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Carbohydrates
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« Carbohydrates are polyhydroxy aldehydes or ketones. [z_Zl;M
» Saccharide 1s another name for a carbohydrate T
O ¢

* Functions:
» Source of energy (glycogen and starch)
" $2 Structure (cellulose and chitin)

* Building blocks (glycosaminoglycans) Cay  ate
* Cellular recognition (glycoproteins)
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« By the number of sugars that constitute the molecule
» Monosaccharides, Disaccharides, Oligosaccharides, Polysaccharides

monosaccharide 9 disaccharide
@accharide polysaccharide
(chain containing (long chain with possibly hundreds

3-10 units) or thousands of units)
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* Most carbohydrates are found naturally in bound form rather than as simple
SUGATS. g, 2 = G=t
» Polysaccharides (starch, cellulose, inulin, gums)
* Glycoproteins and proteoglycans (hormones, blood group substances,
antibodiesy A &E
. Gl\}fv%glt_gis (cerebrosides, gangliosides)
 Glycosides %5 5.,
* Mucopolysaccharides (hyaluronic acid) ~gp \m30 suger
* Nucleic acids (DNA, RNA) odaidy Yo b
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* Basic chemical f(;rmula (CH20)n = "0 og oc—0—> L6
* They contain t ;&o or more hydroxyl (H_lé_on) (H—gclz—oH) (;:b:‘ @‘e)&o)
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groups. — D pacee ki Po\d ‘\‘&&‘M@’ @cI;HZOH &H OH 55

An aldose A ketose
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Fisher projections or perspective structural formulas.

Fischer
. .. CHO o Perspective
projection | ':' © formula ?HO

He Comm O H HO—C—H - C=m OH HO = C--H
CH20H CH20H

H,OH CH40H
L-glyceraldehyde

D-glyceraldehyde  L-glyceraldehyde D-glyceraldehyde

Q == Forward Badkward Top (C1):t highly oxidized C
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e By the number of carbon atoms they contain. -sws2S

3 Smallest  HQEV
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Triose \ #/ 0
C/
Tetrose l
* Pentose .
* Hexose 6‘6 g ¢ Hff -
« Heptose O’RK?':\S Chion
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* By the functional group

H 0 H | an aldehyde a ketone
N\ Z | This can be 5 5
C H—C—OH hydrogen or a I /7
I I hydrocarbon group. — R-C R-C
H—C—OH (7%, Cc=0 H R
C a2 T A
H—C—OH I'r-_C_OH All aldehydes have a These must both be
| hydrogen attached to hydrocarbon groups - for
H H the C=0 example, akyl groups.

Aldose Ketose



CHO

AI d oses Il(:ZOH 9'1‘0 5’?\03@ Aldotriose
CH,OH
\e U& \) « ‘ D-Glyceraldehyde
B Mo ¢ . R
CHO CHO
HCOH H()(l‘H
H (lj()H H (|30H Aldotetroses
(|:H20H O“Qg CH,0H
D T—‘rythrosB QQ,:\;}S) D-Threose
™
(IIHO (IJHO (I‘.HO (EHO
HCOH HOCH HCOH HOCH
H(IBOH IlCITOIl IlOéIl HO(",H Aldopentoses
H(I‘.OH HCITOH HCOH HCOH
('DIIZOII éTIIZOI[ ICIIZOII (l.?Hz()H
n-Ribose (Rib) D-Arabinose (Ara) p-Xylose (Xyl) p-Lyxose (Lyx)
i
(I_‘-HO (lfHO CHO (!'3HO CIJHO ﬁJH() (ITH() (|3H()
HCOH HOCH HCOH HOCH HCOH HOCH HCOH HOCH
HCOH HCOH HOCH HO(I?H HCOH HCOH HOCH HOCH Aldohexoses
HCOH HCOH I'l(|30H H(ITOH HOCH HOCH HOCH HOCH
H(IJOH H('JOH H(|}OH H(ITOH H(|30H IIICOII HéOIl II(I30H
(IfHZOH (IJHZOH CH,0OH (I‘.H.ZOH (|}H2OH (lsz()H (ITHZOH (|1H20H
p-Allose D-Altrose -Gl D-M. D-Gulose p-Idose p-Galactose p-Talose
(Gle (Man) (Gal)
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Memorize the
ones in boxes.




CH,OH
t=o
b.om
Dihydroxyacetone
Ketoses L
c=0
OH
,OH
D-Erythrulose
CH,0H /\ CH,OH
é=° c=0
L B HO——H
U H——0OH
CH,OH CH,OH
D-Ribulose D-Xylulose
e L
CH,OH CH,OH CH,OH CH,OH
= —o = -
H—+—OH HO—+—H T H HO——H
H——OH H——OH| HO——H HO——H
H——OH H+ OH b CH H——OH
CH,OH CH,OH CH,OH CH,OH
D-Psicose D-Fructose D-Sorbose D-Tagulose

Memorize the
ones in boxes.




* Glucose: / iy O\V ? :
?ﬁild sweet flavor Hi\w H 2 HS/ >H
* Known as blood sugar oW &% &\ ] iﬂ H\$H—£ H

» Essential energy source
Cf\“’i‘g" Found in every disaccharide and polysaccharide
 Galactose:
» Hardly tastes sweet & rarely found naturally as a single sugar
* Fructose:

Glucose Galactose

Lo}
* Sweetest sugar, found in fruits and honey HOHE / \?H,m
* Added to soft drinks, cereals, desserts ?\0“ HO /<I:
b\ L
" H

Fructose
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What is a chiral carbon?

v o Cest  Sqrey C &0

0
sr\\:& l-iO\CH %C—H
c/ 2 HO_ / Chiral [k Gevalest '
0= N Hci—_ carbon” 4 dffewt qer.
/CH2 /Cl-lz
HO HO
Dihydroxyacetone p-Glyceraldehyde
(a ketose) (an aldose)
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CH,
H— C—Cl

Br

0 <1000 h“‘!’\

TH3 CHj |C|)
H—C—H H—C—CH,;CH;, @
KN
H
Br CH;CH;CHs
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Isomers that have the same
molecular formula and
sequence of bonded atoms

/\An isomer is a molecule with

the same molecular formula as
Isomers another molecule, but with a

>

(constitution) but differ in the
three-dimensional orientations

different chemical structure.

||

of their atoms in space.

\ Stereeisemers
}he Qare, Oon

.. .. Molecules with the same
Constitutiol ,o/ecular formula but
ISOMEers pave different bonding
patterns and atomic

Enantiomers

1 1

L-isomers D-isomers

1 LY organization.
-
DiastereomerV
\_ V,
( )
Epimers
_ w,

n SQce M (¢71) d\%ﬂp‘"




(\\ 16 Aldohexoses

) 0 ()SC CHO
-, . H——OH
Gassep 1 o
2n (n is the number of ., #—0H
. . - H——OH
chiral carbons in a v‘“-z CH,0H
G
sugar molecule) WoHG R CHO
%M\&\ Q:s\ o :E))E
Caaspho 1
Lo n w(ueﬁ_:gH
: hey oo
Search for: CH,OH
Glucose et o
L] HO——H
Galactose HO——H
Mannose o=

Glucose,
Galactose
Mannose

CHO
HO——H
H——OH
H——OH
H——OH
CH,OH
CHO
HO——H
H——OH
HO——H
H——OH
CH,OH
CHO
H——OH
HO——H
HO——H

CHO
H——OH
HO——H
H——OH
H——OH
CH,OH
CHO
H——OH
HO——H
HO——H
H——OH
CH,OH
CHO
HO——H
H——OH
HO——H

HO——H
HO——H
H——OH
H——OH
CH,OH
CHO
HO——H
HO——H
HO——H
H——OH
CH,OH
CHO
H——OH
H——OH
HO——H




Isomers

Constitutional

Stereoisomers .
. isomers
Two stereoisomers that are

mirror images of each

other and are non- g - 1 -
superimposable (not .

Sl ( Enant|omers Diastereomers
identical) . (.

@g@ \}Jfle‘-:‘ N Sazy o L y
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) L-isomers D-isomers Epimers
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D-Glyceraldehyde L -Glyceraldehyde
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Ball-and-stick models




DI1C C
CHO
HO H
HO H
CH,OH
L-erythrose

CHO

OH

OH

CH>OH
D-erythrose

Do not memorize
but study them.




Isomers

Stereoisomers

Constitutional
isomers

||

Enantiomers

1

- _

Two or more stereoisomers of a
compound having different configurations

Diastereomers| at one or more (but not all) of the chiral

) carbons and are not mirror images of

each other.

L-isomers D-isomers

Epimers

J
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then...

iastereonoakers




Isomers

I

1

Stereoisomers

Constitutional

isomers

|

Enantiomers

A

1

-

.

Diastereomers

7

J

L-isomers D-isomers

Epimers

L

\V4

liffecence

i onentation

gor one OHT

Epimer refers to one of a
pair of stereoisomers
whereby two isomers differ
in configuration at only one
chiral carbons.



)1astereome §
then... epimers
'CcHO
, |
HO —C—H
3
D owels L HO _CI_H
e .~  H—C—OH
G’nankomerg?
Q@@\Q&gm\ ‘QF‘\ H —SC_OH
& Caloz A QLY
g G ®CH,OH
Otostefio
p-Mannose

e, Aol o G VBl
Q> RQpimery.

QWA

(epimer at C-2)
o»f)f\ff g& O &8 Cragys | S
Is L-glucose an epimer with D-mannose and D-galactose?

CIC OT1C Al10 O1 O11C 18
Memorize and
1 X study them.
CHO CHO
2 I 2 I )
H—C—OH H—C—OH
3 3 I
HO—C—H HO —C—H
i |
H—C—OH HO —(IZ—H
H—C—OH e‘?(““e“ H—C—OH
°CH,0H (& MNRCHI°CH oH
p-Glucose p-Galactose

(epimer at C-4)

~



Hemiacetal and hemiketal: ether and alcohol on same carbon
Acetal and ketal: two ethers on same carbon

0R
/OK R_OH; Ho R—OH; RO OR
" H H
ddeyde  hemiocetal acetol (€ H26R

0 qow 0 OR oo RO OR
oy T o =
ketone hemiketol ketol

What is the difference between hemiacetal and hemiketal and
the difference between acetal and ketal?
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C\ /C 4 1 \ /;;\9 rjél @()S(*A’ 2 ol _,he‘:‘hl
- HO
C o C 3 4 <\dl< ZS CH,OH
Haworth representations Furan € i f u (|: @ / o
of furanose structures 6 : /\ ‘g;'lgmoai form
| _iho, OH H X
o Shaps “aee
OH \\O CH,OH
C— “Conzo
/ OH CHOH o
¢ p-Glucose OH
C m— C / 3?‘7 thme/ OH
Haworth nepresen(auons Pyran aq @ @f\\gr 0&&
OH

of pyranose structures

efuran and pyran — name of rings

o Puranose more stable than furanose

BRI

Q3C’\\O o Lo\

Furanose form




A 0 a

Tn riage Sotm , AN opeds o0 Shole

W e poukens Jork ¢ .

Except 44 g Cign g Coyndd)

on Cartwd numi. (Q,zy @3 ¢
ét%;in% oH IS
B 1.6 )3l

™~ geta .-

CH,O0H

H OH K

vy GS 2Ab.w alpha-D-glucose

D¢l ow e 6 .
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H OH
beta-D-glucose
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‘E-D-fructose

a-D-fructose
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Face the
sugar and go

Chain to ring
Left-up, right-down YOUR righ

HC=0 HC=0 CH,OH
HC-OH HC—OH ¢=0
HO-CH HO-CH HO-CH
HC-OH HO-CH HC—-OH
HC-OH HC—OH HC—OH
CHZ0H CH,0H CH,0H

CH,0H
4] 0 1
OH 0 HO-CH CH,OH
OH 55 4 OHy 2
OH OH
OH OH
glucose galactose fructose




