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Polypeptides. Part VII.! Variations of the Phenylalanyl Position in the
C-Terminal Tetrapeptide Amide Sequence of the Gastrins

By H. Gregory, D. S. Jones, and J. S. Morley," Imperial Chemical Industries Limited, Pharmaceuticals Division,

Alderley Park, Macclesfield, Cheshire

The synthesis is described of analogues of L-tryptophyi-L-methionyl-L-aspartyl-L-phenylalanine amide (the
C-terminal sequence of the gastrins) or its NV-benzyloxycarbonyl, -t-butoxycarbonyl, or -carbamoy! derivatives
wherein the phenylalanyl residue has undergone replacement by other naturally occuring amino-acyl residués or by
aa-disubstituted amino-acyl residues, or has been modified by (a) substitution of the aromatic ring in the p-
position, (b) hydrogenation of the aromatic ring. (¢) switch of the imino-radical from the «- to the 8-carbon atom,
(d) switch of the phenyl ring from the B- to the a-carbon atom, (e) substitution of an hydroxy-group on the 8-
carbon atom, or (f) methylation of the imino-group.

THE circumstances which prompted our investigation
of structure-function relationships in the gastrin series
of polypeptide hormones were outlined in Part VI of
this series. The present Paper gives details of the
synthesis of analogues of the C-terminal tetrapeptide
amide sequence of the gastrins, Trp-Met:Asp-Phe:NH,,}
wherein the phenylalanine residue only has undergone
modification or replacement by other amino-acyl residues.
If the variant of the phenylalanine residue is described
as X, then the analogues are tetrapeptide amides of the
type H-Trp-Met-Asp:X-NH,, or N-benzyloxycarbonyl
(Z), -t-butoxycarbonyl (BOC), or -carbamoyl derivatives
of the type Z-, BOC-, H,NCO-Trp:-Met-Asp:X-NH,. In
two cases [X = (B-cyclohexyl)-L-alanyl or (p-methoxy)-
L-phenylalanyl] the tetrapeptide amide analogue and all
three types of acylated derivatives were prepared.
There was no appreciable difference in the biological
activity of the unacylated or acylated analogues (a
similar situation applies to the parent tetrapeptide amide
and its Z- or BOC-derivatives3). In general therefore,
only the N-benzyloxycarbonyl or -t-butoxycarbonyl
analogues were prepared and used to evaluate the effect
of structural change on biological activity.

The analogues involved in the work arise from replace-
ment of the phenylalanine residue by other naturally
occurring amino-acyl residues (glycyl, L-alanyl, L-valyl,
L-leucyl, L-glutamyl, or L-lysyl) (X = Gly, Ala, Val, Leu,
Glu, or Lys), by «a-disubstituted amino-acyl residues (the
residues from l-aminocyclo-hexane- or -pentane-carb-
oxylic acid) (X == Ahex or Apen), or by modification of

t The abbreviations for amino-acid residues and protecting
groups and their mode of use are in accordance with the sug-
gestions of the Committee on Nomenclature which reported at
the Fifth European Peptide Symposium [G. T. Young (ed.),
‘ Peptides. Proceedings of the Fifth European Peptide Sym-
posium,’ Pergamon Press, London, 1963, p. 261} with the modi-
fications adopted by I.U.P.A.C. (Inform. Bull,, I.U.P.A.C., 1966,

No. 25, p. 32). Non-standard abbreviations are explained in
the footnote @ to Tables 1—3.

the phenylalanine residue in the following ways: (a)
substitution of the aromatic ring by a p-fluoro-, p-
hydroxy-, p-methoxy-, p-methyl, or p-nitro-group
[X = Phe(p-F), Tyr, Phe(p-OMe), Phe(p-Me), Phe(p-
NO,)], (b) hydrogenation of the aromatic ring [X =
Phe(6H)], (c) switch of the imino-radical from the «- to
the g-carbon atom (X = p-Ph-g-Ala), (d) switch of the
phenyl! ring from the 8- to the a-carbon atom (X =
«-Phe), (¢) substitution of an hydroxy-group on the
B-carbon atom (X = B-Ph-Ser, erythro and threo
forms), or (f) methylation of the imino-radical (X =
N-Me-Phe). The relationship of these structural
changes is shown on p. 532.

In all except three cases, the syntheses involved the
use of N-benzyloxycarbonyl- or -t-butoxycarbonyl-L-
tryptophyl-L-methionine azide (VIa or b). Usually
these azides were coupled with the appropriate dipeptide
amide [V; X == Ahex, Apen, Gly, Leu, N-Me-Phe,
a-Phe, Phe(p-F), Phe(p-Me), 8-Ph-8-Ala, Val] (Scheme 1)
to give N-benzyloxycarbonyl [VIIa; X = Ahex, Apen,
Gly, N-Me-Phe, «-Phe, Phe(p-F), p-Ph-g-Ala, Val]- or
-t-butoxycarbonyl [VIIb; X = Leu, Phe(p-Me)]-
tetrapeptide amides directly. Occasionally the benzyl-
oxycarbonyl azide (VIa) was coupled with the t-butyl
ester of the appropriate dipeptide amide [XI; X =
Glu(OBut), Lys(BOC), Tyr] (Scheme 2), or the benzyl-
oxycarbonyl or butoxycarbonyl azide (VIa or b) was
coupled with the appropriate dipeptide methyl or ethyl
ester [XVI; X = Phe(6H) or Phe(p-NO,), R = Me;
X = Phe(p-OMe), R = Et] (Scheme 3). N-Benzyl-
oxycarbonyl-tetrapeptide amide t-butyl esters [XII;
X = Glu(OBut), Lys(BOC), Tyr] resulted in the former
cases, and N-benzyloxycarbonyl- or -t-butoxycarbonyl-
tetrapeptide methyl or ethyl esters [XVIla; X =
Phe(6H), R = Me; X = Phe(p-NO,), R=Me; X =

1 Part VI, H. Gregory, A. H. Laird, J. S. Morley, and J. M.
Smith, preceding Paper.
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Phe(p-OMe), R = Et; and XVIIb; X = Phe(p-OMe),
R = Et] in the latter cases. Two of the N-benzyloxy-
carbonyl-tetrapeptide amide t-butyl esters [XII; X =
Lys(BOC) or Tyr] (Scheme 2) were smoothly cleaved
with trifluoroacetic acid to give the N-benzyloxycarbonyl-
tetrapeptide amides (VIIa; X = Lys or Tyr), but in
the third case [XII; X = Glu(OBut)] a pure product
could not be isolated after the cleavage. The N-
benzyloxycarbonyl- or -t-butoxycarbonyl-tetrapeptide
esters (XVIIa or b) (Scheme 3) were smoothly con-
verted by ammonolysis to the N-benzyloxycarbonyl
[VIIa; X = Phe(6H), Phe(p-OMe) or Phe(p-NO,)]- or
-t-butoxycarbonyl [VIIb; X = Phe(6H) or Phe(p-OMe)]-
tetrapeptide amides; the latter, after treatment with
hydrogen chloride in acetic acid, gave the tetrapeptide
amides [VIIc X = Phe(6H) or Phe(p-OMe)], which
were converted to the N-carbamoyl tetrapeptide amides
[VIId; X = Phe(6H) or Phe(p-OMe)] by means of
potassium cyanate at pH 8.

The dipeptide amides (H-Asp-X-NH,) (V) required in
Scheme 1 were conveniently prepared in two stages.

Trp Met Asp X
OBZL
Zz—¥-OH
@
OBZL
y4 ocCp H—-NH,
In €848}
OBZL
Z Nj zZ NH,
(VIa) avy
BOC: Ny H NH,
(VIb) V)
Z NH,
(VIIa)
BOC NH,
(VIIb)
SCHEME 1

B-Benzyl N-benzyloxycarbonyl-L-aspartate (I) was first
coupled with the appropriate amino-acid amide
(H-X-NH,) (III) by means of NN’-dicyclohexylcarbodi-
imide or by the use of the 2,4,5-trichlorophenyl ester
(I), and the resulting  protected-derivative
[Z-Asp(OBZL)-X'NH,] (IV) was then hydrogenated;
both protecting groups were thereby removed and the
dipeptide amides (V) resulted in high overall yield. The

dipeptide amide t-butyl esters [H-Asp(OBut)-X-NH,]
(XI) required in Scheme 2 were similarly prepared using
B-t-butyl  N-benzyloxycarbonyl-L-aspartate (VIII);
coupling of the latter with the amino-acid amide
(H-X°NH,) (ITI) by means of NN'-dicyclohexylcarbodi-
imide or by the use of the 2,4,5-trichlorophenyl ester (IX)

Trp Met Asp X
OBut
Z OH
(VIID
OBut
z—ocp H——NH,
(IX) (ILII)
OBut
z NH,
(X)
But
z N, H NH,
(VIa) (XI)
OBu*
NH,
(XII)
NH,
(VIla)
SCHEME 2

gave the protected derivative [Z-Asp(OBut)-X-NH,] (X),
from which the benzyloxycarbonyl group was removed
by hydrogenolysis. Salts of the dipeptide esters
(H-Asp'X:OR) [XVI; X = Phe(6H) or Phe(p-NO,),
R =Me; X = Phe(p-OMe), R = Et] required in
Scheme 3 were prepared by two methods. In one,
B-benzyl N-benzyloxycarbonyl-L-aspartate (I) or its
2,4,5-trichlorophenyl ester (II) was coupled with the
appropriate amino-acid methyl or ethyl ester [XIII;
X = Phe(6H),R = Me; X = Phe(p-OMe),R = Et],and
the product [XIV; X == Phe(6H), R= Me; X =
Phe(p-OMe), R = Et] was hydrogenated in acetic acid
or acetic acid containing one equivalent of hydrochloric
acid. In the other, p-t-butyl N-benzyloxycarbonyl-L-
aspartate (VIII) was coupled with the amino-acid methyl
ester [XIII; X = Phe(p-NO,), R = Me] by means of
NN'-dicyclohexylcarbodi-imide, and the product [XV;
X = Phe(p-NO,), R = Me] was cleaved with hydrogen
bromide in acetic acid.

A fully stepwise method of synthesis (Scheme 4) was
employed in the three exceptional cases (X = Ala,
erythro- or threo-p-Ph-Ser). This alternative route was
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necessary in the cases of the B-phenylserine analogues
because the 2 + 2 coupling method (Scheme 1) gave
unsatisfactory products, and in the case of the alanine

Trp Met Asp X
OBZL
Z H
@
OBut
z—¥oH H——OR
(VII) (XIID
OBZL
Z OR
(XIV)
But
z Ny z OR
(VIa) (XV)
BOC N, H —OR
(VIb) (XVI)
Zz OR
(XVIIa)
BOC: —OR
(XVIIb)
Z NH,
(VIIa)
BOC NH,
(VIIb)
H ~NH,
(VIIc)
H,NCO NH,
(V1Id)
SCHEME 3

analogue because the intermediate tripeptide amide
(XXII; X = Ala) was required for biological examin-
ation. L-Aspartyl-L-alanine amide (V; X = Ala) was
prepared normally wvia the p-benzyl N-benzyloxy-
carbonyl-dipeptide amide (IV; X = Ala) following

Trp Met Asp X
OBut _l_
BOC CP H NH,
(XVIII) (IIT)
OBut
BOC NH,
(XIX)
BOC~—-OCP H NH,
(XX) (V)
Z——OCP  BOGC NH,
(XX1IIa) (X;(I)
BOC——OCP H ] —NH,
(XXIIIb) (XXIT)
Z NH,
(V1la)
BOC NH,
(VIIb)
SCHEME 4

the methods used in Scheme 1, but the analogous dipep-
tide amides containing B-phenylserine (IV; X = erythro-
and threo-p-Ph-Ser) were best prepared by cleavage of
the g-t-butyl N-t-butoxycarbonyl-dipeptide amides
(XIX; X = erythro- and threo-3-Ph-Ser) [from «-2,4,5-
trichlorophenyl p-t-butyl N-butoxycarbonyl-L-aspartate
(XVIII) and the amino-acid amides (III)] with tri-
fluoroacetic acid. Coupling of the dipeptide amides
(V; X = Ala, erythro- and threo-B-Ph-Ser) with N-t-
butoxycarbonyl-L-methionine 2,4,5-trichlorophenyl
ester (XX) gave the N-t-butoxycarbonyl tripeptide
amides (XXI; X = Ala, erythro- and threo-8-Ph-Ser)
which, with trifluoroacetic acid, gave trifluoroacetates
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of the tripeptide amides (XXII; X = Ala, erythro- and
threo-3-Ph-Ser). Finally, the tripeptide amides (XXII;
X = Ala, erythro- and threo-g-Ph-Ser) were condensed
with N-benzyloxycarbonyl- or -t-butoxycarbonyl-L-
tryptophan 2.4,5-trichlorophenyl ester (XXIIIa or b)
to give the N-benzyloxycarbonyl (VIIa; X = erythro-
and threo-B-Ph-Ser)- or -t-butoxycarbonyl (VIIb; X =
Ala)-tetrapeptide amides. The erythro- and threo-DL-8-
phenylserine amides (III; X = B-Ph-Ser) used as start-
ing materials in two of the syntheses were prepared as
follows. erythro- and threo-DL-B-Phenylserine were
esterified with methanol-hydrogen chloride, and the
methyl esters were treated with N-t-butoxycarbonyl
azide in pyridine, to give N-t-butoxycarbonyl-erythro-
and-threo-DL-B-phenylserine methyl ester. Ammonolysis
of these in methanol at room temperature afforded
N-t-butoxycarbonyl-erythro- and -threo-DL-B-phenyl-
serine amide. The erythro-isomer gave erythro-DL-3-
phenylserine amide trifluoroacetate after treatment with
809, aqueous trifluoroacetic acid, and the #hreo-isomer
gave threo-DL-B-phenyl serine amide hydrobromide after
treatment with hydrogen bromide in acetic acid (the
cleavage of the threo-isomer in trifluoroacetic acid or in
aqueous trifluoroacetic acid was less satisfactory).
These preparations are summarised below:

B-Ph-Ser*OH ——3 B-Ph-Ser*OMe —» BOC*B-Ph-SerOMe
——>» BOC-B-Ph-Ser*NHy ——3
B-Ph-SerNH, (III; X = B-Ph-Ser)

Details of the amino-acid, di-, tri-, and tetra-peptide
derivatives involved in these syntheses are given in
Tables 1—3. It should be noted (Table 1) that six
DL-amino-acids [«-Phe, Phe(p-F), Phe(p-Me), 8-Ph-g-Ala,
erythro- and threo-B-Ph-Ser] were used as starting
materials in the syntheses. In these cases the dipeptide
intermediates (Table 2) are mixtures of the L,L- and
L,D-isomers, the tripeptide intermediates (where applic-
able) (Table 3) are mixtures of the 1,L,L- and L,L,D-
isomers, and the tetrapeptide derivatives (Table 3) are
mixtures of the L,L,L,L- and L,L,L,D-isomers. Many of
the analogues described in this paper are potent stimula-
tors of gastric acid secretion in the rat. The results
have been reported and discussed elsewhere.?

EXPERIMENTAL

Ascending, thin-layer chromatograms were run on
Kieselgel-G with butan-1-ol-acetic acid—water (4:1: 5 v/v)
(Rra), butan-1-ol-acetic acid—water—pyridine
(15:3:12:10) (Rpp), butan-2-0l1-3%, ammonium hydroxide
(3:1) (Rpo), acetonitrile-water (3:1) (Rpp), acetone—
chloroform (1:1) (Rpg), ethanol-chloroform (4:1) (Rpr),
cyclohexane—ethyl acetate (1:1) (Rpg), cyclohexane—ethyl
acetate-methanol (1:1:1) (Rpg), or ethyl acetate (Rgj).
Descending chromatograms were run on Whatman No. 3
paper with butan-l-ol-acetic acid-water (4:1:5) (Rpum).
Spots were revealed with ninhydrin, sodium hypochlorite—
potassium iodide-tolidine,® or Ehrlich’s reagent, and, in the
case of thin-layer chromatography, by incorporating a

2 J. S. Morley, Proc. Roy. Soc., 1967, B., in the press.
3 S, C. Pan and J. D. Dutcher, Analyt. Chem., 1956, 28, 836.
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fluorescent indicator in the thin-layer (Kieselgel GF 254,
Merck) or by acid potassium permanganate [reagent pre-
pared by dissolving potassium permanganate (100 mg.) in
conc. sulphuric acid (1 ml.) and diluting the solution to 100
ml. with water]. Acid hydrolysates of peptide derivatives
were prepared using 6N-hydrochloric acid (110°/16 hr.) and
the amino-acid composition of the hydrolysates was deter-
mined with a Beckman-Spinco Amino Acid Analyser,
model 120B. Optical rotations were determined with a
Bendix NPL Automatic Polarimeter, model 143C, with
Digital Converter, model 154C. Organic extracts were
dried with anhydrous magnesium sulphate, and evapora-
tions were carried out under reduced pressure in a rotary
evaporator. M. p.s (uncorrected) were determined in
capillary tubes in a Tottoli melting-point apparatus {manu-
factured by W. Biichi).

Starting Matervials—The following starting materials were
prepared by literature methods or obtained commercially:
L-alanine amide (Ala*NH,), 1-aminocyclopentanecarboxylic
acid (Apen),4 y-t-butyl N-benzyloxycarbonyl-L-glutamate
[Z-Glu(OBut)*OH),5 glycine amide acetate (Gly°'NH,,AcOH),
L-leucine amide hydrochloride (Leu*NH,,HCl), N-methyl-L-
phenylalanine (N-Me-Phe),® (p-fluoro)-pr-phenylalanine
[Phe(p-F)], (p-methoxy)-L-phenylalanine (O-methyl-L-
tyrosine) [Phe(p-OMe)],?  (p-methyl)-pDL-phenylalanine
[Phe(p-Me)],®  (p-nitro)-L-phenylalanine  [Phe(p-NO,)],°
DL-3-amino-3-phenylpropionic acid (B-phenyl-B-alanine)
(8-Ph-B-Ala), evythro- and threo-DL-B-phenylserine
(B-Ph-Ser),10 L-tyrosine amide hydrochloride (Tyr-NH,,HCI),
L-valine amide acetate (Val'NH,,AcOH). 1l-Aminocyclo-
hexanecarboxylic acid (Ahex) and DL-2-amino-2-phenyl-
propionic acid (‘ «-phenylalanine’) {«-Phe) were kindly
supplied by Professor G. W. Kenner. (B-Cyclohexyl)-L-
alanine (hexahydro-L-phenylalanine (Phe-6H) sulphate
(Rpa 0-52) (Phe had Ry, 0-44) was prepared by hydrogen-
ation of L-phenylalanine in 2N-sulphuric acid over a platinum
catalyst at room temperature and pressure; the sulphate
in hot aqueous solution was stirred with a ten-fold excess
of ‘De-acidite G’ (acetate form) and the mixture was
filtered and evaporated, to give (B-cyclohexyl)-L-alanine,
decomp. 250°, [« 2 +16-9 (¢ 0-65 in N-hydrochloric acid)
[lit.,)t gives m. p. variable up to 324°, [o] ?® --13:3° (¢ 4 in
N-hydrochloric acid)]. Ne-t-Butoxycarbonyl-L-lysine
amide acetate [Lys(BOC)'NH,AcOH], m. p. 60—62°,
], +12-8 (¢ 1 in dimethylformamide), Rps 0-68, was
prepared (98% yield) by hydrogenolysis of N*-benzyloxy-
carbonyl-N¢-t-butoxycarbonyl-L-lysine amide 12 in acetic
acid over 5%, palladised-charcoal at room temperature and
pressure. The purity of all starting materials was checked
by t.lc. and, in the case of optically active materials, by
measurements of optical rotation.

Description of Methods (Tables 1—3).—(a) Carbobenzoxyl-
ations. Al A stirred solution of the amino-acid (H-X-OH)
(1 mol.) in 2N-sodium hydroxide (1 mol.) was treated drop-
wise at 0—>5° during 40—50 min. with benzyloxycarbonyl
chloride (1:1 mol.) or a solution of benzyloxycarbonyl
chloride (1-1 mol.) in a little acetone, and the mixture was
further stirred at 20—25° until its pH did not change during

4 T. A. Connors and W. C. J. Ross, J. Ckem. Soc., 1960, 2119.

5 J. S, Morley, J. Chem. Soc. (C), 1967, 2410.

¢ P. Quitt, J. Hellerbach, and K. Vogler, Helv. Chim. Acta,
1963, 46, 327.

7 K. Jost and J. Rudinger, Coll. Czech. Chem. Cowmun., 1961,
268, 2345.

8 A, L. Zhuze, K. Jost, E. Kasafirek, and J. Rudinger, Coll.
Czech. Chem. Comm., 1964, 29, 2648,
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15 min. (usually 1—2 hr.). Throughout the addition and
subsequent stirring a reaction pH of 10—10-5 was main-
tained by periodic addition of 2N-sodium hydroxide (1 mol.
required) to the reaction mixture. Occasionally a sparingly-
soluble sodium salt separated during the reaction; in these
cases solution was maintained by the addition of water.
After evaporation under reduced pressure to remove the
acetone (when this was used), the mixture was added to
stirred ice-cold N-hydrochloric acid (3 mol.) and the product
was isolated by filtration or extraction with ethyl acetate.
A2 The following conditions for the carbobenzoxylation
of N-methyl-L-phenylalanine were found superior to those
previously described.’® A stirred solution of N-methyl-1-
phenylalanine (17-9 g., 0-1 mole) in N-sodium hydroxide
(100 ml) and acetone (25 ml) was treated at 55—60°
during 30 min. with a solution of benzyloxycarbonyl
chloride (14-2 ml., 0-1 mole) in acetone (50 ml.). During
the addition, 2N-sodium hydroxide (50 ml) was added
simultaneously to maintain a pH of 11. The mixture was
kept at 535—60° for 5 min. then cooled to 10° and treated
with light petroleum (b. p. 60—80°) (200 ml.). The sodium
salt was collected, washed with light petroleum (3 x 200
ml.), and then dissolved in warm water (300 ml.). The
resulting solution was added to ice (200 g.) and conc. hydro-
chloric acid (20 ml.), and the mixture was extracted with
ethyl acetate (3 X 300 ml.). The combined extracts were
washed with water (3 X 50 ml), dried, and evaporated.
The residue crystallised rapidly under light petroleum
(b. p. 60—80°) (100 ml.), to yield N-benzyloxycarbonyl-N-
methyl-L-phenylalanine (21-45 g., 69%,), m. p. 69—71°,
[e],22 —69:2° (¢ 2-5 in ethyl acetate).

(b) Mixed anhydride reactions. Bl Triethylamine (1-4
ml., 10 mmole) followed by ethyl chloroformate (0-96 ml.,
10 mmole) were added at —10° to —20° to a vigorously
stirred solution of the corresponding N-benzyloxycarbonyl-
amino-acid (Z-X-OH) (10 mmole) in dry tetrahydrofuran
(20—100 ml.). The mixture was stirred at —20° for 10—
20 min., saturated below —10° with dry ammonia, and then
kept at room temperature overnight. After evaporation,
the resulting residue was triturated with water and crystall-
ised from the solvent indicated in Table 1. Alternatively,
the residue from the evaporation was shaken with ethyl
acetate and water and the organic layer was separated,
washed successively with aqueous citric acid, water, N-
potasstum hydrogen carbonate, and water, dried, and
evaporated; the resulting residue was then crystallised
from the solvent indicated in Table 1. B2 The procedure
was similar to that described in Bl except that the mixture
was stirred at —20° for 30 min. and then at —5° for 2 hr.
before the saturation with ammonia.

(c) Active ester veactions. Cl N-Benzyloxycarbonyl-N-
methyl-L-phenylalanine (1-02 g., 3-3 mmole), 2, 4,5-trichloro-
phenol (0-671 g., 3-4 mmoles), NN’-dicyclohexylcarbodi-
imide (0-702 g., 3-4 mmoles), and ethyl acetate (15 ml.) were
kept at 4° for 5 hr. After filtration, to remove NN’-
dicyclohexylurea, the solution was evaporated and the oily
residue was dissolved at 0° in dry methanol saturated with
ammonia ( 5 ml.). The solution was kept at 4° for 16 hr.,,

9 E. Erlenmeyer and A. Lipp, 4Annalen, 1883, 219, 161.

10 K. N. F. Shaw and S. W, Fox, J. Amer. Chem. Soc., 1953,
75, 3421.

11 E, Waser and E. Brauchli, Helv. Chim. Acta, 1924, 7, 740.

12 E, Schnabel, Annalen, 1964, 674, 218.

13 M. Goodman and K. E. Stueben, J. Org. Chem., 1962, 27,
3409.
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then the amide (0-508 g., 509%,), was collected and washed
with ice—cold methanol. C2 A solution of the appropriate
amino-acid amide (H-X-NH,), amide acetate (H-X-NH,,
AcOH), amide hydrochloride (H-X-NH,, HCl), or ethyl
ester hydrochloride (H-X-OEt, HCI) (10 mmoles), triethyl-
amine (nil, 9, 10, and 10 mmoles, respectively) and «-2,4,5-
trichlorophenyl 8-benzyl N-benzyloxycarbonyl-L-
aspartate 1 (11 mmoles) in dimethylformamide (10—40 ml.)
was stirred at 4° until it failed to react with ninhydrin
(1—3 days). Ice—water (~300 ml.) was then added and the
product, obtained by filtration or an appropriate extraction
procedure, was crystallised from the solvent indicated in
Table 2. C3 The preceding method was followed except
that «-2,4,5-trichlorophenyl 8-t-butyl N-benzyloxycarbonyl-
L-aspartate was used. C4 A solution of the appropriate
dipeptide amide (H-Asp-X-NH,) or amide trifluoroacetate
(H-Asp-X-NH,, TFA) (1 mmole), triethylamine (1 or 2
mmoles) and N-t-butoxycarbonyl-L-methionine 2,4,5-tri-
chlorophenyl ester ¥ (1 mmole) in dimethylformamide
(4 ml.) was stirred at 4° for 18—48 hr. The solvent was
then removed under reduced pressure and the residue was
triturated with water (5 ml.) at pH 3. The product, ob-
tained by filtration or an appropriate extraction procedure,
was triturated with ether or crystallised from the solvent(s)
indicated in Table 3. C5 A solution of r-methionyl-L-
aspartyl-erythvo- or -threo- D- and -L-B-phenylserine tri-
fluoroacetate (42 mg., 0-08 mmole), triethylamine (0-022
ml., 0-16 mmole), and N-benzyloxycarbonyl-L-tryptophan
2,4,5-trichlorophenyl ester ¢ (47 mg., 109 excess) in
dimethylformamide (1-5 ml.) was kept at 4° for 2 days.
The solution was then acidified to pH 3 at 0° with aqueous
citric acid and diluted with ice~water (25 ml.). The pro-
ducts were isolated by extraction with ethyl acetate and
recrystallised several times from the solvent indicated in
Table 3. C6 A solution of ©rL-methionyl-L-aspartyl-L-
alanine amide trifluoroacetate (0-448 g., 1 mmole), triethyl-
amine (0-28 ml., 2 mmoles), and N-t-butoxycarbonyl-L-
tryptophan 2,4,5-trichlorophenyl ester 1% (0-483 g., 1 mmole)
in dimethylformamide (7 ml.) was stirred at 4° for 2 days.
After acidification of the mixture to pH 3 with aqueous
citric acid, and the addition of ice—~water (25 ml.) and ether
(10 ml.), the solid was collected and crystallised from the
solvent indicated in Table 3. C7 A solution of erythro- or
threo- DL-B-phenylserine amide trifluoroacetate (46 mg.,
0-16 mmole), triethylamine (0-021 ml., 0-16 mmole) and
«-2,4,5-trichlorophenyl B-t-butyl N-t-butoxycarbonyl-rL-
aspartate 1% (105 mg., 0-22 mmole) in dimethylformamide
(3-5 ml.) was kept at 4° for 2 days. The solution was
worked-up as described in C5 and the products were
crystallised from the solvent indicated in Table 1.

(d) Hydrogenolyses. D1 The appropriate N-benzyloxy-
carbonyl-amino-acid amide (Z-X-NH,) (10 mmoles) in 909,
aqueous acetic acid (25 ml.) was hydrogenated at room
temperature and pressure over 59, palladised charcoal (0-5
g.) until evolution of carbon dioxide ceased (2—5 hr.).
After removal of the catalyst (Kieselguhr), the solution was
evaporated and the residue was dried by azeotropic distill-
ation with benzene, to yield the acetates. Analytical
samples were obtained by recrystallisation from the solvent
indicated in Table 1 or by trituration with ether, and
were dried at 20—25°/1 mm. over phosphorus pentoxide
for 2—6 hr. (acetic acid was lost after prolonged drying at
higher temperatures); in a number of cases the presence of

1 7. M. Davey, A. H. Laird, and J. S. Morley, J. Chem. Soc.
(C), 1966, 555.
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1 mol. of acetic acid was confirmed by 'H n.m.r. spectro-
scopy. The bases were obtained from aqueous solutions of
the acetates by neutralisation with sodium hydroxide or
by the use of ‘De-acidite G’ (acetate form). D2 The
appropriate ~ N-benzyloxycarbonyl-amino-acid amide
(Z-X-NH,) (10 mmoles) was hydrogenated as described in
D1 but using 909, aqueous methanol as solvent. The
residue, obtained after evaporation, was dried by azeotropic
distillation with benzene, collected with ether, and used
directly in the next stage of the synthesis. D3 The appro-
priate N-benzyloxycarbonyl-dipeptide benzyl ester amide
[Z-Asp(OBZL)-X-NH,] or diester [Z-Asp(OBZL)-X-OEt]
(10 mmoles) in 909, aqueous acetic acid (256—50 ml.) was
hydrogenated at room temperature and pressure over 5%,
palladised charcoal (1 g.) until evolution of carbon dioxide
ceased (2—5 hr.) and then for an additional 2 hr. After
removal of the catalyst (Kieselguhr), the solution was
evaporated and the residue was dried by azeotropic distill-
ation with benzene, to yield the acetates which were col-
lected with ether and used directly in the next stage of the
synthesis, After drying at 80°/0-1 mm/48 hr. over sodium
hydroxide the acetates yielded the corresponding bases;
the two analytical samples were so obtained and crystall-
ised from the solvent indicated in Table 2. D4 The appro-
priate N-benzyloxycarbonyl-dipeptide benzyl ester amide
[Z-Asp(OBZL)-X-NH,] was hydrogenated as described in
D3 but using 909, aqueous methanol as solvent. The
residue, obtained after evaporation, was dried by azeotropic
distillation with benzene and collected with ether, to yield
the product which was used directly in the next stage of the
synthesis or after crystallisation from the solvent indicated
in Table 2. D5 The appropriate N-benzyloxycarbonyl-
dipeptide amide benzyl ester [Z-Asp(OBZL)-X-NH,] or
diester [Z-Asp(OBZL)-X-OMe] (2-5 mmoles) in acetic acid
(26 ml.) was treated with N-hydrochloric acid (2-5 ml.)
and the solution was hydrogenated as described in D3.
The residue, obtained after evaporation, was dried by
azeotropic distillation with benzene and collected with ether,
to yield the hydrochloride which was used directly in the
next stage of the synthesis. D6 The appropriate N-
benzyloxycarbonyl-dipeptide amide t-butyl ester
[Z-Asp(OBu!)-X-NH,] (5 mmoles) was hydrogenated in
909, aqueous acetic acid at room temperature and pressure
over 5%, palladised charcoal (0-25 g.) until evolution of
carbon dioxide ceased (2—5 hr.). The acetate
[H-Asp(OBut)-Tyr-NH,,AcOH] (1009, yield, m. p. 153—
155° (decomp.), Rpa 0-69] was obtained after evaporation,
and the base [H-Asp(OBu!)-Glu(OBut)-NH,] (959, yield),
syrup, Ry 0-87) after evaporation and treatment of the
resulting acetate with 509, aqueous potassium carbonate.
D7 N-Benzyloxycarbonyl-(8-t-butyl)-L-aspartyl-(N¢-t-
butoxycarbonyl)-L-lysine amide (360 mg., 0-65 mmole) in
methanol (150 ml.) was hydrogenated at room temperature
and pressure over 59, palladised charcoal (50 mg.) for 4 hr.
The filtered (Kieselguhr) solution was evaporated and the
residue, Rpy 0-75, was used directly in the next stage of the
synthesis (see M1).

(e) Trifluovacetic acid cleavages. E1 A solution of N-t-
butoxycarbonyl-erythro-pL-B-phenylserine amide
(BOC-X-NH,) (50 mg., 0-18 mmole) in 809, aqueous tri-
fluoroacetic acid (2 ml.) was kept at 0° for 1 hr. and then

16 W. Broadbent, J. S. Morley, and B. E. Stone, J. Chem. Soc.
(C), 1967, 2632.

18 J, Pless and R. A. Boissonnas, Helv. Chim. Acta, 1963, 48,
1609.
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evaporated. The trifluoroacetate, obtained after trituration
of the residue with ether, was used directly in the next stage
of the synthesis. E2 A solution of N-t-butoxycarbonyl-
(B-t-butyl)-L-aspartyl-erythro- or threo-p- and -L-B-phenyl-
serine amide [BOC-Asp(OBu!)-X-NH,] (1 mmole) in
anhydrous trifluoroacetic acid (5 ml.) was kept at 18—22°
for 1 hr. Addition of dry ether gave the trifluoroacetates
which were recrystallised from methanol-ethyl acetate.
E3 A solution of the appropriate N-t-butoxycarbonyl-
tripeptide amide (BOC-Met-Asp-X-NH,) (I mmole) in
anhydrous trifluoroacetic acid (1-5—3 ml.) was kept at 20—
22°for 1 hr. Addition of dry ether gave the trifluoroacetates
which were collected and washed well with ether. r-
Methionyl-L-aspartyl-L-alanine amide trifluoroacetate was
used directly in the next stage of the synthesis; the
analytical sample of the base was obtained by treating an
aqueous solution of the trifluoroacetate with ‘ De-acidite G’
(acetate form) followed by recrystallisation of the product
from aqueous acetone. In the other cases, the tri-
fluoroacetate was recrystallised from the solvent indicated
in Table 3 before use in the next stage of the synthesis.
E4 A solution of the appropriate N-benzyloxycarbonyl-
tetrapeptide amide t-butyl ester
[Z-Trp-Met-Asp(OBut)-X-NH,] in anhydrous trifiuoroacetic
acid was kept at 0° for 1 hr. and then evaporated. The
products were obtained by trituration of the residue with
ether.

(f) Hydrogen bromide cleavages. F1 A solution of
N-t-butoxycarbonyl-threo-DL-3-phenylserine amide
(BOC-X-NH,) (100 mg.,, 0-44 mmole) in 5N-hydrogen
bromide in acetic acid (0-2 ml.) was kept at 18—22° for 20
min. Dry ether was added and the hydrobromide was
collected, washed well with ether, and the used directly in
the next stage of the synthesis. IF2 A solution of N-
benzyloxycarbonyl-(B-t-butyl)-L-aspartyl-(p-nitro)-L-
phenylalanine methyl ester [Z-Asp(OBu%-X-OMe] (390 mg.)
in 5N-hydrogen bromide in acetic acid (2-0 ml.) was kept at
0° for 30 min. The solution was evaporated and the residue
was triturated several times with dry ether, to yield the
hydrobromide which was used directly in the next stage of
the synthesis.

(g) Preparation of N-t-butoxycarbonyl devivatives. G The
slurry obtained by adding an excess of saturated aqueous
sodium carbonate to an ice-cold solution of erythro-prL-B-
phenylserine methyl ester hydrochloride (H-X-OMe,HCI)
(2-31 g., 10 mmoles) in the minimum amount of water was
extracted with ethyl acetate and the extracts were dried
and evaporated. The residue was dissolved in dry pyridine
(6 ml.), ¢-butoxycarbonyl azide (2-8 mol., 20 mmoles) was
added, and the solution was stirred at 18—22° for 2 days.
After evaporation, the resulting residue was dissolved in
ethyl acetate and the solution was washed with 109,
aqueous citric acid and water, dried, and evaporated. The
butoxycarbonyl derivative (1-06 g., 32%) was obtained
after recrystallisation of the residue (2 g.) from ethyl acetate—
light petroleum (b. p. 60—80°). The ?kreo-isomer was
similarly obtained as an oil.

(h) Ammonolyses. HI A solution of N-t-butoxycarbonyl-
evythvo-  or  -threo-DL-B-phenylserine  methyl ester
(BOC-X-OMe) (2 mmoles) in methanol (50 ml.) saturated
with ammonia was kept at 18—22° for 3 days and then
evaporated. The residue was collected with light petroleum
(b. p. 60—80°) and crystallised from the solvent indicated in
Table 1. H2 A solution of the appropriate N-benzyloxy-
carbonyl- or -butoxycarbonyl-tetrapeptide methyl or ethyl

View Article Online

539

ester (Z- or BOC-Trp-Met-Asp-X-OMe or -OEt) (0-4 mmole)
in methanol (40 ml.) saturated with ammonia was kept at 0°
for 2 days and then at 18—22° for 2 days. The residue,
obtained after evaporation, was dissolved in dimethyl-
formamide (10 ml.) and the pH of the solution was adjusted
to 2 at 0° with 2n-hydrochloric acid. Ice-water (30 ml.)
was added immediately and the precipitate was collected
and recrystallised from the solvent indicated in Table 3.
In the case of the butoxycarbonyl-hexahydrophenylalanine
analogue [BOC-Trp-Met-Asp-Phe(6H)-NH,] the requiste
methyl ester was obtained as an oil by method M2 and
ammonolysed directly without purification.

(j) Esterifications. J1 Dry hydrogen chloride was passed
into a suspension of erythro-DL-B-phenylserine hemihydrate
or threo-DL-B-phenylserine (3 g., 16 mmoles) in dry methanol
(25 ml.) until all the solid dissolved. The solution was
saturated with dry hydrogen chloride at 0° and then kept
at 23—25° for 5 days. The hydrochlorides separated on
the addition of dry ether. J2 Freshly distilled thionyl
chloride (18 ml., 25 mmoles) was added during 10 min. at
—10° to dry methanol (25 ml.) then the appropriate amino-
acid (20 mmoles) (H-X-OH) was added. The mixture was
stirred at —10° for 30 min., warmed during 30 min. until it
was refluxing, and then gently boiled under reflux for 4 hr.
After evaporation, the resulting residue was collected in
ether and crystallised from the solvent indicated in Table 1.
J3 The literature preparation? from L-tyrosine was
followed.

(k) Carbodi-imide couplings. K1 Solutions of N-methyl-
L-phenylalanine amide (1-34 g., 7-5 mmoles) in ethyl acetate
(80 ml.), pr-a-phenylalanine amide (0-656 g., 4 mmoles) in
acetone (5 ml.) and pyridine (3 ml.), or of methyl (8-cyclo-
hexyl)-L-alaninate hydrochloride (1-08 g., 5 mmoles) and
triethylamine (0-7 ml., 5 mmoles) in dimethylformamide
(8 ml.) and chloroform (30 ml.) were prepared and treated
with B-benzyl N-benzyloxycarbonyl-L-aspartate 1* (1 mol.)
followed, at 0°, by NN’-dicyclohexylcarbodi-imide (1-1 mol.}.
The mixture was stirred at 4° for 1 day then acetic acid
(2—5 drops) was added and stirring was continued at 23—
25° for 30 min. After evaporation (and prior removal of
dicyclohexylurea if necessary) the resulting residue was
shaken with ethyl acetate and the mixture was filtered.
The filtrate was washed with N-hydrochloric acid, water,
saturated aqueous sodium hydrogen carbonate and water,
dried, and evaporated, to yield the products which were
recrystallised from the solvent indicated in Table 2 or used
directly in the next stage of the synthesis. K2 Solutions of
v-t-butyl L-isoglutaminate acetate [H-Glu(OBut)NH,,AcOH]
(see Table 1) (1-31 g., 5 mmoles) and triethylamine (0-7 ml.,
5 mmoles) in chloroform (20 ml.) and ethyl acetate (30 ml.),
or of methyl (p-nitro)-L-phenylalaninate [from the hydro-
chloride (750 mg., 2-8 mmoles)] in ethyl acetate (20 ml.)
were  prepared. (-t-Butyl = N-benzyloxycarbonyl-L-
aspartate 17 (1 mol.) was added and the mixture was treated
as described in K1.

(1) Cleavage with hydvogen chloride in acetic acid. The
appropriate N-t-butoxycarbonyl-tetrapeptide amide
(BOC-Trp-Met-Asp-X-NH,) (0-5 mmole) and hydrogen
chloride (2-5 mmoles) in acetic acid (0-5 ml.) were stirred
together at 22-—24° for 1 hr. Dry ether was added and the
hydrochloride was collected and washed well with ether.

(m) Azide couplings. M1 A solution of the appropriate
dipeptide amide (H-Asp-X-NH,) (or its salt), dipeptide
ester (H-Asp-X-OMe or -OEt) (or its salt), or dipeptide

17 E. Schréder and E. Klieger, Annalen, 1964, 673, 208.
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amide t-butyl ester [H-Asp(OBu!)-X-NH,] (or its salt) (1
mmole) and triethylamine (3,3 or 2 mmoles, respectively)
(4,4 or 3 mmoles, respectively when salts were used) in
dimethylformamide (4—20 ml.) was treated at 0° with a
solution of N-benzyloxycarbonyl-L-tryptophyl-L-methionine
azide [prepared immediately prior to use from the hydrazide
(1 mmole), n-butyl nitrite (0-12 ml.) and hydrogen chloride
(2 mmoles) in tetrahydrofuran as previously described !].
Water (0-4—2 ml.) was added and the solution was kept at
4° for 2—4 days. The mixture was acidified to pH 2 at 0°
with N-hydrochloric acid and then diluted immediately with
ice—water (50—150 ml.). The crude product, obtained by
filtration or by appropriate extraction procedures, was
purified by crystallisation from the solvent indicated in
Table 3 and occasionally by preparative t.l.c. The three
dipeptide amide t-butyl esters used in these syntheses were
(B-t-butyl)-L-aspartyl-L-tyrosine amide acetate
[H-Asp(OBut)-Tyr-NH,, AcOH], (8-t-butyl)-L-aspartyl-(y-
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t-butyl)-L-isoglutamine [H-Asp(OBut)-Glu(OBu!)-NH,], and
(B-t-butyl)-L-aspartyl-(N¢-t-butoxycarbonyl)-L-lysine amide
[H-Asp(OBu!)-Lys(BOC)-NH,; the preparation of these
is described in D86 or D7. M2 The preceding method was
followed except that N-t-butoxycarbonyl-L-tryptophyl-L-
methionyl azide 14 was used.

(n) Carbamoylations. N A solution of the appropriate
tetrapeptide amide hydrochloride (H-Trp-Met-Asp-X-NH,,
HCI) (0-2 mmole} and N-methylmorpholine (0-24 ml.) in
dimethylformamine (1 ml.) and water (1 ml.) was adjusted
to pH 8 with glacial acetic acid, and potassium cyanate
(81 mg., 1 mmole) in water (0-5 ml.) was added. The
mixture was stirred at 23—25° for 2 days and then acidified
with hydrochloric acid and diluted with ice~water (25 ml.).
The solid was collected, washed with water and crystallised
from aqueous dimethylformamide.

[7/1027 Received, August Tth, 1967]
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