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Arrange these carbocations in order of increasing stability:

+

_|_
(a) T CcH, (b) CHj; (c) CH,

5,52 Each of the following 2° carbocations is more stable
than the tertiary-butyl carbocation shown:

OH
+

a tertiary carbocation
(b) //\//\ (c)

Provide an explanation for each cation’s enhanced
stability.
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) HyS50
G/\ + HO = + HCI

5.25 Draw the structural formula for an alkene with the
molecular formula CsH4 that reacts with HCI to give
the indicated chloroalkane as the major product:

Cl Cl

Cl

_—
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530 Propose a mechanism for the following acid-
catalyzed dehydration. (See Examples 5.6, 5.8)

OH CHg
HyS50,
CHg CHj

5.31 Propose a mechanism for each of the following trans-
formations. (See Examples 5.4, 5.6, 5.8)

(a) HB
D\/ * '

(b) H,S0
+ HyO —

Br

-

L

L3

HO



5.37 Treatment of 1-methylcyclohexene with methanol in
the presence of a sulfuric acid catalyst gives a com-
pound with the molecular formula CgH450. Propose
a structural formula for this compound and a mecha-
nism for its formation.

H,SO,

various
alcohols, haloalkanes
NaNH, } R—3 reduce reactions ’ ’

R—C=C—H ——> R—(C=C:Na ——> R—C=C—R R—(C=(C—R ———— dihaloalkanes,
alkanes, and others
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5.51 Test your cumulative knowledge of the reactions
learned thus far by completing the following chemi-
cal transformations. Note that some will require
more than one step.

(a) >{ o >I (c) g\Br - m/
= o

(d)
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5.44 Determine the alkyne that would be required in the
following sequences of reactions.

(a) 1) NaNH,

-
o
H

L 3

2) CHaCHBrCH; X
3) Hy/Lindlars

(b) 1) NaNH,

2) CHgl
3) Hg/Ni
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Chapter 7

Stereoisomerism

lI Iv
f - \
I’ I|
f \

.l lI
l’ \

I \

l"’ II!

v" 'II
‘I lA
/ \

I,’ I‘A'

/ \

I' I.l
I," II'A
‘,' ll|
J .I

\




@) 725444 ouytli
@) 772447 Qutline:
A H, ~ =

\\_1_ .r/' XIAN HAOTONG UNIVERSITY "

1. What are stereoisomers?

2. What are enantiomers?

3. How do we designate the configuration of a stereocenter?
4. What is the 2" rule?

5. How to determine whether two compounds are the same,

enantiomers, or diastereomers?
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Fi& (chirality) : EYSRIGAREESHER.

FHER=HDBNEFENE. MR—MIBAESEHREES, 2RI AFE
2, BNRAEFIEDF.

T R EEEFIE:
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A COOH ! COOH FLER COOH ! COOH
" \"TH i H“‘%H H/k""OH i Ho“‘¢l_I
CH, | H,C CH, | H,C
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=1 sodium ammonium sodium ammonium
ﬁ%ﬂji‘jﬂ*ﬂw Wo tartrate tartrate

left-handed crystals right-handed crystals
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AT A BHERISEIS B F SBARSESEIN?

EXEFEEEE: “elegantly simple but significant”
Bp: EBHMERE—RmiiEaE, B—HhHEXEKX,
XL T EFREFEN.

2B T (BAES B IRERARHIEXR R

b s '“""Q‘)
& ' ’
100" Anniversaire de ks mort de Louis PASTEUR. 34 *
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WEX: RS FHZLERD FRGSIEZERITEME?

REg: EFERF ILEE: FHEPF
COOH COOH
: r H%"”H H/k""OH
o2 CH, CH,
AR SFREXNIE.

PFEERFE, SHFHINFEFEBX.
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(1) XIFRE

RESFHRE—1FEAE, AJLNEHFoEIREALNSHEERX
FIWERS, XN EEMFRAS FRIRIFRE.

o B HERISFHIEFIERF.

COOH ﬁ
H ' H
"'l,l 1
H OH H
CH3 CH; |/  CHj

(4

fRmE, FE BXtE, EFE

BXE, EFE 7o
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(2) XIFRAG

RESFPRE—1 R, EEIFESNFIESLAREZINESRERNERFRER, X
T RIRADFRIXITRRC,

o BUHPRLNSDFHREIEFHEDF.

i
QOH ¢¢CH3
.2 / HO, '/COZH
H-- H'“ ’-H ,"c—,ch..m\H
-7 e H R \
. \‘| /,' OH
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3 S B
D coon FL SR
! o154 mp°C pKa  []2°
4 N OH L HOMWTAN (+)-3L8 53.0 3.79 /+3.82
CH; |  HsC (-)-FlB8 53.0 3.79 \_-3.82
(+)-BE  ()-5E (+)-%E (18.0) 379 /

o [RYhENSIERZIM, MWIRENFERHENYE. (CFIEE
® JHYBHILLEESERUVESE, KR, MWIRMEXIRZAhE a0,
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201848504, EE—R2ABHLZE—HEFFS “REE"
iZZ3 ) FiHR IR RBREY, (BRXE(EHGENER T
12000230572 “i839)L" B,

o] : o)
HN i NH
0O o 0O O
(S)-thalidomide (R)-thalidomide
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NMe

HO ; } Nm

(-)-benzomorphia

LEFS, RS

: MeN
| o
! HoN
§ i H§~ OH I NHSH
: (+)-benzomorphia
i (9)-KEBEE
- BILRE R S

NH
HO z

HN H g

(R)-KZERE
AHIR
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{g} 43 44%  Importance of Chirality

half of pharmaceuticals are chiral compounds!

H O

|l

CHs;

(S)-lbuprofen (responsible for pain relief)

"//

H

(S)-Limonene (R)-Limonene

Lemon smell Orange smell
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1. What are stereoisomers?
Skeletal CH;
isomers CH3CH,CH,CHj, CH3CHCH,
L Positional
Constitutional £ iy CH4CH,CH,OH CH4CHCH,4
iIsomers
Functional CHyCH,CH,0H CH30CH,CH,
i H
isomers A
Isomers H \
H H H
Conformational H™ H H” H
iIsomer =
_Stereo- CH
1SOMErs Cis-trans MaG_ CHa HsGe = hi
Configurational isomers H  CH,
iIsomers

Optical - Enantionmers
iIsome

Diastereomers
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MVAEFEPHEX: SFPHNRFREFRIEHREENAFHEHRE, (BF=
[ERIHEFI B RA RS R,

Stereoisomers have the same molecular formula and the same
connectivity of atoms in their molecules, but different three-
dimensional orientations of their atoms in space.

MBWFEHES : HARDFRMBERE SIS RERRAISIFIE
ERFHEFEREZE.
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Enantiomers are stereoisomers that are nonsuper-
Imposable mirror images.

A molecule that is nosuperposable on its mirror
Image Is termed as a chiral molecule.

— FRBET (FUBBRETDR
o TR | TR
EFSEERENRET, B
2.
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COOH COOH
|
CH 3/ (/”“""'H H"“““\}C\CH3
(5)-(+)-7LE% (R)-(-)-7LE%
m.p: 53°C m.p: 53°C
[a]lp = +3.82 [a]p = -3.82
pKa=3.79 (25°C) pKa=3.83 (25°C)

—A A EFEiRERISRANE, FRAGRER(+); Z—1a
(EEERRISEANE, MATER(-). —ENEAER
&, BEL3IIRFEE ey
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CO,H CO,H
| *
e g8 CHs
[t : SEEFEE¥IEH@ﬁE&ﬁ?*ﬂE?IEH@#LE&ﬁ?. (=1 (0] DL

BEREMTA?

P FEHBRESEHREESRET I FHIHNITRIE,
B3 FRIFIES S FRMNMERX. TR FIMNRIEEEAIENE
EaRBFIE.
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Plane of symmetry

r

A B C D E
: Br ¢
H Cl F

Plane of symmetry: An imaginary plane passing
through an object and dividing it such that one half
IS the mirror image of the other half.

BUTHNS 7 ENTRREESE, HEEFED T,



Center of symmetry

A center of symmetry is a point from which two
Identical atoms or groups are away from each
other at the same length of distance, and through
which these two atoms or groups can be connected
by a straight line.

BAXFPLHISF, TUMREEER, HEFESTF




&) 7FALLT 4 How do we designate the configuration?

R / StRigi&
IUPAC FIZEXIIR (B R, Stp&. R/SIRiCE=IRNE
FREF LFRERNNEFRREFBEE==RAIHET B I
RFich,
HMANT:
@ BFEREF LEENNM R REFHER (a, b, c,
d) EXFERUNKEINHEESIRERE (fEa>b>c>d) ;
@ BREXFNEFELD (d) mEMEE, SFIEW
BEmni;
® MEHFR=NMNEFEBRBXZMIHETIRR.
=H a—b—cHIMRIETH RbERERY, ARIEE;
HH a—b— ¥R RbEsERY, HSIIE,




Center Configuration

The configuration of chirality centers can
be assigned using “R,S" descriptors.

1.

Priornitize substituents with #'s 1-4 following Cahn-Ingold-Prelog Rules

2CHO
4H"’}c“‘c:3|-12ﬂH
HO 1

Orient molecule so substituent of lowest priority (4) is directed back

3. Starting from highest priority
substituent (1) move to the second
highest (2), then to third highest (3)

Clockwise movement:
Counterclockwise movement:

R
S




Q
L, &
HO Z

CHj

CHO

HO @ (o ___ Ho( ) @

CH,0H R CH,OH
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Br— Cl — . COOH
RE!

cl
| / Cl— CH,OH— CH,

SE
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For molecule with n stereocenters, the maximum

number of stereoisomers possible is 2.

AR sqpnspaibay  SNELESE

FREK R 28
1 2 1
2 4 2
3 8 4
4 16 8
n 2n 2n-1

JhELESEIE =21 (nAFEFEHRAEE)




"f_:ffi thr 6. How to determine whether two compounds are the same?

Step 1: Verify that the compounds are stereoisomers.

Step 2: Assign R/S configurations to each stereo-
center in both compounds.

Step 3: Compare the configuration at corresponding

stereocenters.
Possible Scenario Relationship
All configurations the ldentical compounds
same
All configurations enantiomers
opposite

Any other scenario diastereomers
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HOOC—CH —CH—COOH
cl H

Racemate — A quivalent amount of mixture of a
pair of enantiomers is called a racemate.

Diastereomers — Stereoisomers that are not mirror
Images of each other.

*

HOOC—CH —GH—COOH
H H

(tartaric acid)

Meso compound—An achiral compound possessing
two or more stereocenters.




\

CHO CHO

He C—=OH | HO— C —H

| |
H—C—OH | HO—C—H

CH,OH CH,OH

(a) (b)
N /
Y
One pair of enantiomers A second pair of enantiomers

(erythrose) (threose)
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Br OH Br
J\/\/ Br : (5) Br(f)
OH CHs, OH CH3
. . Possible Scenario Relationship
different configuration
Br OH all configurations identical
B the same compounds
/‘\/\(Sﬁ/ Br(fp~_ g
(R) H m — all configurations enantiomers
= opposite
OH CHs PP
: any other scenario diastereomers
same configuration




Following are stereorepresentations of the four stereoisomers of 1,2,3-butanetriol:

”\QHQOH CH-,OH CH>OH CH,OH
II-—-L|’]--OII II-—-?-—-OII HOw—(C-=H IIO-—{|?--II
HOw»—(C—-=H He—C-==0OH HOw»—C—-=H He—C-==0OH
PN R
5 CHg CHg CHg (_:Hg
(1) (2) (3) (4)
Configurations are given for the stereocenters in (1) and (4).
(a) Which compounds are enantiomers?

(b) Which compounds are diastereomers?



Following are stereorepresentations of the four stereoisomers of 3-chloro-2-butanol:

CHj CHj CHj CH3

H=C—OH H=C—OH HO=C—H HO=C—=H

m-——rl’:-u H-—(';--cl 11-—(!;--(:1 Gl-—ll”;--II
CH; CHj CH, CH,

(1) (2) (3) (4)

(a] Which compounds are enantiomers? (b) Which compounds are diastereomers?



COOH COOH COOH COOH
He C =OH | HO— C —H He— ¢ —OH HO=— C —H
| | I !
Hg—C—H | H—C—g8 H= C —OH HO— C —H
COOH COOH COOH COOH
(a) (b) © @
« Y, N
e

A pair of enantiomers
FIGURE 6.5

J
v
A meso compound

Stereoisomers of tartaric acid. One pair of enantiomers and one meso compound. The presence of
an internal plane of symmetry indicates that the molecule is achiral.



Following are stereorepresentations of the three sterecisomers of 2,3-butanediol:

CHs CHj3 CHj
II--E--OII II--E--OII IIOI--E--II
l'I(}-—-flj—-l'I '[1'-—4?--01’1 H»(C—=OH
%]Hg E]Hg _
(1)
(a) Which are enantiomers?

(2)

CH,

(3)
(b} Which is the meso compound?
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summary

1. M5,

2. XIRFA ;

3. WIRFESFIE;

4. TR FIASBIFRIC

5. 2"#0;

6. EHHIERZIFFEE ZERIXER.
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{EdL :
P192: 6.20, 6.22, 6.24, 6.25, 6.41(b)., (c)

6.46(a)
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6.19 Draw the enantiomer for each molecule: (See
6.17  Which alcohols with the molecular formula CgH,;,0 Example 6.1)
are chiral?
OH CHO
6.18  Which carboxylic acids with the molecular formula | T
C.H..O hiral? (a) wC (b)  Hw=—C—==OH
s112%J2 @re chiral: CH;" 4 ~COOH é
H CH-OH

COOH
: O OH
(c)  HyNw—C-=H (d) Q’
CH;
OH OH
B ( |
"'NH,
CHs
O H OH
(gl {h)
COOH H OH
CH;

Br  OH /\)\
ti}/[\/'\/ (-7 X OH

L "
Y
—
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6.23 Following are eight stereorepresentations of lactic
acid: (See Examples 6.3, 6.4)
COOH CH,
(@ .G (b) .
n“4 Sou HoY§ "
CH, HOOC
COOH CHs
(c) e (d) WC
HOY{ ~CH; HY{ ~COOH
H HO
COOH CHj
(e) H=C==OH (f) HmC==OH
CH, COOH
OH CH,
(g) CHy=—(C==COOH  (h) H=C—==COOH
i

i

H

6.27 Following is a staggered conformation of one of the
stereoisomers of 2-butanol: (See Example 6.2)

CH,
. ¢~::~H
H ™, = (OH
H )
CH,
(a) Is this (R)-2-butanol or (5)-2-butanol?
(b)

Draw a Newman projection for this staggered

conformation, viewed along the bond between
carbons 2 and 3.

(c)

Draw a Newman projection for one more stag-
gered conformations of this molecule. Which of
your conformations is the more stable? Assume

that —OH and — CH5 are comparable in size.

Take (a) as a reference structure. Which stereorepre-

sentations are identical with (a) and which are mirror
images of (a)?



ol
&® .

FEXARY

XIAN HAOTONG UNIVERSITY

2

6.31

Label each stereocenter in these molecules with an
asterisk and tell how many sterecisomers exist for
each. (See Examples 6.5, 6.6)

CH,—COOH
CH,CHCHCOOH CH—COOH

(a) HO OH (b) HO—CH—COOH

OH OH

{c) (d) (e)

(f)
O COOH

OH
(g) (h)

OH O

6.41

Test your cumulative knowledge of the reactions
learned so far by completing the following chemical
transformations. Pay particular attention to the stereo-
chemistry in the product. Where more than one stereo-
isomer is possible, show each sterecisomer. Note that
some transformations will require more than one step.

{E} O/\HI w
OH

(b)  CH3CH9Br ——— ~">"0H

(€) H—=——H S
Cl
(d) /L\/{Il - )\/\/[)H
H
PN = A
Cl
1

O
() CH=CH, — /\H\/
C
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6.42  Predict the product{s) of the following reactions {in 4. What is the relationship between the following two
cases where more than one stereoisomer is possible, molecules?
show each stereoisomer): CH
Hs H40 J F
(a) /j/ o (b) /\’_r . CHg

6.43 What alkene, when treated with H,/Pd, will ensure a

100% vyield of the sterecisomer shown? (@) They are identical.

(b) They are enantiomers.

(c) They are diastereomers.

(d) They are constitutional isomers.
(e) They are nonisomers.

H

(a) (b)

H
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