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Carbon: The Backbone of Life

= Living organisms consist mostly of carbon-based
compounds

Carbon is unparalleled in its ability to form large,
complex, and varied molecules

Proteins, DNA, carbohydrates, and other
molecules that distinguish living matter are all
composed of carbon compounds
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Figure 4.1

Carbon can bond to four other atoms or
groups of atoms, making a large variety of
molecules possible.
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“Atmosphere”

Concept 4.1: Organic chemistry is the study of Organic Molecules and the Origin of Life on cH,
Water vapor —»
carbon compounds Earth f’ y Electrode
= Organic chemistry is the study of compounds = Vitalism was the belief in a life force outside the = Stanley Miller’s classic experiment demonstrated T M
that contain carbon jurisdiction of physical and chemical laws the abiotic synthesis of organic compounds T Condenser
-~
= Organic compounds range from simple molecules = |t was thought that organic compounds could only = Experiments support the idea that abiotic =
to colossal ones be produced in living organisms synthesis of organic compounds, perhaps near oot | ] e cold
i . - . . volcanoes, could have been a stage in the origin of organic water
= Most organic compounds contain hydrogen atoms = Vitalism was disproved when chemists were able life molecules
in addition to carbon atoms to synthesize organic compounds
9.0 3
o o
‘J sea’
N N . Sample for N
chemical analysis
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Concept 4.2: Carbon atoms can form diverse The Formation of Bonds with Carbon Volocule | Molecular | Structural | oo T Space-Filling
molecules by bonding to four other atoms Formula | Formula Model
= Pioneers of organic chemistry helped shift the = Electron configuration is the key to an atom’s = With four valence electrons, carbon can form four (@ tehane T
mainstream of biological thought from vitalism characteristics covalent bonds with a variety of atoms CH, H=g—H d
to mechanism ) ) ) ) o H
= Electron configuration determines the kinds and = This ability makes large, complex molecules
= Mechanism is the view that physical and chemical number of bonds an atom will form with other possible (b) Ethane
laws govern all natural phenomena atoms ) ) fou
= In molecules with multiple carbons, each carbon cHy, H—C—C—H
bonded to four other atoms has a tetrahedral .‘1 ,L
shape
= However, when two carbon atoms are joined by a e tmrene) " )
double bond, the atoms joined to the carbons are CH, e=d @ n
. W’ MR
. 0 in the same plane as the carbons n 2
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= The electron configuration of carbon gives it = Carbon atoms can partner with atoms other than
covalent compatibility with many different elements Hydrogen Oxygen Nitrogen Carbon hydrogen; for example: o
= The valences of carbon and its most frequent (valence =1)  (valence=2)  (valenco=3) (valence =4) = Carbon dioxide: CO, i
partners (hydrogen, oxygen, and nitrogen) 2 N /c\ /
are the building code for the architecture of O 0=C=0 'i‘ |
living molecules H
Urea
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= Urea: CO(NH,),
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Figure .52

Enantiomers
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Molecular Diversity Arising from Variation in Animation: Carbon Skeletons
Carbon Skeletons
= Carbon chains form the skeletons of most organic (@) Length (©) Double bond position
| | H H H H H H HHH H H HH
mo ecu es H H H H H H H H
. . H H H H H
= Carbon chains vary in length and shape Ethane Propane 1-Butene 2-Butene (@) Length
(b) Branching (d) Presence of rings noH HoHH
' N \ e .
"
H H HH H H. H H W H OH HHH
H H W " "
[ N Ethane Propane
H HHH H H W H
H H
WoH oW M
Butane 2 Benzene
(isobutane)
I s 10 2
[e———— [EST——— [ ———— [EST———
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Hydrocarbons
= Hydrocarbons are organic molecules consisting
(b) Branching (d) Presence of rings of only carbon and hydrogen
H
HHHH [P () Double bond position Ho H H = Many organic molecules, such as fats, have
H#H H H HHHH HHHH t " H H hydrocarbon components
HHHBH " H H H H H H H
[ A i H H W - = Hydrocarbons can undergo reactions that release
HoHOH 1-Butene 2-Butene o a large amount of energy
Butane 2-Methylpropane H
(isobutane) Cyclohexane Benzene
2 2 2 2
[e———— [ESF——— [e———— [EST———
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(a) Structural isomers. H
Isomers .
L il B
i e
= Isomers are compounds with the same molecular HHHHH HHHH
formula but different structures and properties Fentane Zmethytbutane
. (b) Cis-trans isomers
= Structural isomers have different covalent X x H X
. Naen” Naon?
arrangements of their atoms Poa ,e=C
H H X H
= Cis-trans isomers have the same covalent bonds cisisomer: The two Xs are  trans isomer: The two Xs are
) rans © anthe same sida. on opposie sides.
. H but differ in spatial arrangements
f- § (c) Enantiomers.
3 b = Enantiomers are isomers that are mirror images coH coH
H (s Part o a human adiposo coll 1 § of each other
i m
(a) Part of a human adipose cell (b) A fat molecule § °
H NH, NH, H
25 26 27 CHs CHy 28
L isomer D isomer
[e———— [EST——— [ ———— [EST———
Figue 47a Figwe 470 Fiurs 470
Animation: Isomers
s (c) Enantiomers
nuctural isomers
(a) Structural isomers 42 (b) Cis-trans isomers COH COH
HHHHH H *n H x\ /X H\ /X
N i Plad Pl
Geomeic somers S R L o el H H X H u N
H HHHH H H HH cis isomer: trans isomer: The two Xs are NH; ? "
Pentane 2-methyl butane on the same side. on opposite sides. CH, CH,
% 3 L isomer D isomer
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= Enantiomers are important in the pharmaceutical
industry

Two enantiomers of a drug may have different
effects

Usually only one isomer is biologically active

Differing effects of enantiomers demonstrate that
organisms are sensitive to even subtle variations
in molecules
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Figure 4.8

Drug

Ibuprofen

Albuterol

Effective Ineffective
Effects Enantiomer Enantiomer
Reduces
inflammation
and pain
S-lbuprofen R-lbuprofen
Relaxes bronchial
(airway) muscles,
improving airflow
in asthma
patients R-Albuterol S-Albuterol
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Animation: L-Dopa

CoHyuNO,
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Concept 4.3: A few chemical groups are key to
molecular function

= Distinctive properties of organic molecules depend
on the carbon skeleton and on the chemical
groups attached to it

= A number of characteristic groups can replace
the hydrogens attached to skeletons of organic
molecules
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The Chemical Groups Most Important in the
Processes of Life

= Estradiol and testosterone are both steroids with
a common carbon skeleton, in the form of four
fused rings

= These sex hormones differ only in the chemical
groups attached to the rings of the carbon skeleton

Figure 4 UNO3

HO'

H
Estradiol cH o

OH
Testosterone CH,

= Functional groups are the components of organic
molecules that are most commonly involved in
chemical reactions

= The number and arrangement of functional groups
give each molecule its unique properties

The seven functional groups that are most
important in the chemistry of life

= Hydroxyl group
= Carbonyl group
= Carboxyl group
= Amino group

= Sulfhydryl group
= Phosphate group
= Methyl group

0
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Figure 49 Figure 498 Figure 498 Figure 4.9ab
Chomieal G Compound Name Erampier
Hycony group (—oH) Acona o
@ o PR —
covogon (om0 Ko o Chemical Group Compound Name Examples
Rdonpdo i . Hydroxyl group (—OH) Alcohol
o < U 11 [
y Acoone propanal @ o -t Ethanol
Cabongoup (—GOOH)  Catonpcacter ¥ o » " Carbonyl >
posisciton e - B arbonyl group (> =0
.. L .- romigue oo gt TNy, o 1Ry &y,
) Acetc acid lehyde L L4 Hydroxyl group (—OH) J
° L et ydroxyl group (—OH) HoH Ethanol, the alcohol [ H—C—C-C—H 't
Amino roun (M) Arine o 1p v @ < K L ° = !N present p o ™l =,
- edl e = e cetone ropanal o B H—C—C-oH F " _¢
e X i b Carboxyl group (—COOH) Carboxylic acid,or | w (may be written HO—) Wb :'e:f,:gzgc ‘ Acetone, Propanal,
organic acid e . B8 . the simplest ketone an aldehyde
S X [ < ¢ s
S ® s uoon o Polar due to electronegative oxygen. Forms hydrogen bonds with water. - -
— o @ crsne on Acetic acid Compound name: Alcohol Sugars with ketone groups are called ketoses; those with aldehydes
i o are called aldoses.
Phosshate roup (~0PO)  Orgen Amino group (—NH,) Amine o Mow " CGompound name: Ketone or aldehyde
r= srosshate X v = N
o @ oto FRERES SApw— .‘ 7 Pt R
° = 1211 =
> N Glycine
Moty group () Moty
compouna I o
‘ b I § smetyicytosine
LRI ot “ o @ “
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Chemical Group Compound Name Examples
Sulfhydryl group (—SH) Thiol
O O
e
Carboxyl group (—COOH) " Amino group (—NH,) a m —o = W-C—cH s Cysteine Sulfhydryl group (—SH)
| c/P Va AV | N O\ OH
[ ) S H—(‘:‘ 3 =g e p H c—C—N + H = —N—H Ll ] “7
J OH o 4‘ —N, / ! Phosphate group (—OPO;>) | Organic —J  _sH - Cysteine, a sulfur-
. —C\/ H A o H H > g phosphate ! . H (‘: CHy=SH - Containing amino acid
> oH Acetic acid, which  lonized form of —COOH ') Glycine, an amino acid lonized form ? quon [ (may be written HS—) N
[ ] gives vinegar its (carboxylate ion), (note its carboxyl group) of —NHj, o @O oo H-¢-¢-¢-0-p-o" Glycorol phosphato W
sour taste found in cells found in cells ) o W o
Two —SH groups can react, forming a “cross-link” that helps stabilize
Acts as an acid. Acts as a base. Methyl group (—CHy) Vethylated - protein structure.
Compound name: Carboxylic acid, or organic acid Compound name: Amine 2 i compouns P Compound name: Thiol
@ i ' 87 sMethyl cytosine
J —Cc-H . C
2 oo
"
s 1
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Figure 490b Figue 4906 Figue 4.UN04
ATP: An Important Source of Energy for Cellular
Processes
= An important organic phosphate is adenosine
Phosphate group (—OPO;2") Methyl group (—CH;) s triphosphate (ATP)
Glycerol phosphate, 5-Methyl cytosine, a . .
[ ] 9 QHOHH I @ hich takes partin 0 ,‘/C\‘C/C"* component of DNA = ATP consists of an organic molecule called
_____ i ifi . .
@ @ oo |"TIIOTT mmm . ‘4 e O,c\u/c‘\N itihentiieine adenosine attached to a string of three phosphate _
o & | hwie o i ¥ groups
Contribut it h: . When attached, fe lecule the abilit i i . .
morne :c iuw?‘shr:gé ’uvredce ;rﬂ; e"e:;y' iched, confers on a molecule the ability :;e:fr;t‘:n?s'.”esmn of genes. Affects the shape and function of = ATP stores the potentlal to react with water,
Compound name: Organic phosphate name: a reaction that releases energy to be used by
the cell
w© 0 s 52
Figure 4UN0S Figue 4 UNGta Figue 4UN0Tb
The Chemical Elements of Life: A Review
= The versatility of carbon makes possible the great
diversity of organic molecules i 2
iati i Molar Ratio
Reacts
w"eha;zo . F/arlz(aju?.n at '(fhtellrzglfzct{larl Igyel Ilgts at the @ " el (HEAEeERhD) ’ -
(®~P~P- Adenosine | ®, + + Energy oundation ot all biological diversity Glycine C,HsNO, 0
. Serine C3H;NO; 3.0x10 540
ATP g ADP Methionine GHuNoss 1A:31><110’3 e ;
lanine » S ——
T2 ‘Some of Stanley Miller’s notes from his
1958 hydrogen sulfide (H,S) experiment
s s s s
Figue 4 UNGtG Figue 4.UN0B Figwe 4UNOT Figue 4.UN0B
H
HO. o]
NAZ | H (o]
8 R fil 1
Nalblc ld le
T
N H —C— —— H
Some of Stanley Miller’s 7N H ? OH H (|: OH H
original vials from his H H H
1958 hydrogen sulfide
(H,S) experiment
s s s w0
Fgure 4.UN0S Figue 4 UNT0
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