5.3 Configuration and the R-5 Convention
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How it works?

The four groups attached to the stereogenic center are placed in a priority order
(by a system we will describe next), a— b— c—d. The stereogenic center is then
observed from the side opposite the lowest priority group, d. If the remaining three groups
(a—b—c¢) form a clockwise array, the configuration is designated R (from the Latin
rectus, right).** If they form a counterclockwise array, the configuration is designated

as S (from the Latin sinister, left).
(c)

CHj

Viewer

CH5CH,
(b)
Arrows are clockwise

(R)-2-Butanol
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Rules of Priority

Rule 1.

The atoms directly attached to the stereogenic center are ranked according to atomic
number: the higher the atomic number, the higher the priority.

Cl >0 =€ —H
high low
priority priority

If one of the four groups is H, it always has the lowest priority, and one views the
stereogenic center looking down the C—H bond from C to H.




Rules

Rule 2.

If a decision cannot be reached with rule 1 (that is, if two or more of the directly
attached atoms are the same), work outward from the stereogenic center until a de-
cision is reached. For example, the ethyl group has a higher priority than the methyl
group, because at the first point of difference, working outward from the stereogenic
center, we come to a carbon (higher priority) in the ethyl group and a hydrogen
(lower priority) in the methyl group.

stereogenié}_ C—C—H - .fjfféffereo genie.  ~__H
center = | | @ center |

ethyl methyl




EXAMPLE 5.3

Assign a priority order to the following groups: —H, —Br, —CH,CHj, and
—CH,OCHs.

—Br > _CH206H3 = _CH2CH3 => —H

The atomic numbers of the directly attached atoms are ordered Br > C > H.

To prioritize the two carbon groups, we must go out until a point of differ-
ence is reached.




PROBLEM 5.8 Assign a priority order to each of the following sets of groups:

a. —CH,, —CH(CH,),, —H, —NH,
b =0, —F, —CH,, —CH,OH

¢. —OCH,, —NHCH,, —CH,NH,, —OH

ASGE, CIT, SYCH, CH,CH,, —C(CH.)s; “=CH(CH,);

5.8 In each case, proceed from high to low priority.
a. -NH, > —CH(CH), > —-CH3 > —-H

b. -F > —-OH > CH,OH > —CHj
C. —OCHg > —OH > —NHCH3 > CHoNH,

The oxygen in the methoxy group (—OCHg) is bonded to carbon, whereas the
hydroxyl oxygen (—OH) is bonded only to hydrogen.

d. —C(CH3)3 = —CH(CH3)2 = —CHQCHQCHQ, = —CHQCH3




Stereogenic enters in cyclic compounds

For stereogenic centers in cyclic compounds, the same rule for assigning prior-
ities is followed. For example, in 1,1,3-trimethylcyclohexane, the four groups
attached to carbon-3 in order of priority are —CH,C(CH,),CH, > —CH,CH, >
—CH; > —H.

1,1,3-trimethylcyclohexane




A third, somewhat more complicated, rule is required to handle double or triple
bonds and aromatic rings (which are written in the Kekulé fashion).

Rule 3.

Multiple bonds are treated as if they were an equal number of single bonds. For ex-
ample, the vinyl group —CH=CH, is counted as

—C 5= CH2
This carbon is This carbon is
treated as if it treated as if it
were singly were singly
bonded to two bonded to two
carbons. carbons.
Similarly,
—C=CH is treated as —(f—(IZ—H
£ C
| aIld
H
—CH=0 is treated as —— (|:_(l)
O C

\ | .



EXAMPLE 5.4
Which group has the higher priority, isopropyl or vinyl

_SoLy I The vinyl group has the higher priority. We go out until we reach
a d1fference, shown in color.

—CH=CH, = GEE=CE,
vinyl (l: (l:

isopropyl CH, H




PROBLEM 5.9 Assign a priority order to

% —C=CH and —CH=CH, b. 5@EE=_@E, = and —@

C. ‘_CH=O, —CH:CHQ, _CHECH3, and _CHon

59 a. —C=CH > —CH=CH>»

The acetylenic carbon (-C=) is treated as though it is bonded to three carbons,
while

the olefinic carbon (—-CH=) is treated as though it is bonded to two carbons and a

hydrogen (see Sec. 5.3).

b.
> —CH=CH;,

The phenyl carbon is treated as though it is bonded to three carbons.

c. —CH=0 > —CH;OH > —CH=CHz > —CHCHs

The aldehyde carbon is treated as though it is bonded to two oxygens.



EXAMPLE 5.5

Assign the configuration (R or S) to the following enantiomer of 3-methyl-

hevane (cee Fvammnle 5 214

e

- = First assign the priority order to the four different groups at-
tached to the stereogenic center.

—CH,CH,CH, > —CH,CH, > —CH, > —H

Now view the molecule from the side opposite the lowest priority group (—H)
and determine whether the remaining three groups, from high to low prior-
ity, form a clockwise (R) or counterclockwise (S) array.

~CH,

T,

| G H R (clockwise)

CH,CH,
~.___CH,CH,CH,

We write the name (R)-3-methylhexane.
If we view the other representation of this molecule shown in Example 5.2,
we come to the same conclusion.

N

\
CH,CH, m— C —== CH, view down the C - H bond;
» the configuration is R

\~~-CHZCHZCH3
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PROBLEM 5.10 Determine the configuration (R or S) at the stereogenic
center in

CH=0 f
S a0
HO CH: :
NH,

5.10 a. Priority order: OH > CH=0 > CH; > H. Configuration is R.

CH=O0O
Fiy,
HO/K H
Hs

b. Priority order: NH, > -CgHs > CH; > H. The configuration is S.

clockwise or A
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counterclockwise or S
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