUEOOOUUOOOUOUOOUOOOONOUOOUY 

CyoH201 

eh LUQQUQQUEQUNOUNEUEOOONAQOOOCQOOOQQ0UONUCTVQUOUEEUQOUOUCUVOVOUCUUCCEDEOUOOOQCQUOEOGOOUOVOVUUOCECVOOUUCQOOOUUOCUOUUUCOOOOUUUECVOUOUUUEOTOEEE, 

CgH 1006 

C HOUUUOQUUUUO ODO OU NOU DUGUDOQERUNDOOUOGUDERNUOU AU OUUOQREUOCQOUOUGUOOOUUCUOOCCTOUUUOUGCUOCOUCOOEEODEOTOEE OU EOC TOOUDERUDOUEOGTETOOEEREDEUTECIUUOU 

Cy2H2Oi,N 

233 
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A UUUOUEUUUUUUOUEUUUUEUOUEOOUEUGUEEUOUOOOuEUavancenncocveecaueueaveeceveececeeeaveoevenenencavaoneveceeuegevaecavuenuasneenutt 

You are right. CygH22O is the molecular formula for common table 

sugar, or sucrose. Incidentally, it is the most widely available pure organic 
compound. Go on to page 235. 

No. Although not all carbohydrates have hydrogen and oxygen in 
the ratio of 2 to 1, most of them do. For example, glucose is CgH20¢; 

arabinose is CsH10Os; erythrose is CyHgO«4. One exception is rhamnose; its 

formula is CgHj20O5s. Go back and choose another answer. 

C DUVUUUOUVOOTACTOATOCTECOVATEACOETAOTERET TODA ETETOC TECTED TDA EOE T AOA ETUC ODOT ODOT TO UOTE POOP O NO O OOO A 

You are wrong. Carbohydrates contain only three elements: carbon, 
hydrogen, and oxygen. The latter two are usually present in a ratio of 
2 to 1. The formula you have chosen, CyzH2O1N, contains nitrogen. 
Turn back and choose another answer. 
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Structurally, the basic units of carbohydrates are hydroxylated alde- 
hydes and ketones. Here are the formulas of two simple sugars, glucose 
and fructose: 

CHO CH20H 

H—¢_oH C=O 

HO-G-H HO-C-H 

H-G—OH H—¢—OH 

H—C—OH H—G—OH 

GH.OH CH.OH 
glucose (aldehyde) fructose (ketone) 

The nature of the functional group in the molecules of sugars leads to a 
further degree of classification. Those with aldehyde groups are known 
as aldoses while those with ketone groups are called ketoses. 

The number of carbon atoms in the unit is also used as a means of 
classification. Glucose and fructose both contain six carbon atoms and are 
hexoses. Pentoses contain five carbon atoms; tetroses, four; and so on. 

Here are some examples to illustrate these points: 

CHO 
CHO | 

CHO | Ome Cie bd 
| Ha ¢] Ol 

HO OH | HGH OrH 
He C—O | 

CH20H | CO 
CH,OH | 

CH20H 
glyceraldehyde erythrose arabinose 
(aldotriose) (aldotetrose) (aldopentose) 

How would you classify galactose ? 

CHO 

H—G-oH 
HO-C-H 

HO> GS 

H>=G—OH 

CH20H 

AL MAMUVANAVAAUAUAUAAEOAAUAVAVAVAVOUOUAUAUUADOUUOAOATAEAUATAAAUOVAVOOUOOOUOTACAEUCUO EEE TOTO TATA OA TT EU CATA EO TATRA EA AEE 

aldopentose 

aldohexose 

© pnvnvevveea ceva eggs ce 00 V0VAGCACATATACUAEAUAVAVEAOAUOUOUTAOOUEOAUTOUOOUEOOOOQEUOOOOOUOUOOUEGUOOUEOEOOOVOUUOOGOUEOUOUOUEAEOVOUOG EGTA TOUT 

ketohexose 
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Ax WUAUNUAANEAANUEAAUUELAGUEEAAUONEEQOUENEOGUOUOOAOUOEGLUOUAAOOUUAQOOUUAGUOUUODOUAGUEOOUOUOQOUOOUEOOUEOOGOUOOUEOOUOUAUOUOOOUOUEOOCOU EEUU UEOECOUOUOUOUOUO 

Partly right. Galactose is an aldose, but not an aldopentose. Count 
the carbon atoms again. What is the prefix for six ? 

CHO 

H-¢—OH 

HO-G—H 

HO-C-H 

H-C-OH 

CH20H 
galactose 

Turn back and choose another answer. 

BB snvvvunvvnunnnncnssveeesvsuessuuegaveesa essdeesdeesgUedsU0esdOUsUUCGUUUUAUUUOUUEAOUCOQOUAUGUOUEOOOOAUTOUOUOUUOQUUOUEOQUEOGUEOOUEOOUoGOUeNdGOOueOUanAUtt 

You are right. Galactose has six carbon atoms and an aldehyde group. 
Therefore it is an aldohexose. Go on to page 237. 

G cvvvvvccucvevevvvncuneeeenssouoeeeegnsgd UU veeeU AANA UU TEEUAAAUEUAQOUGUEEAOUOUOEUUAQOOUUUNEEOOOOOUUEOOOOOOOUUONEEOOOOQUOOOEEUOGOOUUOEEOAUSUUEEOOUUOON 

Wrong. Galactose is a hexose, but not a ketohexose. Don’t forget that 
O O 

I 
the functional group of aldehydes is ton, that of ketones is —C—. 
Look at the formula again. Then choose another answer. 

CHO 

H—CG—OH 

HO—¢—H 

HO-G—H 

H—G-on 

CH20H 
galactose 
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Glucose, fructose, and galactose are called monosaccharides because 
they are single sugar units and cannot easily be degraded to simpler 
carbohydrates. When more than one sugar unit is present in a carbo- 
hydrate molecule, it is a polysaccharide. Polysaccharides may be further 
designated as disaccharides, trisaccharides, etc. 

Sucrose, ordinary table sugar, is a disaccharide composed of one 
glucose and one fructose unit. 

‘ H2OH 

CH,OH 

ae ae yet pean oe ye 

oe if Ne ie ae a 
T 

tH OH OH H 

SUCTOSE 

(a@-D-glucostdo) -8-D-fructofuranoside 

Hydrolysis of sucrose in the presence of acids or the enzyme sucrase 
yields glucose and fructose. 

The complete hydrolysis of starch or cellulose yields only glucose. 
About 200 to 1,000 glucose units are linked to form starch molecules. The 
molecular weight of cellulose is higher; it is made up of about 1,500 
glucose units. 

Carbohydrates exhibit a kind of isomerism that is new to us in this 
program. It is called optical isomerism. You will recall that isomers are 
compounds which are chemically different but have the same molecular 
formula. In the past we have considered only structural isomerism, in 
which compounds differed in the order in which the atoms were attached 
to one another. For instance, ethanol and methyl ether are structural 
isomers. 

CH;CH,0OH CH30CH3 
ethanol C2H,O methyl ether CoHgO 

Glucose and galactose both have the molecular formula CgHj2O¢. 
Furthermore, they can both be represented by the same structural 
formula. That they are two different compounds can be shown by the 
different rotations which their solutions give to plane-polarized light. 
This effect is the origin of the term optical isomerism. 

The difference between glucose and galactose lies in the spatial 
arrangement of the atoms in the molecules. This spatial arrangement is 
known as configuration. Only a brief discussion of configuration can be 
included in this program. 

What kind of isomerism accounts for the difference between glucose 
and fructose ? 

CHO CGH20H 

H-C—OH b=0 

HO-C-H HO-—G +H 

H—¢-—OH H—¢—OH 

H—¢—OH H-C—OH 

CH.OH CH.OH 
glucose fructose 
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PVE 

Optical isomerism 

Structural isomerism 

Cv vce e Ve O VOCE UCC T ETT 

No isomerism at all 

Answers are on page 240. 
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“Pep pills, bennies, and goof balls” contain either Ben- 
zedrine or Dexedrine. Benzedrine, whose generic name is 
amphetamine, is a racemic mixture of the compound shown 
here; Dexedrine is the dextrorotatory isomer and its generic 
name is dextroamphetamine. 

CH,CHNH2 
| — H,SO, 

GH 3 
amphetamine 

DL-a-methylphenethylamine sulfate 

/ 239 
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A DUUVUCVVOLUUCUDUUUUUUUUA UCU EEDU CUE UUDE OUTDO UDOT EDT DEDEDE ETE 

You are wrong. Both glucose and fructose are optically active, but 
the difference is more apparent. You can see that glucose is an aldohexose 
whereas fructose is a ketohexose. This type of isomerism is sometimes 
called functional isomerism, but we have given it another name. Turn 
back and choose another answer. 

CHO CH20H 

H—¢—oH c=0 

HO-C_H HO—C-H 

H—¢—OH HCO 

H—C—OH H—C—OH 

CH.OH CH.OH 
glucose fructose 

You are right. Glucose and fructose are structural isomers. The atoms 
are attached to each other in different ways. Glucose is an aldohexose 
while fructose is a ketohexose. This type of isomerism is sometimes 
termed functional isomerism, but we have called it structural isomerism. 
Go on to page 241. 

C TEEPE TE TETET CECT TEU TECTED EPEC TTC U CECE OUP SECO DCCC D CUCU CE OEUP EEC TOUEEEETEDEUREOCUETE 

Wrong. Glucose and fructose are isomers because they both have 
the molecular formula CgHigO¢. Examine the formulas closely when you 
turn back to see if you can discover any difference between the two. 
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Optical isomerism is characteristic of molecules which lack symmetry. 
The condition necessary for the existence of optical activity is that the 
arrangement of the atoms in a molecule be such that the molecule and 
its mirror image are not superposable. If a molecule has a plane or 
center of symmetry, it and its mirror image are superposable; they are 
optically inactive. Consider these two pitchers for a moment. 

(a) (b) 
A plane through pitcher (a) would bisect it and is called a plane of 

symmetry. Pitcher (b) has no such plane of symmetry. Pitcher (a) and 
its mirror image are superposable; pitcher (6) and its mirror image are 
not. 

Since it is not always easy to visualize elements of symmetry in 
molecules, a simple system has been devised to determine whether or 
not a molecule is capable of optical activity. If a carbon atom has four 
different groups or atoms attached to it, it is called an asymmetric carbon 
atom and the molecule can have optical isomers. To prove to yourself 
that molecules containing asymmetric carbon atoms are not superposable, 
construct the tetrahedral models on pages 243 and 245. The two are 
nonsuperposable mirror images of each other. 

Which of these compounds has an asymmetric carbon atom ? 

A DODDED EDD E TOTP OUTPUT eee 

I 
| 

Br—C—Cl 
| 
Cl 

PITT TTT TTT 

CHCl 
| 

Cl,CH—C—CHy, 
| 
OH 

C TOPEO TEED OT EE CODD D CDT O DETTE 

Br 

Cl—C=CH, 
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A vine vence even ecenee ee Uee Ce CO NUOVO UUUUTTOUEUTUDEUECOUUETU OTE PTET COU DU CECT TEU TEP EE EEE 

Wrong. The carbon atom in 

I 

| 
Br—C—Cl 

| 
Cl 

is not asymmetric. The compound does not have optically active isomers. 
If you mark your model tetrahedrons to represent the compound, you 
will discover that they are always superposable. Turn back to page 241 
and select another answer. 

Right. The carbon atom indicated by * is asymmetric because 

CH.Cl 
| 

Cl,CH—C*—CHs3 
| 
OH 

it is attached to four different groups: —CHe2Cl, —CHCle, —CHs3, and —OH. 
If you mark your tetrahedrons. to show mirror images of this compound, 
you will find that they are not superposable. The compound could have 
two optically active froms. Go on to page 243. 

C PUNTEUC TOU UUO CTE CT ECT eee 

You are wrong. An asymmetric carbon atom must be attached to 
four different groups. Is this true of either carbon atom in this compound? 

Br 
| 

Cl—-C—CHe 

The presence of the double bond limits both carbons to three groups 
and neither is asymmetric. Go back and pick another answer. 
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Fold under and glue 

Figure 2. Tetrahedral model of L(+) glyceraldehyde. Cut out and assemble in the same 
way as Figure 1. See also page 249. 
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Fold under and glue 

Figure 3. Tetrahedral model of p(—)glyceraldehyde. Cut out and assemble in the same 
way as Figure 1. See also page 249. 



ia Cees aoa 
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If a given structural formula has one asymmetric carbon atom, 
there may be two optical isomers which will rotate plane-polarized 
light equally, but’ in opposite directions. The two forms are called 
enantiomers (En an’ ti 6 mérz)—a general term used to designate 
mirror-image forms that are not superposable. Your two models might 
represent enantiomers. 

An equimolar mixture of enantiomers does not rotate plane-polarized 
light. The rotations of the two optically active isomers cancel each other. 
Such a 50-50 mixture is known as a racemic (ra sé’ mik) mixture. 

The maximum number of optical isomers possible in compounds with 
more than one asymmetric carbon atom is 2" where n is the number 
of asymmetric carbon atoms in the molecule. The structural formula for 
glucose has four asymmetric carbon atoms. Hence 16 optical isomers are 
possible. All of them are known. 

CHO 

H-G*-on 
HO-c*—H 

H—G*—OH 

H—C*—OH 

dH.0H 
glucose 

How many optical isomers can xylose have? 

a 

HC Or 

hee 

a 

CH,OH 
xylose 

A POPUP TUT U DETTE eee 

4 

B PODQUD ODED DDE D ODE E DUT O Dee 

8 

C POPOUOU DOCU TPO A MDDOT OED E OTe 

16 

Help! 
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A000 CUE 

Wrong. Your answer is too small. Remember that the number of 
possible isomers is given by 2", where n is the number of asymmetric 
carbons in the molecule. An asymmetric carbon atom is one which is 
attached to four different atoms or groups. Go back and examine the 
formula again. 

Right. There are three asymmetric carbon atoms in xylose. 

CHO 

H—G*—OH 

HO—G*-H 

H—G*_OH 

GH.OH 

These are indicated by *. The number of possible optical isomers is 
2?=8. Continue to page 249, 

C PETE TET OTE EET EEE 

Wrong. Your answer is too large. Remember that an asymmetric 
carbon atom must be attached to four different atoms or groups. Turn 
back and examine the formula carefully. 

So you need help. OK, see if this will do it. 

ae 

HanGak 

ae 

eee 

CH,OH 
To determine the number of possible optical isomers for a given struc- 
tural formula, we must first count the asymmetric carbon atoms. 
Asymmetric carbon atoms are attached to four different groups or atoms. 
Neither of the terminal carbons of xylose is asymmetric. One is attached 
to only three groups and the other is attached to two hydrogens. 
Examine the other three carbons, then choose an answer. 
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A compound which rotates the plane of polarization to the right (as 
the observer faces the light source) is called dextrorotatory; one which 
rotates it to the left is Jevorotatory. Dextrorotatory compounds are 
indicated by (+) at the beginning of their names; levorotatory forms by 
(—). For example, (+)-glyceraldehyde and (—)-lactic acid. 

The answer to the question “Which of two enantiomorphic models 
represents the (+) form of a compound and which the (—) form?” is 
given by its absolute configuration. Until 1951, the question had no 
answer. However, if the configuration of a reference compound was 
assigned an arbitrary configuration, the configurations of other optically 
active compounds could be compared to it. This configuration is known 
as relative configuration. 

The substance used for reference is (+)-glyceraldehyde. In 1951, a 
special kind of x-ray analysis was used to prove that its absolute 
configuration is that shown by the perspective formula (a). Formula (6) 
is a projection of the perspective formula on the plane of the paper. 

CHO oe 

tas ey Ble 6) H—C—OH (a) n€ Son (6) 

CH2OH CH,OH 

Your two models represent (+)-glyceraldehyde (Model <A) and _ its 
levorotatory enantiomer, (—)-glyceraldehyde (Model B). Model A should 
help you to grasp the spatial relationships of (a) and (6). 

There is no apparent correlation between the configuration of an 
asymmetric carbon atom and the direction of rotation. Active compounds 
are divided into two families on the basis of their configuration, since 
configuration is more important than direction of rotation. Compounds 
related to (+)-glyceraldehyde are said to belong to the pb (pronounced 
dee) family, and those related to (—)-glyceraldehyde belong to the 1 
(pronounced ell) family. p and . refer to configuration and not to 
direction of rotation. 

Both the relative configuration and direction of rotation are often 
specified in the names of carbohydrates and other optically active com- 
pounds. For example, p(+)-glyceraldehyde indicates both the configura- 
tion and direction of rotation. 

The most important carbohydrate is glucose (also called dextrose). It 
is dextrorotatory and has a configuration related to (+)-glyceraldehyde. 
How should it be designated? 

P WITTTTEULUULLELELU UA A EEUU COTM ANE EEUEUOTNUUEEUUUTTDURETTLTLTUUEETTTTTTTERTETTITTTMTETTT TTT TT 

L(+) -glucose 

TUTTLE LLL LO ELLE LUCIO E TCE E TUTTE TNT 

L(—)-glucose 

CANTATA EEE Eee ee 

D(+)-glucose 

D Tee eee 

D(—)-glucose 
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ACen 

Incorrect. If glucose is dextrorotatory, it should have (+)in its name. 

So far, so good. If its configuration is related to p(+)-glyceraldehyde, 
however, it is a member of the p family and is correctly designated as 
D(+)-glucose. Bear in mind that configuration and direction of rotation 
are not directly related. That is why both are specified. Go on to page 
251. 

RUTTER CELLU LULOUALOECU RLU ECU RUE E OTE NCTE TE CECT TTI 

You are wrong. By convention, the dextrorotatory direction is 
indicated by (+). Since glucose is dextrorotatory, it must have (+) in its 
name rather than (—). Read the question again to see if it belongs to 
the p family or the L family. Then choose another answer. 

HATTER 

Correct. A dextrorotatory compound with a configuration related to 
D(+)-glyceraldehyde belongs to the p family and its rotation is in the 
(+) direction. p(+)-glucose is the proper name. Go on to page 251. 

Incorrect. Since its configuration is related to p(+)-glyceraldehyde, 
glucose belongs to the pfamily. Rotation of plane-polarized light to the 
right is indicated by (+). Therefore glucose is properly named p(+) 
-glucose. Bear in mind that both configuration and direction of rotation 
need to be specified because they are not directly related to each other. 
Go on to page 251. 
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An important point which needs emphasis is that the correspondence 
of the functional groups in a compound to the functional groups of p 
(+)-glyceraldehyde -must be given in order to determine its relative 
configuration. For instance, the configuration of (+)-isoserine is the same 
as that of (+)-glyceraldehyde if the carboxy and aminomethyl] groups of 
isoserine correspond respectively to the aldehyde and hydroxymethyl 
groups of glyceraldehyde as shown here. 

oe COOH 
| 

esp —OH H—C—OH 

CH,OH CH2NH2 
(+)-glyceraldehyde (+) -tsoserine 

If the carboxy and aminomethyl] groups of isoserine correspond to the 
hydroxymethyl and aldehyde groups of glyceraldehyde, then (—)-isoserine 
corresponds to (+)-glyceraldehyde. 

oe CH2NH2 
| 

eee wer 

CH,0OH COOH 
(+) -glyceraldehyde (—) -tsoserine 

In the case of isoserine, it is understood that the first correspondence is 
to be used and the enantiomers are called p(+)-isoserine and 1L(—) 

-isoserine. If you continue your study of carbohydrates, you will learn a 
great deal more about their optical activity and configurations. 

4.2 PEPTIDES AND PROTEINS 

Proteins may well be the most important chemical constituents of 
living animal organisms. Muscle fiber, skin, nerves, and blood are largely 
composed of proteins. Moreover, certain hormones, enzymes, and anti- 
bodies are proteins. 

In a chemical sense, proteins can be defined as high-molecular- 
weight polymers which can be hydrolyzed to yield amino acids. The 
amino acid “building blocks” are connected by this sort of linkage: 

© 
ie wl 

R-G-N-R: 

What kind of linkage is this? 

A LI 

amide 

BB AUUQVUNQUUOQUECCROUNOCCCUCCOTCC TOU EEC EE 

ester 

C LU 

ether 
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AQT 

Right. Peptides and proteins are built from amino acids through amide 
linkages. You should recall that the textile fiber nylon has the same 
linkage. Continue to page 253. 

You are wrong. Don’t you remember that esters are formed from 
the reaction between an alcohol and a carboxylic acid? Neither of them 
has nitrogen in its functional group. 

T T 
R—OH + HO—C—R’ —> R—O—C—R’ + H2O 
alcohol acid ester water 

Perhaps you need to go back and review Chapter 3. If this was only a 
careless mistake, go back to page 251 and choose another answer. 

C TEEPE eee 

Don’t you remember that the functional group of the ether family is 
—O—? Here is the peptide and protein linkage again. 

Orr 
ee 

KR=CaN—K! 

The functional group of the linkage is 

ie 
It is formed when an amine reacts with a carboxylic acid. Does this spur 
your memory ? If not, you should review Chapter 3. If it does, turn back 
and choose another answer. 
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The amide linkages in proteins are also known as peptide bonds or 
peptide linkages. Formation of a peptide linkage involves the separation 
of a molecule of: water from the reaction between a carboxyl group and 
an amino group, as illustrated here. 

i i 
R’—NH, +=+ HO—@—R> => ~—&R’ = N=C—R +  ~H;sO 

amine acid peptide bond water 

Because amino acids have both the carboxy and amino functional 
groups, they can form large polymeric molecules in which the amino 
group of one reacts with the carboxy group of a second, while the amino 
group of the second reacts with the carboxy group of a third, and so 
forth. Polymers made up of a small number of amino acid units (up to 
about 100) are commonly called peptides, the larger ones (up to 10,000 or 
more) are called proteins. 

The individual amino acids and the order of their combination deter- 
mine the nature and function of the protein. Because they are less com- 
plex, the structures of peptides are better known than the structures of 
proteins. Glutathione, a common component of tissues, is 7-L-glutamy]- 
L-cysteinylglycine. Its structure is: 

O> NEH> oH Oe CHsSH@- HoH “© 
Ne aig cal oy lle age Ueesivercle all 

HO~C- GG GCN GCN cou 
| aise aR pg 7 Sa oot 7 

Which letter indicates the glycine portion of the peptide? (Glycine is 
2-aminoethanoic acid.) 

Pd 

VONUVUUOUODDUOOCCUOENOUOOCOOOUUH FOUQGUUONGOONOONOCOODEUDONOIONUINT §=o a 
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A TUTTE eee eee 

Incorrect. If glutathione were hydrolyzed, the amino acid in the “A” 
portion of the molecule would have the formula: 

pe ca eee 

H Ele 

It has five carbon atoms in its chain and is a derivative of pentane. Its 
common name is glutamic acid. Go back and choose another answer, 
remembering that glycine is a derivative of ethane. 

Brvcucveevacgvncvaegceecuegveeseeceggeeegee eee 0000000 OU0COUCCOCUDEOCOAOCOUCOUOEEOODOUEEOUUOOOUONOOOUEOOEOEOEEERAVORNOD 

Wrong. When glutathione is hydrolyzed, the amino acid- from the 
“B” portion of the molecule is 

CHSH O 
| I 

H,N— . C—OH 

H 

It can hardly be 2-aminoethanoic acid. It has three carbon atoms in its 
chain and is a derivative of propanoic acid. There is also a mercapto 
(—SH) group to be accounted for. This is the formula of cysteine. 
Choose another answer carefully. 

GC vnvvsvevvaveveaveveveavavevecvevavcanevevcavaeceavsveveneavavaneavevegeavavevgaesevencaveveveaeaceveveenneiniemnny 

You are right. When glutathione is hydrolyzed, the “C” portion of 
the molecule yields glycine. 

ay O 

H-C—C—OH 
H 

glycine 

Go on to page 255. 
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During the investigation of peptides and proteins, many amino acids 
have been synthesized. It has been found that these synthetic amino 
acids are identical to their natural counterparts in all respects save one. 
The exception is their optical activity. Amino acids which are isolated 
from proteins all belong to the t family; the synthetic acids are always 
formed as optically inactive racemic mixtures. 

The behavior of two enantiomers in living systems is often quite 
different. In some extreme cases, one form can be necessary for the 
health of the organism while the other may be a poison. 

Which of these amino acids cannot have optically active forms? 

A TUCO eee 

NH2 O 
| I 

re sans 

H 
glycine 

~ 

re, 
Se ee 

ger 
alanine 

Cette NVA VU CUNGUEVUCUOVUCTUTUUCUECUOOCU TVET EU UDE CDOT OTE TT ETE TTT 

H H NH. O 

fe qe con 
H HGH 

H 
valine 
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A PUOTUTUVEUUTAATATAVAOUEATODEUADOOTAVAOOUAOOOUOCUUAUEVOUOOEOUAUSOUOUOUOUOOOGUOEOOOUOOOUOOVOVOUOOOONOUOEOCOOAOUOUECVOOOUVOUOUOUOUOOOGOOEOOOUOOOUOUE 

You are right. Neither of the carbon atoms in glycine is 

NH: O 
| I 

eid dee le 

H 

asymmetric. It does not have optically active forms. Go on to page 257. 

Incorrect. Examine the formula of alanine again. Isn’t the carbon 
marked by * asymmetric? If it is, alanine can have two 

H—C—G"—C—OH 

He 
optically active forms. It does. Turn back and choose another answer. 

C UVUUAAUAVAOUTAEAUAUEUEAEOEAUCAMAOAATOUEOUEOEAUCGEOEOOUOUUAUEOUCOUOOOUOOOOOOOOOOOONOONOUOGOOQEOUOGUOUEOUOOOOUCGUNOUOQUOUOUOOUOUEOOOUNUEOEOUOUIOUGUOEE 

Wrong. This is the formula of valine. Look at it carefully. 

HaeH — Neo 
doo 4 eee ee 
H H-G-H i 

H 
Isn’t the carbon atom marked with * asymmetric? If it is, valine can 
have two optically active isomers. It does. Go back and select another 
answer. 
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4.3 FATS 

Fats are the third group of natural products used as foodstuffs. They 
are esters of the higher fatty acids and the triol, glycerol. Because they 
are derived from glycerol, these esters are frequently called glycerides. 
Liquid fats are called oils and solid fats are called tallows or butters. The 
dividing line between oils and tallows or butters is not clear-cut because 
of differences in the temperature of various environments. Palm oil may 
be a solid in Alaska. 

Most of the fatty acids have an even number of carbon atoms because 
they are synthesized in biological systems from the ethanoate (acetate) 

ion, CHsGOO-, which contains two carbon atoms. For this reason, carboxylic 

acids with odd numbers of carbon atoms are not common in natural 
products. 

Glycerol, the alcohol portion of fat molecules, is properly named 

1,2,3-propanetriol. Which of these is its structural formula? 

Aj WUdAAUTAUAAUAAUEAONAGUEQUEAUUAUEGUOUEAUOGGOOEAUOOUOUEOUOOOUOGUOOUOOEOUUOQEOQEOUOUOUOOOUOQUEOUOOOUOQUCOUOUCOOUGUUNOOUOAUEEOOUOOOUOOOUNOGAOULOUNOUUNNL 

OH 
| 

HO—CH,—CG—CHs3 
| 
OH 

BB saunvsvneacengnaveesueeauessveavenadesaUesddeaQgesUeedQ0e4UeQGUU4UU0QUUHU004UU0UOUHUUOUOEGUEOGUNOUOUOUEEOUEOOUOOGUUOOUUOOEOEOOUUOOUNOOUUOOUIOOUL 

a 

HOCH,CHCH,OH 

HATTIE PEER RELLO ECOL EEC ECO UEC TCOELOO RECO ECE OEE 

OH 
| 

HOCH,CHCH,CH,OH 
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A EEE 

Incorrect. The correct systematic name for glycerol is 1,2,3-pro- 

panetriol. The formula you picked is 

OH 
| 

Egat 

OH 

If this compound existed, it would be named 1,2,2-propanetriol. In 
general, compounds with two hydroxy groups on the same carbon atom 
are unstable. Turn back and choose another formula. 

B UUUTUOUOUAVOGOUEUAVOVOUONONOUOOOUANOOUODOUOUOOOUOUOOVOUUEOOUNUOUOEOEOOOOOUOEOOAUOUOOACOOOOOOOOUOCUOOOUONOOUEUAOGOOAUOUODOOOEOEOOOOOOOOOOUOUOGOEEOOOUEN 

Right. The structural formula for glycerol is 

OH 

HOCH,CHCH,OH 

Go on to page 259. 

C UVUAVAUOUATOUUCUEUOUEUOOEOTOTOVOUATAOAUAEAAOOAUOADAVOVAEAOUOCUOVOUOOOUOEODOEAEOUOOONOEOOONOOOUOUOUOUOCOOOOEOEOOONAUOUOUOUOOORNECANONONUNONOOUNUCUEE 

You are wrong. You have chosen this formula to represent 1,2,3- 
propanetriol. 

OH 

HOCH,CHCH,CH,OH 

It is a triol, all right, but is it a derivative of propane? Aren’t there four 
carbon atoms? It represents 1,2,4-butanetriol. Better go back and choose 
another formula. 
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Whether a fat is liquid or solid depends to some extent on the amount 
of unsaturation in the fatty acid segments of the molecule. In general, 
the more unsaturation, the lower the melting point of the glyceride. 
Hydrogenation or “hardening” of corn oil and cottonseed oil to make 
cooking fats such as Crisco and Spry is an important commercial process: 

Ni 
catalyst Saturated fats Unsaturated fat + He 

You should recall that the hydrolysis of an ester in the presence of 
a strong base is called saponification. When fats are treated with sodium 
hydroxide or another strong base, the products are glycerol and the salts 
of the fatty acids. 

O 

CH,O-C_R 

O CH,OH O 

CHO—C_R ous) NatOlHe —- CHOH 3 R-C—C-Na’ 

bi,0H 

CH,O-C_R 

The latter are soaps. Prior to the twentieth century, soap was usually 
prepared by treating animal fats with water extracts of wood ashes. These 
extracts contained sodium and potassium carbonates. In this process, the 
carbonates bring about saponification. It has been used since Babylonian 
times and is still practiced in primitive countries. 

Which of these acids would you expect to predominate when liquid 
olive oil is saponified? 

AL vveen na nnn ee eeU ea eeU CANA TANAEATOOTAUOOEAUOATAVEAUOUTAGEAUE CEU TAVEOEAUAVOEAOAUEATAUEUTOOOATOEO OOOO UUA UA UUOU OOOO UEA OTA PUATEAEO EOE 

oleic acid CH;3(CH2)7;CH=CH (CH2);COOH 

palmitic acid CH3(CH2) .OOOH 

© suvcvvcvev eevee ve eane vege ge eaee gee 0eeCCA GCA YAATAEATEATEAAAUTAUEOMEGUEGOEOUOOOOACAUEAUEOUOOGOVOUOOVOUEOUEOEOEAOOUEOOOOEOUOOEO EA LOEA CUE 

3-pentadecenoic acid CH3(CH2) »>CH=CHCH,COOH 
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A QYVUAUOUALOCATEOUUEGQUUOUEAUOOOUEAUEOAOUAUEOAUCAUCAQUEOOUROQUUOUUEOUOOOUUOOUOOQUUCOQUOOOUOEOGUUOOUUOQUQOGOCOUOOOUEOOUOOGOOOUOOQONOUNGQUOOUOCOUEOQUqOQNOGUUI 

Right. The formula you have chosen represents oleic acid. Olive 
oil yields 69 to 84 per cent oleic acid when it is hydrolyzed. Oleic acid 
has an even number of carbon atoms (18) and its unsaturation contributes 
to the low melting point of the oil. Go on to page 261. 

B TVUUVUQOAUOOUAUEOUEADEGUNTUOUOOUOOOUOUOOUEOOUCOUCOUEOOEOGUOQUCOUEOOUOOUOOUOOEOOUOONOSUOGUOOOOOUOOUOQUOOEOOUOQUOOUOOUOOCOQEOUOOUOOUOUOOOOOUOUOOOOOTOUOAUNNI 

Incorrect. Although olive oil does yield 5 to 15 per cent palmitic acid 
when it is saponified, it is not the major constituent. Most fats, including 
tallow, lard, and butter, yield a higher proportion of palmitic acid. Read 
page 259 again and pick another answer. 

C AUUVAOUVAERUEUOOOUCOVGAUOVEUEOVOUEAOOUAVAGOOCOUAUOUOGEOTAUEGUOEAUEGEOGOUOUOOOOOUOOCAOOVOOUOTOOOUOUOGOOEOUOOCOCAUOOOEUOUEOUOEOUEOUOUOOOOOUEOHEGUOUOONE 

You are wrong. 3-Pentadecenoic acid probably does not occur in any 
natural products since it has an odd number of carbon atoms. The vast 
majority of fat acids obtained from natural fats and oils have even 
numbers of carbon atoms. Turn back and choose another answer. 

Dependence of the melting point of fats on the amount 
of unsaturation is illustrated by the sea anemone (Metridium 
dianthus), which contains a large amount of fat. The fats in 
species found along the Florida coast are mostly glycerides 
of saturated fatty acids, while the related species in the colder 
waters off New England contain fats made up of unsaturated 
fatty acids. An anemone from Florida would stiffen con- 
siderably if it were transplanted to the New England coast. 
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Two chemical features of a soap are required for its cleansing action: 
a long hydrocarbon chain and a polar group, the carboxylate group. 

I 
Present-day detergents usually do not have the —C—O- group, but they 
do retain the hydrocarbon chain and a polar group. A common detergent 
is sodium lauryl] sulfate. 

O 
| 

CH, (CH) 109 CH2,O— ° —O- Na* 

O 

Summary: Nomenclature of Natural Products 

Natural products are organic compounds derived from living or once- 
living organisms. They are usually given common or generic names 
because of their complexity, but can be classified on the basis of common 
structural features. Carbohydrates contain carbon, hydrogen, and oxygen 
with the latter two present in'the ratio of two to one. 

Sugars, starch, and cellulose are carbohydrates. They are designated 
as mono-, di-, and polysaccharides according to the number of basic units 
present. The basic units are classified in two ways: the number of carbon 
atoms and the functional groups present. For example, p(+)-glucose is an 
aldohexose. 

CHO 

bon 

HO-C—H 

H-G—OH 

H-¢—OH 

GH.OH 

Peptides and proteins are polymers of amino acids. They are among 
the most important natural products since they form most animal tissues 
and the biological catalysts called enzymes. 

Both carbohydrates and amino acids (from the hydrolysis of proteins) 
can have optical isomers. That is, their solutions can rotate the plane 
of plane-polarized light. A simple way to determine whether or not a com- 
pound can have optical activity is to look for an asymmetric carbon atom. 
Asymmetric carbon atoms are those which are attached to four different 
atoms or groups. Glyceraldehyde (2,3-dihydroxypropanal) has two optically 
active forms, but 3-hydroxypropanal does not. 

: HO ) HO CHO 

ea eee ee 

CH20H CH20H CH20H 
(+)-glyceraldehyde (—)-glyceraldehyde 3-hydroxypropanal 

Fats are esters of long-chain carboxylic acids and glycerol. Tallows and 
butters are solid or semisolid at room temperature; oils are liquid. Treat- 
ment of an oil with hydrogen in the presence of a nickel catalyst will 
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change it into a solid since the low melting point of the oil is due to the 
presence of unsaturation. 

When fats are treated with bases, they hydrolyze to glycerol and the 
salts of the fatty acids, or soaps. 

The Formula Index published by Chemical Abstracts lists a 
compound with the molecular formula CygsH1229Ne120 248Se. 
It is a large peptide, or perhaps a small protein. To spare 
you the difficulty of deriving the systematic name, we offer 
it gratis: 

Acetylseryltyrosylserylisoleucylthreonylseryl prolylseryl- 
glutaminylphenylalanylvalylphenylalanylleucylserylsery]- 
valyltryptophylalanylas partylprolylisoleucylglutamylleucyl- 
leucylasparaginylvalylcysteinylthreonylserylserylleucy]- 
glycylasparaginylglutaminylphenylalanylglutaminylthreony]- 
glutaminylglutaminylalanylarginylthreonylthreonylglutaminy]- 
valylglutaminylglutaminylphenylalanylserylglutaminylvalyl- 
tryptophyllysylprolylphenylalanylprolylglutaminylserylthre- 
onylvalylarginylphenylalanylprolylglycylaspartylvalyltyrosyl- 
lysylvalyltyrosylarginyltyrosylasparaginylalanylvalylleucy]- 
aspartylprolylleucylisoleucylthreonylalanylleucylleucy]- 
glycylthreonylphenylalanylaspartylthreonylarginylasparaginy]- 
arginylisoleucylisoleucylglutamylvalylglutamylasparaginy]- 
glutaminylglutaminylserylprolylthreonylthreonylalanylglutamyl- 
threonylleucylaspartylalanylthreonylarginylarginylvalyl- 
aspartylaspartylalanylthreonylvalylalanylisoleucylarginy]- 
serylalanylasparaginylisoleucylasparaginylleucylvalyl- 
asparaginylglutamylleucylvalylarginylglycylthreonylglycylleucy] 
tyrosylasparaginylglutaminylasparaginylthreonylphenylalanylgiutamy]- 
serylmethionylserylglycylleucylvalyltryptophylthreonylserylalanyl. 
prolylalanyl serine 



oO 
Ring Systems 

According to an advertisement in Chemical and Engineering 
News, 11,524 rings had been located in the world’s chemical literature 
through the year 1961 by the staff of the Chemical Abstracts Service. 
You have already become quite familiar with a few of them: the 
cycloalkanes, cycloalkenes, and benzene. For a complete description of the 
remainder, you may refer to The Ring Index, published by the American 
Chemical Society. In this chapter we will look at some 20 examples of 
common rings, mostly heterocyclic, and see how the members of the 
rings are numbered to facilitate the specification of the location of 
substituent groups. 

Although many of the heterocyclic compounds are classed as fully 
aromatic (.e., they have some of the properties characteristic of benzene), 
the rings are usually pictured with govols bonds rather than the inner 
circle as in benzene. 

Five-Membered Rings, One Hetero- Atom 

H H 
Ss Ss N O _ Oo 

HCG’ ‘cH 61 2 He ‘cH C13 HG” GH 6 3 
] I | } i | | | | 

HC=——CH - 4 2 UHC Seenciie ais SHC GH, (Alaa) 
thiophene pyrrole furan 

5 6 a 4 ; HG? See nce cH 

5 oe Oe ee ONCE 

9 1 H H 
carbazole or dibenzopyrrole dibenzemopyrrole 

Six-membered Rings, One Hetero- Atom 

N : . 
N 

He’ cH 6 1 ! oe oe ca »\GH OO 
| i Se 

H 4 ti, ii i 
pyridine piperidine quinoline 

263 
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H H 
Cc Cc Barer Ne Bet 

I | i N2 
BN ae Z i; 

H H 5 4 
isoquinoline 

1 1 O O O O 
Ho” cH: Hc’ ‘cH TN 

I l 6 | 2 I i Sie Ae 
ZA 

5 3 Be 5 3 ON Be 

H 4 He 
2 H-form 4H-form 

pyran 

The two forms of pyran cannot be distinguished from one another 
until the presence of a substituent group “fixes” the location of the 
double bonds. 

Five-Membered Rings, Two Hetero- Atoms 

1 1 

: AK : z N N 
HO \N 5} N2 HO” ‘CH 5 ( \? 
HC CH 4 staal HC—— N3 

pyrazole (1,2-dtazole) imidazole (1,3-dtazole) 

Six-Membered Rings, Two Hetero- Atoms 

N 1 N 1 
Ho” \N Ny Ho’ ‘cH N 
He ue ea? ee Cc N 

No gS 3 \cZ 5S NG 
H : H 4 

pyridazine (1,2-diazine) pyrimidine (1,3-dtazine) 

. 1 
N fr 

5\n 43 Bao ' 

pyrazine (1,4-diazine) 



Ring Systems 

Polynuclear Hydrocarbons 

8 1 
7, 2 

6 3 
5 4 
naphthalene 

OO, 
phenanthrene 
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self-Tests 

A good way to review and to test yourself is to go over the 
questions and problems in this program again. These brief quizzes cover 
the 

for 

main ideas in each of the first four chapters and you may do them 
an additional check on your skill. The answers are on page 269. 

Chapter 1 

he 

Oo 

Answer true or false. 

. 2-Pentyne and 1,3-pentadiene are isomers. 

. These two skeleton formulas represent the same compound: 

fs 
ia ee 

Cc C=C 

. Alkyl radicals have the general formula CyHep-1. 

. Ethyne and acetylene are two suitable names for the same compound. 
Cc 

i | 
. The skeleton formula for isopentane is poe : 

Cc 

Give a suitable systematic name for the compound represented by 
each of these skeleton formulas: 

6. C f 7. 

a ¢ 

G C=C—-C=C 

Cc 

8. 9: ; ¢ 

C=C = C6 =O =—C One ee 

Cc 

10. c—c=c-—c 

Write a skeleton formula for each of these compounds: 

11. isobutane 
12. 1,3,5-hexatriene 

13. 4-ethyl-2-methyl-1-hexene 
14. 2,2-dimethylbutane 
15. 2,2-dimethy]-5-propyl-3-nonyne 

Chapter 2 

Match the name for each of the following compounds with one (or 
more) of the words at the right which describe the compound: 
1. benzene a. alicyclic 
2. chlorocyclopentane b. aliphatic 
3. butane c. aromatic 
4. 1,3,5-trinitrobenzene d. heterocyclic 
5. 2,2,4-trimethylpentane e. homocyclic 

266 
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Give a suitable systematic name for the compound represented by 
_each of these skeleton formulas. 
6. Cc 

Yor 9. 
Cc C—€ Cl Cl 
NS a | 
c—G Cc] C=C—E 

ip Br 10. 
Br ¢ 

C—C=-C—C—_—NO> 

8. CH; 

Cl NO, 

Write a skeleton formula for each of these compounds. 
11. o-xylene 
12. 1,3,5-trinitrobenzene 
13. 3-chloromethylcyclopentane 
14. nitromethane 
15. 3-chloropropylbenzene 

Chapter 3 

Match each of these general formulas with one word from the 
column at the right: 

1. R—O-—R’ a. acyl halide 
O O 

9 iF . L ee b. alcohol RCO c— 

7 c. aldehyde 
3. R-—C—O-—R’ ; 

fe) d. amine 
I 

4. R-—C—X e. anhydride 
O 

55 ee oes f. carboxylic acid 

6. R Si g. ester 

2 h. ether 
7. R-S—OH 

A i. ketone 

8 Ne J. mercaptan oe 

9. R-OH k. sulfide 

°? l. sulfonic acid 
10. R—C—R’ 

Write a skeleton formula for each of these compounds: 
11. ethyl phenyl ether 
12. ethyl phenyl ketone 
13. chloroethanal 
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14. 1, 3-propanediol 
15. 3-aminopropanoic acid 

Give a suitable systematic name for the compound represented by 
each of these skeleton formulas: 

16. pa! 19. a 

: C—C—O—C—C—C—NH: 

i 
C 

iG fi 20 me 

(C)-¢-on C—C—C—O-C 

On 
18. 7 

C—OH 

Chapter 4 

Answer true or false: 

1. This compound has optical isomers. 

Cl 

6—-c_c-c 

NH, 
2. The carbon indicated by * is asymmetric. 

| 
c—C=C—C 

* 

3. Fructose is an aldohexose. 

CH2,0OH 

G=0 
1O-c-H 

H—C—OH 

ii—C—_OH 
| 
CH2OH 

All members of the p family are dextrorotatory. 
Sucrose, ordinary table sugar, is a disaccharide. 
Fats are esters. 

Proteins yield amino acids when hydrolyzed. 
Natural fats yield glycerol upon saponification. 
A racemic mixture may be either dextro- or levorotatory.. 
Animal fats bear no structural resemblance to vegetable fats. Se Reo 



Answers To Self-Tests 

Chapter 1 

true 

false 
false 

true 

true 

3-ethy]-2,3-dimethylpentane 
2-methy1-1,3-butadiene 

. hexane 

. 3,3,4-trimethylhexane 

. 2-butyne a 

ae ee ee a 

| 
C=C 

12. C=C—C=C—C=C 

i C 

Chapter 2 

QO v e 

€ v 

e€ vy 

On.) oF & 

methylcyclopentane 
. m-dibromobenzene 

3-chloro-5-nitrotoluene 
1,4-dichloro-2-butene 

2-methyl-1-nitrobutane 

Br St SO Ca oe —_— — 

2; NO; 

1: C 

15; Cc 

14, C—NO, 

oe C—C-—C-—C! 

269 
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Chapter 3 

1: ch 6. j 
2. e eel 

bo. © 8d 
Aa 9. b 

eesti 105 A 

Tie C) 14. HO—C—C—C—OH 
SOSCIAG 

1: ° 15. iH 

()-¢-c-c H2N—C—C—C—OH 

13. 

Cl—C—C—H 

16. ethylpropylamine 
17. bis (3-chloropheny]l) -methanol 
18. benzoic acid 
19. 3-ethoxypropanamide or 3-ethoxypropionamide 
20. methyl propanoate or methyl propionate 

Chapter 4 

Pe true 6. true 

2. false 7. true 

3. false 8. true 

4. false 9. false 

5. true 10. false 



APPENDIX 

Chemical Abstracts uses the following order of precedence to determine 
the chief function in compounds of mixed function: 

“onium” compounds 
peroxide 
hydroperoxide 
acid (carboxylic, carboximidic, carbohydroxamic, arsonic, arsonous, 

sulfonic, sulfinic, sulfenic, stibonic, stibonous, phosphonic, phospho- 
nous, phosphinic, phosphinous, boronic, borinic, others) 

acid halide 
amide 
imide 
amidine 
aldehyde 
nitrile 
isocyanide 
ketone 
thione 
alcohol 
phenol 
thiol 
amine 
oxyamine (RONHg2) 
imine 
organometallic compounds (with carbon-metal attached radicals) 
ether 
sulfide 
sulfoxide 
sulfone 
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INDEX 

Acids. See specific names. 
Acrilan, 69 
Acrylonitrile, formula, 69 
Acyl halides, 163 
Acyl radicals, 163 
Adrenaline, formula, 197 
Alcohols, classification, 123 

definition, 115 
normal, 119 
summary, 130 

Aldehydes, aromatic, 137 
definition, 133 
summary, 143 

Aldoses, 235 
Aliphatic, definition, 13 
Alkanes, branched, 21, 31 

definition, 17 
normal, 21 
summary, 59 

Alkanol. See Alcohols. 
Alkenes, definition, 63 
Alkenyl groups, 73 
Alkyl group, definition, 39 

symbol, 121 
Alkyl halides, 95 
Alkynes, definition, 77 
Alkynyl group, definition, 79 
Amides, definition, 205 

substituted, 207 
summary, 210-212 

Amines, aromatic, 199 
classification, 193 
mixed, 197 
summary, 210-212 

Amino acids, 201, 213-218 
essential, 217 

Anhydrides, carboxylic acid, 161 
Aromatic carboxylic acids, 159 
Aryl group, definition, 85 
Aryl halides, 95 
Asymmetric carbon atom, definition, 241 

Benzedrine, formula, 255 
Benzene ring, substituents on, 87-92 
Bond, double, 65 

in formulas, 71 
triple 77 

Branched alkanes, 21, 31 

Carbohydrates, classification, 235 
definition, 233 

Carbon chain, numbering of, 47, 65 
Carbonyl group, definition, 133 
Carboxylate ion, naming of, 147 
Carboxylic acids, common names, 147 

definition, 145 
summary, 173-175 
unsaturated, 151 

Cephalothin, formula, 153 
Configuration, absolute, 249 

definition, 237 
relative, 249 

Cycloalkanes. See Hydrocarbons, alicyclic. 
Cycloalkenes. See Hydrocarbons, alicyclic. 

D-family, 249 
Dacron, 159 

DDD, formula, 105 
DDT, formula, 105 
Dicarboxylic acids, 151 
Diol, definition, 125 

Enantiomers, chemical behavior, 255 
definition, 247 

Esters, definition, 165 
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Esters. Continued Multiplying factors, in formulas, 105 

substituted, 171 
summary, 173-175 

Ether, definition, 177 
summary, 191 

Naming substituent groups, order, 51, 53 
Natural products, definition, 233 
summary, 261 

Fat, definition, 257 Nitro group, definition, 107 
Fluoromar, formula, 101 Numbering of carbon chain (See Carbon 
Formulas, condensed, 17, 29 chain, numbering of) 

skeleton, 19 
structural, 3 

Functional group, definition, 115 

Olefin. See Alkenes. 
Optical rotation, 249 

Order of precedence, 179 

Geneva system, 13 Orlon, 69 
Glycol. See Diol. ortho-, use as prefix, 89 
Group. See specific type. -oxy groups, 181 

definition, 129 

Halides. See specific type. 
Halothane, formula, 95 Peptide, definition, 253 
Heterocyclic, definition, 15, 81 Peptide bond, 209, 253 
Heterocyclic compounds, 263-265 Phenols, summary, 130 
Homocyclic, definition, 15, 81 Phenyl group, formula, 85 
Homologous series, definition, 24-27 Polysaccharide, definition, 237 
Hydrocarbons, alicyclic, 81-84 Procaine, formula, 124 

aromatic, 85 Protein, definition, 251 

definition, 1 
summary, 111-113 

Hydrogenation of oils, 259 
Hydroxy group, definition, 115 

R- group. See Alkyl group, symbol. 
Racemic mixtures, 247, 255 
Radical. See Specific type of group. 
Rings, hydrocarbon, 81 

iso-, definition, 35 fused, 93 
Isomers, definition, 1 

structural, definition, 19 
Isomerism, optical, 237, 241 
Isooctane, formula, 53 

Saponification, 173, 259 
Saturation, definition, 17 
Self-tests, 229, 266 
6-12, formula, 125 

Ketones, definition, 139 Soaps, definition, 259 

summary, 143 Substituent groups, order of naming, a1, D8 
Ketoses, 235 Sulfhydryl group, 219 

Sulfides, 221 
Sulfonamides, 225 
Sulfones, 223 
Sulfonic acids, 223 

L-family, 249 Sulfoxides, 223 
Lindane, formula, 97 

1080, formula, 156 

Mercaptans. See Thiols. Terylene, 159 
Mercapto group, definition, 219 Thiols, definition, 219 
Methoxychlor, formula, 129 TNT, formula, 109 
Models, molecular, 3, 5, 243, 245 Triols, definition, 125 
Monosaccharide, definition, 237 2,4-D, formula, 188 
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