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[57) ABSTRACT
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ENKEPHALIN ANALOGUES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

BACKGROUND

The invention relates to enkephalin analogues or as
they are also referred to herein, isosteres.

Enkephalin is the pentapeptide H-Tyr-Gly-Gly-Phe-
Met-OH (methionine enkephalin), and since its discov-

10

—Z. 15 NHR or OR

ery a great deal of work has been done synthesising 15

analogues with a view to elucidation of the mode of

action of enkephalin itself and in particular to clinical
use of the analogues.

Much of this work has been specifically in varying
the amino acids incorporated, or in analogues where
nitrogen atoms replace carbon in the structure of the
chain. However we, in seeking compounds with desir-
able stability in the body and useful biological activity,
have used a new approach in which, essentially, we
make modifications at the peptide bonds.

THE INVENTION

Accordingly there are now provided compounds
corresponding in structure to enkephalin, or polypep-
tide analogues thereof possibly containing further resi-
dues wherein one or more of the peptide groups

4
—C

N
NH—

are represented by a group or groups, the same or dif-
ferent, selected from dimethylene —CH;—CHj;—,
methylene-imino [—CH;—NH— or] —CH;NR—
and keto-methylene -

7

AN
CHy~

groups (R i1s Aydrogen or an aliphatic protective group
e.g. methyl, ethyl, propyl, cyclopropyl, butyl, allyl or
the like).

A general formula for such compounds is [for exam-

ple:}
R—Tyr—X—Gly—B—Y—Z

where R is as above and

(a)

—X 18 Gly or any D-amino acid residue particularly
D-Ala or D-Met

—M 1s Phe or N-methyl Phe, as such or substituted
with hydroxy or halogen in the aromatic ring

—Y 15 any D- or L-amino acid residue particularly
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Leu, Met the most preferred, or the sulphoxide of g5

Met, Pro or Hypro, or formal derivatives thereof in
which the [oxygen of the]} terminal [carboxyl
carbon}

the

link between one or more pairs of residues is re-
placed by a group or groups, the same or different,
selected from —CH;—CH) (except where X=Gly
and the Gly-Gly link is involved), —CH;—NR—
and

optionally with further modification by [replace-
ment} N-substitution of one or more remaining
peptide

[(©)]
[R is H or as above]

The compounds in which the amino acid residue or

derivative Y has a terminal amide group are generally
more useful, being resistant to natural carboxypepti-
dases. For the same reason the D-acids are preferred to
the L-acids.

[t will be understood that any of the compounds may

be in salt form or suitably protected at amino or other
groups. Bare reference to a compound in the claims
includes reference to the compound in such form.

Among ‘hydrocarbon’ isosteres [two] a particular
L compounds] compound, [both] representing re-
placement of a peptide link by dimethylene, [are]} is:

[H—Tyr—NH-{(CH>»)4—CO—Phe—Met—NH-
1—HCl1}
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Lin which the Gly-Gly residues of enkephalin are re-
placed by a 5-amino-valeric acid residue:}

L

O
V4
—NH-—(CHjy)4—C
AN

]

L and another example is:}

(I:HzchJ,OH
NH;—CH—(CH31);—CO~Gly—Phe=—=Met—NH; . HC]

in which the Tyr-Gly residues of enkephalin are re-
placed by the residue:

OH

CH> O

| 7
NH;{—CH_CH}_CHQ_CHQ—C\

The acid giving this residue is available from protected
dertvatives of tyrosine, for example:

O— Acety]
CO CH-
N
N—CH—COOH
/
CO

by repeated application of the Arndt-Eistert reaction.
Further particular compounds are:

(':‘HzcﬁHmH
NH;~~CH=—CH;—NH~—CH;— CO—Gly—Phe—Met—NH;

and the corresponding Metol compound (Examples 3
and 4), representing replacement of Tyr-Gly peptide
link by a methylene-imino group, and:

H—Tyr—NH—CH;—CH;—NH—CH;—CO—-
Phe—Met—OH |

and the corresponding Metol and Met—NH> com-
pounds (Examples 6, 7 and 8), representing a similar
replacement but of the Gly-Gly peptide link.

Still another particular compound (Example 5) is:

H—Tyr—NH—CH;—CO~--CH>—CH;—CO—-
Phe—Metol

representing replacement of Gly-Gly peptide link by a
ketomethylene group.

Activity

Significant brain radio receptor assay activity is,
shown by the analogues, and numerical results are given
below. Activity is also shown in the guineapig ileum
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4

system, which 1s known to correlate with human anal-
gesic properties, and in the mouse vas defercns systci...

The test results referred to above, with Met-Enke-
phalin for comparison, are:

M
Activity Relative 10

_ Met Enkephalin

Analogue G.P.1. M.V.D. R.R.A.
e eV RRAL
H211

(Tyr! —Gly2)HC isotere NH> 3% 0.9% 8%
[H212 }

[(Gly?—Gly3)HC isotere NH; <0.3% 0.2% < 4%}
H215

(Try! —Gly?)reduced Enk NH; 56% N.D. 50%
H216

(Try!—Gly?)reduced Enkol 83% N.D. 200%
H218

(Gly2—Glydreduced Enk < 1% N.D. N.D.
H219

(Gly2—Gly3)reduced Enkol 0.3% N.D. N.D.
H220

(Gly’—Gly3reduced Enk—NH>  0.3% N.D. N.D.
(Comparison)

Met Enkephalin 100% 100% 1009%

M

Notes:
(1)G.P.1. stands for gunnea pig ileum
(IDM.V.D. stands for mouse vas deferens

These assays were performed as described in the literature Hughes I. Kosterhtz, H.
W. & Leslie. F. M. Br. J. Pharmac. 53, 371, 381, 1968

Kosterhtz, H. W., and Watt, A. J,, Br. J. Pharmac. Chemother. 33, 266 276 (1968)
(IH)R.R.A. stands for radio receptor assay; based on the conceniration required to
displace 50% of tritiated naloxone from rat brain membranes. The displacements
Lreplacements] were carried out againsi (JH)-nalmane (inM) in 0.1 M sodium
chloride/50mM Tris buffer at pH 7.4; incubations were for 15 minutes in the presence
[absence] of bacitracin. For general reference 10 the method see literature as
discussed in “Opiate Receptor Mechanisms”. S. H. Snyder and S. Matthysse eds,
MIT Press, 1975,

We further have indications that the analogues stimu-
late release of prolactin and growth hormone from the
pituitary. Reference to release by certain known enke-
phalin analogues is given in L. Cusan, A. Dupont, G. S.
Kledzik, F. Labrie, D. H. Coy, A. Schally, Nature 268,
544 (1977).

Also, we have indications of in vivo analgesic effects
of the analogues. The [two compounds] compound
H211 [and H212 cause] causes analgesia lasting for
several minutes when administered intraventricularly to
rats, as determined by the tail flick assay (Ref. D’A-
mour, F. E., Smith, D. L., J. Pharm. 72, 74-79 (1941).)

Besides these results we have favourable indications
of a considerable range of activities, in some of which a
relatively low activity in the above brain membrane
displacement or guinea pig ileum tests is an advantage in
that other activities can be made use of without exces-
sive opiate effect. The activities as a whole are:

CNS (Central Nervous
System) Activity

Analgesic, anaesthetic,
sedative, hypnotic,

psychotropic and behavioural
effects, particularly the

first and last of these
Affecting the release of
hormones from the pituit-

Neuro-Endocrine

Activity

ary gland in particular GH
{growth hormone) and
prolactin

Interaction with intestinal

Peripheral Effects

or other peripheral
receptors, e.g. in

suppression of diarrhoea
m

Broadly the invention gives the potential compared
with enkephalin itself of increased stability in the body,
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with tivzrefore a prolonged duration of effect and posst-
ble iriraaasal and/or oral administration, and of vana-
tions 10 properties giving increased selectivity or po-
tency and improved pharmaco-kinetics and/or pharma-

[O R
|

|

—C—~NH=—CH—CQO=CHy-~CH—

20 ynarics.
General Discussion of Syntheses

An exainpte 1s included of a general method of syn- 15
hesis of “keto” analogues and hydrocarbon analogues
decived from them, and also an alternative [and sim-
pler] synthesis of §a particular -Gly-Gly- derivative by
a rouie not generally suitable and} Tyr-Gly hydrocar-

hon analogues by repeated Arndt Eistert reaction. 20

Suminary scheme

et s o

LY A"‘F

R! G) NMM

| !
AT T ) IBC
R — NH— CH—COOH (%—CW}

6

[ “Keto” analogues are peculiarly useful because not

only do they confer stability to the modified bond, but

they also stabilise the adjacent peptide bond by forming

a conjugated tautomeric form]

R OH R OH R

| | | |
=N-—~C=C-CH;—CH—

"_v-_"'

keto 1sostere 1

{ This stabilisation is manifested for example 1n a low
tyrosine value obtained in acid hydrolysis of H222 (Ex-
ample 5)]

“Reduced isosteres’” (i.e. methylene imino) may be
synthesized by a variety of routes including reduction
(Examples 3 and 4, H215 and H216) but also by substitu-
tion as with Examples 6 to 8, H218-220, and details of
the synthesis of these last examples are included.

The general method for preparation of “keto” and
“hydrocarbon” isosteres is given schematically below
and then discussed briefly:

RI
I

R—NH—CH—COCHN;

(1) (2)
(i) HBr liU ll?.'
(i) PPhi/PhH . + . Na;CQg4
=NE?—> R—-NH—CH—COCH;PPhiBr  g5omre 7> R—NH—CH—COCH=PPh;
(3)
Rl
Br— CH(R3)—COOR 1 i (i) HCI/EtOAc
Moz DME > R—NH—CH—CO ?""PP‘” (i) Electrolysis
(preparation “BY CH—R2 or
betow) 7 | Hydrolysis
| COOR? Or
Zn/HOAc reduction
R R
R—~NH—CH-—CH—CH,CH—COOR?
(10) xa{m
NaBH,

R RZ
| I

e R —NH=—CH—CO—CH~CH-~——COOR

Poeor
R—NH—CH—CH—CH;—CH—COOH

(%) Oxidation (11)
c.2. KMnOy4/Py
NaOH
hydrolysis R/ R2
! | (i} Activation of OH
R—NH~—CH—COCH,— CH=-~COOH e.g. TsCl/py
(i1) Metal hydnide
(%) e.g. SDA on Na salt
(1} Tosylhydrazide
{n} NaBHjy4 Tl R2
I I
R-~NH—CH—CH;—CH) CH~COOH
{12}
nBu
R RZ RI
| H>504 | !
H;N=-CH—COOH i-:ﬁr Br— CH—COOH > Br—CH--COOR
NaN
(4) e (5) (6)

‘[Summa;:,' scheme
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R_I
l

H,0/EtoAc R—=NH—CH—COCH=PPh;

(3)

(1) HCI/EtOAC

(11) Electrolysis
or
Hydrolysis
or
Zn/HOAc reduction
R?2
I

. Re.
-continued
'l‘l' _ (i) NMM ‘ll'
ARy i} IBC I
R—NH—CH—COOH (i) CHLNG R—NH—CH-COCHN,
(1) (2)
PPhi/PhH | NayCOyq
m——9 R—NH—CH—COCH;PPh;Br
R]
Br— CH(R3)—COOR I
—y: D(M]z:) 2 R-NH—CH-co—(':=PPh3
(preparation “B” CH—R2
below) |
| () COOR?
PP
R=—NH-~CH=—CH~CH>;CH—COOR3
(10)
NaBH;

Rt RZ

QEOH

CI)H

R! R2

——» R—NH-—CH~—CO—~CH;—CH—CH—CQOR? R—NH-CH—CH—CH;—CH-COCH

(8) Oxidation (11}
| ¢.g. KMnOg4/Py
NaOH
hydrolysis Rl R2
| | (1) Activation of OH
R—NH-—CH~COCH;=—CH—COOH e.g. TsCl/py
(1i)) Metal hydride
9 e.g. SDA on Na salt
(i) Tosylhydrazide
(1) NaBH,4 Rl R2
| I
R—NH~CH—CH;—CHy—CH;— CH—COOH
(12)
IIBII -
R2Z R2 R2
| H280,4 | l 3
HIN—=CH—COOH g==——>> Br—CH—COOH ——> Br—CH—COOR

Key

R=Any suitable N-protecting group e.g. t-butox-
ycarbony]l

DMF =dimethylformamide

NMM = N-methylmorpholine

IBC=isobutylchloroformate

TsCl/py=tosyl chloride in pyridine

SDA =sodium dihydro-bis(z-methoxyethoxy) alumi-
nate

Thus for Gly-!ihe Isosteres:-
R!=H

R2=CH;CgH;
y-Gly isosteres as in Example 5, H222)

Thus amino acid (1) protected at the N-terminal and
if necessary in the side chain R1is first converted Into its
diazoketone by treatment with N-methylmorpholine,
isobutylchloroformate and diazomethane. An alterna-
tive is simply to treat the acid chloride with diazometh-

ane. Then the diazoketone is treated with hydrogen

bromide in ethyl acetate to give the a-bromoketone (2).
This ketone is then treated with triphenyl phosphine in
the presence of triethylamine, giving the a-ketophos-

45 phonium salt which in turn is converted to the ylide (3)
by treatment with sodium carbonate.

Separately, the amino acid (4) which is to form the
carboxyl terminal of the isostere, with its side chain R?
protected 1if necessary, is converted to the correspond-
Ing a-bromo acid (5) by treatment with sulphuric acid,
potassium bromide and sodium nitrite, and the bromo
acid is then converted to its ester (6) by treatment with
a diazo alkane [R3CHN,].

The ylide (3) is then alkylated by reaction with ester
(6) in a solvent such as dimethylformamide to give a
new ylide (7), from which the triphenyl phosphine moi-
ety is removed in per se known manner by electrolysis,
hydrolysis, or zinc/acetic acid reduction. The product
Is an ester (8) of the keto-isostere, which can be con-
verted to the free N-(and side chain) protected keto-
isostere (9) by hydrolysis.

Alternatively the ester can be selectively reduced, for
example with sodium borohydride, to the correspond-
ing hydroxy compound [(11)} (70). This hydroxy
compound, after hydrolysis, can be re-oxidised to the

~ keto-isostere if required, for example by alkaline potas-
slum permanganate, or it can be converted to the N-
(and side chain) protected hydrocarbon isostere (12) by

50

335

60

65
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activation of the hydroxyl group with tosyl chloride in
pyridine and its subsequent removal with a metal hy-
dride such as sodium dihydro-bis(2-methoxyethoxy)
alominate.

A further and preferred route to the hydrocarbon
isostere 18 from the keto-1sostere ester (8) via the keto-
isostere ttself, by direct reaction of the keto-isostere
with tosylhydrazine followed by reduction with sodium
borchydride.

DETAILED SYNTHESES—ENKEPHALIN

Solid phase peptide synthesis is the preferred method.

A 1.4% crosslinked 100-200 mesh resin prepared by
copolymerisation of acetoxystyrene (10 mole %), sty-
rene and divinylbenzene is for example suitable, after
deacetylation.

The following description is of a preparation by suc-
cessive reaction cycles of enkephalin itself, illustrating
steps useful in the preparation of the analogues of the
invention. The phenolic resin was generated by over-
night treatment of the acetoxy resin with excess hydra-
zine hvdrate in a mixture of dioxan and dimethylform-
amide (DMF). Each synthetic operation was separated
and foliowed by thorough washing with dichlorometh-
ane, propan-2-ol and again dichloromethane to swell,
shrink and then reswell the resin. In the coupling step of
the first cycie BOC-methionine (3 equivalents) was
added to the resin using dicyclohexylcarbodiimide
(DCCI) in the presence of pyridine (giving a substitu-
tion of 0.4 m mole/g after 3 hours reaction). Unreacted
phenolic-hydroxyl groups were blocked by two acety-
lation steps using acetic anhydride—tnethylamine in
DMF. Acid deprotection was accomplished with 50%
trifluoroacetic acid in dichloromethane containing 2%
diethyl phosphite and 2% !,2-ethanedithiol (1 min pre-
wash, then 15 minutes and this process repeated after
washing). The methionine phenyl ester resin trifluor-
oacetate salt was exchanged, using 0.075 M hydrogen
chloride in DMF, to the hvdrochloride salt. In the cou-
pling step of the second cycle a mixture of BOC-
phenylalanine (4 equivalents) and DCCI (4.4 equiva-
lents) in dichloromethane was added, followed by N-
methylmorpholine (2 equivaients). The neutralisation of
the resin in the presence of preactivated BOC-aminoa-
cid eliminated the slight peptide loss from the resin
which is sometimes observed in the base wash and cou-
phing steps of the usual! solid phase method, and tm-
proved the quality of the crude product. BOC-glycine
was added similarly in the third and fourth cycles of
synthesis; but in the fifth cycle after acid deprotection
the resin was twice neutralised in a separate base wash
stage with triethylamine in dichloromethane, and BOC-
tyrosine coupled using DCCI in the presence of 1-
hydroxy-benzotriazole. Each coupling was performed
for two hours and its completeness checked using the
fluorescamine test.

Over 90% cleavage of the peptide from the resin
occurred, with no sulphoxidation, when the completed
peptide resin was treated with 50% dimethylaminoe-
thanol in DMF for two days. Hydrolysis at pH 9.7 of
the labile peptide ester generated in the transesterifica-
tion step, followed by chromatography on Sephadex
LH 20 in DMF, gave BOC—Tyr—Gly—Gly—-
Phe—Met—OH (I) in 58% overall yield based on the
amount of methionine originally coupled to the resin.

Alternatively treatment of the pentapeptide I phenyl
ester resin with ammonia in 1:1 methanol DMF mixture
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gave, after 2 days, a quantitative liberation of the corre-
sponding peptide amide.

All peptides described herein had amino-acid analy-
ses within 7% of theoretical value and were homogene-
ous by thin layer chromatography (tlc) in at least three
different systems. Deptrotection of peptide I with aque-
ous trifluoroacetic acid under nitrogen gave, after chro-
matography on Sephadex G25 SF in 309% aqueous
acetic acid (containing 0.019% mercaptoethanol), the
desired product in 48% overall yield. The methionine
enkephalin obtained was shown to be chromatographi-
cally and biologically identical to authentic material
prepared by conventional solution synthesis.

DETAILED SYNTHESES—EXAMPLES

L The first novel analogue we synthesised, described
fully below, was tyrosyl-5-aminopentanoyl-
phenylalanylmethionine amide H212. BOC-5-
aminopentanoic acid was coupled in the third cycle of
the procedure, and the BOC-tyrosine in the fourth (last)
cyclee. The BOC-5-aminopentanocic acid (m.p.
47.5°-48.5° from diisopropyl ether—40°-60° petroleum
ether) was prepared in 70% yield by the reaction of
BOC-azide and 5-aminopentanoic acid in DMF in the
presence of tetramethylguanidine. After ammonolysis
of the completed peptide resin, the peptide amide was
chromatographed and deprotected. The desired peptide
H212 was obtained in 80% overall yield. In this ana-
logue the peptide bond —CO-—NH-— between 2Gly
and 3Gly can be regarded as being replaced by —CH-
»—CH;—-. In the second analogue prepared 5-t-butox-
ycarbonylamino-6-(4-hydroxyphenyl)-hexanoic  acid
was coupled in place of BOC—2Gly-—OH in the solid
phase procedure, and the addition of BOC—!Tyr—OH
omitted. The completed analogue S-amino-6-(4-hydrox-
yphenyl)-hexanoyl-glycyl-phenylalanyl-methionine
amide H211 was obtained in 40% overall yield (the
lower yield than obtained for analogue H212 is a reflec-

tion of the low incorporation obtained in the final cou-

pling). J

The following Examples illustrate individual syntheses,
Examples 1 and 3 to 8 being syntheses of compounds ac-
cording to the invention and Example 2 being included for

details of synthetic procedures.

EXAMPLE 1
Analogue III - H211

Structure:

(IJH;I_"'C{,HJ,OH
NH;—CH~—-(CH3);—CO=—Gly—Phe~Met—NH; . HCI

Synthesis:-

(a) S-tert.butoxycarbonyl
phenyl)-hexanoic acid

O-acetyl-N-phthaloyi-L-tyrosine (mp. 176°-179" C.
r{CDCl3) 0.25 (1H,S,D;0-exchangeable, COOH), 2.33
(4H, multiplet, phthaloyl H), 742.85, 73.13 (4H, A,B;,
J=8H,, 2 X ortho ArH), 4.80 (1H,t,J=8H_, a-CH), 6.42
(2H,d,J =8H;, benzylic CH3), 7.80 (3H,S, 6COCH3).
Vmax (CHCl3) 1780, 1750 br., 1720, 1390 cm—! was put
through three cycles of Arndt-Eistert synthesis. The
phthaloyl and acetoxyl groups were removed by acid
hydrolysis and the desired product obtained after reac-
tion with tert.butoxycarbonyl-azide. vCDCl; 1.80 br.
D0 exchangeable, COOH), 743.02 783.26 (4 H, A;B>,
J=9H;, 2xortho ArH), ~5.3-6.5 (complex, partially

amino-6-(4"-hydroxy-
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;0O-exchangeable, urethane NH and §-CH), 7.40
(2H,d,J=8H,, benzylic CH;)~7.5-9.0 (6H, complex,
6 X CH3 partly obscured by BOC Bu’), 8.65 (9H,S,BOC-
Bu') vmax CHCl3: 3600, 3440,~2600 very br., 1710,
1515 cm—! Found: M (mass spec.) 323; C;7 Has NOs
requires M 323.

(b) S-tert.butoxy-carbonylamino-6-(4’-hydroxy-
phenyl)-hexanoyl-glycyl-L-phenylalanyl-L-methionine
I phenol] phenyl ester resin

tert. Butoxycarbonyl-L-phenylalanyl-L-methionine
phenyl ester resin (Il (b) below, 0.33 g, 0.1 m mol) was
subjected to the TFA deprotection, 0.07S M HCI in
DMF exchange step described there. tert.Butoxycar-
bonylglycine (70 mg, 0.4 m mole) in CH,Cl; (2.5 ml)
was treated with DCCI (0.45 m mole) and added to the
resin followed by N-methyl morpholine. After one hour
the resin was thoroughly washed and shown to give a
negative fluorescamine test. Acid deprotection (50%
TFA) steps were followed by treatment with 10% tri-
ethylamine in CH)Cl; (positive fluorescamine test).
After thorough washing

CH->CcH4OH

|
BOC—NH—CH—(CH>);CO,H

(32 mg, 0.1 m mole) in 1:1 CH2Cl2/DMF (3 ml) contain-
ing l-hydroxybenzotriazole (34 mg, 0.2 m mole) was
treated with DCCI (0.15 m mole) and the mixture added
to the resin and allowed to react overnight. The resin
was thoroughly washed and then dried to give 0.36 g.

(¢) S5-Amino-6-(4"-hdyroxyphenyl)-hexanoyl-glycyl-
L-phenylalanyl-L-methionine amide

The completed analogue phenyl ester resin (0.36 g)
was converted to its amide and purified as described
below (II (d)). Fractions 44-46 gave 41.7 mg of [gluti-
nous] gelatinous white solid, sparingly soluble in meth-
anol, very soluble in trifluoroethanol. Tlc (silica gel)
n-butanol/acetic acid/H,O (3:1:1) Rf 0.71; ethyl aceta-
te/pyndine/acetic acid/H,0 (80:20:6:1) Rf 0.94. The
BOC-peptide analogue was deprotected under nitrogen
with 80% trifluoroacetic acid, and the product chro-
matographed on Sephadex G25 SF as described there
for (II). Fractions 28-29 were combined, evaporated
and lyophilised from HCI, 25 mg of white fluffy solid.
Tlc (silica gel) (i) Rf 0.50 ethyl acetate/pyridine/acetic
acid/H>0O (60:20:6:11);

(i) Rt 0.51 n-butanol/acetic acid/H20 (3:1:1);

(in) Rf 0.48 nPrOH/H,0 (7:3); Homogeneous by

electrophoresis. |
Amino acid analysis 6N HCl+phenol. 110° C. 18

hours gives Met 0.92; Gly 1.01; Phe 0.99 (peptide con-
tent 90%) ~

EXAMPLE 2

Analogue II-H212
Structure:—H—Tyr—NH—(CH3)4—CQO—-
Phe—Met—NH;. HCI
Synthesis:—

(a) tert.butoxycarbonyl-5-amino-pentanoic acid

3-Amino pentanoic acid (0.585 g, 5 m mol) was
stirred for two days in dimethylformamide (5 ml) con-
taining tetramethylguanidine (1.14 g, 10 m mol) and
tert.butoxycarbonylazide (1.1 g, 7.5 m mol). The solu-
tion was evaporated and the residue partitioned be-
tween ethyl acetate (20 ml) and 109 citric acid solution
(20 ml). The organic layer was washed with 10% citric
acid (2 15 ml), water (3 X 15 ml) and brine (1 x 15 ml).
Each aqueous wash was back extracted with ethyl ace-
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tate (20 ml). The combined organic layers were dried
over anhydrous magnesium sulphate and evaporated 1.;
give an oil which slowly crystallised. Recrystallisation
trom diisopropyl ether/petrol gave 0,745 g (70% yield),
mp. 47.5°-48.5" C., Rf silica gel 0.40 (benzene:dioxan:a-
cetic acid 95:75:4).

(b) tert.butoxycarbonyl-L-phenylalanyl-L-methio-
nine phenyl resin ester

The acetoxy resin (1.4% cross linked, 10 mole per-
cent acetoxy-styrene) (1.0 g) was placed in the synthesis
apparatus and stirred overnight with dimethylfor-
mamide:dioxan:hydrazine hydrate (10:5:1). The resin
was repeatedly washed with each of the following
DMF, DMF/H;0 (3:1), DMF, CH;Cl,, isopropanol,
CH;Cl,. BOC-methionine (500 mg, 2 m mol) in dichlo-
romethane (7.5 ml) was treated with dicyclohexylcar-
bodimide (0.51 g, 2.47 m mol) and the mixture added to

 the resin followed by pyridine (1 ml). The coupling was

allowed to stir for 3 hours; then the resin was thor-
oughly washed: [CH;Cl3; (3x)) CHCh (3x),
1IPrOH(3 X ), CH2Cl; (3 X), DMF (3 X). Unreacted phe-
nolic hydroxyl groups were acetylated by treating with
acetic anhydride (1 g) and triethylamine (1.4 ml, 10 m
mol) in DMF (10 ml). This was performed for ninety
minutes, and then repeated again after further washing.
Amino acid analysis showed 0.4 m mol/gram methio-
nine added on to resin. The resin was then thoroughly
washed and treated with 50% trifluoroacetic acid in
CH;Cl2 (containing 2% ethanedithiol and 2% diethyl
phosphite). Deprotection was for 1 minute followed by
treatment for 15 minutes. This doubled treatment was
again repeated after CH,Cl, (3X), iPrOH (3Xx) and
CH2Cl; (3 X ) washes. The resin was again washed thor-
oughly and a small sample shown to give a strongly
positive fluorescamine test. The resin was then twice
washed with 0.075 M HCl in DMF (10 ml for 2 minutes
each time). This exchange process was repeated after
thorough washing. The resin was again thoroughly
washed and treated with a solution of tert.butoxycarbo-
nyl-L-phenylalanine (0.43 g, 1.6 m mol) in CH>Cl; (7
ml) to which had been added DCCI (0.36 g, 1.75 m
mol). The stirred suspension was then neutralised in situ
by the addition of N-methyl morpholine (80 ul). After
one hour the resin was thoroughly washed and shown
to give a negative fluorescamine test.

(c) BOC-L-tyrosyl-S-aminopentanoyl-L-phenylala-
nyl-L-methionine phenyl ester resin

A sample of the dipeptide resin from (b) (0.32 g, 0.1 m
mol) was deprotected and exchanged as in the coupling
cycle described above. The thoroughly washed resin
was treated with a solution of tert.butoxycarbonyl-5-
aminopentanoic acid (0.114 g, 0.5 m mol) in CH;Cl; (2.5
ml) to which had been added DCCI (0.6 m mol). The
stirred suspension was neutralised in situ by the addition
of N-methyl morpholine (20 ul). After one hour the
resin was thoroughly washed and shown to give a nega-
tive fluorescamine test. Deprotection of the peptide
resin was performed as before with 50% trifluoroacetic
acid in CH;Cl; containing 2% diethylphosphite and 2%
ethane dithiol. After thorough washing the resin was
treated with 10% triethylamine in CH3;Cl> (2 X2 min-
utes). A sample was shown to give a positive fluoresca-
mine test. The resin was again thoroughly washed and
then treated with a solution of BOC-L-tyrosine (93 mg,
0.33 m mol) and 1-hydroxybenzotriazole hydrate (110
mg, 0.65 m mol) in 50% CH;Cl,/DMF (3 ml) tc which
had been added DCCI (0.6 m mol). After three hours
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reaction the resin was thoroughly washed and gave a
very weakly positive fluorescamine test.

(d) L-Tyrosyl-5-aminopentanoyl-L-phenylalanyl-L-
methionine amide

The total resin from (c) was suspended in 1:1 me-
thanol/DMF (20 ml) and saturated at 0° C. with anhy-
drous ammonia. After two days at room temperature
the suspension was filtered and the resin beads thor-
oughly washed with DMF. The combined filtrates
were evaporated in vacuo to give an oily residue (137
mg, weight resin recovered 220 mg). This was dissolved

in the minimum volume of dimethylformamide and

applied to a column of Sephadex LH20 (94 X2.5 cm).
The column was eluted with DMF at a flow rate of 20
ml/hour collecting 190 drop (6 ml) fractions. Fractions
43-46 were combined and evaporated to give 77 mg. of
white solid, sparingly soluble in methanol, very soluble
in trifluoroethanol. Tlc (silica gel): n-butanol/acetic

acid/H,0 (3:1:1) Rf 0.73; ethyl acetate/pyridine/acetic

acid/HO (80:20:6:11) Rf 0.94; ethyl acetate/n-butanol- ,,

/acetic acid/H2O (1:1:1:1) Rf 0.79; nPrOH/H>0 (7:3)
Rf 0.71. The BOC-peptide analogue was treated under
nitrogen for 30 minutes with 80% trifluoroacetic acid.
The solution was evaporated and the residue dissolved
in deaerated 50% acetic acid containing 0.01% mercap-
toethanol. The solution was applied to a column of
Sephadex G 25 SF and it was eluted with the system at
8 mi/hour collecting 130 drop (4 ml) fractions. Frac-
tions 29-31 were combined and evaporated to give a
residue which on lyophilisation gave 50.7 mg of white
fluffy solid; tlo (silica gel):(i) Rf 0.56 ethylacetate/-
pyridine/acetic acid/H,QO (60:20:6:11); butanol/acetic
actd/H>O (3:1:1); (1) Rf 0.54 [[N]n-butanol/acetic
acid/H,0 (3:1:1); (ii)) Rf 0.49 [ N]n-PrOH/H,0 (7:3);
homogenous by electrophoresis; amino acid analysis 6
N HCl +phenol, 110° 18 hours gives Met 0.95; Tyr 1.04,
Phe 1.02 (peptide content 85%). Lyophilisation from
dilute hydrochloric acid afforded the hydrochloride.

EXAMPLE 3
Analogue - H215
~ructure:
(i:HZCﬁH4OH
NH;—CH=—CH;—NH-CH;—CO Gly—Phe—Met—NH;
Svnthesis:-
(a) tbutoxycarbony!-O-t.butyl-L-tyrosyl glycine

i.buty] ester

N-t.butoxycarbonyl-O-t.butyl-L-tyrosine (2 g, 6.15
mmol) was dissolved in dimethylformamide (15 ml) and
the stirred solution treated at — 15° with N-methyl mor-
pholine (0.67 mi, 6.15 mmol) and iso-butylchlorofor-
mate (.81 ml, 6.15 mmol). After 10 minutes a precooled
mixture of glycine t.-butyl ester dibenzenesulphimide
salt (2.64 g, 6.15 mmol) and triethylamine (0.86 ml, 6.15
mmol) in dimethylformamide (5 m!) was added. The
mixture was stirred at — 10° for 30 minutes, allowed to
warm 10 room temperature and left overnight. The
reaction mixture was poured into ice cold 1 M citric
acid solution; and extracted with ethyl acetate (2<50
ml). The combined organic layers were washed with 1
M citric acid (225 ml), saturated sodium bicarbonate
solutton (2 X 25 m}) and with saturated brine (2X 50 ml).
The organic layer was dried over anhydrous magne-
sium sulphate and evaporated to give an oily residue.
The residue was extracted with 40°-60° C. petroleum
ether (30 ml). After 1 hour at 4° C. the supernatant
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liquor was decanted and evaporated. The oily residue
was again extracted as previously; evaporation gave
1.13 g (41%) as an oily gum, tlc (silica gel): Rf 0.65
chloroform/methanol (95:5); Rf 0.59 benzene/dioxan-
/acetic (95:25:4). 7(CDCl3) Z,42.84, 753.08 (4H, A2B;,
J=9 Hz, 2Xortho Ar H), ~3.55 (1H, broad, D20 ex-
changeable, amide NH), 4.85 (1H, a, J=8 Hz, D;0
exchangeable, urethane NH), 5.60 (1H, multiplet,
a—CH), 6.12 2H, d, J=6 Hz, Gly CH>»), 6.97 (2H, d,
J=7 Hz, Tyr 8—CH?), 8.55, 8.60 and 8.70 (27H, S, Boc
"Bu, COOBu and O‘Bu).

(b} N-t.butoxycarbonyl-N-[2-t.butoxycarbonylamino,
3(4'-t.butoxyphenyl)propyt]glycine

Boc-Tyr(‘Bu)-Gly-O'Bu (1.13 g, 2.5 m mol) was azeo-
troped with benzene and thoroughly dried. The me-
ringue like residue was dissolved in benzene (15 ml) and
treated with 70% solution of sodium dihydrobis(2-
methoxyethoxy) aluminate (5 ml, 17 m mol). The mix-
ture was heated at 83° for 1 hour, then cooled to 0° and
carefully poured into ice cold 10% citric acid solution
(70 ml). The solution was neutralised to pH8 with solid
sodium carbonate and extracted with ether (360 ml).
The combined ether layers were washed with ice cold
10% citric acid (370 ml). The combined aqueous
extracts were neutralised to pH 8.5 and extracted with
ether (3 X 100 ml). The combined ether layers from this
extraction were dried over anhydrous magnesium sul-
phate and evaporated to give 0.65 g (71%) of the reduc-
tion product; tlc silica gel: Rf 0.44 ethyl acetate/-
pyridineacetic acid/H20 (60:20:6:11); Rf 0.04 benzene/-
dioxan/acetic acid (95:25:4). 7(CDCl3) 742.90 753.12
(4H, A;B;, J=9 Hz, 2Xortho Ar H), 5.3 (1 H, broad,
D;0-exchangeable, urethane NH), ~6.2 (1H multiplet,
—CH), 7.10-7.50 (6H, complex, 3X CH3), 8.58 and 8.68
(18H,S, Boc ‘Bu and O-‘Bu).

Approximately half the product (0.32 g, 0.9 m mol)
was stirred for 4 days at room temperature in 1:1 di0x-

an/1 M potassium bicarbonate in the presence of t.bu-

toxycarbonylazide (0.28 g, 2 m mol). The solvents were
evaporated and the residue partitioned between ether
(30 ml) and water (20 ml). The ether layer was washed
with water (2X20 ml) and saturated brine (2X20 ml).
Each aqueous wash was back extracted with eth.er (_20
ml). The ether solutions were further washed with ice
cold 109% citric acid solution (320 ml), water (220
ml) and brine (1Xx 10 ml). The pooled ether solutions
were dried over magnesium sulphate and evaporated to
give 0.27 g (63%); tlc (silica gel): Rf 0.46 benzene/di0x-
an/acetic acid (95:25:4); Rf 0.42 chloroform/methanol
95:5).
( 7(CDCl3) 742.95, 783.15 (4H, A3B3, J=9 Hz, 2 or-
tho Ar H), 5.85-7.15 (5H, complex, CH and 2CH3), 7.37
(2H, d, J=6 Hz, Ph CH>), 8.58, 8.63 and 8.68 (27H, S,
2 %X Boc ‘Bu and O‘Bu). |

Most of the tri-Boc derivative (0.26 g, 0.52 m mol)
was dissolved in pyridine (5 ml); water (2.5 ml) and
potassium permanganate (0.5 g) were added, anc! 15he
mixture vigorously stirred for three days. The pyridine
was evaporated and the residue partitioned between
ethyl acetate (40 ml) and ice cold citric acid solution (*30
ml). The organic layer was washed with citric acid,
water and brine; each aqueous phase was back extracted
with ethyl acetate. The combined organic layers were
dried over magnesium sulphate and evaporated to give
a residue (0.2 g). This crude product was dissolved i_n
ether (20 ml) and extracted with 3% aqueous ammonia
(4% 15 ml); each extract was back washed with ether
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(15 ml). The combined aqueous phases were acidified to
pH 3 with solid citric acid and extracted with ethyl
acetate (50 ml, 25 ml). The combined organic phases
were washed with water and brine, then dried over
magnesium sulphate and evaporated. The residue (122
mg) was applied to a preparative silica plate and run in
benzene/dioxan/acetic acid (95:25:4). The gel bands
corresponding to the two U.V. absorbing products
were scraped from the plates and thoroughly extracted
with ethyl acetate. The organic phases were evapo-
rated. The top band (Rf 0.47) was identified as 4-
t.butoxy-benzoic acid: the lower band (Rf 0.32) as the
required product 37 mg (22%); tlc (silica gel): Rf 0.47
benzene/dioxan/acetic (95:25:4); Rf 0.05 chloroform-
/methanol (95:5). 7(CDCl3) 1.30 (1H, broad, COOH),
742.95, 753.18 (4H, A;B;, J=9 Hz 2 Xortho Ar H),
~5.83-~7.1 (5H, complex CH and 2CH3), 7.30 (2H, d,
J=6 Hz, benzylic CH3), 8.60, 8.65 and 8.70 (27H, S, 2
Boc ‘Bu and O‘Bu).

(c) N-[2-amino, 3-(4'-hydroxyphenyl)propyl]glycylg-
lycyl-L-phenylalanyl-L-methionine amide (H215)

Starting from Boc-methionine phenyl ester resin
(0.364 g, 0.15 m mol); glycyl-L-phenylalanyl-L.-methio-
nine phenyl ester resin was prepared as described in
[Example 2, p. 15-16, provisional patent application
No. 29207/1977.] Example I (b). After thorough wash-
Ings,

(|:H2C5H40'Bu
Boc—NH—CH—CH;—N(Boc)—CH~-COzH

(47 mg, 0.095 m mol) in 1:1 CH>Cl2/DMF (2 ml) con-
taining 1-hydroxy benzotriazole (34 mg, 0.2 m mol) was
treated with DCCI (0.15 m mol) and the mixture added
to the resin and thoroughly stirred overnight. The resin
was washed with DMF (3 x), CH;Cl; (3 X), isopropa-
nol (3 ), CH;Cl3 (3 X); 10% triethylamine in CH;Cl»
(2X), and CH;,Cl; (4 X). Remaining amino groups were
blocked by reaction with acetyl imidazole (0.2 g, 2 m
mol) in DMF (5 ml) for 1 hour. The resin was thor-
oughly washed with DMF, CH;Cl;, isopropanol,
CH;Cl; and methanol. The dried resin weighed 0.413 g.

One half of the resin (0.206 g) was stirred at 0° in 1:1
methanol/DMF (20 ml). The suspension was saturated
with anhydrous ammonia; the flask tightly stoppered
and stirred at room temperature for two days. The
suspension was filtered and the resin beads washed with

1:1 methanol/DMF and then DMF. The combined
filtrates were evaporated and the residue redissolved in
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DMF (1 ml). The solution was applied to a column of 30

Sephadex LH 20 (90X 2.5 cm), and eluted with DMF at
a flow rate of 15-ml/hr collecting 190 drop (6 ml) frac-
tions. Fractions 36-39 were pooled and evaporated to

give 30.9 mg of pure protected peptide, tlc (silica): Rf

0.5 chloroform/methanol (9:1), Rf 0.95 EtOAc/n-
butanol/acetic acid/H20 (2:1:1:1).

The protected peptide was dissolved in 80% trifluo-
roacetic acid under nitrogen. After 2 hours the solvents
were evaporated in vacuo and the residue chromato-
graphed on a column of Sephadex G25 SF (95X 1.5 cm)
in 50% deaerated acetic acid (containing 0.01% mer-
captoethanol) at 12 ml/hr collecting 130 drop (4 ml)
fractions. Fractions 24-28 were combined and evapo-
rated to give 22 mg of peptide. This was dissolved in
deaerated 0.01 M ammonium acetate pH 7 (1 ml) and
applied to a column (40X 1 ¢m) of Whatman CM 352.

The column was eluted at 10 ml/hr with 0.01 M buffer
collecting 70 drop (4.3 ml) fractions. After the first
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fraction a linear gradient over two days to 0.2 M ammo-
nium acetate was commenced. Fractions 38-41 were
pooled and lyophilised to give 9.6 mg; tlc (stlica gel) Rf
0.40 ethyl acetate/pyridine/acetic acid water
(60:20:6:11), Rf 0.64 ethyl acetate/n-butanol/acetic
acid/H7O (1:1:1:1). |

Amino acid analysis:—4 M CH3;SO;3H 115° 24 hours
Peptide content 86% Gly 1.03, Phe 0.97, Met 1.00 (de-
termined in a parallel 6N HCI hydrolysis).

EXAMPLE 4
Analogue - H216
Structure:
CH;CgH4OH

|
NH;~~CH=-CH;-NH=—CH = CO=—Gly—Phe—Metol

Synthesis:

The protected 1sostere peptide resin (see H215, sec-
tion C; 0.206 23.3 was stirred for 2 days in 1:1 me-
thanol/DMF (20 ml) in the presence of triethylamine (1
ml). The suspension was filtered and the resin beads
thoroughly washed with 1:1 methanol/DMF, and then
DMF. The combined filtrates were evaporated and the
residue chromatographed on a column (90<2.5 cm) of
Sephadex LH20 in DMF eluted at a flow rate of 15
ml/hr collecting 190 drop (6 ml) fractions. Fractions
38-40 were combined and evaporated to give 23.3 mg
of the peptide methyl ester; tlc silica gel: Rf 0.9 ethyl
acetate/n-butanol/acetic acid/water (2:1:1:1), Rf 0.66
chloroform/methanol (9:1).

The peptide was dissolved in methanol (1 ml). Water
(1 ml) and sodium borohydride (37 mg) were added and
the mixture stirred overnight; tlc showed in chloro-
form/methanol (9:1) complete reduction - new spot at
Rf 0.5, no spot at RF 0.66. The solvents were evapo-
rated and the dried residue treated under nitrogen with
80% trifluoroacetic acid. After 2 hours the solvents
were evaporated and the residue dried in vacuo.

The residue was dissolved in deaerated 50% acetic
acid and chromatographed on a column (95X 1.5 cm) in
50% deaerated acetic acid (containing 0.01% mercapto-
ethanol) at 12 ml/hr collecting 130 drop (4 ml) frac-
tions. Fractions 23-27 were combined and evaporated
to give a residue of 22 mg. This was dissolved in deaer-
ated 0.01 M ammonium acetate pH 7 and applied to a
column (40X 1 cm) of Whatman CM352, The column
was eluted at 10 ml/hr with 0.01 M buffer collecting 70
drop (4.3 ml) fractions. After the first fraction a linear
gradient over two days to 0.2 M ammonium acetate pH
7 was commenced. Fractions 39-43 were pooled and
lyophilised to give 9.6 mg; tlc (silica gel): Rf 0.42
ethylacetate/pyridine/acetic acid/water (60:20:6:11);
Rf 0.66 ethyl acetate/n-butanol/acetic acid/water
(1:1:1:1).

Amino acid analysis:—4 M methane sulphonic acid
115° 24 hours. Peptide content 100% Gly 1.07, Phe
0.93, methionine absent.

EXAMPLE 5

Analogue - H222

[ Structure:-H—Tyr—NH—CH;CO—CH;C-
H;—CO—Phe—Met—Oh;}

[ Name:- 4-(N-Tyrosylamino),
phenylalanyl-L-methionine}

I Synthesis:- }

3-oxopentanoyl-L-
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reaction the resin was thoroughly washed and gave a
very weakly positive fluorescamine test.

(d) L-Tyrosyl-5-aminopentanoyl-L-phenylalanyl-L-
methionine amide

The total resin from (c) was suspended in 1:1 me-
thanol/DMF (20 ml) and saturated at 0° C. with anhy-
drous ammonia. After two days at room temperature
the suspension was filtered and the resin beads thor-
oughly washed with DMF. The combined filtrates
were evaporated in vacuo to give an oily residue (137
mg, weight resin recovered 220 mg). This was dissolved
in the minimum volume of dimethylformamide and
applied to a column of Sephadex LH20 (94X2.5 cm).
The column was eluted with DMF at a flow rate of 20
ml/hour collecting 190 drop (6 ml) fractions. Fractions
43-46 were combined and evaporated to give 77 mg. of
white solid, sparingly soluble in methanol, very soluble
in trifluoroethanol. Tlc (silica gel): n-butanol/acetic
acid/H;0 (3:1:1) Rf 0.73; ethyl acetate/pyridine/acetic
acid/H20 (80:20:6:11) Rf 0.94; ethyl acetate/n-butanol-
/acetic acid/H20O (1:1:1:1) Rf 0.79; nPrOH/H>0 (7:3)
Rf 0.71. The BOC-peptide analogue was treated under
nitrogen for 30 minutes with 80% trifluoroacetic acid.
The solution was evaporated and the residue dissolved
in deaerated 50% acetic acid containing 0.01% mercap-
toethanol. The solution was applied to a column of
Sephadex G 25 SF and it was eluted with the system at
8 ml/hour collecting 130 drop (4 ml) fractions. Frac-
tions 29-31 were combined and evaporated to give a
residue which on lyophilisation gave 50.7 mg of white
fluffy solid; tlo (silica gel):(i) Rf 0.56 ethylacetate/-
pyridine/acetic acid/H>O (60:20:6:11); butanol/acetic
acid/HzO (3:1:1); (1)) Rf 0.54 [[N]»z-butanol/acetic
acid/H»O (3:1:1); (in) Rf 0.49 [N]»-PrOH/H;0 (7:3);
homogenous by electrophoresis; amino acid analysis 6
N HCl 4 phenol, 110° 18 hours gives Met 0.95; Tyr 1.04,
Phe 1.02 (peptide content 85%). Lyophilisation from
dilute hydrochloric acid afforded the hydrochloride.

EXAMPLE 3
Anzlogue - H215
Structure:
?HzCﬁmOH
NHy=-CH—CH;~~NH—CH;—CO Gly—Phe—Met—NH>
Synthesis:-
(a) t.butoxycarbonyl-O-t.butyl-L-tyrosyl glycine

t.butyl ester

N-t.butoxycarbonyl-O-t.butyl-L-tyrosine (2 g, 6.15
mmol) was dissolved in dimethylformamide (15 ml) and
the stirred solution treated at — 15° with N-methyl mor-
pholine (0.67 mi, 6.15 mmol) and iso-butylchlorofor-
mate (0.81 ml, 6.15 mmol). After 10 minutes a precooled
mixture of glycine t.-butyl ester dibenzenesulphimide
sait (2.64 g, 6.15 mmol) and triethylamine (0.86 ml, 6.15
mmol) in dimethylformamide (5 ml) was added. The
mixture was stirred at — 10° for 30 minutes, allowed to
warm to room temperature and left overnight. The
reaction mixture was poured into ice cold 1 M citric
acid solution; and extracted with ethyl acetate (2 X 50
ml). The combined organic layers were washed with 1
M citric acid (2X 25 ml), saturated sodium bicarbonate
solution (3 X 25 ml) and with saturated brine (2 X 50 ml).
The organic layer was dried over anhydrous magne-
stum sulphate and evaporated to give an oily residue.
The residue was extracted with 40°-60° C. petroleum
ether (50 ml). After 1 hour at 4° C. the supernatant
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liquor was decanted and evaporated. The oily residue
was again extracted as previously; evaporation gave
1.13 g (419%) as an oily gum, tic (silica gel): Rf 0.65
chloroform/methanol (95:5); Rf 0.59 benzene/dioxan-
/acetic (95:25:4). 7(CDCl3) 2 42.84, r53.08 (4H, A;B;,
J=9 Hz, 2Xortho Ar H), ~3.55 (1H, broad, D20 ex-
changeable, amide NH), 4.85 (1H, a, J=8 Hz, D;0
exchangeable, urethane NH), 5.60 (1H, multiplet,
a—CH), 6.12 (2H, d, J=6 Hz, Gly CH>), 6.97 (2H, d,
J=7 Hz, Tyr 8—CH>), 8.55, 8.60 and 8.70 (27H, S, Boc
‘Bu, COOBu and O'Bu). |

(b) N-t.butoxycarbonyl-N-[2-t.butoxycarbonylamino,
3(4'-t.butoxyphenylpropyl]glycine

Boc-Tyr(*Bu)-Gly-O‘Bu (1.13 g, 2.5 m mol) was azeo-
troped with benzene and thoroughly dried. The me-
ringue like residue was dissolved in benzene (15 ml) and
treated with 70% solution of sodium dihydrobis(2-
methoxyethoxy) aluminate (5 ml, 17 m mol). The mix-
ture was heated at 83° for 1 hour, then cooled to 0° and
carefully poured into ice cold 10% citric acid solution
(70 ml). The solution was neutralised to pH8 with solid
sodium carbonate and extracted with ether (360 ml).
The combined ether layers were washed with ice cold
10% citric acid (3X70 ml). The combined aqueous
extracts were neutralised to pH 8.5 and extracted with
ether (3 X 100 ml). The combined ether layers from this
extraction were dried over anhydrous magnesium sul-
phate and evaporated to give 0.65 g (71%) of the reduc-
tion product; tlc silica gel: Rf 0.44 ethyl acetate/-
pyridineacetic acid/H>0 (60:20:6:11); Rf 0.04 benzene/-
dioxan/acetic acid (95:25:4). 7(CDCl3) 742.90 753.12
(4H, A;B;, J=9 Hz, 2Xxortho Ar H), 5.3 (1 H, broad,
D,0-exchangeable, urethane NH), ~6.2 (1H multiplet,
—CH), 7.10-7.50 (6H, complex, 3 X CH2), 8.58 and 8.68
(18H,S, Boc ‘Bu and O-‘Bu).

Approximately half the product (0.32 g, 0.9 m mol)
was stirred for 4 days at room temperature in 1:1 diox-

an/1 M potassium bicarbonate in the presence of t.bu-

toxycarbonylazide (0.28 g, 2 m mol). The solvents were
evaporated and the residue partitioned between ether
(30 ml) and water (20 ml). The ether layer was washed
with water (220 ml) and saturated brine (2X20 ml).
Each agueous wash was back extracted with ether {20
ml). The ether solutions were further washed with ice
cold 10% citric acid solution (3 X 20 ml), water (2 X20
ml) and brine (1 X 10 ml). The pooled ether solutions
were dried over magnesium sulphate and evaporated to
give 0.27 g (63%); tlc (silica gel): Rf 0.46 benzene/diox-
an/acetic acid (95:25:4); Rf 0.42 chloroform/methanol
935:35).

( 7(CDCl3) 142.95, 783.15 (4H, A3B2, =9 Hz, 2 Xor-
tho Ar H), 5.85-7.15 (5H, complex, CH and 2CH>), 7.37
(2H, d, J=6 Hz, Ph CH3), 8.58, 8.63 and 8.68 (27H, S,
2 X Boc ‘Bu and O'Bu). -

Most of the tri-Boc derivative (0.26 g, 0.52 m mol)
was dissolved in pyridine (5 ml); water (2.5 ml) and
potassium permanganate (0.5 g) were added, and the
mixture vigorously stirred for three days. The pyridine
was evaporated and the residue partitioned between
ethyl acetate (40 ml) and ice cold citric acid solution (30
ml). The organic layer was washed with citric acid,
water and brine; each aqueous phase was back extracted
with ethyl acetate. The combined organic layers were
dried over magnesium sulphate and evaporated to give
a residue (0.2 g). This crude product was dissolved 1n
aether (20 ml) and extracted with 3% aqueous ammonia
(4% 15 ml); each extract was back washed with ether
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(15 ml). The combined aqueous phases were acidified to
pH 3 with solid citric acid and extracted with ethyl
acetate (50 ml, 25 ml). The combined organic phases
were washed with water and brine, then dried over
magnesium sulphate and evaporated. The residue (122
mg) was applied to-a preparative silica plate and run in
benzene/dioxan/acetic acid (95:25:4). The gel bands
corresponding to the two U.V. absorbing products
were scraped from the plates and thoroughly extracted
with ethyl acetate. The organic phases were evapo-
rated. The top band (Rf 0.47) was identified as 4-
t.butoxy-benzoic acid: the lower band (Rf 0.32) as the
required product 57 mg (22%); tlc (silica gel): Rf 0.47
benzene/dioxan/acetic (95:25:4); Rf 0.05 chloroform-
/methanol (95:5). 7(CDCl3) 1.30 (1H, broad, COOH),
742.95, 753.18 (4H, A2B;, J=9 Hz 2Xortho Ar H),
~35.85-~7.1 (5H, complex CH and 2CH>), 7.30 (2H, d,
J=6 Hz, benzylic CH>), 8.60, 8.65 and 8.70 (27H, S, 2
Boc ‘Bu and O‘Bu). |

(c) N-[2-amino, 3-(4'-hydroxyphenyl)propyl]glycylg-
lycyl-L-phenylalanyl-L-methionine amide (H215)

Starting from Boc-methionine phenyl ester resin
(0.364 g, 0.15 m mol); glycyl-L-phenylalanyl-1-methio-
nine phenyl ester resin was prepared as described in
[Example 2, p. 15-16, provisional patent application
No. 29207/1977.] Example 1 {(b). After thorough wash-
Ings,

_?HzCel-lq.O'Bu
Boc—NH—CH—CH;—N(Boc)}—CH—COzH

(47 mg, 0.095 m mol) in 1:1 CH,Cl,/DMF (2 ml) con-
taining !-hydroxy benzotriazole (34 mg, 0.2 m mol) was
treated with DCCI (0.15 m mol) and the mixture added
to the resin and thoroughly stirred overnight. The resin
was washed with DMF (3 <), CH,Cl; (3 X), 1sopropa-
nol (3 X), CH2Cls (3 X); 10% triethylamine in CH>Cl,
(2 X), and CH;Cl2 (4 X). Remaining amino groups were
blocked by reaction with acetyl imidazole (0.2 g, 2 m
mol) in DMF (5 ml) for 1 hour. The resin was thor-
oughly washed with DMF, CH)Cl;, isopropanol,
CH;Cl; and methanol. The dried resin weighed 0.413 g.

One half of the resin (0.206 g) was stirred at 0° in 1:1
methanol/DMF (20 ml). The suspension was saturated
with anhydrous ammonia; the flask tightly stoppered
and stirred at room temperature for two days. The
suspension was filtered and the resin beads washed with
1:1 methanol/DMF and then DMF. The combined
filtrates were evaporated and the residue redissolved in
DMF (1 ml). The solution was applied to a column of
Sephadex LH 20 (90<2.5 cm), and eluted with DMF at
a flow rate of 15-ml/hr collecting 190 drop (6 ml) frac-
tions. Fractions 36-39 were pooled and evaporated to
give 30.9 mg of pure protected peptide, tic (silica): Rf
0.5 chloroform/methanol (9:1), Rf 0.95 EtOAc/n-
butanol/acetic acid/H>O (2:1:1:1).

The protected peptide was dissolved in 80% trifluo-
roacetic acid under nitrogen. After 2 hours the solvents

were evaporated in vacuo and the residue chromato-
graphed on a column of Sephadex G25 SF (95X 1.5 cm)
in 50% deaerated acetic acid (containing 0.01% mer-
captoethanol) at 12 ml/hr collecting 130 drop (4 ml)
fractions. Fractions 24-28 were combined and evapo-
rated to give 22 mg of peptide. This was dissolved in
deaerated 0.01 M ammonium acetate pH 7 (1 ml) and
applied to a column (40X 1 cm) of Whatman CM 52.

The column was eluted at 10 ml/hr with 0.01 M buffer
collecting 70 drop (4.3 ml) fractions. After the first
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fraction a linear gradient over two days to 0.2 M ammo-
nium acetate was commenced. Fractions 38-41 were
pooled and lyophilised to give 9.6 mg; tlc (stlica gel) Rf
0.40 ethyl acetate/pyridine/acetic acid water
(60:20:6:11), Rf 0.64 ethyl acetate/n-butanol/acetic
acid/H»>O (1:1:1:1).

Amino acid analysis:—4 M CH3SO3;H 115° 24 hours
Peptide content 86% Gly 1.03, Phe 0.97, Met 1.00 (de-
termined in a parallel 6N HCl hydrolysis).

EXAMPLE 4
Analogue - H216
CH>C¢H4OH

!
NH;—CH—CH;—NH—CH;—CO— Gly—Phe—Metol

Synthesis:

The protected isostere peptide resin (see H215, sec-
tion C; 0.206 23.3 was stirred for 2 days in 1:]1 me-
thanol/DMF (20 ml) in the presence of triethylamine (1
ml). The suspension was filtered and the resin beads
thoroughly washed with 1:1 methanol/DMF, and then
DMF. The combined filtrates were evaporated and the
residue chromatographed on a column (90<2.5 cm) of
Sephadex LH20 in DMF eluted at a flow rate of 15
ml/hr collecting 190 drop (6 ml) fractions. Fractions
38-40 were combined and evaporated to give 23.3 mg
of the peptide methyl ester; tlc silica gel: Rf 0.9 ethyl
acetate/n-butanol/acetic acid/water (2:1:1:1), Rf 0.66
chloroform/methanol (9:1).

The peptide was dissolved in methanol (1 ml). Water
(1 ml) and sodium borchydride (37 mg) were added and
the mixture stirred overnight; tlc showed in chloro-
form/methanol (9:1) complete reduction - new spot at
Rf 0.5, no spot at RF 0.66. The solvents were evapo-
rated and the dried residue treated under nitrogen with
80% trifluoroacetic acid. After 2 hours the solvents
were evaporated and the residue dried in vacuo. -

The residue was dissolved in deaerated 50% acetic
acid and chromatographed on a column (95X 1.5 cm) in
50% deaerated acetic acid (containing 0.01% mercapto-
ethanol) at 12 ml/hr collecting 130 drop (4 ml) frac-
tions. Fractions 23-27 were combined and evaporated
to give a residue of 22 mg. This was dissolved in deaer-
ated 0.01 M ammonium acetate pH 7 and applied to a
column (40X 1 cm) of Whatman CM352. The column
was eluted at 10 ml/hr with 0.01 M buffer collecting 70
drop (4.3 ml) fractions. After the first fraction a linear
gradient over two days to 0.2 M ammonium acetate pH
7 was commenced. Fractions 39-43 were pooled and
lyophilised to give 9.6 mg; tlc (silica gel): Rf 0.42
ethylacetate/pyridine/acetic acid/water (60:20:6:11);
Rf 0.66 ethyl acetate/n-butanol/acetic acid/water
(1:1:1:1).

Amino acid analysis:—4 M methane sulphonic acid
115° 24 hours. Peptide content 100% Gly 1.07, Phe
0.93, methionine absent.

EXAMPLE 5

Analogue - H222

I Structure:-H—Tyr—NH—CH;CO—CH;C-
H;—CO-—Phe—Met—Oh; ]
[Name:- 4-(N-Tyrosylamino),
phenvylalanyl-L-methionine’]

[ Synthesis:-}

3-oxopentanoyl-L-
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[(a) 4-(N-t.butoxycarbonylamino), 3-oxopentanoic
acid]}
Structure:-H—Tyr— NH—CH,CO—CHyCHy—CO—-
Phe—Met—OH;

Name:- 3-(N-Tyrosylamino), 4-oxopentanoyl-L-
phenylalanyl-L-methionine
Synthesis:

(a) 5S-(N-t.butoxycarbonylamino), 4-oxopentanocic acid

Boc-glycine (1.26 g, 7.2 m mol) and N-methylmor-
pholine (0.79 ml, 7.2 m mol) in ethyl acetate (30 ml)
were treated at — 10° with iso-butylchloroformate (0.95
ml, 7.2 m mol). After seven minutes the suspension was
filtered into an ice cold flask and the precipitate washed
with precooled ethyl acetate (5 ml). A solution of diazo-
methane in ether (15.8 m mol in 150 ml) was added, and
the solution kept at 4° C. overnight. Evaporation of the
solvents gave diazoketone (I) (see Scheme 1 below).
I.R. spectrum v,,qx (CHCI3) 2100 cm — L. One half of this
product in ethyl acetate (36 ml) was treated with 0.07 M
hydrogen bromide in ethyl acetate (56.5 ml, 4 m mol).
The solvents were evaporated and the bromoketone (I1)
dried thoroughly over potassium hydroxide in vacuo.
Most of the product (3.2 m mol) was treated in dry
benzene (6.5 ml) with triethylamine (20 ul) and then
with triphenylphosphine (0.85 g, 3.24 m mol). The solu-
tion was stirred overnight at room temperature. The
solvent was evaporated and the pure keto-triphenyl-
phosphonium bromide (III) (1.00 g, 60% overall) ob-
tained as white crystals from methanol/ether; m.p.
111°-115° C. (with decomp); Vimax (CHCI3): 1725, 1695
cm—!; 7(CDCl): 2.33 (15H, multiplet, PPh3i), ca.
3.0-4.5 (3H, complex, D;0-exchangeable, NH and
COCH)), 5.70 (2H, d, J=6 Hz, CH3), 8.6 (SH, s, Boc t
Bu).

A suspension of (III) (0.51 g) in ethyl acetate (10 ml)
was stirred vigorously overnight with 1 M sodium car-
bonate solution (10 ml). The organic layer was sepa-
rated and the agueous phase again extracted with ethyl
acetate. The combined extracts were washed with satu-
rated brine, dried, and evaporated in vacuo to give the
pure ylide (IV) as a white crystalline solid (0.43 g,
100%); Vimax (CHCI3): 1700, 1545 cm—1; 7(CDCla): 2.57
(15H, multiplet, PPh3), 4.60 (1H, br., D;0O-exchangea-
ble, NH), 6.10 (2H, d, J=5 Hz, CH3), 6.65 (1H, br.,
COCH), 8.59 (9H,s, Boc-t Bu).

A solution of ylide (IV) (0.32 g, 0.74 m mol) and ethyl

bromoacetate (1.23 g, 7.4 m mol) in dry DMF (7.40 ml)
was stirred vigorously under N> at 80° C., for 2 hours

with anhydrous sodium carbonate (1.51 g). The DMF
was evaporated in vacuo and the residue partitioned
between ethyl acetate and water. The organic phase
was washed with water and saturated brine, then dried
and evaporated in vacuo to give a pale yellow gum. The
material was purified by preparative thin layer chroma-
tography using ethyl acetate/acetone/benzene (1:2:3)
for development. Elution with ethyl acetate afforded
pure yhde (V) as an almost colourless gum (0.074 g,
20%); Vmax (CHCl3): 1725, 1700, 1537 cm—1; +(CDCls):
2.48 (15H, multiplet, PPh3), 4.26 (1H, br., D>O- ex-
changeable, NH), 5.6-6.1 (6H, complex, 2 xCH; and
COOCH>CH3), 8.60 (9H, s, Boc t Bu), 890 3H, t, J=7
Hz, COOCH;CH3). The total product (0.145 m mol)
was converted mto its hydrochloride and electrolysed
in 1:1 acetonitrile/deaerated water (30 ml) under N at
25 V using mercury and platinum electrodes. After 1
hour at room temperature the solution was evaporated
and the residue chromatographed on a column (67 3.2
cm?) of Sephadex LH20 using methanol as eluant. The
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keto-ester (V) eluted in fractions 49-51 (the column was
run at 12 mi/h collecting 6 ml fractions); tlc: Rf 0.53,
benzene/dioxan/acetic acid (95:25:4). The product was
dissolved in methanol (0.72 mli) and saponified for 2
hours at room temperature by the addition of 0.2 M
sodium hydroxide solution. Pure keto-acid VI was ob-
tained after acidification and extraction as a white solid
(0.019 g, 57% over the last two steps); tic (silica) Rf 0.39
benzene/dioxan/acetic acid (95:25:4); r(CDCl3): 1.12
(1H, S, D20-exchangeable, COOH), 4.55 (1H, br, D;0-
exchangeable, NH), 5.87 (2ZH, d, J=35.5 Hz, NH-CH>),
7127 (4H, S, 2 XX CH3), 8.55 (9H, S, Boc t Bu).

A summary of the above procedure is given in Scheme 1
below, which is a case of Summary Scheme ‘A’, as given
earlier, where R\ =R2=H. Scheme 2 which follows it is an
alternative particular scheme.

Scheme ]
CH;N»

Boc~—Gly—0OH mr} Boc—Gly—CHN; %

(D)
PPhy/NEt;

Boc—Gly=CHBr —p=—2>

(I
+ Na-sCO
Boc—Gly—CH;—PPh;Br—- —0—— >
(111
Br—CH;—CO>Et

Boc—Gly—CH=PPh; —————————>

(IV) (V)
B{}c-—Gly-—(':=PPh3 —(fll)f)]—;—%
CH,
(IJO;:Et
Boc— NH~—CH;—CO— CH;— CH;—CO;H
(VI)

| The above 1s a generally applicable method. A syn-

thesis of (VI) by alternative non-general route 1s as
follows. As shown in Scheme 2 below succinic anhy-
dride i1s heated in dry ethanol to afford a half ester. The
resulting mono-acid function 1s transformed into its
diazoketone by the action of diazomethane on the
mixed anhydride, and this is then converted to the bro-
moketone, these last two reactions being performed
similarly to analogous reactions previously described.
Treatment of the bromoketone with potassium phthal-
imide in DMF at 60° gives the phthalimido-ester which
can be converted to the desired keto-acid (I1V) by acidic
hydrolysis followed by reprotection by rection with
Boc-azide.

Scheme 2
succimc anhydride
O O
| |
C S
EtOH Et CH2N32
O A E I: oH on M/A ;
-~
C
I [
O O
O O
[ |
C—OEt C—OEt
HBr 5 (zabriel 5
E [ synthesis
COCHN> COCH»>BR
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-continued
Scheme 2

N-—CH;COCH>CH->CO:Et

I
O

& EPSCE(I:;: 19 _ Boc—NH—CH;~ CO~CH;—CH>—CO;H

(b Synthesis of H—Tyr—NH—CH>;—CO—CH-
31— CH;—CO-—Phe—Met—OH

Starting from Boc-methionine phenyl ester resin
(0.205 g, 0.082 m moi), Boc-Phe-Met-resin was pre-
pared as described in Example 2, (b) and (c). After
deprotection as usual, and treatment with 10% triethyl-
amine in CH;Cl, the free base from resin gave a positive
fluorescamine test. Boc—NHCH>COCH,CH>;CO>H
(VI, 19 mg. 0.082 m mol) and 1-hydroxybenzotriazole
(27.5 mg, 0.16 m mol) in 1:1 CH>Cl;/DMF (2.5 ml)
were treated with DCCI (0.12 m mol) and added to the
resin. The incorporation of isostere was allowed to
proceed overnight. The resin still gave a positive fluore-
scamine test and was acetylated with acetyl imidazole
(fluorescamine test negative). After acid deprotection
using doubled treatment with 50% trifluoroacetic acid
in CH>CL» containing 2% diethyl phosphite only, a
positive fluorescamine test was obtained indicating suc-
cessful incorporation. Boc-L-tyrosine was added, as
previously, in the last cycle of synthesis (fluorescamine
test negative). The resin was stirred for 2 days in 1:1
dimethylaminoethanol/DMF (20 ml). The suspension
was filtered and the beads thoroughly washed with
DMF. The combined filtrates were evaporated in vacuo
and the residue dissolved in 1:1 DMF/water (16 ml).
The solution was maintained in pH 9.7 overnight by the
addition of 0.1 M sodium hydroxide solution. Water (8
ml) was added and the mixture acidified to pH 3.2 by
the addition of potassium bisulphate solution. The solu-
tion was evaporated to dryness in vacuo and the residue
extracted into a small volume of DMF which was chro-
matographed on Sephadex LH 20 in DMF (as described
in Example 3, (c). Fractions 43-46 were pooled and
evaporated in vacuo to give 16.2 mg of the Boc-peptide;
tic (silica): Rf 0.75 ethyl acetate/pyridine/acetic acid/-
water (60:20:6:11). The total product was dissolved in
80% aqueous trifluoroacetic acid under nitrogen. After
30 minutes the solution was evaporated in vacuo, and
the residue chromatographed on Sephadex G25 SF as
described in Example 3, (¢). Fractions 26-29 were
pooled, evaporated and the residue further purified on a
column (1:X 32 cm) of SP Sephadex C25 (triethylamine
form) eluted at 10 mi/hr collecting 100 drop fractions
with a linear gradient from 0.01 M triethylamine for-
mate pH 5 to 0.05 M triethylamine formate pH 6.9. The
desired product (7 mg) was isolated from fractions
13-14 by lyophilisation: tlc (silica) Rf 0.32 (ethyl aceta-
te/pyridine/acetic acid/water (60:20:2:11).

Amino acid analysis 6 M HCI1 110° 18 hours, peptide
content 80%, Tyr 0.50; Phe 1.03; Met 0.97.

EXAMPLES 6 to 8

Analogues—H218, H219 and H220
Structures:—
H218 H—Tyr—NH—CH;—CH;—NH-—-CH-

»—CO—Phe—Met—OH
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H219 H—Tyr—NH—CH;—CH>—-NH—CH-
»—CO—Phe—Metol

H220 H—Tyr—NH-—CH;CH;—NH—CH-
1—CO—Phe—Met—NH>
Svynthesis:
(a) N-benzyloxycarbonyl-N-(2-t.butoxycar-

bonylaminoethyl)glycine

2-Bromo-N-t.butoxycarbonylaminoethane (prepared
by treatment of 2-bromoethylamine hydrochloride with
Boc-azide and triethylamine in DMF; 0.9 g, 4 m mol)
was stirred in dry DMSO (10 ml) with glycine ethyl
ester hydrochloride (1.4 g, 10 m mol) and triethylamine
(1.95 ml, 14 m mol) for 2 days at 37°. The mixture was
partitioned between 1 M sodium bicarbonate and ethyl
acetate, and the organic extract dried and evaporated.
Purificatin on Sephadex LH 20 in methanol (as de-
scribed above) gave from fractions 25-26 N-(2-t.butox-
ycarbonylaminoethyl) glycine ethyl ester (0.31 g, 32%
yield); tlc Rf 0.54 butanol/acetic acid/water (3:1:1). A
sample (0.25 g, 1 m mol) was stirred with benzyl chloro-
formate (0.17 ml, 1.5 m mol) in dioxan (§ ml) and 1 M
potassium bicarbonate solution (5§ ml) at room tempera-
ture overnight. Excessive reagent was destroyed by
reaction with unsym.-dimethylethylenediamine (O.11
ml, 1.00 m mol) for 1 hour, and the product ethyl ester
isolated by ethyl acetate extraction of the acidified reac-
tion mixture. Hydrolysis in methanol (15 ml) with 0.2 M
sodivm hydroxide solution (0.5 ml) gave, after recrys-
tallisation from ethyl acetate -—-60°-80° petroleum
ether, the desired derivative 0.23 g (619% for last 2
steps); mp. 91.5°-95°, tlc (silica) Rf 0.22 benzene/diox-
an/acetic acid (95:25:4); Rf 0.05 chloroform/methanol
(9:1).

(v) Boc—Tyr—NH—CH;—CH>N(Z)CH;CO—-
Phe—Met phenolic resin ester

(Z =benzyloxycarbonyl; Boc=t-butoxy carbonyl as
before)

Boc-methionine phenyl ester resin (0.555 g, 0.22 m
mol) was doubly deprotected (as usual), and after thor-
ough washing (fluorescamine test positive), treated with
109% treiethylamine in CH2Cl; (4 X 20 secs). After rapid
washing, there is added immediately a solution pre-
pared 2 minutes previously at 4° of Boc-phenylalanine
(0.265 g, 1 m mol) and HOBt (0.34 g, 2 m mol) in 1:1
DMF/CH>Cl; (7 ml) treated with DCCI (0.22 g, 1.1 m
mol). After 90 minutes the resin was washed with DMF
(3 %), CH2Cl2 (3 %), iPrOH (3 X) CH2Cl: fluorescamine
test negative). The resin was washed with 10% triethyl-
amine in CH>Cl; (4 X 20 seconds), thoroughly washed
and reacted with acetyl imidazole (0.3 g, 3 m mol) in
DMF (7 ml). After 30 minutes the resin was washed as
after coupling step. In the next cycle the resin was dou-
bly deprotected, washed (fluorescamine test positive)
and repeatedly treated with 109% triethylamine in
CH)>Cl> (4 x20 seconds). After rapid washing, there
was immediately added a solution of Boc—NH-—CH-
+—CH;N(Z)—CH;—CO:H (100 mg, 0.28 m mol) and
HOBt (96 mg, 0.56 m mol) in 1:1 DMF/CH,Cl; (5 ml)
at 0° treated 2 minutes previously with DCCI (83 mg,
0.4 m mol). The reaction was left overnight. After thor-
ough washing the fluorescamine test was faintly posi-
tive. The resin was treated with 10% triethylanine 1n
CH»Cl; (420 seconds), thoroughly washed and re-
acted for 1 hour with acetyl imidazole. The resin was
washed (fluorescamine test negative) and deprotected
with 259% trifluoroacetic acid in CH>Cl; containing 2%
ethanedithiol and 2% diethyl phosphite (for | minute,
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and then for 30 minutes). After thorough washing

(fluorescamine test positive) the resin was treated with

10% triethylamine in CHCly (420 seconds), re-
washed, and then Boc-tyrosine (0.29 g, | m mol) was
coupled as previously. The resin was washed thor-
oughly (fluorescamine test negative) and dried to give
0.707 g.

(¢c) H 218 One third of the resin was treated with
dimethylaminoethanol and the labile peptide ester hy-
drolysed as described previously. After chromatogra-
phy on Sephadex LH 20 in DMF the peptide acid was

deprotected for 30 minutes in liquid HF at 0° in the

presence of amisole (1 ml) and methionine (100 mg).
Chromatography on Sephadex G25 SF and Whatman
CM 52 gave 14.8 mg of H218; tlc Rf 0.54 ethyl acetate/-
pynidine/acetic acid/H;O (50:20:6:11), Rf 0.70 ethyl
acetate/n butanol/acetic acid/water (1:1:1:1). Amino
acid analysis: Tyr 1.00, Phe 1.01: Met 0.84; Aminoe-
thylglycine 0.99.

(c) H219 A further third of the resin was treated
which methanol and di-isopropylethyl amine to give the
free peptide methyl ester which was reduced as de-
scribed for H216. Chromatography and deprotection as
for H218 gave 18.5 mg of the desired product; tic (sil-
ica) Rf 0.67 ethyl acetate/pyridine/acetic acid/water
(50:20:6:11), Rf 0.73 ethyl acetate (n butanol/acetic
acid/water (1:1:1:1). Amino acid analysis, Tyr 1.01; Phe
0.94, Aeg 1.05, methionine absent.

(c) H220 Transamidation of the remaining resin and
the usual chromatography and deprotection procedures
gave 20 mg of H220, tlc (silica) Rf 0.65 ethyl acetate/-
pyridine/acetic acid/water (50:20:6:11), Rf 0.69 ethyl
acetate 1 n butanol/acetic acid/water (1:1:1:1).

Amino acid analysis: Tyr 1.03, Phe 0.94, Met 0.99;
Acg 1.04.

We claim:

1. Compounds having the general formula

R—Tyr—X—Gly—B-—-Y—-Z
where
(@) —X 15 a Gly or any D-amino acid residue
—B 1s a Phe or N-methyl Phe residue
—Y is Leu, Met (as such or in the form of its sulph-
oxide), Pro, or Hypro, or formal derivatives

thereof in which the [carbonyl oxygen of the]}
terminal [carboxy!}

group is replaced by [hydrogen atoms] —CH-
r—2
—Z, 1s NHR or OR
(b) The peptide link between one or more of the
residues is represented by a group or groups the
same or different selected from dimethylene (except
where X=Gly and the Gly-Gly link is involved),
methylene-imino and ketomethylene groups.
(c) R is hydrogen or methyl, ethyl, propyl, cyclopro-
pyl, butyl, allyl or other protective aliphatic group.
2. Compounds according to claim 1, wherein X is

Gly, D-Ala or D-Met.
3. Compounds according to claim 1 or 2, wherein the
Phe or N-methy!l Phe residue representing B is substi-

tuted with a hydroxy group or halogen in the aromatic
ring.
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4. Compounds according to claim 1 or 2, wherein Y
is Leu, Met (as such or in the form of its sulphoxide),
Pro, or Hypro, or formal derivatives thereof in which
the carbonyl oxygen of the terminal carboxyl group is
replaced by hydrogen atoms. -

5. Compounds according to claim 1, wherein one or
more of the remaining peptide links and/or any methy-
lene-imino . group(s) present is in N-substituted form
carrying a methyl, ethyl, propyl, cyclopropyl, butyl,
allyl or other protective aliphatic group.

6. The compound NH;—CH(CH2C¢ H4OH)—CH-
»—CH>»—CH;—CO—Gly—Phe—Met—NHa.

[7. The compound H—Tyr—NH—CH;—CH-
»—CH;—CH—CO—Phe—Met—NH3. ]}

8. The compound NH,—CH(CH;C¢H4OH)—CH-
»—NH—CH;—CO—Gly—Phe—Met—NHo).

9. The compound NH;—CH(CH>C¢H4OH)—CH-
2-—NH-—CH;—CO—Gly—Phe—Metol.

10. The compound H—Tyr—NH--CH;—-CO—CH-
1—CHCO—Phe—Met—OH.

11. The compound H—Tyr-——NH——CHz—CHz——N-
H—CH;CO—Phe—Met—OH.

12. The compound H—Tyr—NH—CH;—CH3;—N-
H—CH;—CO—Phe—Metol.

13. The compound H—Tyr—NH—CH;-—~CH—N-
H—CH;—CO—Phe—Met—NH;.

14. A pharmaceutical composition comprising as the
active ingredient compounds of claim 1 or pharmaceuti-
cally acceptable N-protected or salt forms thereof in a
pharmaceutically acceptable diluent or carrier.

15. A pharmaceutical composition according to claim
14 wherein the active ingredient is a compound wherein
X 1s gly D-ala or D-met.

16. A pharmaceutically active composition according
to claim 14 wherein the active ingredients is a com-
pound wherein the Phe or N-methy] Phe residue repre-
senting B is substituted with a hydroxy group or halo-

gen in the aromatic ring.

17. A pharmaceutical composition according to claim
14 wherein the active ingredient is a compound wherein
Y is Leu, Met (as such or in the form of its sulphoxide),
Pro, or Hypro, or formal derivatives thereof in which
the carbonyl oxygen of the terminal carboxyl group is
replaced by hydrogen atoms.

18. A pharmaceutical composition according to claim
14 wherein the active ingredient is a compound wherein
one or more of the remaining peptide links and/or any
methylene-inimo group(s) present is in N-substituted
form carrying a methyl, ethyl, propyl, cyclopropyl,
butyl, allyl or other protective aliphatic group.

19. A pharmaceutical composition according to claim
14 wherein the active ingredient is NH;—CH(CH2Cs-
H40H)—-—CH;—CH:———-CH;—CO—-Gly—-
Phe—Met—NH:.

[20. A pharmaceutical composition according to
claim 14 wherein the active ingredient 1s H—Tyr—N-
H—CH;—CH;—CH>—CO—Phe—Met—NH23. ]

21. A pharmaceutical composition according to claim
14 wherein the active ingredient 1s NH>—CH(CH2Ce-
HsOH)—CH;—NH-—CH,—CO—Gly—-
Phe—Met—NH,.

22. A pharmaceutical composition according to claim
14 wherein the active ingredient 1s NH>—CH(CHCe.
H4OH)—CH;—NH—-CH>CO-—Gly—Phe—Metol.

23. A pharmaceutical composition according to claim
14 wherein the active ingredient is [H—Try—N-
H--CH;—CO—CH;—CH;—CO—Phe—Met—OH ]}
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23 24
gx :I -;; ";fg ;CH —CO—CH,—CH—CO—- 14 wherein the active ingredient is H—Tyr— NH—CH-
24. A pharmaceutical composition according to claim 2—CH;—NH-—CH;—CO—Phe—Metol.
14 wherein the active ingredient is [H—Tyr—N- 26. A pharmaceutical composition according to claim

H—CH;—CO—CH;—CH;—CO—Phe—Met—OH] 3 14 wherein the active ingredient is H—Tyr—NH—CH-

H—Tyr—NH—CH;—CH—NH—CH,CO—-
Phe—Met—OH. >—CH2>—NH—CH;—CO—Phe—Met—NH;.

25. A pharmaceutical composition according to claim £+ = 2 3
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