Open chain and ring structures of
monosaccharides



1. Aldoses and ketoses: open

chain structures
Empirical formula CH,O (hydrated carbon)

Contain an oxygen atom attached to each carbon

Highly functionalized

CH,OH
(|3HO Linear carbon chain C|3:O
(C,3HOH)n Aldehyde at C-1 (c|:HOH)n

CH,OH Various secondary alcohol CH,OH

aldoses A primary alcohol at the end
ketoses

primary alcohols at both ends

Ketone within the chain



CHO CHO

| |
CHOH (CHOH)

| |
CH,OH CH,OH

glyceraldehyde tetrose

CHO
H--—EAOH
CH,OH

CHO

C-OH

CH,OH
D- or R-

2

(|3HO CHO

((|:HOH)3 ((::HOH) .

CH,OH  CH,OH

pentose hexose

CHO
HOm—=H
CH,OH

cleo
HO—?
CH,OH

L- or S-



1.1 Erythrose and therose

enantiomers diastereomers

n CHOH groups, 2" stereoisomers

configuration conformation

staggered eclipsed
Zigzag drawing Fischer projection
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skew, 6 = anything else
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1.2 Pentoses and hexoses
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1.3 Other monosaccharides

OH OH OH ;
HOHZC/'\;/\”/CHZOH HOHZC/K/\CHO
OH O OH
D-fructose 2-deoxy-D-ribose
OH OH OH OH

6 = 6 -
CHO CHO
Hsc/\;*‘/ Hsc“HY
OH OH OH OH

L-fucose L-rhamnose



2 Ring structure of monosaccharides

2.1 Hemiacetals and lactols




2.2 Mechanism of the reactions

©
MeO > HQMe
R base OMe OMe
>:(g R—’—O \) R—t—OH + @OMe
H ©
H H
hemiacetal
OMe base OMe
R
R—‘»O\‘) R ; 0 —_ o+ “ome
Hoo1) W © "
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a-D-glucose

H->O
—_—
CeH120¢
m.p. 146°
[c:]=+112°

D-glucose 3 CHs-1 ~ pentamethyl glucose

CeH120¢ AgOH

oxidized by
Tollen's reaqg.

equilibrated
solution
[0]=+52.7°

36% o + 64% P

C11H220¢

not oxidized by
Tollen's reagent

H->O
-—
—_—

HaO
—

p-D-glucose
CeH120¢
m.p. 150°
[ce]=+19°

tetramethyl glucose
C1oH200¢

oxidized by
Tollen's reagent
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H., 1.0
- C L rotate 5 CHZ-OH & )
n Hy G CHrOH y 5G—OH ’ - 0\1 OH (H)
HO_|C—+-| e 4CI; OH C/ —————— 4CI: H C/ _ H Cf
4 - OH H = OH H -~ 3
H—C—0H | ! 10 | =0 A
5| 0H\3<'3 -C OH\SCI; L7 OH = ;H by
H—(IZ—OH Ili CI)H | 2| H OH anomeric
° CH,-OH H OH carbon
D-(+)-glucose D-glucopyranose
H\;,;,O
H—T—0H Ho0
HO——H -—
H——0OH ?
H——0OH
a-D-glucopyranose hi200 p-D-glucopyranose
36% < 0.01% 64%

Mutarotation Equilibrium
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8CH20H 6CH20CH3 T 6CH20CH3

T

H  OH =¥ahemiacetal

p-D-glucopyranose pentamethyl glucose tetramethyl glucose
oxidized by Tollen's reag. the p-anomer mixture of a & p-anomers
not oxidized by Tollen's reag. oxidized by Tollen's reag.
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BRIEF REVIEW OF CYCLOALKANES



or

cyclopropane
C3Hg

cyclobutane
C,Hg

cyclopentane
CSH 10

cyclohexane
C6H 12

cycloheptane
C7HI4



Ring strain

eclipsed eclipsed
109.5° / /I:I/Ii I'I\I:I\
tetrahedral /
angle
- /195°
7 angle
9 0°/> // compression H{ HH

___________ Newman projection
of planar cyclobutane

angle strain

torsional strain



H
H
C‘ﬂap’7 \ H
folded Newman projection
upward <<77 showing relief of
viewed eclipsing of bonds



chair conformation viewed along the “seat” bonds

H H
Newman projection



“flagpole” hydrogens

boat conformation

eclipsed

ke,

H > H
HW CH, WH
Hy gH

Newman projection “twist” boat




energy

half-chair half-chair

______ 1

\ /
A 4/5:5 keal

6.9 kcal

~  (23KkJ)
i

(29 kJ)

10 kcal
(42 kJ)




axial and equatorial ...~
H : (U;_]Id

equatorial

axial axial

equatorial

seen from the side seen from above
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ring-flip

CH, axial CH, equatorial



gauche
H CH2 H

Newman prOJectlon

(a)
gauche auche —
g CH3
¥~ \~.
gﬁ. CH; H 4 CH2
4= H CH
g N6 2

Newman prOJectlon

(b)



H H
D) 3
H CH,. 4 H
6
H,C CH, H
H H

Newman projection

H axial
| H H H
| _H
- H H equatorial —— C//\"'H
axial
H H H’/("““H H H '
“w H equatorial

|, 3-diaxial interactions more stable by 1.7 kcal/mol (7.1 kJ/mol)



1,3-diaxial interaction H
H.,, /equatorial
W

—C
N e \\“‘H 5 \C\\‘\\H = H |
- C~H ~H —(—— | equatorial
axial axial CiniH
H H | H
H H

diaxial—very unfavorable diequatorial—much more stable



Chair conformations of trans-1,3-dimethylcyclohexane

axial
CH, H equatorial
CH,
H CH, same energy
equatorial p— |
H

CH,

axial



Bulky group

equatorial
| H/( 'lxi'lﬁ 2 CH,

HH C"'\ CH, K \ CH,
" ¢ eH, CH,
extremely crowded 7 7. strongly preferred conformation
H H

L H £ CH,
PR CH,%.‘\\\C C{
CHg

t-butyl group moves out of the axial position twist boat



A value ---- the magnitude of the
preference (AG°®) to equatorial

Group A value Group A value Group A value
D 0.006 NH, 1.23-1.7 CHy, 2.2
F 0.25-0.42 N(CH;), 1.5-2.1  CH,Br 1.79
Cl 0.53-0.64 NO, 1.1 Si(CH;); 2.5
Br 0.48-0.67 SH 1.21 CH=CH, 1.5-1.7
I 0.47-0.61 SO,CH; 2.50 CHO 0.56-0.8
OH 0.60-1.04 CH, 1.74 COCH, 1.0-1.5
OCH, 0.55-0.75 C,H. 1.79 CO, 2.0
OCH. 0.65 CH(CH,), 2.21 CO,H 1.4
OCOCH; 0.68-0.87 CF, 24-25 CO,CH, 1.2-13
OSi(CH;), 0.74 CcH: 2.8 CH(CH;); 4.7-4.9




AGeqO = Aipr T AGHBo -ZAOH

Anslyn, E. V. Modern Physical Organic Chemistry;
JACS, 1994, 116, 2778-2792



2.3 Position of equilibria

&
a e




HOH,C5 bﬁ
rotate about 2 1/34 rotate about /\‘ @)
j— \\. '// j— HOH C
C4-C5 HO" 4 OH C3-C4 ? \)\AJ”OH

/ \ &y OH
a-D-glucose Ho0 equilibrated ' p-D-glucose
Celli=e — = solution — EeHi ol
m.p. 146° [c]=+52.7° y m.p. 1500
[c]=+112° 36% o + 64% P [o]=+13°
CH,OH .
2 It It HO  ©OH
OH OH
5 O 5 O
O OH
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4C4 conformation
lowest

Highest part of chair when viewed from
clockwise numbered face



2.4 Ring structure of other carbohydrates

Pyranose structure is preferred form adopted by hexose

Exist in water as mixtures of a- and 3-anomers

Usually in the *C, conformation

Altrose, idose and talose, which would have several OH
in axial positions in this form, have larger amounts of the
furanose forms present at equilibrium.
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Linear Form of D-glucose

Drawing Haworth Formula

D-Glucose exists primarily as a cyclic hemiacetal

'CHO
H——OH
HO-4—H
H——OH
H—=—OH
SCH,OH

Redrawing glucose helps
to see ring stereochemistry.

Fischer Projection

W

(Rules for converting a Fischer projection to a Haworth

formula.
1) Draw proper sized ring: pyranose = 6-membered
furanose = 5-membered.

2) C-1 of the sugar (anomeric carbon) is always right
corner of the ring. Number carbons clockwise around
the ring.

3) D-sugar = CH>OH up; L-sugar = CH,OH down

4) o has OH opposite to CH,OH; 3 has OH same side
as CH,OH

5) Other stereocenters: -OH right (R) = down; -OH left
(S)=up

Formation of the
hemiacetal gives a new
stereocenter, the
anomeric carbon (C-1).

HO~®
e, OH
+& OH 1
HO :
* HO

B3-D-glucopyranose

Il
HO—
HO—=—1=—OH
OH

Example - L-arabinose to 'CHO
3-furanose form H-4—0OH
2 = R=down 3
3=S=up HO ) H
4=8=L=CHyOHdown HOTTH
CH>OH

HO
; 4 et 1
HOJs 3 zi OH
OH

3-L-arabinofuranose

\

HO®

J:’ o:
4+ OH 1 Haworth formula
HO s 2 OH

HO

o-D-glucopyranose
[

6
HO
HO—~"=C,
HO 3 2 1
HO

OH Cyclic form
chair conformation
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EXERCISES

Ho .0 Ho .0 H. 0O H. O
e ~cF v ~oF

H—(I3—OH HO—(ID—H H—(ID—OH HO—(ID—H
H—é—OH H—é—OH HO—é—H HO—é—H
H—é—OH H—é—OH H—é—OH H—é—OH
H—C:)—OH H—(_:,‘—OH H—(:J—OH H—(":J—OH
CH,-0OH CH,-OH CH,-0OH CH,-OH

D-(+)-allose D-{+)-altrose D-{+)-glucose D-(+)-mannose

My 20 Hy. 20 Hy 20 My 20
H—C—OH HO—C—H H—C—OH  HO—C—H
H—C—OH H—G—0OH  HO—C—H HO—&—H

HO—C—H  HO—C—H HO—C—H HO—C—H
H—(:D—OH H—(:E—OH H—(:D—OH H—(:D—OH

CH,-OH CHy-OH CH,-OH CH,-OH

v D-(-)-gulose D-{-)-idose D-{+)-galactose D-{+)-talose
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HOCH, 4 (i)H HOCH, 4 OH
C C C C
H | H H
- L l |
H (‘: C H H ¢ c H
| 5l
OH H OH OH
2-Deoxyribose Ribose

(g & Cummngs 1997

picsicio.us



@ Structure Determination Angew. Chem. Int. Ed. 2010, 49, 45034505

The Crystal Structure of D-Ribose—At Last!**

EOJ,.\OH [OJ,OH
HO" ™~ “OH HO" ™" "OH

6H\5 OH1/ OH

a-pyranose HO”\4/;'\2/§0 j-pyranose
OH OH .
/ D-ribose \ &
O ..OH ‘ -

Hd ’OH 5\ - . - 7 4
a-furanose , ' .
v-e

™



