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Synthesis of Bombesin

‘We report the preparation of a peptide of the formula
Pyr-Gln-Arg-Leu-Gly-Asn-Gln-Trp-Ala-Val-Gly-His-Leu-
Met-NH, according to the scheme, which involves the
stepwise synthesis of the fragments II, X and XXII and
their subsequent condensation. This synthetic peptide was
found to be identical with natural bombesin1. 2.

Boc-His-NH-NHZ, treated in DMF at —10° with
HCI/THF and t.BuONO4, yielded Boc-His-N, which was
condensed with Leu-Met-NH} to give Boc-His-Leu-Met-
NH, (I} (57% yield; mp 163-164°, AcOEt; [a]}¢ — 29.9°;
E,, = 0.6 Glu. Anal. Caled. for Cy,H3,NgO,S: C 53.0;
H 7.7; N 16.9. Found: C 52.9; H 7.7; N 16.6) which by
treatment with HCl/AcOH, followed by a passage on a
IR-45 (OH- cycle) column, afforded His-Leu-Met-NH,
(II) (99% vield; mp 65-70°; [a}} —39.6°; E;, = 1.25
Glu. Anal. Caled. for C;;H, ) N,0,S: C51.2; H7.6; N 21.1.
Found: C 51.0; H 7.8; N 20.7).

Boc-Val-Gly-OEt*® was treated with HCI/AcOH to give
+H,-Val-Gly-OEt-Cl- (armorphous; E,, = 1.15 Glu)
which was condensed in THF with Boc-Ala?, via the
mixed anhydride (EtOCOCI) in the presence of MM, to
give Boc-Ala-Val-Gly-OEt (III) (809, yield; mp 160°,
AcOEt; [l — 23.5° Anal. Caled. for C;,H,;,N,0,: C 54.7;
H 8.4; N 11.3. Found: C 54.9; H 8.3; N 11.5) which by
treatment with HCI/AcOH afforded +H,-Ala-Val-Gly-
OEt-Cl- (IV) (99% vyield; mp 190°, MeOH-Et,0;
[oa]f +5.5°; E,, = 0.9 Glu. Anal. Caled. for C,H,,N,0,-
HCl: C46.5; H 7.8; N 13.6. Found: C46.5; H7.7;
N 13.2). Z-Trp® in THF/DMF was condensed, via the
mixed anhydride (i. BuOCOCI) in the- presence of MM,
with IV to give Z-Trp-Ala-Val-Gly-OEt (V) (819% yield;
mp 213°, MeOH; [«]} — 23.7° Anal. Caled. for C,Hy N,
0,: C62.7; H6.6; N11.8. Found: C62.7; H6.6; N 11.8)
which by hydrogenation in the presence of Pd/C 109 in
DMF yielded Trp-Ala-Val-Gly-OEt (V1) (94% yield; mp
205°, MeOH-Et,0; [«]ff —26.2°; E,, = 0.6 Glu. Anal
Caled. for C,H N O, €60.1; H 7.2, Found: C 59.8;
H 7.2) which was condensed in THF/DMF with Boc-GIn®,
via the mixed anhydride (i. BuOCOCI) in the presence of
MM, to give Boc-GIn-Trp-Ala-Val-Gly-OEt (VII) (709,
yield; mp 220°, MeOH; [«]## —11.6°. Anal. Caled. for
CysH N,y :C 57.6; H 7.2; N 14.3, Found: C 57.5; H 7.4;
N 14.3) which by treatment with TFA at 0° for 30 min,
afforded +H,-Gln-Trp-Ala-Val-Gly-OEt-CF,COO- (VIII)
{969%, vield; mp 183°; E,, = 0.5 Glu)®.

Boc-Asn-ONp1° (1.4 equiv) was condensed, in DMF and
in the presence of MM, with VIII to give Boc-Asn-Gln-
Trp-Ala-Val-Gly-OEt (IX) (939 vield; mp 254° d,
DMF-AcOEt; [«]f# — 36.4°. Anal. Calcd. for Cp,H, N,O,, :
C55.4; H6.9; N15.7. Found: C554; H7.0; N 15.5)
which was hydrolyzed at room temperature with NaOH
in EtOH-H,O to yield Boc-Asn-Gln-Trp-Ala-Val-Gly (X)

(95% vield; mp 212° d; DMF-AcOEt; [«]% - 34° Anal.
Caled. for C;;HgN,0,,-0.5H,0:C53.7; H6.7; N 16.1.
Found: C 53.6; H 6.8; N 15.8) which was treated in DMF
with 1 equiv N-hydroxysuccinimide and 1 equiv DCCI
{Zh at 0° and 12 h at room temp.}. The solution, contain-
ing the activated ester, was filtered and 1 equiv of Il was
added to the filtrate. After 12 h the solution was worked
up to give Boc-Asn-Gln-Trp-Ala-Val-Gly-His-Leu-Met-
NH, (XI) (66% yield; mp 233°d, DMF-EtOH; [«]}
—257, ¢1, HMPT; E,, = 0.35 Glu. Anal. Calcd. for
CyeHogN0,,5:C 54.1; H 6.9; N 18.2. Found: C 53.8;
H 6.9; N 17.8) which by treatment with HCl/AcOH yielded
+H,-Asn-GIn-Trp-Ala-Val-Gly - His(+H) - Leu - Met- NH, -
2 Cl- {XII) (98Y% yield; mp 200° d, MeOH-i.PrOH; [}
—24,4°, ¢ 1, HMPT; E., = 0.65 Glu. Anal. Calcd. for
C,,H, 1 N,;0,,S:-2HCL: €50.1; H6.5. Found: C50.3;
H 6.8).

Boc-Gly7in THF wascondensed with Z-NH-NH,, via the
mixed anhydride (EtOCOC]) in the presence of MM, to give
Boc-Gly-NH-NH-Z (XIII) (96% yield; amorphous. Anal.
Caled. for C,;H,N,0,:C 55.7; H 6.6; N 13.0. Found:
C 55.7; H 6.6; N 13.0) which by treatment with HCI/AcOH
gave tH,-Gly-NH-NH-Z-Cl- (XIV}(90% vyield; mp185°d,
EtOH; E;., = 1.15 Glu. Anal. Caled. for C;gH ;) N;O,-HCl:
C46.2; H 5.4; N 16.2. Found: C46.0; H 5.5; N 16.0) which
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was condensed with Boc-Leu?, via the mixed anhydride
(EtOCOCI) in the presence of MM, to yield Boc-Leu-Gly-
NH-NH-Z (XV) (92%, yield; mp 133°, Me,CO-pet.ether;
fo]fy —10° Anal. Caled. for CpHy,N,04:C 57.8; H 7.4;
N 12.8. Found: C 57.9; H 7.4; N 13.0) which by treatment
with HCIJAcOH afforded +H,-Leu-Gly-NH-NH-Z-Cl~-
(XVI) {95% wield; mp 196°, AcOH/EL,O; [oJFf +33.2°
c 0.6, AcOH 95%; E;, = 0.85 Glu. Anal. Calcd. for
CieH, N,0,-HCL:C 51.5; H 6.8; N 15.0. Found: C 51.7;
H 6.8; N 14.6). Boc-Arg(Z,)*! was condensed in THF-
DMF with XVI, via the mixed anhydride (EtOCOCI) in
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lized with 6 equiv TEA and added to a DMF-HMPT solu-
tion of XII (0.75 equiv) containing 1.5 equiv TEA. After 4
days at —10°, the reaction mixture was filtered, concen-
trated in vacuo and diluted with i-PrOH. The separated
tetradecapeptide was dissolved in MeOH and precipitated
with EtOAc and finally was crystallized from 999, EtOH
to give Pyr-Glo-Arg(tH,)-Leu-Gly-Asn-Gln-Trp-Ala-Val-
Gly-His{tH)-Leu-Met-NH, -2 Cl- (XXIII) (509, vyield;
mp 185° d; [a]} —20.6° ¢ 0.65, DMF-HMPT 8:2; E, , =
0.67 Glu. Anal. Caled. for C,;H,;qN,,0,:S-2HCL:C 50.4;
H6.7;N19.9;Cl4.2, Found: C50.4; H6.7; N 19.6; C1 4.3}
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the presence of MM, to afford Boc-Arg(Z,)-Leu-Gly-NH-
NH-Z (XVII) (89% vield, mp 146°, CHCl-AcOEt; [o]2
—12.4°, Anal. Calcd. for C,H,N,O,,:C 60.0 H 6.6;
N 13.0. Found: C 59.7; H 6.6; N 13.2} which was treated
with TFA at 0° for 30 min*% By dilution with Et,0,
+H,-Arg(Z,)-Leu-Gly-NH-NH-Z. CF,COO~ (XVIII) was
isolated (989% yield; mp 103° d; [a]}} +3.5; E;, = 0.85
Glu. Anal. Caled. for CygH, N O, CF,COOH; C 54.9;
H 5.7. Found: C 54.5; H 5.8). Boc-GIn” was condensed in
THF-DMF with XVIII, via the mixed anhydride in the
presence of MM, to give Boc-Gln-Arg(Z,)-Leu-Gly-NH-
NH-Z (XIX) (689%, yield; mp 185°, MeOH-AcOEt; [«]f
—11.3% Anal. Caled. for C ;3 HyN,,0,;:C 58.3; H 6.5;
N 14.2. Found: C 58.0; H 6.5; N 14.2) and treated with
TFA at 0° for 20 min to yield, after dilution with Et,01,
+H,-Gln-Arg(Z,)-Leu-Gly-NH-NH-Z. CF,CO00- (XX
(989, vield; mp 108°; [a)}} — 2.3°; E,, = 0.9 Glu) which
was condensed in THF-DMF with Z-Pyr4, via the mixed
anhydride (EtOCOCI} in the presence of MM, to give
Z-Pyr-Gln-Arg(Z,)-Leu-Gly-NH-NH-Z (XXTI) (779 yield;
mp 194°, MeOH-1,PrOH; [«]f —12.7°. Anal. Calcd. for
CygHg N3O0y :C€ 59.3; H6.0; 0 21.1. Found C 58.8; H 6.0;
O 21.0).

Hydrogenolysis of XXI in DMF, in the presence of
Pd/C 109% and 2 equiv HCI afforded Pyr-Gln-Arg(tH,}-
Leu-Gly-NH-NH*,, 2C1- (XXII) (95%, vield; amorphous;
[x]3F —8.5°; E,., = 0.95 Glu. Anal. Calcd. for C;,H,4N,O,.
2HC1:C43.0; H6.8;C110.6. Found:C43.2; H6.9;C110.1)
which was treated in DMF with 1 equiv n-BuONO* and
4 equiv HCl/THF at — 25°. The solution was then neutra-

which was found to be homogeneous and showed the
same electrophoretic and chromatographic properties,
the same reactions to trypsin and chymotrypsin and the
same degradative pattern and biological properties?® of
natural bombesin, thus confirming the formula deduced
from degradative experiments.

Riassunto. Viene riportata la sintesi della piroglutamil-
glutaminil-arginil-lencil-glicil-asparaginil-glutaminil-trip-
tofanil-alanil-valil-glicil-istidil-leucil-metioninamide, un
peptide identico per proprietd fisiche, chimiche e biolo-
giche alla bombesina.
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