Organic Chemistry lli

1% 8% {61! (Yuki Goto, Bioorganic Chemistry Lab.)

“Organic chemistry of biomolecules”
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This student did not understand why the bottom transformation requires the 3-step reactions.

OAc In the first step, only the anomeric position OH is
converted into OMe (acetal).
AcO C
3 AcO
OH “OH OAc
p-glucopyranose OMe/" The second step acetylates the remaining four
/ 1) cat. HCl, MeOH / free OH groups while the OMe on C1 is intact.
2) Ac;O
3) cat. HCI, H.0O

The OMe (acetal) on the C1 is hydrolyzed to
regenerate the OH (hemiacetal).
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1rism of the last reaction.



o W?—/L?gé/ﬁﬁ/ Qg
_:fQH.. Bt (S F 5 Q,ga LU o9d
S T L I D T s s

These students are concerned that the acetyl groups would be hydrolyzed in the step of
acid-catalyzed hydrolysis of acetal.

Ohc In the first step, only the anomeric position OH is
o converted into OMe (acetal).
. AcO
OH “oH OAc OMe ..
D-glucopyranose The second step acetylates the remaining four
/ 1) cat. HCl, MeOH / free OH groups while the OMe on C1 is intact.
AcZO
How? } et el Hzcc)) The OMe (acetal) on the C1 is hydrolyzed to
_/< regenerate the OH (hemiacetal).
0 0

o~ »

1rism of the last reaction.



These students are concerned that the acetyl groups would be hydrolyzed in the step of
acid-catalyzed hydrolysis of acetal.

Excellent questions.

Yes, deacetylation may compete with the hydrolysis of methyl acetal. However, there are indeed
examples of reactions in the CAS database, in which the anomeric OMe is selectively removed in acid-
catalyzed reaction conditions.

Nonetheless, these students’ concern is correct, and thus acetal groups other than methyl are widely
used for practical synthesis. For instance, allyl acetal can be removed by palladium catalysts, which do not
cleave acetyl esters.

Because | guess the explanation using the simple OMe and OAc would be easier for you to understand
the concept of selective protection, | showed these groups/conditions in this class.



No, you don't need to remember the names of sugars for this class.
| shared it just for your reference. Of course, you can remember them if you have interest or
intend to pursue carbohydrate-related research in the future.

Tips from a textbook: How to remember the names of aldopentoses/aldohexoses
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By convention, when drawing sugar structures in a chair form, we generally locate the ring-
oxygen at the far right.
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from Kajihara lab @ Osaka U.
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L k 9 2 ? Why the yields of the acetylation/methylation reactions are not so good?
Because ofthe multiple reaction sites, is the complete conversion simply difficult?

OCH3
excess
. CHyO;
Aggo CH;0

OH OH OCH, OCH;
~ 55%)
D-Glucopyranose Methyl 2,3,4,6- tetramethoxy -D-glucopyranaoside

O

OH
0 excess )‘\
HO A0
HO
98°C, 8.5h, J\

OH  OH acid catalyst
D-Glucopyranose
O

A pentaester
(58%)

Actually, the reactions are not so difficult reactions. | don’t know why the Jone’s
text book show these examples with low yields.



Actually, the reactions are not so difficult reactions. | don’t know why the Jone’s
text book show these examples with low yields.
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Stereoselective glycosylation
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QandA

Another famous example for neighboring group participation
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Yes, as you have experienced thus far, | try to design my lectures to encourage reviewing the

previous organic chemistry knowledge. Please try to deal with the review quizzes suggested in
the slides by yourself.

comment: sorvy for +he inconvenience, but please teach wmove in
Ens!isln-

Thanks for the comment.

Although | sometimes speak in Japanese during the classes, the Japanese talks are mainly for

repeating the contents that have been or will be explained in English. | have given Japanese

explanations specially for the important/complicated issues and when the topic changes, in
order to raise the overall level of understanding of the students.

| know that this might be uncomfortable for some English speakers, but | would thank you for
your understanding.

| promise that | will not fail to deliver any class content in English (except for Q/A).



Final Exam

July 22nd (Fri)10:25~11:55
on-site (Chemistry main bldg., 3F lecture room)

guidelines

- There will be a 15-minute "cheating time" during 10:55-11:10. During this time, you may

see the textbook, lecture handouts, notes, memos, etc. that you brought.

However, viewing/using electronic devices such as PCs, tablets, and cell phones is
prohibited.

- Consultation/discussion with other students is also prohibited.

R30S D157 .  Tcheating times Z%IFTET, CDEIZ. FSULER
Z.ERER -/ —h ATEEESBULTEEVWETA,

fcf2Ul PC- 7Ly b - EELREDEFT/\1 ADBEE M ERIZZE L,
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Topics in the previous class

e structure of monosaccharide

- classification
- Fischer projection
- cyclic sugars

e reactions of monosaccharide

- several examples of monosaccharides
- glycoside formation (glycosylation)
- protection strategies of monosaccharides

e structure and functions of oligo and polysaccharide



Reaction of monosaccharides -5

Synthesis of glycosides

If glucose is reacted with alcohols, what can occur?

Remind this
O cat. H+ H OH cat. H+ H OR’
L emon 2 I
R H R OR’ R OR’
hemiacetal acetal
in sugar chemistry, cyclic form glycoside
H___O
C
H——<0H (OHO
>
HO——H — HOMOH < > ?
H——OH OH -
H——OH




Reaction of monosaccharides -5

Synthesis of glycosides

If glucose is reacted with alcohols, what can occur?

OH
O catalytic
HO HCI HO
HO -
64 °C, 72 h . : :
D-Glucopyranose A glycoside (in this
case a pyranoside)
(~ 50%)

glycosides: (in a narrow sense,) acetal forms of sugars on the anomeric position

nomenclature - giving the alkyl group followed by the sugar name with the “-ose” replaced with “-oside”

e.g. the name of the glycoside above is “methyl D-glucopyranoside”

Review quiz: Draw the mechanism of the glycoside formation under acidic conditions.



If ROH in glycosylation is a sugar ... disaccharides

Dimers of D-glucopyranose

CH,OH a-Dl—qucopyranose B—D—gllucopyranose
O ! CH,0H /!
HOHO n ¥ - glte , CH0H ¥
p ~ CH,OH : 0
: OH! 4 0 HO 0 \
; 0 4 5y HO ﬁ/OH
a-D-glucopyranoside ~ HO ﬁ/H . TH Ok
OF B-D-glucopyranoside H
OH
a(1—4) glycosidic bond B(1—4) glycosidic bond
(maltose) (cellobiose)
lactose (ZL1E) sucrose (/3. FHE)
B-D-glucopyranose _.a-D-fructofuranoside
OH a-D-glucopyranoside §H20M &
CH,OH v el 1 2 HO
0 , CHy0H ‘2 0
0 CH,OH
HO 1.0 . OH =
4 OH HO k'/OH HOCHZ OH
é OH
B-D-galactopyranoside H Hg HO

B(1—4) glycosidic bond a(1—2) glycosidic bond



Two important polysaccharides

Both are polymers of D-glucopyranose

amylose (7> 7V DEBRER)

CH,OH

CH,OH
OH 0

a(1—4) glycosidic bond O,

cellulose

CH,OH

N ° e CH,OH
2
Howom/o 0 CH,OH
oH HO Q 2
OH

B(1—4) glycosidic bond

see 3D structures

helical structure of amylose
(good energy source)

o )
e OH CH,0H 0--=H—° OH =

planar structure of cellulose
(we cannot digest this)



topics- roles of polysaccharides in organisms

energy storage - amylose, glycogen, etc.

structural skeleton - cellulose, chitin, etc.

regulation of cellular events

Many different polysaccharide chains are
found on exterior surface of cells.

Different cells display different poly
saccharine chain on the surface.

They play important roles in
- definition/recognition of cellular types
- infection of viruses
- regulation of growth factors

additional additional
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Amino acids



Topics

 structure of amino acids

- classification and examples
- acidity and basicity of amino acids

 synthesis of amino acids

amine synthesis

 synthesis of amines
- by Sn2 reactions
- Gabriel synthesis
- reductive amination

side chain addition
COOH synthesis
enantioselective synthesis



amine + acid

What are amino acids

REMDTOR 14R(200 mh &7t

T F— 139 keal
oo lE<8 6. 8 g
O B OB 0.8 g
a-amino acids " N\)]\ Bok{t® 100 g
2 OH FRUD L 85 mg
. IV 227 mg
(glycine)

0
y-amino acids HZN\/\)]\
OH

(y-amino butyric acid, GABA)

Proteinogenic amino acids are
O

HZN\)‘\
Y OH

side chain

(EIgH) 7
L-a-amino acids

w TITLLL

Review
(Fischer projection)



Examples/names of amino acids

e.g.)

(0 o)

0 0
HZN\)]\ HZN\)]\ HZN\)]\ HZN\)J\
OH E OH E OH E OH

LT

2-Aminoacetic acid  2-Aminopropanoic acid 2-Amino-3-methylbutanocic acid 2-Amino-3-phenylpropanoic acid

(glycine) (alanine) (valine) (phenylalanine)
Gly Ala Val Phe
(G) (A) (V) (F)

A total of 20 different amino acids is found in proteins.
See others in the appendix.



acidity/basicity of amino acids

pH =1.0 pH =15 Abbreviation pK: pKz PKr

At low pH Neutral ot s A letters  Lefley “COOH  “NHs*  Rgroup 2

Alanine Ala A 2.34 9.69 - 6.00

:0: :0: :0: Arginine Arg R 2.17 9.04 12.48 10.76

Asparagine Asn N 2.02 8.80 - 5.41

Aspartic Acid | Asp D 1.88 | 9.60 3.65 2.77

R . R D - e Cysteine | Cys c | 1.9 10128 | 6.18 5.07

.QH .Q: .Q: ::‘i:;'m"" Glu E 2.19 9.67 4.25

+ + Glutamine Gln Q | 207 2.13 - 5.65

HsN HsN HoN: Glycine cly G | 234 9.60 : 5.97
Histidine His H | 182 | 9.7 6.00 E

Ammonium ion form Zwitterion Carboxylate form Isolevcine |l ! 236 | 9.60 - 6.02

Leucine Leu L 2.36 9.60 - 5.98

(S(R'l‘i’]/ 7|- \/) Lysine Lys K 2.18 8.95 10.53 9.74

Methionine Met M 2.28 2.21 - 5.74

Phenylalanine Phe F 1.83 2.13 - 5.48

Proline Pro P 1.9% 10.60 - 6.30

When the pH = pl (5ZE = isoelectronic point), Serine se | s |2m |15 |- 5.5

Threonine Thr T 2.09 9.10 - 5.60

the net charge of amino acid becomes zero. |metshen 70w 2 e
Tyrosine Tyr Y 2.20 2.11 10.07 E

Valine val Y 2.32 9.62 E 5.96

In thiS pH’ the amino acid iS mainly present From Lehninger Principle of Biochemistry.
as zwitterion.

Quiz  Estimate the pl values of Glu, His, and Tyr.

Review Quiz

Explain the aqueous structures of alanine  Quiz

in buffers of pH = 2.34, 6.00, and 9.69. pKa values of general carboxylic acids are 4~5.
Why the pKa values of COOH in amino acids are
unusually small?



acidity/basicity of amino acids

Review Quiz
Explain the aqueous structures of alanine in buffers of pH = 2.34, 6.00, and 9.69.
pK:z PKr

pKi
Amino Acid pl
o -COOH -NH:* R group
charges @\)]\ Alanine 2.34 2.69 - | 6.00
A HsN
" : OH
14 [H*] [A]
) HA — H+ + A- Ka =
[HA]
(o)
+05 O when pKa=pH ([H*]=10-pH)
(o)
_[A]
0 S A [HA]

pl of alanine:
average of pKa values of NHs;* and COOH

o)

|
\4
nn

2.34 6.00 9.69 pH



acidity/basicity of amino acids

charges

A H3N@\)I\ PKi PK2 PKr
Y OH Amino Acid pl
+1 le------" : o -COOH -NHs* R group
H N@\)I\e Glutamic | |
3 : 0 Acid 2.19 2.67 4.25
07 “oH | |
+0.5 . j\ pl of glutamic acid:
' average of pKa values of two COOH groups
. 0] OH

0]
H3N@\)I\@
0]




Topics

 structure of amino acids

- classification and examples
- acidity and basicity of amino acids

 synthesis of amino acids

amine synthesis

 synthesis of amines
- by Sn2 reactions
- Gabriel synthesis
- reductive amination

side chain addition
COOH synthesis
enantioselective synthesis



Synthesis of amino acids-1 amine synthesis

Sn2 of a-halo acids with NHs

’ THE GENERAL CASE \

:Br INH,
eXCcess ‘
R cooH NHs R Ncoo M,
(Sn2)

SPECIFIC EXAMPLES

- COO™
/COOH 1. tNH,/H,0: el
-
‘ 48 'h,25°C ‘
:Cls 2. neutralization NH3™
Glycine
(65%)
COOH 1, :NHy/H,0: elolop
e
285 h..55°C
:Br: 2. neutralization NH5*

2-Aminohexanoic acid
(norleucine)
(65%)



SyntheSiS Of primary amines (general organic chemistry)

* Sn2 of alkyl halides with NH3

_X
X NH R “
R + NH; — R” 2 > p~ SR
pKaH: 9.21 10.63 10.98
(R = Et)
X R X R
il I!l i R IL@ R
> > R—N—
R R |



SyntheSiS Of primary amines (general organic chemistry)

* Sn2 of alkyl halides with Ns- (phosphine)
RsP other reductants:
X 4 NaN; — -Ns , __NH,
R + NalN3 R R Pd/C & H,, LAH, etc.
] [ O
* Gabriel synthesis
NH
0
1 / base
R—X >  R—NH,
2. NH,NH,
.............................................................................................................. o
o N-H
H,O X H—'!\l\/ 0 o NH;

O
O :OH o 0
isolatable, storable l
o)
0
O NH /.NH2
NH iyt — ON-h = N:
\ + A5\
NH ! H H
R o) hNi
R
o) \:%,H gOD
\



Synthesis of amines (general organic chemistry)

* Reductive amination ((ZITTH 7= /1b)

aldehydes can be also the SM.

THE GENERAL CASE

~R H ~R
N~ SN
NHR J NaCNBHs can be performed in one-pot
,/// \\\ // \\ 4 \\\\ . L] L]
R R R” R R™ A\ H often done in weak acidic cond.
SPECIFIC EXAMPLES
5 N'/CH3 Hw_ _-CHs
CHaNH, H NaCNBH,
—_— ~ M —_— P ~
{’/\‘ <G, CH:OH { /\I CH, | ’ \\T/ SCH,
o N A
78%
CH:),NH H H
)J\ (CHa); / /K Review Quiz
\ NAONBH, \ Show the mechanism of imine formation and
\ \ / . . . . .
T explain why reductive amination reactions are

often performed in weak acidic conditions.




Reaction of monosaccharides - 4

Epimerization under basic conditions (Lobry de Bruijn-Alberda van Ekenstein reaction)

D-glucose can be slowly converted to D-mannose and D-fructose under basic conditions!

CH,OH CH,OH CH,OH
ketose! | =0
HO HO
HO——H
HO——1—H HO—71—H
H——OH O
H—1—OH O H——OH
H——OH
H—y—OH H
CH,OH
D-Fructose H,C CH,OH
(30.9%) pyranose form furanose form
o
HO ]
OH
OH OH

Quiz-6: Although D-fructose (open chain form) is shown here to emphasize it is a ketose, it
actually exists in the pyranose and furanose form. Draw Fischer projections for the pyranose
and furanose forms of D-fructose.



Selective protection of monosaccharides

OMe OAc
"%
= 0
Mﬁe& AcI(\)cO
oM oA
= Ol D-glucopyranose ¢ OMe
\ 1) Mel, Ag;0 1) c;a)tAHCOI, MeOH /
Q2
2) cat. HCI, H,0 HOW7 3) cat. HCL HyO
° 0]
OMe o) o)
) A i
MeO o
eMeO (o)

Review quiz: Draw the mechanism of the last reaction.

O
OMe OH j'/ O "OH
o:<



