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Solutions to Problems 8. Draw the first enantiomer with the groups in any order you want. Then draw the second enantiomer by
drawing the mirror image of the first enantiomer. Your answer might not look exactly like the ones shown
1. a. CH;CH,CH,OH  CH3;CHOH CH;CH,0CH; below because the first enantiomer can be drawn with the 4 groups on any of the 4 bonds. The next one is
éH the mirror image of the first one.
3
b. There are seven constitutional isomers with molecular formula C,H;(O. a L (I:H3 (|:H3 2. CIHZCH2C1 (|3H2CH2C1
€., il Q.. s
(|3H3 Br~ }-1 CH,OH HOCHz‘H/ Br CH 3Cﬁ ) }-1 ‘CH, H,;C ‘H/ \CHZCH3
CH,;CH,CH,CH,0H CH3CHCH,0H CH;COH  CH;CHCH,CHj
| | | 3. OH OH
CH; CHs OH | |
C. .C
P AN
CH3CH20CH2CH3 CH3OCH2CH2CH3 CH3O(I:HCH3 (CH3)2CH }{ CH3 H3C H/ CH(CH3)2
CH;
b. 1. CH,O0H CH,OH 2. CH,CH,CI CH,CH,Cl
2. a. CH;CH, CH,CH; CH;CH, H
\ / H | Br BriH H CH; CH, H
Cc=¢ C=C
/ \ / CH CH CH,CH CH,CH
. q q ——— 3 3 oCH3 2CH;
2CH;
o, CH; 3. CH;, CH,
HO H H OH
b. CH;CH CHCH,cH, OB H
Ne=c” Ja—=d CH(CHy),  CH(CHy)
7 m H CH,CH,CH;
9. A, B, and C are identical.
H CH;
d 10. a. R b. R

c. H, H H, Cl H /5\ H /5\
/<:>\ /<:>\ 2 c. To determine the configuration. Add the fourth bond to the asymmetric center. Remember that it
Br Cl Br H CH;3CH, CH;3CH,

cannot be drawn between the two solid bonds.

3. a, b, ¢, f, and h are chiral.

d, e, and g are each superimposable on its mirror image. These, therefore, are achiral. /\/\<\

o
4. a. EGJLNP, QR S, Z R
b. AHLMO,TUV,WXY d. Draw the structure with the fourth bond to the asymmetric center. Switch a pair so that the H is on a
dotted bond. The configuration of the compound with the switched pair is S. Therefore, the
5. a, ¢, and f have asymmetric centers. configuration of the compound given in the question is R.

6. Solved in the text. H Gl H

Ll .
M switch 2 pair /\>i
—_—
7 a, ¢, and £, because in order to be able to exist as a pair of enantiomers, the compound must have an R of substituents s

asymmetric center (except in the case of certain compounds with unusual structures. See Problem 96.)
11. a. S b. R c. § d. S
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12.

13.

14.

15.

16.

17.

18.

Chapter 5

The easiest way to determine whether two compounds are identical or enantiomers is to .determine their
configurations: If both are R (or both are S), they are identical. If one is R and the other is S, they are
enantiomers.

a. identical b. enantiomers ¢. enantiomers d. enantiomers
a. Cl b. 1|3r

|

Cony Coyy

il "H T \
CH,CH, \CHs CHsCHy Ny

a. —CH,0H —CH; —CHZéHjOH —CljlD
b. —CH=O0 —OH —% —-%OH
c. —CH(CHy), —CH,CH,Br  —Cl —CH,CH,CH,Br

@
“TEE Ty B

C attached C attached @
to2C's to3C's

a. levorotatory b. dextrorotatory

. . observed rotation
specific rotation =

concentration X length

(e = +13.4° _ +13.4 = 1168
—2— X 2 dm (08
50

a. —24 b. 0

50% of the mixture is excess (+)-mandelic acid
oberved specific rotation

i ity = 0.50 = g
optical purity = 0 specific rotation of the pure enantiomer

observed specific rotation
+158
observed specific rotation = +79

0.50 =

b. 0 (It is a racemic mixture.)
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c. 50% of the mixture is excess (—)-mandelic acid.
observed specific rotation = —79
19. a. From the data given, you cannot determine what the configuration of naproxen is.

b. 97% of the commercial preparation is (+)-naproxen; 3% is a racemic mixture
Therefore, the commercial preparation forms 98.5% (+)-naproxen and 1.5% (-)-naproxen.

20. Solved in the text.

21. As aresult of the double bond, the compound has a cis isomer and a trans isomer. Because the compound

also has an asymmetric center, the cis isomer can exist as a pair of enantiomers and the trans isomer can
exist as a pair of enantiomers.

$H2CH3 CH,CHj;
o, ey
Br” \ “CH, CH; H;C CH; / “Br
Ho No_ Ne—=c” H
AT 777 N
H H H H
cis enantiomers
(|3H2CH3 CH,CH;
Br~ \ CHZ\ H H\ /CHZ/\Br
= = H
C C\ /C C\
H CH3 H3C H

trans enantiomers

22. The statement is not correct. For example, the sp? carbons of cis and trans isomers are stereocenters.
Therefore, trans-2-butene has two stereocenters but only two stereoisomers. Another example is the
compound shown in Problem 21; it has three stereocenters but only four stereoisomers.

23, enantiomers

a
b. identical compounds (Therefore, they are not isomers.)
c. diastereomers

24, a. First find the sp3 carbons that are bonded to four different substituents; these are the asymmetric

centers. Cholesterol has eight asymmetric centers. They are indicated by arrows.

CH,

b. 28 = 256 Only the stereoisomer shown above is found in nature.
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25.

26.

Chapter 5

Your perspective formulas may not look exactly like the ones drawn here because you can draw the first
one with the groups attached to any bonds you want.
Just make certain that the second one is a mirror image of the first one.

Coo- coo- co0~ coo-
/é'H H‘w(l:\ or H lJ\rIH3 H31:I H
(CHa),CHCH, }NH3 +N{I3 CH,CH(CHs) CH,CH(CH,), CH,CH(CHs),
s R R s

Again your perspective formulas may mot look exactly like the ones drawn here. To make sure you have
all four, determine the configuration of each of the asymmetric centers. You should have R,R, S.S, R.S,
and S,R.

) H H g coo- coo-
00C - “, _ COO
i ?C_C’CH?} H3C\C—‘C.,,"+ H____ﬁ}l} R H &—_H S
BNY  cucH G, NN ’
H 2CHs CHCH: — H H——CH; R  H,C—HS
s s R R
CH,CH, CH,CH,

or

Notice in the following structures that the asymmetric center attached to +NHj in one structure has the R
configuration and the asymmetric center attached to +NHj in the other structure has the S configuration.

-ooc_ M H, eramoip 003 coo- . coo
Y CHs e Ce—Cl H——NH; R HN—H §
H' !
HyN* SHICES CH;CH,  *NH, HC——H §  H——CH;R
W Rorn$ CH,CH, CH,CH,
CH, CH,
. H,C H H CH
el N 0 e o C——H R H——Cl §
aCCC C—Clomgy
H CH,CH,CHj; CH;CH,CH, H HO—1—H § H—70H R
R S R S CH,CH,CH, CH,CH,CHj
or
CH, CH,
H,C H H CH
TN —OH HOZ( o H—l—-as ca——H R
Hnl‘/ N \'::H
Cl CH,CH,CH; CH,;CH,CH, cl HO—1—H S H———OHR
s S R R

CH,CH,CH; CH,CH,CH;

27.

b.
Br
S R
T Cl
S S
¢ HsC H
>C . C‘ Cl
Gl /
H CH,CH;,
R S
HsC H
-\--\C o C’/ Cl
\ / \
Cl CH,CHj
SV
d. (lechzBI'
C.
CH,CH, \ H
Br
S
Br

Chapter 5
CH; CH;
H—7—Bt § Br—/—H R
Br Cl CH, CH,
H—=1-—=Cl R Cl===H §
R § CH,CHj CH,CHj;

or

R R CH, CH,
C——H § H——Cl R
CH,CH, CH,CHj,
CH; CHs
H CH Cl——HR H——C
T L s
s e Cl——H —_
CH,CH, \H s H Cl R
R S CH2CH3 CH2CH3
or
CH; CH,
H, CH;
Cll_ 7 H——CS§ Cl——H R
/C C"IIH
cHCH, % C—fH S H—CIR
irags CH,CH; CH,CH;
(IZHZCHzBr
G
H™/"
C
Br/ H,CH;
R
or
Br

BrCHZCHz—f—- CH,CH, CH3CH2——‘—CH2CH2Br

H
S

155
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28.

29.

30.

31.

32.

Chapter 5

cl CHj CH,
.CHj

Cl cr
1-chloro-1-methyleyclooctane  cis-1-chloro-5-methylcyclooctane  frans- 1-chloro-5-methylcyclooctane

There is more than one diastereomer for a, b, and d; ¢ has only one diastereomer.

To draw a diastereomer of a, b, or d, switch any one pair of substituents bonded to one of the asymmetric
centers. Because any one pair can be switched, your diastereomer won’t be the same as the one drawn
here unless you happened to switch the same pair.

a. CH, ¢ HC_ H
T iy 15 R N
H CH,
HO wiat]
CH,
b. Cl

) H.}c—%a

H
d H, CHs
CH;CH, CH; HO H

b,d, and f
¢ and e do not have a stereoisomer that is a meso compound, because they do not have asymmetric centers

Solved in the text.

a. (1:H2CH3 (I:H2CH3 CH,Br CH,Br
o et or H+CH3 CH; H
BrCH, \ “H "'/ CH,Br
CH, CH, CH,CH; CH,CH;
R S R S
b. CH,CH; (‘IH2CH3 CH,CH,Cl CH,CH,Cl
Cw \\.C or H CH3 CH3 H
CICH Cg \'H H / \CH:)_CH2C1 i
22 CH; CH3 CH,CH; CH,CH,
R S R S
CH,
c. CH;CHCH,0H  no stereoisomers because the compound does not have an asymmetric center

Chapter 5
d. (|3H2CH3 (IZHZCH3 CH,0H CH,OH
C.. .C or H
LAC.... " Br B
HOCH, }, B H'/ “CH,0H r !
T Br CH2CH3 CH2CH3
R S R S

CH,

e. CH3CH2?CH2CH3 no stereoisomers because the compound does not have an asymmetric center

1
CH, CH;
£ HC,_ H q CH, HO——H R H—+—OH §
C— ;= Br Br\"C—-C/
» 3 . $"OH Br—1—H S H——Br R
HO ¢ CH; HiC H
R S R S CHs CHs
or
HC 4 H, CHs CHs CHs
gy C—CC r Bf\/"c_ch H——OHS HO——H R
HO CH; H;C OH Bt .
s s R R r H S H—r—BrR
CH; CH,
CH,CH,
& CHCH, (I B s
_ ~H il
H\.\;c oy or H Cl R
Cl CH,CH; CH,CH;,
S R
a meso compound a meso compound
CH,CH; CH,CH,
CH;CH, H
H\.>C—C'LC1 Cl}i’c—c JCHCH; ‘H——C1S Cl——H R
/ Ncr.cH / NH Cl——H § H—CIR
1 2CH;  CH,CH, Cl
s s R R CH,CH, CH,CH;

157
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h. €n-HOCl o, o o,
/k)\ H——ClS H——CS§ C——HR
R S
a meso compound or CH, CH, CH,
Cl Cl Cl Cl H—r—C R Cl——H § H—F—CIR
/k/\ /\/k CH; CH; CH;
R R S S| a meso compound
CH;, CHs
i Cl Cl Cl Cl H— €l S 2 Cl—=7~H"R
/\/\/\ /K)\A CHy CHy
S R R S H—m—C R Cl—T—H S
CH,CH,CH; CH,CH,CH,
or
CH, CH,
H=1T—=C.S ClI—T—H R
CH, CH,
Cl==—H & H—r—CIR
CH,CH,CH; CH,CH,CHj

This compound does not have any asymmetric
centers, so it has only cis-trans isomers.

H
€l Br Br Cl Cl H H Cl

H Br

This compound dos not have any asymmetric centers,
so it has only cis-trans isomers.

Chapter 5
33.  a CICH, Cl cL CH,CI
No—i=H Helo o,
HY/" /i \'H
HO CHj CH; OH

(28,3R)-1,3-dichloro-2-butanol (2R,35)-1,3-dichloro-2-butanol

CICH, H H, CH,Cl1
sacl Cl=
o Gl Bl C—C...,,
H/ / \'H
HO CH; CH; OH
(25,35)-1,3-dichloro-2-butanol  (2R,3R)-1,3-dichloro-2-butanol

b. CH,C1 CH,C1
H—1——0H HO——H
H~=—1==Cl Cl——H

CH; CHj,

(2S,3R)-1,3-dichloro-2-butanol (2R,35)-1,3-dichloro-2-butanol

CH,CI CH,C1
H——OH HO—H
Cl——H H—r—Cl
CH; CHj
(25,35)-1,3-dichloro-2-butanol (2R,3R)-1,3-dichloro-2-butanol
34.
R R

HO, \\H

N e o —CH,0H
H \
NHﬁCHClz
O
O,N
35.

Your answer might be correct yet not look like the answers shown here. If you can get the answer shown
here by interchanging two pairs of groups bonded to an asymmetric center, then your answer is correct. If

you get the answer shown here by interchanging one pair of groups bonded to an asymmetric center, then
your answer is not correct.

a. Cl C.
| H;C 2
C.. N ~i=CH,CH;
T N AN
HOCH,CH, CH,CH, H

HO CH;

159
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b. Br\ \\\H d. (|:H2Br
C C: CH,CHj3 /C""’H C.
}EI{C/ - Br \CH = This compound does not have any stereoisomers because it does not have an
3 23 Br asymmetric center.
36. The carbon of the COO~ group is C-1. The first structure is 2R,3S. Therefore, naturally occurring i
threonine, with a configuration of 25,3R, is the mirror image of the first structure. Thus, the second
structure is naturally occurring threonine. i CH This compound does not have any stereoisomers
i :
37. a. (2R,3R)-2,3-dichloropentane CH3?CH2CH3 azciuﬁggf CI::;(I:VC
b. (25,3S)-2-bromo-3-chloropentane Br Y ’
¢. (1R,35)-1,3-cyclopentanediol (naming the compound clockwise) or
(1S,3R)-1,3-cyclopentanediol (naming the compound counterclockwise) 15
d. (3R,4S)-3-chloro-4-methylhexane : s
and
38. Solved in the text.
H,C H
39. We see that the R-alkyl halide reacts with HO™ to form the R-alcohol. We are told that the product (the R-
alcohol) is (+). We can, therefore, conclude that the (+) alcohol has the R configuration.
Hydrogen will be more likely to add to the side of the ring where
40. From the structures given on page 231 of the text, you can determine the configuration of the asymmetric b. the hydrogen substituent is than to side of the ring where the
center in each compound. rr}ethyl substituent is because hydrogen provides less steric
hindrance than a methyl group does.
a. R b. R c. S d. § HsC CH;
41. Only b is true.
46. a. 1. trans-3-heptene 2. cis-3-heptene
42. Compound A has two stereoisomers because it has an asymmetric center.
Compound B does not have stereoisomers because it does not have an asymmetric center. /0\ /O
Compound C has an asymmetric center but, because of the lone pair, the two enantiomers rapidly b 1 wC—C.., 2. ) _\
: s 3 CH;CH,CHy' "H g C—Co
interconvert, so it exists as a single compound. / \ H
H CH,CHj CH;CH,CH, CH,CHj
43. a. no b. no c. no d. yes e. no f. no
47.  a OH c
44. Only the stereoisomers of the major product of each reaction are shown.
a. (l:H2CH2CH3 $H2CH2CH3 CHj; CH3
G.; AC or H cl s cl H R
He” \'H H /A CH;
cl cl CH,CH,CHj3 CH,CH,CH3 b i
2 : H ' 7 X5 17\
CH;CH, ad  CHCH;
b. (|3H2CH2CH3 (lIHZCHZCHg, CH,CH; CH,CH; o, H R g
e or H OH S HO H R or
CH3Cﬁz })HH HHO/ - CHaCHy CH,CH,CH CH,CH,CH i i
2CH,CH3 2CH,CH3
: : HO H R H OH §
CH,CH, CH,CH;
L
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48.

49.

50.

Chapter 5

?{ZCH3 CH,CH;

Br, *l

CH,=CCH,CH,CH; 2~  BrCH,CCH,CH,CHj

Br
CH,CH; CHyCH;
H.
CH,=CCH,CH,CHj —;jg* CH;CHCH,CH,CH;
CH,CH; CH,CHj
1.BH
CH,=CCH,CH,CHj - HOCH,CHCH,CH,CHjz

2.HO"H,0,, H,0

(* indicates an asymmetric center)
Each of the reactions forms a compound with one asymmetric center from a compound with no
asymmetric centers. Therefore, each of the products is a racemic mixture.

You could identify the intermediate that is formed by determining the number of products that are
formed. Because frans-2-butene forms a cyclic bromonium ion intermediate, it forms only the erythro
enantiomers. If the reaction formed a carbocation intermediate, both the erythro pair of enantiomers and
the threo pair of enantiomers would be formed because both syn and anti addition could occur.

a. ?HZCH3 (|3H2CH3 CHj, CHj
C.., + e or H BrsS *+ B H R
o B/ e r r
< Br Br 3 CH,CHj; CH,CH;
S R
CH;

I
b. CH;CH,CCH,CH; This compound does not have an asymmetric center
Br

c. Same asb.

d. (|3H2CH2CH3 (‘JH2CH2CH3 CH,CH; CH,CH;
Clr + ~C or +
CHcﬁ\'H H};/\CHCH H Br S Br H R
3CHy gy r g CH,CH,CH; CH,CH,CHj
S R
CH; CHj
CH;
e. H;C H H H——BrS + Br——HR
\\.«~C—C<‘Br + Br*/c—c..,,”H or
HB{ CH,CHj3 CH;CH, \Br BT g o

s & R R CH,CH, CH,CH;

Chapter 5 163

f. C|:H2CH2CH2CH3 ?H2CH2CH2CH3 CHzBI‘ CHzBI'
C., + 0 or H Br R +
BréH, 5 1 B/ Ncmyp T S
12(’ Br Br S 20T CH,CH,CH,CHj,4 CH,CH,CH,CH;

51. Two different bromonium ions are formed because Br+ can add to the double bond either from the top of
Fhe plane or from the bottom of the plane defined by the alkene, and the two bromonium ions are formed
in gqual amounts. Attacking the less hindered carbon of one bromonium ion forms one stereoisomer
while attacking the less hindered carbon of the other bromonium ion forms the other sterecisomer. :

Bri
H;C, :CH2CH2CH2CH3
o C‘
N
H

Br, 7 C\
H Br
H3C\  CHaCH,CH;CH *
" /C=C H Bl'2 (B+
T
HsCo,, V/ \C.»‘CH2CH2CH3
7/ AN
H .._H
:gft

52.
The addition of Br and OH are anti, so in a

cyclic compound these two substituents are
trans to one another.

HzQ:

B
+

H Br H Br
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3
53. a. CH,CH; 57. i
CH,CH, Br
CH;—1—Br § g N
cgrC—C—CHs > H
CH;—Br R 3/ 4
Br CH,CH;3 (+)-limonene is the R isomer
CH,CH; S R
b. CH,CHj; CH,CH; CH, CH,4
H CH s H’ CH2CH3 CH3CH2 \H |
el gy R S E— Z 3 = — = —
CH; . 38 gl . Ne—c=cr 58. CH;CH .CHCHZCH_o, CH,=CHCH,CH,CH;  CH;C=CHCHj, CH;CHCH=CH,
H——CH; R CHy——H ¢ 7 \ H H"/ 2 steroisomers 1o stereoisomers no stereoisomers 10 stereoisomers
CH;CH, CH,3 H;C CH,CH;,4 [cis and trans]
CH,CH; CH,CH3 R R s S
T A<CH3 A A
N & CH3CH,C=CH, CH, CH,CH, H,C CH,
- no stereoisomers no stereoisomers no stereoisomers 3 stereoisomers
[Cis is a meso compound.]
CH,§ CH;, [Trans is a pair of enantiomers.]
d. f. D O
tereoi tereo
Bru,,,“' lllll .\CHZCH3 CHZCHS o [ Br [ H nOo stereoisomers no stereoisomers
CH3 Br Br CH3 CH3 CH2CH3 CH3CH2 CH3
59. a. H,
54. a. CH3?HCH2Br b. The R and S enantiomers will be formed in equal amounts. BrE
Cl
(I:HZBI' CHQBI' CH2Br CHzBr
cis
C.., + wC or Cl H + H Cl .
~N\"H H"/ ™ ap
H;C™ \ / TCH; B
ol a CH, CH; " | T ]]3r CHj3 CHj3
S R S R /C"':, + \\\"C\ or H Br + Br H
CH;CHCH, \ _H H"{ ™CH,CHCH,
' . , CH;, H;C | CH,CHCH; CH,CHCH,
55. a. (R)-malate and (S)-malate (A product with one asymmetric center would be formed from a reactant CHs CH, [ [
with no asymmetric centers. Thus, the product would be a racemic mixture.) g r 5 CH;3 CH;
R
b. (R)-malate and (S)-malate would be reactive because the nonenzymatic reaction is not stereospecific.
(A product with one asymmetric center would be formed from a reactant with no asymmetric centers. c
Thus, the product would be a racemic mixture.) *
56. Greater than 98% is excess of the S enantiomer. The remainder is a racemic mixture,
so greater than 99% is the S enantiomer. cis
B L
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d. CH;3 CH; CH; CHj;
Hy1==B¢ Br H H Brr Br—T—H
CH, CH, CH, CH,
H—7=5¢Cl Cl H da H H=——Cl
CH, CH; CH; CH;
e. CH3C\H2 CH,CH,CHj3 CH;CH, H
C=C C=C
/ \
H H H CH,CH,CHj;
Br cl Br “H
cis trans
g. H ,,,/A\“\ H H ’A“ CH3 CH3 HA\ H
CH; CHj3 CH; H H CH;
cis trans
T B T T
R S
h. CH; c. R S ¢ CH, H C.  .C H
/ NrH g HY / pers Wi BRI eE L N/
N = Br Br/ \C=C c=C Br Br Cc=¢C
/ \ / \ / \ /
H H H H;C H H CHj3
cis trans
CHj;

l
i CH3CH2(I2CH2CH3
CH,

j- (lll

C.,
Cy=cH Y|
CH,

No isomers are possible for this compound because it does not have an
asymmetric center.

a CH=CH; CH=CH,
(lj ~ or C1+H + H a
H"/ “CH=CH
CH, 4 CH, CH,

S R S R
Cl Br Br Cl Cl H H Cl
cis tr

ans

60.

61.

62.

63.
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Only the fourth one (CHFBrCl) is optically active.
a. (R)-3-methyl-1-pentene

b. (E)-1-bromo-2-chloro-2-fluoro-1-iodoethene
c. (2R,3R)-3-chloro-2-pentanol

d. (2)-2-bromo-1-chloro-1-fluoroethene

e. 8-bromo-2-ethyl-1-octene

f. (E)-1,3-dibromo-4,7-dimethyl-3-octene

g. (5)-2-methyl-1,2,5-pentanetriol

h. (25,35)-1,2-dibromo-2-methyl-3-pentanol

i. (E)-4-(2-chloroethyl)-2,3-dimethyl-3-octene

Mevacor has eight asymmetric centers.

a. diastereomers e. diastereomers
b. enantiomers f. identical
¢. constitutional isomers g. diastereomers
d. diastereomers h. identical
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5. Cis gives the threo pair.
64. 1. Both cis and trans give these products. CH, CH,
CH H3C H, CHj; aaiddara 1) SlSE
CH,CH; CH,CHj CH, 3 3 oy fB Brli_ o/ ., H OHS HO H R |
‘ L or H a 4+ a H Hg~ =T /7 NH Br——H S H——BrR f
/C.,,/ e H\\“/ \CH HO CH3 H3C OH
H;C \Cl H o) 3 CH,CH, CH,CH3 Sie R R CH, CH;
S R
S R Trans gives the erythro pair.
2. Both cis and trans give these products. CH; CH,
H;C H H, CH =1 S
CH,CH; CH,CH; CHs Hs TN e Brele_ o/ - HA  H——oEs
| H Ho"yC—CBr > (oH T )
s N & o H OH 4 HO k CH, HC . Br—t—HS H——Br R
e VN
BT\ H 4 CHs CH,CH, CH,CHs R S R S CHs CH;
R
R S : o
5 6. Both cis and trans give this product.
3. Cis gives a meso compound. Trans gives a pair of enantiomers. CH;CH,CH, CH,
0 FaN /O\ 7. Both cis and trans give these products.
/.__\C \u"c—c"'“H H""C_C""’CH3
g C \"H CH3"y \CH CH/ \H (I',‘HZCH3 (IIHZCH3 CH;3 CH,
H 3 3
HsC CHj e N or H OH H0+H
H;¢” \"H H' CH
4. Cis gives the threo pair. CH, CH, OH HO ‘ CH,CH; CH,CH3 il
i i CH, r1clidesor s R s R
H;C < %, / H——BrS Br
N Cloge o BI7C—C("’H or 5 ISP 5 A 8. Both cis and trans give these products.
H" / \ i
Br CH;  HsC . Be CH, CH, ?IZCH3 ?H2CH3 CH; CH,
AN
. C, +C H OCH CH;30 H |
Trans gives a meso compound. B I (s Y e, o 3ot 3 :
CHj OCH; CH;0 CH,CH; CH,CH;
H3C\ i H——Br S S R s R
oo o : . : . :
H"/ H—;——Br R b.  For the cis and trans isomers to form different products, the reaction must form two new asymmetric
Br CH3 CH centers in the product. Therefore, the cis and trans alkenes form different products when they react
S R 3 with a peroxyacid, when they react with Br2 in CH2Cl2 and when they react with Br2 in H20.
65. a. Because there are two asymmetric centers, there are four possible stereoisomers.
b.
H
__ <= NHCH,
o C—C
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66. c does not have stereoisomers; it is, therefore, achiral. b. $H2CH2CH3 (I:HZCHZCH3
eand h have 2 stereoisomers (cis and trans); both are achiral.
a,d,f i, andj have 3 stereoisomers; 2 are chiral and 1 is achiral. HCAVH Top /C “cH, & CH3CH2(‘:HCH2CH3
bandg have 4 stereoisomers, all of which are chiral. Cl Cl Cl
S R
67. a. diastereomers b. enantiomers c. identical d. constitutional isomers or
CH,CH CHICH, & i
68. a. 2 3 i - H+Cl + Cl H 4 CH3CH2CHCH2CH3
CH,CH,CH, CH,CH,CH; cl
S R
b. CH,CH; CH,CH;,
O/ e O/ 5 on
PUC
<:>\CH2CH3
CH.CH CH,CH wCH,CH;,
. O/ 288 BuyTHE O/ O\ d CH(CHa), CH(CH3), CH(CHz), CH(CHs),
2.HO™, H,0, o /K, \)\ or CH3+H H—‘7CH
OH OH CH;CH,CH, Cg }PII d CHLCHLCH, CH,CH,CH CH CH3CH
(the H and OH are added to the same side) S } } sl LR
R S R
i CH,CH; CH,CH;
CHCH; g, i, 3
O/ CHyCl, f Eg e |
Br "Br

(the two Br's are added to opposite sides)

cis trans
69.  a. (S)-citric acid (OH has the highest priority; 14C has a higher priority than 12C)
b. The reaction is catalyzed by an enzyme. Only one stereoisomer is formed in an enzyme-catalyzed f.
reaction because an enzyme has a chiral binding site which allows reagents to be delivered to only
one side of the functional group of the compound.
c. The product of the reaction will be achiral because if it doesn’t have a 14C| the two CH,COOH
groups will be identical so it will not have an asymmetric center. g. (CH3)2(lZCH2CH3 (CH3)2C|CH2CH3 CH,Br CH,Br
70.  a. (|3H2CH2CH3 ?IZCHZCH3 _Cingy H““)C\ or H Br Br H
CH,Br

_C. josiene sl +  CHyCH,CHCH,CH, BrCH, Br Br (CH3),CCH,CH;  (CH3),CCH,CHj

H,C™ \'H H'/ “CH, | S R R S
Cl Cl Cl
S R CH,CH; CH,CH,
or
h. CHCH,  H H, B g L ooms cmy———H R
CH, CH, Ne—ci=cH + H;CH—~C—C% 3 3
" N 57 TH or CH o
H Cl 4 Cl H + CH3CH2CHCH2CH3 H3C CH2CH2CH3 CH3CH2CH2 CH3 3 H S + CH3 R
| S S R R
CH,CH,CH, CH,CH,CH, cl CH,CH,CH; CH,CH,CH,
N R
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) CH,CH; CH,CH; 76. R and S are related to (+) and () in that if one configuration (say, R) is (+), the other one is (-).
i. CH3C§2 H H, /CH2CH3 CH— 1 g H— Because some compounds with the R configuration are (+) and some are (-), there is no way to determine
. Cw-C*Ci—' CH, + H;C~C—C’, CH or 3 CH; § whether a particular R enantiomer is (+) or (-) without putting the compound in a polarimeter or finding
3 H/ N CH,CH,CH. CH.CH Cﬁ WA CH;—+—HS + H——CH; R out whether someone else has previously determined how the compound rotates light.
2LH,CH3 3CHyCHy
R S R S CH,CH,CH;  CH,CH,CH, CH, CH,
3 CH,CH 7 8% FC oA H, O H——BrS Br—1—H R
s wrC—C—=Br + Br~—C—C.i, or +
) = N 7" NH Br—t—H § H——BrR
"CIH Br CH,CH; CH;CH, Br
s s R R CH,CH; CH,CH;
H
o CH; CH;
71. a. identical e. constitutional isomers b. HsC H H CH
b. identical f. diastereomers - T i B Tal + H—sa Brs
€. enantiomers g. constitutional isomers Br“‘)c C\ Br P A X C"\”'Br * Br—5-H'S H—=—1="BER
d. constitutional isomers h. enantiomers H CHyCH, CH3CH, H
23 Rit & R S CH,CH, CH,CHs
. . +1.4 A
optical purity = T = .16 = 16%excess R enantiomer = fHZCH3 ?HZCH3 CHs CH;
: C., +  .C or H+ a + a H
100% - 16% = 84% is a racemic mixture e %H H\C1I \CH3 CH,CH CH,CH
) 1
R enantiomer = 1/2 (84%) + 16% = 42% + 16% = 58% S R S e R e
73.  a R b. S e Y /\<C1 d CHs
g = \“\0\ H ©<Br
R
CH,CH
d a g e a £. CH, .
: & GG {H H——Br §
A = > H——CH, H——Cl Nt
AN o H——Br R
s CH,CH; CH,CH, H CH,CHj3
R S R S CH,CHj
74.
2 1 CH,CH; CH,CH;
[(x] = — = - = -=6. f. CH3CH2 H H CH,CH
Ixc ~ [2.0dm][0.15g/mL] o SO, s A S A
H Y7 i ¢ NH Br——H S  H——BrR
75.  Butaclamol has four asymmetric centers; three of them are carbons and one is a nitrogen. Bt CECH; CHLCHy Hs ;

s 5 R R CH,CHj CH,CH;
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The initially formed carbocation is secondary. It undergoes a 1,2-methyl shift to form a tertiary

carbocation that gives the products shown below.

CH,CH
Br Br i
| | Br CH; R
/C-,,, + \_,-C\ i +
(CH3),CH \ "CH,CH;  CH3;CHy"/ "CH(CHz), CHCH,
CH; CH; |
R S CH;
(IZHQCH3 CH,CH; CH;, CH;,
C. + C or H Br + Br H
1 Saie N
‘H H CH.
CHLC 4G CH,CH; CH,CH;
S R 5 R
CH,
H;C
’ H H——CI §
Wi E— B =E] or
L darity % H——CI R
CH,
Roa S CH,
a meso compound
CH; CH,
H;C H CH;
$ ” H——ClS C—+—HR
.C—C—=Cl + Cl=—C—C.. or
/ % / \'H Cl——H s H——CIR
CH, H al
s 8 R R CH;, CH;
CH,CH,
CH3CH2 H
H——CH; §
«C—C—CH
BCr % H——CH,
H CH,CH,
R S CH,CH;
CH,CH;
CH;CH, H H CH,CH;
\ e H——CH;
wC C CH3 + H}C C C.., or +
i 7l ! CH;—+—H
HsC CH,CHs CH;CH,  CH,
CH,CH,

a. The compound has four stereoisomers.
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CH,OH CH,0H
H——OH HO——H
H——OH HO——H

HO——H H——OH

CH,OH CH,0H

b. The first two stereoisomers are optically inactive because they are meso compounds. (They have a

CH,0H CH,0H
H—+—0H H—1—OH
H—1—OH HO——H
H——0H He—r——0H

CH,0H CH,0H
plane of symmetry.)

a. CI:HchzBI' b. O

C., C
Br~ \“H

QCHZCHZCH3
R
a. and b. H,
CH,CHj;
ethylcyclobutane
H,
. /Ao H
CHj; CH;
cis-1,2-dimethylcyclobutane
\\H
H”l,,, CH3
CH;

cis-1,3-dimethylcyclobutane

c. 1. ethylcyclobutane
1,1-dimethylcyclobutane
1,2-dimethylcyclobutane
1,3-dimethylcyclobutane

&CH— :Q er

LOH ¢ HC CH,CH;

Br,C—

S

CH3 ,"/U

CH;
1,1-dimethylcyclobutane

H, CH;,
%G8 «CH, /o H

CHjy H H CHj;
trans-1,2-dimethylcyclobutane
~CHz
- B
CHj3

trans-1,3-dimethylcyclobutane

2. the three isomers of 1,2-dimethylcyclobutane
the two isomers of 1,3-dimethylcyclobutane

3. cis-and trans-1,2-dimethylcyclobutane
cis-and trans-1,3-dimethylcyclobutane

4. the two trans stereoisomers of 1,2-dimethylcyclobutane

5. all the isomers except the two trans stereoisomers of 1,2-dimethylcyclobutane
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81.

82.

83.

Chapter 5

6. cis-1,2-dimethylcyclobutane

(Note: cis-1,3-dimethylcyclobutane is not a meso compound, because it does not have any

symmetric centers.)
7. the two trans stereoisomers of 1,2-dimethylcyclobutane
8. cis-1,3-dimethylcyclobutane and trans-1,3-dimethylcyclobutane

cis-1,2-dimethylcyclobutane and either of the enantiomers of
trans-1,2-dimethylcyclobutane

observed rotation
concentration X length

observed specific rotation

—-6.52°

—— = -349
0.187 x 1dm
% optical putit\= . obser\fed specific rotation ‘ % 100
specific rotation of the pure enantiomer
= 00
-39.0
= 89.5%
. 100-89.5
% of the (+)-isomer = — = 5.25%
% of the (-)-isomer = 89.5 + 5.25 = 94.75%
a. diastereomers c. constitutional isomers
b. identical d. diastereomers
H
s b. g CH,
a ]|3r br ale_/
C., H cl \"H
a”’ \'H = CH;CH, cl
CH,CH,CH; CH,CH,CH;
d.
H QBY or
H3C CH3 Br H
” CH,CH, . CH,CH;
H——CH; CH;——H
H——CHj, H——CH,
H——CH; CH;—1—H

or

CH,
c——H

”

8s.

86.

87.

88.
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In the transition state for amine inversion, the nitrogen atom is sz hybridized, which means it has bond
angles of 120°. A nitrogen atom in a three-membered ring cannot achieve a 120° bond angle, so the amine
inversion that would interconvert the enantiomers cannot occur. Therefore, the enantiomers can be
separated.

The first product would not be formed, because none of the bonds attached to C-2 were broken during the
reaction. Therefore, the configuration at C-2 cannot change.

The fact that the optical purity is 72% means that there is 72% enantiomeric excess of the S isomer and
28% racemic mixture. Therefore, the actual amount of the S isomer in the sample is 72% + 1/2(28%) =
86%. So the amount of the R isomer in the sample is 100% - 86% = 14%.

The compound is not optically active because it has a center of symmetry.
A center of symmetry is a point, and if a line is drawn to this point from an atom or group and the line
then extended an equal distance beyond the point, the line would touch an identical atom or group.

Br Br
HBr | |
G, e
Py H3C™/7\
CH;),CH \ 'CHs 3
( 3)2C CH2CH3 CH3CH2 CH(CH3)3
N R
Br or Br
(CH3)2CH—§—CH2CH3 + CH3CH2v-}—CH(CH3)2
CH;4 CHj
S R
H H
H CH; HC, H
Br, N CH;0 2% v Br—+—CH; S CH;——Br R
T \.,/.c—c\‘OCH3 T, or S don
Br" L] Ly W -~
HI:;C CH(CH3)2 (CH3)2CHR R\CH3 CH3O CH3 S CH3 OCH3 R
L CH(CH3), CH(CHs),
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OH OH
H* ([: l
HO (LSt + CH ”“‘_C
CH;),CH \ 'CHj 3/ N\
( 3)2 CHchg, CH3CH2 CH(CH3)2
S R
or
CH(CHj3) CH(CHj)
HO CH; CH; OH
CH,CH; CH,CH;
N R
H H
PYC Ca, e
S HaC"
CH,),CH \ 'CHj 3
(CHCH Ao, CHyCH, CH(CHy);
R S
or
CH(CH3) CH(CH3)
H CH; CH, H
CH,CHj; CH,CH;
R S
H H
H CH; HsC, H
Brz \C_C‘-Br B3r< . 7 Br——CH3S CH3_—BrR
CBCh gy N\ By or +
CH, CH(CHj3), (CH3),CH CH, Br——CH; S  CH;—BrR
S S R R CH(CHs), CH(CHjz),
H H
H3C \H H CH
2.HO", H,0,H,0 H'y % \H or s
HO CH(CH;), (CH3),CH ol CHy=T—H & H——CH; R
58 R R CH(CHs), CH(CHy),
H H
H CH; HiC, H
o N\ S et OH H%)\ 7 Br——CH;3 S CH;—71—Br R
Bo gy C /C—C",,B or +
H3C CH(CH3), (CH3),CH CH; HO——CH; S  CH;——OHR
ALy
B F CH(CHs), CH(CHy),

89.

90.

91.

Chapter 5

wCl a

Yes.

a a a a

This is a pair of enantiomers
because they are
nonsuperimposable

mirror images.

This is the most stable isomer
because, since the chloro substituents
are all trans to each other, they can all
be in the more stable equatorial
position. (Recall that there is less
steric strain when a substituent is in
the equatorial position.)

179

A six-membered ring is too small to accommodate a trans double bond, but a ten-membered ring is large

enough to accommodate a trans double bond.

/‘ trans double bond

a six-sided structure
with a trans double bond

a ten-membered ring
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92.

93.

9.

95.

Chapter 5

Because fumarate is the trans isomer and it forms an erythro product, the enzyme must catalyze an anti
addition of D70. (Recall: CIS, SYN, ERYTHRO)

We can determine that (-)-1,4-dichloro-2-methylbutane has the S configuration because in the process of
forming it from (S)-(+)-1-chloro-2-methylbutane, no bonds to the asymmetric center are broken.
Therefore, the configuration of the asymmetric center is known.

CHiCl CHCl
. al .

NG e / SH

CH,CH, CH, CICH,CH, CH,

S-configuration
(S)-(+)-1-chloro-2-methylbutane

S-configuration
(8)-(-)-1,4-dichloro-2-methylbutane
R
v o)

B
\CH3
b.
/ "\ CHCH;

CH; 0

The trans compound exits as a pair of enantiomers. As a result of ring-flip, each enantiomer has two chair
conformations.

In each case, the more stable conformation is the one with the larger group (the fert-butyl group) in the
equatorial position.

H H
CH; CH;
H;C H H CH;
C(CH3)3 (CH3);C
H H C(CHa)3 (CH3)5C H H
more stable more stable
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96. a. The compounds do not have any asymmetric centers.

b. 1. isnot chiral.
2. is chiral. Because of its unusual geometry, it is a chiral molecule, even though it does not have
any asymmetric centers, because it cannot be superimposed on its mirror image. This will be
easier to understand if you build models.

H H | H H
Ne=c=c | “c=c=c
/ N : 7 P

H H ! H H

mirror
images are superimposable
H H E H, H

sgeag : L=

AT | v N

H;C CH; @ HsC CH;

mirror
images are not superimposable




