O }"9 a n lC C h e m lSt l"y: the study of carbon-based substances

what they are their bonding patterns how to draw them common functional groups reactions
most common elements and
number of E H-C H3 primary secondary, tertiary and quaternary
bonds for each: 3
which are unreasonable? ’ H CH, CH,
H N J J ©
H-C-O-H H c:" “H HEC’PI‘I“EHE c/'!l H,C EHa
W oy " e
H 2 EI: EI: O-H ¢ —0—k
————— | .
U . b ways to draw them (using ethanol as an example):
| |
__H ) N skeletal formula lecular  condensed lecul del lecul l actual
0 ~cF ¢ H structural (M added to show o ccHar structural formula - molecular model - molecular model <
H a . .
,\(|3\ O ,rll':\ /ll\ll formula  3lcohol functional formula Sg)‘:f;z[r:[ with stereochemistry ~ ball and stick space filling ml?::;;_‘zplc

H ~ ~ C H gP'OUP) hatch bond

H \C CI' H (|3| HC_C/ moving away

L. C—C :0: = &

A ~ 4 =
,l| H H i E E /\OH GHO  CH;CH,OH do S 4 ﬂ o

wedge bond H/ \_{ H

[ i
AR moving closer

does not exist! (yet)

v

some common functional groups:

NS AP N O O o 9 it 7
~ d /\/NHz /\/” /U\/ /lLO/ /lLNH/ /U\O’H

o \

source: Higher Level Chemistry 274 Edition by Catrin Brown and Mike Ford pp. 460-523



http://upload.wikimedia.org/wikipedia/commons/e/e8/Ethanol-structure.svg
http://upload.wikimedia.org/wikipedia/commons/8/82/Ethanol-2D-skeletal.svg
http://upload.wikimedia.org/wikipedia/commons/b/b0/Ethanol-3D-balls.png
http://upload.wikimedia.org/wikipedia/commons/0/00/Ethanol-3D-vdW.png

drawing organic substances

fill in the blanks

formula ethane ethanoic acid glucose
empirical
olecul
molecular C2Hé
structural (- \\C;49£>
\"\ //() H ’%—O“H
H—C—-C -0 -¢ -
\ \OH - —0-H
2 pr-c—0 1
N—c—0-H
H
condensed

structural




First: Identify the longest chain of carbon atoms
#of C- | Stem

haming organic substances how many?

atoms in in 5 pent-

longest | IUPAC 6

chain | name 7 \/\i/ \/\/i/ /(/|\

l 8 o S~ N

: 9
4

Second: identify the functional group
CH,CH,CH;  CHyCH=CH, CHsC=CH CH,CH.OCH;  CH,CH,CH,NH, CH,CH.CH,OH  CHCH,CH=O

CH,COCH, CH,CO,CHs  CH-CH,CONH, CH,CH,CO,H
CHs
l
D
Finally, identify side chains, keeping numbers low: L
?l’l LCHZCH3 H ZCHS
CHyCHLHEHCH
s LS HEN CHEREH, CH, CH,CHCH,CH,



name these!

lots of minor rules will become evident by example:
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http://www.chemistry.uoguelph.ca/educmat/chm19104/nomenclature/quizes.html

Oordganic isomers
isomers share the same but have different

types:

structural: stereo

Cl
/\/ :c| both C;H,Cl,

Cl
bOt]’) C4H1O Q’

"l
cis/trans and E/Z .
conformational
CH, CH, H CH,
N 4 ¥ .
C=C C=C
H/ \H Cg \H
; both C,H, % H
cis-2-butene trans-2-butene Chai Boat
o both CeH

opti aal S oH
typically 4 different C‘: s same physical properties except how they interact
substituents on C of b\, COOH HOOC',/ ™, with polarized light: catalysts will only react with 1.
different arrangement: CH, 1 HC

(-) lactic acid ‘ (+) lactic acid
sour milk in muscles

both CH,O5



e o B

: in°C in°C
Methane 1 CH, -162 gas -183
Ethane 2 CyHg -89 gas -172
Propane 3 C3Hg -42 gas -188
n-Butane 4 C4Hqg 0 gas -138
n-Pentane 5 CsHqp 36 liquid  -130
n-Hexane 6 CeH1a 69 liquid 95
n-Heptane 7 CsHq4 98 liquid 91
n-Octane 8 CgHig 126 liquid -57
n-Nonane 9 CoHyg 151 liquid -54
n-Decane 10 CigHp, 174 liquid -30

boiling point and melting point increase with

explanation:

0
H" ™H ~ T on

water ethanol

H-O CoHg0

CH

A

izopropanal

CsHgO

ordganic physical properties

are based on breaking or forming

Boiling Point
T
H—tl:—(lz—tl:—tl:—tl:—H Pentane 309.2K
H HH HH
H
H_ | M
ahd
H—T—?—T——?—H 2-Methylbutane 301.0K
H H H H
H
H_ | M
Y
H—tl:—cl:—CI:—H 2,2-Dimethylpropane 282.6 K
H C H
W | w

H
boiling point decreases with

ALCOHOLS Ho" ™" HO" ™" o7 ™ HO" "N

Bailing 97 °C 117 °C 138 °C 158 °C
point

boiling point increases with

explanation: explanation:
o solubility is greatly aided by
solubility is reduced by
1- butanol cyclohexanal




a bit about each functional group D/'

a l l<a r) 65 ...but they do \
let’s burn hexane: ‘

general formula:

combustion may be destroying our planet as CO, is responsible for

only contain CH...they are alkanes may also react with halogens to make

ho double bonds: they are

prior to reaction .
both C-C bonds and C-H bonds are mechanism:

UV light
N\ °
Initiation:; Br=——Br —— 2 Br
N
p 1 B m - /\L — H Br ‘CH
ropagation r + ——CH, p—— i 3
which means 2 things: N
8r B \ R4 CH, —- B CH, ¢ Br
P
Termination Rad’ + \‘\/‘Rad R Rad——Rad
after reaction:

hucleophile® .
electrophiled

nhote single headed arrows for




haloalkanes ..

general formula:

therefore they are prone to

they are electrophilic at the

the mechanism depends on the type of alkly halide with other minor effects to consider

primary alkyl halides: S22

Bond being Bond being
made broken
=
T
\ o i /!
H -
fd“_““—* - - .
H— D R A “‘o@k —--cls|] == HO %,,,,H
H H Y H
T ransition state
Sn2 hotes:

inverts stereocenter

favored by polar aprotic solvents (polar
but can’t hydrogen bond)

polarizes intermediate without forming a
H-bond

tertiary alkly halides: Sy1

H-C ( Br CHj;
3 0./ @
. + Br
HsC' 5 em, RS hye CH;
CH CH,
»V_\ SN1 %9“
+ Hy0 2
Hic”  CHj HiC &n,
SN'I ﬂOJCGS

rate only depends on slow step:
concentration of haloalkane.

steric hindrance and carbocation stability
can slow things down...but is still faster
than Sy 2

polar protic solvents help by stabilizing
carbocation

symmetry of carbocation result in
racemic mixture sadly

energy ———

secondary alkly halides...a bit of each.

SnT versus S\ 2 notes

small leaving group make either Sy 1 or
Sn2 faster: P>CI>Bel...but bond strength is
weakest for the bigger C-X bond so
lodides react fastest, fluorides slowest.

Sx1 and Su2 energy profiles

rate limiting
transition state
N , intermediate

\\
L 5 |
\

single
transition
state

R—X + Nuc:~
R—Nuc + X~

R—X + Nuc:~
R—Nuc + X~

Sl 82



a l l<€ n GS free radical combustion hydrogenaﬁon
polyrl_wlvelirliza‘cion CO, + H,0 ’
1 2
general formula: E E catalyst
H/|_||\H + O, A
_ - \ br
vV

molecular orbitals, hybridization, bond
angles...use propen h example

R *ﬂ,/‘\/Br

+ stAV .

oL +HByr symmetrical
\ O OH | electrophilic addition

9 e

only contain C,H...they are

hydrolysis N

asymmetrical
electrophilic addition
markovnikov’s rule

they are weakly nucleophilic at the

+
CH3CH=CH; —® CH3CH—CHy —® CH3CH—CH>

mechanism of electrophilic addition \ >, | |
L+ L) H ¥ H
e

|
Coxs- more stable carbocation formed due to



alcohols

general formula:

they are strongly
hucleophilic at the

they can be primary,
secondary or tertiary:

we have 3 special enzyme for
one of them

combustion minor ogda’cion/reducﬁon
CO, + H,0 )J\
K,Cr,O, HsC H
halogenation + O, A

+ HX

H*/
-0 + RCOZH/

H H H*, -H,0
SR RCO,CH,CH:

es’ceriﬁca’cion

~
N

A 20 3lcohols — ketones
/ 30 3lcohols — no reaction
NaBH,

KMnQO, O

‘ M

LIAIH, HaC OH

major oxidation/reduction




benzene

electrophilic aromatic

'I' substitution: nitration
an example of an H o H
\"/ \C|/ HN05 N02
characterized by ’ /C\C o C
| Sn, HCl
H reduc’cionl
ITI T T NH,
hi H C H NH3
| Cs . 3
(N N TCTeT e C\tc/“ Hom e AN NaOH
I H- oS H/C|<\/°|\ /l\ ;//L\
H
H O 2 | ¢ 2 H € ﬁeebasmg
] H | |
H H
mlS}l@adlﬂlg SIZEG Al one better way  but chemists prefer to say it is halfway mechanism:
, or)d. €NgLns to draw it: between two resonance structures o N ND
identical (1.5) NO, H,SO, H-O HO 4 o
they are strongly nucleophilic at the o e Ho 2
Q_No - D H H

typical reaction

ol

NO, H,
- H > U , O-H
H




retrosynthetic analysis

alkane
|
E haloalkane ‘j
] " e T~ O
polymer «—— alkene < alcohol L~ ester
B et

| |
a[dehyde carboxy[ic acid

A

starting with only ethanol (CH;CH,OH), synthesize ethyl acetate (CH;CO,CH,CH;)




