“The Building Blocks of Life”

Chemistry of Life i

‘ORGANIC
= Organic chemistry = Study of carbon compounds "“E"'s"“y

+ Has 4 valence electrons.
allows for maximally 4 stable covalent bonds to
branch off in 4 separate directions.
+ Carbon can serve as the building block of large complex
and diverse molecules
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Why study Carbon?

= All living things are made of one or more cells "

= Cells
* ~72%H,0
¢ ~3% salts (Na, Cl, K...)
¢ ~25% carbon compounds - C is the
backbone of biological macromolecules
1.

2.
3.
4.

= Carbon is exceptional in its ability
to form molecules that are large.

complex. and diverse allowing for
all the diversity of life on Earth.
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‘C’ allows for Complex Structural Formations

Molecular Structural Ball-and-Stick Space-Filling
Formula Formula Model Model
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(c)Ethene (ethylene)
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Hydrocarbons

hydr rbon
¢ combinations of C & H atoms

Stable with little attraction Diesel

between molecules 160

They are not soluble in H,0 Gasoline g7 & @ % @ & @
¢ Why?

They are hydrophobic.
Can release a large amount of stored ENERGY

u methane
¢ 1 carbon bound to 4 H atoms
+ Stable & non-polar

+ Not soluble in H,O ‘ )
+ Hydrophobic
Gas at room temperature due the few methane
intermolecular attractions between molecules (simplest hydrocarbon)

. at room temperatures (only occasional/weak/
AP Biology temporary London Dispersion Forces)

Indicating the 3D Orientation of Atoms

Wedge:

1.A solid wedge indicates this bond Cl
or group is projecting out of the |
plane of the paper, towards the
viewer.

. C
2.A broken (hashed) wedge H3C e \Cl

indicates this bond or group
is receding away from the
plane of the paper, away from the viewer.
3.The bonds represented by regular lines (i.e., not shown
with wedges) lie in the plane of your computer screen.
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(c) Double bonds (d) Rings
AP Biology By adding C-C bonds

Indicating the 3D Orientation of Atoms

}jB
4 = e b

H remember hashes H
H CHj are in to the page CHs H
{back) and wedges
H H are out of the page H H
H (forward) H

when viewed from the left when viewed from the right
(methyl group on back C {methyl group on the front
and to the right) C and to the left)
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Isomers
= Are molecules with same molecular
formula but different structures (shapes)

+ Even just changing the arrangement of atoms can
lead to the molecule having:

AN

6 carbons
6 carbons Cofte
CeHyy
Which of these 6
carbon molecules
are isomers of
6 carbons each other?
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Structural isomers
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Structural isomers

atoms or location of any double bonds

= Molecules differ in structural arrangement of

H

(a) Structural isomers

I
H—C—C—C—H
HO_OHO
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Structural isomers
Carbohydrate Isomers
H e ?” \e?” CH,OH
H—(I:—OH H—(Iz—OH (|:=O
HO—#—H HO—(:;—H HO—(::—H
H—(I2—OH HO—(II—H H—(II —OH
H—(I3 —OH H—? —OH H—(I2 —OH
CH,OH CH,OH CH,OH
Glucose Galactose Fructose
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Structural isomers

CH,NO

OH H

OH jt' O
saist’
NH, K

NH

2
2-Aminophenol 3-Aminophenol 4-Aminophenol

is - 2 —JB it -
%} (b) Geometric isomers
Trans - 2 - Butene (3
TRANS
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| Geometric isomers

o It has to be a C=C double bond or it is not
considered an isomer!

Free rotation about this single bond No rotation about this double bond

Same molecule] no isomerism Different molecules|isomers
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Geometric isomers V\_\
= Molecules differ in arrangement around a
C=C double bond

v ]
KH% Ne=¢” c=c
AN VAN
H H X H

CIS
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Geometric isomers

: CH CH

3 3 3
\2 3/ \2 3/

C= C=C

/ \ / \

H HC H
cis-but-2-ene trans-but-2-ene

HC COOH HC M
C=C C=C
H H H COOH
cis trans




| Geometric isomers
OH
X
AN oH o
HO HO OH
trans-Resveratrol c/s-Resveratrol
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]
Enantiomers or Stereo Isomers

+ Has a C bonded to 4 different atoms or groups of
atoms
= A.k.a. an Asymmetric Carbon

+ Exist as left-handed
& right-handed
versions referred to
as the L (levo) or D
(dextro) isomer,

. CH:,
respectively. Yﬁ% @ﬂz
(c) Enantiomers
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Enantiomers or Stereo Isomers

NOT
Stereo Stereo
Isomers l|3r Isomers
C..
~ "y
CH,CH, \ " CH3
CH;
a chiral nonsuperimposable an achiral superimposable
molecule mirror image molecule mirror image
enantiomers identical molecules
e cum === Achiral
| molecule:
W Rotated
| molecule
| Sperimposed

| on mirror

Stereo
Isomers
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Enantiomers or Stereo Isomers
Mirror
Stereo
Isomers H
180° rotation
---- & Cannot be Cl "y E
superimposed Br
(a) Bromochlorofluoromethane
NOT Mirror
Stereo
Isomers H s 4
180° rotation
/11y i
3 F " Cl Ca.n be cl- F
cl superimposed @
(b) Dichlorofluoromethane
AP Bioll




Enantiomers or Stereo Isomers

Enantiomers or Stereo Isomers

p-Alanine L-Alanine

COOH , OOH
Mirror
Isomers
,C~ CH,

- HoC~ SCH, H

Isomers
AP Biology
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Recurring Theme: Form affects function
Lt N = Ex: Thalidomide

= Structural differences create 7 Ry
“N/ “*" ‘-I/ \\N)( i i
0o 0=~ ¢ prescribed to pregnant women in 50s & 60s

important functional significance -

¢ reduced morning sickness, but...
= stereoisomer caused severe birth defects

¢ EX: amino acid alanine
= L-alanine used in proteins
= but not D-alanine

¢ Medicines like those for

Parkinson’s Disease
= L-version active

= but not D-version

¢ Differences can cause
tragic results...

L-Dopa

D-Dopa
(effective against (biologically
Parkinson’s disease) inactive)

stereoisomers AP Biology

AP Biology




Diversity of molecules e

H
We can substitute the H’s with other atoms
or groups of atoms around the carbons
+ ethane vs. ethanol (drinking alcohol)
= H replaced by an (—OH)
+ Affects polarity of the molecule
= Changes from gas to liquid. Why?
+ Has biological effects!
= Ethanol used in drinks is a
psychoactive drug.

P @i @4‘?‘“

APBiology  ©€thane (C,Hg) ethanol (C,H;OH)

Estradiol

Methyl CHz—

HO ot
CH,

e Methylation of DNA or Methylaroup
molecules that bind to
DNA can affect the N,

expression of a gene \/
Nomelhyiahon |
\» b {()) N

Active gene Silenced gene
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—O0—H Hydroxyl group

Chemical Groups -

@ ‘Carboxyl group

= The distinctive properties of organic @
molecules depend in part on: = e
+ The arrangement of their carbon skeletons
+ Molecular components attached to that skeleton

called Chemical Groups
= Replace 1 or more H atom bonded to the carbon
skeleton with a group of other atoms

Amino group

: Amino Acid Structure
. alterin Hydrogen
| the chemical reactions

¢ I
Canck @@
= Chemical groups that are involved in chem(lca'il

reactions are referred to as Functional Groups
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altering the organic molecule’s shape

e
Functional Groups =

3 ribose Nf\
h\ SN
4
T e e )

Give organic molecules O,P,O,P,O,P,OWN TR
T . - ] (@) (@)
distinctive properties °E

adenine base

*
hydroxyl amino
carbonyl sulfhydryl
carboxyl phosphate

= Affect chemical reactivity of the molecule

¢ These make hydrocarbons more hydrophilic

= These functional groups contain polar bonds and thus dipoles
resulting in areas of positive and negative partial charges

+ They help increase a molecule’s solubility in water
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/\Vive la Difference!

» Basic structure of male & female hormones is
nearly

+ ldentical carbon skeletons of 4 fused rings, but...
+ Differ in the attachment of chemical groups

= Now they interact with different targets in the body
+ Result: Different effects on the body

Male lion

Female lion Testosterone

'Hydroxyl ---- OH
|= —0OH

¢ Organic compounds with -OH do NOT have to
be alcohols, however.

= Sugars, for example, ,_ 4 s CH.OH
also have many 2

1
|
hydroxyls on them. HZ,E,CH)H 2 1,8 ethey linkage
i : | —o\ OH
= This glucose will H—C—OH 4
dissolve in water Hed on s \l
because all the ' B

CH,OH
O’s became partially I / |
negatively charged & HO C-C
those H’s covalently |
bonded to an O atom H OH
become partially
positively charged

+ Glucose can hydrogen bond with water

D-glucose
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Hydroxyl ---- OH Ethanol

[
| — e
OH H— |c <|: O—H ChoH
. or anic compounds with -OH often H H
elong to molecules known as alcohols ¢ .ra Molecular
= their names typically end in -o/ formula formula
*
Table 4.1 Functional Groups of Organic Compounds
Functional Group Formula Name of Compounds Example
H H
Hydroxyl —OH Alcohols H_(lj_(lz_OH
H H
Ethanol
(the drug of alcoholic beverages)

Properties of Group:
* Polar
« Allows for hydrogen bond formation with water and each other
AP Biology ° Helps dissolve organic compounds like sugar in water

V4 (o]
Carbonyl < .
R —OH =0
H H —H
s C=0 —OH H
H H
¢ O double bonded to C H H
. aldehyde
- ketone GLUCOSE FRUCTOSE
Table 4.1 Functional Groups of Organic Compounds
Functional Group Formula Name of Compounds Example
o HH 6
Carbonyl _Cf Aldehydes H—C—%—C{
H uwu H
Propanal
o H O H
—(”:— Ketones H—C—}ll—C—C
H H
Acetone
Pr i f Gr

» Ketone & Aldehyde can be structural isomers with different
properties as in the case of glucose and fructose
AP Biology » Aldose is a sugar aldehyde and ketose is a sugar ketone




Va
“OH

Carboxyl -

= -COOH
¢ C double bonded to O & single bonded //to OH group
compounds containing -COOH =

+ Ex: fatty acids <
+ Ex: amino acids

Table 4.1 Functional Groups of Organic Compounds
Functional Group Formula Name of Compounds Example
H

Va A A~

Carboxyl _C\ —C\ Carboxylic acids H_(|:_C\
OH (o H OH
o - revalent under normal
(non-ionized) (ionized) p e Acetic acid*
cellular conditions (the acid of vinegar)

Pr i f Gr :
» Source of Hydrogen ions (protons) because the
oxygen is highly electronegative making the covalent bond so polar
AP Biology that, at times, the proton of the H atom “pops off” and into solution

- Hyﬂ::.ph;b.:‘lnd
Sulfhydryl --sH b
y CHz HaC/ \CHa Polypeptide
= —SH ° HiC  CHs backbone
L) CH
+ S bonded to H bona "
o
thiols c=oH CH; 58 CH;
= S-H groups stabilize the e iauktide’tridge
structure of proteins
by forming covalent cross u
links known as CHy - CHz - CHz — CHz NHs* -0 C- CHy
that hold Mok ey
distant parts of protein
chains together.
Table 4.1 Functional Groups of Organic Compounds
Functional Group Formula Name of Compounds Example
'y
Sulfhydryl —SH Thiols H—(|:—|C—SH
H H
Ethanethiol

Am I n o """" N An_u'no %D cathoiyl group
el Y3.Fe
= -NH, ZN I|{

¢ N attached to 2 H’s
amines

+ Ex: amino acids
NH, acts as base

+ ammonia picks up H* from solution, decreasing
the concentration of H+ in solution

Table 4.1 Functional Groups of Organic Compounds
Functional Group Formula Name of Compounds Example
H
0, H
. 2 N /A . N, L7
Amino —N\ - N<H Amines /C—C—N\
H H prevalent under normal H© H H
(non-ionized)  (ionized) cellular conditions Glycine*
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o NH:z
. |
Phosphate -o-—r-o P
o H—c | |
= _PO = B s G

4 + | Nitrogenous

¢ P bound to 4 O atoms O pase

(e}

connects to a C of an
organic molecule through i
one of the phosphate’s O’s

lots of negative charge

+ highly reactive
Transferring this group from 1 molecule to another is 1 way
the cell transfers energy

Ex: ATP, GTP, etc.

Table 4.1 Functional Groups of Organic Compounds

Functional Group Formula Name of Compounds Example
SO
Phosphate _o_g_o‘ Organic phosphates H—Cll—Cll—C—O—lI’—O_
o H H H B

Glycerol phosphate




