Alkany a cykloalkany



Alkany

Alkany a cykloalkany jsou hlavni slozky zemniho plynu a ropy, které jsou

prevaznym zdrojem energie

Nasycené alkany a cykloalkany maji pouze jednoduché vazby uhlik-vodik (C-

H) a uhlik-uhlik (C-C).

Struktura alkant

Alkany maji obecny molekularni vzorec:
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Struktura a fyzikalni vlastnosti alkanu

Struktura alkanu je pravidelna. Uhlikové atomu jsou tetraedralni v
hybridizaci sp2 (vazebné thly cca. 109°), délka vazby C-C je ~1.54 A a C-H

vazby ~ 1.10 A.
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Linearni alkan

CH;—CHs—CH;—CH,

Butane, (‘_;ll 10

Rozveétveny alkan

(lj.l'l_g
CI—I_«,—?—I—I
CH;

2-Methylpropane, C H,,
(Isobutane)

Cykloalkan
?I—Iz—?—lz
CH,—CH,

Cyclobutane, C Hg



Linearni a rozvetvené alkany - izomery

(|_‘n_{ cl*n_:
CH;—CH;—CH,—CH;—CH, CI~13—-CI{3—C|_‘H CI—I_;—(IT—CH;
CH; CH;
Pentane 2-Methylbutane 2,2-Dimethylpropane
(Isopentane) (Neopentane)

HBLE 2-4 h

Number of Possible
[someric Alkanes, CH, .,
n Isomers
I 1
2 |
3 I
4 2
5 3
6 5
9 9
8 18
9 35
10 75
15 4347
@ 366,3 W
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Names and Physical Properties of Straight-Chain
Alkanes, [ﬂHEJ'i' "

~

Boiling Melting

point point Density at 20°C
it Name Formula (°C) (*C) (g ml™)

1 Methane CH, —161.7 —182.5 0.466 (at —164°C)

2 Ethane CH,CH, —B88.6 —183.3 (.572 (at —100°C)

3 Propane CH,CH,CH, —42.1 —187.7 0.5853 (a1t —45°C)
4  Butane CH,CH,CH,CH, —0.5 —138.3 (.5787
5 Pentane CH,(CH,),CH, 36.1 1298  0.6262
6  Hexane CH,(CH,),CH, 68.7 —95.3 (0.6603
7 Heptane CH,(CH,),CH, 08.4 —00.6 (0.6837
8  Octane CH,(CH,) CH, 125.7 —56.8 0.7026
9 Nonane CH,(CH,).CH, 150.8 —53.5 07177
\Ej Decane CH,(CH,),CH, 1740  —297 07299




/ TABLE 2-5 Names and Physical Properties of Straight-Chain
flkanes, EHHU .

\

Boiling  Melting

point point Density at 20°C
n Name Formula (°C) (°C) (g ml™")
11 Undecane CH,(CH,),CH, 195.8 =25b 0.7402
12 Dodecane CH,(CH,), ,CH, 216.3 —9.6 (0.7487
13 Tridecane CH,(CH,),,CH, 2354 =55 0.7564
14  Tetradecane CH,(CH,),,CH, 2. B 59 0.7628
15  Pentadecane CH,(CH,),;CH, 270.6 10 0.7685
16 Hexadecane CH,(CH,), ,CH, 287 18.2 0.7733
17  Heptadecane = CH,(CH,),.CH, 301.8 22 0.7780
18  Octadecane CH,(CH,),.CH, 316.1 28.2 0.7768
19 Nonadecane CH,(CH,),,CH, 329.7 32.1 0.7855
\20  Icosane CH,(CH,) ,CH, 343 368  0.7886 4




The physical constants of alkanes follow predictable trends:
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Alkylova skupina (alkyl) je vytvorena formalnim odstranénim vodiku z
alkanu. Je pojmenovana jako alkyl (pfipona —yl).

Dopliujici pfedpony jsou : sec- (nebo s-) pro sekundarni a tert- (nebo t-)
pro terciarni. Sekundarni uhlik je pfipojen k dalSim dvéma uhlikim, zatimco
terciarni ke tfem uhlikim a kvartérni ke ¢tyfrem uhliktm.

Primary C ~ .

=

Secondary C ~_ Cl ]_f.( ~—— Tertiary C

' Pl | U=

CH;CH,CCH,CH;
-
Primary H - <~ IJI \:\_

. ~ Secondary H

N

N .
~ Tertiary H

J-Methylpentane



Vybrané rozvetvene alkyly:

/ ICEIARN  Branched Alkyl Groups

\

\ CH,

CH;

Structure Common name Example of common name in use Systematic name  Type of group
CHy CH;
CH;—C— Isopropyl CH_;—Cli—Cl (Isopropyl chlonde) I-Methylethyl Secondary
f H
CH; CH;
CH3—C|,'—CH2 —  Isobutyl CH;—&—CH, (Isobutane) 2-Methylpropyl Primary
h A
CH, CH;
CH;—CH; —(I? = sec-Butyl CH,;—CH;—(!J —NH; (sec-Butyl amine)  |-Methylpropyl Secondary
b ;'4
CH, CH;
CH;—C— tert-Butyl CH_;—(II—Br (tert-Butyl bromide) 1,1-Dimethylethyl Tertiary
CH, &,
CH; CH;
CH_;—(IZ —CH,—  Neopentyl CH,—(:: —CH,—OH (Neopentyl alcohol) 2 2-Dimethyipropyl Primary
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Vyskyt alkanu v prirodé a jejich viastnosti

Ropa je slozita smeés organickych sloucCenin, z nichz vétsi Cast je tvofena alkany a
cykloalkany. Slozeni ropy j zavislé na misté puvodu.

Alkany se nachazeji i prirodé a jsou produkovany nékterymi rostlinami: cykloalkany
a heptan tvofi hlavni slozku terpenickych silic.

)\/\/\/\/\/\/\/\

2-methylheptadekan

Grammic parthenice

, adama”f‘?” diamantan
tricyklo[3,3,1,1°> "]dekan

|zoloval Landa z Hodoninské ropy v roce 1932.
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Ropa - destilace

Cy 10 Cy gases

fractionating liquefied petroleum gas

column
™ r‘ chemicals
—— 70°C
fractions
decreasing in r“uﬂ Cg, t0 Cyp petrol
density and r- (aasoline :
boiling point petrol for
Il | 120°C vehicles
r_ll...l Cyg 10 €y kerosine )
l—' (paraffin of) . jet fuel,
& oo
¥ 2 s - lighting and
| 170°C heating
Cyqt0 C?O
diesel oils
STevrmm—— 0 el
270°C
crude ol
-~ ng o CBC

lubricating ofl

lubricating
Dals, Waxes,
poishes
fuels for
ships,
factosies
and
‘ fracxeo.'_xs ' 600°C central
Ncreasing in heating

density and

: >Cyq residue
boiling point

bitumen for
roads and

roofing
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Vosky

VyS$Si n-alkany jsou soucasti nebo vyhradni slozkou pfirodnich vosku a tvofri
ochrannou vrstvu na rostlinach: C,,Hsz a C,5Hg, (jablka), C,gHg, (zeli, brokolice) a
C;,Hg, (tabakové listy).
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Rotace kolem jednoduché vazby: konformace

Rotacni bariera kolem C-C vazby ethanu je 2.9 kcal/mol. Toto relativné
nizké mnozstvi energie je k dispozici za pokojové teploty v dusledku
molekularnich srazek, a proto se uvadi, ze kolem C-C vazby ethanu je
volna rotace.




Newmanova projekce konformaci ethanu.

Back

H ; carbon
H

Front
carbon

H



Rotamery ethanu maji riznou potencialni energii.

[ 4

(cca. 2.9 kcal/mole vyssi).
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2-8 Rotation in Substituted Ethanes

Steric hindrance raises the energy barrier to rotation.

The potential energy diagram for C-C bond rotation in propane
shows . The energy of the eclipsed conformation is
3.2 kcal/mole above that of the staggered conformation.

H CHj H CH, H CHs

0 60 120 180 240 300 360
Torsional angle



There can be more than one staggered and one eclipsed
conformation: conformational analysis of butane.

There are two different types of staggered arrangements in butane. One in
which the two terminal methyl groups are 180° apart (Anti), and two In
which they are 30° apart (Gauche).

These are connected by two types of eclipsed conformations, one in which
the two methyl groups pass each other, and two in which the methyl groups
pass by hydrogen atoms:

X B B Dy B

Gauche Gauche



The transition state (eclipsed conformation) energies are 3.6 kcal/mol and
4.0 kcal/mol in butane:

HCH; H3CCH3 HCHjs

CH
H3

i
I
= i
IT
&

|

£33 =2.7 keal
mol

anti gauche gauche anti
I L )il X 1 1 L
0 60 120 180 240 300 360

Torsional angle

The most stable anti conformation represents about 72% of the confomers
present at 25% while the less stable gauche conformation represents about
28% of the confomers present.



CH;

antiperiplanarni

H3CH
/

H ki,

antiklinalni

synperiplanarni

synklinélni



3.9. Reakce alkant

Oxidace (spalovani)

CH, + 30, —> CO, + 2H,0 892 kJ/mol

CsHyg + 650, — 4CO, + 5H,0 2883 kJmol

oCH, + 30, —* 2C0 + 4H,0
CH, + 0O, — C + 2H,0
CH4 + 202 —_— CHzo + Hzo

formaldehyd

Prednaska 2
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Halogenace alkanu

hv
R-H + CI—-CI —— R—CI + H-CI
A
hv
CH, + CI—Cl —— CH5CI + H-CI
A
chlormethan
Cl, Cl, Cl, Cl,
CH4 — CH3C| —> CH2C|2 — CHC|3 — CC|4
-HCI -HCI -HCI -HCI
chlormethan dichlormethan trichlormethan tetrachlormethan
t.v. -24.5°C t.v. 40°C t.v. 61.7°C t.v. 75.6°C
(chloroform)
Cl,
CH;CH,CH; —> CH3CH,CH,-CI + CH3CHCH; + H-CI

|
Cl

Br2
E> — E>78r + H-Br

24



Mechanismus halogenace

Iniciace

Propagace

Terminace

Cl—Cl

Cl—Cl

2Cl-

2R-

Cl-

2C|-

R+ H-C

Prednaska 2
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Krakovani ropy - vyroba benzinu

long chain alkanes

s R

smaller alkanes branched alkenes and
and cyeloalkanes branched alkanes
P W W W
aromatics
O .

smaller alkenes and

W

b hed alk
s An Example of the

A Catalytic Cracking
of Petroleum Hydrocarbons

\ '\
¢

L1 ,

[’ ) -

L)
i

-
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Krakovani uhlovodikll — radikalova reakce

Homolytické stépeni

Cl, C2 cleavage

! 2 3 4 C2, C3 cleavage

CH-CH,CH,CH,CH,CHs, < > CH:CH,+ + +CH,CH,CH,;CH,

Hexane (3. C4 cleavage

Rekombinace radikalu

CH_; [\ )/\' CHzCH; — CH}CHQCH3
Propane
CH;CH-,CH-CH,CH, [\/(\-CHgCHgCHg —> CH;CH,CH,CH,CH,CH,CH,CH;
Octane
Abstrakce vodiku
H H
[N |
CH;CH:-ﬂ CH;CT{\—(CH\y —> CH;CH, + CH;CH=CH,
Ethane Propene
I i
CH3CH2CH2'/N C/I’{_)_((:H\z' — CH3CH2CH2 + CH2:CH2

Propane Ethene

> CH;+ + +CH,CH,CH,CH,CH;

> ('Il*\('[l:(‘[l:' + '(‘llz(_,il]:(.‘[]:

27



Uhlikové radikaly

Cs[) i—Hy

K P K
- H
Csp3_H " ‘ "\\\

\\ - ——C
>N
H o Ty

H
S A
Csp2 —H;
H /I, ", J

Hyperkonjugace

H /Ihh' a

C s
2C/ ' "'"H
Q H

Nearly planar
C C

H/ Q\”"/H
H

CH,CH; CH;—CH—CH,
Ethyl radical 1-Methylethyl radical
(Isopropyl)

A B

CH;

1, 1-Dimethylethyl radical
(tert-Butyl)



N

\

H-+ (.‘H2CH2CHR2

Primary radical

N

/ 101 keal mol '

2.5 kecal mol ' (10.5 kJ mol ")

H-+ CH;CHCHR,
Secondary radical

/ 98.5 kcal mol '

("H2CH2CHR2
H

Primary
C—H bond

N
13.0 kcal mol ' (8.4 kJ mol ')

H -+ CH;CH,CR,
Tertiary radical

AN

Z 96.5 kcal mol '

CH;CHCHR,

|
H

Secondary
C—H bond

CH3CH2C|‘R2

H
Tertiary
C—H bond

29



Bond-Dissociation Energies for Some Alkanes

DH°® DH*®
Compound [keal mol™! (kJ mol™ )] Compound [keal mol ™! (kJ mol ™))
CH,+H 105 439) CH,-CH, 90 (377) "
CHs+H 101 423) & C,H;-CH; 893720 &
CiH, - H 101 423) 2@ C,Hs2-C,H; 88 (368) o
(CH;),CHCH,+H 101 (423) ‘2 (CH;),CH—CH; 88 (368) .2
(CH,),CH--H 98.5 (412) (CH,),C—CH, 87 (364)
(CH;);C+H 96.5 (404) (CH3),CH-+ CH(CH3),» 85.5 (358)

(CH3);C+C(CH;); 78.5 (328)

Note: See footnote for Table 3-1.
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Halogenace vyssich uhovodiku

Cl
v |

/
Cl, + CH;CH,CH; — CH,CH,CH,Cl + CH;CHCH; + HCI

I-Chloropropane  2-Chloropropane

43 % ; 57 %

c|:|1‘. c|:H3 (|:H3
c12+cu\—(|:—n";> (,'ICHg—(|?—H 4 CH3——(I3—(‘I + HCI

CH- CH, CH,;
64% 36%
1-Chloro-2-methylpropane  2-Chloro-2-methylpropane
(Isobutyl chloride) (tert-Butyl chloride)

31



iFlICREN Enthalpies of the Propagation Steps in the Halogenation of Methane [kcal mol™' (k) mol~")]

Reaction F Cl Br 1

:X++ CH; —> +CH; + HX: —31 (~130) +2 (+8) +18 (+75) +34 (+142)
‘CHy + X, —> CH, X: +:X- ~72 (=301 —27 (=113) ~24 (~100) —21 (—88)
CH, + X, — CH, X: + HX: —103 (—431) —25 (~105) —6 (—25) +13 (+54)

Early transition state

Transfer of H not
very advanced

AH° =
—31 kcal mol:I
Exothermic

CHy- + HF :

7z

Late transition state Transfer of H

far advanced

CH_}‘ + HI :
AH® =

+34 kcal mol !
Endothermic

CH,+:1-

Reaction coordinate: extent of H shift

32




Fluorace 2-methylpropanu

i
hv
F, + (CH:);CH — (CH,);CF + [-CHz—cl:—H +HF
CHx
14% R6%
2-Fluoro-2-methylpropane 1-Fluoro-2-methylpropane
(tert-Butyl fluoride) (Isobutyl fluoride)
Bromination of 2-Methylpropane
CH,
hv
Br2 + (Cll )3Cll — (CI‘I3)3CBI + BICI'IZ—(’: —H + HBr
CH;4
>99% <1%
2-Bromo-2-methylpropane  1-Bromo-2-methylpropane
(tert-Butyl bromide) (Isobutyl bromide)

33
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Cykloalkany

A o O O O

cyklopropan cyklobutan cyklopentan cyklohexan cykloheptan cyklooctan
tv.-37.7°C tv.12°C  tv.49.3°C tv.80.7°C twv.118.5°C t.wv. 149°C

CHs HsC_ CHs CHs

O * e
methylcyklopentan 1,1-dimethylcyklopentan 1,2-dimethylcyklopentan
H H ! H
e H%@H
Tow T L H )

HH

cyklopropan cyklobutan cyklopentan cyklohexan

34



Pocet atomi uhliku

— AH AHMm AH —nx659
o (kJ-mol™) (kJ-mol™) (kJ-mol™)
]# 659 659
B 1411 705 92
3 2093 697 115
4 2747 686 111
5 3322 664 A
6 3954 659 0
5 4639 662 26
8 5312 664 40

* (hodnota ziskana ze spalnych tepel alkand. ” Pro ethen jako nejmengi kruh.
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zidlickova vanic¢kova zidlickova vanic¢kova
konformace konformace konformace konformace

e axialni vodik
H ekvatorialni vodik
H -

zidlickova
konformace H
Y ™\ ekvatorialnf vodik
™ axialni vodik
H3C:::\— -H H H
H - H3C
H 3 — MH
3H H3
Me v axialnipoloze Me ekvatorialni poloze

5% 95% 36



3.8. Cis a trans izomerie u cykloalkanu

CHj; CH;

N

cis-1,2-dimethylcyklopentan

t.v. 99°C
CH,
CH
H | 3
H HH

Prednaska 2

CH

CHj;

trans-1,2-dimethylcyklopentan
t.v.92°C

H
Hy H
H CH,
CH
H | 3
H HH
e.e
stabilni j3i
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A+H2

Pd catalyst

CH;CH,CH;
Propane

1.08910
B

AH® =—37.6 kcal mol

38



267 dngle Rapid flip

Pd catalyst

> CH;CH,CH,CHj;

Butane

39



Envelope

H (o]
104.4 9 _H
1.546 A 106.0°
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Planar cyclohexane Chair cyclohexane
(120° bond angles; (Nearly tetrahedral bond angles;
12 eclipsing hydrogens) no eclipsing hydrogens)
H
H H
H H CH, H
_

H CH, H
/ H H H
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Half chair Half chair

1.4 keal mol ™!

Twist-boat Twist-boat

5.5 kcal mol ™!

Reaction coordinate to conformational interconversion of cyclohexane —— 42



/\/Molecular axis

Axial
positions

Equatorial
positions

Axial (a) and equatorial (e)
positions

43



Transannular

Strain energy of 14 kcal mol-1.

Ring
strain

Eclipsing
strain
Cyclodecane



Norbornane

same as

Bridgeheadn

Bridgehead]
carbon

Norbornane
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Equatorial C-C bonds Axial C-Cbonds Equatorial C-C bonds
trans-Decalin cis-Decalin
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COR
. /4 T om
HLC " S
ﬂ « ACH,
trans-Chrysanthemic acid (R = H) Grandisol
trans-Chrysanthemic esters (R # H)
CH;
| CH;
Q\OH @) Kj\ )
P
CH; CH; CH(CH,)»
Menthol Camphor p-Cadinene
O
CH}CCHoOH

“OH
Cholesterol Cholic acid Cortisone
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