Alkanes & Cycloalkanes

© 2000, Paul R. Young
University of Illinoisat Chicago, All Rights Reserved

Organic Chemistry OnLine ©1999, 2000



Alkanes

Alkanesrepresent the most basic functional group
within organic chemistry. They contain only carbon
and hydrogen; all carbonsare sp® and all bond angles
are 109.5°.
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Orbital hybridization in alkanes

Recall that an sp® hybrid arisesfrom the
combination of four atomic orbitalsto form a
molecular orbital with tetrahedral geometry.
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Methane (CH,) the simplest alkane

Again, methaneistetrahedral
with dihedral angles of 109.5°.

“Ball and
Stick” Model

“Space Filling” Model
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Physical properties of smple alkanes
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Number of Carbons

For simple straight-chain alkanes, boiling and melting
points generally increase with increasing chain length.
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The dependence of the boiling and melting points on chain
length can be explained in terms of increasing attractive van
der Wallsinteractionsasthe chain length increases.
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Nomenclature of smple alkanes

According to |UPAC convention, the chemical name of an
alkaneisbased on thelength of the parent chain. The
name is composed of a prefix to indicate the number of
carbonsin the parent chain, followed by the suffix, ane to
indicate the functional group isan alkane.

Prefix Number of Carbons
meth...
eth...
prop...
but...
pent...
hex...
hept...
oct...
non...
dec...

Boo~vwouonrwNnrk
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|UPAC rulesfor the nomenclatur e of
simple (unbranched) alkanes

The nameiscomposed of a prefix toindicate the
number of carbonsin the parent chain, followed by
the suffix, ane toindicate the functional group isan
alkane

Wv\v;
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|UPAC rulesfor the nomenclatur e of
simple (unbranched) alkanes

The nameiscomposed of a prefix toindicate the
number of carbonsin the parent chain, followed by
the suffix, ane toindicate the functional group isan

U
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|UPAC rulesfor the nomenclatur e of
simple (unbranched) alkanes

The nameiscomposed of a prefix toindicate the
number of carbonsin the parent chain, followed by
the suffix, ane toindicate the functional group isan

U

pentane

heptane
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|UPAC rulesfor the nomenclatur e of
simple (unbranched) alkanes

The nameiscomposed of a prefix toindicate the
number of carbonsin the parent chain, followed by
the suffix, ane toindicate the functional group isan
alkane

heptane
® hexane
pentane
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Branched alkanes also have widely used

commaon names.

CH3\
CH— isopropyl

cHy

CH3\
CH— sec-butyl

CH4CH/

CHj3

\

CH—CH,— isobutyl
cHY

e
CHy—C— tertbutyl

|
CHjy
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|n branched alkanes, carbons ar e often
classified by their degree of branching...

CHj CH,
CH— isopropy! CH —CH,— isobutyl

cHy cHy .
primary (1°): bonded to

oneother carbon

CHy CHa
CH— sec-butyl CH3—C|:— tert-butyl

CH4CH/ CH,
secondary (2°): bonded tertiary (3°): bonded

to two other carbons tothree other carbons
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|UPAC rulesfor the systematic
nomenclatur e of branched alkanes

1. For branched alkanes. thelongest continuous chain
determines the base name for the alkane.

e T L
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|UPAC rulesfor the systematic
nomenclatur e of branched alkanes

1. For branched alkanes. thelongest continuous chain
determines the base name for the alkane.

e T L

Indicate the longest continuous carbon chainsin
the molecules shown above.
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|UPAC rulesfor the systematic
nomenclatur e of branched alkanes

1. For branched alkanes. thelongest continuous chain
determines the base name for the alkane.

A" T 1

Indicate the longest continuous carbon chainsin
the molecules shown above.
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2. Number the atomsin the chain, beginning at the end
nearer thefirst substituent on thechain. If thereare
substituents occurring at equal distances from both ends
of the chain, begin numbering at the end providing the
lowest number sequence at the first point of difference.
When two equal chains compete for selection as base
chain, choose the one with the greatest number of
substituents.
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2. Number the atomsin the chain, beginning at the end
nearer thefirst substituent on thechain. If thereare
substituents occurring at equal distances from both ends
of the chain, begin numbering at the end providing the
lowest number sequence at the first point of difference.
When two equal chains compete for selection as base
chain, choose the one with the greatest number of
substituents.

Indicate and number the longest continuous
carbon chain in the molecule shown above.
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2. Number the atomsin the chain, beginning at the end
nearer thefirst substituent on thechain. If thereare
substituents occurring at equal distances from both ends
of the chain, begin numbering at the end providing the
lowest number sequence at the first point of difference.
When two equal chains compete for selection as base
chain, choose the one with the greatest number of
substituents.

4 2 1 4 2

Indicate and number the longest continuous
carbon chain in the molecule shown above.
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2. Number the atomsin the chain, beginning at the end
nearer thefirst substituent on thechain. If thereare
substituents occurring at equal distances from both ends
of the chain, begin numbering at the end providing the
lowest number sequence at the first point of difference.
When two equal chains compete for selection as base
chain, choose the one with the greatest number of
substituents.

identical chains

N

4 2 1 4 2

Indicate and number the longest continuous
carbon chain in the molecule shown above.
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2. Number the atomsin the chain, beginning at the end
nearer thefirst substituent on thechain. If thereare
substituents occurring at equal distances from both ends
of the chain, begin numbering at the end providing the
lowest number sequence at the first point of difference.
When two equal chains compete for selection as base
chain, choose the one with the greatest number of
substituents.

not
4 5 11 4

The chain shown on theright isnot selected
because it hasfewer substituents.
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3. Substituentson the chain are named asalkyl radicalsand
are numbered using the numbering system from (2).
When two or more substituents areidentical, use the
multipliers: di-, tri-, tetra-, etc. Namesareto be
arranged alphabetically without regard for these
multiplier prefixes. Writethe name asa singleword,
using hyphensto separ ate prefixes and commasto
separate numbers.
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3. Substituentson the chain are named asalkyl radicalsand
are numbered using the numbering system from (2).
When two or mor e substituents areidentical, usethe
multipliers: di-, tri-, tetra-, etc. Namesareto be
arranged alphabetically without regard for these
multiplier prefixes. Writethe name asa singleword,
using hyphensto separ ate prefixes and commasto
separate numbers.

Indicate and number the longest continuous
carbon chain in the molecule shown above.
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3. Substituentson the chain are named asalkyl radicalsand
are numbered using the numbering system from (2).
When two or more substituents areidentical, use the
multipliers: di-, tri-, tetra-, etc. Namesareto be
arranged alphabetically without regard for these
multiplier prefixes. Writethe name asa singleword,
using hyphensto separ ate prefixes and commasto
separate numbers.
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3. Substituentson the chain are named asalkyl radicalsand
are numbered using the numbering system from (2).
When two or more substituents areidentical, use the
multipliers: di-, tri-, tetra-, etc. Namesareto be
arranged alphabetically without regard for these
multiplier prefixes. Writethe name asa singleword,
using hyphensto separ ate prefixes and commasto
separate numbers.

1

Number and name the substituents...
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3. Substituentson the chain are named asalkyl radicalsand
are numbered using the numbering system from (2).
When two or more substituents areidentical, use the
multipliers: di-, tri-, tetra-, etc. Namesareto be
arranged alphabetically without regard for these
multiplier prefixes. Writethe name asa singleword,
using hyphensto separ ate prefixes and commasto
separate numbers.

2,2,6-trimethyl
4-propyl
1

Number and name the substituents...
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3. Substituentson the chain are named asalkyl radicalsand
are numbered using the numbering system from (2).
When two or mor e substituents areidentical, usethe
multipliers: di-, tri-, tetra-, etc. Namesareto be
arranged alphabetically without regard for these
multiplier prefixes. Writethe name asa singleword,
using hyphensto separ ate prefixes and commasto
separate numbers.

2,2,6-trimethyl
4-propyl
1

Number and name the substituents...
...arrange these alphabetically and writethe name.
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3. Substituentson the chain are named asalkyl radicalsand
are numbered using the numbering system from (2).
When two or more substituents areidentical, use the
multipliers: di-, tri-, tetra-, etc. Namesareto be
arranged alphabetically without regard for these
multiplier prefixes. Writethe name asa singleword,
using hyphensto separ ate prefixes and commasto
separate numbers.

1

2,2,6-trimethyl-4-propyloctane
not 3,7,7-trimethyl-5-propyloctane
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4. Complex substituents are numbered from the point of
attachment to the main chain and areincluded in
parenthesis.
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Complex substituents are numbered from the point of
attachment to the main chain and areincluded in
parenthesis.

Indicate and number the longest continuous
carbon chain in the molecule shown above.
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Complex substituents are numbered from the point of
attachment to the main chain and areincluded in
parenthesis.
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Complex substituents are numbered from the point of
attachment to the main chain and areincluded in
parenthesis.

Number and name the substituents...
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Complex substituents are numbered from the point of
attachment to the main chain and areincluded in
parenthesis.

10

2,3-dimethyl
6-(2-methylpropyl)

Number and name the substituents...
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Complex substituents are numbered from the point of
attachment to the main chain and areincluded in
parenthesis.

10

2,3-dimethyl
6-(2-methylpropyl)

Number and name the substituents...
...arrange these alphabetically and writethe name.
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. Complex substituents are numbered from the point of
attachment to the main chain and areincluded in
parenthesis.

2,3-dimethyl-6-(2-methylpropyl)decane
or 6-isobutyl-2,3-dimethyldecane
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5. Cycloalkanes are named by adding the prefix cyclo.
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5. Cycloalkanes are named by adding the prefix cyclo.

O A @

cyclopentane cyclopropane cyclohexane
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6. Substituentsare numbered to give thelowest possible
numbers, or lowest possible number at thefirst point of
difference. If morethan onetype of substituent is
present, begin numbering alphabetically.

Hyc _,CHs
UNch
O:CHs -
CH,CH,

CH,CH;
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6. Substituentsare numbered to give thelowest possible
numbers, or lowest possible number at thefirst point of
difference. If morethan onetype of substituent is
present, begin numbering alphabetically.

Hyc _,CHs
UNch
C :CHs CH
CH,CH3 CH,CH,4

Number thering carbonsin the
molecules shown above.
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6. Substituentsare numbered to give thelowest possible
numbers, or lowest possible number at thefirst point of
difference. If morethan onetype of substituent is
present, begin numbering alphabetically.

CHj

~cH

CZ: CH; CHj
1™ CH,CH;

CH,CH,

H3C
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6. Substituentsare numbered to give thelowest possible
numbers, or lowest possible number at thefirst point of
difference. If morethan onetype of substituent is
present, begin numbering alphabetically.

H3C\C|1|CH3
C 2: CHj CHs
' TCH,CH3 CH,CH3

Namethe substituents...
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6. Substituentsare numbered to give thelowest possible
numbers, or lowest possible number at thefirst point of
difference. If morethan onetype of substituent is
present, begin numbering alphabetically.

H3C\C|1|CH3
C 2: CHj CHs
' TCH,CH3 CH,CH3

Namethe substituents...
1-ethyl and 2-methyl
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6. Substituentsare numbered to give thelowest possible
numbers, or lowest possible number at thefirst point of
difference. If morethan onetype of substituent is
present, begin numbering alphabetically.

H3C\C|:|CH3
C 2: CHj CHs
' TCH,CH3 CH,CH3

Name the substituents...
1-ethyl and 2-methyl
...arrange alphabetically and write the name.
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6. Substituentsare numbered to give thelowest possible
numbers, or lowest possible number at thefirst point of
difference. If morethan onetype of substituent is
present, begin numbering alphabetically.

H3C\C|1|CH3
C 2: CHj CHs
' TCH,CH3 CH,CH3

1-ethyl-2-methylcyclohexane
Name the substituents...
1-ethyl and 2-methyl
...arrange alphabetically and write the name.
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6. Substituentsare numbered to give thelowest possible
numbers, or lowest possible number at thefirst point of
difference. If morethan onetype of substituent is
present, begin numbering alphabetically.

2 CH3 3 2 CH3
: ' T CH,CH3 1> CH,CHj

1-ethyl-2-methylcyclohexane

Namethe substituents...
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6. Substituentsare numbered to give thelowest possible
numbers, or lowest possible number at thefirst point of
difference. If morethan onetype of substituent is
present, begin numbering alphabetically.

2 CH3 3 2 CH3
: ' T CH,CH3 1> CH,CHj

1-ethyl-2-methylcyclohexane

Name the substituents...
1-ethyl, 2-methyl and 3-isopropyl (or 3-methylethyl)
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6. Substituentsare numbered to give thelowest possible
numbers, or lowest possible number at thefirst point of
difference. If morethan onetype of substituent is
present, begin numbering alphabetically.

2 CH3 3 2 CH3
: ' T CH,CH3 1> CH,CHj

1-ethyl-2-methylcyclohexane

Name the substituents...
1-ethyl, 2-methyl and 3-isopropyl (or 3-methylethyl)
...arrange alphabetically and write the name.
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6. Substituentsare numbered to give thelowest possible
numbers, or lowest possible number at thefirst point of
difference. If morethan onetype of substituent is
present, begin numbering alphabetically.

2 CH3 3 2 CH3
: ' T CH,CH3 1> CH,CHj

1-ethyl-3-isopropyl-2-

1-ethyl-2-methylcyclohexane methylcyclohexane

Name the substituents...
1-ethyl, 2-methyl and 3-isopropyl (or 3-methylethyl)
...arrange alphabetically and write the name.
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Provide an acceptable lUPAC name for the following:
CH,

CHs Br\C[CHs
CH,CH3

CH,CHj
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Provide an acceptable lUPAC name for the following:

CHa
CHj

2> CH,CHg

2-ethyl-1,1-
dimethylcyclohexane

Br 2 _2_CH,
X
1 CH,CH,
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Provide an acceptable lUPAC name for the following:

CHa
CHj

2> CH,CHg

2-ethyl-1,1-
dimethylcyclohexane

Br 2 _2_CH,
X
1 CH,CH,

4-bromo-1-ethyl-2-
methylcyclohexane
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Provide an acceptable lUPAC name for the following:

HsC. . CHs
Br 3C

CH3CH L oH,
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Provide an acceptable lUPAC name for the following:

HsC. . CHa
4 2 > _Br SC

5
CH,;CHy L CH,

2-bromo-1-chloro-5-ethyl-1-
methylcyclohexane
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Provide an acceptable lUPAC name for the following:

3
Br
4 2

5
CH,;CHy & CH,

2-bromo-1-chloro-5-ethyl-1-
methylcyclohexane

Isopropylcyclopentane
or
(methylethyl)cyclopentane
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Provide an acceptable lUPAC name for the following:

CHjy

CH3;CHy CHjy
CH,
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Provide an acceptable lUPAC name for the following:

CH,

CH3CH, CH3
CHg

2-cyclobutyl-5-methylhexane
not
(1,4-dimethylpentyl)cyclobutane

...iIf the“sidechain” has more carbons
than the cycloalkane, it isthe main chain

Organic Chemistry OnLine ©1999, 2000




Provide an acceptable lUPAC name for the following:

2-cyclobutyl-5-methylhexane .
not 5-ethyl-1,1,3-trimethyl-2-

(1,4-dimethylpentyl)cyclobutane  (2-methylpentyl)cyclohexane
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Provide an acceptable lUPAC name for the following:

H H __CHCl

~
H CHj3
CH,CH4
CH,
I
H3C. CxemnCH3y
CH
I \CH -Cl
CHj
H
\
H
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H H. _CH,CI
H\ /CHZCI ’ 2
H CH3 CH2CH3
CH,CHg H™ “CHj
CH,

I
H,C. CxmmCH4
CH
I \CHZCI
CH,
H
\
H
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H 5 _CH,CI

H
H - /CHZCI ’
H CH, 2CH2(13H3 3-chloromethylpentane

CH,CH,4 H™ "CHj

CH3 Organic Chemistry OnLine ©1999, 2000




H_ s _CH,Cl

H
H ~ /CHZCI ’
H CH, ZCH2(1:H3 3-chloromethylpentane

CH,CH3 H™  “CHj

CHj3
H3C_ 3 " omCH
---- my
3 ‘CH/CZ:\ S 1,3-dichloro-2,2-dimethylbutane
I CH,CI
Cl L
CHj3
H
\
H
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H H CH,CI
H ~ /CHZCI ’ 3 2
H CH, 2CH2C1:H3 3-chloromethylpentane

CH,CHj S CH3

1,3-dichlor 0-2,2-dimethylbutane

1,2-dimethylcyclopropane
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But thisname is ambiguous
since we can draw two isomers
of 1,2-dimethylcyclopropane.

1,2-dimethylcyclopropane

1,2-dimethylcyclopropane
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In order to differentiatethe
stereochemistry of thetwo
isomers, we use cis- and trans-
in the name.

trans- ...opposite sides trans-1,2-dimethylcyclopropane

Cis ..sameside cis-1,2-dimethylcyclopropane

Organic Chemistry OnLine ©1999, 2000




Calculating “ Degrees of Unsaturation”

General Formula for an Alkane:

C2H6 C4H 10 C10H22 C40H42 '

ORe

CHp,  GsHio
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Calculating “ Degrees of Unsaturation”

General Formula for an Alkane:

C2H6 C4H 10 C10H22 C40H42 '

CnH2n+2 ..wheren isany integer

ORe

CHy,, CsHig
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Calculating “ Degrees of Unsaturation”

General Formula for an Alkane:

C2H6 C4H 10 C10H22 C40H42 '

CnH2n+2 ..wheren isany integer

For a Cycloalkane: O Q

CHy,, CsHig
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Calculating “ Degrees of Unsaturation”

General Formula for an Alkane:

C2H6 C4H 10 C10H22 C40H42 '

CnH2n+2 ..wheren isany integer

For a Cycloalkane: O Q
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For cycloalkanes, every two “missing” hydrogensarereferred
to asone " degree of unsaturation”.

CGH 14 D N C:6H2(6)+2

CgHyo O CoHae)

...one degree of unsaturation
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Calculate the degrees of unsaturation in the following
compounds:

CHj
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Calculate the degrees of unsaturation in the following
compounds:

CHj

C7H 12 C7H 14
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Calculate the degrees of unsaturation in the following

compounds:
O/ CH3

C7H12 C7H14
2(7) +2=16
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Calculate the degrees of unsaturation in the following

compounds:
O/ CH3

C7H 12 C7H 14

...iwo degrees of
unsatur ation

2(7) +2=16
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Calculate the degrees of unsaturation in the following

compounds:
O/CH3
CHy, CHy,
...iwo degrees of ...one degr ee of
unsaturation unsaturation

2(7)+2=16
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Calculate the degrees of unsaturation in the following

compounds:
O/ CH3
CHy, CHy,
...iwo degrees of ...one degr ee of
unsaturation unsaturation

2(7)+2=16
One degree of unsaturation for every ring.
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Calculate the degrees of unsaturation in the following
compounds:

One degree of unsaturation for every ring.

: CHj

C7H12 C7H14
...iwo degrees of ...one degree of
unsatur ation unsatur ation

When counting ringsin a polycyclic compound,
you are not allowed to retrace any path, only to
connect atoms following new paths.
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Calculate the degrees of unsaturation in the following
compounds:

One degree of unsaturation for every ring.

: CHj

C7H12 C7H14
...iwo degrees of ...one degree of
unsatur ation unsatur ation

When counting ringsin a polycyclic compound,
you are not allowed to retrace any path, only to
connect atoms following new paths.
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Calculate the degrees of unsaturation in the following
compounds:

One degree of unsaturation for every ring.

: CHj

C7H12 C7H14
...iwo degrees of ...one degree of
unsatur ation unsatur ation

When counting ringsin a polycyclic compound,
you are not allowed to retrace any path, only to
connect atoms following new paths.
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Calculate the degrees of unsaturation in the following
compounds:

~afe ()

The concept of degrees of unsaturation can also
be applied to alkenes, alkynes and carbon
compounds containing heter oatoms.
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Calculate the degrees of unsaturation in the following
compounds:

~afe ()

C6H 12 ClOH 16
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Calculate the degrees of unsaturation in the following
compounds:

~afe ()

CGH 12 ClOH 16

...onering and two
doublebonds; three
degrees of unsaturation

...onedoublebond; one
degree of unsaturation

2(6) + 2 =14 2(10) +2=22
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For compounds containing oxygen, simply ignor e the oxygen
and calculate based on carbons and hydrogens:

OH
(@
C5H100 CSH 100
..onering; onedegree  ..onering; onedegree
of unsaturation of unsaturation

2(5)+2=12 2(5) +2 =12
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For compounds containing nitrogen, subtract one hydrogen
for each nitrogen, and calculate based on remaining carbons
and hydrogens:

H
| NH.,
N

W

CsH N ="CgHpy" CsHy N ="CgH "

..onering; onedegree  ..onering; onedegree
of unsaturation of unsaturation

2(5)+2=12 2(5) +2 =12
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Calculate the degrees of unsaturation in the following
compounds: H

C25 H 400
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Calculate the degrees of unsaturation in the following
compounds: H

O

C25 H 400

..4ringsand two double bonds; six degree
of unsaturation

2(25) + 2 =52
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Calculate the degrees of unsaturation in the following
compounds:
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Calculate the degrees of unsaturation in the following
compounds:

C8H8
Five degree of unsaturation, thereforefiverings.

2(8) +2=18
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Calculate the degrees of unsaturation in the following
compounds:

CeHg

Five degree of unsaturation, thereforefiverings.

When counting ringsin a polycyclic compound,
you are not allowed to retrace any path, only to
connect atoms following new paths.

Organic Chemistry OnLine ©1999, 2000




Calculate the degrees of unsaturation in the following
compounds:

CeHg

Five degree of unsaturation, thereforefiverings.

When counting ringsin a polycyclic compound,
you are not allowed to retrace any path, only to
connect atoms following new paths.
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Calculate the degrees of unsaturation in the following
compounds:

CeHg

Five degree of unsaturation, thereforefiverings.

When counting ringsin a polycyclic compound,
you are not allowed to retrace any path, only to
connect atoms following new paths.
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Calculate the degrees of unsaturation in the following
compounds:

CeHg

Five degree of unsaturation, thereforefiverings.

When counting ringsin a polycyclic compound,
you are not allowed to retrace any path, only to
connect atoms following new paths.
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Calculate the degrees of unsaturation in the following
compounds:

CeHg

Five degree of unsaturation, thereforefiverings.

When counting ringsin a polycyclic compound,
you are not allowed to retrace any path, only to
connect atoms following new paths.
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Calculate the degrees of unsaturation in the following

compounds:

Five degree of unsaturation, thereforefiverings.

CeHg

When counting ringsin a polycyclic compound,
you are not allowed to retrace any path, only to
connect atoms following new paths.
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Calculate the degrees of unsaturation in the following
compounds:
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Calculate the degrees of unsaturation in the following
compounds:

C,H,, = 6 degrees of
unsatur ation

and

\\\\4
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Calculate the degrees of unsaturation in the following
compounds:

C,H,, = 6 degrees of
unsatur ation

and

\\\\/

Organic Chemistry OnLine ©1999, 2000




13C NMR Spectroscopy

© 2000, Paul R. Young
University of lllinoisat Chicago, All Rights Reserved
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Nuclear Magnetic Resonance

Nuclei of isotopeswith an odd number of protons, an odd
number of neutrons, or both, exhibit mechanical spin
phenomena which are associated with angular momentum.

Thisangular momentum is characterized by a nuclear spin
guantum number, | such that,

| =%,n, wheren isan integer.

When | =0, nuclel do not posses spin angular momentum and
are NMR-silent; 12C, 160 are examples of this.

Nuclei with | =%/, posses spin angular momentum and can be
studied in the NMR; theseincludeH, 13C, 1°F, 31P, etc.
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Atomic nuclei are charged, and nuclei with spin generatea
small electric and magnetic field surrounding the nucleus.

When a nucleuswith spin of 1/, isplaced in a magnetic field, the
nuclel will tend to orient either parallel to thefield (low energy)
or anti-parallel thefield (high energy). Thelower energy stateis
slightly more populated.

External 1 / 1 /
Magnetic I=+1h I=-1h
Field
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If electromagnetic radiation of the appropriate energy interacts
with the nucleus, the two electric fields can couple and ener gy
from theradiation can be absorbed. When a nucleus absor bs
energy in thismanner, it undergoes a change in spin orientation
(a spin-flip) and the nucleusis said to bein resonance with the
incoming electromagnetic radiation.

External _ 1/ _ 7
Magnetic I=+1, I=-1,
Field
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A schematic representation of a ssimple NMR spectrometer.

RF Oscillator
(60 MHz)

RF DetectorRecorder

Detector

Coil

Sweep Coil
1.41 T Tunable Magnet
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If all nuclei of a given type underwent the change in spin
orientation at the same frequency, NMR spectroscopy
would be of little value. In fact, the frequency at which
resonance occurs in a nucleus depends largely upon the
electronic environment surrounding that nucleus.

This is because the valence electrons around the nucleus
are caused to circulate by the applied magnetic field. This
circulation, termed a local diamagnetic current, induces a
local magnetic field that is oriented to oppose the applied
field. The net result is that the nucleus feels a reduced
magnetic field; that is, the applied field has been shielded
by the local diamagnetic current.
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Nuclei which arein electron rich environmentswill undergo
transition at a higher applied field than nuclei in electron poor
environments.

Larger
Resultant
Larger A RSmél‘“ef Field Al smaller
esultant i
L ocal Eidd e Local Field
- _> <_ _-— -
Applied Field Applied Field
HO HO HO HO
electron rich electron poor

H- H-—
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Chemical shiftsin 13C NMR are sensitive to electronegative

environment.
(o] o]

Ao\ b
/(‘)I\ | —

(0] /l(lj\ Cl:Hz

/u\R /U\ —CH,-Cl I_
T o —CH,-Br
H —CH,-O —CHy
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Chemical shiftsin 13C NMR are sensitive to electronegative

environment.
0] o}
A o
/(‘)I\X | — |
/l?\ ﬁNHR —CN i %HZ
—CH Ol
oF 0 OR —CH,-Br
H oH "N —CH,-0- —CH,
(s I | e [ W —|
"0 1e0 160 w120 100 s 60 40 20 0
ppm, d
. . observed shift
Chemical shift () = x106 = ppm

oscillator frequency

(parts per million)
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Chemical shiftsin 13C NMR are sensitive to electronegative
environment.

/Eo)i _|H“Simple”
/E @ " carbons
X

X
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Chemical shiftsin 13C NMR are sensitive to electronegative
environment.

| “Simple
" carbons’

T T T T T T
200 180 160 140 120

T
100
ppm,

d

Electronegative groupstend to move NMR signals from attached

carbonsto higher ppm values.
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Chemical shiftsin 13C NMR are sensitive to electronegative
environment.

/Eo/li @ | “Simple

“fcarbons’

T T T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0
ppm‘d

e Electronegative groupstend to move NMR signals from attached
carbonsto higher ppm values.

¢ Themn-system of alkenes and aromatic compounds strongly
deshield nuclei and move them to higher ppm values.
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Chemical shiftsin 13C NMR are sensitive to electronegative
environment.

/E )i | “Simple
1 K
X

Hcarbons’

X

AR
100 80 60 40 20 0
ppm, 4

T T T
160 140

e Electronegative groupstend to move NMR signals from attached
carbonsto higher ppm values.

¢ Themn-system of alkenes and aromatic compounds strongly
deshield nuclei and move them to higher ppm values.

e Carbonyl carbonsare strongly deshielded and occur at very high
ppm values.
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The hydrogenswhich are attached to a carbon also have a
spin of Y/, and will ther efore generate small, local magnetic
fields depending on their orientation.

Organic Chemistry OnLine ©1999, 2000




The hydrogenswhich are attached to a carbon also have a
spin of Y/, and will ther efore generate small, local magnetic
fields depending on their orientation.

T H /H T
- Thelocal fields can
~  enhancetheapplied field.

Increasethe
local field.

~=

I
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The hydrogenswhich are attached to a carbon also have a
spin of Y/, and will ther efore generate small, local magnetic
fields depending on their orientation.

lH\C/Hl

- Thelocal fields can
H T opposetheapplied field.
0
Decreasethe Increasethe
local filed. local field.
~ ~=

W
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The hydrogenswhich are attached to a carbon also have a
spin of Y/, and will ther efore generate small, local magnetic
fields depending on their orientation.

TH\C/Hl

= Thelocal fields can
~  cancel, having no effect

Ho on the applied fidd.
Decreasethe Increasethe
local filed. local field.

—~— =

U1
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The hydrogenswhich are attached to a carbon also have a
spin of Y/, and will ther efore generate small, local magnetic
fields depending on their orientation.

lH\C/HT

= Thelocal fields can
~  cancel, having no effect

Ho on the applied fidd.
Decreasethe Increasethe
local filed. local field.

—~— =

LTI
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The hydrogenswhich are attached to a carbon also have a
spin of Y/, and will ther efore generate small, local magnetic
fields depending on their orientation.

H\ /H
C
- The net effect isthat the
B carbon will sensethree

Ho separ ate magnetic fields.
Decreasethe No Increasethe
local filed.  effect. local field.

,_HHHHH

LTI
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Therefore, the attached hydrogens will split the 3C NMR
signal into three peaks, in theratio of 1:2:1 (atriplet).

H H
\C/

- In general, n attached
- hydrogenswill split the

Ho absorbanceinto (n+1) peaks.
Decreasethe No Increasethe
local filed.  effect. local field.

,_Hf-‘Hr-h.

LTI
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Thelow natural abundance of the 13C isotope contributesto a
large noise-signal ratioin 13C NMR spectra. In spite of the
noise, splitting between the carbon and the attached
hydrogens can generally be observed. Again, according to
the (n + 1) rule, n attached hydrogenswill split a 13C
absorbanceinto (n+1) peaks.
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Thelow natural abundance of the 13C isotope contributesto a
large noise-signal ratioin 13C NMR spectra. In spite of the
noise, splitting between the carbon and the attached
hydrogens can generally be observed. Again, according to
the (n + 1) rule, n attached hydrogenswill split a 13C
absorbanceinto (n+1) peaks.

quartet; 53.9 ppm:
aCH,

triplet; 79.9 ppm:
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The3C NMR spectrum can be significantly improved
utilizing a technique called proton decoupling, in which the
attached protons areirradiated constantly, randomizing their
local magnetic fields, destroying the coupling and making the
peak into asinglet.
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The3C NMR spectrum can be significantly improved
utilizing a technique called proton decoupling, in which the
attached protons areirradiated constantly, randomizing their
local magnetic fields, destroying the coupling and making the
peak into asinglet.

—
H |
Radiation which is

= absorbed by the
- attached hydrogens.
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The3C NMR spectrum can be significantly improved
utilizing a technique called proton decoupling, in which the
attached protons areirradiated constantly, randomizing their
local magnetic fields, destroying the coupling and making the
peak into asinglet.

Proton decoupling off.
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The3C NMR spectrum can be significantly improved
utilizing a technique called proton decoupling, in which the
attached protons areirradiated constantly, randomizing their
local magnetic fields, destroying the coupling and making the
peak into asinglet.

AARMAAAL T T RRARA LA LA R T
200 180 160 140 120 100 80 60 40 20
ppm, d

Proton decoupling on.
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The enhancement in signal intensity which isobserved isa
result of the Nuclear Overhauser Effect, in which some of the
energy from the attached proton istransferred to the13C
nucleus. This effect, however, isuneven and the observed peak
intensities are not proportional to the number of carbons
giving riseto the absor bance.

i i

i i

|
g AN T A SV A ,Alm b e 5 A
T

T T T T T T T T T T T T T T T T
200 180 160 140 120, leO 80 60 40 20
ppm,
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The enhancement in signal intensity which isobserved isa
result of the Nuclear Overhauser Effect, in which some of the
energy from the attached proton istransferred to the13C
nucleus. This effect, however, isuneven and the observed peak
intensities are not proportional to the number of carbons
giving riseto the absor bance.

quartet; 53.9 ppm:
) aCH,
triplet; 79.9 ppm: |
aCH, |
i J
' 2(‘)0 18‘0 16‘0 14‘0 ' Izopp:n, dlll)O ' 8‘0 ' (ISD ' 4‘0 ' ;0
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13C NMR tellsustwo things...
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13C NMR tellsustwo things...

» Thechemical shift tellsusthe electronic environment
(smple, aromatic, alkene, adjacent to electronegative
groups, etc.)
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13C NMR tellsustwo things...

» Thechemical shift tellsusthe electronic environment
(smple, aromatic, alkene, adjacent to electronegative
groups, etc.)

* Thesplitting tellsusthe number of equivalent hydrogens
attached to that carbon (n hydrogens gives n+1 peaks).
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Simple alkanes appear in the region 20-50 ppm; secondary
and “interior” carbonsare shifted to higher valuesduetoto
steric effects.

234 475
14.0 b 300 265 143
NI o~ 344 237
265  39.0 14.0
23.4
336 20.6
336 44.1 206 s
435
87 438 20.6
33.6 206
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Carbons adjacent to electronegative atoms appear in the
region 40-80 ppm; again, steric effects can increasethis
value.

14.0 338 14.6 455 12.9 239
215 18.7 217 1177
(@)
OH 147 o a7 775 775
7'8\% 78 NN
661  66.1 357 35.7
329 329 9
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Carbonylsarevery highly shifted and appear in therange
170-210 ppm; ketonesarethemost deshielded (highest 6
values; generally > 200) and esters, amides and acids are the

lowest.

\/km
24.5
/U\eo
CHy

195

/[bg 5 /U\?l 0 99.2
CH CH;

326 17.3

171 2 CH 128. 0
CH; “ 315 | 1965

147 137 6
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Simple alkene carbons appear in theregion 110-150 ppm;
alkyne carbons are generally 70-90 ppm and carbons
attached to alkynes are highly shielded, appearing below 10

ppm.

125.3
=
125.3

16.7

1151 435

137.3 1373

68.7 5.6

Ta0 NS

249

12.8

16.7

1151

116.3 136.9

136.9 116.3

84.4 o
\/ ~N

152.7 53.6

12.7

81.9 ~

15 756 10.3
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Arenesappear in theregion 120-160 ppm; examining the
number of singlets and doubletsin the benzene region gives
information regarding ring substitution.

1284 1292 1205  114.1
o 120.8
1205 1141
128.4 129.2 56.0
1984 1286 27 0 1292 1320
112. 5
132.9 1965 1328 c=N
137.4 1165
1284 1286 1292 1320
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How many peakswill appear in the proton-decoupled 13C
NMR for the compound shown below?

There will befive peaksin the proton-decoupled 3C NMR.
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How many peakswill appear in the proton-decoupled 13C
NMR for the compound shown below?

10.2 20.1
1179 134.7
26.1

There will befive peaksin the proton-decoupled 3C NMR.
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How many peakswill appear in the proton-decoupled 13C
NMR for the compound shown below?

Therewill bethree peaksin the proton-decoupled 13C NMR.
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How many peakswill appear in the proton-decoupled 13C
NMR for the compound shown below?

plane of symmetry

Therewill bethree peaksin the proton-decoupled 13C NMR.
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How many peakswill appear in the proton-decoupled 13C
NMR for the compound shown below?

23.4

35.0

425 234 planeof symmetry

42.5 234

234
Therewill bethree peaksin the proton-decoupled 13C NMR.
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How many peakswill appear in the proton-decoupled 13C
NMR for the compound shown below?

CH30

CHj,

Therewill be eight peaksin the proton-decoupled 3C NMR.
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How many peakswill appear in the proton-decoupled 13C
NMR for the compound shown below?

56.0
CH,0
1619 1148
138.7
129.4 Ha
22.3
1215 1111

Therewill be eight peaksin the proton-decoupled 3C NMR.
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How many peakswill appear in thearomatic region of the
proton-decoupled 13C NMR for the compound shown below?

CHj,

CH,

Therewill bethree peaksin the proton-decoupled 33C NMR.
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How many peakswill appear in thearomatic region of the
proton-decoupled 13C NMR for the compound shown below?

N
5 o
e© .

CH,

Therewill bethree peaksin the proton-decoupled 33C NMR.
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How many peakswill appear in thearomatic region of the
proton-decoupled 13C NMR for the compound shown below?

Therewill bethree peaksin the proton-decoupled 33C NMR.
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