Chapter 13

compds to form chains : open-chain compds

compds to form ring : cyclic compds —— alicyclic compds

|

chemistry is similar
nomenclature to open-chain compds
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intramolecular rxn cf) intermolecular rxn

cycloaddition

cycloalkane : halogenation by free radical mechanism

|
O
cycloalkene : égo 2 é A 6
\ Br
Br, é/Br



Ni, H,

A ?HZ_CH2_$H2
H H
Clz, FeCl3 X/—\ X
> CHy~CHy~CH, v v T
Cl Cl N Y
conc. H,SO,
C|:H2_CH2_C|:H2
H OH

general trend
for addition rxn alkene » cyclopropane » cyclobutane

Baeyer : strain theory —= deviation from 109.5°  cyclopropane : 109.5 — 60 = 49.5°
cyclobutane : 109.5 - 90 =19.5°

heats of combustion — relative stabilities — —CH,— group of open-chain alkane
157.4 kcal

|
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compare wi Table 13.2
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puckered rings are flat’ Baeyer theory

l

cylopropane : planar

cyclobutane
cyclopentane

l

large rings are stable —— Is it easy to synthesize them? —= No
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the larger ring <——  Why?

!

the longer chain

{
the less likely the
two ends of the chain
approach each other

: puckered in spite of increased angle strain

high <intramolecular rXn
dilution intermolecular rxn

the greater overlap of atomic orbital —» the stronger bond —> C:109.5°

for the strongest

higher _  weaker - __ for cyclopropane __ bond

tivit overlap o
reactivity bond (Fig 13.3) 60

less



quantum mechanics : 0
7A — high p character
-s
H \\/( from SI; p?) locate largely
sp 2 outside the ring

}

more <«—— more exposed

reactive
chemistry of conformational angle strain, tortional strain, van der Waals strain
cyclic compd analysis dipole-dipole interaction (steric strain)

cyclohexane

% :@:ﬁ perfectly staggered. free of angle strain
chair form tortional strain
{

the most stable energy minimum

l conformer
Aﬂ/agpole H eclipsed, tgrtional strain, van der Waals (sum of
\ / radius 2.5 A) strain between flagpole H's (1.83A)
boat form - l
not conformer

but transition

<« energy maximum
l state between &y

two conformers

u minimize flagpole-flagpole interactions energy minimum
] relieve tortional strain
twist boat l
l conformer
d at the highest energy barrier = Fig13.7
half chair

cyclopentane — puckered at the cost of angle strain due to tortional strain

cyclobutane —— puckered at the cost of angle strain due to tortional strain



238 /—\ axial

7 H

trans -1,2-dimethylcyclohexane

cis-1,2-dimethylcyclohexane

2.3 zx is favorable distance

u HH H/—\ equatorial
o HA 34
ntoH
more interaction —> 1 3-diaxial interaction
H '\N\N\NCH3
CH 1.8 kcal H 2 CHjz»vH : 1.8 kcal
o 3 2
less l
H . .
interaction 1 CH;»H :0.9 kcal
0
gauche n-butane
interaction
OH . . .
@ @‘ different orientation in space —  stereoisomer
OH l
OH HO ‘ ‘
not conformational isomer . ho interconversion
I 1 but configurational isomer by rotation
diastereomer <——— not mirror image
I :cis
Il : trans
OH , HO
j\’ E @ OH
HO : OH HO
not superimposable meso
enantiomer

T = N
CH;

diequatorial diaxial CH,
H;C  CH, CH; CH;,

eg-ax ax-eq



trans is more stable than cis : the same distance between methyl groups.
the difference is 1,3-diaxial interactions.
~ 1.8 kcal/mole is more stable.

t-Butyl group locks the molecule in a single conformation.
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H;,C  CH, H,C CH;

not superimposable

not interconvertible not superimposible

enantiomer interconvertible
Elimination
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anti-elimination syn-elimination
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electronically periplanar eliminations are the most favorable.

anti-elimation is more favorable due to conformational effects

Cl 25% 75%

CH3 : : CH3

1-Pr 1-Pr

due to
anti-elimination

cyclohexane : syn-elimination —  difficult

cyclopentane : syn-elimination —  easy



o uv }ll

CH=N=N —— CH, H—C: singlet

diazomethane lose
methylene, carbene =

Pll energy
CH=C-0 Y- CH, H—C- triplet
ketene (diradical)
— hv
CH2N2 in / \ (1) - \v,
stereospecific

hv
CH,N, in /=/ @ — /A

| |
CH,: + >:< — | —C=C— | —— stereospecific electrophilic
singlet CH, addition
CH,N, in —/ (g) or o/ (g — cis/trans

| . .
CH,» + Y~ — —9—(.3— — non-stereospecific free-radical
triplet CH, addition

U

. | |
cycloaddition cf) CH, + —?—H — —?—CHz—H (insertion)

tBuOK H H

CH,CH=CHCH, + CHCl H;CC—CCH;

PLON
Cl” cl

CHCl; + tBuO™ :CCl; + tBuOH

> 1,1-elimination
«CCly; — CCl, + cClI°

CHyCH=CHCH; + :CCl, —= H;CHC-CHCH,
U ccl,

believed to be singlet —> stereospecific addition (syn)



CHyl, + Zn(Cu) — ICH,Znl (not free carbene but carbenoid)

||
_C__C_
\C:C/ + ICH,Znl — N — /%\ (stereospecific)
VAN CH,
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cyclic ethers
O
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1,4-dioxane furan tetrahydrofuran (THF)

18-crown-6 : g o interior : hydrophilic
U

18 atoms in the ring {i

6 oxygen atoms

_C> exterior : lipophilic

hole : 2.7& diameter

U
K* :2.66 A diameter

) ) potassium salt can U
loose ion pair <= e geliveredinto <=  fit to 18-crown-6

organic layer
U

anion is very reactive

18-crown-6 : host 15-crown-5 —> Na*
. > — antibiotics
K : guest 12-crown-4 = Li*
epoxide : |
—C-C—
O

(oxirane )



Ag

CH=CH, + 0O, - Y ethylene oxide

(],3r Br
BrCH,CH,-OH + OH~ = CH,~CH, — H,C—CH, | — N/

0
@ + Ph-C—0-O-H — <)o + PhCOOH

epoxide is reactive due to angle strain.
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CH;O (cat) + H,C—CH, — CH;0CH,CH,0 CH;0CH,CH,0H
0 +
CH,0°

(require strong Nu under
alkaline conditions)

'/\ 1o

H,C-CH, + RMgX —= RCH,CH,0MgX RCH,CH,0H
e

(not for other epoxides)
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bond-making = bond-breaking
steric effect is important.
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crowding is less
< important.

H,C

more bond-breaking
less bond-making

OR
H,C—C—CH,0H
CH,

not Sy1
( Sn2-like >

U

olefin + Br, + H,0
+ INj3 or BrN;



