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CHAPTER I11
RESULTS AND DISCUSSION

The first and foremost requirement for solid phase peptide synthesis is
the development of the polymer support. Chemical and topographical nature
determines the physicochemical properties of the polymer.175
Topography of the
polymer matrix is determined by the chemical nature of the monomer, mole
percentage of the crosslinker, type of diluent and monomer diluent ratio.176171
Temperature, rate of stimng, molecular weight of suspending agent and even
shape of the vessel have considerable effect on the size and morphological
characteristics of' the polymer 178.179. The solid ;support should be inert to the
chemical reagents used for peptide synthesis. :Polymeric beads of size ranging

200-400 pm are suitable for peptide synthesis.
In the present study we used a n effective support with optimum
hydrophobic-hydrophilicbalance and mechanical stability by copolymerizing the
hydrophobic styrene and hydrophilic flexible hexanediol diacrylate (HDODA).
Some model peptides and hghly hydrophobic fragments of rubber elongation
factor protein were synthesized using this support in nearly quantitative yield.
The synthesised peptides were purified and characterised by various analytical
mehtods.

3.1

PREPARATION
OF
FUNCTIONALIZATION

3.1.a

Preparation of 2%, 1 6 - hexanediol diacrylate (HDODA)
crosslinked polystyrene.

POLYMER

SUPPORTS

AND

-

Styrene (after destabilization) and 1,6-hexanediol diacrylate were taken
in 982 mole ratio and subjected to suspension polymerization.'s0 Benzoyl
peroxide was usvd as initiator and polyviny~lalcohol (Mol.wt. 72,000) as the
suspending agent The polymerization was carried out at 80°C using toluene as
diluent (Scheme 111.1)

S!'YRENE

-
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Scheme 111.1. Suspension polymerization of 1,6-hexanedioldiacrylate
and styrene

Polymer b c ~ ~were
l s separated out, washed and soxhletted with different
solvents to remove soluble linear polymers and other additives. IR spectroscopy

was used to cllar.artt.l-izc~the resin.

1R (KBr) :

1720, 1490 cm' (ester C=O); 2910, 2850 cm' (CH, str. of HDODA

and polystyrene J;3020,700 cm (C-H of benzene).

3.1.b

Functionalization of the Polymer
The first step in solid phase peptide synthesis is attachment of

C-terminal amino acid of the desired peptide to the polymer support.
Functionalization of polymer is necessary for this. The functional group a d s as a
linker of the peptide chain to polymer support and at the same time acts as
carbonyl protecting group for the C-terminal amino acid.'" For the synthesis of
peptides described in this thesis, chloromethyl group was used as anchoring
group.
The introduction of chloromethyl group on 2% HDODA-PS was achieved
by Blanc's chloromethylation using chloromethyl methyl ether (CMME).'" The
chloromethyl methyl ether was prepared from methanol and formaldehyde in
the presence of' dry HC1.lKJBis(chloromethy1) ether evolved along with CMME
was highly carcinogenic. Hindennan et al.,"" now developed a new method for
the synthesis of CMME, free from this carcinogen. Here chloromethyl groups
were introduced on the support using chloro~nethylmethyl ether and anhydrous
ZnC1, (Lewis acid catalyst) in THF'" (Scheme 111.2).

Scheme 111.2 Chloromethylation of HDODA-crosslinked
polystyrene resin

HDODA-PS resins having chlorine capacities 1.7 and 1.9 rnmol/g were
prepared by this method. These resins were used for the synthesis of various
peptides. Characterization of the functionalised support was done by IR
spectroscopy. IR(KBr) : 668, 1420 cm' (C-Cl).

3.l.c

Functional Group Assay
Several chemical and physical methods can be used for functional group

deterrnination.'"'%action

specific to functional groups and tsitrimetry are

chemical methods and IR, NMR, X-ray scattering, fluorescent labelling,
elemental analysis are physical methods.Ib"The degree of chloromethylation was
determined by converting the covalently bound chlorine to soluble pyridinium
chloride by treating with pyridine. The chloride thus liberated was estimated
titrimetrically by modified Volhard's method.""

3.2

SYNTHESIS OF PEPTIDES
The following model peptides were synthesized for the purpose of testing

the performance of the solid phase system.
(a)

Ala- Pro-Ala

(b) Ala-Ala-Pro-Ala
(c)

Ala-Ala-Ma-Ala-Ala

(d)

Ala-Ala-Pro

(e)

Ala-Ala-Ala-Pro-Ala

(f)

Ala-Pro-Gly-Pro-Arg

The partial sequences of REF protein; synthesised using 2% HDODAcrosslinked polystyrene are .

(a)

Gln-Gln-Gly-Gln-Gly(7-11)

(b) Val-Gln-hp-Ala-Ala-Thr-Tyr-Ala
(20-27)
(c)

Pro-Leu-Gln-Pro-Gly-Val-Asp-ne-Ile-Gln-Gly-Pro
(44-55)

(d) Val-Lys-hn-Val-Ala-Val-Pro
(56.-62)
(e)

Tyr-Ile-Pro-ksn-Gly-Ala-Leu-Lys..Phe-Vd-Asp-Ser-Thr-Vd-VdAla (69-84)

(f)

Gln-Thr-Lys-Ile-Leu-Ala-Lys-Val-Phe-Tyr(125-135)

3.2.a Synthesis of Model Peptides
1.

Ala-Pro-Ala
Boc-Ala is attached to chloromethylated resin by cesium salt method and

the substitution level of' Boc amino acid was found to be 1.9 rnmol/g by picric acid
method. After the removal of Boc deprotectiorr and neutralisation, successive
Boc-amino acids were coupled by HOBt active ester method till the target
sequence was obtaned. finally the peptide was cleaved from the support using
neat TFA. TFA was removed under reduced pressure and peptide was
precipitated by adding ice cold ether. The crude peptide was obtained in 97%
yield. The purity of'the peptide was checked by TILC using l-butanol : acetic acid:
water (4:1:5) as the solvent system. A single spot was obtained. The synthetic
procedure is represented in Scheme 111.3.

Ceslum salt method

4

Boc-Ala-0-CH2-C,H,-13
33%TFAmCM

4

5% DlEAmCM

H,N-Ala-0-CH,-C,H4-R
Boc-Pro-OH

1

DCC/HOBt

Boc-Pro-CO-NH-Ala-0-CH2-C6H4-R

1

Same steps repeated for couplmg Boc-Ala

Boc-Ala-CO-NH-Pro-CO-NFI-Ala-0-CH2-C6H4-R
I

Room ternp.l8h$100% TFA

Scheme 111.3. Solid phase synthesis of Ala-Pro-Alaon a
2%HDODA-PS chloromethyl resin (R: HDODA-PS)
ii.

Ala-Ala-Pro-Ala
The C-terminal amino acid, Boc-Ala was esterified to the 2%

chlommethylated resin by cesium salt method and the substitution level of Bocamino acid was found to be 1.9 mmoVg by piuric acid method. Boc protecting
group was removed by 33% TFAmCM followed by neutralisation with 5%
DIENDCM. It was then thoroughly washed with DCM.The successive Bocamino acids were coupled by HOBt active ester method using NMPas the
solvent. Finally the peptide was cleaved by neat TFA. TFA was removed under
reduced pressure and peptide was precipitated by adding ice cold ether. The
crude peptide was obtained in 98% yield. Purity of the peptide was confirmed by

TLC using l-butanol : acetic acid : water (4:1:5) as the solvent system. The
synthetic steps involved are shown in Scheme 111.4.

1

cesium salt method

Boc-Ala-O-CH,-C,H,-R

1
1

Boc-Pro-OH DCCI'HOB~
in NMP

Boc-Pro-CO-NH-Ala-01-CH2-C6HI-R
Same steps repeated for
coupling next residues

Room temp.18h

1

100741TFA

H-Ala-Ala-Pro-Ala-OH

Scheme III.4. Solid phase synthesis of Ala-Ala-Pro-Alaon a 2%
HDODA-PSchloromethyl resin (R HDODA-PS)

iii.

Ala-Ala-Ma-Ala-Ala
Boc-Ala was attached to the chloromethyl resin by Gisin's cesium salt

method. The amino capacity was fbund to be 1.7 mmoYg. The next Boc-amino
acid, Boc-Ala was coupled to aminoacyl resin, obtained after deprotection and
neutralisation, using DCC/HOBt in NMP. After the removal of DCU, a second
coupling was done to ensure completion of reaction. The next Boc-amino acids,
were similarly attached. Finally the peptide was cleaved from the support using

neat TFA. The purity was checked by TLC using 1-butanol : acetic acid : water :
pyridine (4:1:1:11as the solvent system. The crude peptide was obtained in 98%
yield. The synthetic procedure is represented in Scheme 111.5.

&cesium salt method

1

Boc-Ala-OH DCCiHOBt in NMP

B~C-A~~-CO-NR-A~~-O-C;H~-C,~H~-R
I
same steps repeated for next residue

4

Room temp.18h

1

100% TFA

H Ala-Ala-Ala-Ala-Ala-OH
Scheme IIL5. Steps involved in solid phase synthesis of Ala-Ala-Ala-Ala-Ala
on a 2%HDODA-PS chloromethyl resin (RHDODA-PS)
iv.

Ala-Ala-Pro
The model synthesis of this tripeptide was carried out on a

chloromethylated 2% HDODA-PS resin with a chlorine capacity of 1.9 mmol/g.
DCCmOBt coupling was used for the attachmeint of next amino acids. NMP was
used as coupling solvent. The coupling and deprotection steps were monitored by
Kaiser reagent. The peptide &r

synthesis was cleaved from the resin using

neat TFA. The synthetic protocol is outlined in Scheme 111.6

BOC-Pro-OH+ Cl-CH,-C,H,-R
Cesium salt method

1

Boc-Ala-OH

1

DCC/HOBt in NMP

Boc-Ala-CO-NH-Pro-0-CH2-C6H4-R
Same steps repeated for coupling
next residue

I

Boc-Ala-CO-NH-Ala-CO-NH-Ro-0-CH2-C6H4-R
I

Room temp.18h

1

100% 'IFFA

H-Ala-Ala-Pro-OH

Scheme 111.6. Solid phase synthesis of Ala-Ala-Pro
on chloromethyl resin (R: HDODA-PS)

The purity was checked by TLC using 1-butanol : acetic acid : water (4:1:5) as
the solvent system

v. Ala-Ala-Ala-Pro-Ala
Synthesis of this pentapeptide was calried out on a 2% HDODAcrosslinked polystyrene resin. Boc-Ala was anchored to the resin by cesium
salt method. The remaining amino acids were coupled to the Boc-Ala resin by
DCCIHOBt method in NMP. After attachment of all amino acids, the final
peptide was cleaved from the resin by TFA. The protocol for synthesis is

given below Scheme 111.7.

1

Cesium salt method

Boc-Ma-0-CH,-C,H,-R
33%TFA/DCM

1
1
1

5% DIEA/.DCM

H,N-Ma-0-CH,-C,H,-R

DCC/HOBt in NMP

Boc-Pro-OH

Boc-E+o-CO-NH-Ma-0-CH,-C,H,-R
Same steps repeated for coupling
next residues

Boc-Ala-CO-NH-Ma-CO-NH-Ala-CO-NB-Pro-CO-NH-Ma-O-CHZ-C6H1-R
I

Room temp. l8h

4TFA

H-Ala-Ma-Ma-Pro-Ma-OH
Scheme 111.7. Solid phase synthesis of Ala-Ala-Ala-Pro-Ala
on a 2%

-

HDODA-PSchloromethyl resin (FkHDODA PS)

vi. Ala-Pro-Gly-Pro-Arg

The C-terminal amino

acid

Boc-.4rg was

esterified to

2%

chloromethylated resin by cesium salt method. Tlhe substitution level was found
to be 1.6 mrnoVg by picric acid method. Boc protection was removed by 33%
TFADCM followed by neutralisation with 5% DIEA/DCM. Next couplings were
carried out by DCC i HOBt method
NMP was the solvent used. A second coupling was done to ensure maximum

reaction. The progress of the reaction was monitored by Kaiser test. After
synthesis, the peptide was cleaved from the support using neat TFA in presence
of'thioanisole and 1,2-ethanedithi01.'~"~'
The protocol for synthesis is given below
in Scheme 111.8

4

Boc-Pro-OII

Cesium salt method

1

DCClHOBt in NMP

Boc-P~o-CO-NH-A~~-O-CH,-C,H~-R
I

1

Same steps repeated
for coupling next residues

Boc-Ma-(' O N I I - P ~ ~ - C ~ ~ ~ - G ~ . ~ - C O N H - P I ~ ~ - C O . ~ - A ~ ~ - O - C H

Room temp. l8h

1

TFA/Thioanisole/EDT

H-Ala-Pro-Gly-Pro-.Arg-OH

Scheme 111.8. Solid phase synthesis of Ala-Pro-Gly-Pro-Arg
on a 2%
HDODA-PS chloromethyl resin (R: HDODA-PS)

The punty was checked by TLC using chloroform : methanol (9:l) us
the solvent system. The crude peptide was obtained in 90% yield.

3.2.b

Synthesis of Short Fragments of Rubber Elongation Factor

(REF)Protein

Tlus sequence was synthesized using chloromethylated 2% HDODAPS resin having a chlorine capacity of 1.9 mmol/g. Boc-Gly was esterified to the
resin by Gisin's cesium salt method and the amino capacity was found to be 1.8
mmollg by picric acid method. DCCIHOBt coupling in NMP was used for the
attachment of all remaining amino acids. The progress of the coupling reactions
was monitored by Kaiser test. The first coupling time was 45 rnin and for each
amino acid, an increment of 5 min was given. The DCU precipitated was washed
off with 33%. MeOWDCM followed by washing with DCM. Double coupling was
done at every stage fbr maximum completion of reaction. ARer the attachment of
all the amino acids, the peptide was cleaved off using neat TFA in presence of
scavengers, thloanisole, and 1,2 ethanedithiol. The cleaved peptide was
precipitated by ice cold ether. The protocol adopted for synthesis is given below
in Scheme 111.9.

1

Cesium salt method

BOC-G~Y-O-CH,-C,H,-R

4 DCCkIOBt in NMP

Boc-Gln-OH

1

Same steps repeated for
coupling next residues

Boc-Gln-CONH-Gln-CONH-Gly-CONH-Gl:n-CONH-Gly-O-CH2-C~H4-R

i

Room temp. 18h

TFA/Thioanisole/EDT

H-Gln-Gln-Gly-Gln-GIy-OH

Scheme 111.9. SoLid phase synthesis of Gln-Gln-Gly-Gln-Glyon 2%
chloromethyl PS-HDODA (R'
HDODA-PS)

Analytical HPLC of the crude peptide showed only one major peak
(Figure III.la). This was further purified on reverse phase column, (Biorad, HiPore RP-18, 25 x 215 cm) using a solvent system of 0.1% TFA in water and
acetonitrile. Homogeneity was checked on analytical column (Figure III.lb).
Amino acid analysis was used for the characterisation of the peptide. The
fraction collected from HPLC was evaporated, hydrolysed with 6N HCI at 100°C
for 24h and analysed. The amino acid analysis gave values which agreed with
the expected values (Table 111.1).

F i m I~I I - l a HPLc trace of crude G ~ - G L ~ - G ~ ~ . G ~ - G ~ ~
Conditions: Solvent A (0.1%m
A in water),
Solvent B (50%acetonitrile in A) ,230-

,.'
C
1
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10

20
30
Time (rnin

40

Figure I11.lb HPLC trace of pure Gh-Gh-Gly-Gh-Gly
Conditions: Solvent A (0.1%TFA in water),
Solvent B (50%acetonitrile in A) ,230nm

Table 111.1. Details of the amino acid analysis of Gln-Gln-Gly-Gln-Gly
(7-11)

ii.

Amino acid

Actual value

Calculated value

Glu

3

2.7

GIs

2

1.6

Val-Gln-AspAla-Ma-Thr-Tyr-Ala
(20-27)
Chloromethylated HDODA-PS (chlorine capacity 1.9 rnmol/g) was used

for the synthesis of this peptide. The first anino acid Boc-Ala was attached to
the chloromethylated resin by Gisin's cesium salt method. The substitution was
found to be 18 mmol of NHjg of the resin, by picric acid method. Subsequent
attachment of amino acids were performed by active ester method. HOBt was
used as acyl canier reagent. The progress of the coupling reaction was monitored
by Kaiser test For all residues a second coupling was given to ensure the
completion of the reaction. The coupling of Tllr to Tyr was incomplete even after
second coupling Hence a third coupling was also performed. The peptide was
cleaved from the support by neat TFA in presence of thioanisole and
ethanedithiol Thioanisole in addition to promoting the acidolysis, plays the role
of an acceptor of benzylic group of polymer during cleavage. The peptide was
precipitated after removing TFA, using ice cold ether. The yield of the peptide
was found to be 92% calculated on the basis of first amino acid substitution level.
The protocol for synthesis is given below in Scheme 111.10.

4Cesium salt method
Boc-Ala-0-CH,-C,I-I,-R

Boc-Tyr-OH

1

DCCfi1OBt in NMP

1

Same steps repeated for
coupling next residues

Room temp. l8h

1

TFAThioanisole/EDT

Scheme 111.10. Solid phase synthesis of Val-Gln-Asp-Ma-Ma-Thr-TyrAla on a 2%chloromethylated resin (R: HDODA-PS)
The peptide was dissolved in 50% CH,COOH and loaded in analytical
HPLC column using binary solvent system (0.1% TFA in water (A) and 50%
CH,CN in 0.1% TFA (B)).The chromatogram shows two main peaks of equal
intensity (Figure III2a). This was further purified on reverse phase column. The
two main fractions collected from HPLC was evaporated in a speed vac. and
hydrolysed with 6N NCl at llO'C for 24 h and analysed. Homogenity of this
peptide was checked on analytical column (Figure III.2b). Amino acid analysis of
one of them gave values whch agreed with the expected values (Table 111.2).

Table 111.2. Details of the amino acid analysis of Val-Gln-AspAla-AlaThr-Tyr-Ala(20-27)

-

Amino acid

Actual value

Calculated value

Val

1

0.8

Glu

1

0.9

ASP

1

1.1

Ala

3

2.6

Tkr

1

1.2

'b

1

0.9

0

10
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40
Time (rnin)

50

Figure III.2a HPLC trace of crude Val-Gln-Asp-Ma-Ma-Thr-Tyr-Ma
Conditions: Solvent A (O.ll% WA in water),
Solvent B (50%acetonitrile in A) ,280nm

Time (min )

Figure III.2b HPLC trace of pure Val-Gln-Asp-Ma-Ma-Thr-%-Ma
Conditions: Solvent A (0.1%TFA in water),
Solvent B (5& acetonitrile in A) ,280nm

iii.

Pro-Leu-Gln-Pro-Gly-Val--He-Ile-Glu-Gly-

(44-55)

Boc-Pro was anchored to 2% HDODA-crosslinked chloromethyl resin
by cesium salt method. DCC/HOBt was used for the coupling all amino acids.

NMP was the solvent used. A double coupling was performed for all the
attachments. The coupling of Ile to Ile was incomplete even after a second
coupling. Hence a third coupling was also carried out. This is due to the bulk
nature of side chain. The completion of coupling and deprotections were
monitored by G s e r test. When the desired sequence was attained, the peptide
was cleaved from the support using neat TFA, thioanisole and EDT. The protocol
for synthesis is given in Scheme 111.11.
BOC-Pro-OH
+ CI-CH,-C,H,-R

I
Cesium salt method
BOC-Pro-O-CH,-C,H,-R

BOC-GIY-OH

1

DCCRIOB~in NMP

Boc-G~~-CO-NH-P~O-O-CII~-C~H~-R

I

1
Room temp.20h

Same steps repeated for
coupling next amino acids

1

TF&Thioanisole/EDT

H-Ro-Leu-Gln-Pro-Gly-Val-Asp-Ile-Ile-Glu-Gly-F'ro-OH
Scheme 111.11. Solid phase synthesis of Pro-Leu-Gln-Pro-Gly-Val-AspIle-Ile-Glu-Gly-Pro(44-55)on 2%chloromethylated resin
(FkHDODA-PS)

The peptide was dissolved is 50% CH.COOH, from this 10 pl wwas made
up to 1 ml by 0.1'k TFA in water and 20 ~1loaded in the analytical column. The
chromatogram showed one main peak (Figure II1.3a). This was further purified
on reverse phase column using 0.1% TFA in water and CH,CN. Homogeneity
was checked on analytical column (Figure III.3b) using 50% CH,CN in 0.1% TFA

(B) and 0.1% TFA in water (A) as the solvent system. Amino acid analysis was
used for characterisation of peptide. Fraction collected from HPLC was
evaporated and hydrolysed with 6N HC1 at l l 0 C for 24h and analysed. The
aminoacid analysis gave values. almost agreed with the expected values
(Table 111.3)
The synthesized peptide was analysed by ESI MS (Figure 111 3c). The
observed molecular weight was in good agreement with the calculated value.

Table III.3 Details of the amino acid analysis of Pro-Leu-Gln-Pro-GlyVal-Asp-Ile-Ile-Glu-Gly-Pro
(44-55).

Amino acid

Actual value

Calculated value

Pro

3

2.6

Glr
Val

ASP

1

Ile

2

Time (mir~)

Figure III.3a

HPLC trace of crude PI-o-Leu-Gln-Pro-Gly-Val-Aspne-Ile-Glu-Gly-Pro
Conditions: Solvent A (0.1%TFA in water),
Solvent B (!jWo acetonitrile in A) ,230nm
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Figure III.3b

HPLC trace of pure Pro-Leu-Gln-Pro-Gly-Val-AspIle-Ile-Glu-Gly-Pro
Conditions: Solvent A (0.1%TFA in water),
Solvent B (50% acetonitrile in A) ,230nm
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ESI MS of Pro-Leu-Gln-Pro-Gly-Val-Asp-Ile-IleGlu-Gly-Pro
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iv.

Val-Lys-hn-Val-Ala-Val-Pm
(56-62)
The synthesis

of this

heptapeptide

was

carried

out

on

a

chloromethylated 2% HDODA-PS resin with a chlorine capacity of 1.9 mmovg.
After attachment of first amino acid, the substitution level was found to be 1.7
mrnollg by picric acid method. All amino acids were attached by DCC/HOBt
coupling in NMP. Double coupling was performed for each amino acid for
maximum reaction. When the assembly of amino acids were over, the peptide
was cleaved from the support using neat TFA in presence of thioanisole and 1,2ethanedithiol. The synthetic steps involved are shown in Scheme 111.12.
Boc-Pro-OH + CI-CH,-C,H,-R

1

Cesium salt method

Boc-Pro-0-CH,-C,J-I,-R
I

HN-Pro-0-CH,-C,H,-R
Boc-Val-OH

1
1

DCC/HOBt in NMP

ROC-Val-CO-NH-Pro-OH
Same steps :repeated for
coupling next amino acids

Room temp. l 8 h

4~~rnioanisoldE~~

Scheme 111.12. Solid phase synthesis of Val-Lys-Asn-Val-Ala-Val-Pro
(56-62)

The purity of the peptide was checked on analytical HPLC using
binary solvent s.vstPm (0.1%TFA in water a ~ l d50% CH,CN in 0.1% TFA). The

chromatogram shows the extreme purity of peptide. The HPLC profile of crude
and purified peptides are shown in Figwe III.4a and Figure II1.4b. The
synthesized peptide was analysed by ESI MS (figure 111.4~).The observed
molecular weight was in good agreement with the calculated value. Amino acid
analysis was used for characterisation (Table 111.4).

Table III.4 Details of the amino acid analysis of Val-Lys-Am-Val-AlaVal-Pro (56-62)

I

I

Amino acid

I

Actualvalue

I

Calculated value

Val

3

3.040

LYs

1

1.084

ASP

1

Ala

1

Pro

I

1

I

1.435

I

I

0

20

40

60

Time (rnin)

Figure III.4a

HPLC trace of crude V;al-Lys-Asn-Vd-Ala-Val-Pro
Conditions: Solvent A (0.1%TFA in water),
Solvent B (ijO% acetonitrile in A) ,230nm
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Figure III.4b

HPLC trace of pure Val-L,ys-Asn-Val-Ala-Val-Pro
Conditions: Solvent A (0.1%TFA in water),
Solvent B (505%acetonitrile in A) ,230nm

Figure I u . 4 ~ESI MS of Val-Lys-Am-Val-ma-Val.Pro

This sequence was synthesized using chloromethylated 2% HDODAPS resin having a chlorine capacity of 1.9 rnmol/g. Boc-Ala was esterified to the
resin by Gisin's cesium salt method and the amino capacity was found to be 1.8
rnmol/g by picnc acid method. DCC/HOBt coupling in NMP was used for the
attachment of all remaining amino acids. The progress of the coupling reaction
was monitored by Kaiser test. The coupling time for the second amino acid was
60 min, and for each amino acid, an increment 5 min. was given. Rate of
coupling was decreased much aRer 12th residue. The DCU precipitated was
washed off with MeOHlDCM followed by washing with DCM. Coupling was
done three times for each residue after 12th ,mino acid. Finally peptide was
cleaved from the resin using neat TFA/thioanisole/EDT. The cleaved peptide was
precipitated by ice cold ether. The protocol for synthesis is given below in
Scheme 111.13.
Boc-Ala-013+ Cl-CH2-C,H,-R

4

Cesium salt method

1

BOC-~al-OH DCCWOB~in NMP

Boc-Val-CO-NH-Ala-0-CH2-C6H4-R
Same steps repeated for
coupling next residues
Boc-T,w-Ile-Pro-Asn-Gly-Ala-Leu-Lys-Phe-Val-Asp-Ser-

1

Thr-Val-Val-Ala-0-CHi-C6H4-R

/

Room temp.20h
TFAmuoanisole/EDT
H-Tyr-Ile-Pro-A s n - G l y - A l a - L e u - L y s - P h e - V a a - O H

Scheme 111.13. Solid phase synthesis of 16 residue fragment (69-84)
of REF (R :HDODA - PS)

The cleaved peptide was checked on analytical column using 0.1% TFA
water and 50% '0H.,CN in 0.1% TFA. Several deletion peptides are seen along
with the target peptide. This was further purified on reverse phase column using

TFA in water and CH,CN. Because of solubility problem (sparingly soluble even
in 100% CH,CN, it is very difficult to purify whole peptide. Fraction collected
from HPLC was subjected to amino acid analysis (Table 111.5). Homogeneity of
peptide was then checked on analytical column (Figure 111.5).

Table 111.5. Details of the amino acid analysis of Tyr-ne-Pro-Asn-Gly-

Ala-Leu-LysPhe-Val-AspSer-Thr-Val-Val-Ala
(69-84)
Amino acid

Actual value

Calculated value

TY~
Ile

1

0.926

1

0.890

Pro

1

Ala

I

1
I

Leu

Ser
Thr

1.731

I

I
I

1

1

1

I

I
I

0.786

I

0.836

1

0.942

I

Figure 111.5

HPLC trace of pure mr-J'le-Pro-Asn-Gly-Ala-Leu-

Lys-Phe-Val-Asp-Ser-Thr-Val-Val-Ma
Conditions: Solvent A (0.1'7~
TFA in water),
Solvent B (509.0acetonitrile in A) ,280nm

vi.

Gln-Thr-Lys-ne-Leu-Ala-Lys-Val-Phe-Tyr-Gly
(125-135)
Boc-Gly was anchored to 2% HDODA-crosslinked chloromethyl

polystyrene resin by cesium salt method and the amino capacity was found to be
1.8 mmollg by picric acid method. Boc group was removed by 33% TFA in DCM

followed by neutralisation. The remaining amino acids were attached to the
amino acyl resin by HOBt active ester method. The coupling solvent used was
NMP. A second coupling was carried out to ensure completion of reaction. The
completion of coupling and deprotection were monitored by Kaiser test. When
the desired sequence was attained, the peptide was cleaved from the support
using TFNthioanisolefEDT. The steps involved in the synthesis is given below in
Scheme 111.14.
Boc-Gly-OH + Cl-CH;-C,H,-R
lcesi-L

33% TFA'DCM

1
4

s d t method

5% DIEA/DCM

H,N-Gly-O-CH,-C,l'I,-R

I

~oc-%-OH

DCCDIOB~in NMP

Boc-T~~-CO-NH-G~~-O-CH,-C,H~-R
Same steps repeated for
coupling next amino acids

I

/

Room temp. 18h

4

TFA~Thioanisole/EDT

Scheme 111.14. Solid phase synthesis of Gln-Thr-Lys-Ile-Leu-Ala-LysVal-Phe-Tyr-Gly
(RHDODA-PS)

The cleaved peptide was checked on analytical column using 0.1% TFA
in water (A) and 5070 CH,CN in A (Figure III.6a). This was further purified on
reverse phase HPLC column using CH,CN and 0.1% TFA in water. Homogeneity
of peptide was checked on analytical column (Figure 111, 6 b). The peptide was
characterized by amino acid analysis (Table 111.6). The synthesized peptide was
analysed by ESI MS (figure 111.6~).The observed molecular weight was in good
agreement with the calculated value.

Table 111.6 Details of the amino acid analysis of Gln-Thr-Lys-Ile-LeuAla-Lys-Val-Phe-Tyr-Gly(125-135)

1
I
I

Amino acid

I

Actual value

I

Calculated value

Glu

I

1

I

1.37

Thr

I

1

I

1.23

LY~
Ile

2

2.32

1

1.05

Leu

1

1.32

Ala

1

1.26

Val

1

0.91

Phe

1

1.00

'k

1

1.27

G~Y

1

1.29

1
I
I

z

Figure III.6a

HPLC trace of crude Gln-Thr-Lys-ne-Leu-AlaLys-Val-Phe-Tyr-Gly
Conditions: Solvent A (0.1%TFA in water),
Solvent B (50%acetonitrile in A) ,280nm
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Figure III.6b

HPLC trace of pure Gln-7rhr-Lys-He-Leu-AlaLys-Val-Phe-Tyr-Gly
Conditions: Solvent A (0.1%TFA in water),
Solvent B (509%acetonitrile in A) ,280nm

Figure 111.6~ESI MS of Gh-Th-Lys-Lle-Leu-Na-Lys-Val-Phe-Tyr-Gly

From the foregoing investigation it is clear that HDODAcrosslinked polystyrene is an efficient support. for solid phase peptide synthesis
especially for hydrophobic peptides. Fragments of REF which suffer recovery
problems due to its hydrophobic nature were synthesized in good yield and high
purity by using 2 % HDODA crosslinked polystyrene support. It is clear that by
the use of HDODA -PS and the right choice of the synthetic strategy, the
synthesis of hydrophobic peptides can be effectively achieved.

