Chapter 9 — Stereochem stry*
stereochemstry = chemstry in 3D

stereo isoners = isoners which differ only
In their 3D structures; exanples are cis &
t rans-2- but ene and enanti oners

enanti oners = non-superinposable (different)
mrror inmages; nmajority of chem cal and
physi cal properties are identical
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supenn1pose

chiral = describes a nolecule that is
different fromits mrror inage; enantioners
are chiral

achiral = describes a nolecule that is the
sane as its mrror Inage

achiral nol ecul es have either one or both of
the foll ow ng...

- plane of symetry

- center of symetry

chiral nolecule > (R -lactic acid
achiral nol ecule - water
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chiral center (or stereo or stereogenic
center) = an atomattached to 4 different
atons or groups;
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nost chiral nol ecul es contain chiral
centers, but a nol ecule can be chiral and
not contain a chiral center (how about 2, 3-
hexadi ene?) ..check this out

pl ane pol arized [ight = Iight whose electric
field anplitude vector oscillates in a
single plane; the rotation of plane
polarized light is about the only physical
property that distinguishes enantioners

Sone characteristics of an el ectromagnetic
wave...

Elgctric
field




“Normal ” unpol ari zed |ight consists of all
possi ble orientations of the el ectronmagnetic
waves. A single wave can be obtai ned by

passing normal light through a polarizer ->
this is plane polarized |ight.
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nornmal |ight; pl ane pol ari zed
many pl anes; | i ght;
unpol ari zed one pl ane

Chiral conpounds rotate ppl -2

pol arineter = instrunent used to neasure the
amount (in °) by which naterials rotate
pl ane pol ari zed |ight



Schematic diagrans of a polarineter...

/ ) cl ockw se
+60°
)

....................................... | —

pol ari neter sanpl e @ )’ ant i cc):l ockwi soe
t ube: contains +60~ or -30

conpound of interest
In a suitable sol vent

Polarimeter tube _503&
containing Emergent F
optical isomer .
¥ o _.-_. — e T
Nicol Prism Polarizer P ¢ _
\ Nicol
(N N Prism
X B a Analyzer
\‘ Incident Plane-polarized light

Unpolarized Light

optical activity = a substance that rotates
pl ane pol arized light is chiral and said to
be “optically active”

specific rotation, [a] = anount (degrees)
that a substance rotates ppl expressed in a
standard form it accounts for vari abl es
such as concentration (c) and length (1) of
the light path through the sanple sol ution;



I n the equation shown below, a is the
measured rotation

expt |
tirrp /rotation
T _ a
[a]] = —=
\ AN sanpl e path length
wavel ength of  conc of '" deci meters (dm

light; usually sanmple
sodiumD line, 'M 9/M

| = 589 nmr
conpound [a]ZECJ)
canphor -44, 2°
ni coti ne +163. 2
sucr ose +66. 4




Sone canphor |ike conpounds (simlar odor)...
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([a] = -44.2° have canphor-1i ke odor

G her optically active conpounds...
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[a] = -132°
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(cough supressant)




H/’
R

ni coti ne adrenal | ne

NH,

H | CO,

t hyr oxi ne (Ty)

(-)-carvone (+)-carvone | i nonene
(spear m nt) (car anay) (I eron oil)



(R)-thalidom de (S)-thalidonide
(anti depressant) (nut ageni ¢ and
antiabortive)

The thalidom de story and tragedy....

Late 50's, it was prescribed as an anal gesic for
nmor ni ng si ckness and used extensively in Europe
and Canada despite strong warning that it not be
used by pregnant wonen. FDA had not approved its
use in U S. at the tine.

By 1961, it was recognized as the cause for
nunmerous birth defects (~7-10,000 in 28
countries).

Presently is being evaluated for the treatnent of
AlDS CANCER LEPROSY ARTHRITIS



Question: You have a solution of a nol ecule
that is suspected to be chiral (should
denonstrate optical activity) and find that

the experinental rotation (a) is exactly 0°.
What el se coul d be done to denonstrate that
the nol ecul e actually is chiral? It 1Is

hi ghly i nprobable that the specific rotation
of a chiral nolecule would be exactly 0°.

Absol ute and rel ative configurations...

absol ute configuration = the precise (true)
3D arrangenent of atons in a nol ecule

sanme rel ati ve configuration

¥ X

* *
Hy C— CH—CH=CH, f:tlz» Hy C—CH—Ch=Ch;
[a]Zf = +33.2° [a]2’ = +13.5°

1951, X-ray experinents were devel oped to
allow the determ nation of the absolute
configuration of a nolecule

Cahn-1ngol d-Prelog RF'S notation = specifies
absol ute configuration of a chiral center;
there is no correspondence between R and +
or S and —
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(R -(-)-lactic acid
mi. = (S)-(+)-lactic acid
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Fi scher projections = Short-hand notation
for displaying nolecules with stereogenic
centers. Horizontal bonds are out of paper
toward viewer and vertical bonds are into

t he paper away fromthe viewer. Rotation of
a Fischer projection by 90° has the effect
of inverting the configuration (R-> S and
vice versa). They ONLY can be rotated 180°
about an axis perpendicular to the paper

wi thout altering the configuration. |f the
projection is rotated in a way that l[ifts
sonme groups out of the paper, the absol ute

configuration wll be reversed.
CHZ_CH3
H;C CH—CH;
Hs
2, 3- di net hyl - 3- pent anol
oMEl e | - Pr —é:—Et — | - Pr Et
HO/ \I - Pr ; L I
OH
;Ar/’/// (R
CH, I nt er change

_ | -Pr and Et
Et I - Pr

(S)



rotate 90°
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‘R -(-)-lactic acid \\\\N\\
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Note: if you interchange two of the groups
attached to a chiral center, the nolecule is
converted into the mrror inage. An odd
nunber of interchanges gives the mrror

| mage whereas an even nunber | eaves the
absol ute confi gurati on unchanged.



Absol ut e configuration can be
determ ned froma Fischer projection.

1.

w N
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Move the |owest priority atomto the
top (or bottom) wthout altering abs
conf.

Fi X one group and rotate other 3.
Look at the other 3 and determ ne

cl ockwi se or counter-cl ockw se.
1->2->3 = cl ockw se.

(R) - 3- et hyl - 2- but anol



di astereoners = stereoi soners that are not
enantioners:; have different chem cal and
physi cal properties

*di sast ereoner exanpl e...

CGH CGH
H——OH HO——H
HO——H H——OH

‘k\g;i?tereo rs COH
(2R, 3R) (+) (2S,39)-(-)-
tartaric acid COH tartaric acid
H CH
H OH
CO,H

(2R, 3S)-tartaric acid
meso i somer

nmeso I somer = an achiral nolecule wth 2 or
nore chiral centers and an internal plane of
symmetry; the nolecule is achiral

*Note* that the absol ute configurations of
the two chiral centers in neso-tartaric acid
are opposite, R and S, and the nol ecul e has
an internal plane of symetry



Properties of tartaric acids...

r HO
St er eo- Vb [a]zo (gnim) solubility
i soner (°C) (o;) (gm 100
n )
(+) 168-170 | +12 1.760 139
(-) 168-170 | -12 1.760 139
neso 146- 8 0 1. 660 125
(+-) 206 0 1.788 20. 6
pKa # 1 pKy # 2
(+) or (-) 2.98 4. 34
nMeso 3. 23 4. 82




# of stereoisoners = a nolecule with n
stereogenic centers (and for which a neso
| somer isn’'t possible) will have 2"

St er eoi soners

CHC
H——OH |
HO—E—H # of chiral centers = 4
*
H— _ .
" total # of stereoisomers = 27 =
H—1—OH
CH,OH

(+)-gl ucose



*Chiral nolecules with two stereogenic
centers...

|diastereoners|
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100,H OO,H OO,H OO,H
T e HO——H H——H HO——H
H——H Ho——H HO——H H——cH
40"3 CHS CH3 CH3
(2R, 3R) (25, 39) (2R 39) (25, 3R)
(1i qui d) (solid)

vari ous 2, 3-di hydr oxybut anoi ¢ aci ds

*Achiral nolecules wwth two stereogenic
centers...

OO,H OOH CCoH CC,H
H——CH HO——H HO——H H—— O
HO——H H——CH HO——H H——OH
CO,H CO,H CO,H CO,H
(2R, 3R) (2S, 39 (2S, 3R (2R, 3S)
g J

\'s

various tartaric acids | denti cal

nmeso | soner



racemc mxture = 1:1 m xture of
enantioners; has no optical activity

Stereochem stry of two reactions that
produce chiral nol ecul es...
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Reactions that produce diastereoners...

H;C—CH=CH—CH; + Br, — H,C—CH—CH—CH,
I I

1) cis-alkene + anti-addition - racemc

m xture.....
Br—
oot T2 Hoa _ =%
Nedl CHs C\
H / BFL \
B 3
r\C_‘{}mS FbC\H"""‘c— c{Br
Y /7 \'H
H;C Br Br CH,
50% = (2R, 3R) 50% = ( 2S, 39)
g J
Y

raceni ¢ mi xture



2) trans-al kene + anti-addition - neso isoner

Br
Hw, _wCHy B H V 1 .sCHs
H H / /
Br SH CHs H, Br
\\‘ ( /C ',,’ICI_|3
é y
50% = (2R, 3S) 50% = (2S, 3R
g J
identical = nmeso i soners

Question: Determ ne the products fromcis and
trans-al kenes and syn-addition (eg KMh(Q) .

unsynmmret ri cal
al kene -

(top & bottom
of C=C

are different)

AN G + S

68% ci s 32% trans



*Question: (+) & (-)-Carvone are
enantioners; one snells |ike spearmnt and
the other |ike caraway. Wy do they snell
differently?

resolution = The process of separating
enantioners. It basically involves converting a
racem ¢ m xture (enantioners) into disastereoners
whi ch have different physical properties and can
be separated. For exanple, use a chiral amne (a
base) to react with a racem c m xture of acids to
forma m xture of diastereoneric salts (am ne-H+
with anion of acid). The salts have, anong ot her
things, different solubilities, and can be
separated by fractional crystallization. One
could al so use a chiral chromatography colum for
the direct separation of the racem c m xture.

Exanpl e: Am nes can be resol ved by
enantionmerically pure carboxylic acids.



H H 3\
H,C C=CH HCEC—L—CI-g [ 2 racem c am ne
H, H, [a] = 0°
S R 7
g J
v COH
|_|__
(2R 3R) - (+) -
H,0 HO—r—H tartaric acid
COH
Cco; _
H 2 H G
H——OH -
H,C——C=CH + |H=C——cH,
+ HO —H + HO —H
Hs i Hs
CO,H CO,H
tartrate salt of the tartrate salt of the
S-amne [S R R R-amne [RRR R
[a] = -24. 4° [a] = +24.1°

careful fractional l crystallization

S, R R-di ast er eoner R R R-di ast er eoner
crystallizes = solid remains in solution

l KoCO5, H0




H H

HyC C=CH HC§C+ CHs

NH, NH,
(S) [a] = -52.7°, (R [a] = +53.2°,
bp 82-4° bp 82-4°

Simlarly, acids can be resolved wth
enantionerically pure bases...

(+)-ci nchonine (-)-quinine
[a] = +228° [a] = -165°

The above are chiral alkaloids from the bark of
the cinchona, a genus of evergreen tree & bush
found in sone tropical regions. The genus was
nanmed after the Countess of Chinchon (wfe of
viceroy of Peru) who was cured of fever by an
extract fromthe bark of a Peruvian tree. Quinine
IS nore potent than cinchonine.



Ot her stereogenic centers...

NE@ g $Nb this unbrella
Et ooy, : . N=Et i nversion al so takes
= | ace i n phosphi nes
Plr/ }Dr p phosp
rapi d equilibration o)
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enanti oners can be i sol at ed

+
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i nversion is slow.... \
W R? 1

Broccoli contai ns sul foraphane...

It increases the activity of certain enzynes
capabl e of degradi ng toxic/carcinogenic conpounds.

O
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Only (R)-stereoisoner is active and found in
pl ants.



Pr obl ens:
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