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Functional Groups with Carbon Singly
Bonded to an Electronegative Atom
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Y 7" 0H
Alkyl halide Alcohol Ether Phosphate

(haloalkane)
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Groups with a Carbon—-Oxygen Double Bond
(Carbonyl Groups) ¢saws gl = (58 (e dalalh g Cile gana
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Aldehyde Ketone Carboxylic acid Ester
o) 0 0
I \/ [ [
\Q/C\S/ Yot \Q/C\N/ \Q/C\CI
/[ AN /N

Thioester Amide Acid chloride
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Organic Chemistry
7t Edition
John McMurry

A guand) LS jall
Alkanes
caUiLSNY

CH3CH,Cl

CH3CH2NH2 CH3CHzBr
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* Alkanes are hydrocarbons containing only .single
bonds
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1 methane o\ CHa

2 ethane OO\ E) CH-CHIS

3 propane O\l s > CHCH_.CH

pa i butane OS5 o CH==CHxXCH=CHI=
5 pentane Ja) St CHs(CHLL) CHI 5
S hex<xanmne OLnsSas CHs(CHL) . CHIs
7 heptane o\ CHs(CHI) sCHIs
S octan OWESs S) CHs(CHXD T H
O NnMonNnane OO\La 53 CHz(CHILD - CHIs
10 decane L= CHz(CHIZ) s C His
A1 undecane P &GN |

CHas(CHIL) T HIS

1= dodecane

OO\L=ma g

CHa(CHIL)H T HIs

13 tridecane

OO\=an %’5\‘)3

CHas(CHIL)L 1T HIS

1494 tetradecane

Q\Sﬁg\_)_\_\

CHas(CHIL),-CHIs

15 pentadecane

CO\=.a\l5k5,

CHs(CHLHZ T His

20 eicosan

Jal) SNPRpSL Y |

CHz(CHISH»sT HIs

21l heneicosane

Ol oSa) o

CHa(CHIL)H T HIE

22 doeicosane

Ol =S s

0 triaacontaane

oHEas S sV >3

CHos(CHIL)SsCT HIs




Table 2.1 Nomenclature and Physical Properties of Straight-Chain Alkanes

Number of Molecular Condensed Boiling Melting Density”
carbons formula Name structure point (°C) point (°C) (g/mL)
1 CHy methane CHy —167.7 —132.5
2 C,Hg ethane CH;CH; —88.6 —183.3
3 C;3Hg propane CH;CH,CHj —42.1 =187.7
4 C4Hy butane CH;CH,CH,CH; =03 =138.3
5 CsHy, pentane CH3(CH,);CH; 36.1 —129.8 0.5572
6 C¢Hy4 hexane CH;(CH,)4CH3 68.7 —95.3 0.6603
1 C7Hy¢ heptane CH;3(CH,)sCH3 98.4 —90.6 0.6837
8 CgHg octane CH;(CH,)¢CHj; 1237 —56.8 0.7026
9 CoHyg nonane CH;(CH,),CH; 150.8 =939 0177
10 CioHa decane CH;(CH;)gCH3 174.0 =297 0.7299
11 CiHyy undecane CH;(CH,)9CH; 195.8 =25.6 0.7402
12 CioHyg dodecane CH3(CH,);oCHj; 216.3 —9.6 0.7487
13 Ci3Hog tridecane CH;(CH,),;CH; 235.4 =3.5 0.7546
20 CyoHy eicosane CH;(CH,),3CHj5 343.0 36.8 0.7886
21 Cy1Hyy heneicosane CH3(CH,)9CHj3 356.5 40.5 0.7917
30 C3oHg triacontane CH5(CH,),4CHj3 449.7 65.8 0.8097
“Density is temperature dependent. The densities given are those determined at 20°C (d°”").

4 Copyright © 2007 Pearson Prentice Hall, Inc.
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Nomenclature of Alkyl Substituents

Removing a hydrogen from an alkane results in an alkyl
substituent

L LYY ) gdad)
CH. &= CHo—

CH3CH3 > CHgCHz_
O J)

CH3_ CH3CH2_ CH3CH2CH2_ CH3CH2CH2CH2_
a methyl group an ethyl group a propyl group a butyl group
CH;CH,CH,CH,CH,— R—
a pentyl group any alkyl group

Copyright © 2007 Pearson Prentice Hall, Inc.
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Table 34 | Some Straight-Chain Alkyl Groups

Alkane Name Alkyl group Name (abbreviation)
CH, Methane ~ -Ch, Methyl (Me)
CHaCHj Ethane ~CHyCHs Ethyl (Et)
CH3CH,Ch, Propine ~ —CHyCH,CHs Propyl (Pr)
CHyCH,CH,CH, Butane ~CH,CHyCH,CH, Butyl (Bu)
CHyCH,CHyCH,CHy  Pentane ~ ~CH,CH,CH,CH,CHy  Pentyl, or amyl

© 2007 Thomson Higher Education
17
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Nomenclature of Alkanes
LSy Z\.)A.uﬂ

1. Determine the number of carbons in the longest

19

chain

8 7 6 5 4 3 2 1 g 7 85 85 A

CH3CH2CH2CH2C|IHCH2CH2CH3 CH3CH2CH2CH2C|IHCH2CH3
CH CH,CH,CH

\ - 3\ / S22t

FIEES AR three different alkanes with an 4-ethyloctane

eight-carbon parent hydrocarbon

4 3 2 |
CH3CH2CH2C|HCH2CH2CH3

CH,CH,CH,CH;
3 6 1 8

4-propyloctane
Copyright © 2007 Pearson Prentice Hall, Inc.



2. Number the chain so that the substituent gets the lowest
number

1 2 3 B 5 6 D -+ 3 & 1

CH3(|3HCH2CH2CH3 CH3CH2CH2C|ZHCH2CH3
CH; CH,CHj;
2-methylpentane 3-ethylhexane

1 i 3 4 5 6 i 3
CH;CH,CH,CHCH,CH,CH,CH;

CHCH,

CH;
4-isopropyloctane

Copyright © 2007 Pearson Prentice Hall, Inc.
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3. Number the substituents to yield the lowest possible
number in the number of the compound

CH;CH,CHCH,CHCH,CH,CHj, . _
| | substituents are listed

CH; CH,CH; , .
5-ethyl-3-methyloctane in alphabetical order

not
4-ethyl-6-methyloctane
because 3 <4

CH,CH;
CH;CH,CHCH,CHCH; CH3CH2(|3CH2CH2CHCH3
b, b b,
2,4-dimethylhexane 5-ethyl-2,5-dimethylheptane
CH,CH; CH; CH;
CH3CH2C|CH2CH2CHéHCH2CH2CH3 CH3CH2CH2CHCH2CH2C|HCH3
(|3H2CH3 (|ZH2CH3 CH3(|3HCH3

3,3,6-triethyl-7-methyldecane 5-isopropyl-2-methyloctane

21
Copyright © 2007 Pearson Prentice Hall, Inc.
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CH3—CH—CH—CH2—(|.“,H—CH3
CH. CH, CHs Tri
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I:I,‘H:IZ?I—I_1 {I':H_;
(?H_;EHE{I",‘CH:E I—I:l:i:HEZ'I—I-E H,CH-CH-
CH,CH; CH,>CHa
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CHyCH-C H:IZ.IT HCOCHCH-CHCH

CHLCHCH-



4. Assign the lowest possible numbers to all of the
substituents

CHj; (|IEI3 C|]512CH3
CH3CCH2(|?HCH3 CH3CH2C|HC]EﬁCHZCHCEﬁzCH3
CH; CHj4 CHj;
2,2,4-trimethylpentane 6-ethyl-3,4-dimethyloctane
not not
2,4,4-trimethylpentane 3-ethyl-5,6-dimethyloctane
because 2< 4 because 4 <5

Copyright © 2007 Pearson Prentice Hall, Inc.
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5. If the same substituent numbers are obtained in
both directions, the first group cited receives the
lower number

(|:1 (|3H2CH3
CH3CH(|3HCH3 CH3CH2CHCH2(|ZHCH2CH3
B CH3
2-bromo-3-chlorobutane 3-ethyl-5-methylheptane
not not
3-bromo-2-chlorobutane 5-ethyl-3-methylheptane

ALl cile gana g clia sl 4L cile gasall cuils 1)

£ AN S 139 dpaan) i guad) s Y gl il ollgd) o 38
25 Di) Al a8 NG £ AN ac) (Gaad 1) jSha duads

o). (138 5 & pa 2 i Tetra ol o EDE Trj oo pa B Sl

27 ggléJJ QAMJ gﬁm dﬂ



6. If a compound has two or more chains of the same
length, the parent hydrocarbon is the chain with the
greatest number of substituents

3 4 5 6 ] 2 3 4 5 ®
CH3CH2(|3HCH2CH2CH3 CH3CH2(|3HCH2CH2CH3
2(|ZHCH3 CllHCH3
1CH; CH;
3-ethyl-2-methylhexane (two substituents) not

3-isopropylhexane (one substituent)
Copyright © 2007 Pearson Prentice Hall, Inc.
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Numbers are used only for systematic names but not
common hames

CH,;

|
CH;CHCH,CH,CH;

coOommon name: isohexane
systematic name: 2-methylpentane

Copyright © 2007 Pearson Prentice Hall, Inc.
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CH; CH:

| |
OH;CH,CH,CH,CH,  CHiCHCHACH, CHg—(‘:—CHg

CH;

s i g
+Penfang sopentane ~ neopentane



Alkyl Groups

e

H
| | | |
o H—C%- & S - a A
|
H H H H H
Methane A methyl group Methyl alcohol Methylamine

(methanol)

® 2007 Thomson Higher Education
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Types of Alkyl groups

G 3 220 na £ 680 Ay ) ) 4G gudand) LS pall B B g2 gl (g S il )3 il

1092l Ol iy Al e AN,

CH s— CH— CH
CH
109981 O 3 o b Adas e Ayl
CHs
CH 3—(|:—CH3
Che

N /H R\ /R

C C
/\ /\
H H H H

Primary carbon (1°)
is bonded to one
other carbon.

© 2007 Thomson Higher Education

Secondary carbon (2°)
is bonded to two
other carbons.

L Ayl 3 0
15aa g (928 Bl Adadl pa 1AL
CHs—CHs
1508 (pa Oty Adas pa 4y gl

CH;—CH,—CHs

R R R R
N C/ N C A
/\ /
R H R R
Tertiary carbon (3°)  Quaternary carbon (4°)
is bonded to three is bonded to four
other carbons. other carbons.
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Primary hydrogens (CH3)

/5

CH3CH,CHCHjq

Secondary hydrogens (CH))

A tertiary hydrogen (CH)

® 2007 Thomson Higher Education




LS dady Jadal
s Adlid, JIEL iKY Avua Jofiad (Sa
Lgud QiS¢ Jayl g ) Wb i3 Y (Condensed) 4disa 43iy o
d\:m Jaga Q\JM‘
CH;CH,CH,CH; (butane) CH4CH,CH, Propane
CH;(CH,),CH; (butane)
S 9l s s Sl aa oyl gl aan Lgod (ST 5 ) gulila Ay o
O 9 ogd) 3 338 9 (58 G 5iuS Om dal gy (S B eaida gl e

H H H H
TR N/ N/
H ? cl: (|2—|—H H/C\C/C\C/H
/N /\
H H H H HHH

CH3—CH,—CH,—CHs3 CH3CH,CH,CH3 CH3(CH5),CH3
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Physical Properties :4xb il clial

Boiling points and melting points increase as size of alkane
increases

Dispersion forces increase as molecule size increases, resulting
in higher melting and boiling points

SN Jsh Baly ) g Jlgeal) A Olrd) A 3 e JS WA e
Sl g Gl A 53 (e 30 Las Aol aaa Bal5 e il o B 2F o

300
- Melting point

Boiling point
200 |

100 L

Temperature (°C)
n
\

—100 —

—200 —

8 9
Number of carbons

10




Chemical Properties :dsiasl cliall
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R—-CH,—CH.— R A » R—H + R—CH=CH>

- CH
NC-He NI A » © > + 4H-

Ol SEEARY
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e (Called paraffins (low affinity compounds) because
they do not react as most chemicals

 They will burn in a flame, producing carbon dioxide,
water, and heat

* They react with Cl, in the presence of light to
replace H’s with Cl’s (not controlled)

) . Lol PN 200
CHy + Chh L_) CH3Cl + HCI _ddw‘ )y’ AN

CH.Cl, + HCI

| cl
CHCl; + HCI
Cl,
CCl, + HCI



- ULV Addl
ALl 38 pal) g ddaal) Cu Sl laaay el il Y

R-H + H:SO, — R-SO:H +H,0
; X 8l
ol e el il JSU Gaes

sty da i

400C"
R —H + HNOg » R—N02+ Hzo

BT

Alkane nitroalkane
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Cycloalkanes
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Cycloalkanes — 4flal) clUlshy) dsaud

* Cycloalkanes are saturated cyclic hydrocarbons
* Have the general formula (C H,)
dzuiia 4y gme LS 30 4 Cycloalkanes  °

(C.H,, )& aaal dapal o

/\

Cyclopropane Cyclobutane Cyclopentane Cyclohexane
® 2007 Thomson Higher Education
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Nomenclature of Cycloalkanes

1. No number is needed for a single substituent on a ring

CH,CH; CH,CH,CH,CH,CH,
e (T

methylcyclopentane ethylcyclohexane 1-cyclobutylpentane

2. Name the two substituents in alphabetical order

CH;CH,
L.

CHzCHzCH3 CH3 CH3
1-methyl-2-propylcyclopentane  1-ethyl-3-methylcyclopentane  1,3-dimethylcyclohexane

CH,

Copyright © 2007 Pearson Prentice Hall, Inc.
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Table 3.2 | Number of Alkane
Isomers
Formula Number of isomers
CgH1a 5
CsH16 9
CgH1g 18
CgoH»g 35
C1oH22 75
CqisH3o 4,347
CooHao 366,319
CzoHg2 4,111,846,763

07 Thomson Higher Education
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Different carbon
skeletons
C4Hqo

Different functional
groups
CoHgO

Different position of
functional groups
C3HgN
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CH3CHCH3

2-Methylpropane
(isobutane)

CH3CH,OH
Ethanol
NH-

|
CH3CHCH3

Isopropylamine

and

and

and

CH3CH,CH,CH3

Butane

CH30CH3

Dimethyl ether

CH3CH,CH,oNH,

Propylamine



Table 3.2 | Number of Alkane

Constitutional Isomers

Isomers that differ in how their atoms are arranged in
chains are called constitutional isomers

Compounds other than alkanes can be constitutional
isomers of one another

They must have the same molecular formula to be isomers

Isomers
Formula Number of isomers
CeH14 5
CsH16 9
CgHog 35
Cq5H3» 4,347
C20H42 366,319

CsoHe2

Thomson Higher Education

4,111,846,763

Different carbon
skeletons
C4H1o

Different functional
groups
CoHgO

Different position of
functional groups
C3HgN

© 2007 Thomson Higher Education

i
CH3CHCH3

2-Methylpropane
(isobutane)

CH3CH,OH
Ethanol
NH,

|
CH3CHCH3

Isopropylamine

and

and

and

CH3CH,CH,CH3

Butane

CH30CH3

Dimethyl ether

CH3CH,CH,NH,

Propylamine



Constitutional isomers have the same molecular formula,
but their atoms are linked differently

CH3CH2CH2CH3 CH3(|:HCH3 CH3(|:H_
but
utane CH, CH,
iIsobutane an “iso”

structural unit

Skeletal isomerism:tudad) ASgd) Gslaill

I
CH;CH,CH,CH,CH; CH3(|ZHCH2CH3 CH3(|3CH3
t
pentane CH, CH,
isopentane 2,2-dimethylpropane

Copyright © 2007 Pearson Prentice Hall, Inc.
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Stereisomerism S Al slaill
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Stereoisomerism : el &l sl

LSS & calias S s yil) el L) )3 dai 3 Sl ClS ) o
Aae ) il LSlaal) auly oyt eyl D0

Constitutional isomers CHj

(different connections |

between atoms) CH3_CH—CH3 and CH3—CH2—CH2—CH3
Stereoisomers HaC CHj H4C H

(same connections and
but different three-
dimensional geometry) H H H CHj

® 2007 Thomson Higher Education
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Cis-Trans Isomerism In Cycloalkanes
Gaalal) LISV 3 (59 aall — (5 aall Sl

* Cycloalkanes are less flexible than open-chain alkanes
* Much less conformational freedom in cycloalkanes

(a) H (b) H

| ? 9 | _ o
H/C\\H \7‘3 Rotate — B H/C\H H\ /T/C< *
o Tope == o8 TN <N B
\C / , BT ¥ N ® 1
o J J H =

© 2007 Thomson Higher Education
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Because of their cyclic structure, cycloalkanes have 2 faces as viewed
edge-on “top” face “bottom” face

Therefore, isomerism is possible in substituted cycloalkanes
There are two different 1,2-dimethyl-cyclopropane isomers

HoC

\

H

cis-1,2-Dimethylcyclopropane trans-1,2-Dimethylcyclopropane
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