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Bruce Merrifield

* Pioneered the field
* Published the synthesis of a tetrapeptide in 1963
(article can be found on Moodle)

* Nobel prize in chemistry 1984
“for his development of methodology for chemical synthesis on a solid matrix”

* Boc or t-Boc (tert-butyloxycarbonyl)
* Fmoc (9-fluorenylmethyloxycarbonyl)
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Introduction to SPPS

What is SPPS?
- Organic reactions carried out on substrates that are covalently

attached to a polymeric resin

reagents reagents
substrate — — 5 product _— > product
filtration filtration

Traditional solution phase synthesis
* Important with good protecting groups

Linnaeus University



Advantages with SPPS

Why is solid-phase (often) nicer than “traditional synthesis”?
 Synthetic intermediates don’t have to be isolated

* Excess reagents are used —> drive reactions to completion
 Reagents are simply washed away each step
* Overall quicker

* Can be automated with robots

Linnasus University o



General mechanism SPPS

On white board
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Resins and linkers

* Synthesis occurs on multiple surface of the bead and inside the bead

®—< linker—{substrate
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weaker bond strong bond

. . Target-—L—ZCH 2@—0
Resins and linkers 7%.@,‘\

group

resistant to cleavage
labile unider under mild conditions
specific conditions

What is a resin?
- Polymeric backbone that substrate is anchored to

- Different resins have different swelling properties
Examples:

- Polystyrene (PS): Swells in non-polar solvents
- Polyethylene glycol (PEG): Swells in polar and non-polar solvents
- Many others exist

/CH2 CHZ\ /CHZ\ /CHZ\ /CHZ\ /CHZ\ /

many i polymenzatlon i i i /
‘ ‘ ‘ - Jn

styrene polystyrene
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weaker bopd strong bond
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Resins and linkers inker

group
resistant to cleavage

labile under under mild conditions
specific conditions
What is a resin?

- Polymeric backbone that substrate is anchored to

- Different resins have different swelling properties

Examples:

- Polystyrene (PS): Swells in non-polar solvents

- Polyethylene glycol (PEG): Swells in polar and non-polar solvents
- Many others exist

What is a linker?

- Anintermediate structure between resin and substrate

- Different linkers can be used to unmask different functional groups on the
substrate
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The solid support (Merrifield resin): polystyrene polymer

o

H;COCH,CI
styrene initiator Ph Ph : ZnCI22
. . o o O—@—CHZCI

Ph  Ph Ph

AN polymerization
\/©/\

divinylbenzene
(crosslinker, ~1 %)
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Linkers

Examples of linkers commonly used in solid phase peptide synthesis:

Merrifield linker

/ acids!

Wang linker

o)

a-methylphenacyl ester /

R CF3COzH
(TFA) \ \ carboxylic
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Linkers

Some more linkers:

OMe N
MeO ‘ 0 TFA j\
NJLR = [N~ R
o [ J H
(o)

J
"Rink Amide” linker

\
Oo O OR TFA
o HO-R
THP linker
T
(jSlKOR — = HO-RI
S
Silyl linker

amide
product!

alcohol
products!
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The ease of cleavage from the resin depends on the linker used
and the stability of the final carbocation:

CLEAVED BY

— H Ao

. / /N\. o

PAM resi v ; e
resin O \\ // ﬂ) /L}\~ EHZ liquid HF
F_:.':--” % +
/ _\ _,-n._ -~ \,-A‘ / ks weaker acid
Q< I v
SN 7/
WANG resin \'\\ / /O\WC)&\ 95 % TFAin H,0

OMe
SASRIN resin . " o\/\\/ 1% TFA in H,0
\ /7 L/’\

Prepare fully
Trityl resin ' @j O\//\\ U ' l . - '
\ /O \\ //‘\ protected peptide!

increased

carbocation [ j Very stable 3° carbocation
stability - resin ) ) )

cleaved by Very acid labile

weaker acid

Linnaeus University i



Properties of amino acids

Small Proline

.
AI|phat|c
Y BK
[Aromatic |~ i

\

Positive

Hydrophobic
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Protecting groups (PG)

How does we deal with reactive side chains of amino acids?
- They are masked/protected with “semi-permanent” PG until cleavage

- Example: H-Lys-Ser-OH

NH-Boc
NH-Boc
OH
. Fmoc-HN 0 TFA
piperidine 0 H piperidine H,0
Fmoc-HN._J (@) - N SN \;/U\O® -
\O~18U DIEA O-t1Bu
TFA does this

(protected serine)
deprotect Boc

NH2
deprotect tBu
cleave product
H o =
N
HoN \;/U\OH
¢ ~OH




Protecting groups

What is a protecting group?
- A fragment bound to a functional group that blocks the reactivity of that group

- Good protecting groups are easily attached and removed using mild reaction
conditions
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Protecting groups

Acid labile protecting groups: Boc and tert-Bu ester

TFA
R-NH-Boc —————=~  R-NH;

\
(TFA= CF3CO2H |
i/

o)
TFA
/lL | strong acid!!
R™ "O-Bu » R”OH
o//h\\‘ ot OH
J " T ¢ co,
R-NT 0TS T RN o N P | R-NTO » [R-NH;
- H \ H
Boc
-H?
/i\\ » /lL\
/’r—‘\
O J/ HY (O,H ‘ /’ OH
J-L A . I |~ -
R” O RJ\O/<‘ R’&"O
-
fert-Bu
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Protecting groups

Base labile protecting groups: Fmoc & Fm ester

pipendine
R-NH-Fmog -~ R-NH>»
o
1\\ pipendine ﬁ’
R O-Fm R 27 “OH

/
{

~

: piperidine = [

\

~

=ZX

Yl N
A 0 Q’> \ B
'~ o~
= E @ R. >'J - »
(.:-.«.. \\ -CO;
\_/ \
h 3:g g = =\
Fmoc A S [
SN Y | piperidine N |
/‘ = | YXJ
W ~ (S
B 7 Vo /
re ’- N t
I et [ /» \ /
R o N\ B/
-’ l“-‘{ »
\
-(_/.
Fm ester
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Protecting groups

Fluoride labile protecting groups: Tmsec & Tmse ester

TBAF
R-NH-Tmse¢ ———————————m» R-NH;
o o | TBAF = BuaN'F" )
PIg TBAF Py ‘ '
R” "O-Tmse > R” “OH
rxo — é.‘/ \F
S
R-N"\QJ ~7] — - |R-NH-
-CO»
\ V_J &
\"
Tmsec I
= F—\lsi\
I
Jcl) ™ L F / 9
X o e
N . R)L‘OH
Tmse
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Amino acids

1. side-chain = H. alkyl. aryl —no side-chain protecting groups
required

Fmoc
N O,H
FmocHN._COH Fm°°HNIC/°2H ( fc 2 FmocHN\rCOZH
Me
(Glycine, Gly, G) (isoleucine, ile, |) (proline, pro, P) (alanine, ala, A)

CO,H FmocHN._.COH FmocHN._ _.CO,H

LT s T §

SMe

(methionine, met, M) (valine, val, V) (phenylalaniine, phe, F) (leucine, leu, L)

FmocHN

FmocHN.__.CO,H

H
T
(\_@ (tryptophan, trp, W)
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Amino acids

2. side-chain contains OH. protect as {Bu ether

COzH FmocH NICOZH FmocHNT
\(OtBu Me" "otBu @\
OtBu

(serine, ser, S) (threonine, thr, T) (tyrosine, tyr, Y)

3. side-chain contains CO,H protected as tBu-ester.

\(COZH FmocHN. _.CO,H

COszu

FmocHN COzH

FmocHN

COQIBU

(aspartic acid, asp, D) (glutamic acid, glu, E)
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Amino acids

4 side-chain_contains thiol (SH) group - depends on
application.
FmocHN._ .CO2H FmOCHN\[CO2H FmocHN. _.CO5H
N S T~
NHAC {SAcm)
(cysteine, cys, C) (acd stable, cleaved with Hg‘?°) (acid stable, cleaved with thiols)
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Amino acids
5. side-chain contains CONH, group — protect with trityl group.
FmocHN._ _.CO,H

FmocHN._ _.CO,H

\QTNHTR

o) TrtHN O
(asparagine, asn, N) (glutamine, gin, Q)

6. side-chains contain basic or imidazole groups.

FmocHN COzH FmocHN COZH FmocHN COzH
7 NTrt
] N/) NH
NHBoc
(lysine, lys, K) (histidine, his, H) (arginine, arg, R) HN™ 'NH
0=8=0
Me « Me
Me 7
Pmc 0o
(5-member ring: Pbf) Me Me
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Solid phase synthesis: to make peptides

= Examples of protected AAs with reactive side-chains:

= Protected side chains cleaved during resin cleavage with TFA!

Boc-HN .

F

],/
. _OH
Fmoc-HN™ TI/

(8]
Fmoc-Arg(Boc),-OH

T—”'N "Boc
NH

S~ O .{,O

A lj

Fmoc-HN™ \\”’
)

Fmoc-Glu(O-1Bu)-OH

Pn._Ph bh
“Trityl” ;- " Ph—t—Ph
(Trt) [Ph)< NH _i_

e o
Emoc-HN /\\ll/OH Fmoc-HN A |

5 0

Fmoc-Asn{Trt)-OH Fmoc-Cys(Trt)-OH

Bloc
N —
LTy W
e P
Fmoc-HN™ \'TI/ S S /’\W,OH
& o)

Fmoc-Trp{Boc)-OH Fmoc-His(Boc)-OH



Solid phase synthesis: to make peptides

= Peptide bonds created with peptide coupling agents:

"peptide 0 Q
ﬁ l (I) coupling ﬁ ,ﬂ\ J\. n ,ﬂ_
A ] agent” M A oL R™ 'N” 7'V Y7 'NH-R
RN \TT'OH HN - “NHR' » | RT N7 Y 9 — H g i
H J < H 0 W
\n
activaled carboxyi new paptide bond!
= First generation coupling agents:
[fr— / O
Y e ) Snmened ool
\_/‘,r \_/ / N=C=N \ T’ o
pcc DIC iBuCft

= Later generation coupling agents: (improved in many ways...)

2 ) ( L
S S \
TN U Il /
TN N . ==
N-pN I N Y
~ N NN .o . N
— 9~ o N arTe o VN
[ N-PCN \ - .J\'\ - ./ 1+ N~ ~ /[ S
~ N > SNTUNE NS o NN
7 ~.? _PFB | _PFe '~,_)‘? p’-ﬁ | | —pFe
PyROP HBTU PyAOP HATU
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N
) - NM
"N © N PFg

Coupling agents — O @:N,;N S
Activation of amino acids NMe, 5

uronium isomer ©
guanidinium iscmer

Active ester - good
leaving group

Q
©

Me,N.@, o‘\)I/\ \-FMOC

ND
O H F}z
O\OJ\( N\!(\

R, O

/

o} R, O

O\ ’u\r m/\N IH/ “FMOC

)\@ N

H ‘N

NS @i\{
AN

Y
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Deprotection of Fmoc by using piperidine

J S
O’Q”/S’/H o/@ — ‘J ,SrH o/.

O H@ - O H H’)R
2 " e Q 2 " 5
e {HZNJ?N ;,Jgo o= 5 . HN%Nﬁ_’ 0
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Cleavage reaction using TFA

o y
N =
.3 o%\/ “Peptide 3

Cl

o’H proton O’H
H transfer @) H
N.
O/j)\/N‘F'eptide — (J =i\/ Peptide
H'@H H H
cl Cl

H
o H-Oy
HO/U\/N‘Peptide O'H "
g
oy ®C})\/N‘Peptlde
@®H
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Cleavage reaction

Mild cleavage — PGs are not removed

Scavengers:

 EDT (ethanedithiol) — scavenger for t-butyl cation, help to remove Trt from Cys
 EDT and thioanisole — avoid Met oxidation

* Phenol — protect Tyr and Trp

e TIS (Triisopropylsilane) — quenching high stable Trt cation
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Cleavage

Side reactions during cleavage:
« Alkylation for Met, Cys and Trp (by t-Butyl action)
e Sulfination for Trp (by Mtr and Pmc)

- Use Trp(Boc)
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Summary - SPPS

= Boc-strategy” (Meriﬁeld resin)

HF
attach resin
tc cleavage
TFA Boc-BB-OH ¢ g
Boc-AA-O{Z) - » Boc-BB-AA-OE) — ™, Boc-CC-88-AA-0 () —¢

Merifield Resin

‘ H-CC-BB-AA-OH I

= Fmoc-strategy” (Wang resin)

TFA
attach 2 resin

pipendine  Fmoc-B8-OH ‘ cleavage

Fmoc-AA-O(Z) - > Fmoc-88-AA-O(F) 2. Fmoc-CC-BB-AAOGQ) —

Y

Wang Resin

| H-CC-BB-AA-OH I

Linnasus University i



= Boc strategy” of SPSS: (making H-Leu-Val-Ala-OH):

socuN A
Boc-HN O 5 3
TFA o H TFA Y
Boc-HN \)Loa pyeop » Boc-HN \)LOQ -
PyBOP
DIEA o DIEA

Merrifield linker purchased
“Pre-loaded" with Alanine

o) (o) (o} H o}

= The sequence can be abbreviated like this:

TFA  Boc-Val-OH TFA  Boc-Leu-OH
Boc-Ala-0() - @ Boc-Val-Ala-0(g) - » Boc-Leu-Val-Ala-0(F)
PyBOP PyBOP
DIEA DIEA ¢ -

I H-Leu-Val-Ala-OM I
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And here is the "Fmoc strategy” of SPSS: (H-Leu-Val-Ala-OH):

Fmoc-HN on a
o piperidine 0o I( H piperidine
N \)L o
FmocHN._ (@ svaop > FmocHN 0 e
2 DIEA A 2 DIEA

Wang linker purchased
"Pre-loaded” with Alanine

The sequence can be abbreviated like this:

1) piperidine 1) piperidine
Fmoc-Ala-0{g) - Fmoc-Val-Ala-0{g) » Fmoc-Leu-Val-Ala-0(g)
2) Fmoc-Val-OH 2) Fmoc-Leu-OH
PyBOP PyBOP + TFA, H,0
DIEA DIEA

| H-Leu-Val-Ala-OH I
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Coupling efficiency and final yield

99
98
95
80

90 82
82 67
60 36
11 1

74
55
21

67
45
13

61
36

55
30
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+2H,0
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Purification and characterisation

« RP-HPLC
* Mass spectroscopy
* NMR
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Leu-Enkephalin

Pentapeptide

* NH, -Tyr-Gly-Gly - Phe - Leu— COOH
* Using Fmoc based SPPS
* Characterise the peptide by RP-HPLC, NMR and maybe SELDI-MS
* Read “Guide to SPPS” before 1:00 pm
* Check MSDS for all chemicals needed for SPPS before 1:00 pm

* DMF/Pregnancy

* Two groups
e We'll meetin N120
* Report

Linnaeus University e



