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10. conformation of cycloalkanes
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10. conformation of cycloalkanes
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10. conformation of cycloalkanes
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10. conformation of cycloalkanes
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10. conformation of cycloalkanes
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10. conformation of cycloalkanes
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10. conformation of cycloalkanes

CHs ring-flip

~————

equatorial

axial CHj
H H H CH3
H 3 H . o H L H
ring-flip
—
—~——
H CH3 H H
H H H H

0 Aarine de gana gl UL g Ly aa 433l sia 685 ulad) G e DN 4 ) saall g g )1 ()

Aliaie jue ()5S dgnaia gl 02a 5 cilad) (i (e (i s phed) (S50 a0 A3 ) sl O 5SI Ay ) ae dpmaa

1,3-diaxial interaction — =i ebusall Jalaill Cus e

1,3-diaxial interaction

(A el e Aagiall <l j3 i e sanall 1,3-diaxial Jalx il s [10-2] Jsasl

1,3-diaxial interaction

= kJmol
-F 0.5
-Cl 1.0
-Br 1.0
-OH 2.0
-CH3 3.8
-C,Hs 4.0
-CH(CHsy), 4.6




sl LSty el

-C(CH3)3 11.4

-CHs 6.3

-COOH 2.9

-CN 0.4
[10-2] Js2>

O 23 Jlaia¥) alal Al LSl Ll (i ae galadl (sl 8 gaiche 4 40 )i 2ie
M Al GLuSel) (uSe Baald g an g 0 B0 ae PS5 alaall Jadasl) uds ad galall Gl sl

oW (Sd ae Jaln Al (65

H H
H/ //,(l: CHs H CHs
H H
H, "
H H| H H
H H H
gauche n-butane | axial methylcyclohexane

oS A ()58 o) il anti A (e BLS JB1 galall (L sadl 3 gauche 4 S5 3¢l
2 Juina) Ao sana Lgad ()55 A Al (e BLE 80 axiial dunn s 8 Jiisall e gana Lgd ()55 )
Alaiall de ganall aaa 30l 5 400 gl Agll 4 oo 35 s equiatorial 4

2 ) equilibrium constants o) 35Y) <l i aad JAA e o) 35V e A JS A alag) oS
Al Al 1) ABMall aladinl 5 [10-3] Jsaad)

. . [equatorial conformation]
% equatorial conformation = x100

[equatorial conformation] + [axial conformation]

substituent keq
axial == equatorial
H 1
CH; 18
Ethyl 21
| sopropy! 35

108



10. conformation of cycloalkanes
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10. conformation of cycloalkanes
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10. conformation of cycloalkanes
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10. conformation of cycloalkanes
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a. isopropylcyclohexane
b. cis-1,2-dimethylcyclohexane
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H3 ,CHs @
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CHs

&
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10. conformation of cycloalkanes

diequatorial 4ol siv/ Ly 8 cuiliiwel s <iCis SSidial < i 2af 3 Y L)
Ll sinl s AV axial 4ysae cpiliiuedl aaf o sSitrans JSiis 4 Lof diadall Ligll 4 ()5S
1,3-diaxial Bhs_pili e Aed M5 Cpisg ] SIS o5 Al

X H X
X
—— ——
—~—— —~— H
y X y H

cis isomer ]
diaxial(a,a) diequatorial(e,e) Yy trans isomer
less stable more stable (e,a) (a,e)

DY Al )9S5 5 anall 8 QS e game D) die Taded ST it alall luSell i o
1-ethyl-3-methylcyclohexane Jis 4 sis) Ay & SV de sanall Lgd ) o8 GLS

CH,CH,

: % WCHch:;
CHs CHs

Onfie panall Lgad (55 A oo LS ASY) gl (6 Blal) GluSel) e dadin ¥ ariue 250 die
ol LS 4 ) saa dpmin g 8 (e ganall 2l (585 O g 0¥ VA (amy (815 A8 gi) Agmaa g B
dals 2a Yl sda 8 dimethylcyclohexane S yell i) el du) 5 sie Gyls ell
A A il Agmiin g (b G S (e sennall (S5 i (5 sl LAl A (Sl
JUia s pseudoaxial 438 4y e dpmamy 3 LS o LLS iKY Al a5 pseudoequatorial

cis-1,4-di-tert-butyl cyclohexane S !l s
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dipseudo-equatorial di pseudo-axial
more stable less stable

twist-boat

e 0985 ) g dadiall ¥ asiiall ils cuatsaal g de ) 5 Agy Aidia () 5<5 Al Clilal) o2a o
Anancomeric ring= <= Lu & 9599, 94y 3l gia & 6K 440 ginl daia g A Y i)
U saady Tl U S Lee alind UL 3N dgll i g gl A cpiladivuall (e ganall (DA xie

0S8 S a B Y Al o as cis-1-bromo-2-methyl cyclohexane < all Sicé aaall

s AT Al G I35 axial A sne Ay A g nl) 3,0 Lk

CHj

Br
Br ——~ EQ/CHS

more stable

[<1%2a 10-4] dsas plasinly Gueals yall A8l 8 5l DA e GLE 3V gl apaas Sy

[AGO = A(}Oequatorial - AG® axial]

CHs Br

more stable

AG® = (-0.5)-(-1.7) AG®=(-1.7)(-0.5)
=+12 =-12
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10. conformation of cycloalkanes

Lad S 1) Ll Gl 380 g Aliaie Ligl) () oS5 Alis a3yl 48U 3 (5 A e ()5S, Loind
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cis-1,2- , trans-1,3- , cis-14-

A g Ay 3 (i ganall Led ()98 Al oo WLE ISY) Al (<38 (5 AY) ISl dpilly
diequatorial

—0e IS i ) M
a. cis-1,3-dimethylcyclohexane
b. trans-1-ethyl-4-isopropylcyclohexane

CH3

. CH3
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CH3 CH3
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CH2CH3
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Uli 381 Legal 22a o3 ¢is-1-chloro-2-methyl cyclohexane «S .l w)ﬁ‘ i aa)) B

ea s/a,e criluiwd L ins oS LagalS 6 of 1 1S pall is jS ik as g SUS 0 L)
Clil] 5L ] g Yaiasall GRS i ] 3-diaxial e cilide il Lis I 55 L

[ Y2l0-2] S92 pasii
H=¢-»Cl H H
CH; —=
2 CI-H 2x1.00 = 2 kJ/mol 2 CH3-H 2x3.8 = 7.6 kJ/mol

Sl ) IS Jiay 5 Bildaie ()5S LSl ez 55 6l b Les e sene S 3 10

[11] [IH]
[H] [111]

Crried] (o S 56 G (IS ] o || Ligel) o S0 (o Lia M @ e penall 5 L1
Llisa DDl |, | oS sill daneills || S il 48Dl 5555 cpidlaia] || |
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10. conformation of cycloalkanes

Cl CHs Cl
CHs cl H
—~— —~———
H H
11| 1 H
1 Cl 11 cl I H
H H cl
CHs CHy H
H H CHs
cis-1-chloro-2-methylcyclohexane| cis-1-chloro-2-methylcyclohexane | cis-1-chloro-2-methylcyclohexane
axial ; equatorial axial ; equatorial equatorial ; axial
o A il oS A8Ne 6 Cilisy Sy i s (1], | Bl Y] 55S b e senall 5 £

(-4, 1) iliso 5SS il Lof dpsria < OSio 4Dle 8 (S il S 48Dlel] () 4556 Y rsiual)
Al SO A0 || | oSl G g 4w 400 ) G 985 I

I OH 1T I H

OH
H H
CH; OH
CH3

CHs3
trans-1-hydroxy-3-methylcyclohexanol| cis-1-hydroxy-3-methylcyclohexanol [eis-1-hydroxy-4-methylcyclohexanol
axial ; equatorial equatorial ; equatorial equatorial ; axial

gl e L ST ciis-1,3-dimethyl cyclohexane «S all (o~ SI ia aaf of ale 13) 77
i) e sanal 1,3-diaxial Ja1x (e ) dleaY) e ()5S, 588 23 kI/MoOl ke A Y)

Hz----CHs

~

CH3

diaxial conformation is 23 kJ/mol less stable than the diequatorial
(23 kJ/mol) - ( 2x3.8 kJ/mol) from 2 CH3-H = 15.4 kJ/mol
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el o LS el 0555 cis-1-chloro-3-methyl cyclohexane «S el i aal o) 75

L8 155 kJ/mol e s AY)
Bl eV dngd o)
‘)}N\ 3‘)53 ( M:.. | ic a0 (ju 1’3-d|a)(|a] JAlas o C_’L\S\ FEBA ‘)\JSA Bl o

A
CH3 H
oG
total strain energy = 15.5 kd/mol
CH3-Cl =(15.5 kd/mol ) - ( 3.8 kd/mol ) from CH3-H - ( 1.0 kd/mol ) from CI-H
=10.7 kdJ/mol

S8 Gaob oo Al LSl 8 507 e (A 9% e 0528 0303 51303 g sy Latie
el madiall S jall A (e Tan € GBI ) a5 138 (8 Lea Jla ol A8l Jaladn 5 dda
ey (Al GluSedl (& o S Aned s 505 Cigan 84 g ) Adadl ) i cyclohexene Sl
adind (5 A5 (5 siaall A1 (558 Ban 5 5 Cpisbiall (M5 2al (5 e (B 51 S I )l
538 guan sy M) JS8N 5 half-Chair (em oSI Cimi Risgs Cayad 15 LS SYT o Al o3 ()5S
Cins i 3 e (s 5Ty Sl ol 558 Agl) aay 3 Ll A1) Y 5 Al

A3 A0 gl 5 LIS Ay ) s 9 A0 sl 5 4y ) 52

H, Ha
H Hpa Hpa
Hpe <8 N _ 7 € Hpe
N N rinf-flip H —
pe —e
Hpa He ~—— P H Hpa
H, H,

H, axial Hpa pseudoaxial
He equatorial ~ Hpe pseudoequatorial
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10. conformation of cycloalkanes

S o Gl Y Aliaidl Al ol cyclohexene S e e Alafive de sans 3ga g Jla
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SHs
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O (Al ) A3 Gasy sac iy 4-t-butyl-2-methyl cyclohexanone «S el dlilzs xie #u
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sl 28 Cinsy AL s enolization dudee igas cun S1e e plSudiel) o (5 dales o) L)
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(CH3)3C CH3 B — (CH3)SC H
i HO H
H H H CHs
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10. conformation of cycloalkanes
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Cl Cl
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10. conformation of cycloalkanes

a. 1r,2t4t-trimethylcyclohexane, 1r,2t,4c-trimethylcyclohexane

93lal 5 SELS el 0585l Lae 53 IS (8 Sy ol 2w

b. 1a,2pB,4B-trimethylcyclohexane, all-cis-1,2,4-trimethylcyclohexane

c. two conformation 2t-isopropyl-5c-methylcyclohexane-1r-ol (Menthol)

d. ,
CH3
CH3 I

CHs
C“\SLLI 7
11

o B g 38T 55 g3y LS pall g Lilisl) suS) yill anyy e pa S st pladiind Lnds L)
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H CH,
CHjs H HsC
CHs \%\ cHs | CRe
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CH(CHa), CH3
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Cl Cl Cl
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10. conformation of cycloalkanes

1 Cl

cl e
o™ cl
Cl

Cl Cl
Cl Cl
| cl cl
Cl Cl
4G =[3(-0.9] - [3(-0.5] 4G = [3(-0.5] - [3(-0.5)]
= 0.00 kJ/mol = 0.00 kJ/mol
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AG® = [6(-0.9)] - 0.00
=-3.0 kJ/mol

K

AG° =+3.0 kJ/mol
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\\\\C |

Iy

Cl
Cl ////, ‘
CI\\\\\‘ .
Cl

AL NG g AUl ST
1. Cl
' rotate 180°
Cl
Cl
cl cl
Cl Cl cl

Cl

1.

Cl

[ERN
N
©



sl LSty el
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fiial Jie gana g 1,3-diaxial Jalx

CHj; CHs
Hs CH3 CH3
CHy (—~
CH CHj;
A 0 B

Ja /g ) dils YU 1,3-methyl-hydrogen diaxial & s g OB o Geati A el £
54G°(CHs-H) L/ sSdgauche butane g s (x /s

A conformation : JAG°(CH3-H) + AG gpene-butane -

AG* (CH 3 H) :AG{)gauche-bumne
=5AG°(CH3-H) = 5x3.8=19kJ/mol

S o aalg Jilais1,3-methyl-hydrogen diaxial & oo (li/ad jenaii B gl £
oLl oleall Lpa] (558 Jidsall e g 01, 3-diaxial J3/275 gauche butane
------- H

1,3-methyl-methyl diaxial
gauche-butane interaction

1,3-methyl-hydrogen diaxial

B conformation : 2AG°(CHz-H) +AG’(CH3-CH3) + AG’ gauche-buiane

=(2x3.8) + 3.8 +3.8=15.2 kJ/mol
AG®;=AG5-AG®  =3AG°( CHH) +AG’( CH5-CHg) -SAG°(CHa-H)
8.4 kJ/mol = AG°(CH3CH3)-2x3.8 => = 16 kJ/mol

¢1,3,5-trimethylcyclohexane-1,3,5-tricarboxylic (el Gl el dugl) o L Z

COoH

COH  COpH
HO,C ;@/Coﬁ COoH
Hs

more stable

3(-1.8 kcal/mob - 3(-1.7 keal/mo))
=-0.3 kcal/mol
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10. conformation of cycloalkanes
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OH OH OH OH
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HO¥ Y~ YoH|HO¥ Y YoH|HoY “/oH
1,4- OH 1,24- OH 1,35- OH
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chair conformation

eclipsed hydrogen-hydrogen interactions
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Adull Qs 4 ek )5 pseudo-gauiche ¢ st (e <BAlS sl 5 gauche g s

six eclipsed interactions

O/

A

two gauche interaction

A A

A<

four pseudo-gauche interaction

132




10. conformation of cycloalkanes

cyclooctane (Aladl ¢S oY) clia

)l Ul ) A a5 Amidie 8L <1 () K5 Lt Lgia ued (Sl g Ak i aaf ksl S D
A ()5S0 (5 slall (s S s SH A 5 ¢ Ll LAl ¢ g gilall s SIS
Bl eV a o Sl
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functional group
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10. conformation of cycloalkanes
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10. conformation of cycloalkanes
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10. conformation of cycloalkanes
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10. conformation of cycloalkanes
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10. conformation of cycloalkanes
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10. conformation of cycloalkanes
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