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1-Ethyl-1-methylcyclobutane
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CHy.  ,CHs /H CHs

HII\VZIH H3C|.\VA|H

cis-1,2-Dimethylcyclopropane trans-1,2-Dimethylcyclopropane

Cl Cl

uf

B
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Br Br

cis-1-Bromo-2-chlorocyclobutane  frans-1-Bromo-2-chlorocyclobutane

(2) a2y LARJNTL A EANY =34 42

ALO|Z2 2272l ==3(C) #Z=H(C)
Cyclopropane (CsHe) —127.7 -32.7
Cyclobutane (CsHs) -50.0 -12.5
Cyclopentane (CsHio) -93.9 493
Cyclohexane (CgHiz) 6.6 80.7
Cycloheptane (C7H1a) -12.0 118.5
Cyclooctane (CgHis) 14.3 148.5

H 41 o{3 71X| Afo|2 270l =2 dF
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Torsional Strain(HIE2 F2|): XX = ASE20| olste] M7= 22|

XFS0| M2 7127 QIxIsHor & mf M7= 2

5120] 109,570l A Ot T A7|= Dal(sp® BA XY A#2)

2
- Steric Strain(X| £2|):
$o AR Ao|2RYA 18 PR T 5 .
F

O
=

F

- Angle Strain(Zt22|): &

(2 9444 532
alkane AH a1a ES 1L
CH3CH2CH3s -530.6
CH3CH>CH>CHz —687.4 -156.8

CH3CH,CH>CH,>CHg —845.2 -157.8
CH3CH,CH>CH,CH,CH3z -1002.5 -157.3
22 A& 270! AIEo thet AHxa Bk
HALE2 AH ‘o1 (CHp)= CHEF 157.4kcal/molO|Ct

H 4.2
!

Mot Bta 5

Z2 Aks LAIQI0IM AL
- 23|17} 9= AO|IZ2L A0 AH ea= AH ea(CHo)Q| HEZ-0|0{0F BT},
AH E_._(CnHZn) =n X AHog_).\_(CHQ)

@ AO|Z2Z=2HQIe] 12| 22| At
H,
C

/\
Hzc_CHZ
nz2|F27t gl= AOIZS2ZE2HQ X0l thEh ALY
AH°sx = 3 x 157.4 = 472 2kcal/mol

AH s1. = 499 8kcal/mol
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- Alo|Z22o 2l 2Xte| Ta|Ral: 499.8 — 4722 = 27.6 kcal/mol
Ta| 27ICn) | AHwsINZY | AHCan(MEZ)  HAI 2 CHj,’E'Ig
=
3 —472.2(—1976) | —499.8(2091) | 27.6(115) 9.2(38)
4 —-629.6(—2634) | —655.9(2744) | 26.3(110) 6.6(28)
5 —787.0(-3293) | —793.5(3320) 6.5(27) 1.3(5.4)
6 —944 A(—3951) | —944 5(3952) 0.1(0.4) 0.0(0.0)
7 -1101.8(-4610) | —1108.2(4637) 6.4(27) 0.9(3.8)
8 —1259.2(—5268) = —1269.2(5310) | 10.0(42) 1.3(5.4)
9 —1416.6(-5927) | —1429.5(5981) | 12.9(54) 1.4(5.9)
10 —1574.0(—6586) | —1586.0(6636) | 14.0(59) 1.4(5.9)
1 —1731.4(=7244) | —1742.4(7290) | 11.0(46) 1.1(4.6)
12 -1888.8(—7903) | —1891.2(7913) 2.4(10) 0.2(0.8)
14 —2203.6(—9220) | —2203.6(9220) | 0.0(0.0) 0.0(0.0)

H 4.3 o3 7tX| AO|Z22 A1 HAAHO| ALtgtat HRZE (keal/mol TH)

(@) A FI= A|FRLANY F2oF FH O = "
- Azt 22|(angle strain)2t sp’ BAE AT} Do A MAMY 7 Hhk2{o] E[AQ

2
109.5" 2ot AL AE ©f B7Isk= oHX|IE et

60° 90° 144°
\ \ 3

A A

small internal angles
angle strain

large internal angles
angle strain

- 2|
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2RI B2 2H[H| HH! AHO| O|F0X|X| 7| 2ol =I5tk

\ \

poor overlap
weak bond

good overlap
strong bond
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(4) AfelZEFAA
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HISE
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EHAl 1 " 52 VE 842t
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ZUB(SE 24) 2AQ} HEYS (AT $4) 24 T2|7| VS (up) $49 2
(down) £=A T12|7|
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6 4
P,
2 Parallel
1 \y
/i/-srxré
£ g
21|
4 =A(670)2F £2] 2(671) E= up £A(67H)2 down F=A(67H)E Lis = U2
L #B-4% AL up—down $49} O} 20| gich,
Fo £
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H . H ,;)
H2 CH,

39D
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ball-and-stick model of the
chair conformer of cyclohexane

Newman projection of
the chair conformer

Chair conformer of
cyclohexane

® m2| HEE By
- HO2[E LAt 20| AOIS2MRIE oF HEHEDH EXlsk= 40| OfL|Ct,
Twist this

carbon down

Twist this
carbon up
Boat conformation Chair conformation

Chair conformation
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- Cyclohexane2| & 2JX} JEfl= 12| BHHE Sall ti HENE A o= Hetd = U
Cf, 2| 20| LOLIH 8 AR X AT S MetEC)

...become... ...equatorial H's(in blue).

Axis H's(in blue)....

J
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9 ¥ ] v...f )
boat conformation
12| FUEOR Q5 & Wi fAt SH W SAE ASHE ELL £ WE 2
AL ST T SATL ET, SF WE SAE 5 US4 HOL
odEH

- AfO|ER23EINM|212| oKXt YEl= EE HEHELCE 7kecal/molB2HE O OHHSICH HE
ot "@H Mo U= Ul BAof ZEE ZE SAS0| EX U7 W20 HISE F2

E o o AN
7t Ao{A SQr™sict ESH HEQ| & &0f U= F +AALH =2, flagpole hy—
drogen)= x| F2|E JhXEICt

(a) Chair (b) Boat

These hydrogens are “Flagpole” H are now

very far apart. amost in contact.

J

it S S =
=

These hydrogens .
are staggered. They are now eclipsed.

Steric repulsion: transannular strain

Newman projection of
the boat conformer

Eclipsing
Boat cyclohexane
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10.8 kacl/m keal/mol 3
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5.5 kacl/mol
(23.0 kd/mol)
_____ Sl N oxt

- 1121 HiS(twist boat conformation)
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Br
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2 d}5t bromocyclohexane Z{ = &kt bromocyclohexane

1, 3-0|5WE ARG SY| XE

= |7t ZME o, CHE &+ 7Ho| =eet s Xt
HE|7t FIRN drls YAIRE, & WE x(etr]el 2717t 245 MoIZ=EM e ¥
EiZt =rgstAl ElCh.

e s

methyl

H =95:5

@ HIEALO|ZZ28IM|2l(methylcyclohexane)o| Satst

HE we Y

H H H ) Y
H CH, Y H CH, H
H CH, H H CH3 H
H H H H
Yol chsl Qte| vl Yoil CHal 1RA| B
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Ol(cyclohexane)OlA2] T2A| ASERS 1,3-0|FHef ASER0|2} RE ¥ A=
Mo B L putane gauchell SUSH AISEHR0|C}
CH, H H H CHs
HsC H H 2 H
H H H H
H H H
DA AEAE 13-0 58 MFHE
- FEEF HIEAOIZ 2SN Q! ¢ FEIQIS] TA| e STt
gauche
(:Hf\v H
- , _CHy H
g 7
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H CH; H
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H H
Newman projection
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s i MEus-SuE HIE
x|2t7] SSEEC=RE YA Fol (TS 0IA)
(kJ/mol)
—Cl 2.0 70 : 30
—OH 4.2 83 : 17
—CHs 7.6 95:5
—CH>CHs 8.0 96 : 4
—CH(CHs)2 9.2 97 : 3
—C(CHa)s 22.8 9999 : 1
H 4.4 HIIX| x[g7lof et 1.3-0|5WE HSEE
Substituent A—Value Substituent A—Value Substituent A—Value
F 0.15 OH 0.87 CN 0.17
Cl 0.43 O-Ts 0.5 C=CH 0.41
Br 0.38 OSi(CHs)s 0.74 CH=CH> 1.35
| 0.43 OCH2CH3 0.9 CO2CHs 1.27
CHs 1.7 O—-Ac 0.6 COzEt 1.2
CH2CHjs 1.75 CH20Ts 1.75 COCHs 1.17
CH(CHs)2 2.15 CH2'Bu 2
Ph 8 NH2 1.6
C(CHs)s >4 NHs" 1.9
Si(CHas)s 2.5 N(CHs)s 2.1
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axial tert-butyl group H
WCH3
- = | ‘CH3
. H CHs;
H
H /C“"CHg 100%
®  CH,

o

o

(2) A&717F F 7N A= A|ERYA

AOIZ2AI2! 12lof A= C-C Zgf AHA|7t

2l 3
B0 Q= 18S O Zoz SFAIZ 4 glct

@ 1, 2-CIO|HZAIOIZRHIEQIC] MZ THE F 7HX| O 8EA|
Al OldEAME F 250l 122 22 Fol| JUct. EA o|dEA= F 28 0| 12

Q| greiZol UCt.

These two compounds cannot be interconverted.

v .

CH; CHs,

CHz CHj
1 CH3 above and 1 CH3 below

2 CHg's above the ring

two groups on opposite sides

two groups on the same side



e

04 roizzae9!
2 Afo|2 2ol

ORGANICSTORY Z#0|2
@ o|x|eH=
cis-1-Fluoro-4-methylcyclohexane :
= dlsk +1.7 keal/mol s
= \CH3 F/;; +5k: +0.25 keal/mol
H - o
F CH3 AG° = -1.45 kcal/mol
T \ (-6.07kJ/mol)
H | 3=1]
g gy S
2R = e A2 R[] & e
A2 &y Mk gkt H 2 XE7| Myt
g ot sict oy
trans-1,4-Dimethylcyclohexane
H CH3 ==—— = g5k +1.7 keal/mol
H
H
CHz <=—— £ a3} +1.7 keal/mol

o|=4tsk methyl?|S
+3.4 kcal/mol (14.2 kJ/mol)

o oHy:

0|M T gtsk methyly|&
2t ok

3t wrol2
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1,1-Dimethylcyclohexane

1-t-Butyl-1-methylcyclohexane

cis-1,2-Dimethylcyclohexane

trans-1,2-Dimethylcyclohexane

cis-1,3-Dimethylcyclohexane

trans-1,3-Dimethylcyclohexane

cis-1,4-Dimethylcyclohexane

trans-1,4-Dimethylcyclohexane
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Conformation Structures of Disubstituted Cyclohexanes
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ofz{ 12| £2te| Hel
1) HFolagx

D decaline?| A|0|AEIX|: cis—decalinel} trans—decaline

SSR O o

trans-decaline

@ decaline?| 12|HtH

12| gk H
H e —. —
A B
H L
22| g 27}
'H
v H
H Sy i
@ cis—decaline?| IRA| ASEE0 =H EY
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(@) telolme| =

A 1-carbon bridge - Q
A 2-carbon bridge —> 0 W™ g

Bridgehead carbons

Norbornane
(bicyclo[2.2.1]heptane)

@ olmalTx aErEe FEY

Bicyclo[3,2,1]octane

TN

Je|g o o SEESTYEE
ZACEIEORE my e 2
Bt (E ARE)

PN

Bicyclo[1.1.1]pentane

N

Bicyclo[1.1.0]butane Bicyclo[2.1.1]hexane

Bicyclo[2.2.2]octane

A5

Bicyclo[2.2.1]heptane Bicyclo[3.2.1]octane
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@) 71 e 4s-24d

Ats) o HES SR ZEE EA EAHCH MI|ISHEETF 2 ¥ Agtele
B ;U2 EX0| ZetE EtAof| BtARDCH M7 |SHEF X2 XL Zelste A
et
C-0 g+ 37
H H
| ) i o " o " )
H—C—H —> H—C—OH ——— /C:O —_— /C=O ——> 0=C=0
b H H HO
most reduced most oxidized
form of carbon form of carbon

D M7 |ISH= OIS 08T Atgpe Al
= [e]

St U= F HA & WIISg=7t 2 'R0l -1, HUISd=ETT 22 EAt

+1 +1 +1 +1
H H H H
| |1 |1 1
+1 H— C—H+ +1H—C—OH +1H—C—NH, +H—C—Cl
47 2] 2] 2]
H H H H
+1 + +1 +1
C=-(+1+1+1+1)  C=-(-1+1+1+1) C=-(-1+1+1+1) C=-(-1+1+1+1)
=4 =2 =2 =2
+1
*TH H H H
+1 1_0 \ / I ol
H—C=C—H 2C=Co “H—=C—C—H
/ \ 37
+H H H H
+1
C=-(0+1) C=-(0+1+1) C =-(0+1+1+1)
=41 =-2 =3
least CH bonds ‘I BIKIDATION most CH bonds
REDUCTION
2 2 +1 +1
o o i i
Il Il =
20=C=0- +1H—C—OH +IH—C—H+1
20=C=0-2 H/C\OH /g\ ] ]
+1 A +1 +1 H H
+1 +1
C=-(-2-2) C=-(-2-1+1) C =-(-2+1+1) C =-(-1+1+1+1) C =-(+1+1+1+1)
=+4 =+2 =0 =-2 =-4

« " OXIDATION
REDUCTION

most CO bonds most CH bonds
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