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Peptide synthesis:
General Method 1: Synthesis of Heptapeptide RGDNGRG (1)

. Fmoc-Gly-OH
Piperidine 25%
H-Gly-O Fmoc-Gly- Cl
DIEA

1) Fmoc-Arg(Pbf)-OH
2) TBTU/DIEA

Piperidine 25%
Fmoc-Arg(be)-Gly-O—O - H-Arg(be)-Gly-OAO

J

Fmoc-Arg(Pbf)-Gly-Asp(OtBu)-Asn(Trt)-Gly-Arg(be)-Gly-O—O

Piperidine 25%

/
H-Arg(be)-Gly-Asp(OtBu)-Asn(Trt)-Gly-Arg(be)-Gly-OAO
A

TFA 1%

H-Arg(Pbf)-Gly-Asp(O7Bu)-Asn(Trt)-Gly-Arg(Pbf)-Gly-OH
B

Reagent K

H-Arg-Gly-Asp-Asn-Gly-Arg-Gly-OH
1

The Synthetic pathway for the synthesis of RGDNGRG peptide sequence
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General Method 2: Final deprotection of A and formation of peptide 1
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H-Arg (Pbf)-Gly-Asp (OtBu)-Asn(Trt)-Gly-Arg(Pbf)-Gly-OH

HN NH, TFA/TES/H,0/MeOH
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NH,

H-RGDNGRG-OH
1(67%)

(1.1g, 0.58 mmol) of the protected peptide (B) was slowly added to 7.5 ml of the reagent

K TFA/TES/H2O0/MeOH (95%: 2%: 1.5%: 1.5%) and stirred at room temperature for 2

hours. This step removes all protected groups of the side chain within the peptide sequence.

Then the solvent was evaporated and precipitated with Et,O. The final peptide was dried

under vacuum at 40 °C (lIsolated yield 67%).
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High Performance Liquid Chromatography:

The samples were dissolved in solvent A for liquid chromatography. The mobile phase for
all HPLC purifications consisted of solvent A (Acetonitrile/Water (70/30)) and solvent B
(NaH2PO4/Water (10mM)) and separations were performed on an HPLC system (Knauer,
Germany) equipped with a pump 1800 (Knauer, Germany), UV detector 2500 (Knauer,
Germany). Peptide purification was performed at preparative scale using ODS-C1g column
(120 mm x 20mm, 10 pum). The flow rate was set to 10 mL min~* and the peptides were
separated by linear gradients of solvent B between 100 and 50% at 10% min*. The elution
profile was monitored via UV absorbance at 210 nm and peptides were collected manually

according to their absorbance at 210 nm.

Entry Flow (ml/min) Time (min) A% B%
1 10 0 0 100
2 10 5 0 100
3 10 55 50 50
4 10 80 100 0
5 10 110 100 0

Analytical RP-HPLC separation was carried out using ODS-Czg column (250 mm x 4.6
mm, 3-5 um) at a flow rate of 1 mL min~t. The mobile phase for consisted of solvent A
[Acetonitrile/Buffer B (80/20)] and solvent B Buffer B [TFA/Water (0.1%)] and
separations were performed on an HPLC system (Knauer, Germany) equipped with a pump
1000 (Knauer, Germany), UV detector 2500 (Knauer, Germany). The employed elution
program started at 95 % A and remained at this point for 5 min before changing to 55 % of

solvent A over 45 min. at 1% min™..

Entry Flow (ml/min) Time (min) A% B%
1 1 0 95 5
2 1 5 95 5
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4 1 65 0 100
5 1 80 0 100

H-RGDNGRG-OH

HPLC analysis found that peptide (1) was obtained in 97 %< purity (tr: 6. 25 min).
HR-Mass (ESI): C26H47N14011 m/z = [M+ H] * Found 731.3550, Calc. for 731.3543.

Synthesis of the octapeptide RGDFAKLF (2)
The same procedure was followed for the synthesis and purification of peptide 2 (Isolated

yield 70%).

H-RGDFAKLF-OH

HPLC analysis found that peptide (2) was obtained in 96 %< purity (tr: 42. 26 min).
HR-Mass (ESI): CsHesN12011m/z =[M+H] * Found 953.5207, Calc. for 953.5203.
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General Method for the synthesis of RGD based peptide (3, 4) by coupling pyrazine
2-carboxylic moiety to the N-terminus

H-Arg(Pbf)-Gly-Asp(OtBu)-Asn(Trt)-Gly-Arg(be)-Gly-OO

N
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N
(- '
N/j\’(Arg(Pbf)-Gly-Asp(OtBu)-Asn(Trt)-Gly-Arg(be)-Gly-OH
(0)
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N \J
[ N
N/j\H/Arg-Gly-Asp-Asn-Gly-Arg-Gly-OH
(0]

3 (72%)

) [i )
2
3 NH

HNTE{NH2
o

o H © o H ©

S

HN” “NH,
Pyrazine-RGDNGRG-OH

HPLC analysis found that peptide (3) was obtained in 97 %< purity (tr: 18. 30 min).
HR-Mass (ESI): Cs1H9N16012m/z =[M+H] * Found 837.3717, Calc. for 837.3710.
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F -Phe-OH
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o
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N
‘ N
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o 4 (67%)

Pyrazine-RGDFAKLF-OH

HPLC analysis found that peptide (4) was obtained in 96 %< purity (tr: 47. 29 min).
HR-Mass (ESI): CsoH7:N14012m/z =[M+H] " Found 1059.5378, Calc. for 1059.5370.

S7



General Method for the synthesis of RGD based peptide (5) by coupling pyrazine 2-
carboxylic moiety to the N-terminus

H-Arg(Pbf)-Gly-Asp(O7Bu)-Asn(Trt)-Gly-Arg(Pbf)-Gly-O O

A [N\
= Phe-OH
N
(0]

TBTU, DIEA, DMF,
N
[ X
N/]\H/Phe-Arg(Pbf)-Gly-Asp(0tBu)-Asn(Trt)-Gly-Arg(be)-Gly-O—O
(0]
TFA 1%

N
[ X
N/]\'(Phe-Arg(be)-Gly-Asp(OtBu)-Asn(Trt)-Gly-Arg(Pbi)-Gly-OH
(0]

Reagent K

N \
[ AN
NJ\H/Phe-Arg-Gly-Asp-Asn-Gly-Arg-Gly-OH
(0]

5 (79%)

Pyrazine-F-RGDNGRG-OH

HPLC analysis found that peptide (5) was obtained in 99 %< purity (tr: 32. 04 min).
HR-Mass (ESI): CsoHs7N17013m/z =[M+H] * Found 984.4403, Calc. for 984.4395.
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Peptide 1: H-Arg-Gly-Asp-Asn-Gly-Arg-Gly-OH (RGDNGRG)

HNYNHZ
NH o
H 0 9|H 0 H 0
NN N%NWN%NWOH
o H o :\fd-l o - H o
NH

.

1 NH

HN%\NHZ

HPLC analysis found that peptide (1) was obtained in 97 %< purity (tr: 6. 25 min).
HR-Mass (ESI): C26H47N14011 m/z = [M+ H] * Found 731.3550, Calc. for 731.3543.

Intens. icr29161_000001.d: +MS|
xt07
15
731:3550
1.0
05
793.2638
683.4538 701.4018 7133447 7623118 | l
0.0 —u . A L h.‘ L DU VO - TRV WY Al ds s
680 700 720 740 760 780 800 miz
Meas. m/z  lon Formula m/z err[ppm] mSigma rdb e Conf N-Rule
731.3550 C26H47N14011  731.3543 -1.0 187 105 even ok
C26H37N2502  731.3557 0.8 293 21.0 odd ok

HR-MS (ESI) of peptide 1.

500 - -
52500 500
—— FH-T Acatate
QC-96426 dat
4004 - 400
300 - 300
% 200 F 200 g
100 -| k100
0 d—r o
|
o 5 10 15 20 25 30 35 40 45 50
Minutes.

Analytical HPLC chromatogram of peptide 1.
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Peptide 2: H-Arg-Gly-Asp-Phe-Ala-Lys-Leu-Phe-OH (RGDFAKLF)

H CH,

HaN o NH
NH o
h O Q o CHyy O GHs 0
H N N\)LN N\:)LN)\(N\:)LN N\:)kOH
0 H o \(H>o \HH o \©
NH,

2

HPLC analysis found that peptide (2) was obtained in 96 %< purity (tr: 42. 26 min).
HR-Mass (ESI): CasHsoN1201:m/z =[M+H] * Found 953.5207, Calc. for 953.5203.

Inteng. ir29164_000001.d: 1MS
x1a?
1.50 4535207
125
1.00
0.75 477.2641
0.50:
028 560.9210
|
709.3312
2589568 l l Lo hl 23°9i°m2
0.00 L " 1y Mt .
230 £00 750 1000 1250 1500 1750 2000 2250 miz
Meas. m'z  lon Formula mz em[ppm] mSigma rdd e Conf N-Rule
9636207 C24H73NBO1S  863.5190 -18 256 125 even oK

C43HETM15010 5535190 -18 251 180 oad ok

C45HT SNO20 553.5190 1.7 27 7.0 ood oK

C42HBINZ205  563.5190 -18 232 235 een ok

C41HEEN29 £63.5190 -18 3.5 2900 owd ck

C45HESM12011  863.5200 04 332 175 even -3

C44463N1906  863.5200 04 355 230 ood ok

C43HETMZE0 £53.6200 04 338 285 aven ok

C4EHESN2302 5535217 10 452 280 oad ok

HR-MS (ESI) of peptide 2.

5 2500
= FH-11 Acetate
QC-96427-1.dat

6004 Name 600

4004 400

mAl
mAU

Minutes

Analytical HPLC chromatogram of peptide 2.
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Peptide 3: Pyrazine-Arg-Gly-Asp-Asn-Gly-Arg-Gly-OH (Pyrazine-RGDNGRG)

HN.__NH,

TI/H
(o]
iﬁ (e gt
N N N N OH
M e ey
3 NH, (NH
HN)\NHZ

HPLC analysis found that peptide (3) was obtained in 97 %< purity (tr: 18. 30 min).
HR-Mass (ESI): C31H9N16012m/z =[M+H] * Found 837.3717, Calc. for 837.3710.

Intens. €r29178_000001.d: +Ms|
x107.
8373717
3
2
1
£19.3620 899.2862
| 8593545 g8.3205 Ll
i b 1, T . e
820 840 850 880 800 miz
Meas. m/z  lon Formula m/z err[ppm] mSigma rdb e Conf N-Rule
837.3717 C31H49N16012 837.3710 -0.8 39.2 155 even ok
C30H43N2307 837.3710 -0.9 421 210 odd ok
C29H37N3002 837.3710 -0.9 458 26.5 even ok
C31H39N2703  837.3724 07 527 260 odd ok

HR-MS (ESI) of peptide 3.

80 S50 200
——— FH-T+Pyrazine Acelate
QC-98451-1.dat
Name
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L awd heoo
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200 - 200
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Minutes

Analytical HPLC chromatogram of peptide 3.
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Peptide 4: Pyrazine-Arg-Gly-Asp-Phe-Ala-Lys-Leu-Phe-OH
RGDFAKLF)

H,N __ NH
Y
NH OH CH,
o h O § 0 CHyy o© CHs o
_N N N\)LN N;QLN N:JLN N%OH
[\\ H o H i H i H :
N

(Pyrazine-

HPLC analysis found that peptide (4) was obtained in 96 %< purity (tr: 47. 29 min).
HR-Mass (ESI): CsoH71N14012m/z =[M+H] * Found 1059.5378, Calc. for 1059.5370.

Intens.. icr29178_000001.d: +Ms|
x107
1059.5378
15
$30.2726
1.0
05
3383420
6756772
o N N Y uﬂ e L 2090772
250 500 750 1000 1250 1500 1750 2000 2250 miz
Meas. m/z  lon Formula miz err[ppm] mSigma rdb e Conf N-Rule
1059.5378 C48H69N17011  1059.5357 -2.0 186 23.0 odd ok
C47HB3N2408 1059.5357 -2.0 18.9 285 even ok
C4gH75N10016  1059.5357 -2.0 209 17.5 even ok
C46H57N310 1059.5357 -2.0 215 340 odd ok
C50H71N14012  1059.5370 -0.7 287 225 even ok
C48HB5N2107 1059.5370 -0.7 242 280 odd ok
C50H81N3021 1059.5357 -2.0 245 120 odd ok
C48H50N2802 1059.5370 -0.7 288 335 even ok
C50HB1N2503 1059.5384 0.5 36.3 330 odd ok

HR-MS (ESI) of peptide 4.

82500
—— FH-11+Pyrazine Acstats
Ge-86453-4.dat
jopn]  Name [ 1000
7601 h r750
=1
B oqo 500 H
250 250
o I o
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Minutes

Analytical HPLC chromatogram of peptide 4.
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Peptide  5: Pyrazine-Phe-Arg-Gly-Asp-Asn-Gly-Arg-Gly-OH (Pyrazine-F-

RGDNGRG)

HNYNHZ
NH o
N OH
. o by O OH o O
[\NJ\TH%N%}(NJKN N\)kn/}("\)kn/}(o“
o B H o H o z\foH o B H o
@ NH, (NH

5
HN)\NHZ

HPLC analysis found that peptide (5) was obtained in 99 %< purity (tr: 32. 04 min).
HR-Mass (ESI): C4oHs7N17013m/z =[M+H] * Found 984.4403, Calc. for 984.4395.

Intens, ler29180_0a0001 d: +MS|
107
4 984.4403
3
2
1
e 9954326 10034188 1015,3982 malssso
. . I [T L N
960 980 1000 1020 1040 1060 miz
Meas. m/z lon Formula mz em[ppm] mSigma rdb € Conf N-Rule
984.4403 CAOHSBNI7013  984.4395 0.8 344 205 even ok
C30H52N2408  084.4304 0.8 354 260 odd ok
C38H4EN3103  984.4394 0.8 370 35 even ok
CAOH4BN2804  984.4408 05 444 3.0 odd ok

HR-MS (ESI) of peptide 5.

800 S50 — 600
—— FH-7+Pyrazine-Phe Acetato
qo-96452-1.dat
Name
600 600
400 4
2 400 5
£ g
200+ . - 200
|| |1 Z
o T re
T T ¥ T T T T T ¥ T
Q 10 20 30 40 50
Minutes

Analytical HPLC chromatogram of peptide 5.
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