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Generalidades
Sdo as mais abundantes biomoléculas da Terra sendo produtos da

fotossintese, uma condensa¢do endotérmica redutora do CO, que

necessita de energia luminosa e do pigmento clorofila:
nCO, + nH,0 + ENERGIA — CH,,0,+ n 0O,

A oxidagao dos hidratos de carbono é a principal via de
producdo de energia na maioria das células nao fotossintéticas.

Os polimeros de hidratos de carbono insolliveis servem como elementos
protectores nas paredes celulares das células de bactérias e plantas.

Outros polimeros lubrificam as juncdes esqueléticas e
participam no reconhecimento e adesao entre células.

Complexos poliméricos de hidratos de carbono ligam-se covalentemente

a proteinas e lipidos agindo como sinais que determinam a localizacdo

celular ou destino metabdlico destas moléculas hibridas.
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Defini¢cdes

Sdo poli-hidroxialdeidos ou poli-hidroxicetonas, ou
compostos que por hidrdlise se podem transformar nestes.

Os agucares simples tem a férmula empirica C,(H,0), com n a variar entre 3 e 7.
Alguns podem conter N, P ou S.
Sao divididos em 2 grandes familias:

Aldoses Cetoses
H /O
N~ CH,OH
H\C¢O c [’ CH,OH
; CcC=0
: HO——H ; c=o0
H=—1—=0OH HOm—F—=H |
HO—T—H H—C—OH
Hom—{—=OH He—{—=OH
H——OH H—C—OH
H—l—==OH Hm—l—=OH
: H——OH ; CH,OH
CH,OH CH,OH
CH,0H 2 _
D-Ribose D-Manose D-Frutose D-Ribulose
(aldopentose) (aldo-hexose) LoV (ceto-hexose) (cetopentose)
2
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Designagdo dos monossacdridos

Diastereomeric 2,3,4-Trihydroxybutanals:
Erythrose (2 Enantiomers) and Threose (2 Enantiomers)

Diastereomers

Enantiomers Enantiomers

D-(—)-Erythrose L-(+)-Erythrose D-(=)-Threose L-(+)-Threose

Mirror Mirror
plane plane

Volhardt, Organic Chemistry, 6th Ed [.Mz‘V
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Formas isoméricas dos monossacaridos

ISOMERS EPIMERS
Have the same molecular formula Differ at one of several asymmetric
but different structures carbon atoms
| | ‘ C‘HO CHO
CONSTITUTIONAL ISOMERS STEREOISOMERS H—C—0H HO—C—H
Differ in the order of attachment of atoms Atoms are connected | |
in the same order but —1 HO—C—H HO—C—H
OQ_\C/H CHyOH differ in spatial arrangement Hf:CfOH HféfOH
H—C—O0H C=0 Hf‘C*UH H—C—OH
CH,OH CH,0H CH,OH CH,0H
Glyceraldehyde Dihydroxyacetone (DC-GIHIucge) {D-CM:{M((;S?
(C3Hg03) (GHg03) 6712+ 61246
[
ENANTIOMERS DIASTEREQISOMERS
Nonsuperimposable mirror images Isomers that are not mirror images lsomers t‘l‘ﬂ:?t?g;e?sat 2 new
0. _H 0. _H CHO CHO asymmetric carbon atom formed on ring closure
e = T I
‘ [ Ho—c— H H—Cc—OH CH,OH CH,OH
I R | |
H C‘ QOH HO T H Hf‘CfOH Ho—lc—H 0\ 0. OH
CH,0H CHzOH H—C—O0H H—lc—OH o R OH h aOH
p-Glyceraldehyde L-Glyceraldehyde - | _ L HO OH HO
(C3Hg03) (C4Hg03) H ‘C OH H lC OH
CH,O0H CH,0H OH OH
p-Altrose D-Glucose a-D-Glucose B-D-Glucose
(CsHi205) (CgHi206) (CsH120¢) (CsH1208)
Berg, Tymoczko, Stryer. Biochemistry, 7th Ed LM7FV
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Monossacdridos

Os monossacaridos mais simples sdo o D-gliceraldeido e a di-hidroxiacetona

H=° CH,OH
D-(+)-Gliceraldeido ~ n—cZon == ¢=0 Di-hidroxiacetona
CH,OH CH,0H
H (o}
. H (0] H (o] “
D-(-)-Eritrose Y \f D-(-)-Treose \{
HO—C—H
HO—C—H H—C—OH
H—C—OH
H—C—OH H—C—OH
H—C—tOH
D-(+)-Xilose CH,0H CH,OH |
CH,0H
H (e} H o H
- O D-(-)-Arabinose
H—C—OH HO—C—H
H—C—OH
HO—C—H HO—C—H
H—C—OH
H—C—+OH H—C—OH
. H—C—oH
CH,OH . CH,OH )
2 D-(-)-Lixose ~? D-(-)-Ribose cH,0H

LMY
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Hidratos de Carbono

D - Aldoses

0‘/

CHO

H—C—0H

CH,0H

D-Glyceraldehyde
—

T~
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[« * CHO
2 Hft‘:foﬂ Ho—lc—ﬂ
3 Hf‘cfoH HflcfoH
4 ‘CH;OH ICH;OH
p-Erythrose p-Threose
1 CHO CHO CHO CHO
2 H—‘C—UH HO—C—H H—‘C—OH HO—C—H
3 H—(‘:—OH H—C—O0H HO—‘C—H HO—C—H
4 H—(‘:—OH H—C—O0H H—(‘:—OH H—C—O0H
5 (‘ZHIOH CH,0H (‘ZHZOH CH,0H
p-Ribose p-Arabinose p-Xylose D-Lyxose
/N /N /N N
1 CHO CHO CHO CHO CHO CHO CHO CHO
2H£0HHOCH H\liDHHD‘C H'COHHOKE-H HtliDHHDCH
3 H—C—O0H H—C—O0H HO—C—H HD—L—H Hfil_foﬂ HféflJH Hoflc—ﬂ HO—C—H
4 Hf‘cfcm H—C—OH H—C—OH Hf‘cfoH HO—C—H HU—'C—H Hoflc—H HO—C—H
5 ||7‘c70n H—C—O0F H—C—OH Hf"CfUH H—C—0H Hf'l.fDH Hf—!!’,f—()}l H—C—OH
6 ‘CH;DH CHy0H CH,0H ‘CH;DH CH;0H |CH,0H |CH;OH CH,0H
p-Allose p-Altrose p-Glucose p-Mannose p-Gulose p-ldose p-Galactose p-Talose
Stryer, Biochemistry, 5th Ed LMZ‘V
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Dihydroxyacetone
Hidratos de Carbono
D - Cetoses
CH,OH
¢
H(‘IOH
CH,OH
D-Erythrulose
e i
CH,0H CH,0H
¢=o ¢=o
H(:}OH HOC‘?H
HCOH H(‘]OH
(‘]HQOH (|]H20H
D-Ribulose D-Xylulose
P P
CH,0H CH,O0H CH,OH CH,OH
¢=o ¢mo ¢=o ¢=o
H(‘ZOH HOC|H HCOH HD(le
H(‘]DH H(|JDH HO(‘JH HO(llH
H(‘]OH HéOH H(‘]OH H(:}OH
(‘JHEOH (ltHZOH CH,OH CH,OH
Voet, Voet prat. /shl’sjicnse D-Fructose D-Sorbose D-Tagatose [.MZ'V
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Representagdo Estrutural

CHO ICHO
H——OH H=2{=OH
HO——H HO={—=H -
Hl o0 gtl=oH®
H——OH H=2{=OH
6
CH,0H CH,OH
Fischer
projection
. H /OH -
W _C rtation H /OH H /OH
itner: 2 o 5, s,
HOm=c3 * "CHO ad G5 HOH,C_ 5 C_ 3 C_ |
o) s 6 6> 4 >C7 2 CHO
HO—C_ s ~CHOH \ \ '
§ \C § §
H [/ HO H H OoH
HO H
Volhardt, Organic Chemistry, 6th Ed LMZ(V
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Aldoses - Ciclizagdo

Os H.C. ciclizam por formacgado de hemiacetais e hemicetais ciclicos

Hemiacetal H

OHOHH OH ©O HO

LMY
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Representagdo Estrutural

cis oxygens
(e anomer)

Hidratos de Carbono

trans oxygens
(B anomer)

Quimica Orgénica e
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John McMurry, Organic Chemistry, 8th Ed

OH

«-D-(+)-Glucopyranose

Volhardt, Organic Chemistry, 6th Ed

OH
B-D-(+)-Glucopyranose LMZ(V
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Cetoses - Ciclizacdo como furanose

1

) CH,OH D-
Hemicetal i o-D-Frutofuranose
HOHZC 0 o 2¢=0 HOH. C6 1CH OH
R H  HO R M HO——H : © )
— —_— RS H HO
H CH,OH H——oH o OH
OH H H——OH OH H
B-D-Frutofuranose gCH20H
D-Frutose A carbono
oL anomérico
h A existéncia deste
CH,OH CH,OH ?HZOH Sh chon equilibrio permite
H OH c=o c OH c—q o fenomeno da
HO N7 mutarrotacdo
o e

As formas ciclicas (o e B) e aberta existem num equilibrio que
se encontra muito deslocado no sentido das formas ciclicas

LMY
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Representagdo Estrutural

1
CH20OH N :
2—0 HO—2—CH,0H
3 3
trans oxygens HO——H trans oxygens HO—{—H
(B anomer) 4 {8 anomer) 4
H——0H H—1+—0H
H—2—0H 3o
6 Bl
CH,0H CH,0H
(0.7%)
6
HOCH3 OH
5 OHO 2
= 7 ?HQOH
o COH
B-D-Fructopyranose (70%) B-D-Fructofuranose {23%)
(+2% a anomer) \ / {+5% a anomer)
Furan
John McMurry, Organic Chemistry, 8th Ed LMZ(V
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Mutarrotagdo

Solucadoem __ | -D-glucose
equilibrio i

2!
[] 2 = +1120 [o],” = +52,7° [0],” = +18,7°

o-D-glucose ——

36,4% o + 0,003% aldeido livre + 63,6% B

Por serem hemiacetais os andémeros a-D-glucose e B-D-glucose, em
solugdo aquosa, podem-se transformar numa mistura em equilibrio -
através da forma aberta - que contém ambos os isémeros ciclicos.

anomeric carbon

ﬁ-']/H
OH

a-D-glucopyranose open-chain form pB-p-glucopyranose

OH
I

L.G. Wade, Organic Chemistry, 8th Ed [.Mz‘V




Heendorra e Hidratos de Carbono e s
Ciclizagdo da Ribose
20% 56%
HO
5 HO H
H——O0H g-D-Ribopiranose Forma aberta B-D-Ribopiranose
H—71—OH
o on ; 18%
CH,0H CH:0H g H CH,0H 0;\ (D CH,0H OH
D-Ribose H H S H Z = H H
H OH H H H
6% OH OH OH OH OH OH
a-D-ribofuranose Forma aberta B-D-ribofuranose

Em solucdao encontra-se cerca de 76% na forma piranosica.
Em nucleétidos encontra-se principalmente na forma furandsica.

Lo,V
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Ciclizagdo da Frutose

HOH,C o CH,OH o OH
H HO H HO
(I?H20H H OH CH,O0H
Cc=o0 OH H OH H
HO——H a-D-Frutofuranose B-D-Frutofuranose
H——O0H
H——O0H H
CH,O0H
D-Frutose CH,OH

CH,O0H

a-D-Frutopiranose Forma aberta B-D-Frutopiranose
Em solucdo encontra-se cerca de 72% na forma pirandésica.
Quando combinada encontra-se principalmente na forma furanésica.

LMY
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Tsomerizagdo por catdlise bdsica - Enolizagdo

H L !0\‘“_0“ H _OH CH,OH
C . _
. I Y on c=o
HO q_(‘ | " (\C—(-\O—H
H—Co—O0H HO—H HO——H
_ ~— HO—+—H ~—
HO H H—l— o
H——OH H——OH H——oH
- H——OH
H OH \ CHZOH
CH,OH
CH,O0H \ 208 D-Frutose
6 (\ Y on Enediol
D-Glucose B0 0 32%
- H
° HO—C  H—OH
HO——H
HO——H
‘:‘ HO__H
H——OH
H——OH
H——OH
H——OH
CH,OH
CH,OH
Enediol D-Manose (3%) LM,V
Licenciatura em : Quimica Organica e
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Enolizagdo / Isomerizagdo - Ex. na Glicdlise

Lehninger, P;

Mg**
phosphohexose
isomerase
H OH
Glucose 6-phosphate Fructose 6-phosphate
= CHO H | OH CH,OH
' [«
g H OH OH [0} AG'® = 1.7 kJ/mol
2 HO——H HO——H HO——H
§, H OH H OH H OH
2 H——OH H——OH H——OH >
S CH,0P CH,0OP CHOP
i D-glucose 6- ) - D-fructose 6-
g phOSphillC common eno phosphate
3 aldose ketose LY
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Hidratos de Carbono
Definigdes - Oxidagdo-Redugdo

Aclcares Redutores e Nao Redutores

]

Que reduzem o reagente de
Fehling, Benedict ou Tollens

Todos os monossacaridos e
a maioria dos dissacaridos.

Quimica Orgénica e
Biologica 2023/2024

Como nos aldeidos mais simples, o grupo aldeidos das
aldoses pode ser oxidado e reduzido.

Alguns dissacaridos,
como a sacarose

Lo,V

Licenciatura em
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Hidratos de Carbono

Definigdes - Oxidagdo-Redugdo

CHO
H——OH
Blue Cu** complex, HO~, H,0
HO———H (Fehling’s solution)
H——OH
H——O0H
CH,0OH
D-Glucose
Reducing Sugar Nonreducing Sugar
I | /
—C—0 O—H —C—0 O—R
| \C/ | \C/
L2\ |2 CH,0H
—C R’ —C R’
| | C==0)
HO H
Hemiacetal (R' = H Acetal (R' =H R
or CH,0H) or CH,0H) kitoss
(gives positive (does not give a
Tollens’ or positive Tollens’ or

Benedict’s test)

Benedict’s test)

Cu,O +

Brick-red
precipitate

Alkyl group or
another sugar

Paula Bruice Organic Chemistry, 8th Ed
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COOH
H——OH
HO——H
H——OH
H——0OH
CH,OH

D-Gluconic acid

{An aldonic acid)

Volhardt, Organic Chemistry, 6th Ed

00

(0

AGNHs p L OH 4+ A
HO-  HO——H 5

R

carboxylate ion silver

LMY

10
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Derivados de monossacdridos - Aglicares Acidos

Os acucares com carbonos anoméricos livres reduzirdo agentes

oxidantes como perdéxidos e alguns metais (Cu e Ag) dando ac. aldénicos.

H\cfo Ho\c40 CH,0H
H——O0H H——O0H
HO——H Cu?*, 0 HO——H
H——OH  [o]emc1  H—|—oOH
H——OH H——O0H
CH,OH CH,OH
D-Glucose Ac. D-Glucénico
HO_ _0
[0] em C-6 N
Acidos urénicos H——OH
_ N HO——H

[O]em C-1 e C-6

COOH H—t—on ! o
Acidos aldaricos
H——OH |

COOH C~

Ho~ o

OH
Ac. D-Glucurénico Ac. L-Idurénico Ac. D-Glucarico

Lo,V

Licenciatura em H Quimica Organica e
A Hidratos de Carbono s
Derivados de monossacarideos - Aglcares dlcoois
Reducdes suaves do grupo carbonilo de aldoses e cetoses ddo os

acucares alcoois ou alditdis, que sdo lineares e ndo ciclizam como as

aldoses. H\c/o CH,0H
H—1—OH
H——OH NaBH
a 1
HOH,,C 4 HO H
2 ———— Ho H
H——OH
H——OH
H—1—OH
H——OH
CH,OH
CH,0H )
D-Glucitol
D-Glucose (Sorbitol)
200 :@: OH OH
\o
= CH,OH H on
H——H
H——OH m " ol
H——OH HO——H
CH,OH HO——H CH,0H OH H
. 2 HO——H Glicerol
D-Ribitol H OH

Riboftavina  cu;on mio-inositol g, 4
2
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Derivados de monossacdridos - Amino aglicares
Os amino agucares contém um grupo amino
(e ndo um grupo hidroxilo) na posicao 2.
CH,OH CH,OH

I NH,
COOH H H
Acido muramico Acido N-acetil-D-neuraminico
LM,V
Licenciatura em ? Quimica Organica e
A Hidratos de Carbono Biologica 2022024
Glucésidos - Sintese
D-glucose
HOCH, . HOC Hg
Ho—S—— & 25 HO _ i
. . -
HO——"\ —0OH HO - “\1 o
OH .
Cl=
Andmeros o e B
HOCHq O HOLH« "+
HO~ \ T \ HO/\ \\
HO——""X" <>  HO——
OH OH
Carbocatiao a-alcoxido
Marc Loudon, Jim Parise, Organic Chemistry, 6th Ed [,Mz“[/
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Glucésidos - Sintese

HOCH2 — HOCH,

110 ”0(”3 HO~ .

HO - /”Y- \(_Jf_ I.{q HO -2 N OC[h
25 OH
[OL]D = JFlEE © H
methyl f-p-glycopyranoside
H reaction at the
HOCH | upperface - H,OCH
-0 +0CH; i 2 3

/K/f%‘i ) T Os glucdsidos sao acetais e ndo sao
OCH, reactionatthe AgUCAres redutores porque em meio

1 ‘{"""""“" foce basico os acetais s3o estdveis.

HOCH, HOCH2
HO N\ - 110
HO-—-A\— H nr)(“n3 /wrﬂ_‘
OH |+

Ziock 1/ [o ] -330 Q( H,

) _.1|1<7- methyl a-D-glucopyranoside
Marc Loudon, Jim Parise, Organic Chemistry, 6th Ed [’MZ(V
Licenciatura em . Quimica Orgénica e
i Hidratos de Carbono Sialogiea 20852021

. ot Glucésidos - Exemplos Bioldgicos

¢H,0H - S3licina

CH,OH

Doxorubicina
Biochemistry LMZ(V

13
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Hidratos de Carbono
Glucésidos - Hidrdélise

Licenciatura em
Bioengenharia

Como os outros acetais, os glicosideos sao estaveis em meio
basico mas sao hidrolisados em meio aquoso acido diluido

HOCH, HOCH,
0 H;0% O
HO +H0 —>=—»> HO + HOCH,
HO OCHj,4 HO OH
OH OH
Marc Loudon, Jim Parise, Organic Chemistry, 6th Ed
CHj CcH; OH
H-C - OCH 1 M HyS0 HixC -
3 © : G 3 © + CH,0OH
CH;0 9soc,05hr  CHiO )
OCHs ocp, OCH;3 Gep,
Methyl B-L-nogaloside L-Nogalose (88%) Methanol
John McMurry, Organic Chemistry, 9th Ed LMZ(V
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Hidratos de Carbono
Glucésidos - Hidrdélise
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—CH,OH

OH H OH ;
HO/§OW"/\HE&_H Howl*
HO S HO ity +CH,0H
HO HO
Methyl -D-glucopyranoside
~:0—H
OH {0 OH
H H
(0] éy —H,0* o
-O=H o HOHo —OH
HO

(@)
— HO
HO —
HO
OH f) H p-b-Glucopyranose
/|
0? + 0—H
HO A\ / OH OH
HO A S
HO /J(b) o} —H,0" o]
— HO ——— HO
Attack by water ) HO +H,0* HO
occurs on either face of HO . HO
the resonance-stabilized =OrH :OH
carbocation. |1|“ 1 a-p-Glucopyranose
A
H
LM,V

Solomons, Fryhle, Snyder, Organic Chemistry, 12th Ed
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Ligagdo glicosidica - Hidrdélise

CH,OH
/ﬁ CH,OH
m/m (H)

Licenciatura em
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OH "} (oH)
+
H+
H+ HO
" OH )
CH,OH I
o 0 H oMY (on)
o sl OH (H)
H OH "y (oH)
LMY
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Ligagdo glicosidica - Hidrdlise enzimdtica

Schematic
. representation
o/ ,o,-l mechanism in CelS

for hydrolysis of
glycosidic bond C1-

C
A 1

OJ

Ool
Asp2.‘¥
Glug7

OH (0] Osl oH
o o) .
o 5\ HO o~
HO Gi He Oy o
-1 OH ‘OWH oH *1
O~_ _OH;
e
Asp255\[

Saharay M, Guo H, Smith JC (2010) Catalytic Mechanism of Cellulose Degradation by a Cellobiohydrolase, CelS. PLoS ONE 5(10): e12947. LM (V
2
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