Chapter 20 Carbohydrates
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Chapter 25




20.1 Photosynthesis and Metabolism

Carbohydrates are synthesized in green plants by photosynthesis.

solar energy

chlorophyli

Their energy is released when animals or plants metabolize
carbohydrates to carbon dioxide and water.

enzyme
Cx(H20), + xO; ———» xCO, + xH; O + energy



20.2 Carbohydrats

Carbohydrates are usually defined as polyhydroxy
aldehydes and ketones, or substances that hydrolyze
to yield polyhydroxy aldehydes and ketones.

CHO

CH,OH

D-{ + )-Glucose

polyhydroxy aldehydes

CH,OH
c|:=<)
HO——H

H——OH

H——OH

CH,OH

D-Fructose

polyhydroxy ketones



20.3 Classification of Carbohydrates

A monosaccharide is the simplest carbohydrate that
cannot be hydrolyzed into the simpler carbohydrate.

An oligosaccharide (oligos is a Greek word that in its

plural form means “few”) yields 3—10 monosaccharide
units on hydrolysis.

Polysaccharides are hydrolyzed to more than 10
monosaccharide units.



20.4 Fischer Projections

Fischer determined the structure of glucose in 1900 and
won the Nobel Prize in chemistry in 1902.

CHO OH

H
is equivalent (0 | m= CE‘ —=OH whichis H — OH
‘ ] written as H———0OH
Hw C =OH
i OH : CH,OH
- : i Ny b
CHOH CH,OH
Eclipsed conformation Fischer pl‘DjEEliDn
of a tetrose of a tetrose




20.5 D-L Notation

The enantiomers of glyceraldehyde (2,3-dihydroxypropanal) are
used as fundamental molecules in carbohydrate stereochemistry.

The absolute configuration of (+)-glyceraldehyde was said to be D
and that of its enantiomer, (-)-glyceraldehyde, L.

CH=0 B CH=0 i
He— C — OH H% OH HO—C —H HH% H
CH,OH CH,OH CIEE D)5 CH,OH

R-(+)-Glyceraldehyde §-(—)-Glyceraldehyde




D-L Notation

CHO
Highest numbered
stereogenic center H———0OH
has configuration
analogous to that of H——OH
D-glyceraldehyde -
CH-»OH
D-Erythrose
CHO
HjL
CH,OH
D-( + )-Glveeraldehvde

CHO
Highest numbered
HO———H stereogenic center
has configuration
HO——y—H analogous to that of
N~ L-glyceraldehyde
CH->OH
L-Erythrose
CHO
HO + H
CH,OH
L-( — )-Glyceraldehyde !
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20.6 D-L. Notation: Enantiomer

D- and L-notation are enantiomers of each other.

For example, aldotetrosesL-(+)-Threose have two stereogenic
centers, so four stereoisomers are possible.

CHO CHO
H—F— —T1H
H—F— ——H

CH-OH CH,OH
D-(—)-Erythrose L-(+)-Erythrose

CHO CHO
* q H—
H * —H
CH-»OH CH,0OH

D-(—)-Threose L-(+)-Threose



20.7 D-L Notation / R-S Notation

CHO
H—|—OH
HO—|—H
H—|—OH
H—|—OH
CH,OH

D-(+) - HEH4E

(2R, 3S, 4R, 5R-2, 3, 4, 5, 6-AFKTE)
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20.8 Write the Fischer Projection

CHO CHO CHO A
H—|—OH —|—oH — —
HO—|—H _ HO—|— _ — _ —
H—|—OH —l—omu — —
H—|—oH —|—oHn _ _

CH,OH CH,OH CH,OH — _
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20.9 A Cyclic Hemiacetal

nucleophilic addition of an alcohol function to a carbonyl group
gives a hemiacetal.

Five-membered cyclic hemiacetals of carbohydrates are called
furanose forms

Ring oxvgen is
. derived from

H hvdroxyl group.
0 |H“l |'Ilf
O~ H 0 H
| / \ N
HOCH,CH,CH,CH = CH, \"-?Cé?) — L
I N 4 / OH
4-Hydroxybutanal CH,—CH, |'

|
\ This carbon was

“originally the carbonyl

/i“ \*j carbon of the aldehyde.

12

Furan




A Cyclic Hemiacetal

Six-membered cyclic hemiacetals of carbohydrates are called
pyranose forms

Ring oxygen is
—derived from
hydroxyl group.

H
f”) /C:HE—{:}’QH\ X
HOCH,CH,CH.CH,CH = CH, “*-«T;C::”’m::m
S-Hydroxypentanal CH-—CH,

\ This carbon was
“originally the carbonyl
carbon of the aldehyde.
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20.10 Cyclic form of D-Glucose

H OH

Haworth formulas
B I IRREH X GEA RIS AN )
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20.11 Write Haworth Formulas:
D-Glucose

CHO
H——OH
HO—1—H
—
H—4—OH
H—1t—OH
CH,OH A
C
o
HOCH,
_|_
H OH H OH

15
[B-D-Glucopvranose a-D-Glucopyranose



Write Haworth Formulas: D-Ribose

CHO T
/ CH,—OH
H————OH ; H
/ CH=0
H——OH Pvranose ring H H
formation HO
H——OH . 1nvolves this HO 5
CH,OH - hydroxyl group g

Eclipsed conformation of

D-Ribose / D-ribose

OH OH OH OH

B-D-Ribopyranose a-D-Ribopyranose 16



o~ and B-Notation

CHO
CH,OH H—(I:—OH CH,OH
l< O ‘ HO—C—H —OoH
HO O£|> OH = H—(—0H — HONL > |
OH H—d—on OH
(IJHZOH
o-D-% ] 4& D-(+) -% ##4& B-D-# ##&
~37% ~0.1% ~63%

FHEm L EE (ClEMER) e mRleEEL (CSLegER)
FEAREA RN, A o B

X PR E ok g A EEEREG MGG (V) , FA B
A, o B e B A Z AR R AR,
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A Chair Conformation

X-ray crystallographic studies of a large number of carbohydrates
reveal that the six-membered pyranose ring of D-glucose adopts a
chair conformation g

o H
o Q ol [HOCH,
HO™ \ —\ |~ O\
More stable OH H HO-\ —\_OH
(63%) HO H 7 H OH
H H
H OH
pB-p-Glucopyranose
H
LH( Y& TR 5
HO— f"“‘--lafif \
HO-\ TV H
OH
H
H OH H o 18

a-D-Glucopyranose



20.12 Mutarotation

On standing, the rotation of the solution containing the isomer
decreases from 112.2° to 52.5° ; the rotation of the solution of the
Isomer increases from 18.7° to the same value of 52.5° . This
phenomenon is called mutarotation.

HO™ RHE }Q\Hj HOCH, HOCH: 15
- ‘x L HOT o L HOTN \
HOA - HO\ g HO\ _~\_oH
OH | o “H=O OH
OH
a-D-Glucopyranose Open-chain form B-D-Glucopyranose
(mp 146°C; of D-glucose (mp 148-155°C;

[o], +112.27) [a], +18.77)
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20.13 Write Haworth Formulas:
D-Fructose

CH,OH

[ l < >

/

a-D-(-) - kr%’x 6—-0HO o-D- (=) —vtbe X
< Hoﬂ 2
OH 17713 CH,OH
CH,OH OH' 1 — 0 OH
i—o OH D- (-) -R 4% \ ‘< >T
\4 )l
CH,OH

B-D- () —=k"Hh X, B—D—() sty X,



20.14 Glycosides ()

Glycosides are characterized by the replacement of the anomeric
hydroxyl group by some other substituent.

CHO
H————O0OH
HOCH HOCH
HO—+—H 2 HOCH,
yoomon L HONAQ + HO S\ —Q
H——OH H()m — N HO- \L N \+, -OCH;4
()HT OH
H——OH OCH,
CH,OH
D-Glucose Methanol Methyl Methyl
a-D-glucopyranoside B-D-glucopyranoside
(major product; isolated (minor product)
in 49% vyield)
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Glycosides ()

BeAgd (RARAE) : B FHEBEXAEL (AfRAFZERL)
5 5 — A5G R K A R 4E B

H_ _OH H  _OCH

J/ 3

\(Ij/ \(Ij ‘
H—C—OH na H¢TOH

HO—C—H 0 +CH;OH —= HO—C—H 0O
H—C—OH H=C—OH
CH,OH CH,0H
NHBET H

ot E £ pAEf Ry (BERMLEY) , B MR
ARE, BEHRFHBBERE, 2L AHXBELE. *




20.15 Reactions of Monosaccharides:
Osazones (JIR)

)cj)\ + HZN—NH@ — >:N—NH@

+ H,N-NH —

HC OH HC;O

Osazones () 2



Epimers ( £ &) 744K )

In general , any pair of diastereomers that differ in configuration at
only a sigle tetrahedral stereogenic carbon can be called epimers.

CHO H(i3=NN|-|cﬁ|-|5 CHO
HO—F—H CeHsNHNH; o 1 4 CeHsNHNH; Lo——H
-
H OH H—t—OH H—t+—OH
H—1—OH H—T1—OH H—1—OH
CH,OH CH,OH CH,OH

5% R LR R AR T ARARRE 6 2@ AR (R RE
FAI ), SR AE R — AR,
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Application of Osazones

CH=0 CH=0 CH,OH
H—(lj—OH HO—C—H C=0
T = 0—(|:—HHO—(|3—H .......
H—C—OH H—C—OH H—C—OH
H—C—OH H—C—OH H—C—OH
CH,OH (liHZOH CH,OH

D-(+)- #F&E D-(+H- HEE D-()- E4
L)
(i) ARIBEANERR GG ShAR R A& iR B 18] R 2 4
(ii) FENHE a9 AR
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20.16 Reactions of Monosaccharides:

Reduction

a-D-Galactofuranose. or
B-D-Galactofuranose, or |

a-D-Galactopyranose, or
3-D-Galactopyranose

CHO CH-,OH
H——OH H——OH
HO——H HO——H
—
HO————H HO——-——H
H——r——OH H——r—OH
CH,OH CH,OH
D-Galactose D-Galactitol (90%)

MR ARIEHR e b, I AR AE &G A A
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20.17 Reactions of Monosaccharides:
Oxidation

Carbohydrates that give positive tests with Benedict’s reagent are
termed reducing sugars.

T T
RCH + 2Cu*t + 5HO- ——> RCO~ + Cu,0 + 3H,O

Aldehyde From copper(II) Hydroxide Carboxylate Copper(I) Water
sulfate ion anion oxide
CH,OH CHOH CH=0

C=0 <— (C—O0OH <—= CHOH —— positive test

| | | (Cu,0 formed)
R R R

Ketose Enediol Aldose

ER L E: BAE. a-F2 I .



Oxidation of Monosaccharides

CHO COOH
— BI’Z ) H20 —
— » —
CH,OH CH,OH
D-(+)- # #42 ] )42 BR

R RB EEAE AR BRI
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Oxidation of Monosaccharides

CHO

CH,OH
D-# &4

HNO;

100°C

COOH

COOH
D-F &4 — 8

MR 2 ARIE 5 4 04 g bR I VA HE A 6 A Y
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Oxidation of Monosaccharides

(|JH=O ?OOH
H—C‘—OH H—-C—OH
H—C—OH HNO; H—C—OH
H—C—OH H—C—OH

H,C—OH COOH
D-AZ 4% A —B (e o)
CH,OH
| COOH
¢-o '
HO-C-H
HO'(Ij'H HNO, l
H-C-OH >~ H-C-OH
H-C-OH H-¢-OH
CH,0H COOH

D- R4 D-# IR AE =B CR 2e tits ) »



Oxidation of Monosaccharides

R,C—CR) + HIO, — R,C=0 + R,C=0 + HIO; + H,0

HO OH
CHO HCOOH
_|_
CHOH *+2104 — HCOOH
_|_
CH,OH HCHO

R BN w R EHAT, RAMRBREMEA A HGFEZ—.
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20.18 Cyanohydrin Formation

Chain exension
(BT

CN COOH CHO
CHO .
| HON T H,0 — Na-Hg ~—
- — S— —+> - — S
_ H Co,
CH,OH

CH,OH CH,OH CH,OH

#S: AEAEZ EHCNAoR A I — AN RR T/, Bk
fl, TR RIG A —ANBR ) A
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Cyanohydrin Formation

O,N

CH=NOH L_No, (|3H=N—O—©—N02

CHOH ij' CHOH CH=0 (HINO
((IZHOH)n NO: ((|:H0H)n — ($H0H)n + HCN + ¢/ :
CH,OH CH,OH CH,OH

NO,

#fE: AT TR E — MR T s xAE, RxAEFE—RM
T AE. R, ARG T ERARRIERE

(Wohl Degradation) .
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20.19 Reactions of Monosaccharides:

Alkylation
H\ /OCH3 H\ /OCH3
¢ ¢
H_q_OH NaOH H_(Ij_OCH3
HO-C-H O+ (CH;3),50,—> H;,CO-C-H O
H—clj_OH H_(Ij_OCH3
H—(Ij— H—(Ij
__  CHOH CH,OCH,

BEBEY S O-ZF A FHE
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Alkylation of Monosaccharides

CeHs™ V0 CeHs -0
A\;//wxlfﬂ \ e

CEHECHECIH_ G '.II
HG"—L"IF_T_-\ - CEH ECHEG '——Ii—f"ﬁﬁ
Methyl 4,6-0-benzylidene- Methyl 2,3-di-O-benzyl-
a-D-glucopyranoside 4,6-0-benzylidene-

a-D-glucopyranoside (92%)
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Alkylation of Monosaccharides

HOCH,
HO~ v\ —C)
T HO
OCH;
Methy! o-D- Methyl
glucopyranoside iodide

CH,OCH,
CH;0™

OCH,

Methyl 2,3.4,6-tetra-O-methyl-
a-D-glucopyranoside (97%)
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20.20 Difference of C-O bond in Monosaccharide

CH,OCH,
- N
CH,0~ v\ —Q

CH;0-\_— )\
CH,O
OCHs,

Methyl 2,3.4 6-tetra- O-methyl-
a-D-glucopyranoside

hemiacetal CHO
H——OCH;
CH;0CH,
CH, (),.--T;{.__ELJ_,__-,(:\:\ CH,0——H
CH;O _,_f'-:l_d___-f""""?--.___:\:‘b____ OH H—1— ¢ )CHE,
CH;0O
H——OH
2,.3.4.6-Tetra-O-methyl-

D-glucose CH,OCH;

glycoside

D-Glucose + ROH ——

H(){{I2 0

HO— v\ —O __

H( )':"l‘}-"---""—---rﬁ;_'“}:'h___,.( )R + HE {:l
OH

A glycoside a7




20.21 Some Monosaccharides

CHO CHO
H——OH H——H
H——OH H——OH
H——OH H——OH

CH,OH CH,OH
D- (-) 4 #E D- () -BLAAZAE
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20.22 Disaccharides

A disaccharide on hydrolysis is cleaved to two monosaccharides,
which may be the same or different.

H O:H HO; H H o) H
A N /7 /
O — O —_ O —— 0
1 7 DHO T 1
CH,OH CH,OH CH,OH CH,OH

(1) BIEAANLAES T FHEEBEREN L —o T KA L0 %487 R RAE
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Disaccharides

1, 4-3F4%

H OH | H OH H H OH
VAT 7/ N /
WAL N e e — NZ
T T | H,0 —T 0O —
—+— 0 i...—1— O > o) —— 0

S HO—— S
CH,OH CH,OH CH,OH CH,OH

(2) BRFE N, THFERALALLEE AN TF 69854
(%eCat 72 ) Bldk —2F KAl L4 69 RAe
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20.23 Sucrose

Sucrose is a disaccharide that yields one molecule of glucose and
one of fructose on hydrolysis.

Sucrose ( ) + H,O —— glucose (C,H-0,) + fructose (CH-0y)
OH HO CH,OH O CH,OH
/ \' 2 =
| + H__(lj | (uj
H-(Ij OH 4 HO- C-H O H'(IZ'OH HO'(IJ-H O
HO-C-H O gz H—c OH| — HO-C-H O H-C-OH
H-C-OH| % ./} H-C-OH -
H-C— # I H-C I
| CH,OH | CH,OH
CH,O0 CH,OH

B-D-(+)-#F &#E
a-D- (+)-F &4 -3
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Sucrose

FEBENCLT o, mRMBEHC2EBAE, HEX:
D-Glucose portion
of molecule

S~ HOCH,

HO
HO-\_—"\

a-Glycoside bond

/ Al
to anomeric position-—
of D-glucose
B-Glycoside
bond to anomeric

position of
D-fructose

BAE TR RABIR, A LA F, TAFA XA B I XA 4F A Br
B, AR R AE, *



20.24 Maaltose

B AL FD-F ALK, £ oy

AR A RAER, 5 IEXANRTARRANER, AL
JatE, ARAL R AE,
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20.25 Lactose

FU¥E

ALRMEAE, A oA B BATF AR
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20.26 Polysaccharides: Cellulose

SR EMN: BN L RS T 5K,

H
CH,OH

H
H,0H

~

H
CH,OH

H
CH,OH
~
OH
HO [ OH
H H




20.26 Polysaccharides: Starch

Starch is a mixture of a water-dispersible fraction called amylose
and a second component, amylopectin.

Amylose is a polysaccharide made up of about 100 to several
thousand D-glucose units joined by (1,4)-glycosidic bonds:

™ /s O
o JFS—\
e A
O O OH
. 0 8]
HD/\F/-K“ HO )_‘{-\ _<;
(] -~ B 0 LC"H
~ HO o O~ O\ /
O— ~ >~ o9 /‘C?
wo o P~ S~ o (b
HO—, _“‘: /O -~
o “_/D-—\/- C‘?__C}"-/ HU-_}__{D
HO— L_{' \ / Q /
(S~ ¢
/0 ) —OH
’ f/ O
—
Hh-— ::p
—~(
OH 9 )
Fo V-
O/___'\, 0'—-,)- ) 46
}__ J “—0OH





