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Comparison of the Basicity of RO~ and RS~ and Their Nucleophilic Reactivity in Protic

Solvents
Basicity RO->RS-
Nucleophilicity RS->RO-
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Chapter 15
Organic Compounds

—— Hydrocarbon
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. What are Alkanes?

. What i1s constitutional isomerism in Alkanes?

How do we name Alkanes?

. What is the IUPAC system of nomenclature?

. What are the conformations of alkanes ?

. What are the physical properties of Alkanes ?

. What are the characteristic reactions of Alkanes?

. What are the sources of Alkanes?



Hydrocarbons

Those that have only carbons and hydrogens and no
other elements are called hydrocarbons.

Organic compounds

L
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With Hydr rbons o
nitrogen pelreeelien oxygen
Allphatlc Aromatic

Alkanes Alkenes Alkynes
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Family General | Functional Specific example
formula group | Formula | IUPAC name
C-Hand
Alkane RH C — C bonds CH;CH;, Ethane
RCH = CH,
RCH =CHR
Alkene CH, = CH, Ethene
R,C = CHR
R,C =CR,
RC = CH
Alkyne -C=C- HC =CH Ethyne
RC=CR
e ArH Aromatic ring Benzene
hydrocarbon
Haloalkane RX CH;Cl | Chloromethane




(@) 7FX4AZ Hydrocarbons

Aliphatic hydrocarbons that have nothing but single bonds between
carbons are called alkanes. They are also called saturated aliphatic
hydrocarbons since they contain as many hydrogens as they can

have. \ /
/ \

Aliphatic hydrocarbons that have at least one double bond between

carbons are called alkenes, the carbon-carbon double bonds being the
functional group.

\_/
Cc=cC
/\

Aliphatic hydrocarbons that have at least one triple bond between

carbons are called alkynes, the carbon-carbon triple bond being the
functional group.

—C=C—
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All open-chain alkanes fit the general formula C_ H.,, .., where n is
the number of carbon atoms in the molecule.

Meth CH ko o BISHER: C H,..
ethane 4 —C—
Natural gas |l| (#4: CH,, C,Hg, C3Hg, CjHyg, ...
W i
Ethane C,Hg H-C—C—H SEX]
H H (E &%, Homologs)
A L RRY: AHFER. &
Propane C;Hg H—C—C—C—H MLAE—E/
Barbeque grill fuel il L “RTHEH—R
y‘l“tg%o
F&#: BRIPHULS
PARRM.
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H—CII—H
H

Isomers are compounds which have the same molecular formula, but
differ in the way the atoms are arranged.

There are three types of isomers— constitutional, configurational, and

conformational. 2P fa8Y
AE

Constitutional isomers are compounds which have the same

molecular formula but have the atoms joined together in a different
way.
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Constitutional isomers have different physical and chemical
properties.

CHy, 7

Isomers abound in organic chemistry, and as the number of carbons
Increases, the number of possible isomers increases as well.

Carbon Atoms Constitutional Isomers

10 CioH2o 75
15 CisHa, -l

25 CosHs, 36,797,588
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IUPAC Names for Alkanes and Alkyl Groups of Various Chain

Lengths(International Union of Pure and Applied Chemistry, IUPAC)

NGO Cif € Name of Alkyl Group Roots Name of Alkane
Atoms
1 Methyl Meth- Methane
2 Ethyl Eth- Ethane
3 Propyl Prop- Propane
4 Butyl But- Butane
5 Pentyl Pent- Pentane
6 Hexyl Hex- Hexane
7 Heptyl Hept- Heptane
8 Octyl Oct- Octane
9 Nonyl Non- Nonane
10 Decyl Dec- Decane
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CH3—

CH3CH2CH2_

CH3CH2CH2CH2_

CH4CH,CH—
CH,
CH;CHCH,—
CH,

CH;

|
CH3?_

CH;

methyl HE
(Me)
n-propyl (IEE)RE

(n-pr)

CH3CH2_ ethyl
(Et)

| iso-propyl

CH; —@pr)

n-butyl  (E)TH |CH;CH,CH,CH,CH;— n-pentyl

(n-Bu)
sec-butyl FTH
(s-Bu)

iso-butyl RT&
(I-Bu)

tert-butyl T E
(t-Bu)

CH3(|:HCH2CH2— iso-pentyl

CHy oy

CH3CH2C||:— tert-pentyl
CH,4
CH,4
c|-|3(|;c|-|2— neo-pentyl
cH,

o

HRE

HPCE



Naming Alkanes

CH;CH,CH,CH; IET n-butane
C4 CH; _
CH3CHCH; STk isobutane
CH3(CH2)3CH3 EIRER n-pentane
CHs
C5 CH3CHCHZCH3 =R < isopentane
CHy
CHSCCHB XK neopentane
CHs

> SR BIRSKE". ‘MM EX S
> RN BYE LIRS A n- (normal). isofineo GEEARAN-




(&) 7FALLT Rules for Naming an Organic Compound

|Prefix + ROOT + Suffix |

Where are the substitutents? T \
What are the substitutents?

How many substituents are How many What family?
there? carbons?

1. Naming the longest chain (root)

(a) Find the longest continuous chain of C atoms.
(b) Select the root that corresponds to the number of C atoms in this chain.

2. Naming the compound type (suffix)

(a)For alkanes, add the suffix —ane to the chain root.
(b)If the chain forms aring, the name is preceded by cyclo-.
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3. Naming the branches (prefixes)

(a)Each branch name consists of a root and the ending -yl to signify that it

IS not part of the main chain.

(b) Branch names precede the chain name. When two or more branches

are present, their names appear in alphabetical order.

(c) To specify where the branch occurs along the chain, number the main-

chain C atoms consecutively, starting at the end closer to a branch, to
_ L
achieve the lowest numbers for the branches. Precede each branch name

with the number of the main-chain C to which that branch iIs attached.
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IUPACHBRZ, International Union of Pure and Applied Chemistry
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4-ethyloctane
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6-ethyl-3,6-dimethylnonane
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3-ethyl-6-methyloctane
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penta, hexa &71~)
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CH CH
. (':—3CH B é_SCH H3C~CHy CHy CH-CH—CH-CHj
: | 2 | . H3C—CH CH3 CH3
CH;  CHj |

CHZ_CH3

2.2.4 4-tetramethvilpentane 2,3,5-trimethyl-4-n-propylheptane
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Names all share a common suffix, i.e "....ane

The suffix ‘...ane’ indicates that the compound is an alkane

The prefix indicates the number of carbons in the compound

Substituents named in alphabetical order

ldentical substituents grouped together with a prefix
‘/di...” for two identical
‘tri..."” for three
‘tetra...” for four

Di-, tri-, tetra-, sec-, tert- ignored when alphabetizing
IS0, neo are included when alphabetizing.
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—. AE&5HEEIE (Di-, tri-, tetra-, sec-, tert-)
1.8028128 (Di-, tri-, tetra-)
1. XEFISRNFRBRAEREE (W0 dimethyl RN ERE) |, AEMBRERTRIEARSBD.
2. HEFiZEE: BURESBTRIER (30 methyl) &FBINFRS, $ERIREZER.
1.5 LKA dimethyl (#19 "methyl") 1 ethyl ("ethyl") B, ethyl {5 (e £ m Bi) .
2.24189818% (sec-, tert-)
1. XEFIREARNAENIERE STV (A sec - FRfh, tert - /) |, BTFERREBFHVEIME.
2. HEFFIBAE: sec - 1 tert - REM A NS FE, ﬁ'ﬁxe'—ii%%ﬁé‘#ﬂlifi
1. 45: sec-butyl (#18 "butyl") #0 ethyl ("ethyl") EtERET, ethyl {5kE.

—. E5HIFRIBIS (iso, neo)
1. iso #l neo
1. XL AARERFRNEERME D, BN FETF.
2. HEFiB48: iso #l neo 1’E73§E_LE’J?E‘?—1!7“<'5HFF'
1.5 isopropyl ("i") £ methyl ("m") ZBgi; neohexyl ("n") 1£ ethyl ("e") Zf5.
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N

ISk

AS5HIFRIRISE: Di-, tri-, tetra-, sec-, tert- (HEBEWIZIHE, A=00
EIRBTR)

-SEHIFRIBISE: iso, neo (BMNEBMAVZLESD, BEEXWFSINF) .

FZORN : DIEESTRRIEARSRS (30 methyl, ethyl) 7EE, &RFEIR
A, REREEM M OSEma.,
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(1) (2)

(1) 4-isopropyl-2,7-dimethyloctane (2) 4-(sec-butyl)-2,7-dimethyloctane



3,4-diethyl-2-methyl-6-propylnonane

Cl

4-chloro-3-ethyl-2,6-dimethyloctane
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Several ways to depict organic compounds:

H H H H H
H—C—C——C—C—H CHy—CH—CH,—CH,—CHj
Ill | H Ill Ill CHj
H—C—H
H
Expanded formula Condensed formula
H H H H H
H:C:C:C:C:C:H
HHCHH H H
H

Electron formula carbon-skeleton formula
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Dashed-Wedged Line Notation

ball-and-stick model space-filling model
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Sigma bonds
formed by
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C H4 orbitals
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(1) Characteristics: C atom takes an sp?2 hybridization.

(2) Carbon atoms are classified into four types according to their
degree of substitution by other carbons.

Primary carbon Secondary carbon
R Yy
c—c::—H 1°C C—%—H 2°C
H H

Tertiary carbon

C
C_i_H 30C C_% <, 4C

Quarternary carbon
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—

Conformational isomers are different shapes of the same
molecule resulting from rotation round C-C single bonds.

H L 2
§ 4H H H
}Cl_ 2 = =
A 2\ H H
H H H

R Sawhorse projection  Newman projection
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H \600

@ Rotatlon

Energy Minimum

ZXAMER HiEE

Staggered conformation

H H 4 kJ mol”

%)

4 kJ mol

Hy Total: 12 kJ mol*

|‘ torsional strain
H,~ ﬁl

H

Energy Maximum

ERAMRZARE

Eclipsed conformation

4 kJ mol!




H H

Imstaggered Im staggered
H H
| ' [
0 60 120 Angle /°

Since rotation round a single bond normally occurs
easily at room temperature, conformational isomers
are freely interconvertable.



XIAN HAOTONG UNIVERSITY

CH,
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Physical properties

Boiling point

To the unbranched alkanes, the longer the chain, the greater the
intermolecular contact, the stronger the dispersion forces (&&(71)
and the higher the boiling point.

methane (CHy; AL = 16.04) | CHy ‘ -164

ethane (C;He; AL=30.07) | CHoCHg Q -89
propane (CsHg; AL =44.09) | CHaCHaCHg ” 42
butane (CeHyg; = 58.12) | CHaCHoCHoCHg Q 05
pentane (CeHya; M = 72.15) | CHaCHaCHaCHaCHa ” 36
hexane (CgHsa; M = 86.17) | CH3CHaCHaCHaCH2CHg M 69
heptane (C7Hse; L = 100.20) | CHgCHaCHaCHaCHaCHaCH; w %
octane (CgHyg; Al = 114.22) | CHaCHaCHaCHyCHaCHaCHaCHa m 126
nonane (CgHzo; Al = 128.25) | CHaCHaCHaCHoCHaCHoCHaCH,CHg m 151
decane (CyoHaz; AL = 142.28) CHscHzCHQCHQCHQCHQCHQCHQCHQCHa w 174

~273 -200 -100 100 200
Temperature ( C)
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HR: TEFBH. EMER

To the branched alkanes, the more spherical member (iIso- or neo-) boils
lower than the more elongated one (n-).

The Constitutional Isomers of C,H,, and C:H,

Common Skeleton Density Boiling Point
Name Formulas (g/mL) (°C)
n-butane AN 0.579 -0.5
Isobutane \l/ 0.549 -11.6
n-pentane N 0.626 36.1

isopentane )\/ 0.620 27.8

neopentane >< 0.614 9.5
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e ERED TR + REERREER
> PFEUKX, BRES

> MR, BRS

P
CH,;CH,CH,CH,CH,4 H3C—{I3H—CH2CH3 H3C—f|3—CH3

CHS CH3

EXE (-129.7°C ) BXKI& (-160°C ) ¥f/XtE (-17°C)
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(@) FFALAT Chemical properties

1. Combustion of Alkanes

CH3CH2CH3 + ()2—> C02 + Hzo

2. Radical Substitution Reaction

»General reaction:

R—H + X, » R—X + H—X
Alkane Halogen Alkyl halide Hydrogen halide

Reactivity activity of Halogen: F, > Cl, >Br, > 1,

CHy + Cl; —— CH;ClI + CH.Cl, + + HCI



> RRIRAERKCO2FIK: FinFflEBSHESPRR, S2AM, ECO2F K, K=

CH, + 20, CO, + 2H,0

CsHg + 50, 3CO,+ 4H,0

ChHopss + (3n+1)/2 O,

nCO, + (n+1)H,O

> REREENZRSNESIESE—ELLH, 1BKRE, MET RERIRIE, BiRIEE
tRBRES.53%—14%; EXELHITM, RRMRARIRIE
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ML —FhFA8( 5T Rk 5 — AR R KL,

AICI,HCI
H,C—CH CH;—CH, =< = H,C—CH—CH,
95~150°C,1~2MPa

CH,

> HifEFRBEAEZENRETLIRSSHNFERE, AN, BREdr=ERREFm
BT F RMAYETE.

GilftI: Sl ¥FRE,
SER(E/9100, IEEEH0
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RN [RERS Fim FASYRERIRIRMN, —IRERDFE=E
MR, BHSS. EERE, XIMBEEE,

é CH4 + CH3CH:CH2

CH3CHoCHoCHy— | CH2=CH2 + CHaCHg

. H2 + CH3CH2CH:CH2

> mmat, RNEaRE, —RETF750 CRRMAILURSISIHAY
FEHRS

> (EEERE, ERGHNFEETIZRE, KiTiEtEEERE
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o B THAREE? o BIF-IRUTERRY?

R RRMINERIENX :
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A Transition state 1

Intermediate

Actiy\

Energy (ation energy 1

he rate-determining step

Transition state 2

Activation energy 2

c+D AH<

T

Reaction coordinate

mftie: RERNIIBENERGEE (RMYEBEESTESEEZE) .

i HRRIEF=Y 2 R
SRR,

0

ATk, |BHE

ST BEAY

N A=1=]

BEEE H
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£ ", M \\{Z . .
@ MLA@% »Reaction mechanism:

hv or A #a2|%
(1) C¢—ClI —» Ci- *+ Cl chain initiation
"X 0.3 P [ .
(2) Cl* + H—CH; —» Cl—H + ';QF;H;} LR
AN i, (BEEE, HIRK)
(3) CHy + Cl—cClI P CH;—Cl +'Cls / * chain
propagation
$(2), Q)T RUENIRIT .
(4) m-fﬁ*\. Cl =3 Cl—ClI
s
(5) CI-/J\+/-\-CH3 ——3» CH;—CI chain termination
NN

{E’ CH3 . + -CHg —_— CH3_CH3

BEREESEF N (chain reaction)



X,
3| % + hv orA
CH;=X X CH4
=% (B IR
xz 'CH; X—H
_ 7=
BB &G E){x *
mEmme 7 DREM 20, BENGIEENR

RISRIEII R v XIEmASER

< HMR ? REERE. ®>RK
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(c) Chain-terminating

CI‘ + ‘CI y C|2

o
«CH; + «ClI » CH;ClI %ggigﬁg
'CH3 + 'CH3 >CH3CH3
A CH,+Cl- [CH,...H...CIJ
3 Y 3 [CH,...CI... CIJ*
5 ¥ ¥ &
=
2 | 16.7kJd/mol 8.3kJ/mol
=
@ Egxs el \ mmEsssrrogun
Q
< .SkE/moI CH;- + HCI
=== 112.9kJ/mol
105=4_; i e e e e TR E R e C H 3CI + Cl -

Reaction process
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—>CH;—CH,—CH,CI| Propyl chloride

Cl, 43%
CH5—CH;,—CHj -
hv, 25°C
—— »CH;—CH—CH3; Isopropyl chloride
I 57%
Tt

CH, » CICH,—C—H Isobutyl chloride

| Cl, H, 64%
CH3_C_H s

J.:H3 Light, 25°C

g
> CH;—C —ClI tert-Butyl chloride 36%
o
£H3 36%

—> CH3—CH,—CH;Br  Propyl bromide

B %
CH7CHy—CH;——2— S

hv, 127°C

——>CH3;—CH—CHj Isopropyl bromide
o 97%
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BHENREML
B2 EAZEE
397.5 kJ/mol . X
= CH4CHCH; + H+ 22 H@EE
SEER
CH;CH.CH,
410.0 kJ/mol CHiCH,GH, + He 1°EEE
WEER
389.1 kJ/mol CHj P EHEE
i ™ CHsCCH; + He HB4%
GHs '
CH;CHCH; T CH
| 410.0 kJ/mol ; PGS

2 CHyCHCH, + H+ Sk

HEEMEMBEEN: 32>20> 10
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hv v
O —» O CF,Cl; —— CF,Cle + Cle
O % O — 3 Oy 4 heat Cle + O ——3= ClOe + O, :

hv : 7
0 — > 0 0 €10 +0 — Cle + O, K% DI P

REZ2 A
@ The Nobel Prize in Chemistry 1995

"for their work in atmospheric chemistry, particularly concerning the
formation and decomposition of ozone"

o - o 4 .
‘. S 1 :
T :
" _.‘.
Y
3 S ¥
\ d
7 7/

Paul J. Crufzen Mario J. Molina F. Sherwood Rowland
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1. What are cycloalkanes?

2. What are the conformation of cycloalkanes?
3. What is cis-trans isomerism in cycloalkanes?
4. What are the characteristic reactions of

cycloalkanes?
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Cyclopropane Cyclopentane

Cycloalkanes are named, under the IUPAC system, by adding the
prefix cyclo- to the name of unbranch-ed alkane with the same
number of carbons as the ring.

Cycloalkanes having several substituents are numbered such that the
substituent with alphabetical priority is at position 1. Numbering is then
carried out such that the total obtained from the substituent positions is
a minimum.
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CH,

£

CH,CH;

1-Ethyl-3-methylcyclohexane

Cl

CH,CH,CHj

1-Chloro-2-methyl-4-propylcyclopentane
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Ring Strain and the Structure of Cycloalkanes

Ring Strain in Cyclopropane

AHZ,.,(CH,)= 157.4 kcalemol™’

A AHZ;b(CH,)= -(3%x157.4)=-472.2 kcalmol™

Measured: AHZ;,,= -(3%157.4)=-499.8 kcalsmol!
Strain: 499.8-472.2=27.6 kcal-mol-1

The strain per CH, group is 9.2 kcal-mol- .
Ring Strain in Cyclobutane

Strain: 26.3 kcal-mol-1

The strain per CH, group is 6.6 kcal-mol- .

Ring Strain in Cyclopentane
Strain: 6.5 kcal-mol-?

Cyclohexane is virtually strain free.
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OO0 X A A 4

g’lﬁjjﬁé 1.3 7.4 18.2 25.7 26.3 27.6 290 388 55.7
(kcal/mol) >~
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A bent C-C bond
In cyclopropane

A normal C-C bond
In propane
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What kinds of effects contribute to the ring strain in cycloalkanes?

The reason is twofold: torsional strain (3%3k7+) and bond-

angle strain (B 77)

To the structure of the cyclopropane molecule, all methylene

hydrogens are eclipsed. (EFB I

ESHLTEERAHR)

The energy of the eclipsed form is higher than that of the more
stable staggered conformation because of eclipsing (torsional)

strain.

Moreover, the carbon skeleton in cyclopropane is by necessity
flat and quite rigid, and bond rotation that might relieve eclipsing

strain is very difficult.
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Cyclopropane has C-C-C bond angles of 60° , a significant
deviation from the “neutral” tetrahedral bond angle of 109.5° .

All three C-C bonds in cyclopropane adopt a bent configuration
(interorbital angle 104° ) overlap is sufficient for bond formation.

The energy needed to distort the tetrahedral carbons enough to
close thering is called bond-angle strain.

The ring strain in cyclopropane is derived from a combination of
eclipsing and bond-angle contributions.

H3C_CH3
O_ -1 \ o)
/A H = 65 kcal mol A H =90 keal mo|-1
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AL fr Isomers

Configurational isomers have the same molecular formula and
the same bonds.

However, some of the atoms are arranged differently in space with
respect to each other, and the isomers cannot be interconverted

without breaking a covalent bond.
H H,

H Do not interconvert
=X \\

I

CH; |,

Substituted alkenes and cycloalkanes can exist as configurational

ISOomers.

Conformational isomers are different shapes of the same molecule

resulting from rotation round C-C single bonds.
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Cyclopropane is a flat molecule as far as the carbon atoms are
concerned, with the hydrogen atoms situated above and below the
plane of the ring. There are no conformational isomers.

H H
H

H H
H

Cyclobutane can form three distinct shapes- a planar shape
and two ‘butterfly’ shapes.

H
H H H H H
H H H H
H H ~— <—=H H
H ¢ H
b H H H H
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Cyclopentane can also form a variety of shapes or conformations.

Envelope Half-chair _ _
Cyclohexane can form two main conformational shapes- the chair

and the boat.
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Most cycloalkane are unreactive to chemical reagents. However,
small three- and four-membered rings are reactive and behave like

alkenes.

Br
-—Af>CHzBrCH2CH2CH2Br

B
——2—»CH,BrCH,CH,Br

HBr o CH,CH,CH,Br

ﬂ>CH3CHZCHZCHZBr

e O
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1. RIEMIEX. 513,
2. GRiEAIan A ;

3. FRIZAVIER;

4. IRIERMEF R

5. MGIERIF RS 6

6. MIERIEEIESKA;
7. RIRIERIERFACH);
8. MIIEREF R,
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FEIEAL:

P99: 3.24

P100: 3.35 3.36
P104: 2. 4. 5
P105: 6
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