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5.5: SEQUENCE RULES FOR SPECIFYING CONFIGURATION

After completing this section, you should be able to

1. assign Cahn-Ingold-Prelog priorities to a given set of substituents.
2. determine whether a given wedge-and-broken-line structure corresponds to an R or an S configuration, with or without the aid of

molecular models.
3. draw the wedge-and-broken-line structure for a compound, given its IUPAC name, complete with R or S designation.
4. construct a stereochemically accurate model of a given enantiomer from either a wedge-and-broken-line structure or the IUPAC

name of the compound, complete with R or S designation.

Make certain that you can define, and use in context, the key terms below.
absolute configuration
R configuration
S configuration

When designating a structure as R or S, you must ensure that the atom or group with the lowest priority is pointing away from you, the
observer. The easiest way to show this is to use the wedge-and-broken-line representation. You can then immediately determine
whether you are observing an R configuration or an S configuration.

To name the enantiomers of a compound unambiguously, their names must include the "handedness" of the molecule. The method for this is
formally known as R/S nomenclature.

INTRODUCTION
The method of unambiguously assigning the handedness of molecules was originated by three chemists: R.S. Cahn, C. Ingold, and V. Prelog
and, as such, is also often called the Cahn-Ingold-Prelog rules. In addition to the Cahn-Ingold system, there are two ways of experimentally
determining the absolute configuration of an enantiomer:

1. X-ray diffraction analysis. Note that there is no correlation between the sign of rotation and the structure of a particular enantiomer.
2. Chemical correlation with a molecule whose structure has already been determined via X-ray diffraction.

However, for non-laboratory purposes, it is beneficial to focus on the (R)/(S) system. The sign of optical rotation, although different for the
two enantiomers of a chiral molecule,at the same temperature, cannot be used to establish the absolute configuration of an enantiomer; this
is because the sign of optical rotation for a particular enantiomer may change when the temperature changes.

STEREOCENTERS ARE LABELED (R) OR (S)
The "right hand" and "left hand" nomenclature is used to name the enantiomers of a chiral compound. The stereocenters are labeled as (R)
or (S).
The Cahn-Ingold-Prelog rules of assign priorities the groups directly bonded to the chiral carbon. Having ranked the four groups attached
to a chiral carbon, we describe the stereochemical configuration around the carbon by orienting the molecule so that the group with the
lowest ranking (4) is given a dash bond to indicate it points directly away from us. We then look at the three remaining substituents, which
now appear to radiate toward us which is shown by using wedge bonds. If a curved arrow drawn from the highest to second-highest to third-
highest ranked substituent is clockwise, we say that the chirality center has the (R) configuration (Latin rectus, meaning “right”). If an arrow
from is counterclockwise, the chirality center has the (S) configuration (Latin sinister, meaning “left”). To remember these assignments,
think of a car’s steering wheel when making a Right (clockwise) turn. Note, the (R) or (S) configurations represent the two enantiomers of a
chiral molecule. The (R) or (S) configuration is often added as a prefix, in parenthesis, to a chiral molecule's name to indicate which
enantiomer is being discussed (e.g., (R)-2-bromobutane). If more than chiral carbon is present in a chiral molecule, each carbon's number is
included before the (R) or (S) configuration. Ex: (2R,4S,6R)-2-bromo-6-chloro-4-methylheptane.

 OBJECTIVES

 KEY TERMS

 STUDY NOTES
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SEQUENCE RULES TO ASSIGN PRIORITIES TO SUBSTITUENTS
Before applying the (R) and (S) nomenclature to a stereocenter, the substituents must be prioritized according to the following rules:

RULE 1
First, examine at the atoms directly attached to the stereocenter of the compound. A atom with a higher atomic number takes precedence
over a atom with a lower atomic number. Hydrogen is the lowest possible priority atom, because it has the lowest atomic number.
1. The atom with higher atomic number has higher priority (I > Br > Cl > S > P > F > O > N > C > H).
2. When comparing isotopes, the atom with the higher mass number has higher priority [ O > O or N > N or C > C or T ( H) > D

( H) > H].

RULE 2
If there are two or more substituents which have the same element directly attached to chiral carbon, proceed along the substituent chains
until a point of difference is found. Determine which of the chains has the first connection to an atom with the highest priority (the highest
atomic number). That chain has the higher priority.

For example: an ethyl substituent takes priority over a methyl substituent. At the connectivity of the stereocenter, both have a carbon atom,
which are equal in rank. Going down the chains, a methyl has only has hydrogen atoms attached to it, whereas the ethyl has two hydrogen
atoms and a carbon atom. The carbon atom on the ethyl is the first point of difference and has a higher atomic number than hydrogen;
therefore the ethyl takes priority over the methyl.
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The "-H" (left) ranks lower than the "C-" (right) based on the relative molecular weights at the first point of difference.
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 EXAMPLE 5.5.1
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For the following pairs of substituents, determine which would have the higher and lower priority based on the Cahn-Ingold-Prelog
rules. Explain your answer.
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Answer
A 1-methylethyl substituent takes precedence over an ethyl substituent. Connected to the first carbon atom, ethyl only has one other
carbon, whereas the 1-methylethyl has two carbon atoms attached to the first; this is the first point of difference. Therefore, 1-
methylethyl ranks higher in priority than ethyl, as shown below:
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The "C-" (right) ranks higher than the "H-" (left) based on 

the first point of difference and their relative atomic numbers.
However:
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In this case, even though the bold carbon on the right structure has two 

connections to a non-hydrogen atom (C), it is the lower priority. 
This is because one of the atoms attached to the bold carbon on the left molecule  

ranks higher than any of the atoms attached to the bold carbon on the right structure, 
since Br has a higher atomic number than C.

Caution!! 
Keep in mind that priority is determined by the first point of difference along the two similar substituent chains. After the first point
of difference, the rest of the chain is irrelevant.
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 WORKED EXERCISE 5.5.1
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When looking for the first point of difference on similar substituent chains, one may encounter branching. If there is branching,
choose the branch that is higher in priority. If the two substituents have similar branches, rank the elements within the branches until
a point of difference.
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RULE 3
For assigning priority, multiple bonds are treated as if each bond of the multiple bond is bonded to a unique atom. For example, an alkene
substituent (CH =CH-) has higher priority than an ethyl substituent (CH CH -). The alkene carbon priority is "two" bonds to carbon atoms
and one bond to a hydrogen atom compared with the ethyl carbon that has only one bond to a carbon atom and two bonds to two hydrogen
atoms. Similarly, alkyne substituent (HCC-) would have an even higher priority because the alkyne carbon is treated as if it is bonded to
three carbons. This method remains the same with compounds containing a carbonyl (C=O) group. The carbon of an aldehyde substituent
(O=CH-) is treated as if it is bonded to a hydrogen and two oxygen atoms.
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DETERMINING (R) OR (S) CONFIGURATION USING A MOLECULAR MODEL
In order to demonstrate how to determine the (R)/(S) configuration of the chiral carbon in the following molecule using molecular models,
first construct a model of the bromoethanol structure:

H3C
C

HO
H
Br

First make a molecular model of a tetrahedral carbon with four different substituents. In many cases, this will appear as a carbon with four
bonds with a different colored ball attached to each bond.
For the molecule in question, determine the location of the chiral carbon and assign CIP priorities to the substituents. In this case, Br gets
the highest priority because it has the highest atomic number. The O in the OH substituent gets priority 2 and the C in CH  gets priority 3.
Lastly, H gets the lowest priority, 4, because it has the smallest atomic number.

H3C
C

HO
H
Br
1

2

3

4

Now take your molecular model and orientate it to match the molecule in question. Remember in the dash/wedge representation, two
regular bonds are in the plane of the page. The wedge bond is coming toward you and the dashed bond is going away from you. If you were
to hold a piece of paper directly in front of you, the substituents with the regular bond should both be touching the piece of paper. The
dashed bond should be pointing behind the piece of paper and the wedge bond should be pointing in front.

2 3 2

3
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In this structure, the bromine is going away from you, the hydrogen is coming toward you and the hydroxide and methyl groups are
in the plane of the page.

Then based on the position, assign each substituent on the chiral carbon a colored ball on your molecular model. In this case, bromine is
going away so it is assigned the green ball. The hydrogen is coming toward you so it is assigned the blue ball. The last two substituents are
in the plane of the page, however, the CH  is positioned higher so it is assigned the red ball which leaves OH being assigned the black ball.

Lastly, grab onto the ball for the lowest priority substitutent, in this case the blue one, and point the other three substituents towards you.
The three bonds should be angled towards you as if they all have wedge bonds. Assign the original substituents and their corresponding CIP
priorities to the three colored balls. The green ball was assigned to bromine which was given priority one. The OH was assigned to the black
ball and given priority two. The CH  was assigned to the red ball and given priority three. In this case the priorities are going counter
clockwise so the chiral carbon has an (S) configuration.

= =

CH3

Br OH

3

1 2

(S )-configuration

DETERMINING (R) OR (S) CONFIGURATION WITHOUT A MOLECULAR MODEL
If a molecular model cannot be used there are a couple of simple methods which can be applied if the dash/wedge bond system is being
used.

After assigning CIP priorities, if the lowest priority substituent (4) is on the dash bond the configuration of substituents 1-3 can be assigned
directly. As shown in the figure below, the configuration of substituents 1-3 does not change when moving to sight down the bond of
substituent 4. In both cases, substituents 1-3 are ordered in a counterclockwise fashion which gives the chiral carbon an (S) configuration.
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The opposite is true if the lowest priority substituent (4) is on the wedge bond. As shown in the figure below, the configuration of
substituents 1-3 is inverted when moving to sight down the bond of substituent 4. When the lowest priority substituent is on the wedge
bond, the configuration of substituents 1-3 can be assigned directly only if the direction is inverted. i.e. clockwise = (S) and
counterclockwise = (R).
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With the lowest priority group in front, drawing an arc from 1 to 2 to 3 gives the reverse of the configuration.

However, if the lowest priority substituent is on one of the regular bonds when the dash/wedge system is being used then configurations are
best assigned by changing perspectives. This method can also be used if the three-dimensional configuration of the chiral carbon is
represented. First, locate the chiral carbon and assign CIP priorities to its substituents. Then while perceiving the drawn molecule as a three-
dimensional image, mentally change your perspective such that you are looking down the bond between the chiral carbon and the lowest
CIP ranked substituent (#4). If done correctly, the bonds for substituents 1-3 should be coming towards you as wedge bonds. You can then
follow the direction of the CIP priority numbers to determine the (R)/(S) configuration of the chiral carbon.
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Locate the chiral carbon and assign CIP priorities to its substituents.
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Mentally sight down the bond between the chiral carbon and the lowest CIP ranked substituent.

This bond is shown in magenta.
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(R)-configuration

Follow the direction of the CIP priority numbers to determine the (R)/(S) configuration.

DRAWING THE STRUCTURE OF A CHIRAL MOLECULE FROM ITS NAME
Draw the structure of (S)-2-Bromobutane:
1) Draw the basic structure of the molecule and determine the location of the chiral carbon.

H

C

Br

CH3H3CH2C *

2) Determine the chiral carbon's substituents and assign them a CIP priority.
-H (Priority 4)

-CH  (Priority 3)

-CH CH  (Priority 2)
-Br (Priority 1)

3) Draw the chiral carbon in a dash/wedge form and add the lowest priority substituent to the dash bond. In this case, the lowest priority
substituent is -H.

C H*

4) Add the remaining substituents in a clockwise fashion for (R) and a counterclockwise fashion for (S).

3

2 3
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The molecule posed in this question has an (S) configuration so the remaining substituents are added in a counterclockwise fashion.
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(S )-2-bromobutane

1) Orient the following so that the least priority (4) atom is paced behind, then assign stereochemistry ((R) or (S)).

2) Draw (R)-2-bromobutan-2-ol.

3) Assign (R)/(S) to the following molecule.

4) Which in the following pairs would have a higher CIP priority?
a. -H or -Cl
b. -Br or -I
c. -CH OH or -OCH
d. -CH CH  or -CH=CH
e. -NH  or -OH

5) Rank the following substituents in order of their CIP priority:

a. -H, -OCH , -CH OH, -OH
b. -OH, -CO H, -CH=O, -CH OH
c. -CN, -NH , -CH=O, -NHCH
d. -SH, -SCH , -OH, -OOCH

6) Determine if the chiral carbon in the following molecules have an (R) or (S) configuration. Red = Oxygen & Blue = Nitrogen.

a)

 EXERCISE 5.5.1

2 3

2 3 2
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3 2

2 2

2 3
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b)

Answer
1) A is (S) and B is (R).

2)

GLmol

GLmol
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3) The stereocenter is (R).

4)
a. -Cl
b. -I
c. -OCH
d. -CH=CH
e. -OH

5) Rank the following substituents in order of their CIP priority:

a. -OCH , -OH, -CH OH, -H,
b. -OH, -CO H, -CH=O, -CH OH
c. -NHCH , -NH , -CH=O, -CN
d. -SCH , -SH, -OOCH  -OH

6)
a) The chiral carbon is (R). The four substituents of the chiral carbon are -OH (1), -NH  (2), -CH  (3), and -H (4). Then looking
down the lowest priority bond, you should roughly see what appears in the picture below. The substituents with priorities 1-3 are
ordered in a clockwise fashion so the chiral carbon is (R).

b) The chiral carbon is (S). The four substituents of the chiral carbon are -CO H (1), -OH (2), -CH CH CH  (3), and -H (4). Then
looking down the lowest priority bond, you should roughly see what appears in the picture below. The substituents with priorities 1-
3 are ordered in a counterclockwise fashion so the chiral carbon is (S).

Identify which substituent in the following sets has a higher ranking.

a. -H or -CH
b. -CH CH CH  or CH CH
c. -CH Cl or CH OH

Answer
a. -CH
b. -CH CH CH
c. -CH Cl

3

2

3 2

2 2

3  2

3 3,

2 3

2 2 2 3

 EXERCISE 5.5.2
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Identify which substituent in the following sets has a higher ranking.
a. -NH  or -N=NH
b. -CH CH OH or -CH OH
c. -CH=CH  or -CH CH

Answer
a) -N=NH
b) -CH OH

c) -CH=CH

Place the following sets of substituents in each group in order of lowest priority (1 ) to highest priority (4 )

a. -NH , -F, -Br, -CH
b. -SH, -NH , -F, -H

Answer
a) -CH < -NH < -F, < -Br

b) -H < -NH < -F, < -SH

Place the following sets of substituents in each group in order of lowest priority (1 ) to highest priority (4 )
a. -CH CH , -CN, -CH CH OH, -CH CH CH OH
b. -CH NH , -CH SH, -C(CH ) , -CN

Answer
a) -CH CH < -CH CH OH < -CH CH CH OH, < -CN

b) -C(CH ) < -CH NH  < -CN < -CH SH

Assign the following chiral centers as (R) or (S).

Br

F I

H SH

H CH3

HH

Cl CH3

Bra) b) c)

Answer
a) (S): I > Br > F > H. The lowest priority substituent is going backwards so following the highest priority, it goes left
(counterclockwise).

b) (R): Br > Cl > CH  > H. Using a model kit, you need to rotate the H to the back position where the Br is. This causes the priority
to go to the left (clockwise) when looking at it with the H in the back position. Alternatively, if you do not have a model kit, you can
imagine the structure 3-dimensionally and since the lowest priority (H) is facing up (as drawn), if you look at it from below, starting
with Br (1  priority) and moving towards Cl (2  priority), you are moving right (clockwise) which represents (R) stereochemistry.
c) Neither (R) or (S): Since there are two identical substituents (H’s) the molecule is achiral and cannot be assigned (R) or (S).

 EXERCISE 5.5.3
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 EXERCISE 5.5.4
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 EXERCISE 5.5.5
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 EXERCISE 5.5.6
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Assign the following chiral centers as (R) or (S).

CN
C

H OH

CH2NH2
OH
C

H2N Br

CH3C
C

HOH2C H

COOH

CHa) b) c)

Answer
a) (R): OH > CN (C triple bonded to N) > CH NH  > H. The H needs to be moved to the back position which causes the priority to
go to the right (clockwise) which indicates (R).

b) (S): COOH > CH OH > C CH > H. Since the H is coming forward, you can assign the priority and it goes to the right
(clockwise which would be (R)) but since the lowest priority is forward, you have to switch it to (S). Alternatively, you can rotate
the molecule to put the lowest priority to the back and you’ll see that it rotates left (or counterclockwise) for (S).

c) (S): Br > OH > NH  > CH . Since the lowest priority is going back, you can follow the priority and see that it is going left
(counterclockwise) and therefore (S).

Draw the structure of (R)-2-bromohexane.

Answer
Br H

Draw the structure of (S)-2-methyl-3-pentanol.

Answer

OHH
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