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CHE-2060 Lecture 6 HW

Problems must be solved, or written out, in their entirety with all work shown on engineering graph paper. You must label each set in the upper left hand corner with your name, the date and the chapter. Problems must be identified by number and all work must be shown with answers boxed. Be sure your handwriting is legible. 

6.1:  Symmetry & asymmetry
1. Label each as chiral or achiral.
a. teacup		 
b. shoe		 
c. pencil		 
d. football		 
e. corkscrew	 

2. Create line-bond drawings and circle the stereogenic carbons in each molecule.
a. 3-iodohexane
b. 2,3-dibromobutane	 
c. 3-methylcyclohexane
d. 1-bromo-1-fluoroethane

3. Draw a line-bond drawing to create a chiral molecule with each of these formulas:
a. C4H10O
b. C5H11Cl
c. C4H8(OH)2
d. C6H12

4. Label each pair as identical or as enantiomers.	 
    [image: ]



6.2:  Nomenclature of stereocenters
5. Assign C-I-P priorities to these groups.

     [image: ]
 

6. Assign C-I-P priorities to these set of groups.
a. –CH3, -CH(CH3)2, -H, -NH2
b. –OH, -F, -CH3, -CH2OH
c. –OCH3, -NHCH3, -CH2NH2, -OH
d. –CH2CH3, -CH2CH2CH3, -C(CH3)3, -CH(CH3)2

7. Determine whether these molecules are R or S.		 
             [image: ]


8. Is this molecule of carvone (the odor of caraway seeds) R or S? 	
	[image: ]



6.3:  Properties of asymmetric molecules
9. Ibuprofen is a chiral anti-inflammatory drug. The S-enantiomer is the active form of the drug, and the R-enantiomer has no effect.

a. Label the chiral carbon(s) in the image shown here.
b. Draw it with dash-wedges to show the S-enantiomer.
[image: ]

10. Ketamine is a chiral drug used by veterinarians. The S-form is an anesthetic, but the R-form acts as hallucinogen.

a. Label the chiral carbon.
b. Add a dashed line and a wedge to create the S-enantiomer.
[image: 471px-Ketamine.svg.png]	


6.4:  Optical isomerism
11. A chemist observes that a substance doesn’t rotate plane-polarized light. Can she conclude that the substance is not chiral? Why or why not?


6.5:  Fisher projections
12. Draw Fisher diagrams for cis-1,2-dimethylcyclohexane. What types of stereoisomers are possible?	


13. Draw Fisher diagrams of (R)-2-bromobutane. Be sure the stereoisomerism is obvious in your drawing.



14. This Fisher diagram shows 2-chlorobutane. Is it the R or S enantiomer?		
       	[image: ]


15. Which Fisher projection (a, b or c) has the same configuration as A AND which (a, b or c) is an enantiomer?
[image: ]
[image: ]


6.6:  Molecules with two stereocenters
16. Muscarine is a toxic chemical found in some mushrooms.

a. Is the molecule chiral?				 
b. How many stereoisomers are possible?		 

	[image: ]


17. Draw a diastereomer of this Fisher projection of glucose.

[image: 100px-D-glucose.png]


[bookmark: _GoBack]6.7:  Resolution of enantiomers
18. The first step in resolving (or separating) stereoisomers is fusing a molecule to each enantiomer. Why does the molecule added (or fused) have to be chiral?


6.8:  Stereocenters other than carbon
19. How is it possible for N or P atoms that are only bound to three other atoms to be chiral sterocenters?
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Chapter 5 Stereoisomerism

Now let us see how these rules are applied.

EXAMPLE 5.5

Assign the configuration (R or S) to the following enantiomer of 3-methylhexane
(see Example 5.2).

CH,

\
C me--H

LN
CH,CH, ‘CH,CH,CH;

Solution First assign the priority order to the four different groups attached 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 priority, form a
clockwise (R) or counterclockwise (S) array.

C i, R (clockwise)

CH,CH
AN CHIeRICH,

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.

—= CHj, view down the C " H bond;
the configuration is R
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PROBLEM 5.10 Determine the configuration (R or S) at the stereogenic center in

gan

CH=0

a. )'\H b. CH3—§<©
HO CH; H

NH,
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The R-S and E-Z Conventions

{
5.34 Place the members of the following groups in order of decreasing priority according to the R-S convention:

a. CH;—, HS—, CH,=CH—, H—

b. H—, CH;—, C¢Hs—, I— (see p. 123 for structure of C¢Hs— group)

¢. CH;—, HO—, CH5CH,— , HOCH,—
d. CH3CH2— 5 CH3CH2CH2— 5 CH2=CH— 5 ——CH=O

5.35 Assume that the four groups in each part of Problem 5.34 are attached to one carbon atom.

a. Draw a three-dimensional formula for the R configuration of the molecule in 5.34a and 5.34b.
b. Draw a three-dimensional formula for the S configuration of the molecule 5.34c and 5.34d.

5.36 Tell whether the stereogenic centers marked with an asterisk in the following structures have the R or the S configuration:

GH5{ WH
CO,H CH,
—C 1ox
a. b. HoN C_ H C. H“"]C\
(0) i HN CH,
4 CH,SH 2

M HCH(CHS),

(—)-menthone
(found in peppermint)

(—)-cysteine
(an amino acid
found in proteins)

(+)-amphetamine
(central nervous
system stimulant)

5.37 Determine the configuration, R or S, of (+)-carvone, the compound responsible for the odor of caraway seeds.

(¢}

we H
(|3= CH;
CHs

(+)-carvone

5.38 In a recent collaboration, French and American chemists found that (—)-bromochlorofluoromethane (CHBrCIF), one of
the simplest chiral molecules, has the R configuration. Draw a three-dimensional structural formula for (R)-(—)-

bromochlorofluoromethane.

5.39 Name the following compounds, using E-Z notation:y

a.@ b.”/;‘ ectiis PfeeiNuss, d.q

5.40 Two possible isomers of 1,2-dichloroethene are:

¢ (& g Cle e i
—C
H Cl H H

Classify them fully, according to the discussion in Section 5.10.

€p = concept connections
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CO,H CO,H
£ CO,H
Hp— é -=OH — H OH === Ui, OH
= CH \
CH 3
CH, 3 5
(R)-lactic acid Fischer projection : (R)-lactic acid

formula of
(R)-lactic acid

Figure 5.11
Projecting the model at the right onto a plane gives the Fischer projection formula.

Consider the formula for (R)-lactic acid, to the left of the mirror in Figure 5.10.
If we project that three-dimensional formula onto a plane, as illustrated in Figure 5.11,
we obtain the flattened Fischer projection formula.

There are two important things to notice about Fischer projection formulas. First, the
C for the stereogenic carbon atom is omitted and is represented simply as the crossing
point of the horizontal and vertical lines. Second, horizontal lines connect the stereogenic
center to groups that project above the plane of the page, toward the viewer; vertical lines
lead to groups that project below the plane of the page, away from the viewer. As with
other stereorepresentations, interchange of any two groups always gives the enantiomer.

PROBLEM 5.15 Draw a Fischer projection formula for (S)-lactic acid.

The following example demonstrates how the absolute configuration of a stereo-
center is determined from its Fischer projection.

EXAMPLE 5.7

Determine the absolute (R or S) configuration of the stereoisomer of 2-chlorobu-
tane shown in the Fischer projection below.

cl
CH3+ CH,CH,
H

Solution First prioritize the four groups attached to the central carbon according
to the Cahn—Ingold—Prelog rules:

1
3/' Cl\‘z
CH; CH,CH; clockwise = R
H

4

Since atoms attached to vertical arms project away from the viewer, you can now
determine whether the sequence 1—-2—3 is clockwise or counterclockwise. In this
case, it is clockwise, so the absolute configuration of this enantiomer of 2-chloro-
butane is R.
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Additional Problems 177

5.41 4-Bromo-2-pentene has a double bond that can have either the E or the Z configuration and a stereogenic center that can
have either the R or the S configuration. How many stereoisomers are possible altogether*Draw the structure of each, and
group the pairs of enantiomers.

5.42 How many stereoisomers are possible for each of the following structures? Draw them, and name each by the R-S and
o E-Z conventions. (See Problem 5.41.)

a. 3-chloro-1,4-pentadiene b. 3-methyl-1,4-hexadiene
€. 2-bromo-5-chloro-3-hexene d. 2,5-dibromo-3-hexene

\

Fischer and Newman Projections

5.43 Which of the following Fischer projection formulas have the same configuration as A,

CHE
H+OH A
C,H;
and which are its enantiomer?
OH H CoH-
a. C2H5+ CH3 b. C2H5 +CH3 (¢ H+ CH3
H OH OH
5.44 Below are Newman projections for the three tartaric acids (R,R), (S,S), and meso. Which is which?
CO,H CO,H CO,H
H OH H OH HO. H
HO H H OH HO H
CO,H CO,H e O H

5.45 Convert the sawhorse formula below for one isomer of tartaric acid to a Fischer projection formula. Which isomer of tartaric
acid is it?

HO,C. _OH

H
H

HO™ “CO,H

5.46 Two possible isomeric structures of 1,2-dichloroethane are

cl o

and

fasge?)

Cl

Classify them fully, according to the discussion in Section 5.10.
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5.47 Two possible configurations for a molecule with three different stereogenic centers are (R,R,R) and its mirror image (S,S,9).
o What are all the remaining possibilities? N

5.48 When (R)-2-chlorobutane is chlorinated, we obtain some 2,3-dichlorobutane. It consists of 71% meso isomer and 29%
¢ racemic isomers. Explain why the mixture need not be 50:50 meso and (2R,3R)-2,3-dichlorobutane.

Stereochemistry: Natural and Synthetic Applications

5.49 The formula for muscarine, a toxic constituent of poisonous mushrooms, is

1% H

4
H,C CH,N(CHs); “OH
3 OH 2 ( 3)3

H (0) H

Is it chiral? How many stereoisomers of this structure are possible? An interesting murder mystery, which you might enjoy
reading and which depends for its solution on the distinction between optically active and racemic forms of this poison, is
Dorothy L. Sayers’s The Documents in the Case, published in paperback by Avon Books. (See an article by H. Hart, “Acci-
dent, Suicide, or Murder? A Question of Stereochemistry,” J. Chem. Educ., 1975, 52, 444.)

5.50 Chloramphenicol is an antibiotic that is particularly effective against typhoid fever. Its structure is

NO,
—
HO——H
H—t+—NHCOCHCI,
~ CH,O0H

What is the configuration (R,S) at each stereogenic center?

5.51 Methoprene (marketed as Precor), an insect juvenile hormone mimic used in
flea control products for pets, works by preventing the development of flea eggs
and larvae. The effective form of methoprene, shown below, is optically active.
Locate the stereogenic center and determine its configuration (R,S).

H,C CH, H,C_ H O J\
CH,0 g o)

methoprene

Adult cat flea jumping.
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Additional Problems 175

ADDITIONAL PROBLEMS

Stereochemistry: Definitions and Stereogenic Centers

5.26 Define or describe the following terms.

a. stereogenic center b. chiral molecule
C. enantiomers d. plane-polarized light
e. specific rotation f. diastereomers
g. plane of symmetry h. meso form
i. racemic mixture j. resolution
5.27 Which of the following substances contain stereogenic centers? (Drawing the structures will help you answer this question.)
a. 2,2-dichloropropane b. 1,2-dichlorobutane
¢. 2-methylhexane d. 2,3-dimethylhexane

e. 1-deuterioethanol (CH;CHDOH) f. methylcyclopropane

5.28 Locate with an asterisk the stereogenic centers (if any) in the following structures.

a. CH;CHCICF; b. CH,(OH)CH(OH)CH(OH)CHO ¢. C¢HsCH(OH)CO,H
d. >CH(0H)CH3 e. @—CH(OH)CHa f. CH3OCH3
Optical Activity

5.29 What would happen to the observed and to the specific rotation if, in measuring the optical activity of a solution of sugar
in water, we

a. doubled the concentration of the solution?
b. doubled the length of the sample tube?

5.30 The observed rotation for 100 mL of an aqueous solution containing 1 g of sucrose (ordinary sugar), placed in a 2-decimeter
sample tube, is +1.33° at 25°C (using a sodium lamp). Calculate and express the specific rotation of sucrose.

Relationships Between Stereoisomers

5.31 Tell whether the following structures are identical or enantiomers: S

NG

Cl Cl ¥Ver CH, Cl
| | i o
.. .. N, ..
a. /C'\ H and /C\ CH, P "o N H an e CH,CH,
CH, CH,CH, H CH,CH,4 cl CH,CH, CH, H

5.32 Draw a structural formula for an optically active compound with the molecular formula
a. C,H;,0. b. CsH,,Cl c. C,Hg(OH),. d. C¢Hj,.

5.33 Draw the formula of an unsaturated bromide, CsHoCl, that can show

a. neither cis—trans isomerism nor optical activity.
b. cis—trans isomerism but no optical activity.

C. no cis—trans isomerism but optical activity.

d. cis—trans isomerism and optical activity.
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