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Carbohydrates

HOCH, ~O~_ OH

HO
CH,OH

OH
B-b-fructofuranose

Fructose (fruit sugar)= sucrose (table sugar)=2LC} 50% O] 4
sweeterdtCt &9 FMFO|C

Through photosynthesis, plants convert atmospheric carbon dioxide to carbohydrates, mainly
cellulose, starch, and sugars.
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1. Definitions and Classification

, H;0 : . H,0 :
polysaccharide — 5= oligosaccharides — 5~ monosaccharides

(hydrolysis)
n H,O n H,O
[C12H20010] 4 Hi - nCy,H,0q, H’ZL ’ 2n CeH,,04
starch maltose glucose
(a polysaccharide) (a disaccharide) (a monosaccharide)

monosaccharide = (simple) sugar



2. Monosaccharides

'CH=0

' CH,OH CH,OH
only two trioses ~ (|3HOH 2 (|:: 0 (|3HOH
(simplest aldose and ketose) | | 5 | |
CH,OH CH,OH CH,OH
glyceraldehyde dihydroxyacetone glycerol
(an aldose) (a ketose)

(aldehyde= E2tSHH aldose, ketone= E 25 H ketose)

'CH=0

'cH=0 ‘cH=o0
g | i | 5 |
?HOH ?HOH ?HOH
3(|:H0H 3(|:H0H 3cleOH
4 4 4
CH,OH ?HOH ?HOH
5 5
CH,OH CHOH
°CH,OH
tetrose pentose heXOSC
[§ J
aldoses

'CH,OH 'CH,0OH  CH,OH
2(|:=o 2ézo 2(|::o
NN | RO ) —
4éHJH{ 4(|:H0H 4(|:H0H
SéHgni 5(|:H0H
’ (|3H20H
\ tetrose pentose hexose )
atuses

In most ketoses, the carbonyl group is located at C-2.
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Br
- H_E\/':l . /7\ 3w " dextrorotatory
F = (+)
= d
= right
- [ N = clockwise
ilter :
Emergin = (R)-or (S)-
o y rudit:ﬁungs (R) )
W
Cross section of Plane-polarizetion
light heam showing oscillations 1 = |evorotatory
random orientuation of : ABr . (.
electromuagnetic waves - H_{:‘n - I( )
: \B/ - left
= counterclockwise
= (R)-or (9)-
° e ° l a
Specific rotation = |« |y = (solvent)
| X ¢
[(1]35 _ a o : rotation degree, | : sample tube length (dm)
D lc ¢ : concentration (g / ml), t: &&=, A : IH&

Enantiomers 77| 2] = m.p., b.p. density, 8| ES0|] 25 Z 2L} specific rotationTF C}
2r},



Conﬂgu ration The arrangement of groups is called the configuration of the stereogenic center.
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Priority ¥ot=

Rule 1 ClI>0>C>H
high low
priority priority

atomic number order

H H H
Rule 2 stereogenic ___ ~__ (|: —H = stereogeniC ___ ~__ 1y
center | | center |
rule 10| & QH= mj H H !

ethyl methyl



=Xl: Find the stereogenic center of the following compound, and assign the
priorities.

1,1,3-trimethylcyclohexane



Rule 3

double bond, triple —CH—CH,
bond 7t =X} g If | |
/ & C\
C CH, This carbon is This carbon is
H e —
treated as if it treated as if it
were singly were singly
bonded to two bonded to two
carbons. carbons.

(: ©

—C=CH is treated as C|J (lj H
& ¢
1

— CH=0 is treated as — (|3— O

|
= I -



=X[: Which group has the higher priority, isopropyl or vinyl ?

—CH=CH, = —CH—CH,
vinyl (|: (|:

- I
isopropyl CH,



3. Chirality in Monosaccharides; Fischer Projection Formulas and D,L-Sugars

two enantiomers

Configuration2f optical rotation
sign7H0f| & 2t2tA| = F 5 it

D represents R configuration.

C|JH=O
H——(|3*—OH
CH,OH

R-(+)-glyceraldehyde
[a]? +8.7(c = 2,H,0)

O
]
O

oy

!
ullnllnn-

I

®)

T

CH,OH
R-(+)-glyceraldehyde

D-(+)-glyceraldehyde

(|3H=O
HO -——(IZ—-H
CH,OH

S-(—)-glyceraldehyde
[a]? —8.7(c = 2,H,0)

Fischer projection
formula for
R-(+)-glyceraldehyde

L-(—)-glyceraldehyde
(small capital letter)

The most oxidized carbon (CHO) was placed at the top.




<|3H20H (|:H20H

(|:H=O (|:H =0 (|::O (|:=O
(CHOH), (CHOH), (CHOH), (CHOH),
H+0H HO—}’H H+()H HO —{— H
CH,OH CH,OH CH,OH CH,OH
a D-aldose an L-aldose a D-ketose an L-ketose

CF= monosaccharideS2| 4<%...

Stereogenic carbonO| CH=O(aldehyde)Lt C= O(ketone)i—b"—ﬂ 7t H b configuration
2 7tE | p-sugar2td £ 2| RALCt. L configurations 7+HX| M L-sugar2t® &2 ULt

D represents R configuration. (= stereogenic carbon2| OH7} L 2Z0f 2 )

O| If, CH=0 or C=0= SZ0| 12 2IC},

Example 16.1 L-erythrose2| Fischer projections 1242},

CH=
HO——H
HO—H

CH,OH

O




CH,OH

D-(+)-glyceraldehyde

Triose

\

_LE =0 CH=0
H OH : HO—7—H
yo | o two diastereomers ol oy Tetroses
CH,OH two epimers CH,OH
D-( —)-erythrose\ /D-( —)-threose\
CH=0 CH=0 CH=0 CH=0
H~—r—0H HO—H H——O0H . HO——H
H——OH H——OH HO ——H €pImers — yo——n Pentoses
H=r—=0H H——0a ) oy s 0 H——GH
CH,OH CH,OH CH,OH CH,OH
D-(—)-ﬁbi D-(—)-arabinose D-(+)-xylose\\ D-(—)-lyxose
(IH/Z() CH=0 (3H/=() \(fH —() (?;—I/:() CH=0 CH=0 CH=0
H——OH HO—H H—/—0H HO——H H——O0H HO——H H—'—OH HO——H
H—1—0H H.—r—C HO H HO——H H——0H H——O0OH HO——H HO——H
H—/——0H H—1—0H H——0OH H——0OH HO——H H{y—1—=H HO——H HO——H
H———0H H—"1—CH H——0H H—1=0H H—1r—=0H H=——=0H H=——1—10H: H——-1—0H
CH,OH CH,OH CH,OH CH,OH CH,OH CH,OH CH,OH CH,OH
p-(+)-allose D-(+)-altrose D-(+)-glucose D-(+)-mannose D-(—)-gulose p-(—)-idose D-(+)-galactose D-(—)-talose

epimers

CH-OH unit StLFA A 2 insertion

/

epimer: diatereomers that differ in configuration at only one stereogenic center

Hexoses



Example 2. D-erythrose2| three-dimensional structural formulas 1212},

CH=0 GH=0
H——OH H=— (|: —OH
H——OH ~ H=—C—OH
H
CH,OH CH,OH
D-erythrose
H OH H OH
H OH
CHO
CHO .
CH,OH CH,OH HOCH, CHO
sawhorse Newman dash-wedge
CHO CHO
H OH
HO H
] H CHO
C-C bond2] rotation H._/OH HO H HOL
"“OH
CH,OH CH,OH HOCH, H



B

CH=0
OH
CH,OH

D-(+)-glyceraldehyde

[

CH=0
H 4 OH
H——OH

CH,OH
D-(—)-erythrose

T~

Triose

\

CH=O0
HO——H
H——OH
CH,OH

D-(—)-threose

Tetroses

L e

CH=0 CH=0
H——O0OH HO——H
| E e 9 1 H——0H
He=r—0H H—7—0H
CH,OH CH,OH
/D-(_)-tibi D-(—)-arabinose
CH=0 CH=0 (fH/Z() \CH =0
H——O0H HO——H H—‘—OH HO—H
H——OH H.——CH HO H HO——H
H—1—0H | by ) 81 H=—1—(H H—r=ha
H—3—0H H—1—0H He—1—=01 H—1—=0H
CH,OH CH,OH CH,OH CH,OH
D-(+)-allose D-(+)-altrose D-(+)-glucose D-(+)-mannose

CH=0 CH=0
H——OH HO~TH
HO=——H HG——H Pentoses
EH=—1—70H H——0OH
CH,OH CH,OH
/D-( +)-xylose D-(—)-lyxose
CH=0 CH=0 CH=0 CH=0
H——O0OH HO—H H——O0H HO——H
H——0H H—1—0H HO—t—H HO——H
H)y—r—H B —1—=H H@=1—H HEO—1—H
H——0H H~—1—0H He=1—1QF. H—1—0H
CH,OH CH,OH CH,OH CH,OH
D-(—)-gulose p-(—)-idose D-(+)-galactose D-(—)-talose

Notice that there is no direct relationship between configuration and the sign of optical rotation. Although all of
the sugars in above are D-sugars, some are dextrorotatory (+) and others are levorotatory (-).

Hexoses



