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Chemoselectivity

One functional group may be more reactive than another for thermodynamic or for

kinetic reasons single enantiomer
made using enzyme

Kinetic chemoselectivity H Me

Reaction at one functional % LiBH,4

group is faster than at -~

another Y 0,H 0,H

Thermodynamic chemoselectivity

o 0
H PhCOCI, Et;N PhCOCI, H )]\
H
Ph N\J\ B — — = Ph 0
T " H \)\

hydroxy amide amino alcohol amino ester
Ph N — \CN /l\ H — n)\ HoNO
Ph 0 P 0
Ph'(. _
OH protonation at N makes the_ ester
the amide is the thermo-| reversible acyl migration between N and O the thermodynamic product in acid
dynamic product in base




Chemoselectivity
selective acetylation

How to react the less reactive group
of secondary hydroxyl
~*~""oroup required
0

more hindered, less
reactive secondary ----a= OH P, 0
hydroxyl group = - =
—_—
\/\‘/\/\OH \/Y\/'\OH
P + P
Ph—7 X : Ph"r? Xo
P

0
P more reactive primary hydroxyl group

Acetylated both hydroxyl groups, and then treated the bis-acetate with mildly basic
methanol, which reacted only at the less hindered acetoxy group

OH Ac0 J\ K,CO3, OA\Q

£ (excess), | O 0 MeOH, g

~ pyridine = 20 °C ~

\/\‘/\/\OH \/Y‘\/\ \/Y\/\OH
P. P
P o
OMe
o
only the less hindered acetate reacts 65% yield




Chemoselectivity 3

How to react the less reactive group - Dianions

/\OH base /\ base 0@
two acidic protons /\
H 7 T &

1-Propynol can be deprotonated twice by strong bases—first, at the hydroxyl
group to make an alkoxide anion (pKa 16) and, secondly, at the alkyne (pKa 25) to
make a ‘dianion’

the anion Etl (1 eq) ©) ®
S q 0 H OH
formed last /\0 yZ P

When this dianion reacts with electrophiles it always reacts at the alkynyl anion
and not at the alkoxide — the anion that is formed last reacts first

H Li LI
xS N D AT T OH
2 equivs Bull BulLl Li <I
= 2. H®
H Z Li - Li 7z Z




Chemoselectivity

How to react the less reactive group — Protecting Groups

0 0 I o OH
must not ust
react here “""'*J]\ JI\ Ju - h PhMgBr M
- ~] OEt e : Ph
Ph

This tertiary alcohol could be made from a keto-ester if we could get
phenylmagnesium bromide to react with the ester rather than with the ketone

9 Q PhMgBr OH 0
)I\/“\ . 52% yield
OEt - OEt

acetal is an ideal choice here — acetals are stable to base (the conditions of the
reaction we want to do), but are readily cleaved in acid

e 0 HO/_\CIH a v 2 x PhMgBr d b H*, H 20
)I\/“\ - ><)|\ M
OEt H* OEt



Carbonyl Protecting Groups — Acetal >

0 OH 0 0 0

|
/ll\/\/l\/\/"\ *l‘-frp-n:l-- )‘\-/\/MEBI' P )I\
H OEt

impossible Grignard reagent

One way to make it is to add a Grignard reagent twice to ethyl formate. But, of
course, a ketone containing Grignard is an impossibility as it would self-destruct,
S0 an acetal-protected compound was used.

0 HO OH / \ / \
H@ cat. o Mg, Et,0 O 0 HCO5Et
-~ —_—l —_—
Br Br

MgBr

[\ OH [\ H& 0 OH 0

Protecting group Structure Protects From Protection Deprotection

acetal / \ ketones, nucleophiles, OH water, H cat.
HO/\/

(dioxolane) Q><{} aldehydes bases




Alcohol Protecting Groups — Silyl ether ®

Strongly nucleophilic reagents like Grignard reagents and organolithiums are also
strong bases, and may need protecting from acidic protons

OH

Target molecule: )\/\/,//

reduce H
0 (e.g. NaBH) OH =—=——|| reacts here E-—(I:\ \/0;) not here

deprotonation of hydroxyl group by strongly basic reagent

protect the hydroxyl as a silyl ether, using trialkylsilyl chloride in the presence of a
weak base, usually imidazole, which also acts as a nucleophilic catalyst

Me Me\ € the TBEDMS protecting group
S

Li OTB‘)MS \—/

OH
)\/\/ F)\/\/ )\/\//// s
o imidazole (a weak base)




Alcohol Protecting Groups — Silyl ether

Silicon has a strong affinity for electronegative elements, particularly O, F, and ClI,
so trialkylsilyl ethers are attacked by hydroxide ion or fluoride ion but are more
stable to carbon or nitrogen bases or nucleophiles

They are usually removed with aqueous acid or fluoride salts, particularly Bu,N*F-
which is soluble in organic solvents

H
o ®
F H30 @L\)
0 tBu _ )
/ +E- \ \
mé Me o (often BuN'F) me We vé We Hy0

The relative stability to nucleophiles is determined by the three alkyl groups
carried by silicon; the most labile, trimethylsilyl (TMS), is removed simply on
treatment with methanol, while the most stable require hydrofluoric acid

Protecting group Structure Protects From Protection Deprotection

trialkylsilyl RO—SiMes alcohols (OH nucleophiles, R3SiCl, base H™, H20, or F

R4Si-, e.g. TBDMS in general C or N bases
(R3 g ) RO—SiMe,But & )




Alcohol Protecting Groups — Silyl ether

ol @L (I:I
clI
| S| Me

I M
e—S| Me &
Me—SI -~
Me €

Me
Me3SICI t-BuMe,SICI t-BuPh,SICI
TMSCI TEDMSCI TBDPSCI

Me
Me—< i
Me Si Me

Me Me

Pr3SICI
TIPSCI

Replacement of the one of the methyl groups with a much more sterically
demanding tertiary butyl group gives the TBDMS group, which is stable to aqueous
work-up or column chromatography. The stability to these isolation and
purification conditions has made TBDMS (sometimes called TBS) a very popular

choice for organic synthesis

The extreme steric bulk of the TBDPS group makes it useful for selective
protection of unhindered primary alcohols in the presence of secondary alcohols

Ph\ /Ph /=\

R
Si + HO + N NH —
tBr”  Cl /\l/ N DMF

OH

TBDPSCI diol imidazole

Ph  Ph

}:I/ R
B “‘o/\l/
OH

TBDPS ether



Alcohol Protecting Groups — THP 9

Protection: use enol ether, dihydropyran, under acid catalysis

Me{)zCY-\OH dihydropyran Me(JzCY\ /(j LIAIHq O/Y\OTHP
H® cat.

Me  the THP protecting group

Me
mechanism: O _.:_Ej —_— —_—
<3
ROH

®

dihydropyran

Although it is stable under basic conditions, the presence of the second oxygen
atom makes the THP protecting group susceptible to hydrolysis under acidic
conditions

R~ oM
the THP protecting group----- H@ P H-0
R 0 — .
R SotHP= RT o7 o O (B N
.. H (% H 0

Protecting group Structure Protects From Protection Deprotection

tetrahydropyranyl alcohols (OH strong bases dihydro- 47 H-0
(THP) in general) | pyran
and
R 0 acid




Alcohol Protecting Groups — Benzyl ether 10

HO/Y\OTHP - _ @Y\\\\\

Me hydroxyl group needs protecting Me

The other hydroxyl group will need protecting; the protecting group needs to
withstand the acidic conditions needed to remove the THP protecting group (silyl
ethers are not suitable); use benzyl ether

the benzyl (Bn) protecting group ®

NaH H.0
HO/\‘/\UTHP - Ph/\O/Y.\OTHP 3 _ Bncr/\‘/\oH
Ve Ph/\'Br Me THP removed in acid + L

Bn survives acid

. an O/Y\Br — _ Bn U/\I/\\
' M ‘? Me
© Bn survives base

Benzyl (Bn) protecting groups are put on using strong base (usually sodium hydride)
plus benzyl bromide, and are stable to both acid and base



Alcohol Protecting Groups — Benzyl ether 11

Deprotection #1: hydrogenation (hydrogenolysis) over a palladium catalyst

H, Pd/C
o o 2 PYC _ phme + ROH

Deprotection #2: acid with a nucleophilic conjugate base, such as HBr

Br is a good nucleophile--- - = Bre) _benzylic centre means fast Sy2

-‘#r
HBr R R
Ph/\ofﬂ — - P N7 — = p %f‘ » PhCH,Br + ROH
H

H@ protonation makes ROH a good leaving group

BnC\O\/\ OBn OH
two
N HBr steps
- —_— —_—
Bn cocl Bn NMe AcoH NMe
0 0
Me Br Me Br Me Br Me

Protecting group Structure Protects From Protection Deprotection

benzyl ether R alcohols (OH almost NaH, BnBr Ho, Pd/C, or HBr
(OBn) in general) everything
ROBn

galanthamine




Phenol Protecting Groups — Methyl ether 12

Why can’t we just use a simple alkyl ether to protect a hydroxyl group?

There is no problem making the ether, and it will survive most reactions—but there is
a problem getting an ether off again. This is always a consideration in protecting
group chemistry—you want a group that is stable to the conditions of whatever
reaction you are going to do (in these examples, strong bases and nucleophiles), but
can then be removed under mild conditions that do not result in total
decomposition of a sensitive molecule

One exception: if the OH is phenolic; ArOH is an even better leaving group than
ROH, so HBr will take off methyl groups from aryl methyl ethers too.

deprotection of aryl methyl ethers
Bre’)
HBr
ArOMe ——> ArOH + MeBr Me_ o Me\g)

H
H@
| Protecting group Structure Protects From Protection Deprotection |
methyl ether = | phenols bases NaH, Mel, or BBr3, HBr, HI,
(ArOMe) R (ArOH) (Me0)5S04 Mes3Sil

Me A




Amine Protecting Groups — Benzyl amine 13

OH
H
MeO N
2 \I/ MeMgBr H \I/ Ha, \I/
(excess) Pd/C ’

Benzyl groups are one way of protecting secondary amines against strong bases
that might deprotonate them. However, it is the nucleophilicity of amines that
usually poses problems of chemoselectivity, rather than the acidity of their NH groups

Protecting group Structure Protects From Protection Deprotection
benzyl amine RH amines strong bases BnBr, KoCO3 H,, Pd
(NBn)
RNHBn
Example:
Ph Ph
0 OH OH
Hz
HO, LIAIH4 N Pd/C N
\|<
H H

salbutamol



Protecting Groups — Examples

f’f; ’f;!

Qi
)
=1

oxidize

OMe

0 NaH, BnBr O MeOH, H*
- -_—>
OH OBn
OMe OMe
Ho, Pd, C

/ - /7,
~" "0sit-BuMe, ~" "0sit-BuMe,
0Bn OH

v

t-BuMe,SiX,

base
.

OMe

“n0sit-BuMe,

14



Synthesis of Grandisol

House-flies are irritating and a minor health hazard, but the cotton
boll weevil is an enormously destructive pest of the American

15

cotton crop and is responsible for vast economic losses. The
weevil has a pheromone called grandisol

1. base
» =

2

Br
CN SN Nothe

F

OH

OH

Cr03, H

OTHP

Me

0
R
—
CN
H
<:;B
OH
H,NNH,
—»—
~""NoTHP
CHO
0
® 0O
Ph3P—CH2
—_—
OTHP
Me

Y
OH
H
grandisol
OH
OTHP
. OTHP H,0
——
XS,)  base ~
N XN OTHP
N CN
OH OH
KOH, heat
_—
\/\OTHP OTHP
Me
"
NH,
0.05 M HCIO4
——
OTHP OH
Me Me

grandisol



Synthesis of Thyroxine

Thyroxine is a hormone for controlling metabolic rate. Lack
of thyroxine (or rather, of the iodine needed to make it)

o,

causes gOItI’e thyroxine
protect the amino group as an amide
NO, NO, NO>
H
HNO4 H Ac,0 +
H EtOH, H
CO5H
CO>H CO,H CO,Et
05N 0,N 02N
NH5
tyrosine NH, NHAc NHAc
TsCl
pyridine
OH
| (T/Q/ L
0.
TsO
N Hy Pd Me
CO,Et 2) HNO, COEt  pyidine CO,Et
Me I 3) Nal, I, 02N
i NHAc NHAc NHAc

AcOH
Y

NH
NH thyroxine 2

N A0 |2 0
| CO,H COH
4 F EtzNH Y |



Protecting group in synthesis
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Protecting group in synthesis 18

dihydropyran

OH @ o OTHP

0 RMgBr, Cul (o) Na, NH,
0/\/<, S, | J———— R — = R
Bn or Bn acid catalyst BN H

NaBH, (R = H)
1. TsCl
2. Nal, acetone
_NMe, Li,_ _NMe,
BulLl N
/‘\ e OTHP
R
[
LI NMe; l
NMe, e
OTHP N~ OTHP N g NMe;
: | = N— i e W OTHP
R R — R
Hel

both oxygens axial



Peptide synthesis 19

The ability to control the reactivity of amines and carboxylic acids is vital to the
controlled synthesis of peptides

this CO5H group -=---=-=----- s
i 0
must be actwatei:i this NH, group-3= OH 0
to make it -1 o
electrophilic must act as a H2N /\"/ : OH
P W OH | nucleophile —_— N/\“/
0 H
NH2 NH- 0
Leu Gly dipeptide LeuGly
unprotected coupling - 0

three competing nucleophiles
X
0
/—\ NH2
OH o
HzN/\"/ X y
NH

(0] 2

We need to protect both the NH, group of leucine and the CO,H group of glycine

There is no point using an amide to protect the amine since we would have great
difficulty hydrolysing the amide in the presence of the amide bond we are trying to form



Carboxylic Protecting Groups — t-butyl ester 20

Making an ester is the obvious way to stop CO,H groups interfering as acids or as
nucleophiles. However, simple methyl and ethyl esters may pose problems—they
can still react with such nucleophiles as amines

Steric bulk means that t-butyl esters are resistant to nucleophilic attack at the
carbonyl group, and that includes hydrolysis under basic conditions (nucleophilic attack
by HO-). But they do hydrolyse relatively easily in acid

tbutyl ester protection
R OH )l\ R o steric hindrance
_ protects the carbonyl group
0 ® 0 from attack
H

The hydrolysis does not involve nucleophilic attack at carbonyl; it is SN, of t-Bu

hydrolysis of tbutyl esters in acid: t -Bu—0 bond breaks in Sy1 reaction
(compare usual ester hydrolysis)
1

R 0 R o R 0
N N & ) 1
Hﬁi\\/!;‘)'/ \ﬁ W \E )\ RlaH -

(solvent)

Protecting group Structure Protects From Protection Deprotection

(CO5Bu-t) JI\ acid (RCOoH) nucleophiles

t-butyl ester 0 J< carboxylic bases, isobutene, H™ H30*
R 0




Amine Protecting Groups — Z or Cbz 21
Cbz (2) are put on by treating with benzyl chloroformate (BnOCOCI) and weak base

0 CO-H
Cl 0 Ph base \I/\r the Z
NH-> protecting
0 group
leucine (Leu) (= BnOCOCI) Z-Leu or Cbz-Leu

Cbz-protected amines behave like amides; they are no longer nucleophilic, because
the nitrogen’s lone pair is tied up in conjugation with the carbonyl group. They are
resistant to both aqueous acid and aqueous base

NO, ) activation and coupling
/I: j H* catalyst /O/ base
HO o \ \‘/\I)‘\ = ACOZEt
toluene, reflux
NHCbz ~coget NHCbz |
OH | (remove water as I@
J azeotrope)
NHCbz

The Cbz-protected leucine next had to be activated so that it would react with the
glycine. Phenoxide, especially when substituted with electron withdrawing
substituents, is a good leaving group




Amine Protecting Groups — Z or Chz 22

Deprotection: HBr or hydrogenolysis

cleavage of Cbz (Z) in HBr/AcOH

H q H
N 0 N 0
R \]/ - \[/' SH R—Nc?lg
0 __-Ph 0 A
HBr is a strong acid Br is a good + BnBr A HBr
nucleophile Br

cleavage of Cbz (Z) by hyd rogenolysm
H
.. H2, Pd E)\ ,f

b GILS T‘“ T Y

Ol\/

benzylic C-0 bond + PhMe

— R—NH; + CO

NACO;gEt - \r\l)k /\"CozEt —» Chz-ProLeuGly-OEt —= Chz-CysProLeuGly-OEt
H
NHCbz AcOH

[_L,._ oxytocin ]
Chz-LeuGly-OEt = H-LeuGly-OEt

H,N-Cys-Tyr-lle-Gln-Asn-Cys-Pro-Leu-Gly-CONH,
oxytocin



Amine Protecting Groups — Z or Chz 23

0 o BnOH p f
BnOCOCI TsOH LIOH
H,N OH ___ _ ChzH OH » CbzH 0Bn » CbzH OH
H b H toluene H H
OH Dbase OH cix 0Bn OBn
aspartic
acid 0 0 0 0
Cl Cl Ph
0
P cl ci cl®
OMe
ChzH OH TsOH  cpzH 0 plus  H3N
H * > H @
OBn H toluene OBn CI o]
reflux
| phenylalanine
0 0 methyl ester hydrochloride

Ph Ph
0 0
base OMe  H,, Pd OMe
ChzH : HoN E
H H
oBn © oH ©
0 0

Asp-Phe, methyl ester

Protecting group Structure Protects From Protection Deprotection
Cbz (Z) RHN\H/O\/Ph amines electrophiles BnOCOCI, base HBr, AcOH or H, Pd
(OCOBnN)

o




Amine Protecting Groups — Boc 24

0o o0 g .
MeS
t-B )L )k t-Bu 0
OH N0 N0 N
HoN . Ny OH
0 = Boco0 H i

methionine (= Met) = BOC-Met

the tBoc
protecting group SMe

Like Cbz, the Boc group is resistant to basic hydrolysis. But, unlike Cbz, it can be
removed simply with dilute agueous acid. Just 3M HCI will hydrolyse it

i N
0 3 M HCI
the t-Boc protecting group )I\ R — H2N—R
-~
0 .

OH 0 ) .
(}ﬁ H@ @ __,..-H U)\N/H —-— o @,_,.H — CO, HoN—R
>I\O)|\ ~— >|(>E ’ .
R — R —
N~ o” N7 )\
H H H




Amine Protecting Groups — Boc 25

Methionine (Met) has been BOC-protected, and is ready for activation—as a 2,4,6-
trichlorophenyl ester (Cp) this time and coupling with the deprotected Asp-Phe-OMe.
Agueous acid takes off the BOC group without hydrolysing peptide or ester bonds, and
a repeat of this cycle with BOC-tryptophan trichlorophenyl ester (BOC-Trp-OCp) finally
gives the tetrapeptide

CpOH = 2,4,6-trichlorophenol

VieS Cl cl o MeS cl
Esoc\N OH . ) - BOC\N O:G\
H toluene, reflux H 0
0 Cl cl cl

H,N—Asp-Phe—OMe HCI
» BOC-Met-Asp-Phe—0Me ——— H-Met-Asp-Phe—0Me

BOC-Trp-OCp 1. HCI
» BOC—TrpMet-Asp-Phe—0Me —— = H=Trp'Met-Asp-Phe—NH>
2. NH3
Protecting group Structure Protects From Protection Deprotection

H*, Ho0

t-Boc 0 amines electrophiles (t-BuOCO)-50,
(OCOBu-1) R )I\ J< base
~
N 0
H




Amine Protecting Groups — Fmoc 26

0 the Fmoc protecting group fluorenyl ‘1 methyli oxyi carbonyl
JI\ ( : )
v 1
. 0 cl S
OH Fmoc-Cl

0
Fmoc-ClI glycine

Fmoc-Gly-OH

Fmoc has a susceptibility inverse to that of Boc. It cannot be lost by substitution in
the manner of Cbz or Boc because neither SN1 nor SN2 mechanisms can operate at
the ringed hindered carbon atom; it is stable to acid

It has a rather acidic proton (pKa about 25), shown in black. Treatment of Fmoc
protected amines with base eliminates a fulvene to reveal the NH, group

pxaaboutjj,\ N/R O.. \C?J)\:”R - C‘ X ooiN/R
a e S

CO; + HoN—R

14-electron aromatic system



Solid-phase peptide synthesis 1 27

reagents passed down the column fixed to the column & bead in the column
0 |
- - H2N _
0 O—linker— -
1 repeat cycle
FmocH
protect acidic or 0 Fo = ¢
basic side chains
e e e T = p2 R2 0
with t-Bu or tBOC H
N
FmocH 0—-Iinker—.
0 Rl
pIperiding (as DASE)- - —-—--——--———-- a-¢
N
H R? 0
H
N
NH —-Iinker—.—!—
1
product washed off the column t.Bu ¢
- oo - -1, _
T B CF3CO,H gl ©
N 95% trifluroacetic acid N
NHz"] h OH | we-o oo 2222200 NH." h
1 cleaves all side-chain 1
protection and releases
B “n peptide into solution - ~n




Solid-phase peptide synthesis 1 28

The synthesis of peptides on a solid support has become extremely important,
because it allows peptides to be synthesized by machines

The idea is that the C-terminus amino acid is tethered to the resin by means of a
carbamate linker that is stable to mild acid or base. The peptide chain is then built
up and, when complete, is released by cleaving the linker with strong acid

The side chains of the amino acids in this approach are also protected with acid-
labile groups (t-butyl esters and BOC, for example), so that they too are revealed only
in the final deprotection step

Acid cannot therefore be used for protection for the N-terminus of the chain as it
grows, so the solution is to use Fmoc. Each amino acid is introduced as its Fmoc-
protected pentafluorophenyl ester, and then the Fmoc group is cleaved with
piperidine ready for the next residue to be added

Once the first amino acid is fixed to the column, reagents are added simply by passing
solutions down the column. Any excess or by-products are washed off. Finally, the
product is released by passing a solution of CF,CO,H down the column



Solid-phase peptide synthesis 2

stage 1: attachment of the first (C-terminal) amino acid

polymer
bead Rl
PG
~ )\
N CO.H removal of the
H Nprotecting group
spacer - -
wash out X residues wash out PG
X 0
R R
first amino acid 0 free amino
-7 . added with N- d
protection /NH group reacy
PG for next
polystyrene amino acid
bead
spacer 0
Wt
NH,

first amino acid



Solid-phase peptide synthesis 2 30

Boc protecting group

>|\ 0 R-
o/H\NJ\co H
. CF3CO3H

0 - 0
R]. - Rl Rl
0o 0 0
H;N 0 NH 0 NH
DCC

dicyclohexylcarbodiimide B j/ j/

0 “ay, 1y,
c\N /RZ /Rz

H,N
H

oP op

R1
R2 o RY

C==N
(0]
0 ‘\ o HoN:
BocH QH‘) 2 1 y .
icyclohexylurea
4]

- +
o & % ROy
J',r 2
R BocH ‘R R’, “\"/’ “\R
0

BocH R2
BocH



Protecting group Structure Protects From Protection Deprotection
acetal f \ ketones, nucleophiles, OH water, H' cat.
(dioxolane) 0><0 aldehydes bases HW
R R
trialkylsilyl RO—SIMey alcohols (OH nucleophiles, R3SiCl, base H*, H0, or
(R55i-, e.g. TEDMS) RO—SIMe,But in general) CorN bases
tetrahydropyranyl alcohols (OH strong bases dihydro- H*, H0
(THP) in general) | o
R (n) 0 acid
benzyl ether R alcohols (OH almost MNaH, BnBr H2, Pd/C, or HEr
(OBn) in general) everything
ROBN
methyl ether == ; phenols bases MNaH, Mel, or EErs, HBr, HI,
(ArOMe) 'R {ArOH) (Me0)250- Me3Sil
Me x
benzyl amine RH amines strong bases EnBr, K5CO4 H2, Pd
(NBn)
RNHBR
Chz(Z) RH ﬂvPh amines electrophiles EnQCOCI, base HEr, AcOH, orHs2, Pd
(OCOEN)
0
t-Boc 0 amines electrophiles (t-BuOCO)-0, H*, H0
(OCOBu-t) R__ J\ base
N
H
Fmoc see text amines electrophiles, Fmoc-Cl base, e.g. amine
fluoroenyloxycarbonyl
t-butyl ester 0 carboxylic bases, isobutene, H™ H30"
(CO2Bu-) )J\ /k acid (RCO-H) nucleophiles
R O

31



Protecting group In sugar chemistry 32

When benzaldehyde is used, it chose the only pair to give a six-membered ring
which is trans-fused on the old so that a beautifully stable all-chair bicyclic structure
results, with the phenyl group in an equatorial position in the new chair acetal ring

thvo
PhCHO o 0
4
OH

OMe

Acetals formed from acetone have a quite different selectivity, it prefer to be five-
rather than six-membered rinas to avoid axial interactions

0
a-pglucose OH |
open-chain form H@ Mer—"vo.. o
0] ——
H —X— 0
- H H
U\—/‘ OH OH TOH
i
H@I 0
H

a-o-glucose
protected as furanose form

u-D-glucose
furanose form HO




Synthesis of inositols 33

: : . OH
Inositol controls many aspects of our chemistry that require HO,
communication between the inside and the outside of acell. H o
Inositol-1,4,5-triphosphate (IP3) can open calcium channels in ; oH

cell membranes to allow calcium ions to escape from the cell

inositol

The synthesis starts with glucose trapped in its furanose form by a double acetone
acetal. The one remaining OH group is first blocked as a benzyl ether

c-Dglucose

furanose form ><
Me;C=0 ~\ o_ M

\\\0 H —_—

g ¥c )‘,
no' o H O

Next, one of the acetals is hydrolysed under very mild conditions, and the primary
alcohol is protected as a trityl ether. This is an S,1 reaction with an enormous
electrophile—so big that it goes on primary alcohols only

H Tr

H Ph;CCI ( = TrCl) “
0 . HO'-‘“5

){ pyridine
Ph

60% aqueous HOAc "
0 » HOW

)i_’ 35 °C. 5 hours "
0

~_? H Ph, 0 H




Synthesis of inositols 34

Only the OH at C5 is free: it can now be oxidized using a Swern procedure

TrO TrO

Swern oxidation

How" - 0

0
Il
/5\-
0 Me Me

+ PhyC-OH

TrO

H
agueous HOAc
0 q - (0] »

H'\
)R‘ 60 °C, 4 hours
0 Ph 0

VGH N~ H

H,, 10% Pd/C

Dowex H{B resin

water
Because free sugars are difficult to isolate it is convenient to use

an acidic resin known as ‘Dowex’. The resin can simply be
filtered off at the end of the reaction and the solid product
isolated by lyophilization—evaporation of water at low pressure
below freezing point




Synthesis of inositols

Treatment of this free ‘glucose ketone’
with aqueous NaOH gives the ketone of
myo-inositol as the major product together
with some of the other diastereoisomers

o' H ©OH

'‘B-keto-glucose’

HO

OH
OH

OH

H OH aldol H OH
0o —»

Cl OH L Non
0 H
©



Synthesis of Nucleotide from Ribose 36

Since ribose is rather unstable to acetylation conditions, the methyl glycoside (which
Is formed under very mild conditions) is used

H

ribose

Tetraacetate can be made using acetic anhydride in acidic solution. All of the OH
groups react by nucleophilic attack on the carbonyl group of the anhydride with

retention of configuration except for the anomeric OH, which esterifies by an S;1
mechanism

Ac - Ac
0 0’_) HCI 0. 0
—_— M *i cl —» |
0 Et,0 - A

- & [ \‘?’
AcO oAc @ AcO DAc o°

= =
ey -
- 7
]

DAc AcO DAc

the anomeric centre can be activated towards nucleophilic attack by replacement of
acetate with chloride by S1 reaction



Synthesis of Nucleotide from Ribose 37

NH»
adenine NH, NH,
derivative
N N N
=
Ac 3 ,) § )
o o N N ester o N N
hydrolysis
AcO’ OAc ° AcO OAc HO OH
Me,C=0
H®
NH, NH,
N N N
NH, PhCHzo\ ,,// J XN V4 | N
\ H
PhCH,0" < | ) ,«)
N N
Ho\P/i / XN N N 0 N
HO/ 0 | /) e
o ) N S PncHaon_ s
1. 2, H,0 S % nCH:0 7 0. o
2 0 ) P
2. Hy, Pd/C X PhCH,0~ eI 7<
S = AMP
HO OH



