3412

© 1992 The Chemical Society of Japan Bull. Chem. Soc. Jpn., 65, 3412—3418 (1992)

Synthesis and Biological Evaluation of Dehydrophenylalanine
Containing Substance P Fragments

Paramjeet KAUR, Gyanedra Kumar PATNAIK,! Ram RAGHUBIR,}
and Virander Singh CHAUHAN®
International Centre for Genetic Engineering & Biotechnology, NII Campus,
Shaheed Jeet Singh Marg, New Delhi 110067, India
tDivision of Pharmacology, Central Drug Research Institute, Lucknow 226001, India
(Received January 27, 1992)

Peptide fragments of Substance P corresponding to the C-terminal segments (6-11) and (4-11), which contain
a putative B-turn, were synthesised using solution phase methodology. Analogs of Substance P were synthesised
where the phenylalanine residue at position 8 was replaced by dehydrophenylalanine (APhe) and the glycine residue
in position 9 was replaced by alanine, valine, sarcosine (N-Me-Gly) and a-aminoisobutyric acid. In two of the
analogs [8-APhe, 9-Sar]-SP (4-11) (5) and [5,8-APhe, 9-Aib]-SP (4-11) (7) glutamine residue at position 5 was also
substituted by APhe. These analogs were evaluated for their ability to cause smooth muscle contraction in guinea
pig ileum preparation (in vitro) and for hypotensive activity (in vivo) in female rats anesthetized with urethane. In
the hexapeptide series [8-APhe]-SP (6-11) (1) and [8-APhe, 9-Sar]-SP (6-11) (4) showed significant activity in both
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the assays.

Octapeptide [5,8-APhe, 9-Sar]-SP (4-11) (5) with APhe residue in positions 5 and 8 and sarcosine in

position 9 was found to be the most potent analog both in vitro and in vivo systems.

Substance P (SP) is widely distributed in central and
peripheral nervous system of vertebrates.!) SP is rec-
ognized for its hypotensive, vasodilatory, smooth mus-
cle contracting properties and also as a neurotrans-
mitter.23 Moreover, it is involved in the transmission
of pain, and related to enkephalin secretion.¥ Studies
with amino-terminus deletion analogs have established®
SP (6-11) to be the shortest fragment with full intrinsic
activity. [6-p-Glu]-SP (6-11) has been shown to be more
potent than SP in some of the pharmacological prepara-
tion,8” while in others it is at least as potent® as SP.
Methionine residue at the C-terminal is the most impor-
tant element? for activity of SP, while Leu and Phe at
positions 10 and 7 respectively are almost irreplace-
able.1® Structure-activity correlations on SP have led
to the conclusion that Phe at position 7 is likely to be
involved in binding to the receptor.!V In contrast to
the importance of Phe at position 7, the requirements of

Phe at position 8 are not strict.’? It has also been
shown that the side chain amide groups of Gln residues
at positions 5 and 6 do not participate in an important
way in the hormone-receptor interaction.!® Glycine at
position 9 of SP has been of special interest!!) because of
its location between the relatively rigid N-terminal part
1-8 and the hydrophobic part 10-11. Conformational
studies,! in solution, have suggested a U-turn in the
molecule that allows Gly-Leu-Met-NH: segment to
establish hydrogen bonds between the terminal amide
N-atom (donor) and each of the side chain carbamoyl
groups (acceptors) of Gln-5 and Gln-6 residues.
Working with model peptides we have shown that
introduction of a,B-dehydroamino acids confers some
conformational rigidity and that dehydrophenylalanine
(APhe) and dehydroleucine (ALeu) help to nucleate a 8-
turn structure in acyclic peptides.1#16 In addition to
providing conformational constraint, introduction of

Arg-Pro-Lys-Pro-Gln-GIn-Phe-Phe-Gly-Leu-Met-NHo, (SP)

1 2 3 4 5 6

(1) [8-APhe]-SP (6-11)

8 9 10 11

(2) [8-APhe, 9-Ala]-SP (6-11)

(3) [8-APhe, 9-Val]-SP (6-11)

(4) [8-APhe, 9-Sar]-SP (6-11)

(5)  [5,8-APhe, 9-Sar]-Sp (4-11)

(6) [8-APhe, 9-Aib]-SP (6-11)

(7) [5,9-APhe, 9-Aib]-SP (4-11)

Fig. 1.

Primary sequences of Substance P and seven partial

Substance P analogs containing APhe residues.
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APhe results in peptides that are poor substrates for
peptidases!” and therefore of potential interest in the
development of SP analogs with prolonged biological
activity.

In this paper we present the synthesis and biological
activity of APhe containing analogs of SP (Fig. 1) and
discuss the structure-activity relationship of these
analogs.

Results and Discussion

Synthesis of SP Analogs Containing Phe Residue.
Substance P analogs shown in Fig. 1 were synthesised
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by segment condensation approach in solution. Syn-
thetic routes are shown in Figs. 2 and 3. ¢-Butoxy-
carbonyl (Boc) group was used for protecting the a-
amino group. The Boc groups in the growing peptides
were removed with HCl/acetic acid.’® However, HCl/
dioxane was used to remove the Boc group when glu-
tamine was at the N-terminal.l® Among many
approaches utilized for introduction of a APhe moiety,
we selected the efficient synthetic route summarized in
Figs. 2 and 3 (representative of SP (6-11) and (4-11)
series respectively). Dehydro residue was incorporated
as a dipeptide sequence which was obtained by g-
elimination reaction of the C-terminal pL-phenylserine

Gin Phe PheSer  Gly Leu Met
Boc OH
Boc ——OH H—1—ONa Boc™ 25 N (9)
Boc Ma OH Boc—+—0SuH Hel BNH
COH 2
Boc ———_,Qph;, H —FOH Boc NH, (9)
Boc OH H-— Hel/AcOH NH,
Boc (© NHy (i)
B oc——ONPH He |/AcOH NH,
Boc NH, (12)
H HcL/dioxar}e NH (')
Fig. 2. Synthesis of [8-APhe]-SP (6-11) ().
Pro  PheSer Gln Phe PheSer  Sar Leu Met
Boc—— OH
Boc—{—OH H——ONa Boc%%gmz ®)
Boc MA OH Boc——0Suy H%%Hz
Boc—{———Phe, H—{-OHBoc NH, (9)
Boc / OH H{HI/AOH]
Boc——OH H—{—ONa Boc © NH, (20)
Boc OHBoc—-0Su H Hel /AcOH NH,
Boc— APh;» Boc NH3 (21)
Boc NaOH OH H Hchioxane NHy ( 4 )
(22) MA
Boc NH; (23)
! Hcl/AcOH Ny (5)

Fig. 3.

Synthesis of [5,8-APhe, 9-Sar]-SP (4-11) (5).
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Table 2. Amino Acid Analyses of the Final Peptides

HPLC Amino acid composition
Analog retention time® Found (Calcd)
min Pro Glu Phe X Leu Met
[8-APhe, 9-Ala}-SP (6-11) (2) 18.7 1.07 (1) 0.96 (1) 1.08(1) 1.0(1) 0.92(1)
[8-APhe, 9-Val]-SP (6-11) (3) 23.6 1.1 (1) 0.99(1) 1.03(1) L1L0(1) 0.90(1)
[8-APhe, 9-Sar]-SP (6-11) (4) 27.5 1.05(1) 097(1) — 1.0 (1) 0.89 (1)
[8-APhe, 9-Aib]-SP (6-11) (6) 24.7 1.02(1) 095(1) — 1.0 (1) 0.90 (1)
[5, 8-APhe, 9-Aib]-SP (4-11) (7) 28.0 093 (1) 1.07(1) 099(1) — 1.0(1) 0.95(1)

(2) X=Ala; (3) X=Val; (4) X=Sar; (6) X=Aib; (7) X=Aib.

a) See experimental section for details.

peptide, Boc-Phe-pL-Phe (8-OH)-OH. The com-
pound thus obtained, Boc-Phe-APhe azlactone, served
as a key intermediate in the synthesis of all the seven
analogs of SP.  This method results in the formation of
APhe having only the Z-configuration.2® Azlactone
ring opening with H-Gly-Leu-Met-NH; (obtained by
mixed anhydride coupling of Boc-Gly-OH with H-
Leu-Met-NHy) gave low yield (ca. 40%) of the pro-
tected pentapeptide. However, better yields of the pen-
tapeptides were obtained if the dipeptide azlactone ring
was first opened with the desired free amino acid, to give
dehydrotripeptide acid, which was then coupled via a
mixed anhydride reaction to H-Leu-Met-NH; (3+2
strategy). The coupling of Boc-GIln-ONP or Boc-
GIn-OSu with deprotected pentapeptides was slow but
gave the hexapeptides in ca. 55% yield. The octapep-
tides, [5,8-APhe, 9-Sar]-SP (4-11) (5) and [5,8-APhe, 9-
Aib]-SP (4-11) (7), were obtained by subsequent seg-
ment condensation of Boc-Pro-APhe-OH with the cor-
responding hexapeptide amino components using mixed
anhydride coupling procedure. Final deprotection was
achieved by treatment with HCl/acetic acid. Each
intermediate product was checked for purity by TLC
and characterized by melting point, optical rotation,
chromatographic behavior and NMR measurements.
After deprotection peptides (1—7) were purified by gel
filteration followed by semipreparative reversed-phase
high-performance liquid chromatography. Homoge-
neity of the peptides was ensured by analytical RP-
HPLC. The peptides were characterized by amino acid
analyses. Representative syntheses have been de-
scribed in the experimental section. Tables 1 and 2
show physical data concerning all other compounds not
included in the experimental section.

Biological Activities of SP Analogs Containing APhe
Residues. The biological activity of all the newly syn-
thesised analogs of Substance P was examined both in
vitro (smooth muscle contraction) and in vivo (hypoten-
sive activity). It is clear from the data presented in
Table 3 that replacement of Phe at position 8 by APhe
leads to an analog with reduced but significant?!) agonist
activity. The double substitutions with Ala/Val at
position 9 in place of Gly, and APhe at position 8
resulted in almost complete loss of potency in this
preparation. However, [8-APhe, 9-Sar]-SP(6-11) (4)

was a weak agonist with potency 0.66% that of SP.
The corresponding analog with Aib at position 9 was
found to be inactive in this assay system. It appears
that requirements for the side chain of amino acids at
position 9 are quite subtle and glycine or closely related
amino acid like sarcosine may well be one of the main
requirements in this position. Replacement of glycine
with conformationally restricted amino acid Aib, or
even with alanine or valine appears to be highly detri-
mental to the bioactivity of the analog. In the octapep-
tide series SP(4-11), an analog with substitutions at
positions 5, 8 and 9 [5,8-APhe, 9-Sar]-SP (4-11) (5) was
found to be the most potent (66.6% of SP) in the present
study. A similar analog with Aib at position 9 was
found to be much less potent.

In vivo, the hypotensive actions of SP analogs were
tested on the rat blood pressure. The assay was per-
formed in female rats anesthetized with urethane,
because they maintain stable blood pressure values for
several hours.22 It was found that the intensity of
pressure decrease is not dose related. In fact at higher
dose the lowering in blood pressure was uniformly
lower. The data presented in Table 4 shows a direct
correlation between the in vitro and in vivo activities of
the compounds suggesting that the same type of SP-
receptor interaction is involved in these two test systems.
In both the systems octapeptide 5 shows the highest
activity; other dehydrophenylalanine peptides are
mostly inactive.

The main objective in introducing dehydrophenylala-

Table 3. Relative Potencies of SP Analogs
on Guinea Pig Ileum
GPI assay equi. active .

Analog conen pg mi-! Relative potency (%SP)
) 0.16 1.25
) a) -
3) a) —
(@) 0.3 0.66
) 0.003 66.6
(6) a)

@ 6.0 0.03
Substance P 0.002 100

a) No contraction was produced upto 50 pgml—1.
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Table 4. Biological Activities of SP Analogs

Concn of peptide

Amount injected Fall in i.v. blood

Analog M ul pressure %
SP 1.0X10-3 50 100
m 1.33X10-3 50 395

100 31.3
) 1.36X10-2 50 10.0
3) 1.20X10-3 50 20.0
100 15.8
“) 1.29X10-3 50 28.6
100 22.9
5) 1.01X10-3 50 42.6
100 34.8
6) 1.26X10-3 50 20.8
©)] 1.02X10-3 100 16.6

nine residues in Substance P related sequences described
above was to obtain linear, conformationally restricted
peptide analogs. A single dehydrophenylalanine sub-
stitution induced a B8 turn in model peptide sequences.
More recently, we and others have shown that two APhe
residue, separated by one or more amino acid residues
stabilize helical conformations, in model peptides.1531.34)
The results described above allow one to conclude that
conformational constraints introduced by APhe in posi-
tion 8 are not favorable for maintaining high biological
active. Even though turn structures have been de-
scribed for Substance P as the active conformations,
local rigidity at this position vis-a-vis backbone or the
side chain orientation is deterimental for bioactivity in
these peptides.

However, a substantial retention of bioactivity in [5,
8-APhe, 9-Sar]-SP(4-11), may suggest that helical type
of backbone could allow meaningful ligand-receptor
interactions. Inactivity of the corresponding Aib posi-
tion 9 analog may suggest that the C-terminal peptide
needs to be somewhat flexible and the retention of
glycine for this purpose may be crucial.

In conclusion, APhe analogs of Substance P are not
more active than the parent sequences unlike in the cases
of bradykinin? or enkephalin were highly active ana-
logs were obtained by such changes.3

As part of the screening process for the design and
synthesis of potential inhibitors of SP degrading activi-
ties, the APhe analogs represented a relatively simply
achieved modification of the peptide backbone with the
advantageous features of less susceptibility to proteo-
lytic digestion!” combined with its well-established ten-
dency towards B-turn formation in acyclic!®16) peptides.

Experimental

Melting points were determined on a Tropical capillary
melting point apparatus and are uncorrected. NMR spectra
were obtained with a JEOL FX-200 (200 MHz) spectrometer
at the University Science Instrumentation Centre (USIC),
University of Delhi. Chemical shifts are reported in ppm
downfield from tetramethylsilane. Elemental analyses were

obtained on Heraeus Rapid CHN analyser at USIC, Delhi
University. The amino acid composition was determined
with a LKB-4400 amino acid analyzer. The theoretical values
of the amino acid ratios are shown in parentheses after each
result. Optical rotations were measured on a JASCO
DIP360 polarimeter (1 dm cell). UV and visible spectra were
recorded on a Shimadzu UV-260 spectrophotometer. HClin
dioxane and HCI in glacial acetic acid were made by the
method of Stewart and Young.?”

Thin-layer chromatography (TLC) was performed on pre-
coated silica (with fluorescent indicator) 60 F 254 plates (E.
Merck) in the following solvent systems (volume ratios): R,
chloroform-methanol (9: 1); R, 1-butanol-acetic acid-water
(4:1:1); R3, 1-butanol-pyridine-acetic acid-wter (4:1:1:2);
R, chloroform-methanol-acetic acid (85:10:5); R, chloro-
form-acetic acid (95: 5); R¢é, chloroform-methanol (4: 1); R/,
chloroform-acetic acid-methanol (10:1:2); R#, chloform-
acetic acid-methanol-water (6:1:4:1); R?®, 1-butanol-pyri-
dine-acetic acid-water (5:5:1:3). The deprotected peptides
were extracted in 5—109% acetic acid, lyophilised, and purified
by reverse phase high performance liquid chromatography
(RP-HPLC) on Aquapore RP-300 Column (4.6>X30 mm),
using linear gradients of acetonitrile in 0.05% aqueous trifluo-
roacetic acid.

For in vitro tests, longitudinal muscle preparation of guinea
pig ileum (GPI) was prepared from adult guinea pigs of either
sex and mounted as described by Rang.28 Graded concentra-
tions of the test compound were added to the bath and the
contraction produced at each concentration was noticed.
The concentration of each compound producing a contraction
height equal to 1 g tension was determined. Stimulatory
effects of peptides were measured in the pesence of atropine in
order to avoid the possible contribution by acetylchololine to
the biological activities of Substance P related peptides. A
summary of the biological results obtained with these analogs
is recorded in Table 3.

N-t-Butoxycarbonyl-L-methionine Amide (8). Compound
8 was prepared from N-butoxycarbonyl-L-methionine and
aqueous ammonia in 78% yield. Mp 118—119°C (lit,®
115—116°C); R 0.67, R 0.8.

N-t-Butoxycarbonyl-L-leucyl-L-methioninamide (9). Re-
moval of t-Butoxycarbonyl group from 8 was achieved by
treatment with 1.5 M HCl/ AcOH (1 M=1 mol dm~3) at room
temperature for 1 h. By insolubilization and grinding with
diethyl ether, the free methioninamide hydrochloride was
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obtained.

Compound 9 was prepared from N-butoxycarbonyl-L-
leucine succinimide ester and methionamide as usual. Yield
94%; mp 158—159 °C (lit,2 160—161°C); R/* 0.88, R 0.83,
R30.85.

N-t-Butoxycarbonyl-L-phenylalanyl-a,8-dehydrophenyl-
alanylglycine (10). To a suspension of glycine (0.28 g, 3.83
mmol) in acetone (3.8 ml), NaOH (1M, 3.8 ml) was added
dropwise over a period of 20 min.  After 30 min, a solution of
N-t-butoxycarbonyl-L-phenylalanyl-dehydrophenylalanine
azlactone3® (1.5 g, 3.83 mmol) in acetone (15 ml) was added
and the mixture stirred at room temperature for overnight.
The reaction mixture was concentrated in vacuo and the
aqueous solution washed with ethyl acetate, acidified with
solid citric acid to pH 3 and extracted with ethyl acetate. The
organic layer was washed once with water and dried over
anhydrous NasSQs. Evaporation of ethyl acetate yielded the
tripeptide free acid 10 (1.25 g, 70%); mp 170—171°C; R 0.62,
R30.83. HNMR (200 MHz, CDCls) 6=8.65 (1H, s, APhe
NH), 7.62—7.2 (11H, m, Phe and APhe aromatic protons and
APhe CPH), 4.4 (1H, m, Phe C*H), 4.0 (2H, m, Gly, CHy),
3.35—3.2 (2H, m, Phe C#Hy), 1.4 (9H, s, Boc CHs). Found:
C, 64.34; H, 6.2; N, 8.9%. Calcd for CosH29N3Os: C, 64.22;
H, 6.25; N, 8.99%.

N-t-Butoxycarbonyl-L-phenylalanyl-a,8-dehydrophenyl-
alanylglycyl-L-leucyl-L-methioninamide (11). The dipeptide 9
(1.45 g, 4.02 mmol) was treated with 1.5 M HC1/ AcOH for 1 h
at room temperature. The corresponding hydrochloride salt
was obtained after insolubilization and grinding over diethyl
ether.

The tripeptide 10 (1.5 g, 3.3 mmol) was reacted with isobutyl
chloroformate (0.42 mi, 3.3 mmol) in the presence of N-
methylmorpholine (0.36 ml, 3.3 mmol) in N, N-dimethyl-
formamide (15 ml). The amino component leucylmethionin-
amide hydrochloride (1.07 g, 3.6 mmol) was dissolved in
N, N-dimethylformamide (5 ml) in the presence of triethyl-
amine (0.5 ml, 3.6 mmol). The reaction mixture was stirred
at 0°C for 2 h and at room temperature for overnight. After
reaction completion the triethylamine hydrochloride salt was
filtered off and the remaining solution evaporated to dryness.
The oily residue was taken into ethyl acetate and worked up as
described for 9. The crude pentapeptide showed two spots
(major spot R 0.5) on TLC. It was purified by repeated
precipitation from methanol with ether to yield 11 (1.74 g,
74%); mp 173—175°C; [a]y —38.2° (¢ 1.0, MeOH); R 0.51,
R2 0.75, R? 0.9. 'HNMR [200 MHz, (CD3).SO] 6=9.54
(1H, s, APhe NH), 8.5—8.3 (3H, m, Gly NH, Leu NH and Met
NH), 7.56—7.24 (11H, m, Phe and APhe aromatic protons
and APhe CPH), 7.16 (1H, d, Phe NH), 4.56—4.32 (3H, m,
Phe C*H, Leu C*H and Met C*H), 4.0 (2H, m, Gly CHy),
3.08—2.88 (2H, m, Phe C#Hy), 2.56 (2H, t, Met C*Hz), 2.05
(3H, s, Met C°H3), 1.92 (2H, m, Met CPHy), 1.64 (3H, m, Leu
CPH; and C”H), 1.48 (9H, s, Boc CHs), 0.96 (6H, dd, Leu
C®H;). Found: C, 60.38; H, 6.98; N, 11.75%. Calcd for
CssHs50N6O1S: C, 60.82; H, 7.08; N, 11.82%.

N-t-Butoxycarbonyl-L-glutaminyl-L-phenylalanyl-a, -
dehydrophenylalanyl-glycyl-L-leucyl-L.-methioninamide  (12).
The above pentapeptide 11 (1.7 g, 2.4 mmol) was treated with
1.5 M HCI/AcOH for 1 h at room temperature. The corre-
sponding hydrochloride salt was obtained by insolubilization
and trituration with diethyl ether. L-Phenylalanyl-dehydro-
phenylalanyl-glycyl-L-leucyl-L-methioninamide hydrochloride
(1.4 g, 2.16 mmol) and triethylamine (0.3 ml, 2.16 mmol) were
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dissolved in N, N-dimethylformamide (20 ml) at 0°C. To this
solution was added N-t-butoxycarbonyl-glutamine p-nitro-
phenyl ester (0.72 g, 1.96 mmol) and the mixture was stirred at
room temperature for 3 d. The solvent was removed under
reduced pressure and the residue stirred with 109% Na2COs
solution for 30 min. The separated solid was filtered and
washed successively with 10% NaCOs solution, water, 10%
citric acid solution and water. The product was purified by
repeated precipitation from N, N-dimethylformamide with
ethyl acetate to yield 12 (1.0 g, 60.7%); mp 158—160 °C; [o]
—79.4° (¢ 0.7, MeOH); R 0.55, R20.8, R30.87. Found: C,
58.50; H, 6.92; N, 13.06%. Calcd for C41Hs0O9N3sS: C, 58.69;
H, 6.96; N, 13.35%.
L-Glutaminyl-L-phenylalanyl-a,8-dehydrophenylalanyl-
glycyl-L-leucyl-L-methioninamide (1). The protected hexa-
peptide 12 (0.1 g) was treated with 4 M HCl-dioxane for 1 h at
room temperature. The resulting hydrochloride salt was dis-
solved in 5% acetic acid and subjected to gel chromatography
on a column (2.2X48 cm) of Sephadex G-15 using 15% acetic
acid as eluent. The fractions containing the desired peptide
were pooled and lyophilized. The peptide was purified by
RP-HPLC. Amino acid ratios: Glu 1.05(1), Phe 1.03(1), Gly
1.03(1), Leu 1.0(1) and Met 0.95(1).
N-t-Butoxycarbonyl-L-prolyl-a,8-dehydrophenylalanine
(22). To a solution of Boc-Pro-APhe azlactone2 (6.83 g,
19.9 mmol) in methanol (100 ml) was added 4 M NaOH (7.6
ml). The reaction mixture was stirred for 10 h at room
temperature and evaporated. The product was isolated in the
same manner as described for 10. Yield (6.3 g, 88%); mp
110—112°C; R¢; 0.6, R2 0.5. 'HNMR (200 MHz, CDCls)
6=8.62 (1H, s, APhe NH), 7.6—7.3 (5H, m, APhe aromatic
protons), 7.05 (1H, s, APhe, CAH), 4.44 (1H, br, ProC*H)
3.46 (2H, t, ProC®Hy), 2.1 (2H, m, ProCfHy) 1.9 (2H, m,
ProC”Hzy), 1.49 (9H, s, Boc CHs).
N-t-Butoxycarbonyl-L-prolyl-a,8-dehydrophenylalanyl-L-
glutaminyl-L-phenylalanyl-a,8-dehydrophenylalanyl-
sarcosinyl-L-leucyl-L-methioninamide (23). It was prepared
from Boc-Pro-APhe-OH (22) (0.3 g, 0.83 mmol), N-
methylmorpholine (0.09 ml, 0.83 mmol), isobutyl chlorofor-
mate (0.11 ml, 0.83 mmol) and Gln-Phe-APhe-Sar-Leu-
Met-NHz-HCI (0.5 g, 0.64 mmol) and triethylamine (0.09
ml, 0.64 mmol) following the procedure described for
11. The crude octapeptide was crystallized from N,N-
dimethylformamide-ethyl acetate. Yield (0.4 g, 57%); R?
0.51, R20.72. Found: C, 61.09; H, 6.76; N, 12.62%. Calcd
for CssH7401:N10S: C, 61.41; H, 6.81; N, 12.78%.
L-Prolyl-a,8-dehydrophenylalanyl-L-glutaminyl-L-phenyl-
alanyl-a,B-dehydrophenylalanyl-sarcosinyl-L-leucyl-L-methio-
ninamide (5). 0.4g of protected octapeptide 23 was treated
with 1.5 M HCl/AcOH and the product isolated and purified
in the same manner as described for 1. It was further purified
by HPLC. Mp 128—130°C; [«]¥ —61.3° (¢ 1.0, MeOH); R#
0.76, R 0.84, R0 0.35. Amino acid ratios: Pro 0.97 (1), Glu
1.1 (1), Phe 1.05 (1) Sar ND, Leu 1.0 (1), and Met 0.9 (1).

This work was supported by a grant from Department
of Science & Technology, New Delhi, India. We are
grateful to Ms. R. Radha for efficient typing of this
manuscript.

References

1) T. Hokfelt, O. Johansson, J. O. Kellerth, A. Ljungdhar,



3418

G. Nilsson, A. Nygards, and B. Pernow, “Substance P,” ed by
U. S. Von Euler and B. Pernow, Raven Press, New York
(1977), p. 117.

2) R. Hanley and L. L. Iversen, Recept. Recognition, Ser.
B, 9,71 (1981).

3) R. A. Nicoll, C. Schenker, and S. E. Leeman, Annu.
Rev. Neurosci., 3, 327 (1980).

4) T. M. Jessel and L. L. Iversen, Nature, 268, 549 (1977),
and references cited therein.

5) B. Pernow, Pharmacol. Rev., 35, 85 (1983).

6) H. Tajima, K. Kitagawa, and T. Segawa, Chem. Pharm.
Bull., 21, 2500 (1973).

7) M. Otsuka and S. Konishi, Cold Spring Harbor Symp.
Quant. Biol., 40, 135 (1976).

8) Z. Y. Friedman and Z. Selinger, J. Physiol., 278, 461
(1978).

9) N. Yanihara, C. Yanihara, M. Hirobashi, H. Sato, Y.
Lizuka, T. Hashimoto, and M. Sakagami, “Substance P,” ed
by U. S. Von Euler and B. Pernow, Raven Press, New York
(1977), p. 22.

10) K. Folkers, S. Rosell, J. Y. Chu, L. A. Lu, P. F. Louisa
Tang, and A. Ljungqvist, Acta Chem. Scand., Ser. B, 40, 295
(1986).

11) B.E.B.Sandbergand L. L. Iversen, J. Med. Chem., 25,
1009 (1982).

12) E. Escher, R. Couture, G. Champagne, J. Mizrahi, and
D. Regoli, J. Med. Chem., 25, 470 (1982).

13) D. Theodorpoulos, C. Poulos, N. Pinas, R. Couture, D.
Regoli, and E. Escher, “Peptides: Chemistry, Structure and
Biology—Proceedings of the Seventh American Peptide Sym-
posium,” ed by R. Walter and J. Meienhofer, Ann Arbor
Sciences, Ann Arbor (1981), p. 603.

14) D. Erne, K. Rolka, and R. Schwyzer, Helv. Chim. Acta,
69, 1807 (1986).

15) V. S. Chauhan, K. Uma, Paramjeet Kaur, and P.
Balaram, Biopolymers, 28, 263 (1989).

16) K. Uma, P. Balaram, Paramjeet Kaur, A. K. Sharma,
and V. S. Chauhan, Int. J. Biol. Macromol., 11, 169 (1989).

Paramjeet Kaur, Gyanedra Kumar PaTnaik, Ram RAGHUBIR, and Virander Singh CHAUHAN

[Vol. 65, No. 12

17) Y. Shimohigashi, T. Costa, and C. H. Stammer, FEBS
Lert., 133, 269 (1981).

18) B. F. Lundt, N. L. Johansen, A. Volund, and J.
Markussen, Int. J. Peptide Protein Res., 12, 258 (1978).

19) M. J. Manning, J. Am. Chem. Soc., 90, 1348 (1968).

20) D. H. Rich and J. P. Tam, J. Org. Chem., 42, 3815
(1977).

21) A.S. Datta, J. J. Gormley, A. S. Graham, I. Briggs, J.
W. Growcott, and A. J. Jamieson, J. Med. Chem., 29, 1163
(1986).

22) R. Couture, A. Fournier, J. Magnan, S. St-Pierre, and
D. Regoli, Can. J. Physiol. Pharmacol., 57, 1427 (1979).

23) A. Babinska, C. S. Cierniewski, W. Koziolkiewicz, and
A. Janecka, Int. J. Peptide Protein Res., 25, 69 (1985).

24) A. Janecka, W. Koziolkiewicz, T. Wasiak, and C. S.
Cierniewski, Biochem. Biophys. Res. Commun., 145, 942
(1987).

25) G. H. Fisher, P. Berryer, J. W. Ryan, V. S. Chauhan,
and C. H. Stammer, Arch. Biochem. Biophys., 211, 269
(1981).

26) H. P. Rang, Br. J. Pharmacol., 22, 356 (1964).

27) J. M. Stewart and J. D. Young, “Solid Phase Peptide
Synthesis,” ed by R. B. Merrifield, Pierce Chemical Company,
Rockford, Illinois (1984), p. 68.

28) E. Izeboud and H. C. Beyerman, Rec. Trav. Chim.
Pays-Bas, 97, 1 (1978).

29) B. Mehlis, H. Apelt, J. Bergman, and H. Niedrich, J.
Prakt. Chem., 314, 390 (1972).

30) V.S. Chauhan, A. K. Sharma, K. Uma, P. K. C. Paul,
and P. Balaram, Int. J. Peptide Protein Res., 29, 126 (1987).

31) K. Bhandari and V. S. Chauhan, Biopolymers, in press.

32) M. R. Ciazolo, A. Tuzi, C. R. Pratesi, 1. Fissi, and O.
Pieroni, Biopolymers, 30, 911 (1990).

33) A. Gupta, A. Bharadwaj, and V. S. Chauhan. J. Chem.
Soc., Perkin Trans. 2, 1990, 1991.

34) A. Bharadwaj, A. Gupta, and V. S. Chauhan. Tetrahe-
dron, 48, 2691 (1992).




