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2-Alicyclic Alkanes

Cycloalkanes: C_H,, (contain carbon-carbon _single bond in a single ring)
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Saturated Hydrocarbons
2. Alicyclic Alkanes

- 2 Yo .9
Cyclic Alkanes = "7\ |

* Carbon atoms in alkanes are sp hybrldlzed

(@{quWg_) C_' Putane) Coenh“) (;.ume) : .

60° / 98 108° 1 20° 1 29° 135°

= WWele ol €

k\laqj 5%4\?‘5 e C_Q,go./watf'd" —
: To optimlze the bond angles gmosteyeloalkanes ar

flat in their most stable conformation
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Alicyclic Alkanes

Nomenclature Cycloalkanes

« Alkanes with closed ring(s) of C atoms
 General formula’ C H,, (C,;Hs, C,Hg, C:H,,, etc.) Y .
« Naming: use cyclo- prefix before alkane name % y F

70 Mo/ Q s

e

cyclopropane cyclobutane cyclopentane cyclohexane
n=3 n=4 n=>5 n==06
C3Hg C,4Hg CsHyg CeHaz

Naming substituted cycloalkanes:
* 1 substituent. no numbering necessary
« 2 or more substituents: highest alpha priority on C #1

CHs

methylcyclopentane “ 1-chloro-3-methylcyclohexane
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Conformations of Cyclohexane

Cyclohexane does not have
any angle strain!" It 1sn’t a flat
N\ molecule. By rotating about

the carbon-carbon bonds; 1t can
¢ achieve 109.5° bond angles.

( (he SO\/M 6(5 i lecs
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conformations of cyclohexane

udy -

The chair conformation of cyclohexane 1s free of
e

both angle strain and torsional strain (deviation from
staggered). This 1s the most stable conformation.
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conformations of cyclohexane
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The boat conformation 1s free of angle strain, but has'a
great deal of torsional strain (eclipsed). To relieve the )7 .
strain, it twists slightly to form the tw1st boat =) { (IL = (% { 0/,_




conformations of cyclohexane



conformations of cyclohexane
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7 methylcyclohexane
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conformations of cyclohexane

S HsC

CHj; in equatorial position
1s more stable
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tert-butylcyclohexane
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conformations of cyclohexane

Glucose molecule

CHO
HOH H——OH
HO S OH H——OH
H H H——OH
CH,OH
beta-D-glucose alpha-D-glucose
all OH groups equatorial one group forced to be axial
more stable

G%q%’tO/\ (ZD\J
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2. ALKENES




The Structure of Alkenes
Gy S =<

o Alkenes are hydrocarbons that contain a €arbon-carbon double bond.

. " 3 —
o Alkenes are alsd Olefins)=> » & — ¢ ¥
N1 Kenes
o General formulais[C H,\ . AL >, e > —"M
(coelaa
o The 5|mplest members of the Alkenes seriesare C, & C3
\
5} CH,>=CH, HaC—-CH=CH,
Common name: Ethylene Propylene

[UPAC name: Ethene Propene
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The Structure of Alkenes

(
o Hybridization; sp -hybridized orbltals j/,.,( 2 / Lo ‘ﬂ

o The angle between them ig 120? and bond Iengtfi,C (1. 3@ 75.—\ ]JJ"\ \3;9

A trigonal planar. =
O g P =) (;)4).‘5,0/‘)

W sp*-hybridized  theo bond is formed by the 7 bond is formed by

carbons with p two electrons in 1wo elecironsin
overlapping parallel

orbitals parallel overlapping sp® orbitals ombitals
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Nomenclature of Alkenes

Common Names

o The simplest members of the alkene series are frequently referred to by their older
common names, ethylene, and propylene.

CH{2==CH{2 CHﬂ;C}i==CH{2

ethylene propylene

=0 | ——

(eth_ql__le) (propene)

o Two important groups also have common names; They are the vinyl and allyl groups.

o These groups are used in common names.

- CH=CH-
o V™ LH) CH— él CHs—CHCI )
C \n\hn]:J?D
etheml (chloroethene)
C H°:@LH’ CHz:CIﬁ_Cng Common name: Vinvl cvclohexane
. allyl chloride 15 [UPAC name: Cvclohexvlethene

2-propenyl) (3-chloropropene)




Nomenclature of Alkenes
The IUPAC Rules

The IUPAC rules for naming alkenes are similar to those for alkanes, but a few rules must
be added for naming and locating the multiple bonds.

1. The ending sene(is used to designate a carbon—carbon double bon@

T

2. Select the Iongesi chg_m that includes bofhﬁbons of the double bo:y
C= (QZ- (% \t not_ (,,—L C—C _

% (:: % w,h = =
C G Cc= <) 4

3. Number the chain from the end nearest the double bond so that the carbon

atoms in that bond have the lowest possible numbers.

s —s 1 2 (33_ (43 é not (53—C=C—C—C
\&o
< ;£ % /8//6/)
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Nomenclature of Alkenes

If the multiple bond is equidistant from both ends of the chain, number the chain from the
end nearest the first branch point.

K&:"’) >‘,—='—'/<r;’;\."~'r* 1 2 3 4 4 3 5 .
{ﬂ\é’]"’ eV C—C|3=C—C not C—(lj:(j_c
e_‘j/dasl
C C

4. Indicate the position of the multiple bond using the lower numbered carbon
afom of that bond.

1 2 3 4
CH,=—CHCH,CH; 1-butene, not 2-butene
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Nomenclature of Alkenes

NOTES

The root of the name (eth- or prop-) tells us the number of carbons, and the ending
(ﬂe, -ene, or -ﬂe) tells us whether the bonds are'single, double, or triple.

No number is necessary in these cases, because in each instance, only one
structure is possible.

Z}’qu“& CH;CH, CH,=CH, HC=CH \ JE d&
=) m{cvl <

ethane ethene ethyne

W @’ / CH,CH,CH; CH,=CHCH, HC=CCH,
U - I)Iuplln ]"I'«)!M‘HL‘ ]\I'(ll‘_\'i"!k'
({

With four carbons, a number is necessary to locate the double bond.

) “a
, 1 2 \ [ /¢
CHZ—CHCHZCHg CH,CH= CHCH;T&‘) /’V; C
1-but 2-but
yutene outlene U W '(/3'

&C:; D



O Branches are named in the usual way.

2 3

1 | 44 S
CH_’_)_:C_CH3 CHZZC_CHzCH3

|
CH,

methylpropene 2-methyl-1-

" < = isobutylene)

JU?}D Zfa/j CH, — CH—CH — CH—CH,

4-methyl-2-pentene

Vg/)’ Y e

S ¢ (Not 2-methyl-3-pentene;

<
— (9\ @ '9) J J the chain is numbered so

S that the double bond gets
— C) the lower number.)

Nomenclature of Alkenes

1 2 3 4
CH, —CI=<:HCH3
CH,

2-methyl-2-butene

B

CH» —C CH ,CHj;

|
CH,CH,

2-ethyl-1-butene
(Named this way,
even though there
is a five-carbon
chain present,
because that chain
does not include

both carbons of the
double bond.)
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o“With cyclic hydrocarbons, we start numbering the ring with the carbons of the double

bond.

cyclopentene
(No number is neces-
sary, because there
is only one possible
structure.)

Nomenclature of Alkenes

3-methylcyclopentene
(Start numbering at,
and number through
the double bond;
5-methylcyclopentene
and 1-methyl-2-cyclo-
pentene are incorrect
names.)

—
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Nomenclature of Alkenes

Example: Write the structural formula of 4-lsopropyl-3, 5-dimethyl-2-octene

1) The parent carbon chain is an Octene. ql ene s f’/ Q/ [ — @
The double bond is located between the 2" gnd 3 carbons

i .
oo de—c— L% ols s )ﬁJ’ G @

2) Two methyl groups are attached on the parent carbon chain, one on carbon 3 and the other on
carbon 5. CH;  CHj
1 o2 3l 4 sl 6 7. 8
C—C=C—C—C—C—C—C

3) An isopropyl group is attached on carbon 4. CH;  CHs
2 3 <.| 7
1c—‘c;='c—“Hc|:—'(:—5(:—0—80
/CH\
HiC” CHa
.. CHs> CH1
4) Put the missing hydrogens to get the correct structure. s 1H sl gH2 Ha g
CH3—C—C—(|3—S—C—C—CH3
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Diene compounds:are alkenes'with two m bon

CH,CH,CH,CH;
CHz=CHCHCH=CH,



Nomenclature of Dienes \_ ¥ anf
a \K C(A I ene

1. Find the longest chain containing both double
bonds _ iy
(PH2CH2CH2CH3 — W &Q \
CH7-CHCHCH=CH, ) _, S

] 2 3 4 5 5 &C;C\ qs

3-butyl-1,4-pentadiene

2. Use corresponding alkane name but replace the
“ne” ending with “diene”
CHZCH,CH,CHg
CHz=CHCHCH=CH,

3-butyl-1,4-pentadiene

Qc:CB \
—

“pentane” changed to “pentadiene”
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Nomenclature of Dienes

3. Number in the direction that gives the lowest number to a double bond

Y e———

=y

C&Hz éICHZCIQCH CHCH3
32 2 S <

1,5-heptadiene

not 2,6-heptadiene

4. List substituents in alphabetical order

CHj CH;CH;
CH4C—=CHCH—CCH,CH;

5-ethyl-2-methyl-2,4-heptadiene
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Nomenclature of Dienes

5. Place numbers indicating the double bond positions either in front of the
parent compound or in the middle of the name immediately before the
diene suffix

CHj CH;CH;
CH4C—=CHCH—CCH,CH;

5-ethyl-2-methyl-2,4-heptadiene C _ > C >) _Jj @/

or 5-ethyl-2-methyl-hepta-2,4,-diene
R Y,
S0 o L \>)4me/3\ @)M*
C“’3 S (3) O Uﬁ 3
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Nomenclature of Dienes

Example:
.o L=
<D W
CH
& | )| } 4
CH2=C=CH2 CH2=C_CH=CH2
systematic: propadiene 2-methyl-1,3-butadiene
common: allene isoprene

! p =\ /,\/
= 2500 s
Br s 3 (/VQQ/O\/LD 89/‘}

S

5-bromo-1,3-cyclohexadiene

T o S A0 | O A=
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Types of Dienes <& Dienes

= "¢ When double bonds are separated by at least one sp3 carbon,
7 _ isolated diene —

2o S R ¢ CHy=CH— CH,— —CH=CH; B&PB

 When double bonds are separated by only one single bond (i.e. four
sp? carbons in a row), conjugated diene s ,@7

CH;CH=CH—CH=CHCHj;
a conjugated diene

* When both sets of double bonds emanate from the same carbon,

cumulated diene — <
CH;—CH=C=CH—CH;j4
— = a cumulated diene ',
(—<=< an allene ( l/‘,/p})‘i )



Dienes

Relative Stabilities of Dienes . _
con ﬁmLz_’J \;1 -

* Conjugated dienes are more stable than isolated dienes =)

because o} ,,y’c/‘/p\, Il
* An sp?-sp? single bond is shorter and stronger than a sp3-sp?
. -_— —re—— —
single bond
v
single bond formed by single bonds formed by
sp’—sp? overlap sp3—sp? overlap

\

1,3-butadiene 1.4-pentadiene //«@V D \ Y /) Y
= Resonance also stabilizes the conjugated diene <) _
CHz_ﬁ—ﬁ_CHz — Cvﬁ_\%(:CHZ — CHz_El—ﬁ—CHz _ o

© Prentice Hall 2001 Chapter 7 76 5 E ! r /5
e S® {C, <
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Dienes
Relative Stabilities of Dienes

* Doubly-bonded carbons in isolated and conjugated dienes all are
sp? hybridized

* The central carbon in a cumulated diene is sp hybridized

» R4 | X -55:-;.-::;:..4(;)«, B .
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