SATURATED HYDROCARBONS — ALKANES AND CYCLOALKANES

BONDS

C-C 0,154 nm 345 kd/mol only small difference in electronegativity

C-H 0,109 nm 427 kJ/imol energy of this bond depends upon the
position C atom in the structure

chain isomers



SATURATED HYDROCARBONS — ALKANES AND CYCLOALKANES

Tabulka 1.2. Dependence of bond energy upon the structure

CH,-H 27 CH CH-H 427

CHe-H 405 CcH © CgHs~CH,-H 326

nCylH 405 (CHy)yC-H CH,=CH-H 435

CH,

|
HsC~(|3—H CH,—H  H,C—CH—CHj

CH,




CHAIN ISOMERISM

Physical Consmnts of the Butane, Pentane, and Hexane Isomers

CH,

‘ INDEX OF
MOLECULAR STRUCTURAL REFRACTION
FORMULA FORMULA mp °C - bp°C DENSITY np20°C
C,H,, CH,CH,CH,CH, 1383 —05 060129  1.3543
C,Hyo CH,CHCH, 159 —12 0603  _

o
C.H,, CH,CH,CH,CH,CH, —12972 36 0.62622°  1.3579
C,H,, CH,CHCH,CH, — 160 279 0619720 1.3537
| | (|2H3
CH,
C,H,, (:Hg-----(::—cH3 ~20 9.45 06135020 1.3476
CH,
C.H,, CH,CH,CH,CH,CH,CH, —95 68 0.659372° 1.3748
CeH,, CH,CHCH,CH,CH, —153.67 603 065322 13714
CH,
CeH,, CH,CH,CHCHM,CH, —118 63.265 0.664320  1.3765
&,
CeHi, CH,CH—CHCH, —1288 58 0661620 1.3750
CH, CH,
CH,
CeHy, CH3—~(’|2—~CH2CH3 98 497 064922  1.3688




CONFORMATIONAL ANALYSIS

CONFORMATIONAL ISOMERISM - CONFORMERS

NEWMAN PROJECTION

ethan_energ.wr



I CONFORMATIONAL ANALYSIS I

NEWMAN PROJECTION N
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CONFORMATIONAL ANALYSIS

NEWMAN PROJECTION

synperiplanar synclinal anticlinal

synperiplandmi  synklinaini

 antiklinalni

antiperiplandmi  antiklingini . synklingni

Antiperiplanar anticlinal synclinal



CYCLOALKANES AND THEIR STRUCTURE

Number of atoms inring  Energy released when Number of atoms in ring Energy released when
compounds burned compound burned
related to CH, kJ/mol related to CH, kJ/mol
3 | i 8 664, 1
4 686 9 664, 9
o) 664 10 664, 1
6 659 1) 664, 5
F é 662 12 659
b.
H H H H Baeyer stress - connected with bond angles
; Pitzer stress - connected with nonbonding
H L el H H C/KCC iH interactions
LY N ac A
e C

H H & / \ t B’ - T
H _ O~ Chy
H c‘)_ 0? l 0‘2 0‘2 ?J/
oh—p ¥ Ll
Linear o bonds would constrain With bent o bonds there is less strain, 0‘3 g ”’wl v C% & B(
the C-C-C angles to 60°. and each £C-C-Cis 102°.




CONFORMATIONAL ANALYSIS

H H H Hy
H H H

O disubstituted
compounds
trans - isomer

In cyclic compounds we cis - isomer
are faced to geometric
isomery



CONFORMATIONAL ANALYSIS

%

1,2 — isomers trans- cis-
% %
1,3 —isomers trans- cis-

Number of isomers is growing:
- position isomery

- geometric isomery




CONFORMATIONAL ANALYSIS

CONFORMERS

POSITION ISOMERS

geometric isomers geometric isomers
Q
1,2 - trans 1,2 - cis 1,3 -cis 1,3 - trans

In molecule of cyclopentane the strain in the molecule is released and
a new possibility of rotation round bonds arose and this way transfer
of one conformer to another - (envelope conformation )



CONFORMATIONAL ANALYSIS

CYCLOHEXANE RING
Six-membered ring is enabling even higher motion around

C-C bonds
and formation of two basic conformers - chair and bc *
qyklohexan_zv.wrl

activated state

42,5 kJ/mol
boat Y 4. . ¥_____ energy of activation

I A W ﬂ chair

23 kJ/mol




CONFORMATIONAL ANALYSIS

CYKLOHEXANE RING

Axial and equatorial bonds eylohecan_acw
(& =CHs
Fa activated
axial state A =-RTInkK

1 45,25 kJimol K = MG
_____________ energy of activation o BT
-7 A4

7 .54 kJimol In kK =
N5 ~831.10-3 208

equatorial

In k=304

W= —— —[e] +[a] =100 [e]
[a] K = 20,91 = T
|

[e]=9543 %
[al=458 %



CONFORMATIONAL ANALYSIS

CYKLOHEXANE RING

Six-membered ring is enabling even higher motion around
C-C bonds
and formation of two basic conformers - chair and boat

Axial and equatorial bonds *

cyklohean_aewr|

Existence of two geometric isomers — cis- a frans-

££$£$

cyklohexan_12_ciswrl

cyklohexan _12_trans.wrl



CONFORMATIONAL ANALYSIS

Polycyclic fused compounds
the rings may be fused cis- or frans-

trans-

Steroids
basic skeleton

kde R =H Aifiusdar
EzHg : RICOnNAN
CHSHSHC H2GH S cholan

GI'I{';FEJEHEEHEEHECH(GHQ}E' cholesian



REACTIVITY OF ALKANES AND CYCLOALKANES

Bonds C-C and C-H are nonpolar I::} small reactivity in reactions with
polar reagents

TYPICAL REACTION ARE RADICAL REACTIONS

REACTIONS ARE INITIATED BY:
radicals
UV light
heat

Source of radicals are peroxides, which are decomposed by a heat

R-O0-0-R—»2 R-0e

O O O

Il | - 100° |
Ph—C—0—0—C—Ph —2%"C > ph—C—0® — = 2 Phe +2CO,

80°C

Et—O—O—Et — ~» 2 Et-O° <|:|—|3
R—N=N—R -2 _» 2Re s+ N, R =—C—C=N
(hv) |
CHj

azo-bis(isobutyronitril)




REACTIVITY OF ALKANES AND CYCLOALKANES

TYPICAL REACTION-HALOGENATION

CH4 + 4 C|2 —_— CC|4 + 4 HCI

F, > Cl, > Br,>>>1, The realisibility of reaction depends upon the heat of reaction
. . . hVv
Iniciation C) ci 5 Cle

Propagation 4 + CH, —— HCI + .CH?%%W
.CH3 + C|2 —_— CH3CI + Cle

Cle + CH, —> HClI + ®*CH,

°*CH, + Cl;, —— CH3Cl + Cle

Termination chain reaction

In the reaction mixture has disappeared one of the
components

Side reactions
CH,;Cl + Cle - ® CH,CI + HCI

®* CH,CI + Cl, ™  CH,CIl, + ecCl



REACTIVITY OF ALKANES AND CYCLOALKANES

Energy bilance of the reaction

Energy of splitting or newly formed bonds

R—CH,-H + C|—C] » R—CH,-CI+ HCI AH =-131 kd/mol
405 242 - 347 - 431

R—CH,-H + |—| —» R—=CHy—l + HI AH = + 44 kJ/mol
405 151 - 213 - 299

R-CH,-H + F—F » R—CH,—F * HF AH = - 456 kJ/mol
405 153 _ 444 _570  strongly exothermic reaction

Bond energy of C - C = 346 kJ/mol




REACTIVITY OF ALKANES AND CYCLOALKANES

SELECTIVITY OF REACTIONS

CH3_CH3

Cl,/25°C
CH;-CH,—CHj » CH;-CH,-CH,-CI +
Ayl
Ch~ 0 - O 45%
Cl,/25°C
CH3;-CH—CH, - CH3’(|3H—CH2—C|

|
CH, F, 4 Cfs
: 63%
2
S

Br2 /25° C
CH3-CH—CHj > CH3’C|3H_CH2"B"
|
CH3 CH3
1%

energy of different way bonded hydogen atoms is different

CH3—(|:H_CH3
Cl
955% ratioH 3:1
(|3|_|3 yield 1:3,66
+ CH3—?_CH3
Cl
37%
ratioH 9:1
yield 1:5,28
T
+ CH3_(|:_CH3
Br

99% ratioH 9:1
yield 1:99



REACTIVITY OF ALKANES AND CYCLOALKANES

SELECTIVITY OF REACTIONS

is depending upon stability of formed
radicals

Energy of dissotiation of different bonds R-H
(Stability of radicals )

kcal/mol kcal/mol kcal/mol

C|3H3 ?Hs

o 110 CH3_CI:_CH3 100 CH3—C_H 95
L4 CH2

T

CH,——CHe > 108 CH4CH, 98 CH3—C.:—CH3 92
[ J [} [ )
CF; 106 CH4CH4CH, 98 CH,=—=CH—CH, 89
* CHj4 104 éCIg 96 H.C=O 87
[ ]

101 95 CH, 85

S




