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Study Guide with Test Questions 

Herbal Constituents: Foundations of Phytochemistry 
by Lisa Ganora  

*Do not use this resource as a reference! - it is not written with references and 
there is a mixture of direct quotes and paraphrases. The notes are almost 
exclusively taken from class notes provided by Lisa Ganora. 

CLASS: G480-A Part One 

Chapter One 

1. Atoms are mostly empty space, containing a tiny nucleus surrounded by organized ‘clouds’ of 
electrons. Each different kind of atom contains a unique number and pattern of electrons. 
Electrons are the basis of electrical charge; when they flow, we have electricity. Although 
electrons are invisible, we can observe their effects. All electrons have a ________ charge. 

A. Positive 
B. Neutral 
C. Negative 

2. Inside an atom’s nucleus, the protons have a positive charge and the neutrons have no 
charge. The  attraction between ________ holds the atom together. 

A. Similars 
B. Adversaries 
C. Opposites 

3. When an atom contains an equal number of protons and 
electrons, it has no overall _______ charge; the positives and 
negatives balance each other out. 

A. Static 
B. Electrical 
C. Atomic 

4. If the atom has one more electron than protons, it has an overall negative charge of –1 and 
it’s called an ion (specifically an anion). Anions can also have charges of –2, –3, etc., 
depending on how many extra electrons they have. If the atom has somehow _______ one or 
more electrons, the opposite occurs: it will have an overall positive charge (+1, +2, +3, etc.) 

A. Lost 
B. Gained 
C. Multiplied 

An ion is an atom that has either a negative or a positive charge. 
When the charge is negative (gained an electron)  the atom is called an anion. 
When the charge is positive (lost an electron) it is  called a cation. 
Ionic bonding in sodium chloride example: An atom of sodium (Na) donates one of its  
electrons to an atom of chlorine (Cl) in a chemical reaction, and the resulting positive ion (Na+) 
and negative ion (Cl−) form a stable ionic compound (sodium chloride; common table salt) based 
on this ionic bond. 
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5. All phytochemicals contain Carbon (C). From an organic perspective, it forms the stable 
basis for all of the elaborate structural variations that life creates. When a carbon atom 
makes single bonds, the electrons are naturally arranged in the form of a 
tetrahedron. Carbon forms the backbone or skeleton of most organic molecules. 

A. Two 
B. Four 
C. Six 

6. The straight lines between the letter symbols tell us that there is a chemical bond between 
each of those atoms. In phytomolecules, these bonds are almost always what we call 
covalent bonds, which means that they are formed when atoms share ________ of electrons.  

A. Matching 
B. A lot 
C. Pairs 

Covalent Bond: also called a molecular bond, is a chemical bond that 
involves the sharing of electron pairs between atoms. These electron pairs 
are known as shared pairs or bonding pairs, and the stable balance of 
attractive and repulsive forces between atoms, when they share 
electrons, is known as covalent bonding. 

7. If a single electron pair is being shared, we have a single bond, which is represented by a 
single straight line. If two pairs of electrons are being shared, we have a bond 
which is represented by a pair of parallel lines. Sometimes carbon atoms even share three 
pairs of electrons in a triple bond. 

A. Single 
B. Double 
C. Triple 

8. We are supposed to assume that there is a carbon atom at every angle. Also, this compact 
drawing leaves out the _________ atoms that were attached to the carbon atoms. This is 
done because we know that every carbon atom likes to form four bonds with other atoms. 
So, for the sake of an uncluttered drawing, we are to remember, but not draw, the hydrogens 
that are really there, ensuring that every carbon has a total of four bonds on it. 

A. Hydrogen 
B. Carbon 
C. Oxygen 

Benzene: 
(1) shows all atoms 
(2) shows the compact drawing of a benzene ring. 

9. Oxygen is Fiery because it is ________ and when we find oxygen in a phytochemical, we can 
assume that it introduces some degree of activity, reactivity, instability, or chemical restless- 
ness. Oxygen atoms in a molecule are often the sites where bonding and reactions  occur. 

A. Hot 
B. Reactive 
C. Explosive 
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10. Oxygen also has two usually non-bonding electrons. Because of its particular electronic 
structure, oxygen usually forms ________ covalent bonds with other atoms. Every once 
in a while, however, it will use one of the non-bonding pairs to form a third bond; when it 
does, it takes on a positive charge. This is because the ‘extra’ bond partially pulls electrons 
away from the oxygen nucleus, and towards the other atom. 

A. One 
B. Two 
C. Three 

11. Hydrogen (H) is the smallest, lightest, and simplest atom in the universe. Each hydrogen 
atom contains only one proton and one electron. Although it is a rather ephemeral gas, it is 
also a fundamental component of water and of all organic molecules. Hydrogen likes to make 
only _________ single bond. 

A. One Complex 
B. One Simple 
C. One 

12. One particular feature of hydrogen is that it can sometimes leave its and carry a 
single electron along with it, which can be used in antioxidant – free radical interactions. 

A. Molecule 
B. Atom 
C. Bond 

13. In addition, hydrogen atoms that go traveling without their single electrons have basically 
become just protons, and carry a single positive charge. These can become involved in 
acid – base reactions, which are very important in all kinds of living systems. 

A. True 
B. False 

14. Nitrogen (N) is a curious element. As a liquid, it makes up about 28% of the Earth’s 
atmosphere, where it is quite neutral and reactive. But plants can’t use atmospheric nitrogen; 
rather, they depend on nitrogen-fixing bacteria to turn it into a form they can absorb (soil 
nitrates). 

A. True 
B. False 

15. Although less common, nitrogen occurs in numerous phytocompounds including amino 
acids, amines, alkaloids, proteins, enzymes, and DNA. Nitrogen generally likes to make 
________ covalent bonds, but sometimes it makes four and in doing so takes on a positive 
charge. This is because nitrogen has three bonding pairs of electrons and one usually non-
bonding pair. 

A. Two 
B. Three 
C. Four 
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16. Sulfur is a rather large, complicated atom and can make varying numbers of bonds: 
mostly two or four, but sometimes even six. The pungent Garlic compound called allicin, 
which has two sulfur atoms: one with four bonds and one bearing two bonds.The sulfur atom 
with four bonds shares two of those with an atom of ________ which gives this compound an 
extra-Fiery character. 

A. Oxygen 
B. Nitrogen 
C. Helium 

Note: Sulfur-containing phytochemicals are often perceived as hot or pungent (e.g. Garlic, Onions, and 
Wasabi). Sulfur is also responsible for many smells we deem to be repugnant, such as the odors from 
skunks as well as Skunk Cabbage (Symplocarpus foetidus). 

17. The phytochemicals that incorporate sulfur are ultimately derived from the two sulfur- 
containing amino acids (cysteine and methionine), which are also very common components 
of proteins. _________ contain sulfur, but DNA contains phosphorus. 

A. Lipids 
B. Proteins 
C. Enzymes 

18. Phosphorus (P) is a Fiery element whose name means ‘light bearer. ’It is a highly reactive 
and unstable entity. In the non-organic world, phosphorus is used in matches, fireworks, and 
explosives. In plants, phosphorus often serves to transfer energy from one molecule to 
another or to activate a molecule for reactions and transformations. 

A. True 
B. False 

19. Most stable phytochemicals do not contain phosphorus, although you’ll see it in some 
precursor or intermediate compounds. Precursors are ________ compounds of other 
compounds, and intermediates are fleeting forms that a plant changes into other,  more stable 
or ‘finished ’molecules. Phosphorus atoms characteristically form five bonds. 

A. Alpha 
B. Neighboring 
C. Parent 

20. Another place we find phosphorus is in the low-energy molecule called ATP (adenosine 
triphosphate) which uses the Damp power of three phosphorus atoms to shuttle energy 
between various molecules in practically all of the biochemical reactions of living cells. 
Phosphorus is also found in the structure of DNA, where it makes up part of the sugar-
phosphate double-decker framework of the molecule.. 

A. True 
B. False 

21. Sometimes carbon or nitrogen atoms will also form triple covalent bonds, in which three pairs 
of electrons are shared. This is a rather unusual situation, because electrons don’t like to 
be crowded so closely together. They all have a negative charge, and similar charges 
repel one another. Therefore, __________ bonds contain a lot of pent-up energy. 

A. Single 
B. Double 
C. Triple 
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Electron Delocalization and Resonance  
Besides single, double, and triple covalent bonds, we sometimes 
find a type of bonding called resonance delocalization. This 
means that the valence electrons are spread out between 
some or all of the atoms in the molecule in a kind of 
generalized (delocalized) cloud. Resonance delocalization can 
occur in a structure that contains certain types of rings (such as 
the six-carbon benzene ring). 

• Localized electrons are restricted to a particular region of the atom. 
• Delocalized electrons do not “belong” to a single atom or bond between two atoms. 

22. In chemistry, these rings are called _______ which refers to their electron-sharing 
characteristics rather than to the way they smell. This definition of the word is sometimes a 
source of confusion, because we also refer to aromatic herbs or aromatic (volatile) 
compounds in essential oils. During the early days of organic chemistry, aromatic rings were 
first discovered in aromatic (odiferous) molecules. 

A. Essential 
B. Scented 
C. Aromatic 

23. In the benzene ring, the _______ electrons of the six carbon atoms are shared all around in 
two roughly doughnut-shaped clouds, one below the flattish molecule and one above it. 

A. Valence 
B. Curtain 
C. String 

24. Some of the electrons in quercetin can also experience delocalization. If you trace your way 
around this molecule, you will find that it contains a long series of _________ single and 
double bonds. We call this a conjugated series of double bonds, and it is this particular 
arrangement that allows the electrons to wander around the molecule. 

A. Consecutive 
B. Alternating 
C. Continuous 

25. Another type of bonding that can be very important in phytochemistry is hydrogen bonding. 
This type of interaction is quite a bit _______ than the covalent bonding. Hydrogen bonds 
can form between certain oxygen or nitrogen atoms on one molecule and certain hydrogen 
atoms on another molecule. 

A. Weaker 
B. Larger 
C. Stronger 

26. The classic example is the hydrogen bonding between individual ________ of water which 
helps to hold liquid water together. The oxygen of one water molecule (which has a small 
amount of negative charge) is attracted to the hydrogen of a different water molecule (which 
has a small amount of positive charge). (Opposites Attract) 

A. Droplets 
B. Molecules 
C. Glasses 
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Note: Hydrogen bonding helps hold very large molecules, like polysaccharides, proteins, and 
DNA, in their proper three-dimensional shapes. If these molecules denature (loose their overall 
shapes) they cease to function. Hydrogen bonding is also important for solubility, because it helps 
determine how solvents (e.g., water or ethanol) will interact with different kinds of phytochemicals. 
If a compound can hydrogen-bond with a solvent, it is more likely to be able to dissolve within it. 

Water (H2O): The first diagram shows one molecule of water. The second 
diagram shows three molecules of water. Hydrogen (H) is the smallest, 
lightest, and simplest atom in the universe. Each hydrogen atom contains only 
one proton and one electron. Hydrogen only has one electron to share (not a 
pair) so it can only have one covalent bond. 

Oxygen is naturally more electronegative (nonbonding pair of 
electrons) and when bonded to hydrogen it can only share one of its 
electrons because hydrogen only has one to share! So, in a water 
molecule you have an oxygen with 6 valence electrons but only two 
are used when bonded to the two hydrogen. This leaves two 
electron pairs/four electrons unshared. The four negatively charged 
electrons in the outer valence of oxygen create a negative “pole”. 

27. Ionic bonding is a type of electrostatic attraction that occurs between atoms or molecules 
with the same electrical charges. The classic example is found in table salt (sodium chloride 
or NaCI). Inside a salt crystal, sodium cations (Na+) and chloride anions (CI-) are attracted to 
one another and held in place because of their similar charges. 

A. True 
B. False 

28. In chemistry, a molecule is called polar if its overall electrical charge is evenly distributed – if 
it has areas of partial positive charge and areas of partial negative charge. A non-polar 
molecule has a huge charge separation – it is electrically balanced and neutral overall. 

A. True 
B. False 

29. You might wonder what causes _________ in the first place. It comes about because 
different atoms have different electronegativities. The electronegativity of an atom is the 
tendency it has to pull the electrons in a covalent bond towards itself. The tendency to attract 
electrons to itself in a bond. 

A. Magnetism 
B. Opposition 
C. Polarity 

Polarity is not just an either/or situation. In reality there is a continuum: some molecules are 
totally non-polar, some have low polarity, others are just a little polar, and so on 

30. One of the simplest functional groups is the hydroxyl or alcohol group, written as –OH. The 
hydroxyl group is made of one oxygen atom single-bonded to one hydrogen atom. 
Sometimes you’ll see this written as R–OH. The R is like a placeholder that stands for 
whatever the –OH might be attached to. 

A. True 
B. False 
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Note: Put simply, functional groups (R) are specific small groups of atoms that are the parts of a 
molecule where most chemical changes or reactions will occur. A molecule may have one or more 
different functional groups attached to its basic skeleton. 

31. Ethane is a non-polar gas having two carbon atoms and six hydrogen atoms. When we add 
the –OH group to ethane, it becomes the alcohol that we call . With the addition of just one 
hydroxyl group, the character of this molecule changes dramatically. Instead of the non-polar 
gaseous ethane, it becomes a polar liquid that will mix with water and can be used as an 
extraction solvent and preservative for herbal products. 

A. Isopropanol 
B. Methanol 
C. Ethanol 

Most chemicals having names that end with the suffix –ol are alcohols. 

32. Glycerol (glycerin) is actually a type of _________ that has three hydroxyl groups on each 
molecule. The reason it’s so thick and syrupy compared to ethanol is because there is 
extensive hydrogen-bonding between the oxygen atoms and the hydrogen atoms of the 
numerous hydroxyl groups. All of this bonding causes the glycerol molecules to cling together 
more than molecules of ethanol, which have only one hydroxyl group each. 

A. Sweetener 
B. Alcohol 
C. Ferment 

33. We all know from experience that table sugar (sucrose) is very ________ -soluble. There are 
many different kinds of sugars, and they can all dissolve in water. Water is very polar, sugars 
are very polar; both have hydroxyl groups. Like dissolves like! 

A. Glycerin 
B. Water 
C. Alcohol 

Atoms/Molecules: Opposites Attract (negative electrons are attracted to positive protons). 
Solubility/Action: Like dissolves Like (water is very polar and sugar is very polar so sugar 
dissolves in the water). 

34. In many phytomolecules, a hydroxyl group will be found attached to a benzene ring. In this 
case it has a special name; the ring with its hydroxyl is referred to as a _________ group. 
Notice that the suffix -ol is still present in these words, where it refers to the –OH group. In 
contrast, a phenyl group is what we call a simple benzene ring that is attached as a 
functional group to another molecule. 

A. Phenolic 
B. Hydroxyl 
C. Support 
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35. If the phenolic group has two or more hydroxyls, it is called polyphenolic. The benzene ring 
itself is has very low polarity and low solubility in water. Attaching one hydroxyl group adds 
some polarity, so that phenol is a bit more water-soluble than benzene. Rings with two and 
three hydroxyl groups are increasingly ______ and more water- soluble than simple phenols. 

A. Arctic 
B. Polar 
C. Both A & B 

36. The carbonyl group is a bit odd because it also forms part of several other functional groups. 
By itself, the carbonyl group consists only of one carbon atom ______ bonded to one oxygen 
atom. Anything else (carbon atoms, hydrogen atoms, hydroxyl groups, etc.) may be bonded 
to the central carbon. This group is quite polar, just a bit less than the hydroxyl group. 

A. Selectively 
B. Super 
C. Double 

37. Both aldehyde groups and ketone groups contain the carbonyl structure. For an aldehyde, 
one of the things attached to the carbonyl carbon is a ________ atom. 
A. Oxygen 
B. Hydrogen 
C. Nitrogen 

38. For a ketone, there are two other carbons (and whatever else is attached to them) on either 
side of the carbonyl carbon. Both aldehyde and ketone groups are quite polar (just like 
carbonyls), but a bit less polar than hydroxyl groups. Many, but not all, ketone- 
containing compounds have names ending in _______ to show us that they are ketones. 

A. -itis 
B. -one 
C. -only 

39. Carboxyl groups are quite common in phytochemicals; they can be thought of as a carbonyl 
group bonded to a hydroxyl group. In fact, the word carboxyl is a contraction of carb-onyl and 
hydr-oxyl. The carboxyl group is very polar, even more so than the hydroxyl group, 
because it incorporates both hydroxyl and carbonyl characteristics. 

A. True 
B. False 

40. Carboxyl groups can form hydrogen bonds in three places: on both oxygens and on the 
hydrogen. Consequently, molecules with carboxyl groups tend to be quite polar and water-
soluble, unless they have large _________ regions which overwhelm this effect (e.g., fatty 
acids have a carboxyl group at one end, but the rest of the molecule consists of a very low-
polarity hydrocarbon tail, so overall they are not very water-soluble). 

A. Uni-polar 
B. Non-polar 
C. Bi-polar 
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Note: Molecules containing carboxyl groups are often called carboxylic acids, ’weak acids’ that 
include compounds such as citric acid, phenolic acids, fatty acids, and most other phyto-
compounds that end with the word acid. Sometimes, instead of the common ending –ic acid, you’ll 
see the names of these molecules written with the suffix –ate (e.g., malic acid vs. malate). These 
terms refer to different forms of the same molecule. 

41. Remember, single bonds are free to ________ but double or triple bonds are not. This is one 
reason why structures can be drawn correctly in a few different ways. 

A. Rotate 
B. Spin 
C. Teeter 

42. Carboxyl groups can sometimes react with hydroxyl groups. The result of this chemical 
transformation is another functional group called _________ group. The ester generally 
serves as a linking structure between two smaller molecules which use it to join and become 
a larger molecule. This is why it is often called an ester bond instead of an ester group. 

A. Harriet 
B. Mildred 
C. Ester 

43. Esters can also link different parts of one molecule together to form ring structures. Since the 
prefix –intra means ‘within, ’this is called an intramolecular reaction; one that happens 
between different parts of the same molecule. These rings are called ______ or cyclic esters. 

A. Monotones 
B. Lactones 
C. Carboxyls 

The process of forming an ester (esterification) is a very common reaction. One molecule of 
glycerol can be linked to one fatty acid molecule to form a monoglyceride. If two fatty acids are 
linked to the glycerol, a diglyceride is formed. If all three hydroxyl groups on the glycerol link with 
fatty acids via ester bonds, we have a triglyceride. The opposite of esterification, when the ester 
comes apart, is called hydrolysis or ester hydrolysis. Hydro-lysis means ‘water-breaking,’ and the 
hydrolysis reaction uses a molecule of water to break the ester bond. 

The process of making soap from fats and oils (saponification) involves ester hydrolysis – where 
the bonds holding the fatty acids to glycerol inside the triglycerides are broken apart by an alkaline 
substance such as potassium hydroxide. The negatively-charged free fatty acids subsequently 
associate with the potassium cations to form salts. The fatty acid salts have both polar and non-
polar characteristics, which allows them to pluck oily dirt from fabric and make it more water-
soluble. Glycerol (glycerin), also released from the triglycerides, is a byproduct of saponification. 

44. The acetate group is a specialized type of ester formed when acetic acid reacts with a 
hydroxyl group on a molecule to form an ester bond. Molecules containing an acetate group 
often begin with the prefix acetyl- or end with -acetate. During the invention of _______ 
(acetylsalicylic acid), the acetate group was added to the salicylic acid molecule to make it 
less damaging to the stomach. 

A. Epinephrine 
B. Ibuprofen 
C. Aspirin 
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Note: Many essential oils contain molecules bearing ester or acetate functional groups; in the 
language of aromatherapy, these are often classified and discussed as esters, while compounds 
having carboxyl groups are referred to as acids and those with hydroxyl groups are called 
alcohols. Like other ester groups, the acetate group is only mildly polar. 

45. The diethyl ether is a complex ether; in formononetin (an isoflavone) we see two ether 
functions – one is part of the central ring, and the other is a methoxy group. In digitoxin (a 
cardiac glycoside) there are twelve ether functions. 

A. True 
B. False 

46. Alkyl, alkenyl, and alkynyl groups: These functional groups contain only carbon and hydrogen 
atoms (hydrocarbon groups). Generally, in plants, they have anywhere from one to around 
twenty or so carbon atoms, along with their attendant hydrogens. All of them are non-polar 
and _________ (literally, afraid of water). The more of these hydrocarbon groups that a 
molecule has, the less water-soluble it will tend to be. 

A. Gamophobic 
B. Hydrophobic 
C. Globophobic 

47. In organic chemistry, the class of compounds called ________ is populated with hydrocarbon 
molecules having only single bonds; so when an alkane (e.g., methane, ethane, propane, 
butane – notice the –ane suffix) loses one of its hydrogen atoms to become a functional 
group, it is called an alkyl group. The –yl suffix replaces the –ane suffix, indicating that the 
functional group is a derivative of the parent molecule. This is where we get the terms methyl 
group (CH3, from methane). 

A. Alcohol 
B. Aldehyde 
C. Alkanes 

Alkamide is the general term that includes the alkylamides, alkenylamides, and alkynylamides. 

48.Amines are molecules that contain amino groups. Amines are classified according to how 
many R groups are attached to the central nitrogen atom. As you can see here, primary 
amines have only one R group bonded to the nitrogen; secondary amines have two R groups; 
tertiary amines have three R groups. Quaternary amines, with four bonds on the nitrogen (the 
fourth can be either to an R group or a hydrogen atom), have a positive charge. 

A. True 
B. False 

Nitrogen prefers to have 3 bonds but, like oxygen, it has a pair of usually non- bonding electrons. 
When nitrogen forms 4 bonds it creates a full positive charge. The nitrogen-to-hydrogen bond is 
quite polar, so primary and secondary amino groups add polarity to a molecule. Tertiary amino 
groups don’t have a hydrogen, so they are much 
less polar than the first two. Quaternary amino 
groups, however, have a full positive charge, 
which makes them very water-soluble. 
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49. The amide functional group also contains nitrogen. Like amino groups, amides come in 
primary, secondary, and tertiary forms. However, they have no quaternary form (they can’t 
pick up another hydrogen atom) due to a peculiar interaction between the electrons of the 
oxygen and nitrogen atoms. Remember that lone pair of electrons on the nitrogen atom? 
These electrons spend some of their time with the oxygen atom, giving it a more negative 
character, and leaving the nitrogen atom with somewhat of a positive charge. This interaction 
– a kind of resonance delocalization – makes amides extremely polar. In fact, amides 
are the most polar functional group of all. 

A. True 
B. False 

50. The nitrile functional group is found most notably in the cyanogenic glycosides (the toxic 
cyanide-generating compounds in, for example, wilted Wild Cherry leaves). When this 
molecule is hydrolyzed by certain enzymes, it releases hydrocyanic acid - HCN - the triple 
bond remains between the C and the N while another part of the molecule breaks off to 
become benzaldehyde, which smells just like __________ . 

A. Rosemary 
B. Oranges 
C. Almonds 

51. The simplest functional group that contains sulfur is the sulfhydryl group (R–SH), which is like 
a hydroxyl group with sulfur replacing the oxygen atom. The sulfhydryl group, unlike the 
hydroxyl group, has very low polarity. Molecules containing sulfhydryl groups are called 
thiols and most thiols are oily, odiferous molecules often having skunky or garlic-like aromas. 
With one notable exception, sulfhydryl groups are not especially common in phytomolecules. 
The exception is the amino acid ___________ , which occurs in numerous proteins. 

A. Cysteine 
B. Threonine 
C. Leucine 

52. A sulfide group is really just one, two, or three sulfur atoms single-bonded to each other and/
or to carbon atoms. Sulfide compounds contain the sulfur atoms within their carbon 
backbones. They are mostly found in extracts of spicy Allium plants such as Garlic, Onions, 
Leeks, and Ramps (A tricoccum). Sulfide groups are non-polar. 

A. True 
B. False 

53. Sulfoxides are compounds which contain sulfinyl groups. Sulfoxides, like sulfides, mostly 
occur in herbs such as Garlic. Ajoene is an interesting sulfoxide which develops when garlic 
is cooked or extracted in _________ . It contains both a sulfinyl group and a disulfide group. 
The fiery sulfinyl groups are quite polar, although this effect is often overwhelmed by the low-
polarity character of the rest of the molecule. 

A. Vinegar 
B. Alcohol 
C. Oil 
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54. Alliin is one of the cysteine sulfoxides and it is a precursor (parent compound) of the sulfides 
and ajoene. A derivative of alliin, called allicin, contains the thiosulfinate group, which is 
composed of a sulfinyl group bonded to another sulfur atom. Allicin is the very pungent 
compound released when fresh Garlic is __________ , and is responsible for much of its 
antibacterial and antifungal activity. 

A. Cooked 
B. Roasted 
C. Crushed 

Note: Two functional groups that contain both nitrogen and sulfur atoms: the thiocyanates and the 
isothiocyanates. In certain pungent plants (e.g., Wasabi, “ Mustards, Nasturtiums, etc.) we find a 
group of precursor compounds called glucosinolates. When the tissues of such plants are 
crushed, an enzyme is released that changes these precursors into active molecules which 
contain either isothiocyanate or thiocyanate groups. Usually, isothiocyanates are formed; more 
rarely, thiocyanates. Thiocyanates can depress thyroid function if ingested in large doses, 
but isothiocyanates do not do this to any significant extent. 

55. Isothiocyanates are beneficial compounds that stimulate phase II detoxification enzymes and 
participate in other anticarcinogenic processes in the body. One important isothiocyanate 
molecule is __________ , which has been studied extensively. “A metabolite of the 
glucosinolates in Broccoli and other Brassicaceae vegetables, it induces apoptosis in certain 
cancer cells and works through the cytochrome p-450 detoxification enzymes to disable 
potentially carcinogenic molecules. 

A. Sulforaphane 
B. Phenyl isothiocyanate 
C. Glucosinolates 

56. Occasionally you will see a molecule with a phosphate group attached. Phosphate groups 
usually have a ________ charge under physiological conditions, so they are highly polar. 

A. Positive 
B. Neutral 
C. Negative 

Note: Along with the phosphate group (PO4), the phospholipid molecule phosphatidylcholine 
contains two ester bonds which connect to two fatty acid ‘tails, ’and a quaternary amine group with 
a positive charge on the nitrogen atom. The amine and phosphate groups give the ‘head ’ of the 
molecule a very polar, water-soluble character, while the ‘tails ’are oil-soluble hydrocarbons. We 
say that this is an amphiphilic molecule: one that loves both oil and water. 

57. A few phytomolecules have this odd-looking arrangement, called the methylenedioxy group. 
It’s somewhat like a double ether, and like ethers, has very __________ polarity. 

A. Low 
B. Strong 
C. High 

Berberine has the low polarity methylenedioxy group on the end but it 
is a very water-soluble molecule. The positively charged nitrogen is 
responsible for the over-all polarity of the berberine molecule. 
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A simple six-carbon ring is a cyclohexane ring. The other kind of six-carbon ring is the aromatic 
benzene ring, which we looked at earlier. It also helps to remember that a cyclopentane ring can 
be represented as a pentagon and a cyclohexane ring can be drawn as a hexagon. Whenever two 
rings share a pair of carbons, they are said to be fused together. 

58. A cyclohexane (6) ring twists into the chair conformation because it is energetically more 
relaxed as it spreads the electrons in the molecule further apart (remember, negatively-
charged electrons repel each other). A benzene ring, on the other hand, can’t twist 
because of its resonance delocalization phenomenon. The electrons, which are shared 
all around the molecule, compress it into a ‘________’ configuration. The same principle 
applies to the phenolic ring. 

A. Round 
B. Flat 
C. Pointy 

Note: When these rings are part of a larger molecular structure, they influence its overall shape. If 
the molecule contains one or more cyclohexane rings, it will tend to have kinks in it. But if the 
molecule is largely based on benzene or phenolic rings, it will tend to be planar. 
These shapes are important because they influence how the molecule will be able to 
interact with the various receptors and enzymes in a cell. 
 
59. Furans are pentagonal rings having one _______ atom and four 

carbon atoms. 
A. Neutral 
B. Nitrogen 
C. Oxygen 

60. The group of compounds known as furanocoumarins (or furocoumarins for short) has a 
skeleton based on the fusion of coumarin with an additional furan ring. The simple sugar 
________ is also based on a furan ring shape, which is why it’s sometimes referred to as a 
furanose (remember, the –ose suffix indicates a sugar molecule). 

A. Dextrose 
B. Sucrose 
C. Fructose 

Note: Furanocoumarins are infamous for causing itchy, poison-ivy-like skin eruptions in sensitive 
people; they are found in plants like Giant Hogweed (Heracleum mantegazzianum), Cow Parsnip 
(Heracleum sphondylium), the Angelicas, and Celery (especially when it’s been infected with a 
fungus called ‘pink rot’). 

61. Pyrans are hexagonal rings containing one oxygen atom and five carbon atoms. These 
structures are quite common in phytomolecules. The same naming conventions that apply to 
the subcategories of furans also apply to the different types of pyrans…The phytomolecules 
known as ____________ have a pyran ring in the center of their three-ring skeleta. 

A. Flavonoids 
B. Isoflavones 
C. Carotenoids 
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Naming phytocompounds: We can correctly refer to luteolin as: an 
oxygen heterocycle, a pyran, a pyranone, a benzopyran, a 
benzopyranone, a ketone, an alcohol, or a polyol, depending on which 
structural feature or functional group we focus on. One can also call it 
a flavone, a flavonoid, a polyphenol, and a phenolic compound, 
depending on which hierarchical category/phytochemical 
classification we pay attention to. All of these names have their uses, but 
maybe we should just call it a flavonoid for practical purposes! 

62. The phytomolecule silybin, is part of the mixture called __________ , found in the seeds of 
the Milk Thistle (Silybum marianum). It’s a potent antioxidant and strongly hepatoprotective 
hybrid compound called a flavonolignan: made from a lignan and a flavonoid bound 
together. 

A. Allicin 
B. Silymarin 
C. Quercetin 

63. The lactone ring also incorporates an oxygen atom. We’ve already talked about these in the 
context of cyclic ester functional groups. Also recall that the lact– prefix refers to the 
________ whiteness characteristic of these compounds, and the –one suffix refers to the fact 
that they bear a ketone functional group. The names of molecules containing lactone rings 
sometimes end with the suffix –olide as in parthenolide or ginkgolides. 

A. Creamy 
B. Yellowish 
C. Milky 

Note: Rings can also include one or more nitrogen atoms. Don’t worry 
about memorizing all of the different names and structures. The main 
usefulness of this information is to understand the architecture of the 
alkaloids and other nitrogenous compounds. As you scan through the 
rings and ring systems, you will come across the names of various 
classes of alkaloids (e.g., pyrrolizidine, indole, or isoquinoline). 

64. Gramine is a type of simple indole alkaloid found in grass grains such as barley and oats. 
Plants make gramine out of the amino acid tryptophan, which also contains the indole ring 
system. Both tryptophan and gramine have mild sedative and relaxing activities. There are 
many examples of indole-based compounds that have some degree of psychotropic or 
neurological activity. This is because of a structural and energetic similarity to some of 
our endogenous neurotransmitters. 

A. True 
B. False 

65. Pyrrolizidine alkaloids, which are    hepatotoxic, are found in plants such 
as Petasites and Senecio species. Comfrey (Symphytum spp.) and Coltsfoot (Tussilago 
farfara) contain them also, but the evidence for the overall toxicity of these latter two herbs 
(when used appropriately) is less than convincing. 

A. Potentially 
B. Always 
C. Sometimes 
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66. Basically, isomers are molecules containing a different number and kind of atoms as each 
other, but those atoms are arranged differently in space. The two main groups of  isomers are 
the independence isomers and the stereoisomers. 

A. True 
B. False 

Stereoisomers contain the same numbers and kinds of atoms, which are bonded to each other in 
the same sequence, but there are differences in the spatial orientation of the bonds. The two 
main groups of stereoisomers are cis-trans isomers and isomers with chiral carbons (including the 
enantiomers). Cis-trans isomers: These terms come up most commonly in the context of talking 
about fatty acids (e.g., trans fatty acids or trans fats), although the concept can be applied to any 
kind of molecule that contains at least one carbon-to-carbon double bond. The word cis 
means ‘next to, ’and trans means ‘across from. ’When you have a carbon-to-carbon double 
bond in a molecule, those two carbon atoms stay relatively still in respect to each other; in other 
words, the double bond doesn’t spin or rotate like a single bond does. 

 
A double bond holds that part of the molecule in a fixed spatial relationship, so that we can 
talk about what’s on one side of the double bond versus[…] Notice that in the cis form of the 
molecule above, both hydrogen atoms are on one side of the double bond and both ethyl groups 
are on the other side; it’s the opposite in the transform. One of the more significant consequences 
of geometric isomerism is seen in the shape of cis versus trans fatty acids. Cis double bonds 
introduce bends into the molecule, while trans double bonds maintain a zig-zag shape 
throughout the fatty acid tail.  
 
67. The bent molecules (e.g., the all-cis alpha-linolenic acid) 

don’t pack together very well, so they slip and slide around 
each other and maintain a looser, more oily consistency 
in a substance (e.g., Flax oil). Oils which are _______ at 
room temperature contain a lot of these bent molecules. 

A. Liquids 
B. Solids 
C. Semi-soft 

68. The zig-zag molecules (e.g., all-trans ALA), on the other 
hand, can pack up very closely together, resulting in a 
stiffer, more butter-like substance. So you can see there is a 
major personality difference in these two molecules, based 
on the cis versus trans double bonds. Even though they are 
geometric isomers of one another, they ________ differently 
and will be processed differently by the body. 

A. Look 
B. Behave 
C. Taste 
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Note: Have you ever noticed the name of a phytochemical with a + or – sign in front of it, for 
example, (+)-carvone or (–)-epicatechin? This is referring to the stereochemistry of the molecule – 
its particular 3D spatial orientation. 
This is one of the more difficult aspects of chemistry to learn from a 
relatively flat, 2- dimensional medium like paper. The reason for the 
difficulty is that atoms and molecules exist in three-dimensional space. 
Remember how carbon makes four bonds in a tetrahedral pattern? 
These bonds have a particular orientation in space; they don’t just 
randomly wander around. So if you have a tetrahedral carbon, there 
are four distinct points where other atoms may bond to it. 

69. Chiral carbon: The word chiral is based on the root for ‘hand, ’as in chiropractor. The classic 
example of a chiral shape is the left hand versus the right hand. They ‘match ’ when facing 
each other (like mirror images) but they don’t match when laid directly on top of each other 
(they are _______________) . A left hand won’t fit into a right glove, and vice versa. 

A. Superimposable 
B. Identical 
C. Non-superimposable 

70. Achiral carbon: the molecule on the right has two 
methyl groups, so it no longer has four different things 
bonded to the central carbon. You can actually rotate 
this molecule around so that it does match its 
counterpart – in other words, the two molecules are 
really __________ and superimposable. 

A. Fraternal 
B. Identical 
C. Opposite 

Enantiomers are a pair of chiral molecules that are mirror images of one another but the 
molecules are non-superimposable. on one another. They cannot be placed on top of one another 
and give the same molecule. 

The significance of this is that enantiomers can have very different 
properties from one another. A classic example is the pair known as 
(–)-carvone and (+)- carvone, two small compounds found in essential 
oils. (–)-Carvone smells like Spearmint (Mentha spicata), but (+)-
carvone has the aroma of Caraway (Carum carvi). 

71. Starch and Cellulose: These stereoisomers are both polysaccharides, and both are made 
from long chains of glucose molecules bonded together. But starch, a digestible nutrient for 
humans, is based on one isomer of glucose, while the indigestible cellulose (dietary fiber) is 
made from the other isomer of glucose. Cellulose is composed of beta-D- glucose units, 
while starch contains alpha-D-glucose units. These two forms of glucose differ from one 
another only by the position of the -OH group and the H atom on carbon #1. 

A. True 
B. False 

~ END OF CHAPTER ONE TEST ~


