The Chemistry of the
Nucleic Acids

a double helix

We have studied two of the three major kinds of biopolymers: polysaccharides in
Chapter 16 and proteins in Chapter 17. Now in this chapter, we will look at the third kind
of biopolymer—nucleic acids. There are two types of nucleic acids: deoxyribonucleic
acid (DNA) and ribonucleic acid (RNA). DNA encodes an organism’s entire heredi-
tary information and controls the growth and division of cells. In all organisms (except
certain viruses), the genetic information stored in DNA is transcribed into RNA. This
information can then be translated for the synthesis of all the proteins needed for cellular
structure and function.

NA was first isolated in 1869 from the nuclei of white blood cells. Because it was

found in the nucleus and was acidic, it was called nucleic acid. Eventually, scientists
found that the nuclei of all cells contain DNA, but not until it was shown in 1944 that DNA
could be transferred from one species to another, along with inheritable traits, did they
realize that DNA is the carrier of genetic information. In 1953, James Watson and Francis
Crick described the three-dimensional structure of DNA—the famed double helix.

21.1 NUCLEOSIDES AND NUCLEOTIDES

Nucleic acids are chains of five-membered-ring sugars linked by phosphate groups.
Notice that the linkages are phosphodiesters (Figure 21.1). In RNA, the five-membered-
ring sugar is D-ribose. In DNA, it is 2’-deoxy-D-ribose (D-ribose without an OH group in
the 2’-position).

The anomeric carbon of each sugar is bonded to a nitrogen of a heterocyclic compound
in a B-glycosidic linkage. (Recall from Section 16.6 that a 8-linkage is one in which the
substituent on C-1 of the furanose ring points up.) Because the heterocyclic compounds
are amines, they are commonly referred to as bases.
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Figure 21.1

Nucleic acids consist of a chain of five-membered-ring sugars linked by phosphate groups. Each sugar
(p-ribose in RNA, 2’-deoxy-D-ribose in DNA) is bonded to a heterocyclic amine (a base) in a B-glycosidic
linkage.

The vast differences in heredity between different species and between different
members of the same species are determined by the sequence of the bases in DNA.
Surprisingly, there are only four bases in DNA: two are substituted purines (adenine and
guanine), and two are substituted pyrimidines (cytosine and thymine).
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RNA also contains only four bases. Three (adenine, guanine, and cytosine) are the same
as those in DNA, but the fourth base in RNA is uracil instead of thymine. Notice that
thymine and uracil differ only by a methyl group. (Thymine is 5-methyluracil.) The
reason DNA contains thymine instead of uracil is explained in Section 21.10.

The anomeric carbon of the furanose ring is bonded to purines at N-9 and to pyrimi-
dines at N-1. A compound containing a base bonded to D-ribose or to 2'-deoxy-D-ribose
is called a nucleoside. The ring positions of the sugar component of a nucleoside are
indicated by primed numbers to distinguish them from the ring positions of the base. This
is why the sugar component of DNA is referred to as 2'-deoxy-D-ribose.
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A nucleotide is a nucleoside with an OH group of the sugar bonded in an ester linkage
to phosphoric acid. The nucleotides of RNA are more precisely called ribonucleotides,
and those of DNA are called deoxyribonucleotides.

A nucleotide can exist as a monophosphate, a diphosphate, or a triphosphate. Nucleo-
tides are named by adding monophosphate, diphosphate, or triphosphate to the name of
the nucleoside.
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adenosine adenosine adenosine
5’-monophosphate 5’-diphosphate 5’-triphosphate
AMP ADP ATP

The names of the nucleotides are abbreviated (A, G, C, T, U—followed by MP, DP, or
TP, depending on whether it is a monophosphate, diphosphate, or triphosphate—with a
d in front if it contains 2’-deoxy-D-ribose instead of D-ribose: for example, ATP, dATP).

Notice the difference in the base names and their corresponding nucleoside (or
nucleotide) names in Table 21.1. For example, adenine is the base, whereas adenosine
is the nucleoside (or nucleotide); similarly, cytosine is the base, whereas cytidine is the
nucleoside (or nucleotide), and so forth. Because uracil is found only in RNA, it is shown
attached to D-ribose but not to 2'-deoxy-D-ribose; because thymine is found only in DNA,
it is shown attached to 2'-deoxy-D-ribose but not to D-ribose.
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Table 21.1 The Names of the Bases, the Nucleosides, and the Nucleotides

Base Ribonucleoside Deoxyribonucleoside Ribonucleotide Deoxyribonucleotide

Adenine Adenosine 2'-Deoxyadenosine Adenosine 5'-phosphate 2'-Deoxyadenosine 5’-phosphate
Guanine Guanosine 2'-Deoxyguanosine Guanosine 5'-phosphate 2'-Deoxyguanosine 5'-phosphate
Cytosine Cytidine 2'-Deoxycytidine Cytidine 5'-phosphate 2'-Deoxycytidine 5'-phosphate
Thymine — Thymidine — Thymidine 5’-phosphate

Uracil Uridine — Uridine 5'-phosphate

The Structure of DNA: Watson, Crick, Franklin, and Wilkins

James D. Watson was born in Chicago in 1928. He graduated from the University of Chicago at the age
of 19 and received a Ph.D. three years later from Indiana University. In 1951, as a postdoctoral fellow
at Cambridge University, Watson worked on determining the three-dimensional structure of DNA.

Francis H. C. Crick (1916-2004) was born in Northampton, England. Originally trained as a
physicist, Crick did research on radar during World War II. After the war, deciding that the most
interesting problem in science was the physical basis of life, he entered Cambridge University to
study the structure of biological molecules by X-ray analysis. He was a graduate student when he
carried out his portion of the work that led to the proposal of the double helical structure of DNA. He
received a Ph.D. in chemistry in 1953.

Rosalind Franklin (1920-1958) was born in London. She graduated from Cambridge University
and studied X-ray diffraction techniques in Paris. In 1951, she returned to England and accepted
a position to develop an X-ray diffraction unit in the biophys-
ics department at King’s College. Her X-ray studies showed that
DNA was a helix with the sugars and phosphate groups on the
outside of the molecule. Tragically, Franklin never protected herself from her X-ray source and died
without knowing the role her work had played in determining the structure of DNA, and without
being recognized for her contribution.

Watson and Crick shared the 1962 Nobel Prize in Physiology or Medicine with Maurice Wilkins
for determining the double-helical structure of DNA. Wilkins (1916-2004), who contributed
X-ray studies that confirmed the double-helical structure, was born in New Zealand to Irish immi-
grants and moved to England six years later with his parents. He received a Ph.D. from Birming-
ham University. During World War II, he joined other British scientists who were working with
Francis Crick (left) and American scientists on the development of the atomic bomb. He returned to England in 1945 and,
James Watson (right) having lost interest in physics, turned his attention to biology.

Rosalind Franklin

PROBLEM 1
Draw the structure for each of the following:

a. dCDP c. dUMP e. guanosine 5’'-triphosphate
b. dTTP d. UDP f. adenosine 5'-monophosphate

21.2 NUCLEIC ACIDS ARE COMPOSED OF
NUCLEOTIDE SUBUNITS

Nucleic acids are composed of long strands of nucleotide subunits (Figure 21.1).
A dinucleotide contains two nucleotide subunits, an oligonucleotide contains 3—10 sub-
units, and a polynucleotide contains many subunits. DNA and RNA are polynucleotides.

Nucleoside triphosphates are the starting materials for the biosynthesis of nucleic
acids. DNA is synthesized by enzymes called DNA polymerases; RNA is synthesized
by enzymes called RNA polymerases. The nucleotides are linked as a result of an Sy2
reaction (Section 8.1): the 3'-OH group of one nucleoside triphosphate attacks the
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626 CHAPTER 21 / The Chemistry of the Nucleic Acids

a-phosphorus of another nucleoside triphosphate, breaking a phosphoanhydride bond
and eliminating pyrophosphate (Figure 21.2). Thus, the phosphodiester joins the 3'-OH
group of one nucleotide and the 5'-OH group of the next nucleotide, and the growing
polymer is synthesized in the 5’ — 3’ direction. In other words, new nucleotides are
added to the 3’-end. Pyrophosphate is subsequently hydrolyzed, which makes the reac-
tion irreversible (Section 20.2). Irreversibility is important if the genetic information in
DNA is to be preserved. RNA strands are biosynthesized in the same way, using ribo-
nucleoside triphosphates instead of 2'-deoxyribonucleoside triphosphates.
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Addition of nucleotides to a growing
strand of DNA. Biosynthesis occurs
in the 5" — 3’ direction.

The primary structure of a nucleic acid is the sequence of bases in the strand. By con-
vention, the sequence of bases is written in the 5" — 3’ direction (the 5'-end is on the left).
Remember that the nucleotide at the 5'-end of the strand has an unlinked 5’-triphosphate
group, and the nucleotide at the 3’-end has an unlinked 3’-hydroxyl group.

ATGAGCCATGTAGCCTAATCGGC

21.3 THE SECONDARY STRUCTURE OF
DNA—THE DOUBLE HELIX

Watson and Crick, with the aid of Rosalind Franklin’s X-ray data, concluded that DNA
consists of two strands of nucleotides, with the sugar—phosphate backbone on the outside
and the bases on the inside. The strands are antiparallel (they run in opposite directions)
and are held together by hydrogen bonds between the bases on one strand and the bases
on the other strand (Figure 21.3).
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The Secondary Structure of DNA—The Double Helix 627

Adenine (A) always pairs with thymine (T), and guanine (G) always pairs with
cytosine (C). This means the two strands are complementary: where there is an A in one
strand, there is a T in the opposing strand; and where there is a G in one strand, there
is a C in the other strand (Figure 21.3). Thus, if you know the sequence of bases in one
strand, you can figure out the sequence of bases in the other strand.

Why does A pair with T? Why does G pair with C? First of all, the width of the
double-stranded molecule is relatively constant, so a purine must pair with a pyrimidine. If the
larger purines paired, the strands would bulge; if the smaller pyrimidines paired, the strands
would have to pull in to bring the two pyrimidines close enough to form hydrogen bonds. But
what causes A (a purine) to pair with T (a pyrimidine) rather than with C (the other pyrimidine)?

The base pairing is dictated by hydrogen bonding. Adenine forms two hydrogen
bonds with thymine but would form only one hydrogen bond with cytosine. Guanine
forms three hydrogen bonds with cytosine but would form only one hydrogen bond with
thymine (Figure 21.4).

N =N
y Yo N— H—N sugar Figure 21.3
sugar sugar The sugar-phosphate backbone of

thymine adenine cytosine H guanine DNA is on the outside and the bases
are on the inside; As pair with Ts and
|2 hydrogen b°”d5| |3 hydrogen b°"d5| Gs pair with Cs. The two strands
are antiparallel—that is, they run in
Figure 21.4 opposite directions.
Base pairing in DNA: adenine and thymine form two hydrogen bonds; cytosine and guanine form three
hydrogen bonds.

The two antiparallel DNA strands are not linear but are twisted into a helix around
a common axis (Figure 21.5a). The base pairs are planar and parallel to each other on
the inside of the helix (Figure 21.5b). The secondary structure is, therefore, known as
a double helix. The double helix resembles a circular staircase: the base pairs are the
rungs, and the sugar—phosphate backbones are the handrails (see pages 628 and 629).
The negatively charged phosphates repel nucleophiles, thereby preventing cleavage of
the phosphodiester bonds.

Hydrogen bonding between base pairs is just one of the forces holding the two strands
of the DNA double helix together. The bases are planar aromatic molecules that stack on
top of one another, each pair slightly rotated with respect to the next pair, like a partially
spread-out hand of cards. In this arrangement, there are favorable van der Waals interac-
tions between the mutually induced dipoles of adjacent pairs of bases. These interactions,
known as stacking interactions, are weak attractive forces, but when added together
they contribute significantly to the stability of the double helix.

There are two different alternating grooves in a DNA helix; a major groove and
a narrower minor groove. Proteins and other molecules can bind to the grooves. The
hydrogen-bonding properties of the functional groups facing into each groove determine
what kind of molecules will bind to the groove. For example, netropsin is an antibiotic
that works by binding to the minor groove of DNA (Figure 21.6).
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Figure 21.5

a) The DNA double helix.
b) The bases are planar and parallel on the inside of the helix.

PROBLEM 2+¢

If one of the strands of DNA has the following sequence of bases running in the 5’ — 3’

direction,
Figure 21.6 5'—G—G—A—C—A—A—T—C—-T—G—C-3
The antibiotic netropsin bound in the a. what is the sequence of bases in the complementary strand?
minor groove of DNA. b. what base is closest to the 5'-end in the complementary strand?

21.4 WHY DNA DOES NOT HAVE A 2'-OH GROUP

Unlike DNA, RNA is not stable, because the 2’-OH group of ribose acts as a nucleophilic
catalyst for the cleavage of RNA (Figure 21.7). This explains why the 2'-OH group is
absent in DNA. DNA must remain intact throughout the life span of a cell in order to
preserve the genetic information. Easy cleavage of DNA would have disastrous conse-
quences for the cell and for life itself. RNA, in contrast, is synthesized as it is needed and
is degraded once it has served its purpose.
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Figure 21.7
Catalysis of RNA cleavage by the 2’-OH group. RNA undergoes cleavage 3 billion times faster than DNA.
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PROBLEM 3

The 2',3'-cyclic phosphodiester that is formed (Figure 21.7) when RNA is cleaved reacts with water,
forming a mixture of nucleotide 2'- and 3’-phosphates. Propose a mechanism for this reaction.

21.5 THE BIOSYNTHESIS OF DNA IS CALLED
REPLICATION

The genetic information of a human cell is contained in 23 pairs of chromosomes. Each
chromosome is composed thousands of genes (segments of DNA). The total DNA from
a human cell—the human genome—contains 3.1 billion base pairs.

Part of the excitement created by Watson and Crick’s proposed structure for DNA
was due to the fact that the structure immediately suggested how DNA is able to pass on
genetic information to succeeding generations. Because the two strands are complemen-
tary, both carry the same genetic information. Thus, when organisms reproduce, DNA
molecules can be copied using the same base-pairing principle that is fundamental to
their structure—that is, each strand can serve as the template for the synthesis of a com-
plementary new strand (Figure 21.8). The new (daughter) DNA molecules are identical
to the original (parent) molecule, so they contain all the original genetic information. The
synthesis of identical copies of DNA is called replication.

All the reactions involved in nucleic acid synthesis are catalyzed by enzymes. The
synthesis of DNA takes place in a region of the molecule where the strands have started
to separate. Because a nucleic acid can be synthesized only in the 5" — 3’ direction, only
the daughter strand on the left in Figure 21.8 is synthesized continuously in a single piece
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Figure 21.8

Replication of DNA. The green daughter strand on the left is synthesized continuously in the 5’ — 3’
direction; the green daughter strand on the right is synthesized discontinuously in the 5" — 3’ direction.
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(because it is synthesized in the 5’ — 3’ direction). The other daughter strand needs to
grow in a 3’ — 5’ direction, so it is synthesized discontinuously in small pieces. Each
piece is synthesized in the 5’ — 3’ direction, and the fragments are joined together by
an enzyme called DNA ligase (see Figure 17.10 on page 573). Each of the two new mol-
ecules of DNA—called daughter molecules—contains one of the original parent strands
(blue strand in Figure 21.8) plus a newly synthesized strand (green strand). This process
is called semiconservative replication.

PROBLEM 4
Using a dark line for the original parental DNA and a wavy line for DNA synthesized from

parental DNA, show what the population of DNA molecules would look like in the fourth
generation. (Parental DNA is the first generation.)

21.6  DNA AND HEREDITY

If DNA contains hereditary information, there must be a method to decode that informa-
tion. The decoding occurs in two steps.

1. The sequence of bases in DNA provides a blueprint for the synthesis of RNA; the
synthesis of RNA from a DNA blueprint is called transcription (Section 21.7).

Transcription: DNA — RNA 2. The sequence of bases in RNA determines the sequence of amino acids in a protein;

Translation: mRNA — protein the synthesis of a protein from an RNA blueprint is called translation (Section 21.9).

Do not confuse transcription and translation: these words are used just as they are used
in English. Transcription (DNA to RNA) is copying within the same language—in this
case the language of nucleotides. Translation (RNA to protein) is changing to another
language—the language of amino acids. First, we will look at transcription.

Natural Products That Modify DNA

More than three-quarters of clinically approved anticancer drugs are natural products—compounds derived from plants, marine
organisms, or microbes—that interact with DNA. Because cancer is characterized by the uncontrolled growth and proliferation of cells,
compounds that interfere with the replication or transcription of DNA stop the growth of cancer cells. These drugs can interact with
DNA by binding between the base pairs (called intercalation) or by binding to either its major or minor groove. The three anticancer
drugs discussed here were isolated from Streptomyces bacteria found in soil.

actinomycin D leinamycin bleomycin

Because intercalating compounds become sandwiched between the stacked bases in DNA, they are planar and often aromatic. Their
binding to DNA is stabilized by stacking interactions with neighboring base pairs. Actinomycin D is an example of an intercalator.
When this drug binds to DNA, it distorts the double helix, inhibiting both the replication and transcription of DNA. Actinomycin D has
been used to treat a variety of cancers.

Drugs that bind to the major and minor grooves of DNA do so by a combination of hydrogen bonding, van der Waals interactions,
and electrostatic attractions—the same forces proteins use to bind their substrates. Leinamycin is an example of an anticancer drug that
binds to the major groove. Once leinamycin is bound, it alkylates the N-7 position of a purine ring.

Bleomycin binds to the minor groove of DNA. Once in the minor groove, it uses a bound iron atom to remove a hydrogen atom from
DNA, the first step in cleaving DNA. This drug has been approved for the treatment of Hodgkin lymphoma.

37716_21_ch21_622-644.indd 630 @ 11/21/14 12:02 PM



The Biosynthesis of RNA Is Called Transcription 631

21.7 THE BIOSYNTHESIS OF RNA IS CALLED
TRANSCRIPTION

Transcription starts when DNA unwinds at a particular site—called a promoter site—to

form two single strands. One of the strands is called the sense strand. The complemen-

tary strand is called the template strand. In order for RNA to be synthesized in the = RNAis synthesized
5" — 3’ direction, the template strand is read in the 3’ — 5’ direction (Figure 21.9). The = in the 5" — 3" direction.
bases in the template strand specify the bases that need to be incorporated into RNA,

following the same base-pairing principle used in the replication of DNA. For example,

each guanine in the template strand specifies the incorporation of a cytosine into RNA,

and each adenine in the template strand specifies the incorporation of a uracil into RNA.

(Recall that in RNA, uracil is used instead of thymine.) Because both RNA and the sense

strand of DNA are complementary to the template strand, RNA and the sense strand of

DNA have the same base sequence, except that RNA has a uracil wherever the sense

strand has a thymine. Just as there are promoter sites in DNA that signal where to start

RNA synthesis, there are sites signaling that no more bases should be added to the grow-

ing RNA chain.
TCTCGATACACGCA
DNA GA TG
5~~~ATCGGACCTAGAGGCC CTAGA~~¥

3,WTAGééTGGATéTééGGC CGATéTWS'
T A
AGAGCTATGTGCGT

UCUCGAUACACG

G OH

5pppACCUAGAGGCC 3

RNA

direction of transcription

Figure 21.9
Transcription: using DNA as a blueprint for the synthesis of RNA.

Until recently, it was thought that only about 2% of the DNA in our cells was used to
make proteins and the rest had no informational content. However, our knowledge about
DNA has been greatly expanded since the first human genome was sequenced in 2000.
The biological purpose of about 80% of the DNA in the human genome had now been
identified, and future experiments are expected to identify the purpose of the rest.

Apparently, a large amount of DNA is for the purpose of regulation. There are about
150 types of human cells, and each one carries the DNA that codes for 21,000 proteins.
But only a subset of these is activated in a particular cell. For example, the gene that
makes hair is not activated in a cell that makes insulin and vice versa.

It is now known that there are about 30,000 additional genes that are a blueprint for
RNA that is not subsequently translated to make proteins. Instead, the RNA is used for
regulation. In other words, these RNA strands appear to be the switches that turn genes
on and off. The enormous number of switches has surprised scientists. Now the problem
is to find out how these switches work.

PROBLEM 5¢

Why do both thymine and uracil specify the incorporation of adenine?
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21.8 THE RNAs USED FOR PROTEIN BIOSYNTHESIS

RNA molecules are much shorter than DNA molecules and are generally single-stranded.
While DNA molecules have billions of base pairs, RNA molecules rarely have more than
10,000 nucleotides. There are several kinds of RNA. The RNAs used for protein biosyn-
thesis are as follows:

= messenger RNA (mRNA), whose sequence of bases determines the sequence of
amino acids in a protein

= ribosomal RNA (rRNA), a structural component of ribosomes, which are the
particles on which the biosynthesis of proteins takes place

= transfer RNA (tRNA), the carrier of amino acids used for protein synthesis

tRNA molecules are much smaller than mRNA or rRNA molecules. A tRNA con-
tains only 70-90 nucleotides. The single strand of tRNA is folded into a characteris-
tic cloverleaf structure, with three loops and a little bulge next to the right-hand loop
(Figure 21.10a). There are at least four regions with complementary base pairing. The
three bases at the bottom of the loop directly opposite the 5'- and 3'-ends are called an
anticodon. All tRNAs have a CCA sequence at the 3’-end (Figures 21.10a and 21.10b).

all tRNAs have
CCA at the 3’-end

;

anticodon

Figure 21.10
a) A transfer RNA: compared with other RNAs, tRNA contains a high percentage of unusual bases
(shown as empty circles). These bases result from enzymatic modification of the four normal bases.
b) A transfer RNA: the anticodon is green; the CCA at the 3’-end is red.

Each tRNA can carry an amino acid bound as an ester to its terminal 3’-OH group.
The amino acid will be inserted into a protein during protein biosynthesis. Each tRNA
can carry only one particular amino acid. A tRNA that carries alanine is designated as
tRNAAR,
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The attachment of an amino acid to a tRNA is catalyzed by an enzyme called
aminoacyl-tRNA synthetase. The mechanism for the reaction is shown here.

MECHANISM FOR THE ATTACHMENT OF AN AMINO ACID TO A tRNA
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= The carboxylate group of the amino acid is activated by forming an acyl adenylate;
now the amino acid has a good leaving group (Section 11.16).

= The pyrophosphate that is eliminated is subsequently hydrolyzed, ensuring the
irreversibility of the phosphoryl transfer reaction (Section 19.1).

= Notice that the second and third steps are the two steps of a nucleophilic acyl substitu-
tion reaction (Section 11.4). The 3'-OH group of tRNA adds to the carbonyl carbon of
the acyl adenylate, forming a tetrahedral intermediate.

= The aminoacyl tRNA is formed when AMP is eliminated from the tetrahedral intermediate.

All the steps take place at the active site of the enzyme. Each amino acid has its own
aminoacyl-tRNA synthetase. Each synthetase has two specific binding sites, one for the
amino acid and one for the tRNA that will carry that amino acid (Figure 21.11).

OH

| I
H2N—CH—C—O’ A

CH2
aminoacyl-tRNA synthetase
specific for histidine )
Figure 21.11
An aminoacyl-tRNA synthetase has
a binding site for the amino acid

and a binding site for the tRNA that
blndlng site for will carry that amino acid. In this
binding site for tRNAHIS example, histidine is the amino acid,
histidine and tRNA" is the tRNA.
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21.9 THE BIOSYNTHESIS OF PROTEINS IS
CALLED TRANSLATION

A protein is biosynthesized from its N-terminal end to its C-terminal end by a process
that reads the bases along the mRNA strand in the 5" — 3’ direction. The amino acid
that is to be incorporated into a protein is specified by a three-base sequence called
a codon. The bases are read consecutively and are never skipped. The three-base
sequences and the amino acid that each sequence codes for are known as the genetic
code (Table 21.2). A codon is written with the 5’-nucleotide on the left. For example,
the codon UCA on mRNA codes for the amino acid serine, whereas CAG codes for
glutamine.

Table 21.2 The Genetic Code

5'-Position Middle position 3’-Position

U C A G

U Phe Ser Tyr Cys U
Phe Ser Tyr Cys C
Leu Ser Stop Stop A
Leu Ser Stop Trp G

C Leu Pro His Arg U
Leu Pro His Arg C
Leu Pro Gln Arg A
Leu Pro Gln Arg G

A Ile Thr Asn Ser U
Ile Thr Asn Ser C
Ile Thr Lys Arg A
Met Thr Lys Arg G

G Val Ala Asp Gly U
Val Ala Asp Gly C
Val Ala Glu Gly A
Val Ala Glu Gly G

Because there are four bases and the codons are triplets, 43 (or 64) different codons are
possible. This is many more than are needed to specify the 20 different amino acids, so
all the amino acids—except methionine and tryptophan—have more than one codon. It
is not surprising, therefore, that methionine and tryptophan are the least abundant amino
acids in proteins. Actually, 61 of the codons specify amino acids, and three codons are
stop codons. Stop codons tell the cell to “stop protein synthesis here.”

PROBLEM 6+¢

If methionine is always the first amino acid incorporated into an oligopeptide, what oligopeptide
is coded for by the following stretch of mRNA?

5'—-G—C—A—-U-G-G—-A—C—C—C—C—G-U—-U-A—-U-U-A—-A—-A—C—A—C-3

PROBLEM 7+¢

Four Cs occur in a row in the segment of mRNA shown in Problem 6. What oligopeptide would
be formed from the mRNA if one of the four Cs were cut out of the strand?

PROBLEM 8

UAA is a stop codon. Why does the UAA sequence in the segment of mRNA in Problem 6 not
cause protein synthesis to stop?
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How the information in mRNA is translated into a polypeptide is shown in Figure 21.12.
In this figure, serine, specified by the codon AGC, was the last amino acid incorporated
into the growing polypeptide chain.

T
Cr—ci e
CH,
OH o |
| H,N—CH—C=0
R |
—NH—CH—C—NH—CH—C—NH—CH—C=0

DOV—0O0—

U—C—G
[mRNA =5 —A—G—C—C=U=U—G—C—C—G—U—C—C—C—C—G—A—A—73
ltRNALe” is
OH CH, brought in
N S R
—NH—CH—C—NH—CH—C—NH—CH—C|=O C|H2
growing HZN—CH—C=O
polypeptide |
chain (l)
the ester group and the %
primary amino group @)
engage in a nucleophilic
acyl substitution reaction,
forming a peptide bond
U—C—G G—A—A
5—A—G—C———C—U—-U——G—C—C—3
nucleophilic acyl
substitution reaction
i
OH (lfH—CH3
CH, O CH,

Ll l? (I? Ll I
—NH—CH—C—NH—CH—C—NH—CH—C~NH—CH—C=0

I
O
new |
peptide 2>
tRNA that bond Q
had carried
serine

U—C—G G—A—A /ZI codeﬁfor
5—A—G—C——C—U-U——G—C—C— 3 [alanine
Figure 21.12

Translation: the sequence of bases in MRNA determines the sequence of amino acids in a protein.
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= Serine was specified by the AGC codon in mRNA because the anticodon of the tRNA
that carries serine is GCU (3'-UCG-5"). (Remember that a base sequence is read in
the 5’ — 3’ direction, so the sequence of bases in an anticodon must be read from right
to left.)

= The next codon, CUU, signals for a tRNA with an anticodon of AAG (3'-GAA-5").
That particular tRNA carries leucine. The amino group of leucine reacts in an
enzyme-catalyzed nucleophilic acyl substitution reaction with the ester on the adjacent
serine-carrying tRNA, displacing the tRNA that brought in serine (Section 11.4).

= The next codon (GCC) specifies a tRNA that carries alanine. The amino group of alanine
will react in an enzyme-catalyzed nucleophilic acyl substitution reaction with the ester
group on the adjacent leucine-carrying tRNA to displace the tRNA that brought in leucine.

Subsequent amino acids are brought in one at a time in the same way, with the codon in
A protein is biosynthesized in the mRNA specifying the amino acid to be incorporated by complementary base pairing with
N-terminal — C-terminal direction the anticodon of the tRNA that carries that amino acid.

Sickle Cell Anemia

Sickle cell anemia is an example of the damage
that can be caused by a change in a single base of
DNA (Problem 57 in Chapter 17). It is a heredi-
tary disease caused when a GAG triplet becomes
a GTG triplet in the sense strand of a section of
DNA that codes for the 3-subunit of hemoglobin
(Section 17.13). As a consequence, the mRNA
codon becomes GUG—which signals for incor-
poration of valine—rather than GAG, which
would have signaled for incorporation of glutamate. The change from a polar glutamate to a nonpolar valine is sufficient to change
the shape of the deoxyhemoglobin molecule. The change in shape stiffens the cells, making it difficult for them to squeeze through
capillaries. Blockage of capillaries causes severe pain and can be fatal.

g
30.0kV 8000%_Janice Haney Carr

normal red blood cells sickle red blood cell

Antibiotics That Act by Inhibiting Translation

Puromycin is a naturally occurring antibiotic, one of several that acts by inhibiting translation. H3C\ /CH3
It does so by mimicking the 3’-CCA-aminoacyl portion of a tRNA, fooling the enzyme into
transferring the growing peptide chain to the NH, group of puromycin rather than to the NH, y N
group of the incoming 3’'-CCA-aminoacyl tRNA. As a result, protein synthesis stops. Because Nk | \>
o o o o o 5. o o S
puromycin blocks protein synthesis in eukaryotes as well as in prokaryotes, it is poisonous to N N
humans and, therefore, is not a clinically useful antibiotic. To be clinically useful, an antibiotic
must affect protein synthesis only in prokaryotic cells. HO O
O
Clinically useful antibiotics Mode of action l
. . o . CH;0 CH,CHC—N OH
Tetracycline Prevents the aminoacyl-tRNA from binding to the ribosome | H
Erythromycin Prevents the incorporation of new amino acids into the protein NH%
. o . . . puromycin
Streptomycin Inhibits the initiation of protein synthesis
Chloramphenicol Prevents the new peptide bond from being formed
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PROBLEM 9+¢

A change in which base of a codon would be least likely to damage a protein?

PROBLEM 10¢

Write the sequences of bases in the sense strand of DNA that resulted in the mRNA in
Problem 6.

PROBLEM 11

List the possible codons on mRNA that specify each amino acid in Problem 6 and the anticodon
on the tRNA that carries that amino acid.

21.10 WHY DNA CONTAINS THYMINE INSTEAD
OF URACIL

In Section 18.13, we saw that dTMP is formed by methylating dUMP, with coenzyme
N3 N'*-methylenetetrahydrofolate supplying the methyl group.

0} o
thymidylate CHj
th
I-E\ | + NN 0—methylene—THF L L LS H//II\I\ | + dihydrofolate
0" N 0" N
s k
dUMP dTMP

R’ = 2’-deoxyribose-5-P

Because the incorporation of the methyl group into uracil oxidizes tetrahydrofolate to
dihydrofolate, dihydrofolate must be reduced back to tetrahydrofolate to prepare the
coenzyme for another catalytic reaction. The reducing agent is NADPH.

dihydrofolate

duct
dihydrofolate + NADPH + H* _feductase tetrahydrofolate + NADP*

The NADP" formed in this reaction has to be reduced back to NADPH by NADH.
Every NADH formed in a cell can result in the formation of 2.5 ATPs (Section 19.3).
Therefore, reducing dihydrofolate comes at the expense of ATP formation. This means
that the synthesis of thymine is energetically expensive, so there must be a good reason
for DNA to contain thymine instead of uracil.

The presence of thymine instead of uracil in DNA prevents potentially lethal mutations.
Cytosine can tautomerize to form an imine (Section 13.3), which can be hydrolyzed to
uracil (Section 12.8). The overall reaction is called a deamination because it removes an

amino group.
deamination
Q;NH2
1\{]1/ tautomerization [N H,0 HN
L LS 7 AST
0" °N 0" 'N 0" N
H H H

cytosine uracil
amino tautomer imino tautomer
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If a C in DNA is deaminated to a U, the U will specify incorporation of an A into the
daughter strand during replication instead of the G that would have been specified by C,
and all the progeny of the daughter strand would have the same mutated chromosome.
Fortunately, there is an enzyme that recognizes a U in DNA as a “mistake” and replaces
it with a C before an incorrect base can be inserted into the daughter strand. The enzyme
cuts out the U and replaces it with a C. If Us were normally found in DNA, the enzyme
would not be able to distinguish between a normal U and a U formed by deamination of
a cytosine. Having Ts in place of Us in DNA allows the Us that are found in DNA to be
recognized as mistakes.

Unlike DNA that replicates itself, RNA is continually degraded and then resynthe-
sized from the DNA template, so any mistake in RNA does not survive for long. There-
fore, changing a C to a U in RNA could lead to some copies of a defective protein, but
most would not be defective. Thus, it is not worth incurring the loss of ATP to incorpo-
rate T's into RNA.

Antibiotics Act by a Common Mechanism

Recently, it has been found that three different classes of antibiotics (a 3-lactam, a quinolone, and an aminoglycoside) all kill bacteria in
the same way. The antibiotics trigger the production of hydroxide radicals. The hydroxide radicals oxidize guanines to 8-oxoguanines.
The cell is able to recognize 8-oxoguanines as mistakes and replace them with guanines. However, if there are too many 8-oxoguanines
in DNA, the cell’s repair mechanism becomes overwhelmed. Then, instead of cutting out the 8-oxoguanines, it breaks the DNA strand,

which leads to cell death.
(0) (0)
N X
N HO- N
LI =
H,oN E H H,N E H

guanine 8-oxoguanine

PROBLEM 12¢

Adenine can be deaminated to hypoxanthine, and guanine can be deaminated to xanthine. Draw
structures for hypoxanthine and xanthine.

PROBLEM 13

Explain why thymine cannot be deaminated.

21.11 ANTIVIRAL DRUGS

Relatively few clinically useful drugs have been developed for viral infections. The
slow progress of this endeavor is due to the nature of viruses and the way they replicate.
Viruses are smaller than bacteria and consist of nucleic acid—either DNA or RNA—
surrounded by a coat of protein. Some viruses penetrate the host cell; others merely inject
their nucleic acid into the cell. In either case, the viral nucleic acid is transcribed by the
host and is integrated into the host genome.

Most antiviral drugs are analogues of nucleosides, interfering with the virus’s nucleic
acid synthesis. In this way, they prevent the virus from replicating. For example, acyclo-
vir, the drug used against herpes viruses, has a three-dimensional shape similar to that
of guanine. Therefore, acyclovir can fool the virus into incorporating the drug instead of
guanine into its DNA. Once this happens, the DNA strand can no longer grow because
acyclovir lacks a ribose with a 3'-OH group.
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NH, (0]
1
o A
N 0~ °N 0" N
HN | \> 0 0
SN N HO” “(H HO
HoN N
HOCH,CH,0CH, OH OH
acyclov,in\r cytarabine idoxuridine
Aclovir® Cytosar® Herplex®
usged against used against acute approved for topical
herpes simplex infections myelocytic leukemia ophthalmic use

Cytarabine, used for acute myelocytic leukemia, competes with cytosine for incorpo-
ration into viral DNA. Cytarabine contains an arabinose rather than a ribose (Table 16.1).
Because the 2'-OH group is in the B-position, the bases in cytarabine-modified DNA are
not able to stack properly (Section 21.3).

Idoxuridine is approved (in the United States) only for the topical treatment of
ocular infections, although it is used for herpes infections in other countries. Idoxuri-
dine has an iodo group in place of the methyl group of thymine and is incorporated into
DNA in place of thymine. Chain elongation can continue because idoxuridine has a
3’-OH group, but the resulting DNA is more easily broken and is also not transcribed
properly. (See also the description of AZT on page 644.)

Influenza Pandemics

Every year we face an outbreak of influenza (the flu). Most of the time it is a virus that is already present in the population and, therefore,
can be controlled by flu shots. But every once in awhile, a new influenza virus appears, which can cause a worldwide pandemic because
it is not affected by any immunity a person may have to older strains of influenza and can, therefore, spread rapidly and infect a large
number of people. And almost no effective antiviral drugs are available for the flu. (See Tamiflu in Section 18.2.)

The Russian flu of 1889—-1890 was the first of the flu pandemics. It killed about 1 million people. The Spanish flu that broke out
in 1918-1919 killed over 50 million people worldwide. The Asian flu of 1956-1958 killed about 2 million people before a vaccine
was developed in 1957 to contain it. The Hong Kong flu of 1968—1969—so called because it affected 15% of the population of Hong
Kong—had a much lower death rate—only about 750,000 people died—because people who had had the Asian flu had some immunity.
Because this was the last worldwide pandemic, public health officials worry that another may occur soon.

Recent flu outbreaks that have been causes for concern are the avian flu (bird flu), discovered in 1997, and the swine flu, discovered
in 2009. The avian flu was linked to chickens, but it was subsequently transmitted to hundreds of people, 60% of whom died. The swine
flu is a respiratory disease of pigs, but it has been known to affect people. There are concerns that either of these flus could become a
worldwide pandemic.

The carbohydrates attached to the surface of the viral protein account for the biggest difference in virus strains. The symptoms
caused by viruses that bind primarily to sugars in the nose and throat are not as severe as those caused by viruses that bind to sugars
deep in the lungs.

21.12 HOW THE BASE SEQUENCE OF DNA
IS DETERMINED

In June 2000, two teams of scientists (one from a private biotechnology company and one
from the publicly funded Human Genome Project) announced that they had completed
the first draft of the sequence of the 3.1 billion base pairs in human DNA. This was an
enormous accomplishment.

Clearly, DNA molecules are too large to sequence as a unit. Therefore, DNA is first
cleaved at specific base sequences, and the resulting DNA fragments are then sequenced
individually.
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restriction recognition The enzymes that cleave DNA at specific base sequences are called restriction
endonuclease  sequence endonucleases, and the DNA fragments they produce are called restriction fragments.
Alul AGET Several hundred restriction endonucleases are now known; a few examples, the base
TCGA sequence that each recognizes, and the point of cleavage in that base sequence are shown

in the margin.
FnuDI S(C:'Eg The base sequences that most restriction endonucleases recognize are palindromes.
A palindrome is a word or a group of words that reads the same forward and backward.
CTGC “Toot” and “race car” are examples of palindromes, as is “Was it a car or a cat [ saw?”

Pstl GACGTC A restriction endonuclease recognizes a piece of DNA in which the template strand is
a palindrome of the sense strand. In other words, the sequence of bases in the template
strand (reading from right to left) is identical to the sequence of bases in the sense strand
(reading from left to right).

PROBLEM 14¢
Which of the following base sequences would most likely be recognized by a restriction

endonuclease?
A ACGCGT C ACGGCA E ACATCGT
B ACGGGT D ACACGT F CCAACC

A currently used technique to determine the sequence of bases in DNA is an auto-
mated procedure called pyrosequencing. In this method, a small piece of DNA primer
is added to the restriction fragment whose sequence is to be determined. Nucleotides
are then added to the primer by base pairing with the restriction fragment. This method
detects the identity of each base that adds to the primer.

Pyrosequencing requires DNA polymerase—the enzyme that adds nucleotides to a
strand of DNA—and two additional enzymes that cause light to be emitted when pyro-
phosphate is detected.

DNA to be sequenced

DNA polymerase

3’ — AGGCTCCAGTGATCCG —5 —2.2dditional enzymes
3’-protected

P—TC 2’-deoxyribonucleoside

a restriction fragment: 5'-triphosphate
primer hybrid

Pyrosequencing also requires the four 2'-deoxyribonucleoside 5'-triphosphates, each
with a protected 3'-OH group.

o 0 o base
% I |

I INA NA N

(0] O_O O_O O_O

OR% a protecting group

a 3’-protected 2’-deoxyribonucleoside triphosphate

The restriction fragment:primer hybrid is attached to a solid support in a column.
The solid support is similar to the one used in ion-exchange chromatography
(see Figure 17.4). The steps involved in pyrosequencing are as follows:

= The enzymes and one of the four 3'-protected 2’-deoxyribonucleoside
5'-triphosphates (for example, 3’-protected dATP) are added to the column.

= The reagents are washed from the solid support.

= The process is repeated with a different 3’-protected 2’'-deoxynucleoside
5'-triphosphate (for example, 3'-protected dGTP).

= The process is repeated with 3'-protected dCTP, and then repeated again with
3'-protected dTTP.
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= The sequencer keeps track of which of the four nucleotides caused light to be
observed—in other words, which nucleotide released pyrophosphate as a result of
being added to the primer.

= The protecting group on the 3’-OH is removed.

The steps are repeated to determine the identity of the next nucleotide that adds to the
primer. Pyrosequencing can determine the base sequence of a restriction fragment with
as many as 500 nucleotides.

When a human genome can be rapidly sequenced at a reasonable cost, the era of per-
sonalized medicine can begin. We will then understand what makes people more suscep-
tible to certain diseases and why drugs work differently on different people. Eventually,
drugs will be prescribed based on a patient's genetic profile.

21.13 GENETIC ENGINEERING

Genetic engineering (also called genetic modification) is the insertion of a segment of
DNA into the replicating DNA of a host cell so that the segment of DNA is replicated
along with the DNA of the host cell. Genetic engineering has many practical applica-
tions. For example, replicating the DNA that codes for human insulin makes it possible to
synthesize large amounts of the protein (Section 17.8).

Agriculture is benefiting from genetic engineering as crops are being produced with
new genes that increase their resistance to drought and insects. For example, genetically
engineered cotton crops are resistant to the cotton bollworm, and genetically engineered
corn is resistant to the corn rootworm. Genetically modified organisms (GMOs) have
been responsible for a nearly 50% reduction in agricultural chemical sales in the United
States. Recently, corn has been genetically modified to boost ethanol production, apples
have been genetically modified to prevent them from turning brown when they are cut,
and soybeans have been genetically modified to prevent trans fats from being formed
when soybean oil is hydrogenated (Section 5.6).

Resisting Herbicides

Glyphosate, the active ingredient in a well-known herbicide called Roundup, kills weeds
by inhibiting an enzyme that plants need to synthesize phenylalanine and tryptophan,
amino acids they require for growth. Corn and cotton have been genetically engineered to
tolerate the herbicide. Then, when fields are sprayed with glyphosate, the weeds are killed
but the crops are not.

These crops have been given a gene that produces an enzyme that uses acetyl-CoA
to acetylate glyphosate in a nucleophilic acyl substitution reaction (Section 11.16).
Unlike glyphosate, N-acetylglyphosate does not inhibit the enzyme that synthesizes
phenylalanine and tryptophan.

Corn genetically engineered to resist the
herbicide glyphosate by acetylating it.

(0) CHj
X
| | | | \$ (II)
enzyme
C NH P + C EE— C N P + CoASH
—O/ N N | \O— CH3/ \SCOA —O/ NSNS | \o—
(On (On
glyphosate acetyl-CoA N-acetylglyphosate
an herbicide harmless to plants
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Using Genetic Engineering to Treat the Ebola Virus

Plants have long been a source of drugs—morphine, digitoxin, and codeine are just a few
examples (Section 9.10). Now scientists are attempting to obtain drugs from plants by
biopharming. Biopharming uses genetic engineering techniques to produce drugs in crops
such as corn, rice, tomatoes, and tobacco. To date, the only biopharmed drug approved by
the Food and Drug Administration (FDA) is one that is manufactured in carrots and used
to treat Gaucher’s disease.

An experimental drug that was used to treat a handful of patients with Ebola, the virus
that is spreading throughout West Africa, was obtained from genetically engineered
tobacco plants. The tobacco plants were infected with three genetically engineered plant
viruses that are harmless to humans and animals but have structures similar to that of the
Ebola virus. As a result of being infected, the plants produced antibodies to the viruses.
The antibodies were isolated from the plants, purified, and then used to treat the patients
with Ebola.

The experimental drug had been tested in 18 monkeys who had been exposed to a lethal
dose of Ebola. All 18 monkeys survived, whereas the three monkeys in the control group
died. Typically, drugs go through rigorous testing on healthy humans prior to being admin-
istered to infected patients (see page 201). With the recent Ebola cases, the FDA made an
exception because it feared that the drug might be these patients’ only hope. Five of the
seven people given the drug survived. Currently, it takes about 50 kilograms of tobacco
leaves and about 4-6 months to produce enough drug to treat one patient.

tobacco plants

SOME IMPORTANT THINGS TO REMEMBER

= Deoxyribonucleic acid (DNA) encodes an organism’s
hereditary information and controls the growth and
division of cells.

= A nucleoside contains a base bonded to D-ribose or to
2'-deoxy-D-ribose. A nucleotide is a nucleoside with
an OH group of the sugar bonded to phosphoric acid
by an ester linkage.

= Nucleic acids are composed of long strands
of nucleotide subunits linked by phosphodiester
bonds. These linkages join the 3’-OH group of
one nucleotide to the 5'-OH group of the next
nucleotide.

= DNA contains 2'-deoxy-D-ribose, whereas RNA
contains D-ribose. The difference in the sugars causes
DNA to be stable and RNA to be easily cleaved.

= The primary structure of a nucleic acid is the sequence
of bases in its strand. DNA contains A, G, C, and T;
RNA contains A, G, C, and U.

= The presence of T instead of U in DNA prevents
mutations caused by tautomerization and imine
hydrolysis of C to form U.

= DNA is double-stranded. The strands run in opposite
directions and are twisted into a double helix, giving
DNA a major groove and a minor groove.
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The bases are confined to the inside of the helix, and
the sugar and phosphate groups are on the outside. The
strands are held together by hydrogen bonds between
bases of opposing strands as well as by stacking
interactions.

The two strands—one is called a sense strand and the
other a template strand—are complementary: A pairs
with T, and G pairs with C.

DNA is synthesized in the 5’ — 3’ direction by a process
called semiconservative replication.

The sequence of bases in DNA provides the blueprint
for the synthesis (transcription) of RNA. RNA is
synthesized in the 5" — 3’ direction by reading the bases
along the DNA template strand in the 3" — 5’ direction.

The RNAs used in protein biosynthesis are messenger
RNA, ribosomal RNA, and transfer RNA.

Each three-base sequence of mRNA—a codon—
specifies the particular amino acid to be incorporated
into a protein. The codons and the amino acids they
specify are known as the genetic code.

Protein synthesis (translation) proceeds from the
N-terminal end to the C-terminal end by reading
the bases along the mRNA strand in the 5" — 3’
direction.
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A tRNA carries the amino acid bound as an ester to its
terminal 3’-position.

Cytosines can be deaminated to uracils. Deamination is
a reaction that removes an amino group.

Restriction endonucleases cleave DNA at specific

Problems 643

Pyrosequencing is a method used to determine the
sequence of bases in the restriction fragments.

A large amount of a particular protein can be synthesized
by genetic engineering.
The human genome contains 3.1 billion base pairs.

palindromes, forming restriction fragments.

PROBLEMS

15. Draw structures for the following:
a. guanosine-5'-monophosphate b. cytidine-5'-diphosphate c. dAMP d. thymidine
16. What nonapeptide is coded for by the following fragment of mRNA?
5'—AAA—GUU—GGC—UAC—CCC—GGA—AUG—GUG—GUC—3'
17. What is the sequence of bases in the template strand of DNA that codes for the mRNA in Problem 16?
18. What is the sequence of bases in the sense strand of DNA that codes for the mRNA in Problem 16?

19. What would be the C-terminal amino acid if the codon at the 3’-end of the mRNA in Problem 16 underwent the following
mutations?
a. The first base is changed to A. c. The third base is changed to A.
b. The second base is changed to A. d. The third base is changed to G.

20. What would be the base sequence of the segment of DNA responsible for the biosynthesis of the following hexapeptide?
Gly-Ser-Arg-Val-His-Glu

21. Propose a mechanism for the following reaction:

0 0 0 0 (”)
—0)‘\/\)\0‘ + NH; + ATP — HzN)‘\/\/U\O‘ + ADP + /IID\
“NH; *NH, "0 - OH

22. A segment of DNA has 18 base pairs. It has 7 cytosines in the segment.
a. How many thymines are in the segment? b. How many guanines are in the segment?

23. Match the codon with the anticodon:

Codon:

Anticodon:

AAA
ACC

GCA
CCU

Cuu
uuu

AGG
AGG

CCU
UGA

GGU
AAG

UCA
GUC

GAC
UGC

24. Using the single-letter abbreviations for the amino acids in Table 17.2, write the sequence of amino acids in a tetrapeptide
represented by the first four different letters in your first name. Do not use any letter twice. (Because not all letters are assigned to
amino acids, you might have to use one or two letters in your last name.) Write one of the sequences of bases in mRNA that would
result in the synthesis of that tetrapeptide. Write the sequence of bases in the sense strand of DNA that would result in formation of
that fragment of mRNA.

25. Indicate whether each functional group of the five heterocyclic bases in nucleic acids can function as a hydrogen bond acceptor (A)
or a hydrogen bond donor (D).

26. Using the A and D designations in Problem 25, indicate how base pairing would be affected if the bases existed in the enol form.
27. Which of the following pairs of dinucleotides are present in equal amounts in DNA?

A CC and GG B CG and GT CCAand TG D CG and AT E GT and CA F TA and AT
28. If an mRNA contained only U and G in random sequence, what amino acids would be present in the protein when the mRNA is translated?

29. Why is the codon a triplet rather than a doublet or a quartet?
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30.

31.

32.

33.

34.
35.

CHAPTER 21 The Chemistry of the Nucleic Acids

Human immunodeficiency virus (HIV) is the retrovirus that causes AIDS. AZT was one of the first drugs designed to interfere with
retroviral DNA synthesis. When cells take up AZT, they convert it to AZT-triphosphate. Explain how AZT interferes with DNA
synthesis.

(0]
CH;
o)
0" 'N
O,
HO
+
"N=N=N
3’-azido-2’-deoxythymidine
AZT

The amino acid sequences of peptide fragments obtained from a normal protein were compared with those obtained from the same pro-

tein synthesized by a defective gene. They were found to differ in only one peptide fragment. Their amino acid sequences are shown here:

Normal: Gln-Tyr-Gly-Thr-Arg-Tyr-Val
Mutant: Gln-Ser-Glu-Pro-Gly-Thr

a. What is the defect in DNA?
b. It was later determined that the normal peptide fragment is an octapeptide with a C-terminal Val-Leu. What is the C-terminal
amino acid of the mutant peptide?

Which cytosine in the following sense strand of DNA could cause the most damage to the organism if it were deaminated?
A—T—G—T—C—G—C—T—A—A—-T—C

5-Bromouracil, a highly mutagenic compound (that is, a compound that causes changes in DNA), is used in cancer chemotherapy.
When administered to a patient, it is converted to the triphosphate and incorporated into DNA in place of thymine, which it
resembles sterically. Why does it cause mutations? (Hint: The bromo substituent increases the stability of the enol tautomer.)

Why does DNA not unravel completely before replication begins?

The first amino acid incorporated into a polypeptide chain during its biosynthesis in prokaryotes is N-formylmethionine. Explain
the purpose of the formyl group. (Hint: The ribosome has a binding site for the growing peptide chain and a binding site for the
incoming amino acid.)
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Answers to Selected Problems

CHAPTER 1

1-1. 8 + 8, 8 +9, 8 + 10
1-2. a.3 b.5 c.6 d.7

1-3. 7
1-4. a.C2and 4;Si10and4 b.O2and6;S 10and6 ¢.N2and5;P 10and 5
1-5. a. 1 b. 4s
1-6. a. CI—CH;4 b. H—OH c¢. H—F d. CI—CH;
1-7. a. KCl b. Cl,

56— O+ o+ oO— 60— o+ o+ o—
1-9. a. HO—H c¢. H3;C—NH, e. HO—Br g. I—Cl

6— o+ o+ - 5— Of o+ o
b. F—Br d. H;C—Cl f. H;C—Li h. H,N—OH

1-10. a.LiH and HF  b. Its hydrogen has the greatest electron density.

1-11. a. oxygen b. oxygen c. oxygen d. hydrogen
1-14. a. CH3CH,OH CH;0CH;
b. CH;CH,CH,OH CH3(|3HCH3 CH;CH,OCH;
OH
1-15. a. CH;CH,NH, ¢. CH;CH,OH e. CH;CH,Cl:
b. CH;NHCH3 d. CH;0CH3 f. HONH,
I
1-16. a. CH;CH,CH,CI c CH3CH2CIIICH2CH3
CH,4

I
b. CH;COCH,CHj, d. CH,;CH,C=N

1-17. a.Cl b.O c. N d.Cand H
1-19. The C—C bonds are formed by sp*~sp® overlap; the C—H bonds are formed
by sp’—s overlap.
1-23. a. 120° b. 120°
1-24. the nitrogen
1-25. most = water; least = methane
1-27. a. relative lengths: Br, > Cl, ; relative strengths: Cl, > Br,
b. relative lengths; CH;Br > CH;Cl > CH;F ; relative strengths:
CH;F > CH;Cl > CH;Br
1-28. a. 1. C-12.C-CI 3. H-Cl
1-30. o
1-33. a. 109.5°
1-36. aand d

¢. 107.3°

b.1.C-Cl 2. C-C 3. H-F

b. 107.3° ¢. 109.5° d. 109.5°

CHAPTER 2

2-1. CO, and CCl,
2-2. a.Cl”+*NH, b. HO™ + NH;

2-3. a. 1. *NH, 2. HCI 3. H,0 4. H;0" b. 1. NH, 2. Br 3.NO; 4. HO™

2-4. a.5.2 b.3.4 %107
2-5. weaker
2-7. a. basic b. acidic ¢. basic

0 “OH

[ [

C C

+ 7\ 7N\

2-8. a. CH;CH,OH, ¢. CHj OH e. CH;CH, OH

.
b. CH;CH,OH  d. CH;CH,NH;

2-10. 40, 15, 5, 10

2-11. a. CH;COO™ b. NH, ¢. H,0

I
2-12. CH;NH™ > CH;0© > CH3;NH, > CH;CO™ > CH;0H

2-13. acid

2-16. HO™, CH;NH,, HC=C"

2-17. "CH;> NH,>HO >F

2-18. CH3CH, >H,C=CH >HC=C"

2-19. the one on the right

2-21. F >CI' >Br >I"

2-22. a.oxygen b. H,S c. CH;SH

2-23. a.HBr b. CHgCHZCHz(SHZ c. the one on the right  d. CH;CH,CH,SH

224, a1 bF  oF
225.a. HO© b, NH;

2-26. a. CH;0CH,CH,OH

¢ CH;0"  d.CH;0"
b. CH,CH,CH,0OH,

I
¢. CH;CH,OCH,CH,OH  d. CH;CH,COH

Il Il I I
2-27. a. CH3(|1HCO’ b. CH3CH2(IJHCO’ ¢. BrCH,CH,CO™ d. CH;CH,CCH,0~

F Cl
O

2-30. CH3S—OH forms a more stable base because the electrons left behind
[ when the proton is removed are shared by 3 oxygens.

2-31. a. CH;COO™ b. CH3CHZI¢TH3 c. H,0 d. Br-
e. "NH, f. C=N 2. NO,~ h.NO;~

a. 1. neutral 2. neutral 3. charged 4. charged 5. charged 6. charged

b. 1. charged 2. charged 3. charged 4. charged 5. neutral 6. neutral

c. 1. neutral 2. neutral 3. neutral 4. neutral 5. neutral 6. neutral

2-34. b. >12.7 c. =2.8

2-35. a. CH;COO + H" — CH3COOH

2-32.

b. CH;COOH + HO© = CH;COO™ + H,0
2-37. a.CH;0" + H,0 b.NH;+H,0 c¢. CH;NH, +H,0 d.CH;COO + H,0

CHAPTER 3

3-1. a. 36 hydrogens b. 36 carbons
3-3. a. n-propyl alcohol or propyl alcohol
¢. n-propylamine or propylamine

b. butyl methyl ether

CH,
CH;CH,CH,CH,Br  CH;CHCH,Br CH3CH2(IZHCH3 CH;CBr
CH; Br CH;

butyl bromide
or
n-butyl bromide

3-5. a. CH3CIHOH

isobutyl bromide  sec-butyl bromide tert-butyl bromide

b. CH3(|ZHCHZCH2F c. CH3CH2(|JHI

CH, CH;, CH;4
cIH3 cIH3
d. CH3C|CH2CH3 e. CH;CNH,  f. CH;CH,CH,CH,CH,CH,CH,CH,Br

OH CH;,

3-6. a. ethyl methyl ether b. ethylpropylamine ¢. sec-butylamine
d. n-butyl alcohol or butyl alcohol e. isobutyl bromide
f. sec-butyl chloride

CH3 CH3
3-7. a. CH3CHCH,CH; b. CH3;CCH;
2-methylbutane CH,

2,2-dimethylpropane

A-1
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A-2 Answers to Selected Problems

CH;,
3-8. a. CH3C|JCH2CHCH2CH2CH2CH3
CH; CH,CH,CHj
CH,
b. CH3C|HCHCH2CH2CH3
o
CH;,
c. CH3CHCH2CH(|IHCH2CH3
iy g
CH, CH;
d. CH3CH2C|CH2CH2C|CH2CH2CH3
CH,CH; CH,CHj

3-10. a.2,24-trimethylhexane b. 2,2-dimethylbutane c. 2,2,5-trimethylhexane

. 5-ethyl-4,4-dimethyloctane e. 3,3-diethylhexane f. 2,5-dimethylheptane
CH;

|
¢. CH;CHCH,CH;

(="~

3-11. a. CH;CH,CH,CH,CHj

pentane 2-methylbutane
i o
b. CH3(|3CH3 d. CH;CHCH,CH;
CHj;
2,2-dimethylpropane 2-methylbutane
313 a. NN o d g7
b NN e. /\N/\/
H

o

3-14. a. C,H,,0 b. C,(H,0,

3-16. a. 1-ethyl-2-methylcyclopentane b. ethylcyclobutane c. 1-ethyl-3-methyl-
cyclohexane d. 3,6-dimethyldecane e. heptane f. 1-bromohexane

a. same b. same

a. sec-butyl chloride, 2-chlorobutane b. cyclohexyl bromide,
bromocyclohexane c. isohexyl chloride, 1-chloro-4-methylpentane

d. isopropyl fluoride, 2-fluoropropane

3-17.
3-18.

3-19. a. tertiary b. tertiary ¢. primary

3-20. a. methylpropylamine, secondary b. trimethylamine, tertiary
c. diethylamine, secondary d. butyldimethylamine, tertiary

3-22. a.104.5° b. 107.3° c. 104.5°

3-23. pentane

3-24. a. O-H covalent bond b. O-H covalent bond

3-25. a. 1,4,5 b.1,2,4,5,6

OH OH OH NH,
326 no L _on > L _ou > L _ > A >
PRGN
328 0 NN s S
(6]

o > A~ > NN
OH O
b. HOCH,CH,CH,0H > CH;CH,CH,OH > CH;CH,CH,CH,OH >
CH;CH, CH,CH,Cl
3-29. ethanol
3-30. hexethal
3-35. isopropylhexane
3-36. a.cis b. trans c. cis d. trans
CHAPTER 4
4-1. a. CH3;CH,CH,OH CH3(|ZHOH CH;CH,OCH; b.7
CH;
4-3. a.5 b. 4 c. 4 d. 6

37716_22_Answers_Al-A6.indd 2

4-6. CH;CH,CH,CH=CH, CH3CH=(|3CH3 CH3(|3HCH=CH2
CH3 CH3
4-7. a.—I > —Br > —OH > —CH;
b.—OH > —CH,Cl > —CH=CH, > —CH,CH,0H
4-8. Z
4-11. a. (E)-2-heptene b. (2)-3,4-dimethyl-2-pentene
¢. (Z)-1-chloro-3-ethyl-4-methyl-3-hexene
4-13. band d
4-14. a,c,and f
4-16. a,c,and f
1 3 4 2
4-19. a. —CHyOH —CHj3 —H — CHCHyOH
2 1 4
b. —cu=o0 — OH — CH3 — CHp0H
2 3 1 4
€. — CH(CH3)3 — CH,CH,Br —Cl  — CHpCH,CH,Br
4-20. a. (R)-2-bromobutane b. (R)-1,3-dichlorobutane
4-21. a.R b.R c. R d.R
4-22. a.identical b. enantiomers c. enantiomers
4-23. a.0 b. +79. c. =79
4-24. a. levorotatory b. dextrorotatory
4-27. a. S b.R c. R d.S
4-28. +6.7
4-29. a. —24 b.0
4-30. do not know
4-31. a. enantiomers b. identical c. diastereomers
4-32. a.8 b. 2% = 256
4-34. A,C,E
4-35. a. diastereomers b. enantiomers c. identical d. constitutional isomers
4-38. A = identical, B = enantiomer, C = diastereomer, D = identical
4-39. B,D,and F
4-42. the one on the left
CHAPTER 5
5-1. a.2 b. 4 CH,
5.2, a. CH; BrCHZCHZCH2C|=CCH3
CH; CH,

¢. CH;CH,0CH==CH,
5-3. a. 4-methyl-2-pentene b. 2-chloro-3,4-dimethyl-3-hexene

¢. I-bromocyclopentene d. 1,5-dimethylcyclohexene

e. 1-bromo-4-methyl-3-hexene f. 1-bromo-2-methyl-1,3-pentadiene

rh
5-4. electrophiles: CH;CHCH3;; nucleophiles: H-, CH;0™, CH;C=CH, NH;

d. CH,=CHCH,O0H

5-11. A
CH,CH, CH,CH, CH,CH,
512 a. O{ b. Q c @
CH,CHj; CH,CHj; CH,CHj;
5-13. cis-3,4-dimethyl-3-hexene > trans-3-hexene > cis-3-hexene >

cis-2,5-dimethyl-3-hexene

5-14. decreasing; increasing
5-15. a.aand b b.b c.c
5-18. a. first step b. revert to reactants c. second step
5-19.a.1 b.2 ¢.C—D dC—B eC—D fB—C gC—B
5-20. AG*
CHAPTER 6
6-2. a.0 b. ethyl cation because of hyperconjugation
6-3. a.1.32.33.6 b. sec-butyl cation
N
+ +
6-4. a. CH3CH2(;CH3 >  CH;CH,CHCH; >  CH;CH,CH,CH,
+ + +
b. CH3(|jHCH2CH2 > CH3(|?HCH2CH2 > CH3(|ZHCH2CH2
CH; Cl F

CH,
CH;

|
6-5. a. CH;CH,C=CH, b.
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CH3 CH3
6-6. a. CH3CH,CHCH,

I c @Br e. OLBr
Br

CH, CH;,
b. CH;CH,CCH;, d. CH3(|1CH2CH2CH3 f. CH,CH,CHCH;
b b B
CH,
6-7. a. CH,=CCHj b. QCHQCH=CH2
CH,

|
c QC=CH2 d. <:>=CHCH3 or QCH2CH3

6-9. a.3 b.2 c. first step
6-10. a. CH3CH2CH2(|ZHCH3 ¢. CH3CH,CH,CHCH,CHj; d. CH;
OH and OH OH

b. OH CH3CH2CH2CH2$HCH3
Y i

6-15. a. (R)-malate and (S)-malate b. (R)-malate and (S)-malate
6-16. a. 4-methyl-1-pentyne b. 2-hexyne

CH;,
c. HCECCH2C|CH3

CH;

6-19. a. 5-bromo-2-pentyne b. 6-bromo-2-chloro-4-octyne c. 3-ethyl-1-hexyne

6-20. a. 6-methyl-2-octyne b. 5-ethyl-4-methyl-1-heptyne c. 2-bromo-4-octyne

6-21. a.sp>—sp> b.sp’—sp® c.sp-sp® d.sp—sp> e.sp-sp f.sp’—sp> g. sp>—sp’
h. sp—sp* i, sp>-sp

6-17. a. CICH,CH,C=CCH,CH; b. ©

Br Br
6-22. a. CH,=CCHj; b. CH3(|ZCH3 c. CH3CH2éCH3
Be Be B
Br Br
d. CH3(|3CH2CH2CH3 + CH3CH2éCH2CH3
br e

I
and  CH;CH,CH,CCH,CH,CHj
ene=c{ )

|
and CH3CH2CH=CHCH2C|IHCH3

I
6-23. CH;CH,CCH,CH,CH,CH;

6-24. a. CH;C=CH b. CH;CH,C = CCH,CH;

OH OH
6-25. CH;CH=(|ICH2CH2CHCH3
(|JH3 CH;,
OH
6-26. a. CH,=CCH,
OH OH
b. CH3CH=C|CH2CH2CH3 and CH3CH2é=CHCH2CH3

(l)H (l)H
c. CH2=CO and CH3C=<:>

6-27. a. CH;CH,CH,C=CH or 2

H
CH;CH,C=CCH; -

Pd/C
b. CH;C=CCH; —pindiar
catalyst
H
¢. CH;CHyCH,CH,C=CH —p i
catalyst

CHAPTER 7

7-4. a. all are the same length b. 2/3 of a negative charge
7-5. the dianion > the monoanion > the neutral compound
7-6. acetate ion

Answers to Selected Problems  A-3

7-7. 2,4-heptadiene
7-8. CH; ?H3
CH;C=CHCH=CCHj3;
2,5-dimethyl-2,4-hexadiene

> CH3CH=CHCH=CHCH; >
2,4-hexadiene
CH;CH=CHCH=CH,
1,3-pentadiene

+
CHCH;
7-9. a. O/

7-10.
7-11.
7-12.
7-13.

> CH,=CHCH,CH=CH,
1,4-pentadiene

Yo ¥

. the one on the left  b. the one on the right

. the one on the right ~ b. the one on the left  c. the one on the right
. ethylamine  b. ethoxide ion  c. ethoxide ion

. donates electrons by resonance and withdraws electrons inductively

. donates electrons by hyperconjugation

withdraws electrons by resonance and withdraws electrons inductively
. donates electrons by resonance and withdraws electrons inductively
donates electrons by resonance and withdraws electrons inductively
withdraws electrons inductively

[N

me an T

I [
7-14. a. CICH,COH b. 0,NCH,COH

COOH
+
c. d. H;NCH,COH
CH,C=0
i f. C1O COOH
e. HCOH

7-18. a. 6-bromo-6-methyl-1-heptene b. 5-chloro-5-methylcycloheptene

719, a. CHCHCHCH=CHCH; +  CHyCHCH—CHCHCH,
Cl a a
]|3r ]|3r
b. CHyCH,C—C=CHCH; + CH,CH,C—CCHCH;,
CH;CH, CH,;CHs,
a
15}
7-20. |
(") 0
CCH; C=N CH,
7-23. a. O: b. O/ . o
CH
CCH, 3
[ 0
0
= CHC=N
7-24. a. o
~ CH,
0
~
b. N
§
H. _COOH
7 e
¢ + I
§ C
Hooc” H

7-25. cycloheptatrienyl cation
7-27. C

11/21/14 12:223 PM



A-4  Answers to Selected Problems

CHAPTER 8 CH,
9-5. a. CH;CH,CHCH b.
8-2. a. tripled b. half as fast. a S | 3 QLCI
8-3. decrease Br
CH; CH; CH;
8-4. CH;CH,CH,CH,CH,Br > CH3CHCH,CH,Br > CH3CH,CHCH,Br > CH3;CH,CBr 9-8. 3° > 1° > 2°
9-9. B
CH;

9-12. (E)-3,4-dimethyl-3-hexene (major) + (Z)-3,4-dimethyl-3-hexene
8-5. a.2-methoxybutane b. (S)-2-methoxybutane c. (R)-3-hexanol d. 3-pentanol 9-13. a. 3-ethyl-2,4-dimethyl-3-hexene b. (E)-3-ethyl-2,4-dimethyl-3-hexene

8-7. a. 1-bromo-2-methylbutane b. 2-bromopropane ¢. 2-bromobutane 9-14. a. 3-pentanone a. no reaction a. I-pentanal
d. 1-bromo-2-phenylethane 9-15. a. 2-butanol b. benzyl alcohol c. 1-butanol
8-8. a. CH;CH,Br + HO™ b. CH;CH,CI + CH;0™ N 9-16. a. 1. methoxyethane 2. ethoxyethane 3. 4-methoxyoctane 4. 1-propoxybutane
8-11. a. CH3CH,OCH,CH,CH; b. CH;CH,C=CCH; ¢. CH;CH,N(CH;);Br~ b. no c. 1. ethyl methyl ether 2. diethyl ether 3. none 4. butyl propyl ether
d. CH;CH,SCH,CH;
8-12. a. (R)-3-methoxy-3-methylhexane + (S)-3-methoxy-3-methylhexane o o
b. 3-methoxy-3-methylpentane 9.19 H,C
. -19. a. b.
8-13. 2-iodo-2-methylpentane > 2-bromo-2-methylpentane > HyC CH,CH;
2-chloro-2-methylpentane > 3-chloropentane X ’
8-15. aand b CHj, OH
8-16. a. HO™ > " p; 9-20. a. HOCH,CCHj, b. CH30CH2(|JCH3
OCHj; CHj;
b. HO\/\/\Br
OCH; OH
¢ HO\/\/\/\ l
Br c¢. HOCH—CCHj; d. CH;0CH—CCH;
CH; CH; CHj; CH; CH;
8-18. a. CH;CH,CH,CH=CHCH; b. CH;CH,CH=CCH; 9-21. noncyclic ether
CH; 9-24. the one on the right
N 9-25. The first one is too insoluble; the second is too reactive; the third is too
c. CH3CH=CHC|HCH3 d. CH3(|ZCH=CH2 unreactive.
CH; CH;
CH;  CH; CHAPTER 10
N,/ CH;
CH, =< 10-1. B,C,E
H 10-3. m/z = 57
8-19. a. 2. CH3;CH,CH=CCH; 3. 4. 10-5. a. CsH;, b. C¢H,0 c. CsH,o0, d. C¢H;,NO
) 10-6. C¢H,4, CsH,(0, C4,H40,
b. the same as in an E2 10-7. 2,6-dimethylheptane
8-20. a. fert-butyl bromide b. fert-butyl bromide 10-8. 1-bromopropane
8-21. a.B b. B c.B d.A 10-10. CeHyy
8-23. a. 1-bromopropane b. 1-iodo-1-methylcyclohexane 10-11. a. yes b. no
¢. 2-bromo-2-methylbutane 10-14. a. IR b. UV
8-24. a. primarily substitution b. substitution and elimination 10-15. a.2000 cm™! b. 8 um
c. substitution and elimination e. only elimination 10-16. a. C=C b. C—H stretch ¢.C=N d.C=0
8-25. it would increase 10-17. a. carbon—oxygen stretch of a phenol b. carbon—oxygen double-bond
8-26. a. decrease b. decrease ¢. increase stretch of a ketone ¢. C—N stretch of aniline
10-18. sp?
8-27. a. CH;Br + HO® — CH;OH + Br 10-19. C—O bond of pentanoic acid has partial double bond character
_ B 10-20. ethanol dissolved in carbon disulfide
b. CHl + HO® — CH;OH + I 10-21. tertiary amine

c. CH;Br + NH; CH3ItIH3 + Br 10-24. methyl vinyl ketone

DMSO -
a cipr + wom PO cuon 1 e 1035+ { remmenl ) - > O = (O

EtOH

+
e. CH3Br + NH; —— CH3;NH; + Br +
b. O_N(CHS)Z > O—N(CH3)3 > @—N(CH3)Z > @—N(C}hh

8-29. a. 50% water/50% ethanol b. tert-butyl alcohol, tert-butyl ethyl ether,

and 2-methylpropene in 50% water/50% ethanol; fert-butyl ethyl ether and 10-26. a. left = purple; right = blue b. They would be the same color.
2-methylpropene in ethanol. 10-27. yellow and blue’
10-28. monitor increase in absorption at 340 nm
10-29. 5.0
CHAPTER 9 10:3.a.2 b1 ¢l d3 e3 £3

10-33. to the right of the TMS signal

10-34. a. in each structure, it is the proton(s) on the carbon on the right-hand side
of the structure b. in each structure, it is the protons on the methyl
group on the left-hand side of the structure

9-2. a. l-pentanol b. 4-methylcyclohexanol c¢. 5-methyl-2-hexanol
d. 3-ethyl-1-hexanol e. 5-chloro-2-methyl-2-pentanol
f. 2,6-dimethyl-4-octanol

CH, CH, CH,

10-35. a. CH3C|HC|1:[Br b. CH3?HOCI:I3 c. CH3C1112(IIHCH3
9-3. CH3C|CH2CH2CH3 CH3CH2(|ZCH2CH3 CH3C—CHCH; Br Br CH, a
OH OH OH CH;
2-methyl-2-pentanol 3-methyl-3-pentanol  2,3-dimethyl-2-butanol 10-36. a. CH3CH2CI:I2C1 b. CH3CH2CII:ICH3
Cl

9-4. no lone pair
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10-38. The compounds have different integration ratios: 2:9, 1:3, and 2:1
10-39. B
10-40. first spectrum = l-iodopropane
10-42. a. 2-chloropropanoic acid b. 3-chloropropanoic acid
10-47. cmo@cm
7
10-50. a. CH,(CH,),C(CH,),CH; b. Br—QCHﬁHZ c <:>=0
CHAPTER 11
11-1. a. benzyl acetate b. isopentyl acetate c. methyl butyrate

11-2.

11-4.
11-5.
11-6.
11-7.
11-8.

11-16.
11-18.

11-20.
11-21.
11-23.
11-24.
11-25.
11-28.
11-29.
11-30.

a. potassium butanoate, potassium butyrate b. isobutyl butanoate,
isobutyl butyrate c. pentanoyl chloride, valeryl chloride
d. 5-methylhexanoic acid, methylcaproic acid e. propanamide,
propionamide f. N,N-dimethylhexanamide, N,N-dimethylcaproamide
B
In an alcohol because there is no electron delocalization.
a. sodium acetate b. no reaction
a. new b. no reaction ¢. mixture of two
a. no reaction b. sodium acetate ¢. no reaction
a. isopropyl butyrate b. ethyl acetate
a. propoxide ion b. H" would destroy the nucleophilicity of the amine;
HO™ and RO™ would provide the wrong nucleophile
a. butyrate ion and iodomethane b. acetate ion and 1-iodooctane
2and 5
B>C>A
a. butanenitrile, propyl cyanide b. 4-methylpentanenitrile, isopentyl cyanide
a. l-bromopropane  b. 1-bromo-2-methylpropane c¢. I-bromopentane
a. acetyl chloride and butyrate ion b. butyryl chloride and acetate ion
a. butanoyl chloride and ethylamine b. ethanoyl chloride and dimethylamine
a. propanoic acid + phosphorus trichloride followed by phenol
b.
c.

d. no reaction

acetic acid + phosphorus trichloride followed by ethylamine
propanoic acid + phosphorus trichloride followed by acetate ion

CHAPTER 12

12-3.
12-4.
12-5.
12-6.

12-7.
12-8.

12-9.

12-10.

12-14.

12-17.

12-18.

12-19.

12-23.

37716_22_Answers_Al-A6.indd 5

a. 4-heptanone, dipropyl ketone b. 2-methyl-4-heptanone, isobutyl
propyl ketone c. 4-ethylhexanal, y-ethylcaproaldehyde

if elsewhere would not be a ketone

a. 2-heptanone b. chloromethyl phenyl ketone

a. ethane + hydroxide ion b. ethane + methoxide ion

c. ethane + CH3;NH d. ethane + acetylide ion

C

a. 2-butanol

b. 2-methyl-2-pentanol c. 1-methylcyclohexanol

O

I
CH;CCH,CH; + CH;CH,CH,MgBr

|
CH;CH,CCH,CH,CH; + CH;MgBr

a. two; (R)-3-methyl-3-hexanol and (S)-3-methyl-3-hexanol
a. CH3(|3HCH20H

b. one; 2-methyl-2-pentanol
Band D
CHj;
c. (CH3)3COOH d. Q?HCH3

OH

a. 1-butanol and ethanol  b. benzyl alcohol + methanol.  e¢. 1-pentanol

o]
I

[
a. CNHCH;  b. CH;CNH,

(0)
1 /CHZCH3
d. CH;CN

CH,CHj

I
¢. CH;CNHCH,CH;

a. 1,56 b.2,3,4

A-5

Answers to Selected Problems

CHAPTER 13

13-2.
13-3.
13-4.
13-5.

13-6.

13-7.

13-13. a. butanal

Il
13-17. a. CH,CH,CH,CCHCOCH;

a. the one on the left b. the one on the right

no competition for electron delocalization onto oxygen

The proton on the nitrogen is more acidic than the proton on the a-carbon.
HO™ will react with the acyl chloride to form a carboxylate ion.

(l)H (l)H
a. CH;CH=CCH,CH, b. QC=CH2 c

OH

OH

OH
and

O O

more stable

b. 3-pentanone

b. CH;CHCH,CCHCOCH,CH,4
CH;, C|HCH3
CH;,

13-18. A,B,and D

13-20.
13-23. a.3

Aand D
b.7

CHAPTER 14

14-3.
14-4.
14-5.
14-7.
14-9.
14-10. a.D

6

the one on the third carbon from the left
a.3 b. 1 c.3 d.5
chlorination

5

e5 f.4

b.B

14-11. 4

CHAPTER 15

15-1.

15-4.
15-5.

15-6.

15-8.

15-9.

a. CH,=CHCI b. CH,=CCH,

ﬁOCH3

¢. CF,=CF,

beach balls
a. CH,=CH CH,=CH

Q- Q " Q

OCH;4

I
b. CH,=CHOCH; > CH,=CHCH; > CH,=CHCOCH;

=

OCH;

a. CHz—CH cHz—CH

Q-

b. CH;=CHC=N < CH,=CHCI < CH,=CHCH;

The carbocation would be unstable because of the electron withdrawing
ester group.

a. CH2=$CH3 + BF; + H,0
CH,
CH,=CH + BuLi

b. CH2=C|IH + BF; + H,0 c

&o

%OCH3

11/21/14 12:223 PM



A-6  Answers to Selected Problems

| I
15-15. a. —NHCH,CH,CH,CNHCH,CH,CH,C—

I I I I
b. —NH(CH,),;NHCCH,CH,CNH(CH,),;NHCCH,CH,C—

CHAPTER 16

16-1. p-Ribose is an aldopentose. D-Sedoheptulose is a ketoheptose. b-Mannose is
an aldohexose.

16-3. a. enantiomers b. diastereomers

16-4. a. p-ribose b. L-talose c. L-allose d. L-ribose
16-5. p-psicose
16-6. a.2* = 16 b.2% =32 c. none

16-7. p-psicose

16-11. a. the OH group at C-2 b. the OH group at C-2, C-3, and C-4
c. the OH group at C-3 and C-1

16-13. a. propyl B-p-alloside b. a-D-talose

16-14. A protonated amine is not a nucleophile.

16-15. —74.2

16-16. a. amylose has a-1,4'-glycosidic linkages; cellulose has 8-1,4'-glycosidic
linkages b. amylopectin has 1,6'-glycosidic linkages that create
branches; amylose doesn’t have branches c. glycogen has more
branches than amylopectin d. chitin has an N-acetylamino group
instead of an OH group at the 2-position.

16-17. a. From those with type A, B, or AB blood.
b. To those with type A, B, or O blood.

CHAPTER 17

17-2. Ile
17-4. because of the electron-withdrawing ammonium group

| |
17-6. a. HOCCH,CH,CHCOH
*NH;

| |
b. HOCCH,CH,CHCO™
“NH;
Il (II)
¢. "OCCH,CH,CHCO™
*NH;

I I
d. ’OCCHZCHz(leCO’
NH,

17-7. a.5.43 b. 10.76 c.5.68 d.2.98

17-8. a. Asp b. Arg

17-9. 2-methylpropanal

17-10. Leucine and isoleucine have similar polarities and pI values, so they show
up as one spot.

17-13. a. L-Ala and D-Ala, L-Asp and D-Asp, L-Glu and D-Glu
b. L-Ala, L-Asp, L-Glu

17-14. a. leucine b. methionine

17-15. a. alanine b. isoleucine c. leucine

17-19. the bonds on either side of the a-carbon

17-21. Edman’s reagent would release two amino acids in approximately equal
amounts.

17-22. Gly-Arg-Trp-Ala-Glu-Leu-Met-Pro-Val-Asp

17-24. a. His-Lys, Leu-Val-Glu-Pro-Arg, Ala-Gly-Ala
b. Leu-Gly-Ser-Met-Phe-Pro-Tyr, Gly-Val

17-26. Leu-Tyr-Lys-Arg-Met-Phe-Arg-Ser

17-28. a. cigar-shaped protein b. subunit of a hexamer
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CHAPTER 18

18-1. ~1

18-2. NAM

18-4. Arginine forms a direct hydrogen bond; lysine forms an indirect hydrogen

bond.

18-5. 2,3, and 4

18-7. 2

18-12. a.7 b. 3 isolated from 2 others

18-13. N-5 is a stronger base because the lone pair on N-5, unlike the lone pair on
N-1, cannot be delocalized onto an oxygen.

18-23. a. alanine b. aspartate

18-24. the one on the right

18-25. If the nitrogen is not protonated, it will be a poorer source for electron
delocalization.

18-26. The hydrogen bond formed by the OH group weakens the bond to the
a-carbon.

18-30. In THEF, a carbonyl group is at C-4, and the bond between C-3 and C-4
is a single bond; in aminopterin, an amino group is at C-4, and the bond
between C-3 and C-4 is a double bond.

CHAPTER 19

19-1. eight

19-2. seven

19-3. The B-carbon has a partial positive charge.

19-5. a. conversion of glucose to glucose-6-phosphate; conversion of fructose-
6-phosphate to fructose-1,6-bisphosphate
b. conversion of 1,3-bisphosphoglycerate to 3-phosphoglycerate; conversion
of phosphoenolpyruvate to pyruvate

19-7. two

19-8. acetaldehyde reductase

19-9. a ketone

19-11. pyruvate

19-13. a secondary alcohol

19-14. citrate and isocitrate

19-15. succinyl

19-16. a. 1 b.1+5=6

19-17. a. glycerol kinase b. phosphatidic acid phosphatase

CHAPTER 20

20-2. glycerol tripalmitate

20-10. The two halves are synthesized in a head-to-tail fashion and then joined
together in a tail-to-tail linkage.

20-14. The reaction of dimethylallyl pyrophosphate and isopentenyl pyrophosphate
is an Sy1 reaction.

20-15. two 1,2-hydride shifts; two 1,2-methyl shifts

CHAPTER 21

21-2. a.3—C—C—T—G—T—T—A—G—A—C—G—5' b. guanine

21-5. Thymine and uracil have the hydrogen bond donor and the hydrogen bond
acceptor in the same place.

21-6. Met-Asp-Pro-Val-Ile-Lys-His

21-7. Met-Asp-Pro-Leu-Leu-Asn

21-9. the third base

21-10. 5'—G-C-A-T-G-G-A-C-C-C-C-G-T-T-A-T-T-A-A-A-C-A-C—3'

0 o]
2112, N N
HN HN
L LY
o N"q
xanthine hypoxanthine
21-14. A
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Glossary

absorption band a peak in a spectrum that occurs as a result of the absorp-
tion of energy.

(l)R (l)R
acetal R—?—H or R—?—R
OR OR

achiral (optically inactive) an achiral molecule has a conformation identical
to (superimposable upon) its mirror image.
acid (Brgnsted) a species that loses a proton.

T

C C
R/ ~N O/ ~N R
acid-base reaction a reaction in which an acid donates a proton to a base or
accepts a share in a base’s electrons.
acid catalyst a catalyst that increases the rate of a reaction by donating a
proton.
acid-catalyzed reaction a reaction catalyzed by an acid.
acid dissociation constant a measure of the degree to which an acid
dissociates in solution.
active site a pocket or cleft in an enzyme where the substrate is bound.
acyclic noncyclic.
acyl adenylate a carboxylic acid derivative with AMP as the leaving group.
acyl-enzyme intermediate an intermediate formed when an amino acid
residue of an enzyme is acetylated.

0
|

acyl chloride C
R™ al

acyl group a carbonyl group bonded to an alkyl group or to an aryl group.
acyl phosphate a carboxylic acid derivative with a phosphate leaving group.
acyl pyrophosphate a carboxylic acid derivative with a pyrophosphate leav-
ing group.

1,2-addition (direct addition) addition to the 1- and 2-positions of a
conjugated system.

1,4-addition (conjugate addition) addition to the 1- and 4-positions of a
conjugated system.

addition polymer (chain-growth polymer)
monomers to the growing end of a chain.
addition reaction a reaction in which atoms or groups are added to the
reactant.

adrenal cortical steroids glucocorticoids and mineralocorticoids.

alcohol a compound with an OH group in place of one of the hydrogens of
an alkane (ROH).

alcoholysis reaction with an alcohol.

acid anhydride

a polymer made by adding

(0]

aldehyde (":
R™ TH

aldol addition areaction between two molecules of an aldehyde (or two mol-
ecules of a ketone) that connects the a-carbon of one with the carbonyl carbon
of the other.
aldol condensation an aldol addition followed by the elimination of water.
aldose a polyhydroxyaldehyde.
aliphatic a nonaromatic organic compound.
alkaloid a natural product, with one or more nitrogen heteroatoms, found in
the leaves, bark, or seeds of plants.
alkane a hydrocarbon that contains only single bonds.
alkene a hydrocarbon that contains a double bond.
alkylation reaction a reaction that adds an alkyl group to a reactant.

alkyl halide a compound with a halogen in place of one of the hydrogens of
an alkane.

alkyl substituent (alkyl group) formed by removing a hydrogen from an
alkane.

alkyne a hydrocarbon that contains a triple bond.

allene a compound with two adjacent double bonds.

allosteric activator a compound that activates an enzyme when it binds to a
site on the enzyme (other than the active site).

allosteric inhibitor a compound that inactivates an enzyme when it binds to
a site on the enzyme (other than the active site).

allyl group CH,=CHCH,—

allylic carbon an sp® carbon adjacent to a vinylic carbon.

allylic cation a species with a positive charge on an allylic carbon.
alternating copolymer a copolymer in which two monomers alternate.

0 0 0
I I |

amide C

R~ NH, R~ ONHR R~
amine a compound with a nitrogen in place of one of the hydrogens of an
alkane (RNH,, R,NH, R;3;N).
amine inversion the configuration of an sp> hybridized nitrogen with a non-
bonding pair of electrons that rapidly turns inside out.
amino acid an a-aminocarboxylic acid. Naturally occurring amino acids
have the L configuration.
amino acid analyzer an instrument that automates the ion-exchange separa-
tion of amino acids.
amino acid residue a monomeric unit of a peptide or protein.
aminolysis reaction with an amine.
amino sugar a sugar in which one of the OH groups is replaced by an NH,
group.
anabolic steroids steroids that aid in the development of muscle.
anabolism reactions that living organisms carry out in order to synthesize
complex molecules from simple precursor molecules.
androgens male sex hormones.
angle strain the strain introduced into a molecule as a result of its bond
angles being distorted from their ideal values.
angstrom  unit of length; 100 picometers = 10~ cm = 1 angstrom.
anion-exchange resin a positively charged resin used in ion-exchange
chromatography.
anionic polymerization chain-growth polymerization in which the initiator
is a nucleophile; the propagation site, therefore, is an anion.
anomeric carbon the carbon in a cyclic sugar that is the carbonyl carbon in
the open-chain form.
anomers two cyclic sugars that differ in configuration only at the carbon that
is the carbonyl carbon in the open-chain form.
antibiotic a compound that interferes with the growth of a microorganism.
antibodies compounds that recognize foreign particles in the body.
anticodon the three bases at the bottom of the middle loop in tRNA.
anti conformer the most stable of the staggered conformers.
antigens compounds that can generate a response from the immune system.
antisense strand (template strand) the strand in DNA that is read during
transcription.
antiviral drug a drug that interferes with DNA or RNA synthesis in order to
prevent a virus from replicating.
applied magnetic field the externally applied magnetic field.
aramide an aromatic polyamide.
arene oxide an aromatic compound that has had one of its double bonds con-
verted to an epoxide.
aromatic a cyclic and planar compound with an uninterrupted ring of p
orbital-bearing atoms containing an odd number of pairs of 7 electrons.
aryl group a benzene or a substituted-benzene group.
asymmetric center an atom bonded to four different atoms or groups.

“NHR,

G-1
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G-2  Glossary

atactic polymer a polymer in which the substituents are randomly oriented
on the extended carbon chain.

atomic number the number of protons (or electrons) that the neutral atom has.
atomic orbital an orbital associated with an atom.

atomic weight the average mass of the atoms in the naturally occurring
element.

axial bond a bond of the chair conformation of cyclohexane that is perpen-
dicular to the plane in which the chair is drawn (an up—down bond).

back-side attack nucleophilic attack on the side of the carbon opposite the
side bonded to the leaving group.

basal metabolic rate the number of calories that would be burned if one
stayed in bed all day.

base! a species that gains a proton.

base? a purine or a pyrimidine in DNA and RNA.

base catalyst a catalyst that increases the rate of a reaction by removing a
proton.

base peak the peak with the greatest abundance in a mass spectrum.
basicity the tendency of a compound to share its electrons with a proton.
bending vibration a vibration that does not occur along the line of the bond.
It results in changing bond angles.

benzyl group Q\CHz_

benzylic carbon an sp® hybridized carbon bonded to a benzene ring.
benzylic cation a compound with a positive charge on a benzylic carbon.
bifunctional molecule a molecule with two functional groups.

bile acids steroids that act as emulsifying agents so that water-insoluble com-
pounds can be digested.

bimolecular reaction (second-order reaction) a reaction whose rate
depends on the concentration of two reactants.

biochemistry (biological chemistry) the chemistry of biological systems.
biodegradable polymer a polymer that can be broken into small segments
by an enzyme-catalyzed reaction.

bioorganic compound an organic compound found in biological systems.
biopolymer a polymer that is synthesized in nature.

biosynthesis synthesis in a biological system.

biotin the coenzyme required by enzymes that catalyze carboxylation of a
carbon adjacent to an ester or a keto group.

block copolymer a copolymer in which there are regions (blocks) of each
kind of monomer.

boat conformation the conformation of cyclohexane that roughly resembles
a boat.

boiling point the temperature at which the vapor pressure from a liquid
equals the atmospheric pressure.

bond length the internuclear distance between two atoms at minimum energy
(maximum stability).

bond order the number of covalent bonds shared by two atoms.

bond strength the energy required to break a bond homolytically.

brand name (proprietary name, trade name) identifies a commercial
product and distinguishes it from other products. It can be used only by the
owner of the registered trademark.

Brgnsted acid a species that loses a proton.

Brgnsted base a species that gains a proton.

buffer a weak acid and its conjugate base.

carbanion acompound containing a negatively charged carbon.
carbocation a species containing a positively charged carbon.

carbocation rearrangement the rearrangement of a carbocation to a more
stable carbocation.

carbohydrate a sugar or a saccharide. Naturally occurring carbohydrates
have the D configuration.

a-carbon a carbon bonded to a leaving group or adjacent to a carbonyl
carbon.

B-carbon a carbon adjacent to an a-carbon.

carbon acid a compound containing a carbon that is bonded to a relatively
acidic hydrogen.

carbonyl carbon the carbon of a carbonyl group.

carbonyl compound a compound that contains a carbonyl group.

carbonyl group a carbon doubly bonded to an oxygen.

carbonyl oxygen the oxygen of a carbonyl group.

carboxyl group COOH

37716_23_Glossary_G1-G10.indd 2

carboxylic acid
-

R OH
carboxylic acid derivative a compound that is hydrolyzed to a carboxylic acid.
carboxyl oxygen the single-bonded oxygen of a carboxylic acid or an ester.
carotenoid a class of compounds (a tetraterpene) responsible for the red and
orange colors of fruits, vegetables, and fall leaves.
catabolism reactions that living organisms carry out in order to break down
complex molecules into simple molecules and energy.
catalyst a species that increases the rate at which a reaction occurs without
being consumed in the reaction. Because it does not change the equilibrium
constant of the reaction, it does not change the amount of product that is formed.
catalytic hydrogenation the addition of hydrogen to a double or a triple
bond with the aid of a metal catalyst.
cation-exchange resin a negatively charged resin used in ion-exchange
chromatography.
cationic polymerization chain-growth polymerization in which the initiator
is an electrophile; the propagation site, therefore, is a cation.
cephalin a phosphoacylglycerol in which the second OH group of phosphate
has formed an ester with ethanolamine.
cerebroside a sphingolipid in which the terminal OH group of sphingosine is
bonded to a sugar residue.
chain-growth polymer (addition polymer) a polymer made by adding
monomers to the growing end of a chain.
chain transfer a growing polymer chain reacts with a molecule XY in a man-
ner that allows X to terminate the chain, leaving behind Y to initiate a new
chain.
chair conformation the conformation of cyclohexane that roughly resem-
bles a chair. It is the most stable conformation of cyclohexane.
chemically equivalent protons protons with the same connectivity
relationship to the rest of the molecule.
chemical shift the location of a signal in an NMR spectrum. It is measured
downfield from a reference compound (most often, TMS).
chiral (optically active) a chiral molecule has a nonsuperimposable mirror
image.
chiral center a tetrahedral atom bonded to four different groups.
cholesterol a steroid that is the precursor of all other animal steroids.
chromatography a separation technique in which the mixture to be separated
is dissolved in a solvent and the solvent is passed through a column packed with
an absorbent stationary phase.
cis fused two cyclohexane rings fused together such that if the second ring
were considered to be two substituents of the first ring, one substituent would be
in an axial position and the other would be in an equatorial position.
cisisomer the isomer with the hydrogens on the same side of the double bond
or cyclic structure.
cis—trans isomers geometric isomers.
citric acid cycle (Krebs cycle) a series of reactions that converts the acetyl
group of acetyl-CoA into two molecules of CO,.
Claisen condensation areaction between two molecules of an ester that con-
nects the a-carbon of one with the carbonyl carbon of the other and eliminates
an alkoxide ion.
a-cleavage homolytic cleavage of an alpha substituent.
codon asequence of three bases in mRNA that specifies the amino acid to be
incorporated into a protein.
coenzyme a cofactor that is an organic molecule.
coenzyme A a thiol used by biological organisms to form thioesters.
coenzyme By, the coenzyme required by enzymes that catalyze certain rear-
rangement reactions.
coil conformation (loop conformation) that part of a protein that is highly
ordered, but not in an a-helix or a B-pleated sheet.
common name nonsystematic nomenclature.
competitive inhibitor a compound that inhibits an enzyme by competing
with the substrate for binding at the active site.
complete racemization the formation of a pair of enantiomers in equal
amounts.
complex carbohydrate a carbohydrate containing two or more sugar
molecules linked together.
concerted reaction a reaction in which all the bond-making and
bond-breaking processes occur in one step.
condensation polymer (step-growth polymer) a polymer made by combining
two molecules while removing a small molecule (usually water or an alcohol).
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condensation reaction a reaction combining two molecules while removing
a small molecule (usually water or an alcohol).

conducting polymer a polymer that can conduct electricity.

configuration the three-dimensional structure of a particular atom in a com-
pound. The configuration is designated by R or S.

configurational isomers stereoisomers that cannot interconvert unless a
covalent bond is broken. Cis—trans isomers and optical isomers are configura-
tional isomers.

conformation the three-dimensional shape of a molecule at a given instant
that can change as a result of rotations about ¢ bonds.

conformers different conformations of a molecule.

conjugate acid a species accepts a proton to form its conjugate acid.
conjugate addition 1,4-addition to an «,B-unsaturated carbonyl compound.
conjugate base a species loses a proton to form its conjugate base.
conjugated double bonds double bonds separated by one single bond.
constitutional isomers (structural isomers) molecules that have the same
molecular formula but differ in the way their atoms are connected.
contributing resonance structure (resonance contributor, resonance
structure) astructure with localized electrons that approximates the structure
of a compound with delocalized electrons.

copolymer a polymer formed from two or more different monomers.
coupled protons protons that split each other. Coupled protons have the
same coupling constant.

coupled reaction an endergonic reaction followed by an exergonic reaction.
covalent bond a bond created as a result of sharing electrons.

crossed aldol addition an aldol addition in which two different aldehydes
or ketones are used.

crossed Claisen condensation a Claisen condensation in which two different
esters are used.

cross-linking connecting polymer chains by intermolecular bond formation.
C-terminal amino acid the terminal amino acid of a peptide (or protein) that
has a free carboxyl group.

(l)H
cyanohydrin R— ? —R(H)
C=N

cycloalkane an alkane with its carbon chain arranged in a closed ring.
deamination loss of ammonia.

decarboxylation loss of carbon dioxide.

dehydration loss of water.

dehydrogenase an enzyme that carries out an oxidation reaction by remov-
ing hydrogen from the substrate.

dehydrohalogenation elimination of a proton and a halide ion.
delocalization energy (resonance energy) the extra stability a compound
achieves as a result of having delocalized electrons.

delocalized electrons electrons that are shared by more than two atoms.
denaturation destruction of the highly organized tertiary structure of a
protein.

deoxygenation removal of an oxygen from a reactant.

deoxyribonucleic acid (DNA) a polymer of deoxyribonucleotides.
deoxyribonucleotide a nucleotide in which the sugar component is D-2'-
deoxyribose.

deoxy sugar a sugar in which one of the OH groups has been replaced by
an H.

detergent a salt of a sulfonic acid.

dextrorotatory the enantiomer that rotates polarized light in a clockwise
direction.

diastereomer a configurational stereoisomer that is not an enantiomer.
1,3-diaxial interaction the interaction between an axial substituent and the
other two axial substituents on the same side of the cyclohexane ring.
Diels—Alder reaction a[4 + 2] cycloaddition reaction.

diene a hydrocarbon with two double bonds.

dienophile an alkene that reacts with a diene in a Diels—Alder reaction.
B-diketone a ketone with a second carbonyl group at the B-position.

dimer a molecule formed by the joining together of two identical molecules.
dinucleotide two nucleotides linked by phosphodiester bonds.

dipeptide two amino acids linked by an amide bond.

dipole—dipole interaction an interaction between the dipole of one molecule
and the dipole of another.

Glossary  G-3

dipole moment (1) a measure of the separation of charge in a bond or in a
molecule.

direct addition 1,2-addition to an «,B-unsaturated carbonyl compound
(addition to the carbonyl carbon).

disaccharide acompound containing two sugar molecules linked together.
disproportionation transfer of a hydrogen atom by a radical to another radi-
cal, forming an alkane and an alkene.

dissociation energy the amount of energy required to break a bond, or the
amount of energy released when a bond is formed.

disulfide bridge a disulfide (—S—S—) bond in a peptide or protein.
DNA (deoxyribonucleic acid) a polymer of deoxyribonucleotides.

doping adding or removing electrons from a polymer with conjugated double
bonds.

double bond a o bond and a 7 bond between two atoms.

doublet an NMR signal split into two peaks.

doublet of doublets an NMR signal split into four peaks of approximately
equal height. Caused by splitting a signal into a doublet by one hydrogen and
into another doublet by another (nonequivalent) hydrogen.

drug acompound that reacts with a biological molecule, triggering a physi-
ological effect.

drug resistance biological resistance to a particular drug.

eclipsed conformation a conformation in which the bonds on adjacent car-
bons are aligned as viewed looking down the carbon—carbon bond.

E conformation the conformation of a carboxylic acid or carboxylic acid
derivative in which the carbonyl oxygen and the substituent bonded to the car-
boxyl oxygen or nitrogen are on opposite sides of the single bond.

Edman’s reagent phenyl isothiocyanate. A reagent used to determine the
N-terminal amino acid of a polypeptide.

effective magnetic field the magnetic field that a proton “senses” through the
surrounding cloud of electrons.

E isomer the isomer with the high-priority groups on opposite sides of the
double bond.

electromagnetic radiation radiant energy that displays wave properties.
electronegative element an element that readily acquires an electron.
electronegativity tendency of an atom to pull electrons toward itself.
electron sink site to which electrons can be delocalized.

electrophile an electron-deficient atom or molecule.

electrophilic addition reaction an addition reaction in which the first
species that adds to the reactant is an electrophile.

electrophilic aromatic substitution a reaction in which an electrophile
substitutes for a hydrogen of an aromatic ring.

electrophilic catalysis catalysis in which the species that facilitates the
reaction is an electrophile.

electrophoresis a technique that separates amino acids on the basis of their
pl values.

electrostatic attraction attractive force between opposite charges.
electrostatic catalysis stabilization of a charge by an opposite charge.
elimination reaction a reaction that involves the elimination of atoms (or
molecules) from the reactant.

enantiomers nonsuperimposable mirror-image molecules.

endergonic reaction a reaction with a positive AG°.

endopeptidase an enzyme that hydrolyzes a peptide bond that is not at the
end of a peptide chain.

endothermic reaction a reaction with a positive AH®.

enediol rearrangement interconversion of an aldose and one or more ketoses.
enkephalins pentapeptides synthesized by the body to control pain.
enolization keto—enol interconversion.

enthalpy the heat given off (—AH®) or the heat absorbed (+AH®) during the
course of a reaction.

entropy a measure of the freedom of motion in a system.

enzyme a protein that is a catalyst.

epimerization changing the configuration of an asymmetric center by
removing a proton from it and then reprotonating the molecule at the same site.
epimers monosaccharides that differ in configuration at only one carbon.
epoxidation formation of an epoxide.

epoxide an ether in which the oxygen is incorporated into a three-membered
ring.

epoxy resin substance formed by mixing a low-molecular-weight prepoly-
mer with a compound that forms a cross-linked polymer.

equatorial bond a bond of the chair conformer of cyclohexane that juts out
from the ring in approximately the same plane that contains the chair.
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equilibrium constant the ratio of products to reactants at equilibrium or the
ratio of the rate constants for the forward and reverse reactions.

El reaction an elimination reaction with a unimolecular transition state.

E2 reaction an elimination reaction with a bimolecular transition state.
essential amino acid an amino acid that humans must obtain from their
diet because they cannot synthesize it at all or cannot synthesize it in adequate
amounts.

essential oils fragrances and flavorings isolated from plants that do not leave
residues when they evaporate. Most are terpenes.

0
|

R OR

estrogens (estrone and estradiol) female sex hormones.

ether acompound containing an oxygen bonded to two carbons (ROR).
exergonic reaction a reaction with a negative AG°.

exopeptidase an enzyme that hydrolyzes a peptide bond at the end of a pep-
tide chain.

exothermic reaction a reaction with a negative AH®.

fat a triester of glycerol that exists as a solid at room temperature.

fatty acid a long-chain carboxylic acid.

feedback inhibitor a compound that inhibits a step at the beginning of the
pathway for its biosynthesis.

fibrous protein a water-insoluble protein in which the polypeptide chains are
arranged in bundles.

Fischer projection a method of representing the spatial arrangement of
groups bonded to an asymmetric center. The asymmetric center is the point
of intersection of two perpendicular lines; the horizontal lines represent bonds
that project out of the plane of the paper toward the viewer, and the vertical
lines represent bonds that point back from the plane of the paper away from
the viewer.

flavin adenine dinucleotide (FAD) a coenzyme required in certain oxida-
tion reactions. It is reduced to FADH,, which forms 1.5 ATPs in oxidative phos-
phorylation when it is oxidized back to FAD.

formal charge the number of valence electrons — (the number of nonbonding
electrons + 1/2 the number of bonding electrons).

free energy of activation (AG¥)  the true energy barrier to a reaction.
frequency the velocity of a wave divided by its wavelength (in units of
cycles/s).

Friedel-Crafts acylation an electrophilic substitution reaction that puts an
acyl group on a benzene ring.

Friedel-Crafts alkylation an electrophilic substitution reaction that puts an
alkyl group on a benzene ring.

functional group the center of reactivity in a molecule.

furanose a five-membered-ring sugar.

furanoside a five-membered-ring glycoside.

gauche X andY are gauche to each other in this Newman projection:

X

ester

Y

gauche conformer a staggered conformer in which the largest substituents
are gauche to each other.

gauche interaction the interaction between two atoms or groups that are
gauche to each other.

gene asegment of DNA.

generic name a commercially nonrestricted name for a drug.

gene therapy a technique that inserts a synthetic gene into the DNA of an
organism that is defective in that gene.

genetic code the amino acid specified by each three-base sequence of mRNA.
genetic engineering insertion of a segment of DNA into the DNA of a rep-
licating host cell.

geometric isomers cis—trans (or E,Z) isomers.

Gibbs standard free-energy change (AG°®) the difference between the free-
energy content of the products and the free-energy content of the reactants at
equilibrium under standard conditions (1 M, 25 °C, 1 atm).

globular protein a water-soluble protein that tends to have a roughly spheri-
cal shape.

gluconeogenesis the synthesis of D-glucose from pyruvate.

glycolysis (glycolytic cycle) the series of reactions that converts D-glucose
into two molecules of pyruvate.
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glycoprotein a protein that is covalently bonded to a polysaccharide.
glycoside the acetal of a sugar.

N-glycoside a glycoside with a nitrogen instead of an oxygen at the glycosidic
linkage.

glycosidic bond the bond between the anomeric carbon and the alcohol in
a glycoside.

a-1,4"-glycosidic linkage a linkage between the C-1 oxygen of one sugar
and the C-4 of a second sugar with the oxygen atom of the glycosidic linkage
in the axial position.

B-1,4"-glycosidic linkage a linkage between the C-1 oxygen of one sugar
and the C-4 of a second sugar with the oxygen atom of the glycosidic linkage
in the equatorial position.

genetically modified organism (GMO) insertion of a gene into the DNA
of a species.

graft copolymer a copolymer that contains branches of a polymer of one
monomer grafted onto the backbone of a polymer made from another monomer.
Grignard reagent the compound that results when magnesium is inserted
between the carbon and halogen of an alkyl halide (RMgBr, RMgCl).
ground-state electronic configuration a description of which orbitals the
electrons of an atom or molecule occupy when all of the electrons of atoms are
in their lowest-energy orbitals.

half-chair conformation the least stable conformation of cyclohexane.
halogenation reaction with halogen (Br, or Cl,).

Haworth projection a way to show the structure of a sugar; the five- and
six-membered rings are represented as being flat.

head-to-tail addition the head of one molecule is added to the tail of another.
heat of hydrogenation the heat (— AH°) released in a hydrogenation reaction.
a-helix the backbone of a polypeptide coiled in a right-handed spiral with
hydrogen bonding occurring within the helix.

OH (l)H
hemiacetal R—C—H or R— (|: —R
OR OR

heptose a monosaccharide with seven carbons.

hexose a monosaccharide with six carbons.

high-energy bond a bond that releases a great deal of energy when it is
broken.

homolytic bond cleavage (homolysis) breaking a bond with the result that
each of the atoms gets one of the bonding electrons.

homopolymer a polymer that contains only one kind of monomer.
hormone an organic compound synthesized in a gland and delivered by the
bloodstream to its target tissue.

human genome the total DNA of a human cell.

hybrid orbital an orbital formed by mixing (hybridizing) orbitals.
hydrated water has been added to a compound.

hydration addition of water to a compound.

hydride ion a negatively charged hydrogen.

1,2-hydride shift the movement of a hydride ion from one carbon to an
adjacent carbon.

hydrocarbon a compound that contains only carbon and hydrogen.
a-hydrogen usually, a hydrogen bonded to the carbon adjacent to a carbonyl
carbon.

hydrogenation addition of hydrogen.

hydrogen bond an unusually strong dipole—dipole attraction (5 kcal/mol)
between a hydrogen bonded to O, N, or F and the nonbonding electrons of an
O, N, or F of another molecule.

hydrogen ion (proton) a positively charged hydrogen.

hydrolysis reaction with water.

hydrophobic interactions interactions between nonpolar groups. These
interactions increase stability by decreasing the amount of structured water
(increasing entropy).

hyperconjugation delocalization of electrons by overlap of carbon—
hydrogen or carbon—carbon o bonds with an empty p orbital.

imine (Schiff base) R,C=NR

induced-dipole-induced-dipole interaction an interaction between a tem-
porary dipole in one molecule and the dipole the temporary dipole induces in
another molecule.

induced-fit model a model that describes the specificity of an enzyme for
its substrate: the shape of the active site does not become completely comple-
mentary to the shape of the substrate until after the enzyme binds the substrate.
inductive electron donation donation of electrons through ¢ bonds.
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inductive electron withdrawal withdrawal of electrons through a o bond.
informational strand (sense strand) the strand in DNA that is not read
during transcription; it has the same sequence of bases as the synthesized
mRNA strand (with a U, T difference).

infrared radiation electromagnetic radiation familiar to us as heat.
infrared spectroscopy uses infrared energy to provide a knowledge of the
functional groups in a compound.

infrared (IR) spectrum a plot of percent transmission versus wavenumber
(or wavelength) of infrared radiation.

initiation step the step in which radicals are created, or the step in which the
radical needed for the first propagation step is created.

interchain disulfide bridge a disulfide bridge between two cysteine residues
in different peptide chains.

intermediate a species formed during a reaction and that is not the final
product of the reaction.

intermolecular reaction a reaction that takes place between two molecules.
internal alkyne an alkyne with the triple bond not at the end of the carbon
chain.

intrachain disulfide bridge a disulfide bridge between two cysteine residues
in the same peptide chain.

intramolecular reaction a reaction that takes place within a molecule.
inversion of configuration turning the configuration of a carbon inside out
like an umbrella in a windstorm, so that the resulting product has a configura-
tion opposite that of the reactant.

ion—dipole interaction the interaction between an ion and the dipole of a
molecule.

ion-exchange chromatography a technique that uses a column packed with
an insoluble resin to separate compounds on the basis of their charges and
polarities.

ionic bond a bond formed through the attraction of two ions of opposite
charges.

isoelectric point (pI) the pH at which there is no net charge on an amino acid.
isolated double bonds double bonds separated by more than one single bond.
isomers nonidentical compounds with the same molecular formula.
isoprene rule rule expressing the head-to-tail linkage of isoprene units.
isotactic polymer a polymer in which all the substituents are on the same
side of the fully extended carbon chain.

isotopes atoms with the same number of protons but different numbers of
neutrons.

IUPAC nomenclature systematic nomenclature of chemical compounds.
Kekulé structure a model that represents the bonds between atoms as lines.
keto—enol tautomerism (keto—enol interconversion) interconversion of
keto and enol tautomers.

keto—enol tautomers a ketone and its isomeric «,B-unsaturated alcohol.
B-Keto ester an ester with a second carbonyl group at the 3-position.

(0]

I
ketone C

R™ TR

ketose a polyhydroxyketone.
kinase an enzyme that puts a phosphate group on its substrate.
Kinetic control when a reaction is under kinetic control, the relative amounts
of the products depend on the rates at which they are formed.
kinetic product the product that is formed the fastest.
kinetic resolution separation of enantiomers on the basis of the difference in
their rate of reaction with an enzyme.
kinetics the field of chemistry that deals with the rates of chemical reactions.
kinetic stability chemical reactivity, indicated by AG*. If AG* is large, the
compound is kinetically stable (not very reactive). If AG* is small, the com-
pound is kinetically unstable (highly reactive).
Krebs cycle (citric acid cycle, tricarboxylic acid cycle, TCA cycle) a series
of reactions that convert the acetyl group of acetyl-CoA into two molecules
of CO,.
Amax  the wavelength at which there is maximum UV/Vis absorbance.
lead compound the prototype in a search for other biologically active
compounds.
leaving group the group that is displaced in a nucleophilic substitution
reaction.
Le Chatelier’s principle states that if an equilibrium is disturbed, the com-
ponents of the equilibrium will adjust in a way that will offset the disturbance.
lecithin a phosphoacylglycerol in which the second OH group of phosphate
has formed an ester with choline.
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levorotatory the enantiomer that rotates polarized light in a counterclock-
wise direction.

Lewis structure a model that represents the bonds between atoms as lines or
dots and the valence electrons as dots.

lipid a water-insoluble compound found in a living system.

lipid bilayer two layers of phosphoacylglycerols arranged so that their polar
heads are on the outside and their nonpolar fatty acid chains are on the inside.
lipoate a coenzyme required in certain oxidation reactions.

living polymer a nonterminated chain-growth polymer that remains active.
This means that the polymerization reaction can continue upon the addition of
more monomer.

localized electrons electrons that are restricted to a particular locality.
lock-and-key model a model that describes the specificity of an enzyme for
its substrate: the substrate fits the enzyme as a key fits a lock.

lone-pair electrons (nonbonding electrons) valence electrons not used in
bonding.

loop conformation (coil conformation) that part of a protein that is highly
ordered, but not in an a-helix or B-pleated sheet.

magnetic resonance imaging (MRI) NMR used in medicine. The differ-
ence in the way water is bound in different tissues produces a variation in signal
between organs as well as between healthy and diseased tissue.

major groove the wider and deeper of the two alternating grooves in DNA.
mass number the number of protons plus the number of neutrons in an atom.
mass spectrometry provides a knowledge of the molecular weight, molecu-
lar formula, and certain structural features of a compound.

mass spectrum a plot of the relative abundance of the positively charged
fragments produced in a mass spectrometer versus their m/z values.

materials science the science of creating new materials to be used in place of
known materials such as metal, glass, wood, cardboard, and paper.
mechanism-based inhibitor (suicide inhibitor) a compound that inacti-
vates an enzyme by undergoing part of its normal catalytic mechanism.
mechanism of a reaction a description of the step-by-step process by which
reactants are changed into products.

melting point the temperature at which a solid becomes a liquid.
membrane the material that surrounds a cell in order to isolate its contents.
mercaptan (thiol) the sulfur analog of an alcohol (RSH).

meso compound a compound that contains asymmetric centers and a plane
of symmetry.

metabolism reactions that living organisms carry out in order to obtain the
energy and to synthesize the compounds they require.

methine hydrogen a tertiary hydrogen.

methylene group a CH, group.

1,2-methyl shift the movement of a methyl group with its bonding electrons
from one carbon to an adjacent carbon.

micelle a spherical aggregation of molecules, each with a long, hydrophobic
tail and a polar head, arranged so that the polar head points to the outside of
the sphere.

minor groove the narrower and more shallow of the two alternating grooves
in DNA.

mixed anhydride an anhydride formed from two different acids.

[ P9 P
or C P or C P Ad
R~ o~ v R~ \O/\\O’ R~ \O/\\O/
o (on

mixed triacylglycerol a triacylglycerol in which the fatty-acid components
are different.

molecular ion (parent ion) peak in the mass spectrum with the greatest m/z.
molecular orbital an orbital associated with a molecule.

molecular recognition the recognition of one molecule by another as a
result of specific interactions; for example, the specificity of an enzyme for its
substrate.

monomer arepeating unit in a polymer.

monosaccharide (simple carbohydrate) a single sugar molecule.
monoterpene a terpene that contains 10 carbons.

MRIscanner an NMR spectrometer used in medicine for whole-body NMR.
multiplet an NMR signal split into more than seven peaks.

multiplicity the number of peaks in an NMR signal.

mutarotation a slow change in optical rotation to an equilibrium value.
mutase an enzyme that transfers a group from from one position to another.
N + 1rule an'HNMR signal for a hydrogen with N equivalent hydrogens
bonded to an adjacent carbon is split into N + 1 peaks. A '3C NMR signal for
a carbon bonded to N hydrogens is split into N + 1 peaks.
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natural-abundance atomic weight the average mass of the atoms in the
naturally occurring element.

natural product a product synthesized in nature.

neurotransmitter a compound that transmits nerve impulses.
nicotinamide adenine dinucleotide (NAD¥) a coenzyme required in
certain oxidation reactions. It is reduced to NADH, which forms 2.5 ATPs in
oxidative phosphorylation when it is oxidized back to NAD™.

nicotinamide adenine dinucleotide phosphate (NADP") a coenzyme that
is reduced to NADPH, which is used as a reducing agent in anabolic reactions.
nitration substitution of a nitro group (NO,) for a hydrogen of a benzene
ring.

nitrile acompound that contains a carbon—nitrogen triple bond (RC=N).
NMR spectroscopy the absorption of electromagnetic radiation to determine
the structural features of an organic compound. In the case of NMR spectros-
copy, it determines the carbon—hydrogen framework.

node that part of an orbital in which there is zero probability of finding an
electron.

nominal mass mass rounded to the nearest whole number.

nonbonding electrons (lone-pair electrons) valence electrons not used in
bonding.

noncovalent interaction an interaction between atoms (or molecules) that is
weaker than a covalent bond.

nonpolar covalent bond a bond formed between two atoms that share the
bonding electrons equally.

normal alkane (straight-chain alkane)
form a contiguous chain with no branches.
N-phthalimidomalonic ester synthesis a method used to synthesize an amino
acid that combines the malonic ester synthesis and the Gabriel synthesis.
N-terminal amino acid the terminal amino acid of a peptide (or protein) that
has a free amino group.

nucleic acid the two kinds of nucleic acid are DNA and RNA.

nucleophile an electron-rich atom or molecule.

nucleophilic acyl substitution reaction a reaction in which a group bonded
to an acyl or aryl group is substituted by another group.

nucleophilic addition reaction a reaction that involves the addition of a
nucleophile to a reagent.

nucleophilic catalysis (covalent catalysis) catalysis that occurs as a result of
a nucleophile forming a covalent bond with one of the reactants.

nucleophilic catalyst a catalyst that increases the rate of a reaction by acting
as a nucleophile.

nucleophilicity a measure of how readily an atom or a molecule with a pair
of nonbonding electrons attacks an atom.

nucleophilic substitution reaction a reaction in which a nucleophile substi-
tutes for an atom or a group.

nucleoside a heterocyclic base (a purine or a pyrimidine) bonded to the
anomeric carbon of a sugar (D-ribose or D-2'-deoxyribose).

nucleotide a heterocycle attached in the B-position to a phosphorylated
ribose or deoxyribose.

observed rotation the amount of rotation observed in a polarimeter.

octet rule states that an atom will give up, accept, or share electrons in order
to achieve a filled shell. Because a filled second shell contains eight electrons,
this is known as the octet rule.

oil a triester of glycerol that exists as a liquid at room temperature.

olefin an alkene.

oligomer a protein with more than one peptide chain.

oligonucleotide 3 to 10 nucleotides linked by phosphodiester bonds.
oligopeptide 3 to 10 amino acids linked by amide bonds.

oligosaccharide 3 to 10 sugar molecules linked by glycosidic bonds.
open-chain compound an acyclic compound.

operating frequency the frequency at which an NMR spectrometer operates.
optical isomers stereoisomers that contain chirality centers.

optically active rotates the plane of polarized light.

optically inactive does not rotate the plane of polarized light.

orbital the volume of space around the nucleus in which an electron is most
likely to be found.

orbital hybridization mixing of orbitals.

organic compound a compound that contains carbon.

organic synthesis preparation of organic compounds from other organic
compounds.

organometallic compound a compound containing a carbon—metal bond.
oxidation loss of electrons by an atom or a molecule.

an alkane in which the carbons
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B-oxidation a series of four reactions that removes two carbons from a fatty
acyl-CoA.

oxidation reaction areaction in which the number of C — H bonds decreases
or the number of C—0O, C—N, or C— X (X = a halogen) increases.
oxidative phosphorylation a series of reactions that converts a molecule
of NADH and a molecule of FADH, into 2.5 and 1.5 molecules of ATP,
respectively.

oxyanion acompound with a negatively charged oxygen.

paraffin an alkane.

parent hydrocarbon the longest continuous carbon chain in a molecule.
parent ion (molecular ion) peak in the mass spectrum with the greatest m/z.
partial hydrolysis a technique that hydrolyzes only some of the peptide
bonds in a polypeptide.

pentose a monosaccharide with five carbons.

peptide polymer of amino acids linked together by amide bonds. A peptide
contains fewer amino acid residues than a protein does.

peptide bond the amide bond that links the amino acids in a peptide or
protein.

peroxyacid a carboxylic acid with an OOH group instead of an OH group.
perspective formula a method of representing the spatial arrangement of
groups bonded to an asymmetric center. Two bonds are drawn in the plane of the
paper; a solid wedge is used to depict a bond that projects out of the plane of the
paper toward the viewer, and a hatched wedge is used to represent a bond that
projects back from the plane of the paper away from the viewer.

pH the pH scale is used to describe the acidity of a solution (pH = —log[H"]).

phenyl group Q

pheromone a compound secreted by an animal that stimulates a physiologi-
cal or behavioral response from a member of the same species.

phosphatase an enzyme that removes a phosphate group from its substrate.
phosphatidic acid a phosphoacylglycerol in which only one of the OH
groups of phosphate is in an ester linkage.

phosphoacylglycerol (phosphoglyceride) a compound formed when two
OH groups of glycerol form esters with fatty acids and the terminal OH group
forms a phosphate ester.

phosphoanhydride bond the bond holding two phosphoric acid molecules
together.

phospholipid a lipid that contains a phosphate group.

phosphoryl transfer reaction the transfer of a phosphate group from one
compound to another.

photosynthesis the synthesis of glucose and O, from CO, and H,O.

pi () bond a bond formed as a result of side-to-side overlap of p orbitals.
pinacol rearrangement rearrangement of a vicinal diol.

pK, describes the tendency of a compound to lose a proton (pK, = —log K,
where K is the acid dissociation constant).

plane of symmetry an imaginary plane that bisects a molecule into mirror
images.

plasticizer an organic molecule that dissolves in a polymer and allows the
polymer chains to slide by each other.

B-pleated sheet the backbone of a polypeptide that is extended in a zigzag
structure with hydrogen bonding between neighboring chains.

polar covalent bond a covalent bond between atoms of different electro-
negativites.

polarimeter an instrument that measures the rotation of polarized light.
polarized light light that oscillates only in one plane.

polyamide a polymer in which the monomers are amides.

polycarbonate a step-growth polymer in which the dicarboxylic acid is
carbonic acid.

polyester a polymer in which the monomers are esters.

polymer a large molecule made by linking monomers together.

polymer chemistry the field of chemistry that deals with synthetic polymers;
part of the larger discipline known as materials science.

polymerization the process of linking up monomers to form a polymer.
polynucleotide many nucleotides linked by phosphodiester bonds.
polypeptide many amino acids linked by amide bonds.

polysaccharide acompound containing more than 10 sugar molecules linked
together.

polyunsaturated fatty acid a fatty acid with more than one double bond.
polyurethane a polymer in which the monomers are urethanes.

CeHs—
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porphyrin ring system consists of four pyrrole rings joined by one-carbon
bridges.

primary alcohol an alcohol in which the OH group is bonded to a primary
carbon.

primary alkyl halide an alkyl halide in which the halogen is bonded to a
primary carbon.

primary alkyl radical a radical with the unpaired electron on a primary
carbon.

primary amine an amine with one alkyl group bonded to the nitrogen.
primary carbocation acarbocation with the positive charge on a primary carbon.
primary carbon a carbon bonded to only one other carbon.

primary hydrogen a hydrogen bonded to a primary carbon.

primary structure (of a nucleic acid) the sequence of bases in a nucleic acid.
primary structure (of a protein) the sequence of amino acids in a protein.
promoter site a short sequence of bases at the beginning of a gene.
propagating site the reactive end of a chain-growth polymer.

propagation step in the first of a pair of propagation steps, a radical (or an
electrophile or a nucleophile) reacts to produce another radical (or an electro-
phile or a nucleophile) that reacts in the second to produce the radical (or the
electrophile or the nucleophile) that was the reactant in the first propagation step.
prostacyclin alipid, derived from arachidonic acid, that dilates blood vessels
and inhibits platelet aggregation.

protecting group a reagent that protects a functional group from a synthetic
operation that it would otherwise not survive.

protein a polymer containing 40 to 4000 amino acids linked by amide bonds.
proton a positively charged hydrogen (H"); a positively charged particle in
an atomic nucleus.

proton-decoupled >*C NMR spectrum a '>C NMR spectrum in which all
the signals appear as singlets because there is no coupling between the nucleus
and its bonded hydrogens.

proton transfer reaction a reaction in which a proton is transferred from an
acid to a base.

protoporphyrin IX the porphyrin ring system of heme.

pyranose a six-membered-ring sugar.

pyranoside a six-membered-ring glycoside.

pyridoxal phosphate the coenzyme required by enzymes that catalyze
certain transformations of amino acids.

pyrosequencing a technique used to determine the sequence of bases in a
polynucleotide by detecting the identity of each base that adds to a primer.
quartet an NMR signal split into four peaks.

quaternary structure a description of the way the individual polypeptide
chains of a protein are arranged with respect to each other.

racemic mixture (racemate) a mixture of equal amounts of a pair of
enantiomers.

radical an atom or a molecule with an unpaired electron.

radical chain reaction a reaction in which radicals are formed and react in
repeating propagating steps.

radical inhibitor a compound that traps radicals.

radical initiator a compound that creates radicals.

radical polymerization chain-growth polymerization in which the initiator
is a radical; the propagation site is, therefore, a radical.

radical reaction a reaction in which a new bond is formed by using one
electron from one reagent and one electron from another reagent.

radical substitution reaction a substitution reaction that has a radical
intermediate.

random coil the conformation of a totally denatured protein.

random copolymer a copolymer with a random distribution of monomers.
random screen (blind screen) the search for a pharmacologically active
compound without any information about what chemical structures might show
activity.

rate constant a measure of how easy or difficult it is to reach the transition
state of a reaction (to get over the energy barrier to the reaction).
rate-determining step (rate-limiting step) the step in a reaction that has the
transition state with the highest energy.

R configuration after assigning relative priorities to the four groups bonded
to an asymmetric center, if the lowest-priority group is on a vertical axis in a
Fischer projection (or pointing away from the viewer in a perspective formula),
an arrow drawn from the highest-priority group to the next-highest-priority
group goes in a clockwise direction.

reaction coordinate diagram describes the energy changes that take place
during the course of a reaction.
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reactivity—selectivity principle states that the greater the reactivity of a
species, the less selective the species will be.

recombinant DNA DNA that has been incorporated into a host cell.
reduction reaction a reaction in which the number of C—H bonds increases
or the number of C— O, C—N, or C— X (X = a halogen) decreases.
reduction gain of electrons by an atom or a molecule.

reductive amination the reaction of an aldehyde or a ketone with ammonia or
with a primary amine in the presence of a reducing agent (H,, Pd/C).

reference compound a compound added to a sample whose NMR spectrum
is to be taken. The positions of the signals in the NMR spectrum are measured
from the position of the signal given by the reference compound.
regioselective reaction a reaction that leads to the preferential formation of
one constitutional isomer over another.

regulatory enzyme an enzyme that can be turned on and off.

relative configuration the configuration of a compound relative to the con-
figuration of another compound.

relative rate obtained by dividing the actual rate constant by the rate constant
of the slowest reaction in the group being compared.

replication the synthesis of identical copies of DNA.

resolution of a racemic mixture separation of a racemic mixture into the
individual enantiomers.

resonance acompound with delocalized electrons is said to have resonance.
resonance contributor (resonance structure, contributing resonance
structure) a structure with localized electrons that approximates the true
structure of a compound with delocalized electrons.

resonance electron donation donation of electrons through p orbital overlap
with neighboring 7 bonds.

resonance electron withdrawal withdrawal of electrons through p orbital
overlap with neighboring 7 bonds.

resonance energy (delocalization energy) the extra stability associated
with a compound as a result of its having delocalized electrons.

resonance hybrid the actual structure of a compound with delocalized
electrons; it is represented by two or more structures with localized electrons.
restriction endonuclease an enzyme that cleaves DNA at a specific base
sequence.

restriction fragment a fragment that is formed when DNA is cleaved by a
restriction endonuclease.

retro Diels—Alder reaction a reverse Diels—Alder reaction.

retrosynthesis (retrosynthetic analysis) working backward (on paper)
from the target molecule to available starting materials.

retrovirus a virus whose genetic information is stored in its RNA.

rf radiation radiation in the radiofrequency region of the electromagnetic
spectrum.

ribonucleic acid (RNA) a polymer of ribonucleotides.

ribonucleotide a nucleotide in which the sugar component is D-ribose.
ribosome a particle composed of about 40% protein and 60% RNA on which
protein biosynthesis takes place.

ring-expansion rearrangement rearrangement of a carbocation in which
the positively charged carbon is bonded to a cyclic compound and, as a result of
rearrangement, the size of the ring increases by one carbon.

ring-flip (chair-chair interconversion) the conversion of the chair con-
former of cyclohexane into the other chair conformer. Bonds that are axial in
one chair conformer are equatorial in the other.

ring-opening polymerization a chain-growth polymerization that involves
opening the ring of the monomer.

RNA (ribonucleic acid) a polymer of ribonucleotides.

rule of 13 allows possible molecular formulas to be determined from the m/z
value of the molecular ion.

saponification hydrolysis of an ester (such as a fat) under basic conditions.
saturated hydrocarbon a hydrocarbon that is completely saturated (i.e.,
contains no double or triple bonds) with hydrogen.

Schiff base (imine) R,C=NR

S configuration after assigning relative priorities to the four groups bonded
to an asymmetric center, if the lowest-priority group is on a vertical axis in a
Fischer projection (or pointing away from the viewer in a perspective formula),
an arrow drawn from the highest-priority group to the next-highest-priority
group goes in a counterclockwise direction.

secondary alcohol an alcohol in which the OH group is bonded to a second-
ary carbon.

secondary alkyl halide an alkyl halide in which the halogen is bonded to a
secondary carbon.
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secondary alkyl radical a radical with the unpaired electron on a secondary
carbon.

secondary amine an amine with two alkyl groups bonded to the nitrogen.
secondary carbocation a carbocation with the positive charge on a second-
ary carbon.

secondary carbon a carbon bonded to two other carbons.

secondary hydrogen a hydrogen bonded to a secondary carbon.

secondary structure of a protein a description of the conformation of the
backbone of a protein.

secondary structure of DNA the double helix.

semiconservative replication the mode of replication that results in a
daughter molecule of DNA having one of the original DNA strands plus a
newly synthesized strand.

sense strand (informational strand) the strand in DNA that is not read dur-
ing transcription; it has the same sequence of bases as the synthesized mRNA
strand (with a U and T difference).

separated charges a positive and a negative charge that can be neutralized
by the movement of electrons.

sesquiterpene a terpene that contains 15 carbons.

shielding phenomenon caused by electron donation to the environment of
a proton. The electrons shield the proton from the full effect of the applied
magnetic field. The more a proton is shielded, the farther to the right its signal
appears in an NMR spectrum.

sigma (o) bond a bond with a cylindrically symmetrical distribution of
electrons.

simple carbohydrate (monosaccharide) a single sugar molecule.

simple triacylglycerol a triacylglycerol in which the fatty acid components
are the same.

single bond a o bond.

singlet an unsplit NMR signal.

skeletal structure shows the carbon—carbon bonds as lines and does not
show the carbon—hydrogen bonds.

Sn1 reaction a unimolecular nucleophilic substitution reaction.

Snx2 reaction  a bimolecular nucleophilic substitution reaction.

soap a sodium or potassium salt of a fatty acid.

solvation the interaction between a solvent and another molecule (or ion).
solvolysis reaction with the solvent.

specific rotation the amount the plane of polarization of plane-polarized
light will be rotated by a compound with a concentration of 1.0 g/mL in a
sample tube 1.0 dm long.

spectroscopy study of the interaction of matter and electromagnetic radiation.
sphingolipid a lipid that contains sphingosine.

sphingomyelin a sphingolipid in which the terminal OH group of sphingo-
sine is bonded to phosphocholine or phosphoethanolamine.

spin-coupled 3C NMR spectrum a '>C NMR spectrum in which each
signal of a carbon is split by the hydrogens bonded to that carbon.

spin coupling the atom that gives rise to an NMR signal is coupled to the
rest of the molecule.

spin decoupling the atom that gives rise to an NMR signal is decoupled from
the rest of the molecule.

spin-spin coupling the splitting of a signal in an NMR spectrum described
by the N + 1 rule.

a-spin state nuclei in this spin state have their magnetic moments oriented in
the same direction as the applied magnetic field.

B-spin state nuclei in this spin state have their magnetic moments oriented
opposite the direction of the applied magnetic field.

splitting diagram a diagram that describes the splitting of a set of protons.
squalene a triterpene that is a precursor of steroid molecules.

stacking interactions van der Waals interactions between the mutually
induced dipoles of adjacent pairs of bases in DNA.

staggered conformation a conformation in which the bonds on one carbon
bisect the bond angle on the adjacent carbon when viewed looking down the
carbon—carbon bond.

step-growth polymer (condensation polymer) a polymer made by com-
bining two molecules while removing a small molecule (usually water or an
alcohol).

stereochemistry the field of chemistry that deals with the structures of mol-
ecules in three dimensions.

stereogenic center (stereocenter) an atom at which the interchange of two
substituents produces a stereoisomer.

stereoisomers isomers that differ in the way their atoms are arranged in space.
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steric effects effects due to the fact that groups occupy a certain volume of
space.
steric hindrance refers to bulky groups at the site of a reaction that make it
difficult for the reactants to approach each other.
steric strain (van der Waals strain, van der Waals repulsion) the repul-
sion between the electron cloud of an atom or a group of atoms and the electron
cloud of another atom or group of atoms.
steroid a class of compounds that contains a steroid ring system.
stop codon a codon at which protein synthesis is stopped.
straight-chain alkane (normal alkane) an alkane in which the carbons
form a continuous chain with no branches.
Strecker synthesis a method used to synthesize an amino acid: an aldehyde
reacts with NH;, forming an imine that is attacked by cyanide ion. Hydrolysis
of the product gives an amino acid.
stretching frequency the frequency at which a stretching vibration occurs.
stretching vibration a vibration occurring along the line of a bond.
structural isomers (constitutional isomers) molecules that have the same
molecular formula but differ in the way their atoms are connected.
structural protein a protein that gives strength to a biological structure.
a-substituent a substituent on the side of a steroid ring system opposite that
of the angular methyl groups.
B-substituent a substituent on the same side of a steroid ring system as that
of the angular methyl groups.
a-substitution reaction a reaction that puts a substituent on an a-carbon in
place of an a-hydrogen.
substrate the reactant of an enzyme-catalyzed reaction.
subunit an individual chain of an oligomer.
suicide inhibitor (mechanism-based inhibitor) a compound that inacti-
vates an enzyme by undergoing part of its normal catalytic mechanism.
sulfide (thioether) the sulfur analog of an ether (RSR).
sulfonation substitution of a hydrogen of a benzene ring by a sulfonic acid
group (SOsH).
symmetrical anhydride an acid anhydride with identical R groups:
Pl
C C
symmetrical ether an ether with two identical substituents bonded to the
oxygen.
syndiotactic polymer a polymer in which the substituents regularly alternate
on both sides of the fully extended carbon chain.
synthetic polymer a polymer that is not synthesized in nature.
systematic nomenclature nomenclature based on structure.
target molecule desired end product of a synthesis.
tautomerism interconversion of tautomers.
tautomers rapidly equilibrating isomers that differ in the location of their
bonding electrons.
template strand (antisense strand) the strand in DNA that is read during
transcription.
terminal alkyne an alkyne with the triple bond at the end of the carbon chain.
termination step the step in which two radicals combine to produce a mol-
ecule in which all the electrons are paired.
terpene alipid, isolated from a plant, that contains carbon atoms in multiples
of five.
terpenoid a terpene that contains oxygen.
tertiary alcohol an alcohol in which the OH group is bonded to a tertiary
carbon.
tertiary alkyl halide an alkyl halide in which the halogen is bonded to a
tertiary carbon.
tertiary alkyl radical a radical with the unpaired electron on a tertiary
carbon.
tertiary amine an amine with three alkyl groups bonded to the nitrogen.
tertiary carbocation a carbocation with the positive charge on a tertiary
carbon.
tertiary carbon a carbon bonded to three other carbons.
tertiary hydrogen a hydrogen bonded to a tertiary carbon.
tertiary structure a description of the three-dimensional arrangement of all
the atoms in a protein.
tetraene a hydrocarbon with four double bonds.
tetrahedral bond angle the bond angle (109.5°) formed by adjacent bonds
of an sp® hybridized carbon.
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tetrahedral carbon an sp? hybridized carbon; a carbon that forms covalent
bonds by using four sp* hybridized orbitals.
tetrahedral intermediate the intermediate formed in a nucleophilic acyl
substitution reaction.
tetrahydrofolate (THF) the coenzyme required by enzymes that catalyze
reactions that donate a group containing a single carbon to their substrates.
tetraterpene a terpene that contains 40 carbons.
tetrose a monosaccharide with four carbons.
thermal cracking using heat to break a molecule apart.
thermodynamic control when a reaction is under thermodynamic control,
the relative amounts of the products depend on their stabilities.
thermodynamic product the most stable product.
thermodynamics the field of chemistry that describes the properties of a sys-
tem at equilibrium.
thermodynamic stability indicated by AG°. If AG® is negative, the products
are more stable than the reactants. If AG® is positive, the reactants are more
stable than the products.
thiamine pyrophosphate (TPP) the coenzyme required by enzymes that
catalyze a reaction that transfers an acyl group to a substrate.
thin-layer chromatography a technique that separates compounds on the
basis of their polarity.

i

C
R™ TSR
thioether (sulfide) the sulfur analog of an ether (RSR).
thiol (mercaptan) the sulfur analog of an alcohol (RSH).
titration curve a plot of pH versus added equivalents of hydroxide ion.
trademark a registered name, symbol, or picture.
trade name (proprietary name, brand name) identifies a commercial
product and distinguishes it from other products.
transamination a reaction in which an amino group is transferred from one
compound to another.
transcription the synthesis of mRNA from a DNA blueprint.
transesterification reaction the reaction of an ester with an alcohol to form
a different ester.
trans fused two cyclohexane rings fused together such that if the second ring
were considered to be two substituents of the first ring, both substituents would
be in equatorial positions.
transimination the reaction of a primary amine with an imine to form a new
imine and a primary amine derived from the original imine.
trans isomer the isomer with the hydrogens on opposite sides of the double
bond or cyclic structure; the isomer with identical substituents on opposite sides
of the double bond.
transition state the highest point on a hill in a reaction coordinate diagram.
In the transition state, bonds in the reactant that will break are partially broken
and bonds in the product that will form are partially formed.
translation the synthesis of a protein from an mRNA blueprint.
triacylglycerol the compound formed when the three OH groups of glycerol
are esterified with fatty acids.
triene a hydrocarbon with three double bonds.
trigonal planar carbon an sp” hybridized carbon.
triose a monosaccharide with three carbons.
tripeptide three amino acids linked by amide bonds.

thioester  the sulfur analogue of an ester:

Glossary  G-9

triple bond a o bond plus two 7 bonds.

triplet an NMR signal split into three peaks.

triterpene a terpene that contains 30 carbons.

twist-boat conformation (skew-boat conformation) a conformation of
cyclohexane.

ultraviolet light electromagnetic radiation with wavelengths ranging from
180 to 400 nm.

unimolecular reaction a reaction whose rate depends on the concentration
of one reactant.

unsaturated hydrocarbon a hydrocarbon that contains one or more double
or triple bonds.

unsymmetrical ether an ether with two different substituents bonded to the
oxygen.

urethane a compound with a carbonyl group that is both an amide and an
ester.

UV/Vis spectroscopy the absorption of electromagnetic radiation in the
ultraviolet and visible regions of the spectrum; used to determine information
about conjugated systems.

valence electron an electron in an unfilled shell.

van der Waals forces (London forces) induced-dipole-induced-dipole
interactions.

vector sum takes into account both the magnitudes and the directions of the
bond dipoles.

vinyl group CH,=CH—

vinylic carbon a carbon in a carbon—carbon double bond.

vinylic cation a compound with a positive charge on a vinylic carbon.

vinyl polymer a polymer in which the monomers are ethylene or a substi-
tuted ethylene.
visible light
to 780 nm.
vitamin a substance needed in small amounts for normal body function that
the body cannot synthesize at all or cannot synthesize in adequate amounts.
vitamin KH, the coenzyme required by the enzyme that catalyzes the car-
boxylation of glutamate side chains.

vulcanization heating rubber with sulfur to increase its hardness while main-
taining its flexibility.

wave equation an equation that describes the behavior of each electron in an
atom or a molecule.

wavelength distance from any point on one wave to the corresponding point
on the next wave (usually in units of wm or nm).

wavenumber the number of waves in 1 cm.

wax an ester formed from a long-chain carboxylic acid and a long-chain alcohol.
wedge-and-dash structure a method of representing the spatial arrange-
ment of groups. Wedges are used to represent bonds that point out of the plane
of the paper toward the viewer, and dashed lines are used to represent bonds that
point back from the plane of the paper away from the viewer.

Williamson ether synthesis formation of an ether from the reaction of an
alkoxide ion with an alkyl halide.

Ziegler—Natta catalyst an aluminum-titanium initiator that controls the ste-
reochemistry of a polymer.

Z isomer the isomer with the high-priority groups on the same side of the
double bond.

zwitterion a compound with a negative charge and a positive charge on non-
adjacent atoms.

electromagnetic radiation with wavelengths ranging from 400
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A
Aarachidonic acid, 614
ABS, 514
Absorption bands
absence of, 357-358
C-H bonds, 356
infrared, 351
intensity of, 351-352
O-H and N-H bonds, 355
position and shape of, 352-357
position of, 352
Acceptable daily intake (ADI),
546
Acesulfame potassium, 545, 546
Acetaldehyde, 23(0), 26(0), 315,
432, 434, 449, 466, 593
Acetal(s), 451
Acetamide, 397, 413
Acetaminophen, 94
Acetate, 478
Acetate ion, 229
Acetic acid, 40, 44, 229, 315, 395,
412,421
Acetic anhydride, 421
Acetoacetate , 479
Acetoacetate decarboxylase, 479
Acetolactate synthase, 24(0), 25(0)
Acetone, 434, 479, 605
Acetone cyanohydrin, 441
Acetonitrile, 418
Acetyl chloride, 401
Acetyl thioester, 478
Acetylchlorine, 425
Acetylcholinesterase, 425
Acetyl-CoA, 25(0), 26(0), 147, 425,
478, 585, 587, 592-596,
602, 604, 641
Acetyl-CoA carboxylase, 29-30(0)
Acetylene. See Ethyne
N-Acetylglyphosate, 641
N-Acetylglucosamine (NAG), 4(0)
N-Acetylmuramic acid (NAM), 4(o0)
Acetylsalicylic acid, 94, 468
Achiral, 124, 125, 130
Acid anhydride(s), 419, 420-421
Acid dissociation constant, 42
Acid rain, 40, 44, 486
Acid-base reactions, 41, 66
determining position of
equilibrium, 48-49
organic acids and bases, 44-47
predicting outcome of, 48
Acid-catalyzed reaction, 194, 212
Acidity, 42
of a-hydrogen, 462-464
Acid(s)
and bases, 65-72
bases and organic, 44-47
buffer solutions, 61
how structure affects pK,
values, 49
pK, values. See Inside Back Cover
pK, values of some simple, 52t
properties of, 40
strengths of, 57-58, 67-69
substituents and strength of,
53-54
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Aclovir, 639
Acrolein, 524
Acrylonitrile, 418, 503, 514
Actinomycin D, 630
Active site, 1(0), 169
Acute myeloid leukemia, 199
Acyclovir, 638
Acyl adenylate, 423, 583
Acyl chloride(s), 393, 396, 402-403
420, 444
reactions with hydride ion,
443-444
reactions with Grignard reagents,
438-441
Acyl group, 393
Acyl phosphate, 423, 582
Acyl-enzyme intermediate, 10(0)
Acylovir, 639
1,2-Addition product, 236
1,2-Addition reaction, 236
1,4-Addition product, 236, 237
1,4-Addition reaction, 236, 239-240
Adenine, 15(0), 20(0), 38(0), 623-624,
627, 631, 638, 639
Adenosine 5’-diphosphate (ADP),
423, 424, 586, 589, 590, 624
Adenosine 5’-monophosphate
(AMP), 624
Adenosine 5’-triphosphate (ATP),
17(0), 309, 423, 424, 582,
586, 589, 590, 624,
use for phosphoryl transfer
reactions, 582-584
S-adenosylmethionine (SAM),
330, 332
AdoMet, 330
Adrenaline, 331, 594
Advil, 94, 143, 411
Alanine, 129, 557, 566, 578, 602
Alcohol(s), 76, 303, 306, 333-336,
480, 493
activating for nucleophilic
substitution by
protonation, 306-308
classification of, 87-88
elimination reactions of:
dehydration, 310-313, 334
ethyl, vinyl, 231
nomenclature of, 303-305
oxidation of, 313-316
protonated, 45
reactions of aldehydes and
ketones with, 449-451
relative acidities, 63
solubility, 95
structure of, 88-89
and thiols, 328
transesterification, 409
Alcoholysis reaction, 405, 414417
Aldehexose, 535-536
Aldehyde dehydrogenase, 315
Aldehyde(s), 313-314, 394, 431, 443
acidity of, 463
nomenclature of, 432-433
reactions of, 435
reactions with alcohols,
449451

reactions with amines, 445-449
reactions with cyanide ion,
441-442
reactions with Grignard reagents,
437-438
reactions with hydride ion,
442-443
Alder, Kurt, 238
Aldohexose, 535-536
Aldol addition, 468, 474
crossed, 471-472
dehydration of, 470-471
forms B-hydroxyaldehydes or
B-hydroxyketones,
468-469
Aldol condensation, 470, 477
Aldolase, 12-13(0), 46(0), 477
Aldose, 526
configurations of, 528-529
Aldotetrose, 528
Aleve, 94, 145, 411
Alkaline solutions, 40
Alkaloid(s), 327
Alkalosis, 61
Alkane(s), 73, 207, 485, 493, 497
and alkenes, 148
chlorination and bromination of,
487-488
nomenclature of, 80-83
solubility, 95
Alkene(s), 148, 207, 332, 480, 485
addition of hydrogen halides to,
183-184
addition of water to, 193-194
determining relative stabilities of,
160-162
examples that undergo radical
polymerization, 503t
introduction to, 148-149
nomenclature of, 149-152
reactions of, 182-183
reactions of, flow of electrons,
153-157
stereochemistry of reactions,
194-197
Alkyl bromide, 264, 267, 270
Alkyl chloride, 264, 270
Alkyl cyanide, 418
Alkyl fluoride, 270, 326
Alkyl group, 203
names of common, 79t
Alkyl halide(s), 76, 86, 264,
277-278, 332, 333, 369,
467, 480
classification of, 87-88
elimination reactions of, 281-283
as insecticides, 331
mechanism for Sy1 of, 274-275
planning synthesis of, 189-190
relative reactivities of reactions,
287-288
solubility, 96
solvent affects on reactions,
293-294
structure of, 88-89
Alkyl iodide, 264, 270
Alkyl substituent, 76

Alkylating agents as cancer
drugs, 330
Alkylation
of enolate ions, 467
Alkyne(s), 199, 332, 339, 480, 485
addition of hydrogen halides to,
204-205
addition of hydrogen to, 207-208
addition of water to, 205-207
introduction to, 199-200
nomenclature of, 201
reactions of, 182-183
structure of, 203
synthetic, for birth control, 202
Allantoic acid, 414
Allantoin, 414
Allantoinase, 414
Dp-Allose, 529
Allosteric activator, 602
Allosteric inhibitor, 602
Allyl group, 151, 152
Allylic carbon, 151, 226
Allylic cation, 226, 227
Allylic hydrogen, 151
a-Aceto-a-hydroxybutyrate, 25(0)
a,3-Unsaturated aldehyde(s) and
ketone(s), 451-452, 470
a,B-Unsaturated carboxylic acid
derivatives, 453
a,3-Bromomalonic ester, 561
a,3-Bromopropionaldehyde, 432
a-Carbon, 461, 476-479
a-Fructose-1,-bisphosphate,
12-13(0)
a-Glucosidase, 542
a-Glyceraldehyde, 529
a-Glycoside, 537
a-1,4'-Glycosidic linkage, 538
a-1,6'-Glycosidic linkage, 540, 541
a-Helix, 572, 580
a-Hydrogen, 461
acidity of, 462-464
a-Hydroxycarboxylic acid, 442
a-Ketobutyrate, 25(0)
a-Ketoglutarate, 31(0), 33(0),
597, 602
a-Ketoglutarate dehydrogenase,
46(0)
«-Spin state, 365
a-Terpineol, 617
a-Tocopherol, 494, 495
Alprazolam, 449
Alternating copolymer, 514
D-Altrose, 529, 548
Aluminized Mylar, 517
Amide(s), 393, 405
acid-catalyzed hydrolysis and
alcoholysis, 414417
naming, 397
reactions with hydride ion, 445
Amine(s), 76, 294, 326
bad-smelling compounds, 77
classification of, 87-88
don’t undergo substitution or
elimination reactions,
326-327
poisonous, 45
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protonating, 327
reactions of, 413-414
solubility, 96
structure of, 88-89
D-amino acid, 554
L-Amino acid, 32(0), 554
Amino acid analyzer, 560
D-Amino acid oxidase, 563
Amino acid side chains, 2(0), 3(0)
Amino acid(s), 200, 448, 549, 643
acid-base properties of, 555-556
biosynthesis, 602-603
configuration of, 554
essential, 553
isoelectric point, 556-557
mechanism for attachment to
rRNA, 633
most common naturally
occurring, 550t
nomenclature of, 550-553
pK, values of, 555t
protein catabolism, 593-594
resolution of racemic mixtures
of, 562-563
separating, 557-560
synthesis of, 561-562
Aminoacylase, 562
para-Aminobenzoic acid (PABA),
360
Pp-Aminobenzoic acid, 38(0)
Anminolysis, 405
Aminopterin, 41(0)
Ammonia
nitrogen in, 89
reaction with water, 41-42
Sterecker synthesis, 562
Ammonium ion, bonds in, 13, 28-29
Ammonium carboxylate salt, 413
AMP, 478
Ampicillin, 417
Amylopectin, 540-541
Amylose, 105, 542
Anabolic reactions, 17(0), 581
Anabolic steroids, 619-620
Anabolism, 599
4-Androstene-3,17-dione, 621
5-Androstene-3,17-dione, 621
Anesthetics, 319
Angle strain, 100, 101
Anhydride(s), 583
reactions of, 420
Aniline, 230, 233, 361
Anilinium ion, 361
Anion, 13, 27
Anionic polymerization, 501,
507-508
Anisole, 232-233
Anomeric carbon, 532
Anomers, 532
Ansaid, 113
Antabuse, 315
Anthocyanins, 363
Anti conformer, 99
Antibiotics, 38(0)
that act by common mechanism,
638
that act by inhibiting translation,
636
Antibodies, 543
Anticoagulants, 42(0)
Anticodon, 632
Antigen, 543
Antioxidant, 494, 495
Antiparallel B-pleated sheet, 573
Antitumor agents, 330
Antiviral drugs, 638, 639
Applied magnetic field, 365
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D-Arabinose, 528, 529
Arachidic acid, 482
Aramides, 516
Arene, 323
Arene oxide, 323, 324, 334
Arginine, 557, 568, 578
Aromatic compound(s), 240
Aromatic phenol, 473
Aromatic polyamides, 516
Aromaticity
applying criteria for, 242
two criteria for, 241
Arrows, curved, 46
Arrows, straight, 46
Artificial sweeteners, 544545
Ascorbic acid, 88, 494, 495, 534
Asparagine, 552
Aspartame, 429, 545, 563
Aspartate, 8(0), 553, 557, 577, 602
Aspirin, 60, 94, 410-411, 468
Asymmetric center, 124
cause of chirality in molecules,
125
isomers with more than one,
134-135
isomers with one, 125
Atactic polymers, 510
Atherosclerosis, 110, 494
Ativan, 449
Atomic number, 3
Atomic orbitals, 4, 15-16
relative energies of, 5
Atomic weight, 3
Atom(s), 13
arrangement of, in space,
116-119
electron distribution in, 4-5
electronic configurations of, 4t
forming covalent bonds, 18-19
hybridization, 20, 32-34, 50-51
size of, 51-52
structure of, 3
Atorvastatin, 110
Avian flu, 639
Axial bonds, 102, 103, 106
Axial methylcyclohexane, 105
Aygestin, 202
Azilect, 200
Azobenzene(s), 362
AZT (3-azido-2’-deoxythymidine),
644

B
Back-side attack, 266
Baeyer, Adolf von, 100, 101
Barbiturates, 97
Base peak, 342
Base value, 343
Base(s), 270, 622
acids and, 65-72
in nucleic acids, 625
organic acids and, 44-47
properties of, 40
strengths of, 69-70
Basic metabolic rate (BMR), 599
Basicity, 42, 270
using to predict nucleophilic acyl
substitution reactions, 401
Beeswax, 608
Benzamide, 445
Benzene, 215-216, 232, 241, 251,
258, 305, 323, 332, 361
as aromatic compound, 240-241
bonding in, 217
reactions of, 244-245
Benzene oxide, 323, 324
Benzenesulfonic acid, 612

Benzo|a|pyrene, 325, 326
4,5-Benzo|a|pyrene oxide, 325
7,8-Benzo|a|pyrene oxide, 325
Benzocaine, 328
Benzodiazepine 4-oxide, 448
Benzoic acid, 233
Benzyl group, 396
Benzylamine, 445
Benzylic carbon, 226
Benzylic cation, 226, 227
Beriberi, 15(0)
Berzelius, Jons Jakob, 1
B-Aspartate-semialdehyde, 17(0)
B-Bromovaleric acid, 396
B-Carbon, 282
B-Carotene, 361, 363
B-Chlorobutyraldehyde, 432
B-D-Fructofuranose, 533
B-D-Glucose, 532, 535-536, 548
B-Dicarboxylic acid, 484
B-Endorphin, 564, 580
B-Glycoside, 537
B-1,4'-Glycosidic linkage, 539
B-Hydroxyaldehyde, 469
B-Hydroxyketone, 469
B-Keto acid, 24(0), 484
B-Keto ester, 472, 473
B-Methylamino-L-alanine, 554
B-Oxidation, 587
B-Oxoguanine, 638
B-Pleated sheet, 573
B-Selinene, 615
B-Spin state, 365
Bifunctional molecule, 279
Bimolecular, 266
Biochemistry, 197
Biodegradability, 183
Biodegradable polymers, 521,
521-522
Biofarming, 642
Bioorganic compounds, 525
1,3-Biphosphoglycerate, 590
Biopolymers, 499
Biosynthesis, 422, 602-603, 634
Biot, Jean-Baptiste, 130
Biotin, 28-30(0), 28(0)
Bird flu, 639
Birth control
Norlutin, Enovid, 385
synthetic alkynes, 202
Bisphenol A, 518, 519
Bleomycin, 630
Block copolymer, 514
Blood
alcohol content, 315
artificial, 497
buffer solutions, 61
clotting, 541
clotting drugs, 43(0)
measuring glucose levels in
diabetes, 531
type, and compatibility, 543-544
Blue jeans, 101
Blueberries, 363
Boiling point (bp), 90
of carbonyl compounds, 399
comparative, 91t
comparative of alkanes and alkyl
halides, 92t
Bombykol, 149
Bond dissociation energy, 19
Bond length, 18
Bond strength, 16
Bond(s), 7, 37-39
in ammonia, ammonium ion, 28-29
angles, 32-34
axial, equatorial, 102

benzene, 217
covalent, 8, 9-11
double, 22-23
hydrogen, 92
in hydrogen halide, 30-31
infrared absorption band
frequencies, 351t
ionic and octet, 6-7
lengths, 32-34
methyl cation, radical, anion,
26-27
in organic compounds, 3, 19-22
polar covalent, 9
strengths, 32-34
stretch, bend, 350
triple. See Triple bonds
in water, 29-30
Botulism, 88
Bovine spongiform encephalopathy
(BSE), 575
Branched-chain alkane(s), 82
Breast cancer and aromatase
inhibitors, 472
Breathalyzer test, 315
Broccoli, 43(0)
Bromination, 497
of alkanes, 487-488
Bromine, 115, 345
bonds in, 13
Bromine radical, 489
1-Bromobutane, 291, 489
2-Bromobutane, 124-127, 155, 195,
283-284, 291, 489
Bromocyclohexane, 338
Bromoethane, 272, 487
2-Bromohexane, 189
3-Bromohexane, 189, 190
Bromomethane, 268
2-Bromopentane, 188, 190, 285
3-Bromopentane, 188, 190
5-Bromouracil, 644
Bronsted-Lowry definitions, 41
Buckyballs, 243
Buffer solutions, 61
1,3-Butadiene, 513
Butanal, 438
1,3-Butandiene, 503
Butane, 74-75, 99, 105, 485, 489,
491
Butanedione, 433
Butanoic acid, 395, 438
Butanol, 336
1-Butanol, 308, 338, 443
2-Butanol, 304, 313, 381, 412, 437
Butanone, 371, 428, 491
Butanoyl chloride, 443
1-Butene, 150, 212, 283
2-Butene, 150, 166-168, 196, 212,
283, 284, 338
cis-2-Butene, 154, 163, 210, 313
trans-2-Butene, 154, 163, 210, 313
tert-Butoxide ion, 271, 296
Butter yellow, 362
2-Butyl acetate, 412
n-Butyl alcohol, 95
tert-Butyl alcohol, 95
tert-Butyl chloride, 183
tert-Butyl ethyl ether, 296
tert-Butyl isobutyl ether, 316
tert-Butyl methyl ether, 318
Butyl propyl ether, 296
Butyl rubber, 514
Butylated hydroxyanisole, 495
Butylated hydroxytoluene, 495
Butyllithium, 507
1-Butyne, 201, 205
Butyric acid, 43, 395
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C
I3CNMR spectroscopy, 379-382
Cadaverine, 77
Caffeine, 34
Calicene, 254
Cancer
alkylating agents as drugs, 330
benzo[a]pyrene, 325
breast, and aromatase inhibitors,
472
carbocation stability to
determine carcinogenicity
of arene oxide, 323-324
chemotherapy, 39-41(0), 454
decaffeinated coffee and, 494
drugs and side effects, 41(0)
enediynes, 199
nitrosamines and, 87-88
and radical reactions, 493
and taxol, 439
and thalidomide, 142
Caproic acid, 395
Caraway seed oil, 432
Carbanion, 13, 436
Carbinolamine, 447
Carbocation, 13, 244, 307
stability of, 184-187, 191-192
stability to determine
carcinogenicity of arene
oxide, 323-324
Carbocation arrangement, 191
Carbohydrate(s), 451, 525
catabolism of, 588-592
on cell surfaces, 543-544
classification of, 526-527
organic chemistry of, 525-546
Carbon acids, pK, values of some,
462t
Carbon dioxide, 32, 35
Carbon tetrachloride, 35
Carbon—carbon single bond, 97-98
Carbonic acid, 64
Carbon(s)
allylic, benzylic, 226
atomic orbitals, 5
bonding of, 2-3
diamond, graphite, graphene,
fullerenes, 24
fossil fuels and, 486
isotopes, 3
and living organisms, 273
in organic compounds, 1-2
primary, secondary, tertiary, 78
tetrahedral, 21
Carbonyl compounds
properties of, 399
reactions of, 339-401, 435
reactions of the a-carbon of,
461-480
reactions with hydride ion,
442445
relative reactivities of, 402403,
434-435
reactions with Grignard reagents,
437441
Carbonyl group, 206, 358, 393, 475
Carbonyl oxygen, 407
Carbonyl carbon, 398
Carbonyl group, 395
Carboxyl oxygen, 396, 398
Carboxylic acid derivatives, 394,
395-397, 419
relative reactivities of, 402403
structure of, 398
Carboxylic acids, 44, 223, 295, 313,
375, 393, 607
as acid and base, 46
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aspirin, 60
how cells activate, 422-425
how chemists activate, 421-422
nomenclature of, 395-397
pK, and pH, 59
protonated, 45
reactions of, 399-401, 412-413,
444-445
removing CO,, 475-476
structure of, 398
substituents and strength of
acids, 53-54
Carboxypeptidases, 568, 571
Carcinogens. See Cancer
Cardiolpin, 621
Carmustine, 330
Carnauba wax, 608
Carson, Rachel, 264
Carvone, 141
(R)-(-)-Carvone, 432
(S)-(+)-Carvone, 432
Catabolic reactions, 17(0), 581
Catabolism
of carbohydrates, 588-592
of fats, 585-588
of proteins, 593-594
stages of, 584-585
Catalysis
described, 168-169
by enzymes, 169-170
Catalysts, 168
Ziegler-Natta, 510
Catalytic hydrogenation, 160, 161
Cataracts, 531
Catechins, 495
Cation, 13
Cation-exchange chromatography,
559, 560
Cationic polymerization, 501, 505-507
Cation(s)
allylic, benzylic, 226
methyl, bonds in, 26-27
Celebrex, 411
Cell membranes, 97
Cellobiose, 538, 539
Cells
carbohydrates on surfaces of,
543
how carboxylic acids activated,
422-425
Celluloid, 500
Cellulose, 540
Cellulose and starch, 105
Celluose, 542
Cephalins, 612
Chain reactions, 500
Chain transfer, 502
Chain-growth polymers, 500,
501-510
Chair conformer, 101
Chardonnet, Louis, 500
Chemical shift, 368
characteristic values of, 369-371
Chemical warfare, 329
Chemically equivalent protons, 367
Chemotherapy, 39-41(0), 454
Chicken cytochrome, 567
Chimney sweep, 326
Chimpanzee cytochrome, 567
Chiral drugs, 143
Chiral objects, 123-124, 125, 199
Chiral probe, 143
Chitin, 542
Chloramphenicol, 147
Chlorination
of alkanes, 487-488
vs. bromination, 497

Chlorine, 115, 345
Chlorine radical, 496
Chloroambucil, 330
3-Chlorobutanal, 432
2-Chlorobutane, 146, 338, 489
Chlorofluorocarbons (CFCs), 496
Chloromethane, 35, 487
Chlorophylls a and b, 362
Chocolate, 495, 582
Cholesterol, 109, 152, 495, 612
asymmetric centers of, 135
and heart disease, 110
how nature synthesizes, 618-619
skeletal structure of, 84
treating high, 110
Choline, 425
Chondroitin sulfate, 548
1-Chlorobutane, 489
1-Chloropropane, 374
Chromatography, 142
Chromatography, paper, 558
Chromic acid, 313
Chrysene, 242
Chymotrypsin, §(0), 9(0), 570, 579,
580
Cinnamaldehyde, 431
Cinnamon flavoring, 432
Cis isomer, 106, 112, 118
Cis-fused, 109
Cis-trans isomerases, 453
Cis-trans isomers, 106
Citrate, 596-597, 602
Citrate synthase, 147
Citric acid, 40, 64, 77, 147
Citric acid cycle, 585, 595, 596-598,
604
Citronelial, 617
Citronellol, 149, 617
Claisen condensation, 472, 473-475,
478-479
Clonazepam, 449
Coal, 486
CoASH, 424-425
Cobwebs, 549
Cocaine, 328
Coconut oil, 611
Codeine, 421
Codons, 634
Coenzyme A (CoASH), 26(0),
424-425
Coenzyme By,, 35(0), 36(0)
Coenzymes, 13(0)
chemical functions of, 14(0)
vitamins and, 13-15(0)
Coffee
and alkaloids, 327
decaffeinated, and cancer, 494
Collagen, 477478
Color and the visible spectrum,
362-363
Common name, 75
Competitive inhibitor, 41(0)
Complex carbohydrate, 526
Compounds, 393. See also specific
compounds and types of
compounds
bad-smelling, 77
chiral are optically active,
130-132
with more than one acidic group,
70
organic. See Organic compounds
organometallic, 435-436
Condensation polymers, 515
Condensed structures, 16
Conducting polymers, 511
Configuration, 119

Index 1-3

Conformation, 119
Conformers, 97
of cyclohexane, 101-103
of disubstituted cyclohexanes,
106-109
of monosubstituted
cyclohexanes, 104-105
staggered and eclipsed, 98
Conjugate acid, 41, 44, 65-66, 308
Conjugate addition, 236, 452, 455
reactions in biological systems,
454-455
Conjugate base, 41, 44, 61, 65
Conjugated diene(s), 225, 235,
236-237
Conjugated double bonds, 225
Conjugated polyenes, 361
Constitutional isomers, 15, 75,
116, 187
Contributing resonance structure,
218
Copolymers, 514, 514
Core electrons, 5
Cortisone, 253, 606
Cosmic rays, 348
Cotton, 105, 542
Coumadin, 43(0)
Coupled protons, 374
Coupled reactions, 160, 591
Covalent bonds, 6-7,7, 8, 18-19
COX-2 inhibitors, 410-411
Creutzfeldt-Jakob disease (CJD),
575
Crick, Francis, 622, 625
Crossed aldol addition, 471
Crossed Claisen condensation, 475
Cross-linked polymers, 520
Cross-linking, 513
Crude oil, 95
Crystine, 565
C-terminal amino acid, 563, 568
Curl Jr., R. F,, 243
Curved arrows, 46
drawing, 174-181
show flow of electrons, 153-157
Cyanogen bromide, 570, 571,
578, 580
Cyanohydrin, 441, 442
Cyclic compounds, stereoisomers
of, 135-137
Cycloalkanes, 83, 486
with angle strain, 100-101
nomenclature of, skeletal
structures, 83-86
Cyclobutadiene, 242
Cyclobutane, 101, 146
Cycloheptatriene, 243
Cyclohexane, 173, 174, 216, 488
fused rings, 109
Cyclohexane(s)
conformers of, 101-103
conformers of disubstituted,
106-109
Cyclohexanol, 229
Cyclohexanone, 433, 471, 476
Cyclohexene, 149, 183, 241, 356
2-Cyclohexenone, 352-353
Cyclohexylamine, 230
Cyclooctatetraene, 219, 242
Cyclopentadiene, 242, 243
Cyclopentane, 101, 243
Cyclopentanone, 483
Cyclopentene, 149
Cyclophosphamide, 330
Cyclopropane, 101, 336
Cysteine, 332, 565, 579
Cytarabine, 639
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Cytochrome, 325

Cytosar, 639

Cytosine, 38(0), 623-624, 627,
637, 639

D
D and L notations, 527-528
L-DOPA, 200
Dacron, 500, 517
Dalmane, 449
Dalmations, 393, 414
DDT, 264
Deamination, 637
Debye (D), 10
Decane, 100
Decarboxylase, 200
Decarboxylation, 31-32(0), 475, 479
Dehydration, 310, 334, 470-471
Dehydroxyacetone phosphate,
477, 599
Delocalization energy, 224
Delocalized electrons, 55-56, 214, 218
affect pK, values, 228-230
affecting reaction’s product,
234-235
explain benzene’s structure,
215-216
increase stability, 225-227
Deltrin, 524
Denaturation, 577
Denatured alcohol, 305
5-Deoxyadenosylcobalamine, 36(0)
2-Deoxyguanosine, 324
Deoxyribonucleic acid. See DNA
(deoxyribonucleic acid)
Deoxyribonucleotides, 624
Detergents, 612
Dextran, 541
Dextrorotatory, 131
Diabetes
and insulin, 566
measuring glucose levels in, 531
saccharin and, 545
Diamond, hybridization of carbon
atoms in, 24
Dianabol, 619, 620
Diastereomers, 134, 528
1,3-Diaxial interactions, 104
Diazepam, 449
2,3-Dibromobutane, 138
1,3-Dibromopropane, 376
1,1-Dichloroethane, 372, 374
Dichloromethane, 493, 494
Dicoumarol, 42(0)
Diels, Otto, 238
Diels-Alder reaction, 238, 239-240,
253-254
Dienes, 225, 332, 480
polymerization of, 512-513
reactions of, 235-237
Dienophile, 238
Diesel oil, 486
Diethyl ether, 316, 318, 319, 358
Digestion, 584
Digestive enzymes, 569
Dihydrofolate (DHF), 38(0), 637
Dihydrolipoate, 21(0), 25(0)
Dihydrolipoyl dehydrogenase, 21(0)
Dihydroxyacetone, 530
Dihydroxyacetone phosphate,
12-13(0), 45(0), 586, 589
Dimer, 576
Dimethyl ether, 116, 316
N,N-Dimethylformamide, 294
Dimethyl ketone, 433
Dimethyl sulfide, 329
Dimethyl sulfoxide, 294
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Dimethyl terephthalate, 500, 517
Dimethylallyl pyrophosphate, 617
Dinucleotide, 625
1,4-Dioxane, 318
Dipeptide, 549
Diphenyl carbonate, 518
Dipole, 10
Dipole moment, 10, 35-36, 38, 351
Dipole-dipole interactions, 91, 92
Direct addition, 236, 451
Disaccharides, 526, 538, 538-540
Diseases. See also specific diseases
amino acids and, 554
Disubstituted cyclohexanes,
106-109
Disulfide, 564
Disulfide bond, 564-565
Disulfide bridge, 565, 566
Disulfiram, 315
Diterpene, 615
1,4-Divinybenzene, 523
DNA (deoxyribonucleic acid)
alkylating, 330
biosynthesis of, 629-630
contains thymine instead of
uracil, 637-638
described, 622
does not have 2’-OH group,
627-628
and enediynes, 497
genetic engineering, 642
and heredity, 630-631
heterocyclic bases in, 38(0)
how base sequence determined,
639-641
natural products that modify,
630
secondary structure of, 626628
segment of, 324
sickle cell anemia, 636
structure of, 93, 625
and TEM, 338
DNA polymerase, 454, 626, 640
Dobson units, 496
Dogs ingesting chocolate, 582
Donation of electrons by resonance,
232
Dopamine, 200
Double bond
alkenes, 148
in ethene, 22-23
Double helix, 627
Doublet, 373
Drug-enforcement dogs, 421
Drugs
antibiotics, 38(0)
antiviral, 638-639
aspirin, NSAIDs, and COX-2
inhibitors, 410-411
binding to their receptors, 94
cancer, side effects, 41(0)
chiral, 143
and drug-enforcement
dogs, 421
expense of, 201
heparin, 541
lead compounds and, 328
nanocontainers, 514
penicillin, 416-417
serendipity in development of,
448
taxol, 431
Duck cytochrome, 567
Dulcin, 545
dUMP, 637
Diisopropyl fluorophosphate
(DFP), 425

E
E,Z system of nomenclature,
121,123
E isomer, 121
El reactions, 282, 288-291, 311
E2 reactions, 282, 288-291, 312
Ebola virus, 642
Eclipsed conformer, 98
Edman’s reagent, 568, 569, 571,
578, 580
Effective magnetic field, 366
Eijkman, Christiaan, 15(0)
Einstein, Albert, 4
Elaidic acid, 164
Elastase, 8(0), 570
Eldepryl, 200
Electricity-conducting organic
compounds, 511-512
Electromagnetic spectrum
spectroscopy and the, 348-349
Electron, 3
Electron delocalization, 224,
352-353
affects on protein shape, 222
Electron donation, 352-353
Electron sink, 24(0)
Electron withdrawal, 352-353
Electronegativity, 9
acid strength and, 49-52, 57
Electronic configuration, 4
Electronic effects, 231-233
Electron(s), 3
core, 5
delocalized, 55-56, 58
distribution of, 4-5
flow of, curved arrows showing,
153-157
localized, delocalized, 214
valence, 5
Electrophile, 153, 154, 332
Electrophilic addition reaction, 155,
183, 204, 244
are regioselective, 187-190
Electrophilic aromatic substitution
reaction, 244, 250
mechanism for, 245-247
Electrophilic substitution reaction,
244
Electrophoresis, 557
Electrostatic catalysis, 9(0)
Electrostatic potential map, 11
Elimination reaction, 263, 281
of alcohols: dehydration,
310-313
of alkyl halides, 281-283
and amines, 326-327
competition with substitution,
289-291
products of, 283-286
Emphysema, 61
Enamine(s), 24(0)
Enantiomers, 125, 138
and diastereomers, 134
distinguishing from biological
molecules, 198-199
how to draw, 126
how to separate, 142-143, 562
naming by the R, S system,
126-129
Endergonic reaction, 158
Endopeptidase, 569
Endothermic reaction, 159
Enediol rearrangement, 531
Enediyne(s), 199, 497
Enflurane, 319
Enkephalin, 564
Enol, 206

Enol tautomer, 465, 482
Enolate ion(s), 466
alkylation of, 467
Enovid, 385
Enthalpy, 159
Entropy, 159
Enzyme-catalyzed reaction, |-4(0)
reminiscent of acid-catalyzed
amide and ester hydrolysis,
8-11(0)
reminiscent of base-catalyzed
enediol rearrangement,
10-11(o)
reminiscent of a retro-aldol
addition 12-13(0)
that involves two sequential Sy2
reactions, 4 (0)
Enzyme(s), 1(0), 169, 198, 199
distinguishing enantiomers
from biological molecules,
198-199
stereochemistry of enzyme-
catalyzed reactions,
197-198
that cleave DNA, 640
Ephedrine, 147
Epichlorohydrin, 518
Epimerization, 531
Epimers, 528
Epinephrine, 331
Epoxide hydrolase, 325
Epoxide(s), 281, 319, 334, 480
nucleophilic substitution
reactions of, 319-322
Epoxy resins, 518
Equal artificial sweetener, 545
Equatorial bonds, 102, 103, 106
Equilibrium
for acid-base reactions, 4849,
66
for alkene reactions, 157-159
D-Erythrulose, 529, 530
Escherichia coli, 576
Essential amino acids, 553
Ester(s), 393, 396, 402-403, 414
acid-catalyzed hydrolysis and
transesterification,
406409
acidity of, 463
hydroxide-ion-promoted
hydrolysis, 409-412
reactions of, 404-406
reactions with Grinard reagents,
438-441
reactions with hydride ion,
444-445
soaps and detergents, 610-612
Estradiol, 202, 472
Estrogen, 472
Estrone, 253
Ethanal, 432
Ethanamide, 397
Ethane, 50, 73, 74, 488
bond angles, lengths, strengths,
33t
1,2-Ethanediol, 500, 517
Ethanenitrile, 418
Ethanethiol, 328
Ethanol, 116, 229, 305, 315, 364, 593
Ethene (ethylene), 50, 148, 152
bond angles, lengths, strengths,
33t
bonds in, 22-23
Ether(s), 60, 76, 89, 296, 297, 316,
335, 480
anesthetics, 319
nomenclature of, 316-317
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nucleophilic substitution
reactions of, 317-318
nucleophilic substitution
reactions of epoxides,
319-322
solubility in water, 96
used as solvents, 318t
Ethinyl estradiol, 202
Ethoxide ion, 271
2-Ethoxyethyl (E)-
3-(4-methoxyphenyl)-2-
propenoate (Giv-Tan F),
360
1-Ethoxy-3-methylpentane, 316
2-Ethoxypropane, 290
3-Ethoxy-1-propanol, 336
2-Ethyl-1-butene, 286
5-Ethyl-3-octyne, 210
Ethyl 3-oxobutyrate, 463
Ethyl acetate, 396
Ethyl acetoacetate, 463
Ethyl alcohol, 85, 231, 304
Ethyl B-p-glucopyranoside, 536
Ethyl B-p-glucoside, 536
Ethyl cation, 185
Ethyl ethanoate, 396
Ethyl ether, 336
Ethyl iodide, 336
Ethyl methyl ether, 316, 367
Ethyl propyl ether, 313
Ethyl propyl ketone, 433
Ethylbenene, 357
Ethylbenzene, 377
Ethylcyclopentane, 343-344, 485
Ethylene, 22, 149, 361
Ethylene glycol, 519
Ethylene oxide, 320, 336, 337
Ethylmagnesium bromide, 437
2-Ethyloxirane, 336
Ethymagnesium bromide, 437
Ethyne (acetylene), bonds in,
24-26, 49, 201, 203
bond angles, lengths, strengths,
33t
Eucalyptus oil, 149
Eudesmol, 621
Exercise and blood pH, 61
Exergonic reaction, 158
Exopeptidase, 568
Exothermic reaction, 159
Explosive peroxides, formation of,
492-493

F
Farnesyl pyrophosphate, 617,
618, 621

Fat(s)
are triglycerides, 609-610
catabolism of, 585-588

Fatty acid metabolism, 585-588

Fatty acid synthesis, 478-479

Fatty acids, 585-586, 607
common naturally occurring, 607t
omega, 608

Favorable reaction, 158

Feedback inhibitor, 601

Fermentation, 305

Fibrous proteins, 550

Fingerprint chromatography, 578

Fingerprints, 559

Fischer, Emil, 2(0)

Fischer projections, 525, 527, 532

Flavin adenine dinucleotide

(FAD), 20(0)

Flavoproteins, 20(0)

Fleas, controlling, 543

Fleming, Sir Alexander, 416
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Flu pandemics, 639
Flunitrazepam, 449
Fluorine, 497
bonds in, 31
Fluorocyclohexane, 173
5-Fluorouracil, 40(0)
Flurazepam, 449
Folic acid, 37(0)
Food and Drug Administration (FDA)
acceptable daily intake (ADI),
546
approving drugs, 201, 642
and single-enantiomer drugs, 144
Forensics, mass spectrometry in,
348
Formal charge, 12
Formaldehyde, 431, 432, 434, 437,
442, 520
N-Formylmethionine, 644
Formic acid, 44, 395
Fosamax, 56
Fossil fuels, 486
Fragment ion peaks, 342
Fragmentation
mass spectrum, 341-343
patterns, 347-348
Franklin, Rosalind, 625, 626
Free energy of activation, 164
Free radical(s), 13, 487, 488
Frequency, 349
of infrared absorption
bands, 351
13C NMR spectroscopy, 380
"H NMR spectroscopy, 366
Friedel-Crafts acylation, 246, 247
Friedel-Crafts alkylation, 246, 247
Fructose, 10(0)
D-Fructose, 526, 529, 531, 539, 548
L-Fructose, 544
Fructose-1,6-bisphosphate,
46(0), 477,
Fructose-6-phosphate, 11(0), 589,
600
L-Fucose, 544
Fuller, R. Buckminster, 243
Fullerenes, hybridization of carbon
atoms in, 24
Fulvene, 254
Fumarase, 198
Fumarate, 21(0), 198, 594
Functional group, 149, 152
how organic compounds react
depending upon, 152-153
Furanose, 533
Furanoside, 536
Fused rings, 109

G

Gadolinium, 383

Galactose, 604

D-Galactose, 528, 544, 547

Gamma rays, 348

y-rays, 348

Gas chromatography mass
spectrometry (GC-MS),
348

Gasoline, octane number, 82

Gauche (“goesh”) conformers, 99

Gauche butane, 105

Gauche interaction, 99

Gaucher’s disease, 642

Genes, 629

Genetic code, 634

Genetic engineering, 641, 642

Genetically modified organisms
(GMOs), 641

Geodesic dome, 243

Geometric isomers, 106, 117
designating using E,Z system,
120-123
Geraniol, 615, 617
Geranium oil, 615
Geranyl pryrophophate, 617-618
Gibbs free-energy change, 158
Ginger, 238
Giv-Tan F, 360
Globular proteins, 550
Glucocerebrosides, 613
Gluconeogenesis, 476, 600, 601
Glucose, 115, 305, 477, 525, 526,
589, 600-601, 604
the most stable aldohexose,
535-536
most stable aldohexose,
535-536
D-Glucose, 12(0), 526, 528, 529,
530, 531, 532, 534-536,
539, 541, 547
Glucose-6-phosphate, 589
Glucose-6-phosphate isomerase,
10-11(0)
Glucuronides, 548
Glutamate, 31(0), 33(0), 41-42(0),
602
Glutathione, 332, 566
Glyceraldehyde, 131, 527
Glyceraldehyde-3-phosphate, 27(0),
45(0), 4717, 589, 590
Glyceraldehyde-3-phosphate
dehydrogenase, 18-19(0)
Glyceric acid, 131
Glycerol, 520, 586, 609
Glycerol-3-phosphate, 586, 599
Glycinamide ribonucleotide (GAR),
37(0)
Glycine, 552, 553, 577, 579
Glycogen, 541
Glycolysis, 10(0), 476, 588,
589-591, 600
Glycoproteins, 543
N-Glycoside, 538
Glycoside(s), 536, 537
Glycosidic bond, 536
Glyphosate, 641
Goats, 395
Goiter, 247
Goodyear Rubber, 513
Graft copolymer, 514
Grain alcohol, 305
Graphene, hybridization of carbon
atoms in, 24
Graphite, hybridization of carbon
atoms in, 24
Green chemistry, 183
Greenhouse effect, 486
Grignard reagent(s), 436, 437-441
Guanine, 38(0), 623-624, 627, 638
D-Gulose, 529
Gutta-percha, 512

H

Hair, straight or curly, 566

Half-life, 3

Halide ion(s) and size of atoms,
51-52

Halogenation, 245, 279

Halogenation reaction, 487

Halogen(s), 487

Halothane, 319

Hangover cure, 26(0)

Haworth projection, 532, 534

Head-to-tail addition, 503

Heart attacks, assessing, 34(0)

Heart disease and cholesterol, 110

Index I-5

Heat of hydrogenation, 162

Heating oil, 486

Helenalin, 454

Hemiacetals, 449, 451

Hemlock, 45

Hemoglobin, 61, 531, 576

Heparin, 541

Hepatitis C virus, 332

2,4-Heptadiene, 150

Heptane, §2

2,6-Heptanedione, 483

Heptose, 526

Herbicides, resisting, 641

Herceptin, 41(0)

Heroin, 2, 143, 421

Herplex, 639

Heterocyclic compound(s), 15(0)

Heterolysis, 487

Heterolytic bond cleavage, 487

Hexanedial, 432

2,4-Hexadiene, 237

1,4-Hexanediamine, 516

1,6-Hexanediamine, 516

1-Hexanol, 355

1-Hexene, 285

2-Hexene, 150, 189, 285

3-Hexene, 189, 190

Hexokinase, 3(0), 601

Hexose, 526

2-Hexyne, 210

3-Hexyne, 205

HGPRT, 310

High-density lipoprotein (HDL),
110

High-energy bond, 583-584
Histidine, 553, 563, 633
"H NMR (proton magnetic
resonance), 364, 365
signals, 369-370, 372
"H NMR spectrum, 367368,
376-379, 385-392
Hodgkin lymphoma, 630
Homocysteine, 38(0)
Homolysis, 487
Homolytic bond cleavage, 487
Homopolymers, 514
Homoserine, 17(0)
Honey, 540
Honeycomb, 608
Hormone(s), 109
insulin, 531
melatonin, 397
nonadrenaline and adrenaline,
331
thyroxine, 247
Horse cytochrome, 567
Hughes, Edward, 266
Human genome, 629
Human Genome Project, 639
Human immunodeficiency virus
(HIV), 644
Hyaluronic acid, 548
Hybrid orbitals, 20
Hybridization, 20, 32-34, 50-51,
57-58, 67-68
Hydration, 193
Hydride ion, 7, 442-445
1,2-Hydride shift, 191
Hydrocarbon(s), 73
saturated, unsaturated,
148
Hydrochloric acid, 40
Hydrogen bond(s), 92, 93, 95,
352-353
Hydrogen chloride, 204
Hydrogen cyanide, 442
Hydrogen halide(s), 308
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adding to alkenes, 183-184
adding to alkynes, 204-205
bonds in, 30-31
Hydrogen ion, 7
Hydrogen phosphate, 583
Hydrogenation, 160, 225
Hydrolysis reaction, 405, 406410,
414417, 569
Hydronium ion, 12-13
Hydrophobic interactions, 574
Hydroquinone, 42(0), 494
Hydroxide ion, 337, 410
Hyperconjugation, 233
Hypochlorous acid, 314

|
Ibufenac, 94
Ibuprofen, 94
Dp-Idose, 528, 529
Idoxuridine, 639
Imine(s), 445, 446449
Indigo, 101
Indole, 553
Induced-dipole-induced-dipole
interactions, 90
Induced-fit model, 2(0)
Inductive electron withdrawal, 53,
58, 68, 232
Influenza pandemics, 639
Infrared (IR) spectroscopy, 340
Infrared absorption bands, 351
Infrared radiation, 349
Infrared spectroscopy, 350
Ingold, Christopher, 266
Initiation step, 488
Insecticides
alkyl halides, 264
eradicating termites, 331
nerve impulses, paralysis, and, 425
Insects’ pheromones, 149
Insulin, 531, 566
Integration, 372
Interchain disulfide bridge, 565
Intermediate, 167
Intermolecular reaction, 279
Intermolecular vs. intramolecular
reactions, 279-280, 3-4(0)
Internal alkyne(s), 201
International Union of Pure
and Applied Chemistry
(IUPAC), 75
Intramolecular vs. intermolecular
reactions, 279-280, 3-4(0)
Inversion of configuration, 268
Invertase, 540
Todine
electronegativity, 51-52
in thyroid gland, 247
Iodoperoxidase, 247
Ton-exchange chromatography, 559
Tonic bond(s), 6-7, 7
Tonic compound(s), 7
IR spectra
differences in, 354
how to interpret, 358-359
infrared absorption bands, 351
IR stretching vibration frequencies,
351t
Isobutane, 74-75
Isobutyl chloride, 183, 184
Isobutylene, 514
Isocitrate, 597, 598
Isoelectric point (pl), 556, 557
Isoflurane, 319
Isohexyl cyanide, 418
Isolated diene(s), 225, 235-236
Isolated double bonds, 225

37716_25_Index_I1-110.indd 6

Isoleucine, 46(0)
Isomers, 116
arrangement of atoms in space,
116-119
cis—trans isomers, 117
constitutional, 15
with more than one asymmetric
center, 134-135
with one asymmetric center, 125
Isoniazid, 582
Isopentane, 75
Isopentenyl pyrophosphate, 617, 617
Isopentylamine, 355
Isoprene, 514, 615
Isopropyl alcohol, 304
Isopropyl chloride, 78, 112
Isoserine, 131
Isotactic polymers, 510
Isotope(s), 3
exact masses of some common,
346t
in mass spectrometry, 345-346
natural abundance of, in organic
compounds, 345t
TUPAC nomenclature, 75

J

Jasmine, 396

K
K, 42
Kappa opioids, 582
Kekulé, Friedrich, 216, 217
Kekulé structures, 16, 38, 217
Kelsey, Dr. Frances O., 141, 142
Ketamine, 143
Keto tautomer, 465
Keto-enol interconversion, 206,
465, 466
Keto-enol tautomers, 206
Ketone(s), 206, 313, 314, 339, 347,
385, 394, 431
acidity of, 463
alkylating unsymmetrical, 467
nomenclature of, 433-434
reactions of, 435
reactions with alcohols,
449-451
reactions with amines,
445-449
reactions with cyanide ion,
441-442
reactions with Grinard reagents,
437-438
reactions with hydride ion,
442-443
Kevlar, 516
Kinetic enolate ion, 467
Kinetic stability, 165
Kinetics, 157, 164
how fast the product is formed,
164-165
Klonopin, 449
Kodel polyester, 517
Koshland, Daniel, 2(0)
Kroto, H. W., 243
Kursanov, D. N., 429
Kuru, 575

L
Lactate, 593
Lactate dehydrogenase, 364, 593
Lactic acid, 131, 521
and exercise, 61
Lactose, 547
Lactose intolerance, 539
Lanosterol, 619

Latex, 512
Le Chatelier’s principle, 159, 474
Lead compound, 328
Lead(II) acetate, 207
Leaving group, 263, 270
of alcohols and ethers, 303
or alkyl halides, 270
of carboxylic acid derivatives,
402
Lecithins, 612
LED (light emitting diode), 512
Leinamycin, 630
Lemon juice, 77
Lesch-Nyhan syndrome, 310
Leucine, 46(0), 553, 564
Leucine enkephalin, 564
Levonorgestrel, 202
Levorotatory, 131
Lewis, G. N., 6
Lewis structure(s), 12, 13-15, 37
Lexan, 518
Librium, 448
Lidocaine, 328
Ligase, 573
Light
plane-polarized, 130
polarimeter, 132-133
visible spectrum and color, 362-363
Limonene, 141, 149, 606, 617
Lindlar catalyst, 207-208, 208
Linoleic acid, 164, 608
Linolenic acid, 608
Lipid bilayer, 612
Lipid(s), 606
organic chemistry of, 606-619
Lipitor, 110
Lipoate, 21(0), 25(0), 26(0)
“Lite” foods, 540
Lithium
clinical uses of, 7
electronic configuration of, 11
electronic configurations of, 6
Lithium aluminum hydride, 444
Liver disease, 332
Living polymers, 508
Localized electrons, 214
Lock-and-key model, 2(0)
Lone-pair electrons, 12
Loop conformation, 573
Lorazepam, 449
Lord Kelvin, 159
Lou Gehrig’s disease, 554
Lovatatin, 110
Low-density lipoprotein (LDL),
110
Lufenuron, 543
Lycopene, 361, 363-364
Lycra, 520
Lysine, 553, 568, 577, 579
Lysozyme, 4-7(0), 170
D-Lyxose, 529, 547

M

Mad cow disease, 575

Magnetic resonance imaging
(MRI), 383

Major groove, 627

Malaria, 264

Malate, 198

Malate dehydrogenase, 17(0)

Malathion, 425

Maleate, 198

Maleic anhydride, 254, 579

Malonyl-CoA, 478

Maltose, 538, 547

D-Mannose, 528, 530

Marconi, Guglielmo, 365

Margarine, 362

Mass number, 3

Mass spectrometry, 340, 341
gas chromatography, 348
high-resolution, revealing

molecular formulas, 346

isotopes in, 345-346
Mass spectrum, 340

fragmentation, 341-343
Materials science, 500
Mechanism of the reaction,

154, 184
Mechanism-based inhibitor, 40(0)
Melamine, 520
Melanin, 594
Melatonin, 397
Melmac, 520
Melphalan, 330
Melting point (mp), 94
Membrane, 612, 613
Menthol, 615, 617
2-Mercapoethanol, 328
Mercuric ion, 328
Meso compound(s), 138

characteristics of, 137-140
Messenger RNA (mRNA), 632
Metabolic pathways, 160

organic chemistry of, 581-603

regulating, 601-601
Metabolism, 581

basic metabolic rate (BMR), 599

differences in, 582
Methamphetamine (“speed”), 141
Methanal, 432
Methane, 73, 74, 92

bonds in, 13, 19
Methanoic acid, 395
Methanol, 299, 305, 521
Methicillin, 417
Methine proton, 370
Methionine, 553, 571, 634
Methionine enkephalin, 564
Methotrexate, 41(0)
2-Methoxybutane, 316
Methoxychlor, 264
2-Methoxypropane, 371
Methyl acetate, 401, 405, 428
Methyl a-cyanoacrylate, 508
Methylamine, 327, 428
Methyl bromide, 267
3-Methyl-1-butanethiol, 328
Methyl cation, 185
Methyl cation, radical, anion,

hybridization of, 26-27
Methylcyclohexane, 104, 160,

343-344, 356, 490, 497
Methylcyclohexene, 161
Methyl cyanide, 418
Methyl halide(s), 267, 467
Methyl iodide, 318
Methyl methacrylate, 503
Methyl orange, 362
Methyl propyl ether, 290
Methyl protons, 370
1,2-Methyl shift, 192
Methyl vinyl ketone, 360, 361
Methylene protons, 370
Methylmagnesium bromide, 437
Methylmalonyl-CoA, 36(0), 605
Methylmalonyl-CoA mutase, 36(0)
Mevacor, 110, 143
Micellle, 611
Microwaves, 349
Mifegyne, 202
Mifepristone, 202
Milk, lactose intolerance, 539
Minor groove, 627
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Misfolded protein, 574-575
Mixed anhydride, 419
Mixed triglyceride, 609
Molecular formula, calculating
using mlz value, 343-344
Molecular ion, 340
Molecular modification, 328
Molecular recognition, 2(0), 19(0),
170, 525
Molecular weight, 3
Molecules
bifunctional, 279
chiral and achiral, 123-124
dipole moments of, 35-36
hydration, 193-194
nonpolar, 19
Monoamine oxidase, 200
Monomer, 499, 506-507, 576
Monosaccharide, 526, 527528,
539
form cyclic hemiacetals, 532-534
reactions in basic solutions,
530-531
Monosodium glutamate (MSG), 133
Monosubstituted cyclohexanes,
104-105
Monoterpene, 615
Morphine, 85, 421
synthesizing, 2
Motrin, 113, 143,411
MRI scanner, 383
Multiple sclerosis, 614
Multiplicity, 374
Muscle, 573
Mustard gas, 329, 330
Mutarotation, 533
Mutase, 35(0)
Myelin sheath and multiple
sclerosis, 614
Mylar, 517
mlz value of molecular ion,
343-344

N

N + 1 rule, 373, 374-375

Nanocontainer, 514

1-Naphthol, 337

2-Naphthol, 337

Naphthalene, 242

Naphthalene oxide, 337

Naproxen, 145

Natta, Giulio, 510

Natural gas, 20, 329, 486

Negatively charged, 3

Neptune, blue color of, 20

Neurotransmitter, 425

Neutron, 3

Newman projection, 97

N—H bond, 355

Niacin, 15-20(0)

Nicotinamide adenine dinucleotide
(NAD™), 15(0), 16-20(0)

Nicotinamide adenine dinucleotide
phosphate (NADPH),
15(0), 16-20(0)

Nicotine, 38

Ninhydrin, 558, 560

Nitration, 245

Nitric acid, 246

Nitrile(s), 418, 419

Nitro group, 325

Nitrosamines and cancer, 87-88

Nitrobenzene, 232-233

Nitrocellulose, 500

Nitrogen valence electrons, 13

Nitrogen mustard, 330

1-Nitropropane, 369
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NMR spectroscopy, 364-365
integration of signals reveals
number of protons causing
signals, 371-372
shielding, 366
Nobel, Alfred Bernhard, 288
Nobel Prize, 288
2,8-Nonanedione, 483
Nonbonding electrons, 12
Noncovalent interactions, 90-93
Nonpolar covalent bonds, 8, 9-11
Nonpolar molecule, 19, 97
Nonsteroidal anti-inflammatory
drugs. See NSAIDs
(nonsteroidal
anti-inflammatory drugs)
Nonsuperimposable mirror
image, 125
Noradrenaline, 331, 594
Norepinephrine, 331
Norethindrone, 202
Norlutin, 385
Norplant, 202
Novocain, 328
NSAIDs (nonsteroidal
anti-inflammatory drugs),
60, 113,410-411
N-terminal amino acid, 563
Nuclear magnetic resonance (NMR)
spectroscopy, 340, 364
Nucleic acids, 622
are composed of nucleotide
subunits, 625-626
chemistry of, 622-642
Nucleophile(s), 153, 154, 271, 332,
452
Nucleophilic acyl substitution
reaction, 400, 402,
412-413, 435
Nucleophilic addition reaction,
435, 442
Nucleophilic addition-elimination
reaction, 446
Nucleophilic substitution reaction,
265, 265, 306, 334
activating OH group for, in a
cell, 308-309
of ethers, 317-318
Nucleophilicity, 271
Nucleoside, 623, 625
Nucleotide, 15(0), 624, 625, 626
Nuprin, 143, 411
NutraSweet, 545, 595
Nylon, 499, 516

0
Observed rotation, 132
Octane number, 82
4-Octanol, 124
Octet rule, 6
Octyl iodide, 352
O—H bond, 355
OH group, 308-309
Oil of celery, 615
Oil of eucalyptus, 149
Oil of ginger, 615
Oil spill, 95
Oils
are triglycerides, 609-610
soaps and detergents, 610-612
trans fats, 164
Oleic acid, 164
Oligonucleotide, 625
Oligopeptide, 549, 569
Oligosaccharide, 526
Omega fatty acid, 608
Opium, 2, 421

Optically active, 131
Optically inactive, 131
Orbitals, hybrid, hybridization, 20
Organic chemistry
of lipids, 606-619
of metabolic pathways, 581-603
of the vitamins, 1(0)
Organic compounds, 1
chemistry of carbohydrates,
525-546
determining structure of,
339-340
electricity-conducting, 511-512
factors affecting solubility of,
94-96
introduction to, 73-76
organizing what we know about
reactions of, 248, 332, 480
reactions depend upon
functional group, 152-153
reactions of, 248, 480
single bonds in, 19-22
synthetic, 2
Organization of Petroleum
Exporting Countries
(OPECQ), 486
Organohalide(s), 279
Organometallic compounds,
435, 436
Osteoporosis and Fosamax, 56
Oxacillin, 417
Oxaloacetate, 596, 601, 602
Oxaloacetic acid, 147
Oxidase, 200
Oxidation of alcohols, 313-316
Oxidation reaction, 313
Oxidative phosphorylation, 585,
598, 599
Oxyacetylene torches, 24
Oxygen
in alcohol, 89
bonds formed by, 12-13
carbonyl, 336
carboxyl, 396
electronegativity, 329
valence electrons, 8
Ozone, 496

P
PABA, 360
Packing, 94
Pantothenate, 424
Paper chromatography, 558,
559, 580
Paraffin(s), 486
Parallel -pleated sheet, 573
Parathion, 425
Parent hydrocarbon, 80
Pargyline, 200
Parkinson’s disease, 200, 554
Parsalmide, 200
Partial hydrolysis, 568
Pasteur, Louis, 142, 500
Pellagra, 16(0)
Penicillamine, 143
Penicillins
clinical uses of, 417
discovery of, 416
synthesizing, 2
Penicillinase, 416
Penicillinoic acid, 416
1,3-Pentadiene, 150
1,4-Pentadiene, 150
Pentane, 75, 100, 341, 342, 343,
345
2,4-Pentanedione (acetylacetone),
433,463, 484

Index -7

Pentanoic acid, 355
2-Pentanol, 443
3-Pentanol, 304
2-Pentanone, 353, 437, 476
Pentene, 150
1-Pentene, 190, 284, 285
2-Pentene, 188, 190, 208, 284,
285, 286
Pentose, 526
2-Pentyne, 201, 208
Peppermint oil, 615
Peptide bonds, 563
Peptides, 549
Perfluorocarbons, 497
Peroxide(s), 493
formation of explosive, 492-493
Peroxyacid, 320
Perspective formula, 19, 126
Pesticides natural vs. synthetic, 189
PET, 521
Petroleum, 486
PGH,, 411
pH, 43, 62
assorted solutions, 43t
of blood, 61
effect on structure, 71
Phenanthrene, 242, 337
Phenol, 229, 230, 324, 361
Phenolate ion, 229, 361
2-Phenoxyethanol, 417
Phenolphthalein, 388
Phenylalanine, 553, 594, 595
Phenylketonuria (PKU), 545, 595
Phenylpyruvate, 595
Pheromone, 149
Pheyl isothiocyanate (PITC), 568
Phosphates in organic chemistry,
583-584
Phosphatidic acid, 599
Phosphatidylcholine, 612
Phosphatidylethanolamine, 612
Phosphatidylserine, 612
Phosphoanhydride, 422
Phosphoanhydride bond, 423,
583-584
Phosphodiester, 622
Phosphoenolpyruvate, 591
Phosphofructokinase, 601-602
2-Phosphoglycerate, 590, 591
3-Phosphoglycerate, 590, 591
Phosphoglyceride, 612
Phospholipase, 613
Phospholipid, 613
Phosphonenolpyruvate, 590
Phosphoric acid, 583
Phosphorus trichloride, 422
Phthalates, 519
Phthalic acid, 561
N-Phthalimidomalonic ester
synthesis, 561
Pi () bond(s), 23
Pinacol rearrangement, 338
pK,, 43, 44, 45, 46
delocalized electrons affect,
228-230
in determining position of
equilibrium, 48-49, 66-67
and UV/Vis spectroscopy, 364
values of amino acids, 555t
values of carbon acids, 462t
values of conjugate acids of
leaving groups of carbonyl
compounds, 394t
Plane of polarization, 130
Plane of symmetry, 138
Plane-polarized light, 130
Plastic, 500
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Plasticizer, 504
Plexiglas, 503
Poisonous amines, 45
Polar covalent bond, 9
Polar molecule, 97
Polarimeter, 132
Polyacrylonitrile, 499
Polyactide (PLA), 521
Polyamide, 515, 516-517
Polycarbonates, 518
Polyecetylene, 512
Polyesters, 499, 517
Poly(ethylene terephthalate),
500, 517
Polyhydroxy aldehyde, 526
Polyhydroxy ketone, 526
Polyhydroxyalkanoates (PHAs),
521-522
Polymer chemistry, 500
Polymerization, 499
chain-growth, 500-510
of dienes, 512-513
step growth, 500, 515
Polymers, 279, 499
biodegradable, 521-522
chain-growth, 500-510
classes of step-growth, 515-520
copolymers, 514
designing, 519
recycling, 521
step-growth, 515
Polynucleotide, 625
Polyoxymethylene, 524
Polypeptide(s), 549, 565
determining primary structure
of, 567-571
Polysaccharide(s), 105, 526,
540-542
Polysterene, 500
Polyunsaturated fatty acids, 607
Polyurethanes, 519-520
Poly(vinyl chloride), 503
Potassium acetate, 396
Potassium ethanoate, 396
Potassium phthalimide, 561
Potential maps, 11
Pott, Percival, 326
Primary alcohol, 304, 312, 314
Primary alkyl halide, 87, 290
Primary amine, 87
Primary carbocation, 184
Primary carbon, 77
Primary hydrogen, 78
Primary radical, 488
Primary structure, 567, 626
Procaine, 328
Progesterone, 202, 432
Proline, 553, 580
Propagating site, 502
Propagation steps, 488
Propanal, 437
Propane, 74, 77
1-Propanethiol, 328
1-Propanol, 437
2-Propanol, 193
Propene, 149, 195, 283, 290
Propenenitrile, 418
Propionic acid, 395
Propionyl chloride, 428
Propionyl-CoA, 605
Proportionality constant, sign (), 265
Propranolol, 143
Propyl alcohol, 304
Propyl bromide, 290, 296
Propyl iodide, 318
Propylene oxide, 509
Propylmagnesium bromide, 438
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Prosphoenolpyruvate, 601
Prostaglandin(s), 410411, 614
Protein(s), 549
catabolism of, 593-594
denaturation, 577
determining primary structure
of, 567-571
electronic delocation’s affects on
shape of, 222
examples of diverse functions in
living systems, 550t
introduction to structure, 567
misfolding, 574
and nutrition, 553
quaternary structure, 576
RNAs used for biosynthesis,
632-633
secondary structure, 572-574
tertiary structure, 574-575
Proton transfer reaction, 41
Proton-coupled '*C NMR spectrum,
381
Proton(s), 3, 7
chemically equivalent, 367
coupled, 374
Protosterol, 619
Prozac, 143
Pryrophophate, 617
D-Psicose, 530
PTH-amino acid, 568
Purine, 37(0), 623-624
Puromycin, 636
Putrescine, 77
Pyranose, 533, 548
Pyranoside, 536
Pyridine nucleotide coenzymes,
15-17(0)
Pyridoxal phosphate (PLP), 30(0),
31-35(0), 594
Pyridoxamine, 33(0), 34(0)
Pyrimidine, 623-624
Pyrophosphate, 478, 583
Pyrophosphate group, 309
Pyrophosphoric acid, 422-423
Pyrosequencing, 640, 641
Pyruvate, 23(0), 24(0), 28(0), 364,
590-593, 602, 605
Pyruvate decarboxylase, 24(0)

Q

Quartet, 373

Quaternary structure, 567, 576
Quiana, 523

Quinazoline, 448

Quinoline, 207-208

Quinone, 42(0), 494, 599

R

R,S system of nomenclature,
126-129

R configuration, 126, 127-129

Racemate, 133

Racemic acid, 142

Racemic mixture, 133, 142, 143,
491, 562-563

Racemization, 32(0)

Radical, 13

Radical cation, 340

Radical chain reaction, 488

Radical inhibitor, 494

Radical initiator, 493

Radical polymerization, 501,
501-504

Radical substitution, 488

stereochemistry of reactions,

491-492

Radical(s), 485-497, 487

bromine, 489
chlorine, 496
reactions in biological systems,
493-495
and stratospheric ozone, 496
Radio waves, 349
Random copolymer, 514
Raney nickel, 419
Rasagiline, 200
Rate constant, 164, 265
Rate law, 265
Rate-determining step, 168
Rate-limiting step, 168
Rayon, 500
Reaction coordinate diagram, 156,
157, 166-168
Reactions
at the a-carbon of carbonyl
compounds, 461-480
acid-base, 66
acid-catalyzed, 194
of acyl chlorides, 403-404
of aldehydes, 435
of aldehydes and ketones with
alcohols, 449-451
of aldehydes and ketones with
amines, 445-449
of alkenes, 153-157
of alkenes and alkynes,
182183
of amines, 413-414
of anhydrides, 420
of benzene, 244-245
of carbonyl compounds with
hydride ion, 442445
of carboxylic acids, 412-413
of carboxylic acids, derivatives,
399401
catalysis, 168-169
catalysis by enzymes, 169170
competition between substitution
and elimination, 289-291
coupled, 160
delocalized electrons affect on
product of, 234-235
Diels-Alder, 238-240
of dienes, 235-237
electrophilic addition, 187-190
enzyme-catalyzed, 1-4(0),
4-7(0)
of esters, 404-406
increasing amount of product
formed in, 159-160
initiation, propagation,
termination steps, 488
intermolecular vs.
intramolecular, 279-280
of ketones, 435
of nitriles, 418-419
of organic compounds, 248,
480
oxidation, 313
predicting outcome of acid-
base, 48
product, how fast formed,
164-165
products of elimination,
283-286
radical, in biological systems,
493-495
rate of chemical, 3(0), 166
reaction coordinate diagram
for 2-butene with HBr,
166-168
reduction, 160
regioselective, 187
Sy, 273-276

SN2, 265-269, 269-271
solvent affects on, 292-294
stereochemistry, 194-197,
266-268, 275, 285-286,
311
stereochemistry of enzyme-
catalyzed, 197-198
stereoselective, 285
substitution, elimination, 263
Receptor, 94, 140
Recycling
polymers, 521
symbols, 505
Red algae, 279
Reduction reaction, 160,
313,443
Reductive amination,
447, 448
amino acids, 561
Reference compound, 368
Regiochemistry, 286
Regioselective reaction,
187, 266, 275,
285, 311
Regulatory enzyme, 601
Relative rates, 3(0)
Replication, 629
semiconservative, 630
Resolution of a racemic mixture,
142, 562
Resonance, 224
Resonance contributors, 55, 218,
252,398
drawing, 219-221, 255-260
predicted stabilities of,
222-223
Resonance energy, 224
Resonance hybrid, 55, 218,
220-221
Resonance structure, 218
Restriction endonucleases, 640
Restriction fragments, 640
Retrosynthetic analysis of
Diels-Alder reaction, 240
Rey’s syndrome, 60
Rhesus monkey cytochrome, 567
Riboflavin, 20-23(0)
Ribonsomal RNA (rRNA), 632
Ribonucleic acid. See RNA
(ribonucleic acid)
Ribonucleotide, 624
D-Ribose, 528, 529, 533, 547
Ribose-5’-phosphate (UMP), 27(0),
37(0), 45(0)
Ring flip, 103
Ring-opening polymerization,
509-510
RNA (ribonucleic acid), 38(0)
biosynthesis of, 631
described, 622
used for protein synthesis,
632-633
RNA polymerases, 626
Rohypnol, 448, 449
Rotation
about carbon-carbon single
bonds, 97-100
cis—trans isomers resulting from
restricted, 117-119
observed, 132
of some naturally occurring
compounds, 133t
Roundup herbicide, 641
RU-486, 202
Rubber, synthetic, 500, 512-513
Rule of 13, 343
Runner’s high, 564
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S
S configuration, 126, 127-129
Sn1 reactions, 274, 293-294, 412
of alcohols, 307
compared with Sy2 reactions,
277-278
ether cleavage, 317-318
factors that affect, 276
mechanism for, 273-276
and tertiary alkyl halides,
288-289
S\2 reactions, 266, 294-295, 298,
312,412
of alcohols, 307-308
compared with Sy1 reactions,
277-278
enzyme-catalyzed reaction that
involves two sequential,
4-7(0)
factors that affect, 269-271
mechanism for, 265-269
and tertiary alkyl halides,
288-289
Saccharide, 526
Saccharin, 545
Salar de Uyuni, Bolivia, 7
Salicylic acid, 94, 410-411, 468
SAMe, 332
SAN, 514
Saponification, 611
Saran, 514
Saturated hydrocarbon(s), 148, 485
Schiff base (imine), 445
Scrapie, 575
Scurvy, 534
Sea hare, 279
Secondary alcohol, 304, 310-311,
314
Secondary alkyl halide, 87, 290
Secondary amine, 87
Secondary carbocation, 184
Secondary carbon, 77
Secondary hydrogen, 78
Secondary radical, 488
Secondary structure, 567, 572-573
Sedoheptulose-7-P, 27(0)
Selegiline, 200
Semiconservative replication, 630
Semiquinone, 494
Sense strand, 631
Separated charges, 222
Sequencer, 568
Serine, 578, 635-636
Sesquiterpene, 615
Shielding, 366
Sickle cell anemia, 636
Side chain, 550
Sigma (o) bond(s), 16, 22
Silent Spring (Carson), 264
Silicon, 273
Silicon dioxide, 273
Silk, 500
Simple carbohydrate, 526
Simple triglyceride, 609
Simvastatin, 110
Single bond, 21
Singlet, 373
Sinovial, 200
Skeletal structures, 83
Smalley, R. E., 243
Smell
aldehydes and ketones, 431
bad-smelling compounds, 77
receptors, 141
Snake venom, 613
Soaps, 611
and detergents, 610-612

37716_25_Index_I1-110.indd 9

Socrates, 45
Sodium amide, 507
Sodium ammonium tartrate, 142
Sodium borohydride, 442-443, 444
Sodium chloride, 7, 189, 292
Sodium cyclamate, 545
Sodium formate, 396
Sodium hydride, 296
Sodium hydroxide, 483
Sodium lactate, 131
Sodium methanoate, 396
Sodium methoxide, 39
Sodium nitrite, 87-88
Sodium pentothal, 319
Solubility, 94
of organic compounds, factors
affecting, 94
Solvation, 95, 292
Solvent effects, 292-294
Solvolysis, 276
Spandex, 520
Spearmint oil, 141, 432
Specific rotation, 133
Spectroscopy, 348
13C NMR, 379-382
and the electromagnetic
spectrum, 348-349
infrared, 350
"H NMR, 364-365
UV/Vis, 363-364
Sphingolipids, 613
Sphingomyelin, 613
Spotted owl, 439
Squalene, 615, 619
Stability
of alkenes, relative, 160162
of allylic and benzylic cations,
226-227
carbocation, 184-187, 191-192
delocalized electrons increase,
225-227
radical, 488-489, 489
of resonance contributors, 222-223
thermodynamic and kinetic, 165
Stacking interactions, 627
Staggered conformer, 98
Stanozolol, 619
Starch, 540, 542
and cellulose, 105
Statins, 110
Stearic acid, 495
Step-growth polymers, 500, 515,
515-520
Sterecker synthesis, 562
Stereochemistry
of alkene reactions, 194-197
of dehydration reaction, 313
of Diels-Alder reaction, 240
of enzyme-catalyzed reactions,
197-198
of polymerization, 510-511
of radical substitution reactions,
491-492
Stereoisomers, 116, 138, 213
of alkenes, 150
of compounds with more than
one asymmetric center, 134
of compounds with one
asymmetric center, 125
of cyclic compounds, 135-137
Stereoselective reaction, 285
Steric effects, 267, 271
Steric hindrance, 267
Steric strain, 99
Steroids, 109, 618
synthetic, 619-620
Stop codon, 634

Straight-chain alkane(s), 73
nomenclature and physical
properties of, 74t
Stratospheric ozone, 496
Strawberries, 363
Structural representations of
compounds, 12-17
Styrene, 503, 514, 523, 524
Substantia nigra, 200
Substituents and acid strength,
53-54
Substitution, 53
competition with elimination,
289-291
Substitution reactions, 263
and amines, 326-327
in synthesis, 296
Substrate, 1(0), 2(0), 3(0), 13(0),
17-20(0), 169
Succinate, 21(0), 597
Succinate dehydrogenase, 22-23(0)
Succinyl-CoA, 36(0), 46(0),
597, 605
Sucralose, 545, 546
Sucrose, 525, 539, 541
Suicide inhibitor, 40(0)
Sulfanilamide, 38(0)
Sulfide(s), 329, 335
Sulfonamide, 38(0)
Sulfonation, 246
Sulfonium ion, 329, 335
Sulfur
electronegativity, 329
in rubber, 513
Sulfuric acid, 310-311, 313
Sunette artificial sweetener, 545
Sunscreen, 360
Super Glue, 508
Superimposable mirror image,
123-124, 125
Supirdyl, 200
Sweet and Safe, 545
Sweet One, 545
Sweeteners, artificial, 544545
Symbols, recycling, 505
Symmetrical anhydride, 419
Syndiotactic polymers, 510
Synthesis, substitution reactions
in, 296
Synthetic polymers, 499, 500-522
Synthetic steroids, 619-620
Synthroid, 247
Systematic nomenclature, 75

T

Dp-Talose, 528, 529

Tamiflu, 5(0), 146, 639

Tamoxifen, 122

Tartaric acid, 139, 142

Tautomerization, 206, 465, 476

Tautomers, 206, 464

Taxol, 431, 439

Taxonomic relationship, and
primary structure, 567

Teflon, 504

Template strand, 631

Tenormin, 64

Terminal alkyne, 201

Termination step, 488

Termites, eradicating, 331

Terpene(s), 614, 614-615, 616-617

Terpeneoid(s), 614

Tertiary alcohol, 304, 310-311, 314,
439-440

Tertiary alkyl halide, 87, 288-289,
290

Tertiary amine, 87

Index 1-9

Tertiary carbocation, 184

Tertiary carbon, 78

Tertiary radical, 488

Tertiary structure, 567, 574-575

Tesla, Nikola, 365

Testosterone, 432, 619, 620

Tetracycline, 124125

Tetrafluoroethylene, 504

Tetrahedral bond angle, 21

Tetrahedral carbon, 21

Tetrahedral intermediate, 399,
400401, 407, 408, 415

Tetrahydrofolate (THF), 37(0), 38(0)

Tetrahydrofuran (THF), 318

Tetrahydropyran, 318

Tetramer, 576

Tetramethylsilane (TMS), 368

Tetraterpene, 615

Tetratogen, 142

Tetrose, 526

Thalidomide, 141, 142

Theonine, 566

Thermodynamic enolate ion, 467

Thermodynamic stability, 165

Thermodynamics, 157

how much product formed,

157-159

Thiamine, 15(0), 23-24(0)

Thiamine pyrophophate (TPP),
23(0)

Thiazolinone, 568

Thin-layer chromotography (TLC),
559

Thioester, 424

Thioether, 329

Thiol(s), 328, 329, 335, 565

Thiopental sodium, 319

Thompson, William, 159

Threonine, 8(0), 134, 553

D-Threose, 529

Thromboxanes, 411

Thymidylate synthase, 38-39(0),
637

Thymine, 38(0), 623-624, 627, 631,
639

Thyroxine, 247

Toluene-2,6 -diisocyanate, 519

Trans fat, 164

Trans isomer, 118

Transamination, 33-34(0), 33(0),
595

Transcription, 630, 631

Transesterification reaction, 405,
406409, 409, 411, 425,
521

Transfer RNA (tRNA), 632, 633,
636

Trans-fused, 109

Transition state, 157, 167, 293

Transketolase, 27(0)

Translation, 630, 636

Tricylglycerol, 609

Triethylenemelamine (TEM), 338

Triglyceride, 609

Trimethoprim, 41(0)

Trimethylamine, 77

Trimethylsulfonium iodide, 329

Triosephosphate isomerase (TIM),
45(0)

Triose, 526

Tripeptide, 549, 563, 577

Triphosphoric acid, 422-423

Triple bond, 25

in ethyne, 24-26

Triplet, 374

Tristearin, 606

Triterpene, 615
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Tropocollagen, 477
Trypsin, 8(0), 569, 570, 571, 578, 580
Tryptophan, 397, 553
Tutorials
acid-base, 65-72
drawing curved arrows, 174-181
drawing resonance contributors,
255-256
Tylenol, 94
Tyrosine, 200, 247, 552, 578,
594, 595

U

UDP-galactose, 605

UDP-glucose, 605

Ultraviolet (UV) light, 349, 359, 496
and sunscreens, 360

Ultraviolet/Visible (UV/Vis)

spectroscopy, 340, 359, 360

Unimolecular, 274

a,3-Unsaturated, 451-452

Unsaturated fat, 609

Unsaturated hydrocarbon(s), 148
physical properties of, 203-204

Uracil, 38(0), 623-624, 631, 637

Uranus, blue color of, 20

Urea, 1, 414, 577

Uric acid, 414

UV/Vis spectroscopy, 363-364

Vv
Valence electron, 5
Valeric acid, 395, 552
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Valine, 8(0), 46(0), 636

Van der Waals forces, 90-93

Vanilla flavoring, 432

Vanillin, 431, 432

Vegetable oils, 609

Vernolepin, 454

Viagra, 449

Vicks Vapor Inhaler, 141

Vinyl acetate, 503, 524

Vinyl alcohol, 231

Vinyl chloride, 503, 514

Vinyl group, 151, 152

Vinyl polymers, 501

Vinylic carbon, 151

Vinylic hydrdogen, 151

Viral infections, 638

Visible light, 349

Visible spectrum, color,
362-363

Vitamin A, 14(0), 606

Vitamin B, 15(0), 23-28(0),
26(0)

Vitamin B;, 16(0)

Vitamin Bg, 30-35(0)

Vitamin By,, 35-37(0)

Vitamin C, 43, 494, 495,
534, 548

Vitamin D, 14(0), 15(0)

Vitamin E, 14(0), 494, 495

Vitamin H, 28-30(0)

Vitamin K, 14(0), 41-42(0),
43(0)

Vitamin KH,, 41(0)

Vitamins, 1(0). See also specific
vitamins
and coenzymes, 13-15(0)
Vulcanization, 513

w
Warfarin, 42(0)
Washington, George, 44
Water
as acid and base, 46
adding to alkenes, 193-194
adding to alkynes, 205-207
bonds in, 29-30
dipole moment of, 36
immiscible liquids, 60
properties of, 30
reaction with ammonia,
41-42, 48
reaction with hydrochloric 41, 48
softeners, 560
solubility of alkyl halides in, 96
solubility of ethers in, 96
solvation of polar compound
by, 95
Watson, James, 622, 625
Wavelength (A), 349, 359
Wavenumber, 349
Waxes, 608
Whales and echolocation,
606, 610
Wilkins, Maurice, 625
Williamson, Alexander, 296
Williamson ether synthesis, 296

Wilson’s disease, 143

Withdrawal of electrons by
resonance, 232

Wohler, Friedrich, 1

Wood alcohol, 305

Wool, 573
X
Xanax, 449

X-rays, 348, 383
Xylocaine, 328
D-Xylose, 529, 547
Xylulose-5-P, 27(0)

Y

Yeast cytochrome, 567
Yeast enzymes, 305
Yew tree bark, 439-440

Z

Z isomer, 121

Ziegler, Karl, 510

Ziegler-Natta catalysts,
510, 511

Zingiberene, 238, 615

Zocor, 110

Zwitterion, 555, 556, 578
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pK; Values

Compound

+
HI
HBr

+OH

II
CH;CH

+(")H
CH;CCH,4
HCl

oo

+OH
CH3("10CH3
+OH
CH3gOH
H,SO0,
LM
N

+H H
H
CH;CH,OCH,CH
H
CH;CH,0H

H
CH;OH
+
H;0*
HNO,
CH;SO;H
+OH

I
CH,;CNH,
0

l
F;CCOH
0

II
Cl,CCOH

@ﬂr— OH

“pK, values are for the red H in each structure
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pK,

-10.1

-2.5

-1.7
-1.3
=12

0.0

0.2

0.64

0.79

Compound

.
OZNONH3
iy
L
0

II
CL,CHCOH
HSO,;
H,PO,

+Z N
N
H
i
FCH,COH
i
CICH,COH

I
BI'CH2COH
(0]

II
ICH,COH
HF
HNO,

0,N COH

pK,

1.3
2.0
2.1

2.7

2.8

29

32
32
34

34

3.8

4.0

4.2

Compound

0
CH3OCOH
0

|
CHpOCOH
+
O
0
Il

CH,COH

g8
N
H

/

a5

N

CH3ONH3
N

»

N
CH3OONH3

.
CH3(|J=NHCH3

CH;
0
|

Il
CH,CCH,CH
HONH,
H,CO;

HIJ\J\VNH

H,S

H,PO,

oy

pK,

4.3

4.5

4.6

4.8

4.9

5.1

5.2

5.3

5.5

59

6.0
6.4

6.8

7.0

7.1

7.2

7.8

(continued)
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pK;, Values (continued)

Compound

\/

N
/N
H H

.
H,NNH,
0

|
CH;COOH
0

NH

o)
CH;CH,NO,

O O
CH3gCH2gCH3
HC=N

on
N
/ \
H H

.
NH,

.
HOCH,CH,NHj

+
H;NCH,CO™

o
cm@ OH

HCO5
CH;NO,

o )ron

CH;CH,SH

A
(CHy);NH
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pK,

8.0

8.1

8.2

8.3

8.6

8.9
9.1

9.3

9.4

9.4

9.5

9.8

10.0

10.2

10.2
10.2

10.3

10.5

10.6

Compound

[
CH;CCH,COCH,CH;

.
CH;NH,

|
O

.
(CH3),NH,

L
/ \

N
H H

.
CH;CH,NH,

+N

/ \
H H
HOOH
HPO,>~

CF,CH,0H

CH;CH,OCCH,COCH,CHj

HC=CCH,O0H
0

H2N("INH2
CH,

CH;IlICHZCHZOH
S,

N NH

CH,;0H

H,0

CH;CH,OH

i

CH;CNH,
0
|

Ok

pK,

10.7

10.7

10.7

10.7

11.0

11.6
12.3
12.4

13.3
13.5

13.7

13.9

14.4

15.5
15.7
16.0

16

16.0

Compound

!\
N
H
i
CH,;CH
(CH3);COH
o)

l
CH;CCH;

l
CH3COCH,CHj

HC=CH
CH3CEN

|
CH;CN(CHy),

Z T
T2, E "

CH;NH,

CH,

JY

CH,=CHCH,
CH,=CH,

<

CH,CH;

pK,

17
18

20

24.5
25
25

30
35

36

36

40

41

43
43
44
46

60
> 60
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