Alkany a cykloalkany



Alkany a cykloalkany: hlavni slozky zemniho plynu a ropy
(zdroj energie, paliv).

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

Alkany maji obecny molekularni vzorec:

CnH2n+2'

kde n je pocet atomu uhliku.
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Linedrni a rozvétvené alkany - lzomery

CH3;CH,CH,CH,CH, CH3;CH(CH3)CH,CH,4 CH3;C(CH;),CH;
/ \ pentan 2-methylbutan 2,2-dimethylpropan
(Isopentan) (neopentan)
Number of Possible
Isomeric Alkanes, CH, ., PaVaN
n Isomers

| 1
2 1

3 1

4 2

5 3

: IS o ¢
7 ¢

8 18 ‘ 5
9 35

10 75

15 4,347

@ 366319/




/ TABLE 2-5 Names and Physical Properties of Straight-Chain

\

Rlkanes, CH, ..
Boiling Melting
point point Density at 20°C
n Name Formula (°C) (°C) (g ml™)
| Methane CH, —161.7 —182.5 0.466 (at —164°C)
2  Ethane CH,CH, ~88.6 - 183.3 0.572 (at —100°C)
3  Propane CH,CH,CH, —42.1 —187.7 0.5853 (at —45°C)
4  Butane CH,CH,CH,CH, =05 —138.3 0.5787
5  Pentane CH,(CH,),CH, 36.1 -129.8 0.6262
6  Hexane CH,(CH,),CH, 68.7 —95.3 0.6603
7  Heptane CH,(CH,),CH, 98.4 -90.6 0.6837
8  Octane CH,(CH,),CH, 125.7 —-56.8  0.7026
9  Nonane CH,(CH,),CH, 150.8 =53.5 0.7177
Q) Decane CH,(CH,),CH, 174.0 —29.7 0.7299 J




/ WTITE R Yames and Physical Properties of Straight-Chain 2
Rlkanes, [ H, .,

Boiling Melting

point point Density at 20°C
n Name Formula (°C) (°C) (g ml™)
11 Undecane CH,(CH,),CH, 195.8 =25.6 0.7402
12 Dodecane CH,(CH,),,CH, 216.3 —9.6 0.7487
13 Tridecane CH,(CH,),,CH, 2354 =55 0.7564
14  Tetradecane CI-I3(CH:)|2C}~I3 253.7 5.9 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 L




Temperature (°C)

Fyzikalni vlastnosti alkanu sleduji predikovatelné trendy
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Alkylova skupina (alkyl) je
vytvorena formalnim
odstranénim vodiku z
alkanu. Je pojmenovana jako
alkyl (pripona —yl).

CH;- methyl; CH;CH,-
ethyl; CH;CH,CH,-
propyl

Doplnujici predpony jsou :
sec- (nebo s-) pro sekundarni
a tert- (nebo t-) pro terciarni.
Sekundarni uhlik je pripojen
k dalsim dvéma uhlikim,
zatimco terciarni ke trem
uhlikim a kvartérni ke
ctyrem uhlikdm.

2 T S

g 9 jq g 9 i’q > T jd

CH4CH,CH,CH4q CH3CH7CH2CHy 5 CH3CH,CHCH4
Butane Butyl sec-Butyl

5 S SR 4
o ‘;-E‘p; o’ o
J &

§° 4 ¢° 4°
g
CHjy CHq CHy—C %
CH3&HCH3 CHgéHCHz% (|2H3
Isobutane Isobutyl tert-Butyl



primarni C

- o
"

CH.CH,CCH,CH, terciarni C

terciarni H

.sekundarni C

- L4
.....

kvarterni C



Vybrané rozvétvené alkyly

THBLE IR Branched Alkyl Groups

\ CH,

Structure Common name Example of common name in use Systematic name  Type of group
CH; CHs
CH;—C— Isopropyl CH,—CI—CI (Isopropyl chloride) I-Methylethyl Secondary
.L H
CH,4 CH;
CH;—(lj—CHz—- Isobutyl CH,—(I.‘—CH, (Isobutane) 2-Methylpropyl Primary
H f
CH, CH;
CH,—CH;—(lf = sec-Butyl CH;—CH;—(I.‘ —NH; (sec-Butyl amine)  1-Methylpropyl Secondary
h H
CH, CH;
C Ha—(lf — tert-Butyl CH,—(:Z—Br (tert-Butyl bromide) 1,1-Dimethylethyl Tertiary
CH; CH;
CH, CH;
CH_,—C:—CH,— Neopentyl CH,—C: ~CH;—OH (Neopentyl alcohol) 22-Dimethylpropyl  Primary
CH;




Vyskyt alkanti v prirodé a jejich vlastnosti

Ropa je slozita smés organickych sloucenin, z nichz
vetsi cast je tvorena alkany a cykloalkany. Slozeni ropy
je zavislé na misté plvodu.

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

adamantan t&%

tricyklo[3,3,1,1%"]dekan

https://cs.wikipedia.org/wiki/Ropa

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

2-methylheptadekan

~L
\ neexistuje
/ \ stérické
TN branéni

3,3-di-tert-butyl-2,2,4,4-tetramethylpentan

Stanislav Landa 1932, izolace z hodoninské ropy.
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Vosky

Vyssi n-alkany jsou soucasti nebo vyhradni slozkou prirodnich voskl a tvofi ochrannou vrstvu
na rostlinach: C,;H.. a C,gH¢, (jablka), C,gH¢, (zeli, brokolice) a C;,H, (tabakové listy).




Hydrofobicita alkylovych fetézci — biologické membrany

(— Phospholipid Bilayer ——— ~ | W
g A\ Hydrophilic N
178 52 Q! % _0 hydrofobni (nepolarni)
P 1) A 07, konec fosfolipidu
Al | | ol povec hydrofini (polarni)
I2ES "\M\ | | P sithzic hlavi¢ka fosfolipidu
o oO
(0] (0]
fosfatid

(fosfolipid,
fosfatidylcholin,
lecitin)

vnitini povrch

Cytoplasmaticka membrana - model fluidni mozaiky (Chem. Listy 109, 166—175 (2015))




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.
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Newmanova projekce konformaci ethanu.
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Rotamery ethanu maji rliznou potencialni energii.

| | | | | | |
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Konformace propanu ﬁ-%ul
i
Rotate rear
carbon 60° \H\@k/ﬂ/
4.0 kd/mol ™ ~ 4.0 kJ/mol
H CH; H CH; I CH;
\
H H
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Energy

Konformace butanu

Dihedral angle between methyl groups

19 kJ/mol
16 kJ/mol
3.8 kJ/mol
CHa CHy CHy CHy CHy CHy CHy
H CHa ! H !
QH CH3; E; :H /ggg\ H CHy ,é\
CHy ’ Wk H i H ) R " H " MW o] CHa
|
Arllﬂ Gauche Gauche Anti
| | I | | I
180° 120° 60° 0° 60° 120° 180°

Steric strain
3.8kJ/mol __

//CHB
"HaC H
H H
H
1 kJ/mol
—h—
HaC CHj
Rotate 60

( H H |
H H
4.0 I-:menl\\

4.0 kJ/mol



pozorovatel
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Konformace butanu

CH,
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CH,

H
synklinalni

pozorovatel

H
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CH,

H H H H

nejméné stabilni
synperiplanarni konformace



Reakce alkanu

Alkany jsou malo reaktivni, reaguji predevsim radikalovym mechanismem:
oxidace (O,, tvorba peroxidu), halogenace (X,, NBS, SO,Cl,), sulfochlorace
(Cl, a SO,) a nitrace (N,0, a HNO,).

Oxidace (spalovani): CHy *+ 30, = CO, + 2H,O 892 kd/moal

cCH,, + 650, —= 4CO, + 5H,0 2883 kJmol

2CH, + 30, —* 2C0O + 4H,0
CHy + Oy, — C + 2H,0
CHy + 20, —= CH,0 +  H,0

formaldehyd



Halogenace alkanu: R-H + ¢—Cl ——= R-Cl + H-C
hv

CH, + CI—CI —— CHjClI + H-=CI
A

chlormethan

Cl, Cl, Cl,
CH4 —_— CH3C| — CH2C|2 —> CHC|3 —_— CC|4
-HCI -HCI -HCI -HCI
chlormethan dichlormethan trichlormethan

b.v. -24.5°C b.v. 40°C b.v. 61.7°C
(chloroform)

Cl,
CH3CH,CHg —— CH3CH,CH,-Cl +  CH3CHCH,

|
Cl

Br2
E> — E>*Br + H-Br

tetrachlormethan
b.v. 75.6°C



Mechanismus halogenace:

Iniciace Cl—Cl —» 2C|

Propagace R—-H + cr —» R + H-CI

R + CI—CI —>» R-ClI + CI regenerace radikalu

Terminace 2CIF —>» Cl|—CI
2R’ —>» R—R

R" + cIr —» R-CI



Krakovani ropy - vyroba benzinu

long chain alkanes

hexadekan (petrolej)

P 2 N N P S g NN
oktan l okten smaller alkanes branched alkenes and
and cycloalkanes branched alkanes
/\/\/\/ + /\/\/\/ NNNNN
O NN
O AARAA

aromatics

O

smaller alkenes and

branched alkenes
An Example of the
 d Catalytic Cracking
2 of Petroleum Hydrocarbons




Krakovani uhlovodikd — radikalova reakce

Homolytické stépeni

Cl, C2 cleavage

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

1 2 3 4 C2. C3 cleavage

CH-CH,CH,CH,CH,CH, > CH:CH,+ + +CH,CH,CH-CH,
Hexane \ C3, C4 cleavage . - - -
> CH:CH,CH,+ + +CH,CH,CH;

Rekombinace radikali

CHg'[\(\'CH3CH1 — CH3CH2CH3

CH;CH:CH:CH_]CHZ '[\ [\' CH:CH:CH{ — CH3CH2CH2CH2CH2CH2CH2CH3

Octane

Propane

Abstrakce vodiku P -
@ I
Ethane Propene

H

H
' |
CHxCH:CH:’(\ (@L@’ — CH}CHZCHQ & CHzICHg

Propane Ethene



Fluidni
Katalytické
krakovani

Long chain alkanes MWM

Smaller alkanes and \ Branched alkenes and
cycloalkanes

branched alkanes

@ r‘V‘Y‘ : An example |

Smaller alkenes and of FCC
Aromatics branched alkenes R B s ol :

High Si/Al ratio

{/

Introduction of
rare-earth ions




A

Uhlikové radikaly

H -+ CH,CH,CHR,

Primary radical

N

/ 101 keal mol ™’

2.5 keal mol ' (10.5 kJ mol ')

H-+ CH;CHCHR,
Secondary radical

H-+ CH;CHEC:RQ

A
1-2.{] kcal mol ' (8.4 kJ mol ) Tertiarv radical

_______ A
/ 98.5 kecal mol ™

Z 96.5 kcal mol '

CH,CH,CHR,
|
H

Primary

C—H bond

CH;CHCHR, CH;CHE(T“RE
I
H H
Secondary Tertiary

C—H bond C—H bond



Uhlikové radikaly

P K
‘ ,s\\\\H

u—c planarni

R4
H/’ V”H Ci—Hy, O\H
H

Nearly planar

C.tp-‘_H Is

Csp-‘_H Is

v

hyperkonjugace

N

? o, U4

/0 e

CH,CH; CH;— CH— CH; CHy;—C—CH,
CH;
Ethyl radical 1-Methylethyl radical 1, 1-Dimethylethyl radical
(Isopropyl) (tert-Butyl)

A B



Bond-Dissociation Energies for Some Alkanes

DH®° DH°
Compound [keal mol ™' (kJ mol )] Compound [kcal mol ™" (kJ mol ™))
CHy+H 105 (439) CHy+CH, 90 (377) B
C,Hs+H 101 423) & C.Hs+CHj 89 (372) 3
C;H,+H 101 (423) 2 C,H;+C,H; 88 (368) >
(CH;),CHCH,+H 101 (423) @ (CH;),CH~+CH, 88 (368) f]
(CH,),CH--H 98.5 (412) (CH4)yC+CH; 87 (364)
(CH3):C+H 96.5 (404) (CH;),CH-+ CH(CH.), 85.5 (358)

(CH1);C+C(CHa)s 78.5 (328)

Note: See footnote for Table 3-1.




Halogenace vyssSich uhovodiki

v

Cl
|

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

I-Chloropropane

43 %

CH- CIZH3

| 5
€.+ CH—C—H —> ClcH—C—H +

| |
CH.- CHa

64%
1-Chloro-2-methylpropane
(Isobutyl chloride)

2-Chloropropane

57 %

CHj;

|
CH,

36%
2-Chloro-2-methylpropane
(tert-Butyl chloride)

+ HCI



(F1IEESN Enthalpies of the Propagation Steps in the Halogenation of Methane [kcal mol™' (k) mol™")]

4N very advanced

y

E [HgC sosH coveevees

—— s o

CH4+::f'i'

AH® =
—31 kcal mol"_':
Exothermic

CH4 + ::l:‘

CH_;’ + Hl .
AH® =

+34 keal mol ™!
Endothermic

A\ 4

Reaction coordinate: extent of H shift

Reaction F Cl Br 1
:X*+ CHy — *CH; + HX: =31 (—130) +2 (+8) +18 (+75) +34 (+142)
.CH; + X, —> CHj X: +:X- ~72 (=301) —27 (—113) —24 (—100) ~21 (—88)
CH, + X, —> CH; Xt + HX: ~103 (—431) ~25 (~105) —6 (—25) +13 (+54)
Early transition state Late transition state Transfer of H
far advanced
Transfer of H not [HC ssesssene HeeI]#




Fluorace 2-methylpropanu

P
hv
F, + (CH;);CH —> (CH;):CF + l'CHz—(|?—H + HF
CH,
149 86%
2-Fluoro-2-methylpropane 1-Fluoro-2-methylpropane
(tert-Butyl fluoride) (Isobutyl fluoride)
Bromination of 2-Methylpropane
i
hv
CH,
>99% <1%

2-Bromo-2-methylpropane  1-Bromo-2-methylpropane
(tert-Butyl bromide) (Isobutyl bromide)



/\

cyklopropan cyklobutan
b.v. -37.7°C b.v. 12°C

CHj

methylcyklopentan

cyklopropan

Cykloalkany

O

cyklopentan
b.v. 49.3°C

HsC

cyklohexan
b.v. 80.7°C

CHj

1,1-dimethylcyklopentan

cyklobutan

cyklopentan

cykloheptan cyklooctan
b.v. 118.5°C b.v. 149°C

CHj
CHsj

1,2-dimethylcyklopentan

4 H

cyklohexan



Pocet atormmi uhliku

- (kImol™)  (kFmol")  (kFmol?)
12 659 659

2h 1411 705 92

3 2093 697 115

4 2747 686 111

5 3322 664 27

6 3954 659 0

7 4639 662 26

8 5312 664 40

® (hodnota ziskana ze spalnych tepel alkand. ° Pro ethen jako nejmensi kruh.



Konformace cyklohexanu

zidlickova vanickova zidlickova vanickova
konformace konformace konformace konformace
zidlickova
konformace

axialni vodik

H ekvatorialni vodik ~ 3
H N 3
H
| ~ ekvatorialni vodik Me v ax'ao'/"'P°'°Ze Me ekvatggf/llm poloze
H \ 5% ()

axialni vodik




Cis a trans izomerie u cykloalkanu
CH, CH,
U

cis-1,2-dimethylcyklopentan
t.v. 99°C

CH,
CH,
trans-1,2-dimethylcyklopentan
t.v. 92°C
CH, H
H H H H
H H H CH,
H CH,
H | H |
H H cH, H HH
a,a e,e

stabilnejsi



Cyklopropan

115

1.08910
B

A £

Pd catalyst
—> CH;CH,CHj;4

Propane

AH®

—37.6 kcal mol



Cyklobutan

_I_

H,

Pd catalyst

Y
Cal

Rapid flip

CH;CH,CH,CH;

Butane

H



Cyklopentan

A== g=A

Envelope Half chair



Cyklohexan

A B C
Planar cyclohexane Chair cyclohexane
(120° bond angles; (Nearly tetrahedral bond angles;
12 eclipsing hydrogens) no eclipsing hydrogens)

CH. | H

* B
~

H CH, | H




Half chair Half chair

1.4 kcal mol ™!

Twist-boat Twist-boat

5.5 keal mol !

Chair Chair

Reaction coordinate to conformational interconversion of cyclohexane ——



./\/Molecular axis

i

Axial Equatorial Axial (a) and equatorial (e)
positions positions positions



Transannular
strain

Strain energy of 14 kcal mol-1.

Ring

strain Eclipsing
stram
Cyclodecane
Bridgeheadl
CH carbon
} o
oy /\/
—— same as or
CH: H
Bridgehead]
carbon

Norbornane Norbornane
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Equatorial C-C bonds Axial C-Cbonds Equatorial C-C bonds
trans-Decalin cis-Decalin



0
CH- |

! H.C. CH CH,
N4 H s /( OR
& CH & 4 G OH
< B l 4 g
-~ “OH O™ P T 3 H( ‘
7 | :Fog | __CH
CHy CH- \ CH(CH-) By I‘l |
Menthol Camphor p-Cadinene H CH;
trans-Chrysanthemic acid (R = H) Grandisol

trans-Chrysanthemic esters (R # H)

zivocCichové .

zakladni chemické skelety

cholestan

ergosterol



