Carbohydrates 27-1

Chapter 27: Carbohydrates

¢ Important terms

* Aldose A monosaccharide containing an aldehyde (27.2)

¢ Ketose A monosaccharide containing a ketone (27.2)

* D-Sugar A monosaccharide with the O bonded to the stereogenic center farthest from the
carbonyl group drawn on the right in the Fischer projection (27.2C)

* Epimers Two diastereomers that differ in configuration around one stereogenic center only

(27.3)
Monosaccharides that differ in configuration at only the hemiacetal OH group (27.6)
An acetal derived from a monosaccharide hemiacetal (27.7)

*  Anomers
*  Glycoside

¢ Acyclic, Haworth, and 3-D representations for D-glucose (27.6)

CHO

H——OH

HO——H HA

H —  H——0H OH H
o H——OH HO :

H  OH H  OH
CH,OH

acyclic form

CH,OH
H O_ H
Haworth H
projection OH
HO

CH,OH
O. OH

a anomer f anomer

CHO
H~C=OH
HO=C~H
H~C=OH
H~C=OH
CH,OH

3-D representation

4 Reactions of monosaccharides involving the hemiacetal
[1] Glycoside formation (27.7A)

OH OH OH .
HO O ROH HoO 0 HO o)
_ROH | .
HO HCI HO HO OR
OH OH
OH OR OH

a-D-glucose

Only the hemiacetal OH reacts.
A mixture of a and 3 glycosides
forms.

a glycoside B glycoside

[2] Glycoside hydrolysis (27.7B)

H0* A mixture of o and 3 anomers

forms.

OH
HO O
HO
OH
OR

OH OH
HO o . Ho 0
HO " HO OH
OH
OH OH

o anomer  anomer

+ ROH
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4 Reactions of monosaccharides at the OH groups

[1] Ether formation (27.8)

ﬁéﬁ% As0_ RO

All OH groups react.
The stereochemistry at all stereogenic centers
is retained.

[2] Ester formation (27.8)

OAc
m AC2O or
T Accl AcO OAc

pyridine

4 Reactions of monosaccharides at the carbonyl group

All OH groups react.
The stereochemistry at all stereogenic centers
is retained.

[1] Oxidation of aldoses (27.9B)

CHO COCH COOH

N [0] N B
[ 1 or __|

CH,OH CH,OH COOH

aldose aldonic acid aldaric acid

Aldonic acids are formed using:

o AgzO, NH4,OH

° Cu2+

° BI‘Q, HQO

Aldaric acids are formed with HNO3, H,O.

[2] Reduction of aldoses to alditols (27.9A)

CHO CH,OH
I .
1 CH3OH o

CH,OH CH,OH

aldose alditol

[3] Wohl degradation (27.10A)

This C—C bond CHO
is cleaved. —
H
— [11 NH,OH —_—
—r [2] Ac,O, NaOAc —
—t [3] NaOCH, !

e The C1-C2 bond is cleaved to shorten an

aldose chain by one carbon.

* The stereochemistry at all other stereogenic

centers is retained.

*  Two epimers at C2 form the same product.
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[4] Kiliani—Fischer synthesis (27.10B)

CHO CHO
GHO H——OH  HO——H
T [1] NaCN, HCI _ | *  One carbon is added to the aldehyde
— [2]H, Pd-BasO, L end of an aldose.
— [3] HsO* o | *  Two epimers at C2 are formed.
CH,OH CH,OH CH,OH

¢ Other reactions
[1] Hydrolysis of disaccharides (27.12)

0
H30+ O 0
B .
This bond is cIeaved.—»O/mo/ m m/OH

OH OH
A mixture of anomers is formed.

[2] Formation of N-glycosides (27.14B)

CH,OH H CH,OH

o RNH, o) H CH,OH, NHR
H H — KH H + NH H R
! L midH (AP ! Two anomers are formed.

OH OH OH OH OH OH
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Chapter 27: Answers to Problems

27.1 A ketose is a monosaccharide containing a ketone. An aldose is a monosaccharide containing an
aldehyde. A monosaccharide is called: a triose if it has three C’s; a tetrose if it has four C’s; a
pentose if it has five C’s; a hexose if it has six C’s, and so forth.

CH,OH o CHO
;2 H—C—OH |
(I:=O b. an aldopentose H—Clz—OH H_?_OH
a.aketotetrose |, L . p : c. analdotetrose , L .,
! H—C—-OH I
CH,OH | CH,OH
CH,OH

27.2 Rotate and re-draw each molecule to place the horizontal bonds in front of the plane and the
vertical bonds behind the plane. Then use a cross to represent the stereogenic center in a Fischer
projection formula.

COOH COOH OHC.__CH,CH, CHO CHO
a. CHy~C=OH =  CHy——OH c. IQ- re-draw H—C<CH20H HJﬁCHzOH
CH,CH,OH CH,CH,OH HOCH, H CH,CHs CH,CH,3
?HO re-draw c;;HO CHO (')H CHO CHO
O mememe- > HO=(C— = re-draw R
HO“‘/C\H c CHs HO+CH3 d. HwCwcHo . redrav > HO=GC—=CH; = HO+CH3
CHs H : & H H

27.3 For each molecule:
[1] Convert the Fischer projection formula to a representation with wedges and dashes.
[2] Assign priorities (Section 5.6).
[3] Determine R or S in the usual manner. Reverse the answer if priority group [4] is oriented
forward (on a wedge).

3 ’\
CHoNH, [1] CHNH, CHaNH, 3] f HoNH,

: 2] :
a. CI+CHzBr ———  CI=C~=CHBr 1 C=C~CHBra — (1) CI>C<CHZBr@
H A '1 S configuration
2
NP 1] O g ero [3] / cHo
: C|+H -  Cl=C=H 1 CI=C=H 4 @ Cl=C=H H forward
CH,NH : : :
e CHzNH, CHaNH, \ CH:NH, /S configuration
CHO 2 /
o—H [1] oy oo 3] oo
C. ———~ CI=C=H 1 CI=C=H4 . CI>C<H H forward
CH,OH 3 : H i
2 CH,OH gHon \ CHQOH S configuration
3
COOH 1) oy coon 3] Cog\
| H.Br —— CI=C~=CH.Br 1 Cl=C~=CH,Br 2 Cl=C=CH,Br
d C CH, - =

H H '1 v S configuration
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27.5

27.6

27.7

27.8

C R
H>C<O S
O>C‘<H/R
H-C=OH -R
H>C|':<OH

CH,OH

D-glucose

CHO

.
H-C™OH
H—gioH

CH,OH

a. aldotetrose: 2 stereogenic centers

Carbohydrates 27-5

b. a ketohexose: 3 stereogenic centers

CH,OH
c=0

| %
H—C—OH
H—C=OH
H—C—OH

CH,OH

[+ = stereogenic center]

A D sugar has the OH group on the stereogenic center farthest from the carbonyl on the right.
An L sugar has the OH group on the stereogenic center farthest from the carbonyl on the left.

CHO

H——OH
H——OH

[HOH—H

CH,OH

A

OH group on the left: L sugar

b. A and B are diastereomers.

A and C are enantiomers.
B and C are diastereomers.

CHO CHO
HO——H HO——H
H——OH HO——H
—H H—
CH,OH CH,OH
B C

OH group on the left: L sugar

OH group on the right: D sugar

The D- notation signifies the position of the OH group on the stereogenic carbon farthest from
the carbonyl group, and does not correlate with dextrorotatory or levorotatory. The latter terms
describe a physical phenomenon, the direction of rotation of plane-polarized light.

There are 32 aldoheptoses; 16 are D sugars.

C2R \CHO

CSR\Q:“—OH
H>1—OH
H——OH
H——OH
H——OH

CH,OH

CHO
H——OH
H——OH

HO——H

HO——H
H——OH
CH,OH

CHO CHO
H——OH  H——OH
H——OH  H——OH
HO——H H——OH
H——OH HO——H
H——OH  H——OH
CHoOH CH,OH
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27.9 Epimers are two diastereomers that differ in the configuration around only one stereogenic

center.
epimers
CHO CHO CHO
H——OH | HO——H H——OH
and
H——OH H——OH HO——H
CH,OH CH,OH CH,OH
D-erythrose D-threose L-threose

27.10 a. D-allose and L-allose: enantiomers

b. D-altrose and D-gulose: diastereomers but not epimers
c. D-galactose and D-talose: epimers
d. D-mannose and D-fructose: constitutional isomers
e. D-fructose and D-sorbose: diastereomers but not epimers
f. L-sorbose and L-tagatose: epimers
27.11
CHZOH CHZOH CHZOH CHZOH
c=0 c=0 c=0 Cc=0
a. HO——H H——OH b. HO——H c. HO——H
H——OH HO——H HO——H H——OH
H——OH HO——H H——OH HO——H
CH,OH CH,OH CH,OH CH,OH
D-fructose L-fructose D-tagatose L-sorbose
enantiomers
27.12
CH,OH CH,OH
S | S |
\o=0 N\G=0
HO—+—H HO—+—H
H——OH HO——H
H——OH H——OH
CH,OH CH,OH

D-fructose D-tagatose
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27.13  Step [1]: Place the O atom in the upper right corner of a hexagon, and add the CH,OH group on
the first carbon counterclockwise from the O atom.
Step [2]: Place the anomeric carbon on the first carbon clockwise from the O atom.
Step [3]: Add the substituents at the three remaining stereogenic centers, clockwise around the

ring.
CH,OH CH,OH ] CH2O*(') ]
a. :
Draw the o anomer of: (] o 2] : O. H 3] Y .
CHO H H
OH HO OH
H——OH OH OH
H——OH D sugar, CH,OH o anomer First three substituents are
H——OH is drawn up. OH is down on the right so they are
for a D sugar. drawn down.

H——OH~<— farthest away C,

CH,0H OH on right = D sugar
b. Draw the a. anomer of:

H
" i O OH
OH H
CHO o o CH,OH
i (11 _Gryon 2] CH,0H [8] K §HO
HO H

b HO H

H H

HO——H
H——OH L sugar, CH,OH The o anomer The first two substituents are
is drawn down. has the OH and on the left so they are
HO——H CH,OH trans. In drawn up. The third is on
CH,OH an L sugar, the the right, drawn down.
farthest away C, OH must be drawn up.
OH on left
=L sugar CH.OH
2
c. Draw the B anomer of: (H,OH GHz0H H O._ OH
[1] °L @ N 8 K H
CHO H H H OH
HO——H H HO H
H——OH OH 1
D sugar, CH,OH  anomer The first substituent is
H—r—OH is drawn up. OH is up for on the left so it is
H——OH~— farthest away C, a D sugar. drawn up. The other two are on

CH,OH OH on right = D sugar the right, drawn down.
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27.14 To convert each Haworth projection into its acyclic form:
[1] Draw the C skeleton with the CHO on the top and the CH,OH on the bottom.
[2] Draw in the OH group farthest from the C=0.

A CH,OH group drawn up means a D sugar; a CH,OH group drawn down means an L

sugar.

[3] Add the three other stereogenic centers, counterclockwise around the ring.
“Up” groups go on the left, and “down” groups go on the right.

- CH,OH is up =
up" group CHQOH‘— D sugar
on lel.Ho 1 O. OH
a. H H
H H
OH OH
"down" groups
on right
CH,0H is down =
L sugar
H
b.

|:—HO

"down" groups
on right

"up" group
on left

(1]

(1]

CHO CHO CHO
(2] (3]
T T H——OH
T —T H——OH
T —T HO——H
T H——OH ~— H——OH
CH,OH CH,OH CH,OH
OH on right =
D sugar
CHO CHO CHO
(2] (3]
— — HO——H
— —— H——OH
—— —— H——OH
—— —HO——H HO——H
CH,OH CH,OH CH,OH
OH on left =
L sugar

27.15 To convert a Haworth projection into a 3-D representation with a chair cyclohexane:
[1] Draw the pyranose ring as a chair with the O as an “up” atom.

[2] Add the substituents around the ring.

CH,OH
HO O OH
H
a. H H
H H
OH  OH

O is an "up" atom.

=

O is an "up" atom.

With so many axial groups,
H this is not the more stable
conformation of this sugar.
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27.16 Cyclization always forms a new stereogenic center at the anomeric carbon, so two different
anomers are possible.

Two anomers of D-erythrose:

CHO
H——OH H H H H
H 1 r OH H 1/_\7 H
CH,OH OH OH OH OH
D-erythrose
27.17
HO
a. HO HO.0 CH3CH20H HO
HO OH HO OCH,CHs
H OCH,CH,
p-D-mannose
OH _OH OH OH
CHSCHZOH
OCH,CHg
OH OCHQCHS OH
a-D- gulose
Hono HQOHO OCH20H3 H20HO CHZOH
_ CHGCH,0H
CH20H HCI CHZOH H OCH20H3
BD-fructose
27.18
G f
HOCH, G ‘OCH,CHg HOCH, o) ‘0CH,CHy HOCH, D Y H B
H H - . H H +H,0: — H H + CH3CH,OH
H H H H H
OH OH OH OH OH OH
I resonance-stabilized
carbocation
HOCH, O+ H
H o OH
H

OH OH
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H )
.. .. ¥+ H201 .o .
O HOCH, &5 :0-H HOGH, o :OH
H H H H + HaO*
above H H H
.. H OH OH OH
HOCH, o . o)
H H
H
OH ot HOCH
planar carbocation H,O: 20 H HOCH: o H 3
H ©H — H H +H30
below H :O—H H -OH
OH  HOAL ~— OH  HO ™
HoO :
27.19
a. All circled O atoms are part of a glycoside. OH b. Hydrolysis of rebaudioside A breaks each bond
indicated with a dashed line and forms four
~OH molecules of glucose and the aglycon drawn.
OH
rebaudioside A
Trade name: Truvia
+ - H
J~o aglycon
HO., ©
Both anomers of glucose
are formed, but only the f
HO anomer is drawn.
27.20
OH CHo OCHs
Ag,0 0]
CHal CH30 OCH,
CHO |
OCH,CgH
OH CeHsCH,0 Zens
0]
OH  CgHsCH,CI  CgHsCH,O OCH,CgHs
CeHsCHL0
H
CeHsCH20 OCH2C6 CgHsCH,0 _OCH,CgHs
HO" Q
CgHsCH,0 OCH,CeHs — CeHsCH,0 OH + o anomer + HOCH,CgHs

CeHSCHzo CeHsCH,0 !



Carbohydrates 27—11

OH _OH OAc_OAc
0 Ac,0 o)
d. HO OH pyridine AcO OAc
OH AcO
H H
H
OH _OH O CeHsCOO _ooccqHs
oy >l pyridine” °
e. 6T pyridine CeHsCOO OOCCgHs
CeHsCOO |

f e o CeHsCH,O _OCH,CgHs
productin (c) 4 C6H5/C\CI —ydine” 0 + o anomer
CeH5CH,0 OCOC¢Hs
CgHsCH,0
H
27.21
CH,OH CH,OH CH,OH
=Je] H——OH HO——H
HO——H NaBH, HO——H HO——H
HO——H CH,OH HO——H ' HO——H
H——OH H——OH H——OH
CH,OH CH,OH CH,OH
D-tagatose D-galactitol D-talitol

27.22 Carbohydrates containing a hemiacetal are in equilibrium with an acyclic aldehyde, making them
reducing sugars. Glycosides are acetals, so they are not in equilibrium with any acyclic
aldehyde, making them nonreducing sugars.

hemiacetal hemiacetal acetal hemiacetal
CH,OH
HO 0. 0 / CH20HO H CH,0H o H
a. H c. H H d.
OH H OCH,CH3 g -
OH OH OH OH HO OH HO  OH
reduclng sugar reducing sugar nonreducing sugar lactose
reducing sugar
27.23
CHO COOH CHO COOCH
a. HO——H Aggo HO——H c. HO—+—H HO—+—H
H——OH — "  H—|-OH FNOs
NH,OH H——OH "m0 | HTOH
H——0H H——0H H——OH H——OH
CH20H CH20H CH,OH COOH
CHO COOH
b, HO——H Br, HO——H
H—1—OH H,0 H——OH
H——OH H——OH

CH,0OH CH,OH
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27.24 Molecules with a plane of symmetry are optically inactive.

CHO
H——OH
H——OH

CH,OH
D-erythrose

CHO
HO——H
HO H
b. H——OH
CH,OH
D-lyxose
27.25
CHO
HO——H
H——OH
Ho——H
H——OH
CH,OH
D-idose
27.26
CHO
HO——H
a. H——OH
CH,OH
D-threose
CHO
H——OH
b. H——OH —~
H——OH
CH,OH

D-ribose

CHO
COOH H——oH
H__OH c.  HO——H
H—T—OH HO——H
COOH H—OH
optically inactive CH,OH
D-galactose
COOH
HO——H
HO H
H——OH
COOH
optically active
CHO
H——OH CHO
H——OH H——OH
HO——H HO——H
H——OH H——OH
CH,OH CH,OH
D-gulose D-xylose
CHO
CHO CHO
H——OH
HO——H H—r—OH
HO——H
HO——H + HO——H
¢.  HO—H
H——OH H——OH
CH,OH CH,OH A= on
2 2 CH,OH
D-galactose
CHO CHO
HO——H H——OH
H——OH . H——OH
H——OH H——OH
H——OH H——OH
CH,OH CH,OH

COOH
H——OH
HO—|—H
HO—1—H
H——OH
COOH

optically inactive

CHO CHO
HO——H H——OH
H——OH H——OH

HO——H  + HO——H

HO——H HO——H
H——OH H——OH
CH,OH CH,OH
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Possible optically inactive D-aldaric acids:

CHO COOH COOH
H——OH H——OH | f H——OH
H——OH < — = | PANEOT |

- Ot symmetry e m—
H——OH H—OH H—
CH,OH COOH1 COOH
AI

This OH is on the right for a D sugar.
There are two possible structures for the D-aldopentose (A' and A'"), and the Wohl degradation
determines which structure corresponds to A.

Carbohydrates 27—13

CHO
H——OH

HO——H
H——OH

CH,0H
AII

Product of Wohl degradation: This is A.
CHO CHO
H——OH CHO COOH COOH CHO H——OH
H——oH Wohl nH——oH [0l H——OH Ho—H O | pyof—p WOl ol 4
H——OH H——OH H——OH H——OH H——OH H——OH
CH,OH CH,OH COOH COOH CH,OH CH,OH
A’ optically inactive optically active B A"
Since this compound has no plane of symmetry, its
precursor is B, and thus A" = A.
27.28
CHO CH,OH CHO
HO——H HO——H HO——H
H——OH H——OH rotate H——OH
HO——H HO——H 180° HO——H D-idose
H——OH H——OH H——OH
CH,OH CHO CH,OH
! identical I
27.29
Optically inactive alditols formed from NaBH, reduction of a D-aldohexose.
CHO CH,OH CH,OH CHO
H——OH H——OH H——OH H——OH
H__ —_— —_ —_
OH  NaH, ———CH HOPH  Napn, MO
H——OH H——OH HO H H
H——OH H——OH H——OH H——OH
CH,OH CH,OH CH,OH CH,OH
A’ optically inactive optically inactive A" This is A.
CHO This is B. CHO
H——OH CHO COOH COOH CHO H——OH
H——oH KF H——OH [0 H——OH HO——H [0] |HO——H K=F  |HO——H
H——OH H——OH = sttt HO——H HO——H HO——H
H——OH H—1—OH H—1—OH H——OH H——OH H——OH
CH,OH CH,OH COOH COOH CH,OH CH,OH
A’ B' optically inactive optically active B" A"
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Two p-aldohexoses (A' and A"') give optically inactive alditols on reduction. A'' is formed from B'' by
Kiliani—Fischer synthesis. Since B'' affords an optically active aldaric acid on oxidation, B'" is B and

A" is A. The alternate possibility (A') is formed from an aldopentose B' that gives an optically inactive
aldaric acid on oxidation.

27.30
OH OH OH
o) : 0: o+
H H
%o o OH 0 OH Qo — — "o A\
OH
0 o RV o +
“HO OH “HO OH
HO ~ HO OH
HLOH + HO C
OH; “HO OH
HO
-D-glucose
OH. OH,,
above HO o HO =
OH HO HO
Hoﬁ [-D-glucose
HO o
OH + HO
planar carbocation H26 .
below
a-D-qucosé'
27.31
OH
0}
HOHO . OH OH
OH H30 o o The same products are formed
OH 0 HO + HO on hydrolysis of the o and p
o HO HO OH t mat
HO oH N anomers of maltose.
HO oH OH
a-D-glucose B-D-glucose
o anomer
27.32
B glycoside bond

OH OH

© J ? °__oH
HOL G %%

OH OH]

cellobiose Two possible anomers here. § OH is drawn.
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27.33
T
OH 1)
OH
a OH 4 \HO 4 HO 5 g o)
4 NHO 4 -0 o Ho b. HOLo 1 dextran
o O'Ho ] 1 HOG
%/ HO 1
6
0]
HoHO 1
6
(0]
HOHO
HO
27.34
/% % é& %O/é
NHAc NHAc HAc
chitin—a polysaccharide composed of NAG units
OH OH J OH OH
© %& é& éow -
$ 0 o 0 o
HO HO HO HO
NH2 NH2 NH2 NH2
chitosan
27.35
CHZOH CHQOH CH,OH
OoH 1 O._ NHCH,
OH Sreth OH + RO
mild H* NHCH3 H
OH

b, HO 0 CeHsNH2 o . + H0
OH i~ NHCeHs
OH

OH H NHCGHS
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27.36
OH OH . OH OH
HO 0 HO 0: HO 0 HO °\+ . RO
HO OH HO COH, HO . HO
OH + OH OH OH
— HCOHZ ..
* +H29
CH3CH,NH OH.. Hm' OH &

3 M2lNH2 O: H,O: HO . ..

Y Ho%{kHCHzCHs = HO NHCH,CH; * H30"

above HO HO OH

OH
HO O:
HO +
OH OH
HO 0 .
below HO + HzO0*
i H
CH3CH,NH, NHCH,CHs
27.37

o N

27.38

a. Two purine bases (A and G) are both bicyclic bases. Therefore they are too big to hydrogen
bond to each other on the inside of the DNA double helix.

b. Hydrogen bonding between guanine and cytosine has three hydrogen bonds, whereas between

guanine and thymine there are only two. This makes hydrogen bonding between guanine and
cytosine more favorable.

H
|

/NY\

’ 0]
o O-—"”""H\N)‘j/CHS
.-N__NH
N AT v A n A
</ | )\ H"/O . </ | J\l\ Hr’/o H
H N H/ cytcc:)sme H NT H/

thymine

. T
guanine

uanine
G d G
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27.39 Label the compounds with R or S and then classify.

CHO H
; CHO H o CHO
H——OH a. CHsCH,=C=<OH b. 4 3 d
Ealr > C. /C\ ' /C/\l"CH CH
CH,CH, EHO H OH CH43CH, CHO HO Ho2
A R R S S
R identical identical enantiomer enantiomer

27.40 Use the directions from Answer 27.2 to draw each Fischer projection.

COOH COOH s S
a.CHg=C=Br = CHS%—Br e.  H=C=Br _ H B
Qi H Cl=C=H c1S{—H
éHZCH?’ CH2CH3
Br CH H cl cl cl
! re-draw 28 CHg R S:. S|
b Oy el == ~  H=C=Br = H+S Br f B & redraw Br=C=H _ Broi—H
: Cl=C—Br Cl—{—Br
H i ¢l o % R: !
CH
OCH CH H 78 CHs,
CH3O\ OCH,CH3 . SOCH3 N S,Br redraw sl H-Sl g
C: [@qu?_vi CHg=C—=CH,CH; = CH34’;CH2CH3 c—c~ - - I — s
C. CH > CH.CH : 9w/ \ Br=C—H Br—=r—H
3 2CHs OCH,CHj OCH,CHg Bf CHj :
CHj3 CH3
CHO CHO
Cl H ’ ! y : g
d | re-draw : HO H H OH re-araw HO=C-=H HO H
' Conpy mommo- - CHaCHy=—C—=Cl = CHiCH,2{—CI SN T L = 1S
CHyCHy~ M H a2 -2 h.HO HO=C=H ~ HO->}—H
3LH2 Br : Br 4 CHO | R
Br HO H H=C<OH H——OH
CH,OH CH,OH

27.41 Epimers are two diastereomers that differ in the configuration around only one stereogenic

center.
CHO CHO
H——OH H—1—OH
HO——H HO——H
H—t—OH HO——H
C4/CH20H CH,OH
D-xylose L-arabinose
27.42
CHO CHO CHO CHO
OH O
HO——H H——OH HO——H H——OH
a. b. c. d. HO OH
H——OH HO——H HO——H HO——H
H——OH  HO——H c5 H——OH H——OH OH
CH,OH CH,OH CH,OH CH,OH
D-arabinose enantiomer epimer diastereomer constitutional

(but not epimer) isomer
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27.43
CHO CHO CHO CH,O0H
HO——H HO——H H——OH c=0
H——OH H——OH  HO——H H——OH
H——OH H——OH  HO—H H——OH
H——OH HO——H H——OH H——OH
CH,0H CH,0H CH,OH CH,0H
A B c D

a. A and B epimers
b. A and C diastereomers

CH,OH
2 o OH
H O._ OH
HO

H  oH &

H HO OH
OH H

OH H F

E

c. B and C enantiomers
d. A and D constitutional isomers

e. E and F diastereomers

27.44
a. anomers, epimers, diastereomers, reducing sugars
b.
H OH CHO
OH H H o H——OH _ .
OH H OH H HO——H This is the acyclic form of
OH both A and B.
H O OH OH H——OH
H  OH
CH,OH
A B 2
D-xylose
27.45 Use the directions from Answer 27.13.
CH,O0H CH,OH CH,OH
-D- O_ OH
a. p-D-talopyranose [1] : ) 2] O_ OH 3] (0] | o
CHO OH L
I H H
HO——H A
HO——H D sugar, CH,OH  anomer
HO——H is drawn up. OH is up for
a D sugar.
H——OH «— farthest away C, 9
CH,OH OH on right = D sugar
D-talose
CH,OH CH,0H CH,OH
b. B-D-mannopyranose 2
[1] ¢ (0] 2] O._ OH 3] H o O_ OH
CHO Hy OH
HO—+—H H OH — H
HO——H D sugar, CH,OH B anomer
H——OH is drawn up. OH is up for
a D sugar.
H——OH <— farthest away C,

CH,0OH OH on right = D sugar
D-mannose



5-galact CH,OH
c. a-D-galactopyranose 1)
o M A [2]
H——OH
HO——H D sugar, CH,OH
HO——H is drawn up.
H——OH «— farthest away C,

CH,OH OH onright = D sugar

D-galactose
CHonO
d. a-D-ribofuranose [1] K D% [2]
CHO H
H——OH D sugar, CH,OH
H——OH is drawn up.
H——OH <— farthest away C,
CH,OH OH on right = D sugar
D-ribose
e. a-D-tagatofuranose CHonO
(1] }( j 2]
CHZOH !
C=0
HO——H D sugar, CH,OH
HO——H is drawn up.

H——OH «— farthest away C,
CH,0OH OH on right =D sugar

D-tagatose
27.46
CHO
a.
HO——H OH=~—D sugar
HO
HO——H OH
-0
HO——H HO
H——OH-— o anomer OH
CH,OH

farthest away C,
OH on right = D sugar

CH,OH
O_ H

OH

o anomer
OH is down.

CH,OH H

H OH

o anomer
OH is down.

CH,OH
o)

H OH

o anomer
OH is down.

(0]
HO HO

-0
HO

[ anomer

OH

CH,OH

H <—D sugar

CHO
OH=—0D sugar <D suqgar
b.  H——OH HO Ho?H g
1 0 o
Hg EH OH OH
OH ™ on OH OH
H——OH=— o anomer [3 anomer
CH,OH

farthest away C,
OH on right = D sugar

Carbohydrates 27-19

CH,OH
O_H
B Ph
OH
H OH
H OH
CH,OH H
H H
H OH
OH OH
CH,OH CH,OH
OH OH
H OH
H H
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CHO

OH~— D sugar OH~— D sugar
1 -0 -0
ol i e
OH OH OH
H——0H o anomer [ anomer
CH,OH
farthest away C,
OH on right = D sugar
27.47 Use the directions from Answer 27.14.
(" CH,OH is up =
up" group 2
on left CH,OH <— D sugar (1] CHO 2] CHO 3] CHO
. ~OH O._ OH —_ — H——OH
' — — HO——H
H H — — HO——H
OH ~— "down" group -1 H——OH~=— H——OH
LN, on right CH,OH CH,OH CH,0H
up" group
on left OH on right =
CH,OH is down = D sugar
"up" group L sugar
on left [1] GHO [2] GHO [3] CHO
—OH — —1 HO——H
b. —T — H——OH
H OH —1 — HO——H
OH — —=HO——H HO——H
] " n CHon CHon CHon
up" group
"down" group on left OHon left =
on right L sugar
CH,OH is up =
OH CH,OH =— D sugar
o y o on [] CHO 15 CHO (o CHO
c. HO do) H — —— HO——H
OH OH H — — H——OH
OH H —— H——OH~— H——OH
CH,OH CH,OH CH,OH
OH on right =

D sugar
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CHO
OH H——OH
(0] 1 CHO
d. HO OH H OH o
H——OH o H H H——OH
on OH f. HO = = HO—|—H
H——OH HO - OH H =
CH,OH HO OH OH H——OH
OH CH,OH
D sugar (|3H20H H OH 2
H——OH
H CH,OH H——OH
OH
OH H——OH
CH,OH
27.48
CHO
HO——H & CH,OH OH CH,OH H b.
2 2 H OH H H
— H_oHO H_oHO o o
H——OH 0 o
H OH OH H OH OH
CH20H OH H OH H OH H OH H
D-arabinose B anomer o anomer two anomers in the pyranose form
27.49
Two anomers of D-idose, as well as two conformations of each anomer:
OH_OH~— equatorial CH,OH group OH
O_H ~——axial
o anomer HO (0] OSH
OH OH HO
4 axial substituents 4 equatorial OH groups
More stable conformation for the o anomer—the
CH,OH is axial, but all other groups are equatorial.
OH~—— equatorial CH,OH group _OH_— axial
OH o q 2UH group 4 .
o) axial
[} anomer OH HO (0] oH
OH HO
3 axial substituents 3 equatorial OH groups

The more stable conformation for the § anomer—the
CH,OH is axial, as is the anomeric OH, but three
other OH groups are equatorial.
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27.50
CHO e, CeHsCOO _ 500ceHs
a. CHgl, Ag,0 % f. CgHsCOCI, pyridine %
CH30 O ooccgH
CHz0 OCH, ColsCOO | e
HO 6"l
HO OH OH OCH
i + 3 OCH3
O b. CHZOH, HCI o) g. The product in (a), then HzO o
5 Ho ) + B anomer + B anomer
OH OH HO OCH3 CH OCHso OH
ool CeMsCH20 _ ocH,CeHs ?
-gulose . .
9 6. CoHeCH,C. AgyO o) h. The product in (b), then Ac,0O, pyridine ~ OAc OACO + B anomer
Q OCH,CaH %
CeHsCH,0 L 2ves OAc
HO 2LeMs OAc OCH,
OH i. The product in (g), then C¢HsCH,CI, Ag,0
o CHO _ ocH,
d. CgH<CH,OH, HCI + B anomer &; p anomer
HO
OH OCH,CgH
2LgHs CH30
OAc CH3O OCH,CgHs
OAc j. The product in (d), then CHsl, Ag,0O
e. Ac,0, pyridine O CH-O
. o,
3% __OCH,
OAc o
OAc OAc + P anomer
CH30
CHZ0 OCH,CgHs
27.51
a. CH3OH, HCI oH COOH
. 3 ’ HO q d Br2, Hzo HO__H
+ P anomer H——OH
CHO OH  OCHg H——OH
HO——H H——OH
H——OH  b. (CH),CHOH, HCI OgH CH,OH
H——OH HO _0 COOH
N + anomer
H——OH p e. HNOg, H,0 HO——H
CH,OH OH  OCH(CHg), H——OH
D-altrose CH.OH H——OH
. NaBH,, CH4OH 2
C a 4y C 30 HO——H H——OH
H——OH COOH
H——OH
H——OH




Carbohydrates 27-23

CHO
1o OCH;q
f. [1] NH,OH H H h. CHgl, Ag,O OCOH3
[2] (CH3C0),0, NaOCOCH; ~ H—{—OH CH30 -
[3] NaOCHg4 H— OH + [ anomer
CH,OH OCHjz OCHjs
2
: " OAc
CHO CHO i. AcoO, pyridine Opg 5
1 1 AcO -0+ fp anomer
g. 1]NaCN,Hcl "o~ H H——OH
[2] Hp, Pd-BasO, HO——H  HO——H OAc  OAG
[3] HzO* H——OH H——OH
H——OH H——OH HO "0
CH,OH CH,OH + [ anomer
OH  NHCH,CgHs
27.52
a. CHZOH, HCI H
CHOH o f. [1] NH,OH CHO
oH H [2] (CH4C0),0, NaOCOCH; ~ HO——H
H 0,OCHs [3] NaOCHjq H——OH
H + f anomer CH,OH
b. (CHg),CHOH, HCI CHO GHO
CHoOH 4 H g. [11NaCN, HCI HO——H H——OH
CGHO OH H [2] Hp, Pd-BaSO4  H——0H H——OH
—_ +
H(H) (H)H H L OCH(CHa) [31H50 HO——H * HO——H
L H H——OH H——OH
H——OH + P anomer ° ©
CH,OH CH,OH CH,OH CH,0H
D-xvlose c. NaBH,, CH;OH H——OH
Y HO——H h. CHal, Ag,0 CHZOCHOS H
H——OH OCH; H
CH,OH H OCHj
H OCHj
+ P anomer
COOH . - CH,OAc H
d. Bry, H,O i. Ac,0, pyridine 0
v H=—OH OAc  H
Ho— ™™ H OAc
H——OH H OAc
CH,0OH + (3 anomer
COOH j. CgHsCHaNH,, mild H+ ¢M20Ho  H
e. HNO3, HZO H——OH b OH H
NHCH,CgH
HO——H i SpNHCHCeHs
H——OH + B anomer

COOH
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27.53

OH OH

H3;0*

salicin monosaccharide aglycon

(both anomers)

H’,
+
g
O HO aglycon
solanine monosaccharide
(both anomers) OH
HO OH
OH HO., O HO o
+
HO "'OH HO” > "OH
OH OH
monosaccharide monosaccharide
(both anomers) (both anomers)
27.54
CHO CHO
H——OH CHO HO——H
HO——H HO——H HO——H
H——OH H——OH H——OH
H——OH H——OH H——OH
CH,OH CH,OH CH,OH
D-glucose D-arabinose D-mannose
27.55
CHO CHO CHO CHO
CHO HO——H H——OH CHO HO—1—H H——OH
a H——OH H——OH | H——OH . HO—H HO——H  HO——H
HoH —  H——on H—— on HO——H HO——H + HO——H
CH,OH CH,OH CH,OH HO——H HO——H — HO——H
H——OH H——OH H——OH
CHO CGHO CH,OH CH,OH CH,OH
CHO HO——H H——OH
b, HO——H HO——H + HO——H
HO——H HO——H HO——H
H——OH H——OH H——OH

CH,OH CH,OH CH,OH



Carbohydrates 27-25

27.56
OH OH OCH,CHs
CH3OH CH3CH,I
a. Ho 0 3 HO& 32 CH4CH,0 8
HO OH Hg  HO OCHs — pg,0  CHsCH:O OCH,
on OH 2 OCH,CHj
+ o anomer + o anomer + o anomer
CHO CH,OH CH,OCH;
H——OH H——OH H—t—OCH;
b po——n NaBH: o Ly CMel guotH
H——OH CHsOH H——OH Ag,0  H——OCH;
H——OH H——OH H—t—OCH;
CH,OH CH,OH CH,OCHj
CHO COOH COOH
c. H—OH H——OH H——OAc
HO——H B2  nHo——n A0 Aco——H
H——OH H,O H——OH  pyridine H——OAc
H——OH H——OH H——OAc
CH,OH CH,OH CH,0Ac
27.57 Molecules with a plane of symmetry are optically inactive.
CHO CH,OH CHO CH,OH
- 1 H—— H——OH
HTTOH  NaBH, H——OH NaBH,
H——OH O HO——H —H———
H——oH  CHsOH H——OH H——0OH CHOH H——OH
CH,0OH CH,O0H CH,0OH CH,0H
D-ribose D-xylose
27.58
OH OH OH
0 0 0
HO H3;0* HO HO + CH30H
a OCH; ——— o * °
OH OH OH
OH OH OH  OH
OCH, OCH, OCH,
H N H H
0 HO&@ = “Oﬁ ‘ HO&&OH " oHoon
OH OCH,CHg OH OH OH
HOCH, NHCH,CH HOCH, OH HOCH,
N ;0_\( 2718 HgO* 1\/_0_\( N \/_O? + NH,CH,CH,
OH  OH OH  OH oH o™
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27.59
OH OH OH
HO o HO O .+ — HO O\+
HO OH HO COH,
OH OH OH

resonance-stabilized carbocation
H—OH, + H-OH

H-OH Ho—
H—OH
27.60
/m
OH(\B any base
N . (any )
0 H :OH
é': . C&': .. CeHs Q CeHs Q + HB*
P -~ MOH
Cefts™  H CeHs HO =0 o OCHs OCHj
OH
S
. =
CGHS/?O CGHS/L\\”O C6H5 O.
HZ0 0 HO 0 HO 0
< HO OCHs HO OCHs HO OCHs
B OH OH OH
(any base) + Hy0:

CGHS/VO
HO OCH,

OH



Carbohydrates 27-27

27.62

COOH
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27.63
~ H
CHO :OH cLo:
H——OH CC OH
HO H HO H
H——OH H,0 H——OH
H——OH H——OH
CH,OH CH,OH
Dgucose  proneton of e
from two directions.
_ leo
two protonation
products — CHO
HO——H
HO——H
H——OH
H——OH
CH,OH
H H
c-0 C OH
i S
HO——H HO——H
H——OH H——OH
H——OH H——OH
CH,OH CH,0OH
enidiol + HZO

Deprotonation of the OH at C2
of the enediol forms a new
enolate that goes on to
form the ketohexose.

27.64

Two D-aldopentoses (A' and A") yield optically active aldaric acids when oxidized.
Optically active D-aldaric acids:

CHO
HO——H
H——OH
H——OH
CH,OH
A

(O]

M H

COOH
O——H
——OH

H——OH

COOH
optically active

optically active

H H
| o |
G 6 oy com
C—OH C—OH
HO H HO H + 6
H——OH H——OH -
H——OH H——OH
CH,OH CH,OH
Protonation on O enediol
forms an enediol. A
o !
~C—OH H-C~OH
c=0 c=0
HO——H HO——H o
H——OH H——OH r
H—1—OH H——OH
CH,0H CH,0H
COOH CHO
HO——H HO——H
HO H [O] HO H
H——OH H——OH
COOH CH,OH
A"

D-lyxose



HO CH: CHO COOH COOH CHO
¥ o Wohl H——oOH [O] H——OH HO——H [O] HO——H
H—Lon H——OH H——OH H——OH H——OH

CH,OH COOCH COOCH CH,0OH
CH,OH ,
A' optically no plane of
inactive symmetry
optically active

Carbohydrates 27-29

CHO
HO——H
HO——H

H——OH

CH,OH

A"

Wohl

Only A" undergoes Wohl degradation to an aldotetrose that is oxidized to an optically active aldaric
acid, so A" is the structure of the D-aldopentose in question.

27.65
CHO CH,0H CH,0OH CHO
HO——H HO——H HO——H HO——H
H——OH -+ H—T—OH HO H HO H
H——OH H——OH H——OH H——OH
D-arabinose identical D-lyxose
(by rotating 180°)
27.66
Only two D-aldopentoses (A' and A") yield optically inactive aldaric acids (B' and B").
CHO COOH COOH CHO
H——OH H——OH H——OH H——OH
H——oH | O] T Ho—t—t— _Ol Ho——H
H——OH H——OH H——OH H——OH
CH,OH COOH COOH CH,OH
AI BI BII AII
optically inactive optically inactive
Product of Kiliani-Fischer synthesis:

CHO CHO CHO CHO CHO CHO
H——oH H——OH HO——H HO——H H——OH H—OH
H——oH K-F H——OH N H——OH H——OH H——OH K-F HO——H

= .| N e N e B
H——on H——OH H——OH HO——H HO——H H—0OH
CH,OH H——OH H——OH H——OH H——OH CH,OH
Al CH,OH CH,OH CH,OH CH,OH .
DI CI CII DII A

(o) |[0] |[o] Jto]

COOH COOH COOH COOH

H——OH  HO——H HO——H H——OH

p|ane of H——OH H——OH H——OH H——OH
symmetry H——OH H——OH HO——H HO——H

H——OH H——OH H——OH H——OH

COOH COOH COOH COOH

optically optically optically optically
inactive active active active
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Only A' fits the criteria. Kiliani—Fischer synthesis of A' forms C' and D' which are oxidized to one

optically active and one optically inactive aldaric acid. A similar procedure with A'' forms two optically

active aldaric acids. Thus, the structures of A—D correspond to the structures of A'-D'.

27.67

Only two D-aldopentoses (A' and A") are reduced to optically active alditols.

CHO

HO——H

CHO

H——OH K-F

H——OH
CH,OH

H——OH

H——OH
CH,OH
A

CH,OH

[©
COOH

COOH
optically
active

CH,OH
HO——H
H——OH
H——OH
CH,OH

optically
active

[H]

Product of Kiliani—Fischer synthesis:

CHO
HO——H
 HO——H
H——OH
H——OH
CH,OH
c
l[O]
COOH
HO——H
HO——H
H——OH
H——OH
COOCH
optically
active

CH,0OH CHO
HO——H HO——H
HO H [H] HO H
H——OH H——OH
CH,0OH CH,OH
optically A"
active
CHO CHO CHO
HO——H H——OH HO——H
ron * ol | T
H——OH
H——OH H——OH CH,OH
CH,OH CH,OH N
c" B" A
[ o]
COOCH COOH
HO——H H——OH
HO——H HO——H
HO——H HO——H
H——OH H——OH
COOCH COOH
optically optically
active inactive

Only A" fits the criteria. Kiliani—Fischer synthesis of A" forms B'' and C'', which are oxidized to one
optically inactive and one optically active diacid. A similar procedure with A' forms two optically
active diacids. Thus, the structures of A—C correspond to A"-C"'.

27.68
D-gulose
CHO CH,OH
H——OH H——OH
H——OH H——OH
HO——H HO——H
H——OH H——OH
CH,OH CH,OH
A B

CHO CH,OH
H——OH H——OH
HO——H HO——H
H——OH H——OH
CH,OH CH,OH
C D

CHO COOH
HO——H HO——H
H——OH H——OH
CH,OH COOH
E F

CH,OH
H——OH
H——OH

H——OH
CHO
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27.69 A disaccharide formed from two galactose units in a 1—4-p-glycosidic linkage:
egCOS|de bond
HO _OH
%o OH
oH 4%

27.70 A disaccharide formed from two mannose units in a 1 —4-o-glycosidic linkage:
a glycoside bond

HO— HO
0
HOHO%ﬁ /HO OH
A
© HO

OH
27.71
OH _oH OH OCHz oCH, OCHj
o) HO OH CH.O OCHj
OH OH Ag0 &P OCH, iH3O OCH,
H;0*
OCH ‘ 3
3 OCH,4 OCHj4
° HO 0
(Both anomers of B and C are CH.O OH CH.O OH
formed, but only one is drawn. 3 3
y ) OCHj OCHj
B + Cc + CH30H
OH oH OCHs oo, OCH
o 0 3 OCHjg HO OCHs
b. CHsl H;O* (@) CH30 -0
OH CH50 CH50
HO o) ho . A% OCHz 0 OCHjq O&Hs0 O
HO -0 CHZ0 -0 e, F + CHsOH
HO CH50 8
(Both anomers of E and F are
OH D OCHs formed, but only one is drawn.)
27.72

B glycoside bond OH OH

\&/ /&/ >
a. glycoside bond
/ gly

HO HOo A

b. 1-4-p-glycoside bond HO o) 1-6-a-glycoside bond
HO

reducing sugar
(hemiacetal)

c. reducing sugar

(hemiacetal) OH
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27.73
CH,OH
0 HO
aandb. OH <~—— 1-6-a-glycoside bond
O-CH,
OHO o HO™

<— 1+6 -a-glycoside bond -

HO
stachyose
~—1->2-a-glycoside bond HO

OHO

HOCH,
CHZOH
C.

|dent|cal

Two anomers of each monosaccharide are formed,
but only one anomer is drawn.

d. Stachyose is not a reducing sugar since it contains no hemiacetal.

Agzo
CHQOH
CH3OCH, %Hso OH
product OCHj OH +
in (e
(e) 0 oH CHZOCH3
3

Two anomers of each monosaccharide are formed.
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27.74
OH
(0] .
HO . Isomaltose must be composed of two glucose units
HO isomaltose + & anomer in an a-glycosidic linkage. Since it is a reducing sugar
OH it contains a hemiacetal. The free OH groups in the
0o hydrolysis products show where the two
monosaccharides are joined.
HO 0
HO OH<— the hemiacetal
OH
[1] CHsl, Ag0
[2] H3O*
CHS /\
CH30 CHgom (Both anomers are present.)
CH30 CH30O
27.75
OH OCHj
HO 0 CHZ0 0 OCH,
HO CHgl CHZ0 H,O* 0
"o 0 Che0 C<F:|3Hoo
Al
trehalose OH g2 OCHs 8 CH40 OH
OH OCH,4
o) OH o) OCHj4 (both anomers)
HO CH30

Trehalose must be composed of D-glucose units only, joined in an a-glycosidic linkage. Since trehalose
is nonreducing it contains no hemiacetal. Since there is only one product formed after methylation and

hydrolysis, the two anomeric C's must be joined.

27.76
HO ©
H 1
a. HO HN |~——a
o}
HO o
HO
NH,
O\§

OHOH
OH
HO ! ao
T T OH OH

mannose glucose

CH;0H 4
H HO
C.
H NHCH,CgHs
OH H
o)
CH
8 | NH
) o
HO—CH,
H
OH OH
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27.77
Ignoring stereochemistry along the way: AL
o)
OH _—y _//1 (Iﬁ

O:

(1]
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27.78 The hydrolysis data suggest that the trisaccharide has D-galactose on one end and D-fructose on
the other. D-Galactose must be joined to its adjacent sugar by a 3-glycosidic linkage. D-Fructose
must be joined to its adjacent sugar by an a-glycosidic linkage.

HO OH
HO %
galactose Aé/\
glucose
fructose
2 anomers
CH;0 OCH3

+ CH3O
H30

2,3,4,6-tetra-O-methyl-
D-galactose

CH30  OCH,4

CH om
CH3I 3 CH3O CH30 o) CHSO
Ag.0 CH30

o OCHj
H30+ 30 \
(Hydrolysis cleaves all acetals,
indicated with arrows.)

1,3,6-tri-O-methyl-D-fructose

CH30

2,3,4-tri-O-methyl-D-glucose

(Both anomers of each compound are formed.)






